Abstracts collected regarding genes up or down regulated (2 fold of more) in U118MG TSPO knockdown cells  

Julia Bode Part I  Upregulated

1  NM_001040058 // SPP1 // secreted phosphoprotein 1 // 4q21-q25 // 6696 /// NM_000
Effects of osteopontin inhibition on radiosensitivityof MDA-MB-231 breast cancer cells

Antje Hahnel1*, Henri Wichmann1, Matthias Kappler1, Matthias Kotzsch3, Dirk Vordermark1, Helge Taubert2, Matthias Bache1
Osteopontin (OPN) is a secreted glycophosphoprotein that is overexpressed in various tumors, and

high levels of OPN have been associated with poor prognosis of cancer patients. In patients with head and neck cancer, high OPN plasma levels have been associated with poor prognosis following radiotherapy. Since little is known about the relationship between OPN expression and radiosensitivity, we investigated the cellular and radiation induced effects of OPN siRNA in human MDA-MB-231 breast cancer cells.

2  NM_004668 // MGAM // maltase-glucoamylase (alpha-glucosidase) // 7q34 // 8972 //
The maltase-glucoamylase gene: Common ancestry to sucrase-isomaltase with complementary starch

digestion activities

Buford L. Nichols*†, Stephen Avery*, Partha Sen*, Dallas M. Swallow‡, Dagmar Hahn§, and Erwin Sterchi§

Brush-border maltase-glucoamylase (MGA) activity serves as the final step of small intestinal digestion of linear regions of dietary starch to glucose.
3  NM_002637 // PHKA1 // phosphorylase kinase, alpha 1 (muscle) // Xq12-q13 // 5255
Summary: Phosphorylase kinase is a polymer of 16 subunits, four each of alpha, beta, gamma and delta. The alpha subunit includes the skeletal muscle and hepatic isoforms, and the skeletal muscle isoform is encoded by this gene. The beta subunit is the same in both the muscle and hepatic isoforms, and encoded by one gene. The gamma subunit also includes the skeletal muscle and hepatic isoforms, which are encoded by two different genes. The delta subunit is a calmodulin and can be encoded by three different genes. The gamma subunits contain the active site of the enzyme, whereas the alpha and beta subunits have regulatory functions controlled by phosphorylation. The delta subunit mediates the dependence of the enzyme on calcium concentration. Mutations in this gene cause glycogen storage disease type 9D, also known as X-linked muscle glycogenosis. Alternatively spliced transcript variants encoding different isoforms have been identified in this gene. A pseudogene has been found on chromosome 1.

4  NM_002121 // HLA-DPB1 // major histocompatibility complex, class II, DP beta 1 /
SAFB1 Mediates Repression of Immune Regulators and Apoptotic Genes in Breast Cancer Cells*

Stephanie Hammerich-Hille,‡1 Benny A. Kaipparettu,‡1 Anna Tsimelzon,‡ Chad J. Creighton,‡ Shiming Jiang,‡ Jose M. Polo,§ Ari Melnick,§ Rene Meyer,¶ and Steffi Oesterreich‡¶2
Summary: HLA-DPB belongs to the HLA class II beta chain paralogues. This class II molecule is a heterodimer consisting of an alpha (DPA) and a beta chain (DPB), both anchored in the membrane. It plays a central role in the immune system by presenting peptides derived from extracellular proteins. Class II molecules are expressed in antigen presenting cells (APC: B lymphocytes, dendritic cells, macrophages). The beta chain is approximately 26-28 kDa and its gene contains 6 exons. Exon one encodes the leader peptide, exons 2 and 3 encode the two extracellular domains, exon 4 encodes the transmembrane domain and exon 5 encodes the cytoplasmic tail. Within the DP molecule both the alpha chain and the beta chain contain the polymorphisms specifying the peptide binding specificities, resulting in up to 4 different molecules. [provided by RefSeq].
5  NM_004670 // PAPSS2 // 3'-phosphoadenosine 5'-phosphosulfate synthase 2 // 10q23
Upregulated in sinonasal adenocarcinomas
Gene expression profiling in sinonasal adenocarcinoma

Dominique Tripodi*†1,2, Sylvia Quéméner†1, Karine Renaudin3,4, Christophe Ferron5, Olivier Malard5, Isabelle Guisle-Marsollier6, Véronique Sébille-Rivain7, Christian Verger8, Christian Géraut2 and Catherine Gratas-Rabbia-Ré1,9

6  NM_001005218 // OR5B21 // olfactory receptor, family 5, subfamily B, member 21 /
Summary: Olfactory receptors interact with odorant molecules in the nose, to initiate a neuronal response that triggers the perception of a smell. The olfactory receptor proteins are members of a large amily of G-protein-coupled receptors (GPCR) arising from single coding-exon genes. Olfactory receptors share a 7-transmembrane domain structure with many neurotransmitter and hormone receptors and are responsible for the recognition and G protein-mediated transduction of odorant signals. The olfactory receptor gene family is the largest in the genome. The nomenclature assigned to the olfactory receptor genes and proteins for this organism is independent of other organisms. [provided by RefSeq].

7  NR_003043 // SNORD49B // small nucleolar RNA, C/D box 49B // 17p11.2 // 692087 /
8  NR_002561 // SNORD30 // small nucleolar RNA, C/D box 30 // 11q13 // 9299
9  NM_002852 // PTX3 // pentraxin-related gene, rapidly induced by IL-1 beta // 3q2
Expressed in epithelial cells

Modulation of the ARPE-19 transcriptome by HCMV produced in epithelial cells versus fibroblasts. (A) Venn diagrams depict the distribution of differentially regulated genes at 6 h or 10 hpi (3 pfu per cell) with epi-BADrUL131 or fibroBADrUL131 relative to mock infection. (B) Changes in relative RNA levels assayed by real-time RT PCR. Genes tested: hydroxymethylbilane synthase (HMBS, NM_000190), GLI pathogenesis-related 1 (glioma) (GliPR, NM_006851), pentraxin-related gene

Immune response
10  NM_006200 // PCSK5 // proprotein convertase subtilisin/kexin type 5 // 9q21.3 //
Subtilisin: serin proteases

Summary: The protein encoded by this gene belongs to the subtilisin-like proprotein convertase family. The members of this  family are proprotein convertases that process latent precursor

proteins into their biologically active products. This encoded protein mediates posttranslational endoproteolytic processing for several integrin alpha subunits. It is thought to process prorenin,

pro-membrane type-1 matrix metalloproteinase and HIV-1 glycoprotein gp160. Multiple transcript variants encoding different isoforms have been found for this gene. [provided by RefSeq].
11  NM_198538 // SBSN // suprabasin // 19q13.13 // 374897 /// AY358701 // SBSN // su
Cross-linking experiments indicate that suprabasin is a substrate for transglutaminase 2

and 3 activity. Altogether, these results indicate that the suprabasin protein potentially plays a role in the process of epidermal differentiation.

Suprabasin, a Novel Epidermal Differentiation Marker and Potential Cornified Envelope Precursor*
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Geon Tae Park‡, Susan E. Lim‡, Shyh-Ing Jang§, and Maria I. Morasso‡¶

12  NM_004895 // NLRP3 // NLR family, pyrin domain containing 3 // 1q44 // 114548 //
Summary: This gene encodes a pyrin-like protein containing a pyrin domain, a nucleotide-binding site (NBS) domain, and a leucine-rich repeat (LRR) motif. This protein interacts with the apoptosis-associated speck-like protein PYCARD/ASC, which contains a caspase recruitment domain, and is a member of the NALP3 inflammasome complex. This complex functions as an upstream activator of NF-kappaB signaling, and it plays a role in the regulation of inflammation, the immune response, and apoptosis.  Mutations in this gene are associated with familial cold autoinflammatory syndrome (FCAS), Muckle-Wells syndrome (MWS), chronic infantile neurological cutaneous and articular (CINCA) syndrome, and neonatal-onset multisystem inflammatory disease (NOMID). Multiple alternatively spliced transcript variants encoding distinct isoforms have been identified for this gene. Alternative 5' UTR structures are suggested by available data; however, insufficient evidence is available to determine if all of  the represented 5' UTR splice patterns are biologically valid.

[provided by RefSeq].

The PYRIN-CARD protein ASC is an activating adaptor for caspase-1

  JOURNAL   J. Biol. Chem. 277 (24), 21119-21122 (2002)

   PUBMED   11967258
REFERENCE   7  (bases 1 to 4470)

  AUTHORS   Dode,C., Le Du,N., Cuisset,L., Letourneur,F., Berthelot,J.M., Vaudour,G., Meyrier,A., Watts,R.A., Scott,D.G., Nicholls,A., Granel,B., Frances,C., Garcier,F., Edery,P., Boulinguez,S., Domergues,J.P., Delpech,M. and Grateau,G.

  TITLE     New mutations of CIAS1 that are responsible for Muckle-Wells syndrome and familial cold urticaria: a novel mutation underlies both syndromes

  JOURNAL   Am. J. Hum. Genet. 70 (6), 1498-1506 (2002)

13  NM_020066 // FMN2 // formin 2 // 1q43 // 56776 /// ENST00000319653 // FMN2 // fo
Influences KSRP splicing factor, interacts with interleukin 8

Functional Analysis of KSRP Interaction with the AU-Rich Element of Interleukin-8 and Identification of Inflammatory mRNA Targets_†
Reinhard Winzen,1‡ Basant Kumar Thakur,1‡ Oliver Dittrich-Breiholz,2 Meera Shah,1 Natalie Redich,1 Sonam Dhamija,1 Michael Kracht,2 and Helmut Holtmann1*
14  NM_002783 // PSG7 // pregnancy specific beta-1-glycoprotein 7 // 19q13.2 // 5676
Summary: This gene is a member of the pregnancy-specific glycoprotein (PSG) gene family. The PSG genes are a subgroup of the carcinoembryonic antigen (CEA) family of immunoglobulin-like genes, and are found in a gene cluster at 19q13.1-q13.2 telomeric to another cluster of CEA-related genes. The PSG genes are expressed by placental trophoblasts and released into the maternal circulation during pregnancy, and are thought to be essential for maintenance of normal pregnancy. The reference genome contains a nonsense mutation that disrupts the coding sequence, suggesting that this gene may be evolving into a pseudogene. [provided by RefSeq].

15  NM_018490 // LGR4 // leucine-rich repeat-containing G protein-coupled receptor 4
Phylogenetic analysis of 277 human G-protein-coupled receptors as a tool for the prediction of orphan receptor ligands

Patrick Joost and Axel Methner

G protein-coupled receptors (GPCRs) play key roles in a variety of physiologic functions. Members of the leucine-rich GPCR (LGR) family, such as GPR48, have multiple N-terminal leucine-rich repeats (LRRs) and a 7-transmembrane domain (Weng et al., 2008 [PubMed 18424556]).[supplied by OMIM]

16  NM_015194 // MYO1D // myosin ID // 17q11-q12 // 4642 /// ENST00000318217 // MYO1
Transcriptomic analysis of the dialogue between Pseudorabies virus and porcine epithelial cells during infection

Laurence Flori*1, Claire Rogel-Gaillard1, Marielle Cochet2, Gaetan Lemonnier1, Karine Hugot1, Patrick Chardon1, Stéphane Robin3 and François Lefèvre2

Cytoskeleton

17  NM_033401 // CNTNAP4 // contactin associated protein-like 4 // 16q23.1 // 85445 
Summary: This gene product belongs to the neurexin family, members of which function in the vertebrate nervous system as cell adhesion molecules and receptors. This protein, like other neurexin proteins, contains epidermal growth factor repeats and laminin G domains. In addition, it includes an F5/8 type C domain, discoidin/neuropilin- and fibrinogen-like domains, and thrombospondin N-terminal-like domains. Alternative splicing results in two transcript variants encoding different isoforms. [provided by RefSeq].
Cell adhesion

18  NR_002565 // SNORD25 // small nucleolar RNA, C/D box 25 // 11q13 // 9303 /// AK0
19  NM_145312 // ZNF485 // zinc finger protein 485 // 10q11.21 // 220992 /// ENST000
Zinc finger protein

20  NR_002744 // SNORD49A // small nucleolar RNA, C/D box 49A // 17p11.2 // 26800
21  NM_032461 // SPANXB1 // SPANX family, member B1 // Xq27.1 // 728695 /// NM_14566
Summary: Temporally regulated transcription and translation of several testis-specific genes is required to initiate the series of molecular and morphological changes in the male germ cell lineage

necessary for the formation of mature spermatozoa. This gene is a member of the SPANX family of cancer/testis-associated genes, which are located in a cluster on chromosome X. The SPANX genes encode differentially expressed testis-specific proteins that localize to various subcellular compartments. This particular gene maps to chromosome X in a head-to-tail orientation with SPANX family member B2, which appears to be a duplication of the B1 locus. The SPANXB genes are unique members of this gene family, since they contain an additional 18 nt in their coding region compared to the majority of family members. Although the protein encoded by this gene contains consensus nuclear localization signals, the major site for subcellular localization of expressed protein is in the cytoplasmic droplets of ejaculated spermatozoa. This protein provides a biochemical marker for studying the unique structures in spermatazoa, while attempting to further define its role in spermatogenesis. [provided by RefSeq].

SPANX

22  NM_032461 // SPANXB1 // SPANX family, member B1 // Xq27.1 // 728695 /// NM_14566
SPANX

23  NM_004787 // SLIT2 // slit homolog 2 (Drosophila) // 4p15.2 // 9353 /// ENST0000
Axonal guidance

AUTHORS   Nguyen Ba-Charvet,K.T., Brose,K., Marillat,V., Kidd,T.,

Goodman, C.S., Tessier-Lavigne, M., Sotelo, C. and Chedotal, A.

  TITLE     Slit2-Mediated chemorepulsion and collapse of developing forebrain axons

  JOURNAL   Neuron 22 (3), 463-473 (1999)

24  NM_005668 // ST8SIA4 // ST8 alpha-N-acetyl-neuraminide alpha-2,8-sialyltransfera
Summary: The protein encoded by this gene catalyzes the polycondensation of alpha-2,8-linked sialic acid required for the synthesis of polysialic acid, a modulator of the adhesive properties of neural cell adhesion molecule (NCAM1). The encoded protein, which is a member of glycosyltransferase family 29, is a type II membrane protein that may be present in the Golgi apparatus. Two transcript variants encoding different isoforms have been found for this gene. [provided by RefSeq].

25  NM_033180 // OR51B2 // olfactory receptor, family 51, subfamily B, member 2 // 1
Summary: Olfactory receptors interact with odorant molecules in the nose, to initiate a neuronal response that triggers the perception of a smell. The olfactory receptor proteins are members of a large family of G-protein-coupled receptors (GPCR) arising from single coding-exon genes. Olfactory receptors share a 7-transmembrane domain structure with many neurotransmitter and hormone receptors and are responsible for the recognition and G protein-mediated transduction of odorant signals. The olfactory receptor gene family is the largest in the genome. The nomenclature assigned to the olfactory receptor genes and proteins for this organism is independent of other organisms. [provided by RefSeq].

26  NM_003608 // GPR65 // G protein-coupled receptor 65 // 14q31-q32.1 // 8477 /// E
AUTHORS   Ihara,Y., Kihara,Y., Hamano,F., Yanagida,K., Morishita,Y., Kunita,A., Yamori,T., Fukayama,M., Aburatani,H., Shimizu,T. and Ishii,S.

  TITLE     The G protein-coupled receptor T-cell death-associated gene 8 (TDAG8) facilitates tumor development by serving as an extracellular pH sensor
27  NR_002563 // SNORD27 // small nucleolar RNA, C/D box 27 // 11q13 // 9301 /// AK0
28  NM_001143818 // SERPINB2 // serpin peptidase inhibitor, clade B (ovalbumin), mem
  AUTHORS   Major,L., Schroder,W.A., Gardner,J., Fish,R.J. and Suhrbier,A.

  TITLE     Human papilloma virus transformed CaSki cells constitutively express high levels of functional SerpinB2

  JOURNAL   Exp. Cell Res. 317 (3), 338-347 (2011)

REMARK    GeneRIF: HPV-transformed CaSki cells express high levels of SerpinB2, with cellular distribution, glycosylation, secretion, cleavage, induction and urokinase binding similar to that for primary cells; SerpinB2 efficiently binds the proteasomal subunit member beta1

29  NM_014893 // NLGN4Y // neuroligin 4, Y-linked // Yq11.221 // 22829 /// ENST00000
Summary: This gene encodes a type I membrane protein that belongs to the family of neuroligins, which are cell adhesion molecules present at the postsynaptic side of the synapse, and may be essential for the formation of functional synapses. Alternatively spliced transcript variants have been found for this gene.

30  NR_003943 // SNORD77 // small nucleolar RNA, C/D box 77 // 1q25.1 // 692197
31  NM_005729 // PPIF // peptidylprolyl isomerase F // 10q22-q23 // 10105 /// ENST00
Summary: The protein encoded by this gene is a member of the peptidyl-prolyl cis-trans isomerase (PPIase) family. PPIases catalyze the cis-trans isomerization of proline imidic peptide bonds in oligopeptides and accelerate the folding of proteins. This  protein is part of the mitochondrial permeability transition pore in the inner mitochondrial membrane. Activation of this pore is

thought to be involved in the induction of apoptotic and necrotic cell death. [provided by RefSeq].

32  NM_198391 // FLRT3 // fibronectin leucine rich transmembrane protein 3 // 20p11 
Summary: This gene encodes a member of the fibronectin leucine rich transmembrane protein (FLRT) family. FLRTs may function in cell adhesion and/or receptor signalling. Their protein structures resemble small leucine-rich proteoglycans found in the extracellular matrix. This gene is expressed in many tissues. Two alternatively spliced transcript variants encoding the same protein have been described for this gene. [provided by RefSeq].
33  NM_002133 // HMOX1 // heme oxygenase (decycling) 1 // 22q12|22q13.1 // 3162 /// 
  AUTHORS   Idriss,N.K., Lip,G.Y., Balakrishnan,B., Jaumdally,R., Boos,C.J. and Blann,A.D.

  TITLE     Plasma haemoxygenase-1 in coronary artery disease. A comparison with angiogenin, matrix metalloproteinase-9, tissue inhibitor of metalloproteinase-1 and vascular endothelial growth factor

  JOURNAL   Thromb. Haemost. 104 (5), 1029-1037 (2010)

  Summary: Heme oxygenase, an essential enzyme in heme catabolism, cleaves heme to form biliverdin, which is subsequently converted to bilirubin by biliverdin reductase, and carbon monoxide, a putative neurotransmitter. Heme oxygenase activity is induced by its substrate heme and by various nonheme substances. Heme oxygenase occurs as 2 isozymes, an inducible heme oxygenase-1 and a constitutive heme oxygenase-2. HMOX1 and HMOX2 belong to the heme oxygenase family. [provided by RefSeq].

34  NM_006252 // PRKAA2 // protein kinase, AMP-activated, alpha 2 catalytic subunit 
Summary: The protein encoded by this gene is a catalytic subunit of the AMP-activated protein kinase (AMPK). AMPK is a heterotrimer consisting of an alpha catalytic subunit, and non-catalytic beta and gamma subunits. AMPK is an important energy-sensing enzyme that monitors cellular energy status. In response to cellular metabolic stresses, AMPK is activated, and thus phosphorylates and inactivates acetyl-CoA carboxylase (ACC) and beta-hydroxy beta-methylglutaryl-CoA reductase (HMGCR), key enzymes involved in regulating de novo biosynthesis of fatty acid and cholesterol. Studies of the mouse counterpart suggest that this catalytic subunit may control whole-body insulin sensitivity and is necessary for maintaining myocardial energy homeostasis during ischemia. [provided by RefSeq].

35  NM_006622 // PLK2 // polo-like kinase 2 (Drosophila) // 5q12.1-q13.2 // 10769 //
   Summary: Serum-inducible kinase is a member of the 'polo' family of serine/threonine protein kinases that have a role in normal cell division.[supplied by OMIM].

36  NM_198474 // OLFML1 // olfactomedin-like 1 // 11p15.4 // 283298 /// ENST00000329
Interestingly, ectopic hOLFML1 promoted proliferation of HeLa cells and increased the percentage of cells in S phase. hOLFML1, a novel secreted glycoprotein, enhances the proliferation

of human cancer cell lines in vitro

Bingbing Wana,b, Yu-Bo Zhoub, Xin Zhangb, Hong Zhub, Keke Huoa,*, Ze-Guang Hana,b,*
37  NR_002433 // SNORD12C // small nucleolar RNA, C/D box 12C // 20q13.13 // 26765
38 NM_031957 // KRTAP1-5 // keratin associated protein 1-5 // 17q12-q21 // 83895 //
Summary: This protein is a member of the keratin-associated protein (KAP) family. The KAP proteins form a matrix of keratin intermediate filaments which contribute to the structure of hair fibers. KAP family members appear to have unique, family-specific amino- and carboxyl-terminal regions and are subdivided into three multi-gene families according to amino acid composition: the high sulfur, the ultrahigh sulfur, and the high tyrosine/glycine KAPs. This protein is a member of the high sulfur KAP family and the gene is localized to a cluster of KAPs at 17q12-q21. [provided by RefSeq].

39  NM_031957 // KRTAP1-5 // keratin associated protein 1-5 // 17q12-q21 // 83895 //
Summary: This protein is a member of the keratin-associated protein (KAP) family. The KAP proteins form a matrix of keratin intermediate filaments which contribute to the structure of hair fibers. KAP family members appear to have unique, family-specific amino- and carboxyl-terminal regions and are subdivided into three multi-gene families according to amino acid composition: the high sulfur, the ultrahigh sulfur, and the high tyrosine/glycine KAPs. This protein is a member of the high sulfur KAP family and the gene is localized to a cluster of KAPs at 17q12-q21. [provided by RefSeq].

40  NM_002983 // CCL3 // chemokine (C-C motif) ligand 3 // 17q11-q21 // 6348 /// ENS
Summary: This locus represents a small inducible cytokine. The encoded protein, also known as macrophage inflammatory protein 1 alpha, plays a role in inflammatory responses through binding to the receptors CCR1, CCR4 and CCR5. Polymorphisms at this locus may be associated with both resistance and susceptibility to infection by human immunodeficiency virus type 1.

41 NM_001370 // DNAH6 // dynein, axonemal, heavy chain 6 // 2p11.2 // 1768 /// ENST
Summary: Dyneins are microtubule-associated motor protein complexes composed of several heavy, light, and intermediate chains. Two major classes of dyneins, axonemal and cytoplasmic, have been

identified. DNAH6 is an axonemal dynein heavy chain (DHC) (Vaughan et al., 1996 [PubMed 8812413]).[supplied by OMIM].
42 NM_018423 // STYK1 // serine/threonine/tyrosine kinase 1 // 12p13.2 // 55359 ///
Summary: Receptor protein tyrosine kinases, like STYK1, play important roles in diverse cellular and developmental processes, such as cell proliferation, differentiation, and survival (Liu et

al., 2004 [PubMed 15150103]).[supplied by OMIM].

43 NM_001098815 // KIAA0748 // KIAA0748 // 12q13.2 // 9840 /// AB018291 // KIAA0748
GeneRIF: Observational study of gene-disease association, gene-environment interaction, and pharmacogenomic / toxicogenomic. (HuGE Navigator)
44 AY358216 // UNQ9374 // VCEW9374 // 5q35.1 // 100133106
45 NR_003940 // SNORD80 // small nucleolar RNA, C/D box 80 // 1q25.1 // 26774 /// B
46 AK293321 // KIAA1772 // KIAA1772 // 18q11.1-q11.2 // 80000 /// NM_001142966 // K
Human cDNA sequencing project focused on splicing variants of mRNA in NEDO functional analysis of protein and research application project supported by Ministry of Economy, Trade and Industry, Japan; cDNA selection for complete cds sequencing: Reverse Proteomics Research Institute (REPRORI), Hitachi, Ltd., Japan (Hitachi) and Japan Biological Informatics Consortium, Japan (JBIC); cDNA complete cds sequencing: JBIC; cDNA library construction: Helix Research Institute supported by Japan Key Technology Center, Japan (HRI); cDNA 5'- & 3'-end sequencing:

Research Association for Biotechnology, Japan, Biotechnology Center, National Institute of Technology and Evaluation, Japan and HRI; cDNA mapping to human genome: Central Research Laboratory, Hitachi; evaluation and annotation: REPRORI.

47 NM_001143668 // AMIGO2 // adhesion molecule with Ig-like domain 2 // 12q13.11 //
Stable expression of a DEGA/AMIGO-2 antisense construct in the gastric adenocarcinoma cell line, AGS, led to altered morphology, increased ploidy, chromosomal instability, decreased cell adhesion/migration

DEGA/AMIGO-2, a leucine-rich repeat family member, differentially expressed in human gastric adenocarcinoma: effects on ploidy, chromosomal stability, cell adhesion/migration and tumorigenicity.

Rabenau KE, O'Toole JM, Bassi R, Kotanides H, Witte L, Ludwig DL, Pereira DS.

48  NM_004179 // TPH1 // tryptophan hydroxylase 1 // 11p15.3-p14 // 7166 /// ENST000
Summary: This gene encodes a member of the aromatic amino acid hydroxylase family. The encoded protein catalyzes the first and rate limiting step in the biosynthesis of serotonin, an important hormone and neurotransmitter. Mutations in this gene have been associated with an elevated risk for a variety of diseases and disorders, including schizophrenia, somatic anxiety, anger-related traits, bipolar disorder, suicidal behavior, addictions, and others.

49  NM_017577 // GRAMD1C // GRAM domain containing 1C // 3q13.31 // 54762 /// ENST00
50  NM_005424 // TIE1 // tyrosine kinase with immunoglobulin-like and EGF-like domain
Genes differentially regulated upon Tie-1 knockdown.

Suppression of Tie-1 in endothelial cells in vitro induces a change in the genome-wide expression profile reflecting an inflammatory function

Barden Chan and Vikas P. Sukhatme
Tyrosine kinase with immunoglobulin-like and EGF-like domains 1 also known as TIE1 is an angiopoietin receptor which in humans is encoded by the TIE1 gene.[1]
[edit] Function
TIE1 is a cell surface protein expressed exclusively in endothelial cells, however it has also been shown to be expressed in immature hematopoietic cells

HYPERLINK "http://en.wikipedia.org/wiki/TIE1" \l "cite_note-1"[2]. TIE1 upregulates the cell adhesion molecules (CAMs) VCAM-1, E-selectin, and ICAM-1 through a p38-dependent mechanism. Attachment of monocyte derived immune cells to endothelial cells is also enhanced by TIE1 expression. TIE1 has a proinflammatory effect and may play a role in the endothelial inflammatory diseases such as atherosclerosis.[3]
Julia Bode Part II down regulated
NM_004696  to NM_016279 
NM_004696 // SLC16A4 // solute carrier family 16, member 4 (monocarboxylic acid 

The transport of monocarboxylates, such as lactate and pyruvate, is mediated by the SLC16A

family of proton-linked membrane transport proteins known as monocarboxylate transporters (MCTs).

Overview of the Proton-coupled MCT (SLC16A) Family of Transporters: Characterization, Function and Role in the Transport of the Drug of Abuse γ-Hydroxybutyric Acid
Marilyn E. Morris1,2 and Melanie A. Felmlee1

NM_012306 // FAIM2 // Fas apoptotic inhibitory molecule 2 // 12q13 // 23017 /// 

The discovery in the early 1990’s that antibodies to the cell surface TNF-family member

receptor Fas (CD95) could mediate rapid protein-synthesis independent apoptosis of a number

of transformed and non-transformed cell types set the stage for the investigation of engaging

Fas and related ‘death receptors’ as possible targets for intervention in cancer therapy.

Many checkpoints on the road to cell death: regulation of Fas-FasL interactions and Fas signaling in peripheral immune responses

Madhu Ramaswamy, Sophia Y. Cleland, Anthony C. Cruz, and Richard M. Siegel

NM_201649 // SLC6A9 // solute carrier family 6 (neurotransmitter transporter, gl
Neurotransmitter transporter in psychiatric disorders

Identification of new putative susceptibility genes for several psychiatric disorders by association analysis of regulatory and non-synonymous SNPs of 306 genes involved in neurotransmission and neurodevelopment.

Gratacòs M, Costas J, de Cid R, Bayés M, González JR, Baca-García E, de Diego Y, Fernández-Aranda F, Fernández-Piqueras J, Guitart M, Martín-Santos R, Martorell L, Menchón JM, Roca M, Sáiz-Ruiz J, Sanjuán J, Torrens M, Urretavizcaya M, Valero J, Vilella E, Estivill X, Carracedo A; Psychiatric Genetics Network Group.

NM_003107 // SOX4 // SRY (sex determining region Y)-box 4 // 6p22.3 // 6659 /// 

SOX4, a new DNA damage

sensor, is required for the activation of p53 tumor suppressor in

response toDNAdamage.

Recently, increasing evidence has shown that SOX4 is highly up-regulated in a number of tumors,

including breast cancer (22), lung cancer (24), colon cancer (25), meduloblastoma (26), salivary gland cancer (27), and hepatocellularcarcinoma (28)
Induction of SOX4 by DNA damage is critical for p53 stabilization and function

Xin Pan1, Jie Zhao1, Wei-Na Zhang1, Hui-Yan Li, Rui Mu, Tao Zhou, Hai-Ying Zhang, Wei-Li Gong, Ming Yu, Jiang-Hong Man, Pei-Jing Zhang, Ai-Ling Li2, and Xue-Min Zhang2

NM_018836 // AJAP1 // adherens junctions associated protein 1 // 1p36.32 // 5596
E-cadherin Surface Levels in Epithelial Growth Factor-stimulated Cells Depend on Adherens Junction Protein Shrew-1

Julia Christina Gross,* Alexander Schreiner,* Knut Engels,† and Anna Starzinski-Powitz*

Adhesion related

NM_006914 // RORB // RAR-related orphan receptor B // 9q22 // 6096 /// ENST00000
bipolar disorder

Evidence for genetic association of RORB with bipolar disorder

Casey L McGrath1,2, Stephen J Glatt3, Pamela Sklar1, Helen Le-Niculescu4, Ronald Kuczenski5, Alysa E Doyle6, Joseph Biederman6, Eric Mick6, Stephen V Faraone3, Alexander B Niculescu*4 and Ming T Tsuang*5

NM_032229 // SLITRK6 // SLIT and NTRK-like family, member 6 // 13q31.1 // 84189 

Summary: Members of the SLITRK family, such as SLITRK6, are integral membrane proteins with 2 N-terminal leucine-rich repeat (LRR) domains similar to those of SLIT proteins (see SLIT1; MIM

603742). Most SLITRKs, including SLITRK6, also have C-terminal regions that share homology with neurotrophin receptors (see NTRK1; MIM 191315). SLITRKs are expressed predominantly in neural tissues and have neurite-modulating activity

NATURE |VOL 428 | 1 APRIL 2004 |www.nature.com/nature

The DNA sequence and analysis of human chromosome 13

NM_000599 // IGFBP5 // insulin-like growth factor binding protein 5 // 2q33-q36 

These results indicate that IGFBP-5 expression affects the cell cycle and survival signal

pathways and thus it may be an important mediator of PaC cell growth.

Insulin-like growth factor binding protein-5 influences pancreatic cancer cell growth

Sarah K Johnson, Randy S Haun

NM_018558 // GABRQ // gamma-aminobutyric acid (GABA) receptor, theta // Xq28 // 

Summary: The gamma-aminobutyric acid (GABA) A receptor is a multisubunit chloride channel that mediates the fastest inhibitory synaptic transmission in the central nervous system. This gene

encodes the theta subunit of the GABA A receptor. The gene is mapped to chromosome Xq28 in a cluster of genes including those that encode the alpha 3 and epsilon subunits of the GABA A

receptor. This gene location is also the candidate region of two different neurologic diseases: early-onset parkinsonism (Waisman syndrome) and X-linked mental retardation (MRX3). [provided by

RefSeq].
Molecular and Functional Diversity of the Expanding GABA-A Receptor Gene Family

PAUL J. WHITING,a TIMOTHY P. BONNERT, RUTH M. MCKERNAN, SOPHIE FARRAR, BEATRICE LE BOURDELLÈS, ROBERT P. HEAVENS, DAVID W. SMITH, LOUISE HEWSON, MICHAEL R. RIGBY, DALIP J. S. SIRINATHSINGHJI, SALLY A. THOMPSON, AND KEITH A. WAFFORD

NM_019117 // KLHL4 // kelch-like 4 (Drosophila) // Xq21.3 // 56062 /// NM_057162
Summary: This gene encodes a member of the kelch family of proteins, which are characterized by kelch repeat motifs and a POZ/BTB protein-binding domain. It is thought that kelch repeats are actin binding domains. However, the specific function of this protein has not been determined. Alternative splicing of this gene results in two transcript variants encoding different isoforms. [provided by RefSeq].

NM_001957 // EDNRA // endothelin receptor type A // 4q31.22 // 1909 /// ENST0000
Summary: This gene encodes the receptor for endothelin-1, a peptide that plays a role in potent and long-lasting vasoconstriction. This receptor associates with guanine-nucleotide-binding (G) proteins,

and this coupling activates a phosphatidylinositol-calcium second messenger system. Polymorphisms in this gene have been linked to migraine headache resistance. Alternative splicing results in multiple transcript variants. [provided by RefSeq].

NM_013431 // KLRC4 // killer cell lectin-like receptor subfamily C, member 4 // 

Summary: Natural killer (NK) cells are lymphocytes that can mediate lysis of certain tumor cells and virus-infected cells without previous activation. They can also regulate specific humoral and cell-mediated immunity. NK cells preferentially express several calcium-dependent (C-type) lectins, which have been implicated in the regulation of NK cell function. This gene is a member of the NKG2 group of genes that are expressed primarily in natural killer (NK) cells. These family members encode transmembrane proteins that are characterized by a type II membrane orientation (have an extracellular C-terminus) and the presence of a C-type lectin domain. This family member is located within the NK complex, a region that contains several C-type lectin genes preferentially

expressed in NK cells. Read-through transcription exists between this gene and the downstream KLRK1 (killer cell lectin-like receptor subfamily K, member 1) family member. [provided by

RefSeq].

NM_022748 // TNS3 // tensin 3 // 7p12.3 // 64759 /// ENST00000398879 // TNS3 // 

Tensin3 Is a Negative Regulator of Cell Migration and All Four Tensin Family Members Are Downregulated in Human Kidney Cancer

Danuta Martuszewska1, Bo¨ rje Ljungberg2, Martin Johansson3, Go¨ ran Landberg3, Cecilia Oslakovic1, Bjo¨ rn Dahlba¨ck1, Sassan Hafizi1*
The Tensin family of intracellular proteins (Tensin1, -2, -3 and -4) are thought to act as links between the

extracellular matrix and the cytoskeleton,

NM_014880 // CD302 // CD302 molecule // 2q24.2 // 9936 /// ENST00000259053 // CD
Summary: CD302 is a C-type lectin receptor involved in cell adhesion and migration, as well as endocytosis and phagocytosis

(Kato et al., 2007 [PubMed 17947679]).[supplied by OMIM].

NM_003256 // TIMP4 // TIMP metallopeptidase inhibitor 4 // 3p25 // 7079 /// ENST
Summary: This gene belongs to the TIMP gene family. The proteins encoded by this gene family are inhibitors of the matrix metalloproteinases, a group of peptidases involved in degradation

of the extracellular matrix. The secreted, netrin domain-containing protein encoded by this gene is involved in regulation of platelet aggregation and recruitment and may play role in hormonal regulation and endometrial tissue remodeling. [provided by RefSeq].
NM_003014 // SFRP4 // secreted frizzled-related protein 4 // 7p14.1 // 6424 /// 

Summary: Secreted frizzled-related protein 4 (SFRP4) is a member of the SFRP family that contains a cysteine-rich domain homologous to the putative Wnt-binding site of Frizzled proteins. SFRPs act as soluble modulators of Wnt signaling. The expression of SFRP4 in ventricular myocardium correlates with apoptosis related gene expression. [provided by RefSeq].


NM_019554 // S100A4 // S100 calcium binding protein A4 // 1q21 // 6275 /// NM_00
Summary: The protein encoded by this gene is a member of the S100 family of proteins containing 2 EF-hand calcium-binding motifs. S100 proteins are localized in the cytoplasm and/or nucleus of a wide range of cells, and involved in the regulation of a number of cellular processes such as cell cycle progression and differentiation. S100 genes include at least 13 members which are located as a cluster on chromosome 1q21. This protein may function in motility, invasion, and tubulin polymerization. Chromosomal rearrangements and altered expression of this gene have been implicated in tumor metastasis. Multiple alternatively spliced variants, encoding the same protein, have been identified.

NM_018930 // PCDHB10 // protocadherin beta 10 // 5q31 // 56126 /// ENST000002394
Summary: This gene is a member of the protocadherin beta gene cluster, one of three related gene clusters tandemly linked on chromosome five. The gene clusters demonstrate an unusual genomic

organization similar to that of B-cell and T-cell receptor gene clusters. The beta cluster contains 16 genes and 3 pseudogenes, each encoding 6 extracellular cadherin domains and a cytoplasmic

tail that deviates from others in the cadherin superfamily. The extracellular domains interact in a homophilic manner to specify differential cell-cell connections. Unlike the alpha and gamma

clusters, the transcripts from these genes are made up of only one large exon, not sharing common 3' exons as expected. These neural cadherin-like cell adhesion proteins are integral plasma membrane

proteins. Their specific functions are unknown but they most likely play a critical role in the establishment and function of specific cell-cell neural connections. [provided by RefSeq].

COMPLETENESS: complete on the 3' end.

NM_182487 // OLFML2A // olfactomedin-like 2A // 9q33.3 // 169611 /// ENST0000037
Photoreceptor Cells1
Retinal Neurons
BC127733 // GLT8D4 // glycosyltransferase 8 domain containing 4 // 3p13 // 72793
Identification of glycosyltransferase 8 family members as xylosyltransferases acting on O-glucosylated notch epidermal growth factor repeats.

Sethi MK, Buettner FF, Krylov VB, Takeuchi H, Nifantiev NE, Haltiwanger RS, Gerardy-Schahn R, Bakker H.

Complete coding sequence

NR_024056 // ZNF542 // zinc finger protein 542 // 19q13.43 // 147947 /// NR_0240
NM_139155 // ADAMTS14 // ADAM metallopeptidase with thrombospondin type 1 motif,
Summary: This gene encodes a member of the ADAMTS (a disintegrin

and metalloproteinase with thrombospondin motif) protein family.

Members of the family share several distinct protein modules,

including a propeptide region, a metalloproteinase domain, a

disintegrin-like domain, and a thrombospondin type 1 (TS) motif.

Individual members of this family differ in the number of

C-terminal TS motifs, and some have unique C-terminal domains. This

gene is highly similar to two family members, ADAMTS2 and ADAMTS3, in its sequence and gene structure, and the encoded protein sharesthe aminoprocollagen peptidase activity with the protein products encoded by ADAMTS2 and ADAMTS3. Various transcript variants of this gene have been identified. They result from the use of two different promoters and transcription initiation sites as well as alternative splicing sites. The full length nature of some transcripts has not been defined. [provided by RefSeq].
A reliable method to display authentic DNase I hypersensitive sites at long-ranges in single-copy

genes from large genomes

Matthew E. Pipkin1 and Mathias G. Lichtenheld1,2,3,*

Connective tissue

NM_002345 // LUM // lumican // 12q21.3-q22 // 4060 /// ENST00000266718 // LUM //
Summary: This gene encodes a member of the small leucine-rich proteoglycan (SLRP) family that includes decorin, biglycan, fibromodulin, keratocan, epiphycan, and osteoglycin. In these bifunctional molecules, the protein moiety binds collagen fibrils and the highly charged hydrophilic glycosaminoglycans regulate interfibrillar spacings. Lumican is the major keratan sulfate proteoglycan of the cornea but is also distributed in interstitial collagenous matrices throughout the body. Lumican may regulate collagen fibril organization and circumferential growth, corneal

transparency, and epithelial cell migration and tissue repair.

[provided by RefSeq].

NM_001034173 // ALDH1L2 // aldehyde dehydrogenase 1 family, member L2 // 12q23.3
Summary: This gene encodes a member of both the aldehyde dehydrogenase superfamily and the formyl transferase superfamily. This member is the mitochondrial form of 10-formyltetrahydrofolate

dehydrogenase (FDH), which converts 10-formyltetrahydrofolate to tetrahydrofolate and CO2 in an NADP(+)-dependent reaction, and plays an essential role in the distribution of one-carbon groups

between the cytosolic and mitochondrial compartments of the cell. Alternatively spliced transcript variants have been found for this gene.

NM_002522 // NPTX1 // neuronal pentraxin I // 17q25.1-q25.2 // 4884 /// ENST0000
Summary: NPTX1 is a member of the neuronal pentraxin gene family. Neuronal pentraxin 1 is similar to the rat NP1 gene which encodes a binding protein for the snake venom toxin taipoxin. Human NPTX1 mRNA is exclusively localized to the nervous system. [provided by

RefSeq].

NM_152989 // SOX5 // SRY (sex determining region Y)-box 5 // 12p12.1 // 6660 ///
Summary: This gene encodes a member of the SOX (SRY-related HMG-box) family of transcription factors involved in the regulation of embryonic development and in the determination of the cell fate.

The encoded protein may act as a transcriptional regulator after forming a protein complex with other proteins. The encoded protein may play a role in chondrogenesis. A pseudogene of this gene is

located on chromosome 8. Multiple transcript variants encoding distinct isoforms have been identified for this gene. [provided by RefSeq].

NM_133436 // ASNS // asparagine synthetase // 7q21.3 // 440 /// NM_183356 // ASN
Summary: The protein encoded by this gene is involved in the synthesis of asparagine. This gene complements a mutation in the temperature-sensitive hamster mutant ts11, which blocks progression

through the G1 phase of the cell cycle at nonpermissive temperature. Alternatively spliced transcript variants have been described for this gene. [provided by RefSeq].

NM_019073 // SPATA6 // spermatogenesis associated 6 // 1p33 // 54558 /// ENST000
NM_007360 // KLRK1 // killer cell lectin-like receptor subfamily K, member 1 // 

Summary: Natural killer (NK) cells are lymphocytes that can mediate lysis of certain tumor cells and virus-infected cells without previous activation. They can also regulate specific humoral and

cell-mediated immunity. NK cells preferentially express several calcium-dependent (C-type) lectins, which have been implicated in the regulation of NK cell function. The NKG2 gene family is located

within the NK complex, a region that contains several C-type lectin genes preferentially expressed in NK cells. This gene encodes a member of the NKG2 family. The encoded transmembrane protein is

characterized by a type II membrane orientation (has an extracellular C terminus) and the presence of a C-type lectin domain. It binds to a diverse family of ligands that include MHC class I chain-related A and B proteins and UL-16 binding proteins, where ligand-receptor interactions can result in the activation of NK and T cells. The surface expression of these ligands is important for the recognition of stressed cells by the immune system, and thus this protein and its ligands are therapeutic targets for the treatment of immune diseases and cancers. Read-through transcription exists between this gene and the upstream KLRC4 (killer cell lectin-like receptor subfamily C, member 4) family member in the same cluster. [provided by RefSeq].

NM_001077188 // HS6ST2 // heparan sulfate 6-O-sulfotransferase 2 // Xq26.2 // 90
Summary: Heparan sulfate proteoglycans are ubiquitous components ofthe cell surface, extracellular matrix, and basement membranes, andinteract with various ligands to influence cell growth, differentiation, adhesion, and migration. This gene encodes a member of the heparan sulfate (HS) sulfotransferase gene family, which catalyze the transfer of sulfate to HS. Different family members and isoforms are thought to synthesize heparan sulfates with tissue-specific structures and functions. Multiple transcript variants encoding different isoforms have been found for this gene.

[provided by RefSeq].
NM_001083 // PDE5A // phosphodiesterase 5A, cGMP-specific // 4q25-q27 // 8654 //
Summary: This gene encodes a cGMP-binding, cGMP-specific phosphodiesterase, a member of the cyclic nucleotide phosphodiesterase family. This phosphodiesterase specifically hydrolyzes cGMP to 5'-GMP. It is involved in the regulation of intracellular concentrations of cyclic nucleotides and is important for smooth muscle relaxation in the cardiovascular system. Alternative splicing of this gene results in three transcript variants encoding distinct isoforms. [provided by RefSeq].
NM_006227 // PLTP // phospholipid transfer protein // 20q12-q13.1 // 5360 /// NM Summary: The protein encoded by this gene is one of at least two lipid transfer proteins found in human plasma. The encoded protein transfers phospholipids from triglyceride-rich lipoproteins to high density lipoprotein (HDL). In addition to regulating the size of HDL particles, this protein may be involved in cholesterol metabolism. At least two transcript variants encoding different isoforms have been found for this gene. [provided by RefSeq].
NM_020981 // B3GALT1 // UDP-Gal:betaGlcNAc beta 1,3-galactosyltransferase, polyp
Summary: This gene is a member of the beta-1,3-galactosyltransferase (beta3GalT) gene family. This family encodes type II membrane-bound glycoproteins with diverse enzymatic functions using different donor substrates (UDP-galactose and UDP-N-acetylglucosamine) and different acceptor sugars (N-acetylglucosamine, galactose, N-acetylgalactosamine). The beta3GalT genes are distantly related to the Drosophila Brainiac gene and have the protein coding sequence contained in a single exon. The beta3GalT proteins also contain conserved sequences not found in the beta4GalT or alpha3GalT proteins. The carbohydrate chains synthesized by these enzymes are designated as type 1, whereas beta4GalT enzymes synthesize type 2 carbohydrate chains. The ratio of type 1:type 2 chains changes during embryogenesis. By sequence similarity, the beta3GalT genes fall into at least two groups: beta3GalT4 and 4 other beta3GalT genes (beta3GalT1-3, beta3GalT5). This gene is expressed exclusively in the brain. The

encoded protein shows strict donor substrate specificity for UDP-galactose. [provided by RefSeq].

NM_015310 // PSD3 // pleckstrin and Sec7 domain containing 3 // 8pter-p23.3 // 2
AUTHORS   Li,J., Liu,F., Wang,H., Liu,X., Liu,J., Li,N., Wan,F., Wang,W., Zhang,C., Jin,S., Liu,J., Zhu,P. and Liu,Y.

  TITLE     Systematic mapping and functional analysis of a family of human epididymal secretory sperm-located proteins

  JOURNAL   Mol. Cell Proteomics 9 (11), 2517-2528 (2010)

NM_014333 // CADM1 // cell adhesion molecule 1 // 11q23.2 // 23705 /// NM_001098
CADM1/TSLC1 inactivation by promoter hypermethylation is a frequent event in colorectal carcinogenesis and correlates with late stages of the disease

Kequan Chen1,†, 

NM_001013398 // IGFBP3 // insulin-like growth factor binding protein 3 // 7p13-p
  Summary: This gene is a member of the insulin-like growth factor binding protein (IGFBP) family and encodes a protein with an IGFBP domain and a thyroglobulin type-I domain. The protein forms a ternary complex with insulin-like growth factor acid-labile subunit (IGFALS) and either insulin-like growth factor (IGF) I or II. In this form, it circulates in the plasma, prolonging the half-life of

IGFs and altering their interaction with cell surface receptors. Alternate transcriptional splice variants, encoding different isoforms, have been characterized. [provided by RefSeq].

NM_000222 // KIT // v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolo
   Summary: This gene encodes the human homolog of the proto-oncogene c-kit. C-kit was first identified as the cellular homolog of the feline sarcoma viral oncogene v-kit. This protein is a type 3 transmembrane receptor for MGF (mast cell growth factor, also known as stem cell factor). Mutations in this gene are associated with gastrointestinal stromal tumors, mast cell disease, acute myelogenous lukemia, and piebaldism. Multiple transcript variants encoding different isoforms have been found for this gene. [provided by RefSeq].

NM_144629 // RFTN2 // raftlin family member 2 // 2q33.1 // 130132 /// ENST000002
NM_004099 // STOM // stomatin // 9q34.1 // 2040 /// NM_198194 // STOM // stomati
Slipins: ancient origin, duplication and diversification of the stomatin protein family.

Green JB, Young JP.

Source

Department of Biology, University of York, UK. jbg501@york.ac.uk

Abstract

BACKGROUND: 

Stomatin is a membrane protein that was first isolated from human red blood cells. Since then, a number of stomatin-like proteins have been identified in all three domains of life. The conservation among these proteins is remarkable, with bacterial and human homologs sharing 50 % identity. Despite being associated with a variety of diseases such as cancer, kidney failure and anaemia, precise functions of these proteins remain unclear.

NM_001010000 // ARHGAP28 // Rho GTPase activating protein 28 // 18p11.31 // 7982
NM_031935 // HMCN1 // hemicentin 1 // 1q25.3-q31.1 // 83872 /// ENST00000271588 

Summary: This gene encodes a large extracellular member of the immunoglobulin superfamily. A similar protein in C. elegans forms long, fine tracks at specific extracellular sites that are involved in many processes such as stabilization of the germline syncytium, anchorage of mechanosensory neurons to the epidermis, and organization of hemidesmosomes in the epidermis. Mutations in this gene may be associated with age-related macular degeneration. [provided by RefSeq].

NM_018050 // MANSC1 // MANSC domain containing 1 // 12p13.2 // 54682 /// ENST000
Kibel, A.S. et al.
 

 

 Kibel,  Huagen,  Guo,  Isaacs,  Yan,  Pienta,  Goodfellow,   

 

Expression mapping at 12p12-13 in advanced prostate carcinoma.

NM_000050 // ASS1 // argininosuccinate synthetase 1 // 9q34.1 // 445 /// NM_0540
Summary: The protein encoded by this gene catalyzes the penultimate step of the arginine biosynthetic pathway. There are approximately 10 to 14 copies of this gene including the pseudogenes scattered across the human genome, among which the one located on chromosome

9 appears to be the only functional gene for argininosuccinate synthetase. Mutations in the chromosome 9 copy of ASS cause citrullinemia. Two transcript variants encoding the same protein

have been found for this gene. [provided by RefSeq].

NM_002546 // TNFRSF11B // tumor necrosis factor receptor superfamily, member 11b
Summary: The protein encoded by this gene is a member of the TNF-receptor superfamily. This protein is an osteoblast-secreted decoy receptor that functions as a negative regulator of bone

resorption. This protein specifically binds to its ligand, osteoprotegerin ligand, both of which are key extracellular regulators of osteoclast development. Studies of the mouse counterpart also suggest that this protein and its ligand play a role in lymph-node organogenesis and vascular calcification.

Alternatively spliced transcript variants of this gene have been reported, but their full length nature has not been determined. [provided by RefSeq].

NM_020871 // LRCH2 // leucine-rich repeats and calponin homology (CH) domain con
Calponin homology domains at a glance

1. Elena Korenbaum and 

2. Francisco Rivero

HYPERLINK "http://jcs.biologists.org/content/115/18/3543.full" \l "aff-2" * 
Actin binding protein

NM_003966 // SEMA5A // sema domain, seven thrombospondin repeats (type 1 and typ
Summary: This gene belongs to the semaphorin gene family that encodes membrane proteins containing a semaphorin domain and several thrombospondin type-1 repeats. Members of this family are involved in axonal guidance during neural development. This gene has been implicated as an autism susceptibility gene.

NM_001001557 // GDF6 // growth differentiation factor 6 // 8q22.1 // 392255 /// 

Summary: This gene encodes a member of the bone morphogenetic protein (BMP) family and the TGF-beta superfamily of secreted signaling molecules. It is required for normal formation of some

bones and joints in the limbs, skull, and axial skeleton. Mutations in this gene result in colobomata, which are congenital abnormalities in ocular development, and in Klippel-Feil syndrome (KFS), which is a congenital disorder of spinal segmentation. [provided by RefSeq].

NM_000962 // PTGS1 // prostaglandin-endoperoxide synthase 1 (prostaglandin G/H s
Summary: Prostaglandin-endoperoxide synthase (PTGS), also known as cyclooxygenase, is the key enzyme in prostaglandin biosynthesis, and acts both as a dioxygenase and as a peroxidase. There are two isozymes of PTGS: a constitutive PTGS1 and an inducible PTGS2, which differ in their regulation of expression and tissue distribution. This gene encodes PTGS1, which regulates angiogenesis in endothelial cells, and is inhibited by nonsteroidal anti-inflammatory drugs such as aspirin. PTGS1 is thought to be involved in cell-cell signaling and maintaining tissue homeostasis.

Alternative splicing of this gene generates two transcript variants. The expression of these two transcripts is differentially regulated by relevant cytokines and growth factors. [provided by

RefSeq].

NM_001005353 // AK3L1 // adenylate kinase 3-like 1 // 1p31.3 // 205 /// NM_01341
Summary: This gene encodes a member of the adenylate kinase family of enzymes. The encoded protein is localized to the mitochondrial matrix. Adenylate kinases regulate the adenine and guanine

nucleotide compositions within a cell by catalyzing the reversible transfer of phosphate group among these nucleotides. Five isozymes of adenylate kinase have been identified in vertebrates. Expression

of these isozymes is tissue-specific and developmentally regulated.  A pseudogene for this gene has been located on chromosome 17. Three transcript variants encoding the same protein have been identified for this gene. Sequence alignment suggests that the gene defined by NM_013410, NM_203464, and NM_001005353 is located on chromosome 1. [provided by RefSeq].

NM_016279 // CDH9 // cadherin 9, type 2 (T1-cadherin) // 5p14 // 1007 /// ENST00
Summary: This gene encodes a type II classical cadherin from the cadherin superfamily, integral membrane proteins that mediate calcium-dependent cell-cell adhesion. Mature cadherin proteins are

composed of a large N-terminal extracellular domain, a single membrane-spanning domain, and a small, highly conserved C-terminal cytoplasmic domain. The extracellular domain consists of 5

subdomains, each containing a cadherin motif, and appears to determine the specificity of the protein's homophilic cell adhesion activity. Type II (atypical) cadherins are defined based on their

lack of a HAV cell adhesion recognition sequence specific to type I cadherins. [provided by RefSeq].
Julia part III Last 25 genes Julia 

NM_024692 // CLIP4 // CAP-GLY domain containing linker protein family, member 4 

The status, quality, and expansion of the NIH full-length cDNA project: the Mammalian Gene Collection (MGC)

  JOURNAL   Genome Res. 14 (10B), 2121-2127 (2004)

Cytoskeleton-associated Protein Glycine-rich (CAP-Gly) 

NM_020347 // LZTFL1 // leucine zipper transcription factor-like 1 // 3p21.3 // 5
A gene expression signature that can predict the recurrence of tamoxifen-treated primary breast cancer

Maïa Chanrion1, Vincent Negre1, Hélène Fontaine1, Nicolas Salvetat2, Frédéric Bibeau1,

Gaëtan Mac Grogan3, Louis Mauriac3, Dionyssios Katsaros4, Franck Molina2, Charles

Theillet1, and Jean-Marie Darbon1,*

NR_003366 // ANKRD20B // ankyrin repeat domain 20B // 2q11.1 // 729171 /// NM_00
non-coding RNA

NM_138621 // BCL2L11 // BCL2-like 11 (apoptosis facilitator) // 2q13 // 10018 //
proapoptotic BH3-only BCL2 family member BIM (i.e., BCL2-like 11

Induction of BIM Is Essential for Apoptosis Triggered by EGFR Kinase Inhibitors in Mutant

EGFR-Dependent Lung Adenocarcinomas

Yixuan Gong1, Romel Somwar2, Katerina Politi2, Marissa Balak1, Juliann Chmielecki1, Xuejun Jiang3, William Pao1*

These BH3-only members of the BCL2 family promote apoptosis when overexpressed
NM_004469 // FIGF // c-fos induced growth factor (vascular endothelial growth fa
VEGF-D have been shown to promote lymphangiogenesis by binding to VEGF receptor VEGFR-3 on lymphatic endothelial cells

COX-2-mediated stimulation of the lymphangiogenic factor VEGF-C in human breast cancer

AV Timoshenko1,2, C Chakraborty3, GF Wagner4 and PK Lala*,1

XM_001714030 // LOC642838 // similar to hCG1742442 // 2p11.1 // 642838 /// XM_00
This record is predicted by automated computational analysis. This record is derived from a genomic sequence (NT_034508) annotated using gene prediction method: GNOMON

Not annotated; genomic sequence

NM_012301 // MAGI2 // membrane associated guanylate kinase, WW and PDZ domain co
Mutant small heat-shock protein 27 causes axonal Charcot-Marie-Tooth disease and distal hereditary motor neuropathy

Oleg V Evgrafov1, Irena Mersiyanova2, Joy Irobi3, Ludo Van Den Bosch4, Ines Dierick3, Conrad L Leung5,

NM_018897 // DNAH7 // dynein, axonemal, heavy chain 7 // 2q32.3 // 56171 /// ENS
Identification of Dynein Heavy Chain 7 as an Inner Arm Component of Human Cilia That Is Synthesized but Not Assembled in a Case of Primary Ciliary Dyskinesia*

Received for publication, January 11, 2002, and in revised form, March 1, 2002

Published, JBC Papers in Press, March 4, 2002, DOI 10.1074/jbc.M200348200

Yan J. Zhang‡, Wanda K. O’Neal‡, Scott H. Randell‡, Kevin Blackburn§, Mary B. Moyer§,

Richard C. Boucher‡, and Lawrence E. Ostrowski‡¶

From the ‡Cystic Fibrosis/Pulmonary Research and Treatment Center,

NM_015204 // THSD7A // thrombospondin, type I, domain containing 7A // 7p21.3 //
Thrombospondin Type I Domain Containing 7A (THSD7A) Mediates Endothelial Cell Migration and Tube Formation

CHIEH-HUEI WANG,1 PEI-TSU SU,1 XIAO-YAN DU,2 MENG-WEI KUO,1 CHIA-YI LIN,1

CHUNG-CHI YANG,1,3 HAU-SHIEN CHAN,1 SHING-JYH CHANG,1 CALVIN KUO,2

KYUNGA SEO,2 LAWRENCE L. LEUNG,2* AND YUNG-JEN CHUANG1**

NM_025250 // TTYH3 // tweety homolog 3 (Drosophila) // 7p22 // 80727 /// ENST000
The Ubiquitin-Protein Ligase Nedd4-2 Differentially Interacts with and Regulates Members of the Tweety Family of Chloride Ion Channels*

Yaowu He‡, Deanne H. Hryciw§1,Melanie L. Carroll‡2, Stephen A. Myers‡3, Astrid K. Whitbread‡, Sharad Kumar¶, Philip Poronnik§, and John D. Hooper‡4
The Tweety proteins comprise a family of chloride ion channels with three members identified in humans (TTYH1–3) and orthologues in fly and murine species. In humans, increased TTYH2 expression is associated with cancer progression, whereas fly Tweety is associated with developmental processes.

NM_182511 // CBLN2 // cerebellin 2 precursor // 18q22.3 // 147381 /// ENST000002
Genomic structure and mapping of precerebellin and a precerebellin-related gene.

Kavety B, Jenkins NA, Fletcher CF, Copeland NG, Morgan JI.

The cerebellum-specific hexadecapeptide, cerebellin, is derived from a larger precursor, precerebellin, that has sequence homology to the complement component C1qB. We report the cloning of the murine homolog of precerebellin, Cbln1, and a closely related gene, Cbln2. Amino acid comparison of Cbln1 with Cbln2 revealed that Cbln2 is 88% identical to the carboxy terminal region of Cbln1. That these are independent genes was confirmed by Southern analysis and genome mapping. Cbln1 was positioned to the central region of mouse chromosome 8, 2.3 cM distal of JunB and 6.0 cM proximal of Mt1, while Cbln2 mapped to the distal end of mouse chromosome 18, 1.7 cM telomeric of Mbp. The Purkinje neuron contains a hexadecapeptide, termed cerebellin (6-8), that is enriched in the postsynaptic spine (12).
NM_018476 // BEX1 // brain expressed, X-linked 1 // Xq21-q23|Xq22 // 55859 /// E
Viral-mediated reexpression of either BEX1 or BEX2 led to increased sensitivity to

chemotherapy-induced apoptosis and potent tumor suppressor effects in vitro and in a xenograft mouse model

Precerebellin is a cerebellum-specific protein with similarity to the globular domain of complement Clq B chain (cerebellin/cDNA/development/distribution/mRNA)

Y. URADE*, J. OBERDICK, R. MOLINAR-RODE, AND J. I. MORGANt

NM_021229 // NTN4 // netrin 4 // 12q22|12q22-q23 // 59277 /// ENST00000343702 //
Netrin-4 induces lymphangiogenesis in vivo

Frederic Larrieu-Lahargue,1 Alana L. Welm,2 Kirk R. Thomas,1,3 and Dean Y. Li1,2,4

Netrin-4, a laminin-related secreted protein is an axon guidance cue recently shown essential outside of the nervous system, regulating mammary and lung morphogenesis as well as blood vascular development. Here, we show that Netrin-4, at physiologic doses, induces proliferation, migration, adhesion, tube formation and survival of human lymphatic endothelial cells in vitro comparable to well-characterized lymphangiogenic factors fibroblast growth factor-2 (FGF-2), hepatocyte growth factor (HGF), vascular endothelial growth factor-A (VEGF-A), and vascular endothelial growth factor-C (VEGF-C).

NM_020801 // ARRDC3 // arrestin domain containing 3 // 5q14.3 // 57561 /// ENST0
Oncomine data revealed that the expression of ARRDC3 decreases with tumor grade,

metastases and recurrences. ARRDC3 overexpression represses cancer cell proliferation, migration, invasion, growth in soft agar and in vivo tumorigenicity, whereas downregulation of ARRCD3 has the opposite effects.

ARRDC3 suppresses breast cancer progression by negatively regulating integrin b4
KM Draheim1, H-B Chen1, Q Tao2, N Moore1, M Roche1 and S Lyle1

AK131472 // ZNF730 // zinc finger protein 730 // 19p12 // 100129543 /// ENST0000
Ota,T., Nakagawa,S., Senoh,A., Mizuguchi,H., Inagaki,H., Sugiyama,T., Irie,R., Otsuki,T., Sato,H., Wakamatsu,A., Ishii,S., Yamamoto,J., Isono,Y., Kawai-Hio,Y., Saito,K., Nishikawa,T., Kimura,K., Yamashita,H., Matsuo,K., Nakamura,Y., Sekine,M., Kikuchi,H., Kanda,K., Wagatsuma,M., Murakawa,K., Kanehori,K., Takahashi-Fujii,A., Oshima,A., Sugiyama,A., Kawakami,B., Suzuki,Y., Sugano,S., Nagahari,K., Masuho,Y., Nagai,K. and Isogai,T.

NEDO human cDNA sequencing project

oligo capping

NM_018937 // PCDHB3 // protocadherin beta 3 // 5q31 // 56132 /// ENST00000231130
Cadherin superfamily genes: functions, genomic organization, and neurologic diversity

1. Takeshi Yagi1,3 and 

2. Masatoshi Takeichi2
In particular, primary cadherins (classic cadherins) were identified as synaptic components, and roles for them in neuronal circuitry, synaptic junction formation, and synaptic plasticity have been suggested

NM_006813 // PNRC1 // proline-rich nuclear receptor coactivator 1 // 6q15 // 109
[Transcriptional regulation of the human gene coding for proline-rich nuclear receptor coactivator (pnrc) by regulatory factor x (rfx1)].

[Article in Russian]

Zhang Y, Chen B, Li YP, Lou GY, Chen M, Zhou DJ.

PNRC (Proline-rich Nuclear Receptor Coactivator) is a novel coactivator for multiple nuclear receptors. PNRC was previously identified using bovine SF-1 (steroidogenic factor 1) as the bait in a yeast two-hybrid screening of a human mammary gland cDNA expression library. To understand the molecular mechanisms that regulate the expression of human PNRC gene, in this study, functional analysis of the 5' flanking region of the human PNRC gene revealed that the -123/+27 region is the minimal promoter of the human PNRC gene. Gel shift and ChIP analyses demonstrated the specific binding of RFX1 (Regulatory Factor X) protein to the human PNRC promoter region. In co-transfection experiments RFX1 was shown to repress promoter activity of PNRC gene in a dose-dependent manner. These results indicate that r RFX1 specifically bind to promoter region and negatively regulate the transcription of the human PNRC gene.

NM_018199 // EXD2 // exonuclease 3'-5' domain containing 2 // 14q24.1 // 55218 /
Diversification of transcriptional modulation: Large-scale identification and characterization of putative alternative promoters

of human genes

Kouichi Kimura, Ai Wakamatsu, Yutaka Suzuki, et al.

NM_002261 // KLRC3 // killer cell lectin-like receptor subfamily C, member 3 // 

The genomic organization of NKG2C, E, F, and D receptor genes in the human natural killer gene complex.

Glienke J, Sobanov Y, Brostjan C, Steffens C, Nguyen C, Lehrach H, Hofer E, Francis F.

Interactions of natural killer cell receptors with their cognate ligands play a major role in regulating NK cell function. The NKG2 gene family encodes several highly similar proteins, which are known to form heterodimers with the CD94 receptor. These dimers play a role in the inhibition as well as the activation of NK cells. We have analyzed the gene structures of the NKG2C, D, E, and F genes, and determined their genomic organization. Restriction mapping and sequencing revealed the four genes to be closely linked to one another, and of the same transcriptional orientation. An exon duplication within the NKG2C and E genes was identified, although the duplicated version of this exon has not yet been found in mRNA sequences. The NKG2C, E, and F genes, despite being highly similar, are variable at their 3' ends. We show that NKG2C consists of six exons, whereas NKG2E has seven, and the splice acceptor site for the seventh exon occurs in an Alu repeat. NKG2F consists of only four exons and part of exon IV is in some cases spliced to the 5' end of the NKG2D transcript. NKG2D has only a low similarity to the other NKG2 genes.

NR_002312 // RPPH1 // ribonuclease P RNA component H1 // 14q11.2 // 85495
H1RNA is the RNA component of the RNase P ribonucleoprotein, an endoribonuclease that cleaves tRNA precursor molecules to form the mature 5-prime termini of their tRNA sequences (Baer et al., 1989 [PubMed 2308839])

Identification and characterization of an RNA molecule that copurifies with RNase P activity from HeLa cells

  JOURNAL   Genes Dev. 3 (4), 488-499 (1989)

NM_003004 // SECTM1 // secreted and transmembrane 1 // 17q25 // 6398 /// ENST000
Based on its range of expression, its broad structural characteristics that resemble cytokines and growth factors, and the chromosomal location of the gene in an area already associated with myelogenous leukemias and other malignant neoplasms, this study concludes that K12 is a novel molecule with potential importance in hematopoietic and/or immune system processes.

Identification and Characterization of K12 (SECTM1), a Novel Human Gene That Encodes a Golgi-Associated Protein with Transmembrane and Secreted Isoforms*1, , *2 

Kimberly A. Slentz-Keslera, Laura P. Haleb and Russel E. Kaufmanc, a, 1
NM_183376 // ARRDC4 // arrestin domain containing 4 // 15q26.3 // 91947 /// ENST
Thioredoxin-interacting protein (Txnip), originally characterized as an inhibitor of thioredoxin, is now known to be a critical regulator of glucose metabolism in vivo. Txnip is a member of the α-arrestin protein family; the α-arrestins are related to the classical β-arrestins and visual arrestins. Txnip is the only α-arrestin known to bind thioredoxin, and it is not known whether the metabolic effects of Txnip are related to its ability to bind thioredoxin or related to conserved α-arrestin function. Here we show that wild type Txnip and Txnip C247S, a Txnip mutant that does not bind thioredoxin in vitro, both inhibit glucose uptake in mature adipocytes and in primary skin fibroblasts

Thioredoxin-independent Regulation of Metabolism by the α-Arrestin Proteins*


Parth Patwari,‡1,2 William A. Chutkow,‡§1 Kiersten Cummings,‡ Valerie L. R. M. Verstraeten,‡ Jan Lammerding,‡ Eric R. Schreiter,¶‖ and Richard T. Lee‡

NM_002825 // PTN // pleiotrophin // 7q33-q34 // 5764 /// ENST00000348225 // PTN 

Expression of Pleiotrophininthe Prostate Is Androgen Regulated andit Functions as anAutocrine

RegulatorofMesenchyme andCancerAssociated Fibroblasts and as a Paracrine Regulatorof Epithelia

Brigid Orr,1 Griet Vanpoucke,1 O. Cathal Grace,1 Lee Smith,1 Richard A. Anderson,2 Antony C.P. Riddick,3 Omar E. Franco,4 Simon W. Hayward,4 and Axel A. Thomson1*

data suggest that in the prostate Ptn functions as a regulator of both mesenchymal and epithelial proliferation, and that androgens regulate Ptn levels.

NM_022783 // DEPDC6 // DEP domain containing 6 // 8q24.12 // 64798 /// ENST00000
The mTORC1 and mTORC2 pathways regulate cell growth, proliferation, and survival. We identify DEPTOR as an mTOR-interacting protein whose expression is negatively regulated by mTORC1 and mTORC2. Loss of DEPTOR activates S6K1, Akt, and SGK1, promotes cell growth and survival, and activates mTORC1 and mTORC2 kinase activities

DEPTOR Is an mTOR Inhibitor Frequently Overexpressed in Multiple Myeloma Cells and Required for Their Survival 

Timothy R. Peterson
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NM_020809 // ARHGAP20 // Rho GTPase activating protein 20 // 11q23.1 // 57569 //
RA-RhoGAP, Rap-activated Rho GTPase-activating Protein Implicated in Neurite Outgrowth through Rho*□S _
Tomohiro Yamada, Toshiaki Sakisaka1, Shu Hisata, Takeshi Baba, and Yoshimi Takai2

RA-RhoGAP has the RA and GAP domains and showed GAPactivity specific for Rho, which was enhanced by the binding of the GTP-bound active form of Rap1 to the RA domain. Overexpression of RA-RhoGAP induced inactivation of Rho for promoting the neurite outgrowth in a Rap1-dependent manner. Knockdown ofRA-RhoGAP reduced the Rap1-induced neurite outgrowth

Julia Part IV missing genes 

AY358216 // UNQ9374 // VCEW9374 // 5q35.1 // 100133106
The secreted protein discovery initiative (SPDI), a large-scale

effort to identify novel human secreted and transmembrane proteins: a bioinformatics assessment

Clark,H.F., Gurney,A.L., Abaya,E., Baker,K., Baldwin,D., Brush,J., Chen,J., Chow,B., Chui,C., Crowley,C., Currell,B., Deuel,B., Dowd,P., Eaton,D., Foster,J., Grimaldi,C., Gu,Q., Hass,P.E.,

Heldens,S., Huang,A., Kim,H.S., Klimowski,L., Jin,Y., Johnson,S., Lee,J., Lewis,L., Liao,D., Mark,M., Robbie,E., Sanchez,C., Schoenfeld,J., Seshagiri,S., Simmons,L., Singh,J., Smith,V.,

Stinson,J., Vagts,A., Vandlen,R., Watanabe,C., Wieand,D., Woods,K., Xie,M.H., Yansura,D., Yi,S., Yu,G., Yuan,J., Zhang,M., Zhang,Z., Goddard,A., Wood,W.I., Godowski,P. and Gray,A.

AK293321 // KIAA1772 // KIAA1772 // 18q11.1-q11.2 // 80000 /// NM_001142966 // K
Identification and Functional Analyses of 11 769 Full-length Human

cDNAs Focused on Alternative Splicing

AI Wakamatsu1, KOUICHI Kimura2, JUN-ICHI Yamamoto3, TETSUO Nishikawa3, NOBUO Nomura4, SUMIO Sugano5, and TAKAO Isogai1,3,*

NM_144629 Chromosome 2 open reading frame 11
Alterations in gene expression induced by cyclic mechanical stress in trabecular meshwork cells

Coralia Luna, Guorong Li, Paloma B. Liton, David L. Epstein, Pedro Gonzalez
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Protein Kinases (Check single functions for each one)

1-TIE1 tyrosine kinase with immunoglobulin-like and EGF-like domains 1

Int J Oncol. 2007 Oct;31(4):893-7. The receptor tyrosine kinase Tie1 is expressed and activated in epithelial tumour cell lines. Rees KA, Singh H, Brindle NP. 

The receptor tyrosine kinase Tie1 is expressed primarily in vascular endothelial cells. The receptor has also been detected in epithelial tumours in breast, thyroid and gastric cancers and in tumour cell lines where it appears as a 45 kDa truncated receptor fragment. In this study, we show that in addition to truncated Tie1, breast and colon tumour cell lines express a full-length Tie1 holoreceptor. In contrast to the situation in endothelial cells, Tie1 truncation is not activated by phorbol esters and generation of truncated Tie1 does not occur via a metalloprotease-inhibitor sensitive mechanism. Examination of the phosphorylation status of Tie1 revealed both the holoreceptor and truncated receptor to be constitutively activated in MCF-7 cells. These data indicate that Tie1 expressed in epithelial tumour cell lines is present in holoreceptor and truncated forms, and in MCF-7 cells both forms are constitutively phosphorylated and competent to signal. Our findings suggest therefore that anti-angiogenic strategies targeting the angiopoietin/Tie system in tumour microvasculature could also have additional direct effects on the tumour epithelial cells within those tumours in which there is also extravascular expression of the Tie1 receptor tyrosine kinase.
FEBS Lett. 2009 Mar 18;583(6):1023-8. Suppression of Tie-1 in endothelial cells in vitro induces a change in the genome-wide expression profile reflecting an inflammatory function. Chan B, Sukhatme VP. 

Tie-1 is an endothelial specific receptor tyrosine kinase that is upregulated in diseases such as atherosclerosis and rheumatoid arthritis. We recently demonstrated that Tie-1 induced a proinflammatory response when overexpressed in endothelial cells. Here, we used a complementary approach and suppressed endogenous Tie-1 expression in endothelial cells to examine its function by microarray analysis. Tie-1 appeared to govern expression of many genes involved in inflammation. Expression knockdown of Tie-1 significantly reduced endothelial conditioned medium ability to stimulate MCP-1 production in U937 cells. Collectively, our results support the notion that Tie-1 has an inflammatory function in endothelial cells.
2-Complement components 
C3 is a protein of the immune system. It plays a central role in the complement system activation and contributes to innate immunity.  Its activation is required for both classical and alternative complement activation pathways. People with C3 deficiency are susceptible to bacterial infection (Wikipedia).
Int J Inflam. 2010 Aug 9; 2010:151097. The regulation of the CNS innate immune response is vital for the restoration of tissue homeostasis (repair) after acute brain injury: a brief review.

Griffiths MR, Gasque P, Neal JW. Neurons and glia respond to acute injury by participating in the CNS innate immune response. This involves the recognition and clearance of "not self " pathogens and "altered self " apoptotic cells. Phagocytic receptors (CD14, CD36, TLR-4) clear "not self" pathogens; neurons and glia express "death signals" to initiate apoptosis in T cells. The complement opsonins C1q, C3, and iC3b facilitate the clearance of apoptotic cells by interacting with CR3 and CR4 receptors. Apoptotic cells are also cleared by the scavenger receptors CD14, Prs-R, TREM expressed by glia. Serpins also expressed by glia counter the neurotoxic effects of thrombin and other systemic proteins that gain entry to the CNS following injury. Complement pathway and T cell activation are both regulated by complement regulatory proteins expressed by glia and neurons. CD200 and CD47 are NIRegs expressed by neurons as "don't eat me" signals and they inhibit microglial activity preventing host cell attack. Neural stem cells regulate T cell activation, increase the Treg population, and suppress proinflammatory cytokine expression. Stem cells also interact with the chemoattractants C3a, C5a, SDF-1, and thrombin to promote stem cell migration into damaged tissue to support tissue homeostasis.
3-Cluster of differentiation: CD24, CD22, CD274, CD81, CD82 
Signal transducer CD24 also known as cluster of differentiation 24 or heat stable antigen CD24 (HSA). CD24 is a cell adhesion molecule (CAMs). CD24 is a glycoprotein expressed at the surface of most B lymphocytes and differentiating neuroblasts. CD22 or cluster of differentiation-22, is a molecule belonging to the SIGLEC family of lectins. It is found on the surface of mature B cells and to a lesser extent on some immature B cells. Generally speaking, CD22 is a regulatory molecule that prevents the overactivation of the immune system and the development of autoimmune diseases. Both are Cell adhesion molecules (CAMs); where we can find four protein families: immunoglobulin superfamily (IgSF CAMs), the integrins, the cadherins, and the selectins. CD24 and CD22 are considered carcinoembryonic antigen (CEA) commonly used as tumor markers (Wikipedia). 
Cell Mol Immunol. 2010 Mar;7(2):100-3. Epub 2010 Feb 15. CD24: from A to Z. Fang X, Zheng P, Tang J, Liu Y. 

As a testament to the importance of CD24, researchers with diverse interests, including adaptive immunity, inflammation, autoimmune diseases and cancer, have encountered CD24. CD24 is overexpressed in many cancers and appears oncogenic. In the adaptive immune response, CD24 is a redundant costimulatory molecule in costimulation-rich lymphoid organs but is essential in selected target organs tested, such as brain and skin. More recent studies suggest it may have a role in discriminating danger and pathogen-associated molecular patterns by dendritic cells. The biology of CD24 is intriguing but poorly understood. Here we summarize the major findings associated with CD24 to stimulate new ideas for further research that may reveal the underlying link among the diverse processes mediated by CD24.
J. Immunol. 2011 Feb 1;186(3):1554-63.   CD22 is a recycling receptor that can shuttle cargo between the cell surface and endosomal compartments of B cells. O'Reilly MK, Tian H, Paulson JC. 
CD22 is a member of the sialic acid-binding Ig-like lectin (Siglec) family that is known to be a regulator of B cell signaling. Its B cell-specific expression makes it an attractive target for immunotoxin-mediated B cell depletion therapy for the treatment of B cell lymphomas and autoimmune diseases. Although CD22 is well documented to be an endocytic receptor, it is believed that after internalization, it is targeted for degradation. We show in this study that CD22 is instead constitutively recycled to the cell surface. We also find that glycan ligand-based cargo is released from CD22 and accumulates intracellularly as CD22 recycles between the cell surface and endosomal compartments. In contrast, Abs to CD22 do not accumulate but remain bound to CD22 and recycle to the cell surface. The results have implications for development of agents that target CD22 as an endocytic receptor for delivery of cytotoxic cargo to B cells.
Leuk Lymphoma. 2011. Tumor markers in hairy cell leukemia. Janik JE. 
Despite the availability of highly effective therapies for hairy cell leukemia, including cladrabine, deoxycoformycin, and interferon α, a significant fraction of patients relapse. The use of flow cytometry, bone marrow examination for minimal residual disease, and peripheral blood counts provides details about the level of disease activity, but the optimal method for following patient response and risk for relapse has not been established. Flow cytometry provides accurate assessments of circulating malignant cell counts even at very low levels, but does not provide details on the extent of bone marrow involvement. Bone marrow involvement can be assessed by biopsy, but is a painful procedure, and the extent of involvement by hairy cell leukemia is not always uniform. Thus, a single biopsy may not identify active disease when it is present. Magnetic resonance imaging is being evaluated as a means for assessing total body burden of disease in the marrow and shows great promise. Tumor markers that can be measured in the serum provide a method for assessing total body disease burden. Cell surface proteins can be shed by tumor cells through proteolytic cleavage to release portions of their extracellular domains. These proteolytic degradation products can be measured in the serum and provide a tool to monitor disease burden and response to therapy. Three cell surface molecules expressed by the malignant hairy cells, CD25, CD22, and CD307, have been used to monitor disease activity and follow patients at risk for relapse. Serum tumor markers provide a reliable, inexpensive, and non-invasive means of following patients with hairy cell leukemia for response to treatment and relapse.
Programmed cell death 1 ligand 1 (PD-L1) also known as cluster of differentiation CD274 or B7 homolog 1 (B7-H1) is a protein that in humans is encoded by the CD274 gene. PD-L1 is a 55kDa type 1 transmembrane protein that has been speculated to play a major role in suppressing the immune system during particular events such as pregnancy, tissue allografts, autoimmune disease and other disease states such as hepatitis. PD-L1 binds to its receptor, PD-1, found on activated T cells, B cells, and myeloid cells, to modulate activation or inhibition. Normally the immune system reacts to foreign antigens where there is some accumulation in the lymph nodes or spleen which triggers a proliferation of antigen-specific CD8+ T cell. The formation of PD-1 receptor/PD-L1 ligand complex transmits an inhibitory signal which reduces the proliferation of these CD8+ T cells at the lymph nodes and supplementary to that PD-1 is also able to control the accumulation of foreign antigen specific T cells in the lymph nodes through apoptosis which is further mediated by a lower regulation of the gene Bcl-2. Up-regulation of B7-H1 is a mechanism that cancers can employ to evade the host immune system. An analysis of 196 tumor specimens from patients with Renal cell carcinoma found that high tumor expression of B7-H1 was associated with increased tumor aggressiveness and a 4.5-fold increased risk of death. Ovarian cancer patients with higher expression of B7-H1 had a significantly poorer prognosis than those with lower expression of B7-H1 (Wikipedia). 

CD81 molecule, also known as CD81 (Cluster of Differentiation 81), is a protein which in humans is encoded by the CD81 gene. It is also known as 26 kDa cell surface protein, Target of the antiproliferative antibody 1 (TAPA-1) and Tetraspanin-28 (Tspan-28) (Wikipedia).
Biochem Soc Trans. 2011 Apr 1;39(2):532-6. Hepatitis C virus entry and the tetraspanin CD81. Farquhar MJ, Harris HJ, McKeating JA. 

CD81, a member of the tetraspanin integral membrane protein family, has been identified as an essential receptor for HCV (hepatitis C virus). The present review highlights recent published data on the role that CD81 plays in HCV entry, including the importance of actin-dependent lateral diffusion of CD81 within the cell membrane, CD81 endocytosis and the CD81-Claudin-1 receptor complex in HCV internalization. Additional functions for CD81 in the viral life cycle and the role of HCV-CD81 interactions in HCV-induced B-cell and CNS (central nervous system) abnormalities are discussed.
Hum Pathol. 2010 Feb;41(2):271-80.CD81 protein is expressed at high levels in normal germinal center B cells and in subtypes of human lymphomas. Luo RF, Zhao S, Tibshirani R, Myklebust JH, Sanyal M, Fernandez R, Gratzinger D, Marinelli RJ, Lu ZS, Wong A, Levy R, Levy S, Natkunam Y. 

CD81 is a tetraspanin cell surface protein that regulates CD19 expression in B lymphocytes and enables hepatitis C virus infection of human cells. Immunohistologic analysis in normal hematopoietic tissue showed strong staining for CD81 in normal germinal center B cells, a cell type in which its increased expression has not been previously recognized. High-dimensional flow cytometry analysis of normal hematopoietic tissue confirmed that among B- and T-cell subsets, germinal center B cells showed the highest level of CD81 expression. In more than 800 neoplastic tissue samples, its expression was also found in most non-Hodgkin lymphomas. Staining for CD81 was rarely seen in multiple myeloma, Hodgkin lymphoma, or myeloid leukemia. In hierarchical cluster analysis of diffuse large B-cell lymphoma, staining for CD81 was most similar to other germinal center B cell-associated markers, particularly LMO2. By flow cytometry, CD81 was expressed in diffuse large B-cell lymphoma cells independent of the presence or absence of CD10, another germinal center B-cell marker. The detection of CD81 in routine biopsy samples and its differential expression in lymphoma subtypes, particularly diffuse large B-cell lymphoma, warrant further study to assess CD81 expression and its role in the risk stratification of patients with diffuse large B-cell lymphoma
CD82 (Cluster of Differentiation 82), this metastasis suppressor gene product is a membrane glycoprotein that is a member of the transmembrane 4 superfamily. Expression of this gene has been shown to be down regulated in tumor progression of human cancers and can be activated by p53 through a consensus binding sequence in the promoter. Its expression and that of p53 are strongly correlated, and the loss of expression of these two proteins is associated with poor survival for prostate cancer patients. Two alternatively spliced transcript variants encoding distinct isoforms have been found for this gene (Wikipedia).
Infect Immun. 2011 Mar;79(3):1098-106.The tetraspanin CD82 is specifically recruited to fungal and bacterial phagosomes prior to acidification. Artavanis-Tsakonas K, Kasperkovitz PV, Papa E, Cardenas ML, Khan NS, Van der Veen AG, Ploegh HL, Vyas JM
CD82 is a member of the tetraspanin superfamily, whose physiological role is best described in the context of cancer metastasis. However, CD82 also associates with components of the class II major histocompatibility complex (MHC) antigen presentation pathway, including class II MHC molecules and the peptide-loading machinery, as well as CD63, another tetraspanin, suggesting a role for CD82 in antigen presentation. Here, we observe the dynamic rearrangement of CD82 after pathogen uptake by imaging CD82-mRFP1 expressed in primary living dendritic cells. CD82 showed rapid and specific recruitment to Cryptococcus neoformans-containing phagosomes compared to polystyrene-containing phagosomes, similar to CD63. CD82 was also actively recruited to phagosomes containing other pathogenic fungi, including Candida albicans and Aspergillus fumigatus. Recruitment of CD82 to fungal phagosomes occurred independently of Toll-like receptor (TLR) signaling. Recruitment was not limited to fungi, as bacterial organisms, including Escherichia coli and Staphylococcus aureus, also induced CD82 recruitment to the phagosome. CD82 intersected the endocytic pathway used by lipopolysaccharide (LPS), implicating CD82 in trafficking of small, pathogen-associated molecules. Despite its partial overlap with lysosomal compartments, CD82 recruitment to C. neoformans-containing phagosomes occurred independently of phagosome acidification. Kinetic analysis of fluorescence imaging revealed that CD82 and class II MHC simultaneously appear in the phagosome, indicating that the two proteins may be associated. Together, these data show that the CD82 tetraspanin is specifically recruited to pathogen-containing phagosomes prior to fusion with lysosomes
4-Aldehyde Oxidase 1 (AOX1)
Aldehyde oxidase produces hydrogen peroxide and, under certain conditions, can catalyze the formation of superoxide. Catalysis of the reaction: an aldehyde + H2O + O2 = a carboxylic acid + hydrogen peroxide. Aldehyde oxidase is a candidate gene for amyotrophic lateral sclerosis (Pubmed gene).
Somat. Cell Mol Genet. 1995;21(2):121-31.Analysis of aldehyde oxidase and xanthine dehydrogenase/oxidase as possible candidate genes for autosomal recessive familial amyotrophic lateral sclerosis. Berger R, Mezey E, Clancy KP, Harta G, Wright RM, Repine JE, Brown RH, Brownstein M, Patterson D. 

Recently, point mutations in superoxide dismutase 1 (SOD1) have been shown to lead to a subset of autosomal dominantly inherited familial amyotrophic lateral sclerosis (ALS). These findings have led to the hypothesis that defects in oxygen radical metabolism may be involved in the pathogenesis of ALS. Therefore, we decided to analyze other enzymes involved in oxygen radical metabolism for possible involvement in other forms of ALS. We report here analysis of two genes encoding the molybdenum hydroxylases aldehyde oxidase (AO) and xanthine dehydrogenase/oxidase (XDH) for involvement in ALS. Of particular interest, one gene identified as encoding aldehyde oxidase is shown to map to 2q33, a region recently shown to contain a gene responsible for a familial form of ALS with autosomal recessive inheritance (FALS-AR). The AO gene appears to be located within 280,000 bp of simple sequence repeat marker D2S116, which shows no recombination with the FALS-AR locus. The AO gene is highly expressed in glial cells of human spinal cord. In addition, we mapped a gene for XDH to 2p22, a region previously shown to contain a highly homologous but different form of XDH. Neither of these XDH genes appears to be highly expressed in human spinal cord. This evidence suggests that AO may be a candidate gene for FALS-AR.
5-Leupaxin 

The product encoded by this gene is preferentially expressed in hematopoietic cells and belongs to the paxillin protein family (signal transduction adaptor proteins). Similar to other members of this focal-adhesion-associated adaptor-protein family, it has four leucine-rich LD-motifs in the N-terminus and four LIM domains in the C-terminus. It may function in cell type-specific signaling by associating with PYK2, a member of focal adhesion kinase family. As a substrate for a tyrosine kinase in lymphoid cells, this protein may also function in, and be regulated by, tyrosine kinase activity. Functions: metal zinc ion binding. In process of cell adhesion, signal transduction and protein complex assembly.
Genes Chromosomes Cancer. 2009;48(12):1027-36. LPXN, a member of the paxillin superfamily, is fused to RUNX1 in an acute myeloid leukemia patient with a t(11;21)(q12;q22) translocation. Dai HP, Xue YQ, Zhou JW, Li AP, Wu YF, Pan JL, Wang Y, Zhang J
RUNX1 (previously AML1) is involved in multiple recurrent chromosomal rearrangements in hematological malignances. Recently, we identified a novel fusion between RUNX1 and LPXN from an acute myeloid leukemia (AML) patient with t(11;21)(q12;q22). This translocation generated four RUNX1/LPXN and one LPXN/RUNX1 chimeric transcripts. Two representative RUNX1/LPXN fusion proteins, RL and RLs, were both found to localize in the nucleus and could bring the CBFB protein into the nucleus like the wild-type RUNX1. Both fusion proteins inhibit the ability of RUNX1 to transactivate the CSF1R promoter, probably through competition for its target sequences. Unlike RL and RLs, the LPXN/RUNX1 fusion protein LR was found to localize in the cytoplasm. Thus, we believe it has little impact on the transcriptional activity of RUNX1. We also found that fusion proteins RL, RLs, LR, and wild-type LPXN could confer NIH3T3 cells with malignant transformation characteristics such as more rapid growth, the ability to form colonies in soft agar, and the ability to form solid tumors in the subcutaneous tissue of the BALB/c nude mice. Taken together, our data indicated that the RUNX1/LPXN and LPXN/RUNX1 fusion proteins may play important roles in leukemogenesis and that deregulation of cell adhesion pathways may be pathogenetically important in AML. Our study also suggests that LPXN may play an important role in carcinogenesis.
6-Proteins that contain C-type lectin domains have a diverse range of functions including cell-cell adhesion, immune response to pathogens and apoptosis.

The CD302 antigen also known as C-type lectin domain family 13 member A (CLEC13A) is a protein that in humans is encoded by the CD302 gene. CD302 is a C-type lectin receptor involved in cell adhesion and migration, as well as endocytosis and phagocytosis.

CLEC12B, C-type lectin domain family 12 member B. Natural killer (NK) cells express multiple calcium-dependent (C-type) lectin-like receptors, such as CD94 (KLRD1; MIM 602894) and NKG2D (KLRC4; MIM 602893), that interact with major histocompatibility complex class I molecules and either inhibit or activate cytotoxicity and cytokine secretion. CLEC2 is a C-type lectin-like receptor expressed in myeloid cells and NK cells.

J Biol Chem. 2007 Aug 3;282(31):22370-5. Identification of CLEC12B, an inhibitory receptor on myeloid cells. Hoffmann SC, Schellack C, Textor S, Konold S, Schmitz D, Cerwenka A, Pflanz S, Watzl C. 

Activation of immune cells has to be tightly controlled to prevent detrimental hyperactivation. In this regulatory process molecules of the C-type lectin-like family play a central role. Here we describe a new member of this family, CLEC12B. The extracellular domain of CLEC12B shows considerable homology to the activating natural killer cell receptor NKG2D, but unlike NKG2D, CLEC12B contains an immunoreceptor tyrosine-based inhibition motif in its intracellular domain. Despite the homology, CLEC12B does not appear to bind NKG2D ligands and therefore does not represent the inhibitory counterpart of NKG2D. However, CLEC12B has the ability to counteract NKG2D-mediated signaling, and we show that this function is dependent on the immunoreceptor tyrosine-based inhibition motif and the recruitment of the phosphatases SHP-1 and SHP-2. Using monoclonal anti-CLEC12B antibodies we found de novo expression of this receptor on in vitro generated human macrophages and on the human myelo-monocytic cell line U937 upon phorbol 12-myristate 13-acetate treatment, suggesting that this receptor plays a role in myeloid cell function.

J. Immunol. 2007 Nov 1;179(9):6052-63. The novel endocytic and phagocytic C-Type lectin receptor DCL-1/CD302 on macrophages is colocalized with F-actin, suggesting a role in cell adhesion and migration. Kato M, Khan S, d'Aniello E, McDonald KJ, Hart DN. 

C-type lectin receptors play important roles in mononuclear phagocytes, which link innate and adaptive immunity. In this study we describe characterization of the novel type I transmembrane C-type lectin DCL-1/CD302 at the molecular and cellular levels. DCL-1 protein was highly conserved among the human, mouse, and rat orthologs. The human DCL-1 (hDCl-1) gene, composed of six exons, was located in a cluster of type I transmembrane C-type lectin genes on chromosomal band 2q24. Multiple tissue expression array, RT-PCR, and FACS analysis using new anti-hDCL-1 mAbs established that DCL-1 expression in leukocytes was restricted to monocytes, macrophages, granulocytes, and dendritic cells, although DCL-1 mRNA was present in many tissues. Stable hDCL-1 Chinese hamster ovary cell transfectants endocytosed FITC-conjugated anti-hDCL-1 mAb rapidly (t(1/2) = 20 min) and phagocytosed anti-hDCL-1 mAb-coated microbeads, indicating that DCL-1 may act as an Ag uptake receptor. However, anti-DCL-1 mAb-coated microbead binding and subsequent phagocytic uptake by macrophages was approximately 8-fold less efficient than that of anti-macrophage mannose receptor (MMR/CD206) or anti-DEC-205/CD205 mAb-coated microbeads. Confocal studies showed that DCL-1 colocalized with F-actin in filopodia, lamellipodia, and podosomes in macrophages and that this was unaffected by cytochalasin D, whereas the MMR/CD206 and DEC-205/CD205 did not colocalize with F-actin. Furthermore, when transiently expressed in COS-1 cells, DCL-1-EGFP colocalized with F-actin at the cellular cortex and microvilli. These data suggest that hDCL-1 is an unconventional lectin receptor that plays roles not only in endocytosis/phagocytosis but also in cell adhesion and migration and thus may become a target for therapeutic manipulation.

6- RBMY1A1: RNA binding motif protein, Y-linked, family 2, member E pseudogen (Pseudogenes are dysfunctional relatives of known genes that have lost their protein-coding ability or are otherwise no longer expressed in the cell). So it has not protein and non-functional. The related functional gene is RBMY1A1: RNA binding motif protein, Y-linked, family 1, member A1, which encodes a protein containing an RNA-binding motif in the N-terminus and four SRGY (serine, arginine, glycine, tyrosine) boxes in the C-terminus. Multiple copies of this gene are found in the AZFb azoospermia factor region of chromosome Y and the encoded protein is thought to be involved in spermatogenesis. Most copies of this locus are pseudogenes.
[Definition: RNA-binding proteins are proteins that bind to RNA. They bind to either double-strand or single-strand RNAs through RNA recognition motif (RRM). RNA-binding proteins may regulate the translation of RNA, and post-transcriptional events, such as RNA splicing, editing. They are cytoplasmic and nuclear proteins].

STRBP (Spermatid perinuclear RNA-binding protein): Involved in spermatogenesis and sperm function. It plays a role in regulation of cell growth. It binds to double-stranded DNA and RNA. Binds most efficiently to poly(I:C) RNA than to poly(dI:dC) DNA. Binds also to single-stranded poly(G) RNA. In cytoplasm, microtubule-associated that localizes to the manchette in developing spermatids (UniProt.org).
Dev Biol. 2001 May 15;233(2):319-28. Mice deficient for spermatid perinuclear RNA-binding protein show neurologic, spermatogenic, and sperm morphological abnormalities. Pires-daSilva A, Nayernia K, Engel W, Torres M, Stoykova A, Chowdhury K, Gruss P. Spermatid perinuclear RNA-binding protein (SPNR) is a microtubule-associated RNA-binding protein that localizes to the manchette in developing spermatids. The Spnr mRNA is expressed at high levels in testis, ovary, and brain and is present in these tissues in multiple forms. We have generated a gene trap allele of the murine Spnr, named Spnr(+/GT). Spnr(GT/GT) mutants show a high rate of mortality, reduced weight, and an abnormal clutching reflex. In addition to minor anatomical abnormalities in the brain, males exhibit defects in spermatogenesis that include a thin seminiferous epithelium and disorganization of spermatogenesis. Most of the sperm from mutant males display defects in the flagellum and consequently show decreased motility and transport within the oviducts. Furthermore, sperm from mutant males achieve in vitro fertilization less frequently. Our findings suggest that SPNR plays an important role in normal spermatogenesis and sperm function. Thus, the Spnr(GT/GT) mutant male mouse provides a unique model for some human male infertility cases.
RBMS3 (RNA-binding motif, single-stranded-interacting protein 3). It binds poly(A) and poly(U) oligoribonucleotides. It´s expressed in fetal brain, fetal lung, fetal liver, heart, brain, placenta, lung, liver, muscle, kidney and pancreas.
 J Mol Biol. 2007 Aug 17;371(3):585-95. RNA-binding protein RBMS3 is expressed in activated hepatic stellate cells and liver fibrosis and increases expression of transcription factor Prx1. Fritz D, Stefanovic B. Hepatic stellate cells (HSCs) are mesenchymal cells of the liver, activation of which is responsible for excessive synthesis of extracellular matrix, including type I collagen, and development of liver fibrosis. The activation of HSCs is driven by transcription factors and pair-related homeobox transcription factor Prx1 was identified as one of the transcription factors involved in this process, because transcription of collagen alpha1(I) gene is stimulated by Prx1 in HSCs and in the liver. Here, we show that expression of the RNA-binding protein RBMS3 is upregulated in the activation of HSCs and fibrotic livers. Immunoprecipitation followed by differential display identified Prx1 mRNA as one of the mRNAs interacting with RBMS3. The RBMS3 sequence-specific binding site was mapped to 60 nt located 1946 nt 3' of the stop codon of Prx1 mRNA. Ectopic expression of RBMS3 in quiescent HSCs, which express trace amounts of type I collagen, increased expression of Prx1 mRNA and collagen alpha1(I) mRNA. Expression of reporter Prx1 mRNA containing the RBMS3 binding site was higher than the mRNA lacking this site. Over-expression of RBMS3 further increased the steady-state level of the reporter mRNA-containing RBMS3 binding site, but had no effect on the mRNA lacking this site. Binding of RBMS3 to the Prx1 3' UTR increased the half-life of this mRNA, resulting in increased protein synthesis. These results suggest that RBMS3, by binding Prx1 mRNA in a sequence-specific manner, controls Prx1 expression and indirectly collagen synthesis. This is the first description of the function of RBMS3, as a key regulator of profibrotic potential of HSCs, representing a novel mechanism by which activated HSCs contribute to liver fibrosis.
RBM44 (RNA binding motif 44).

 Iwamori T, Lin Y-N, Ma L, Iwamori N, Matzuk MM (2011) Identification and Characterization of RBM44 as a Novel Intercellular Bridge Protein. PLoS ONE 6(2): e17066. doi:10.1371/journal.pone.0017066. Intercellular bridges are evolutionarily conserved structures that connect differentiating germ cells. We previously reported the identification of TEX14 as the first essential intercellular bridge protein, the demonstration that intercellular bridges are required for male fertility, and the finding that intercellular bridges utilize components of the cytokinesis machinery to form. Herein, we report the identification of RNA binding motif protein 44 (RBM44) as a novel germ cell intercellular bridge protein. RBM44 was identified by proteomic analysis after intercellular bridge enrichment using TEX14 as a marker protein. RBM44 is highly conserved between mouse and human and contains an RNA recognition motif of unknown function. RBM44 mRNA is enriched in testis, and immunofluorescence confirms that RBM44 is an intercellular bridge component. However, RBM44 only partially localizes to TEX14-positive intercellular bridges. RBM44 is expressed most highly in pachytene and secondary spermatocytes, but disappears abruptly in spermatids. We discovered that RBM44 interacts with itself and TEX14 using yeast two-hybrid, mammalian two-hybrid, and immunoprecipitation. To define the in vivo function of RBM44, we generated a targeted deletion of Rbm44 in mice. Rbm44 null male mice produce somewhat increased sperm, and show enhanced fertility of unknown etiology. Thus, although RBM44 localizes to intercellular bridges during meiosis, RBM44 is not required for fertility in contrast to TEX14.

7-KCNJ2 (Inward rectifier potassium channel 2) or IRK1 It´s a multi-plass membrane protein expressed in heart, brain, placenta, lung, skeletal muscle, and kidney. It´s diffusely distributed throughout the brain. Potassium channels are present in most mammalian cells, where they participate in a wide range of physiologic responses. The protein encoded by this gene is an integral membrane protein and inward-rectifier type potassium channel. The encoded protein, which has a greater tendency to allow potassium to flow into a cell rather than out of a cell, probably participates in establishing action potential waveform and excitability of neuronal and muscle tissues. Mutations in this gene have been associated with Andersen syndrome, which is characterized by periodic paralysis, cardiac arrhythmias, and dysmorphic features (Raab-Graham,K.F., Radeke,C.M. and Vandenberg,C.A. Molecular cloning and expression of a human heart inward rectifier potassium channel. Neuroreport 5 (18), 2501-2505; 1994).

8- KRTAP1-1 (Keratin associated protein). This protein is a member of the keratin-associated protein (KAP) family. The KAP proteins form a matrix of keratin intermediate filaments which contribute to the structure of hair fibers. KAP family members appear to have unique, family-specific amino- and carboxyl-terminal regions and are subdivided into three multi-gene families according to amino acid composition: the high sulfur, the ultrahigh sulfur, and the high tyrosine/glycine KAPs. This protein is a member of the high sulfur KAP family and the gene is localized to a cluster of KAPs at 17q12-q21.

J Investig Dermatol Symp Proc. 2003;8(1):96-9. Characterization of human keratin-associated protein 1 family members. Shimomura Y, Aoki N, Rogers MA, Langbein L, Schweizer J, Ito M. 
Keratin-associated proteins are involved in the formation of the cross-linked network of the keratin-intermediate filament proteins that support hair fibers. In recent years, several keratin-associated protein genes have been identified and become an attractive topic in hair research. More recently, we isolated two cDNA encoding novel members of the human keratin-associated protein 1 family (human keratin-associated protein 1.6 and human keratin-associated protein 1.7), and described their expression in the hair follicle by RNA in situ hybridization. A comparison of human keratin-associated protein 1.6 and human keratin-associated protein 1.7 with other human keratin-associated protein 1 members revealed that keratin-associated protein 1 proteins are fundamentally composed of five distinct domains, and that they can be classified primarily by a striking variation in double cysteine-containing pentapeptide repeats in the repetitive I domain. The sum of the data analyzed suggests that human keratin-associated protein 1 family genes may have arisen mainly through gene duplication of the cysteine-repeat motifs during evolution.
9- SFXN2 (Sideroflexin) It´s a multi-pass mitochondrial membrane protein and might be involved in the transport of a component required for iron utilization into or out of the mitochondria.
10- Chromosomes open reading frames. An open reading frame (ORF) is a DNA sequence that does not contain a stop codon in a given reading frame. One common use of open reading frame is as one piece of evidence to assist in gene prediction. Long ORFs are often used, along with other evidence, to initially identify candidate protein coding regions in a DNA sequence. The presence of an ORF does not necessarily mean that the region is ever translated. By itself even a long open reading frame is not conclusive evidence for the presence of a gene.

.Chromosome 5 open reading frame 30 (C5orf30);

.Chromosome 14 open reading frame 37 (C14orf37);

11-Ectonucleotide pyrophosphatase/phosphosdiesterase 2 (Autotaxin); It hydrolyzes lysophospholipids to produce lysophosphatidic acid (LPA) in extracellular fluids. Major substrate is lysophosphatidylcholine. Also can act on sphingosylphosphphorylcholine producing sphingosine-1-phosphate, a modulator of cell motility. It is involved in several motility-related processes such as angiogenesis and neurite outgrowth. It acts as an angiogenic factor by stimulating migration of smooth muscle cells and microtubule formation. Also stimulates migration of melanoma cells, probably via a pertussis toxin-sensitive G protein. May have a role in induction of parturition. Possible involvement in cell proliferation and adipose tissue development. Tumor cell motility-stimulating factor. Secreted by most body fluids including serum and CSF. Also by adipocytes and numerous cancer cells.  Tissue specificity Predominantly expressed in brain, placenta, ovary, and small intestine. Expressed in a number of carcinomas such as hepatocellular and prostate carcinoma, neuroblastoma and non-small-cell lung cancer. Expressed in body fluids such as plasma, cerebral spinal fluid (CSF), saliva, follicular and amniotic fluids (UniprotUk).
Endocr J. 2009 Mar;56(1):113-20. Identification of Igf2, Igfbp2 and Enpp2 as estrogen-responsive genes in rat hippocampus. Takeo C, Ikeda K, Horie-Inoue K, Inoue S. 
Estrogen has an important effect on higher brain function such as memory, learning, and emotion in which the hippocampus plays a critical role. The hippocampus expresses estrogen receptors, ER alpha and ERbeta, which are ligand-dependent transcription factors; however, the precise mechanism of estrogen action is not fully understood. We explored genes which are up-regulated by estrogen in the hippocampus using ovariectomized rat models. Microarray analysis revealed that mRNA levels of ectonucleotide pyrophosphatase/phosphodiesterase 2 (Enpp2), insulin like growth factor 2 (Igf2) and insulin-like growth factor binding protein 2 (Igfbp2) were increased by estrogen in the hippocampus. Quantitative-PCR analysis demonstrated that the levels of Enpp2, Igf2 and Igfbp2 mRNA were elevated by estrogen administration in the hippocampus but not in the hypothalamus. On the other hand, ERalpha, ERbeta and progesterone receptor (PR) mRNA expression was up-regulated by estrogen only in the hypothalamus. We further analyzed the time-dependent regulation of these genes using rat pituitary adenoma, MtT/S and GH3 cells, which are known to express ERalpha. In both MtT/S and GH3 cells, Igfbp2 and Enpp2 mRNAs were up- and down-regulated by estrogen, respectively, whereas Igf2 mRNA was increased only in GH3 cells. These results demonstrate a brain region- and cell type-specific responses to estrogen in rat brain, suggesting that Igf signaling may mediate the estrogen function in the hippocampus.
Biochem Biophys Res Commun. 2010 Oct 29;401(4):493-7. Autotaxin: a protein with two faces. Tania M, Khan A, Zhang H, Li J, Song Y. 
Autotaxin (ATX) is a catalytic protein, which possesses lysophospholipase D activity, and thus involved in cellular membrane lipid metabolism and remodeling. Primarily, ATX was thought as a culprit protein for cancer, which potently stimulates cancer cell proliferation and tumor cell motility, augments the tumorigenicity and induces angiogenic responses. The product of ATX catalyzed reaction, lysophosphatidic acid (LPA) is a potent mitogen, which facilitates cell proliferation and migration, neurite retraction, platelet aggregation, smooth muscle contraction, actin stress formation and cytokine and chemokine secretion. In addition to LPA formation, later ATX has been found to catalyze the formation of cyclic phosphatidic acid (cPA), which have antitumor role by antimitogenic regulation of cell cycle, inhibition of cancer invasion and metastasis. Furthermore, the very attractive information to the scientists is that the LPA/cPA formation can be altered at different physiological conditions. Thus the dual role of ATX with the scope of product manipulation has made ATX a novel target for cancer treatment.

12-Lymphocyte cytosolic protein 1 (L-plastin) LCP1; Actin-binding protein. Plays a role in the activation of T-cells in response to costimulation through TCR/CD3 and CD2 or CD28. Modulates the cell surface expression of IL2RA/CD25 and CD69. Detected in intestinal microvilli, hair cell stereocilia, and fibroblast filopodia, in spleen and other lymph node-containing organs. Expressed in peripheral blood T lymphocytes, neutrophils, monocytes, B lymphocytes, and myeloid cells.
J Cell Mol Med. 2010 Jun;14(6A):1264-75. The actin filament cross-linker L-plastin confers resistance to TNF-alpha in MCF-7 breast cancer cells in a phosphorylation-dependent manner. 
Janji B, Vallar L, Al Tanoury Z, Bernardin F, Vetter G, Schaffner-Reckinger E, Berchem G, Friederich E, Chouaib S. 

We used a tumour necrosis factor (TNF)-alpha resistant breast adenocarcinoma MCF-7 cell line to investigate the involvement of the actin cytoskeleton in the mechanism of cell resistance to this cytokine. We found that TNF resistance correlates with the loss of cell epithelial properties and the gain of a mesenchymal phenotype, reminiscent of an epithelial-to-mesenchymal transition (EMT). Morphological changes were associated with a profound reorganization of the actin cytoskeleton and with a change in the repertoire of expressed actin cytoskeleton genes and EMT markers, as revealed by DNA microarray-based expression profiling. L-plastin, an F-actin cross-linking and stabilizing protein, was identified as one of the most significantly up-regulated genes in TNF-resistant cells. Knockdown of L-plastin in these cells revealed its crucial role in conferring TNF resistance. Importantly, overexpression of wild-type L-plastin in TNF-sensitive MCF-7 cells was sufficient to protect them against TNF-mediated cell death. Furthermore, we found that this effect is dependent on serine-5 phosphorylation of L-plastin and that non-conventional protein kinase C isoforms and the ceramide pathway may regulate its phosphorylation state. The protective role of L-plastin was not restricted to TNF-alpha resistant MCF-7 cells because a correlation between the expression of L-plastin and the resistance to TNF-alpha was observed in other breast cancer cell lines. Together, our study discloses a novel unexpected role of the actin bundling protein L-plastin as a cell protective protein against TNF-cytotoxicity.
J Cell Sci. 2006 May 1;119(Pt 9):1947-60.Phosphorylation on Ser5 increases the F-actin-binding activity of L-plastin and promotes its targeting to sites of actin assembly in cells. Janji B, Giganti A, De Corte V, Catillon M, Bruyneel E, Lentz D, Plastino J, Gettemans J, Friederich E. 

L-plastin, a malignant transformation-associated protein, is a member of a large family of actin filament cross-linkers. Here, we analysed how phosphorylation of L-plastin on Ser5 of the headpiece domain regulates its intracellular distribution and its interaction with F-actin in transfected cells and in in vitro assays. Phosphorylated wild-type L-plastin localised to the actin cytoskeleton in transfected Vero cells. Ser5Ala substitution reduced the capacity of L-plastin to localise with peripheral actin-rich membrane protrusions. Conversely, a Ser5Glu variant mimicking a constitutively phosphorylated state, accumulated in actin-rich regions and promoted the formation of F-actin microspikes in two cell lines. Similar to phosphorylated wild-type L-plastin, this variant remained associated with cellular F-actin in detergent-treated cells, whereas the Ser5Ala variant was almost completely extracted. When compared with non-phosphorylated protein, phosphorylated L-plastin and the Ser5Glu variant bound F-actin more efficiently in an in vitro assay. Importantly, expression of L-plastin elicited collagen invasion in HEK293T cells, in a manner dependent on Ser5 phosphorylation. Based on our findings, we propose that conversely to other calponin homology (CH)-domain family members, phosphorylation of L-plastin switches the protein from a low-activity to a high-activity state. Phosphorylated L-plastin might act as an integrator of signals controlling the assembly of the actin cytoskeleton and cell motility in a 3D-space.
13- Hyaluronan synthase 2 (HAS2). A multi-pass membrane protein glycosyltransferase expressed in fibroblasts that plays a role in hyaluronan/hyaluronic acid (HA) synthesis.
J. Biol Chem. 2010 Aug 6;285(32):24639-45. Proinflammatory cytokines induce hyaluronan synthesis and monocyte adhesion in human endothelial cells through hyaluronan synthase 2 (HAS2) and the nuclear factor-kappaB (NF-kappaB) pathway. Vigetti D, Genasetti A, Karousou E, Viola M, Moretto P, Clerici M, Deleonibus S, De Luca G, Hascall VC, Passi A. 
Chronic inflammation is now accepted to have a critical role in the onset of several diseases as well as in vascular pathology, where macrophage transformation into foam cells contributes in atherosclerotic plaque formation. Endothelial cells (EC) have a critical function in recruitment of immune cells, and proinflammatory cytokines drive the specific expression of several adhesion proteins. During inflammatory responses several cells produce hyaluronan matrices that promote monocyte/macrophage adhesion through interactions with the hyaluronan receptor CD44 present on inflammatory cell surfaces. In this study, we used human umbilical chord vein endothelial cells (HUVECs) as a model to study the mechanism that regulates hyaluronan synthesis after treatment with proinflammatory cytokines. We found that interleukin 1beta and tumor necrosis factors alpha and beta, but not transforming growth factors alpha and beta, strongly induced HA synthesis by NF-kappaB pathway. This signaling pathway mediated hyaluronan synthase 2 (HAS2) mRNA expression without altering other glycosaminoglycan metabolism. Moreover, we verified that U937 monocyte adhesion on stimulated HUVECs depends strongly on hyaluronan, and transfection with short interference RNA of HAS2 abrogates hyaluronan synthesis revealing the critical role of HAS2 in this process.
Cancer. 2011 Mar 15;117(6):1197-209. Association of hyaluronic acid family members (HAS1, HAS2, and HYAL-1) with bladder cancer diagnosis and prognosis. Kramer MW, Escudero DO, Lokeshwar SD, Golshani R, Ekwenna OO, Acosta K, Merseburger AS, Soloway M, Lokeshwar VB. 

BACKGROUND: Cancer biomarkers are the backbone for the implementation of individualized approaches to bladder cancer (BCa). Hyaluronic acid (HA) and all 7 members of the HA family, that is, HA synthases (HA1, HA2, HA3), HYAL-1 hyaluronidase, and HA receptors (CD44s, CD44v, and RHAMM), function in tumor growth and progression. However, the diagnostic and prognostic potential of these 7 HA family members has not been compared simultaneously in any cancer. We evaluated the diagnostic and prognostic potential of HA family members in BCa. CONCLUSIONS: HYAL-1 and HAS1 expression predicted BCa metastasis, and HYAL-1 expression also predicted disease-specific survival. Furthermore, the combined HAS2-HYAL-1 biomarker detected BCa and significantly predicted its recurrence.
14-Plasticity related gene 1  (LPPR4 or PRG-1) Lipid phosphate phosphatases (LPPs) are a family of integral membrane glycoproteins that catalyze the dephosphorylation of a number of bioactive lipid mediators including lysophosphatidic acid (LPA), sphingosine 1-phosphate (S1P) and phosphatidic acid (PA). These mediators exert complex effects on cell function through both actions at cell surface receptors and on intracellular targets. The LPP-catalyzed dephosphorylation of these substrates can both terminate their signaling actions and itself generate further molecules with biological activity. The protein encoded by this gene belongs to the lipid phosphate phosphatase (LPP) family. LPPs catalyze the dephosphorylation of a number of bioactive lipid mediators that regulate a variety of cell functions. This protein is specifically expressed in neurons. It is located in the membranes of outgrowing axons and has been shown to be important for axonal outgrowth during development and regenerative sprouting. Alternatively spliced transcript variants encoding different isoforms have been found for this gen (Sciorra,V.A. and Morris,A.J. Roles for lipid phosphate phosphatases in regulation of cellular signaling: Biochim. Biophys. Acta 1582 (1-3), 45-51, 2002)
Cell. 2009 Sep 18;138(6):1222-35. Synaptic PRG-1 modulates excitatory transmission via lipid phosphate-mediated signaling. Trimbuch T. et al.

Plasticity related gene-1 (PRG-1) is a brain-specific membrane protein related to lipid phosphate phosphatases, which acts in the hippocampus specifically at the excitatory synapse terminating on glutamatergic neurons. Deletion of prg-1 in mice leads to epileptic seizures and augmentation of EPSCs, but not IPSCs. In utero electroporation of PRG-1 into deficient animals revealed that PRG-1 modulates excitation at the synaptic junction. Mutation of the extracellular domain of PRG-1 crucial for its interaction with lysophosphatidic acid (LPA) abolished the ability to prevent hyperexcitability. As LPA application in vitro induced hyperexcitability in wild-type but not in LPA(2) receptor-deficient animals, and uptake of phospholipids is reduced in PRG-1-deficient neurons, we assessed PRG-1/LPA(2) receptor-deficient animals, and found that the pathophysiology observed in the PRG-1-deficient mice was fully reverted. Thus, we propose PRG-1 as an important player in the modulatory control of hippocampal excitability dependent on presynaptic LPA(2) receptor signaling.
15-Coiled-coil domain proteins (CCDC)
A coiled coil is a structural motif in proteins, in which 2-7 alpha-helices are coiled together like the strands of a rope (dimers and trimers are the most common types). Many coiled coil type proteins are involved in important biological functions such as the regulation of gene expression e.g. transcription factors. Notable examples are the oncoproteins c-fos and jun, and the muscle protein tropomyosin.

CCDC148; coiled coil domain containing 148 

Am J Respir Crit Care Med. 2011. Haplotype Association Mapping of Acute Lung Injury in Mice Implicates Activin A Receptor, Type 1. Leikauf GD et al.
OBJECTIVE: To identify genes associated with acute lung injury, 40 inbred mouse strains were exposed to acrolein and haplotype association mapping was performed. Measurements and RESULTS: The mean survival time varied among mouse strains with polar strains differing ~2.5-fold. Associations were identified on chromosomes 1, 2, 4, 11, and 12. Seven genes (Acvr1, Cacnb4, Ccdc148, Galnt13, Rfwd2, Rpap2, and Tgfbr3) had SNP associations within the gene. Because any SNP association may encompass "blocks" of associated variants, functional assessment was performed in 91 genes within ±1 Mbp of each SNP association. Using ≥10% allelic frequency and ≥10% phenotype explained as threshold criteria, 16 genes qualified for further analysis (including microarray and RT-PCR). Microarray analysis revealed several pathways enriched in transcripts and included transforming growth factor, beta signaling. Transcripts for Acvr1, Arhgap15, Cacybp, Rfwd2, and Tgfbr3 differed between the strains with exposure and contained SNPs that could eliminate putative transcriptional factor recognition sites within the promoter. Ccdc148, Fancl, and Tnn had sequence differences that could produce an amino acid substitution. Mycn and Mgat4a had a promoter SNP or 3'UTR SNPs, respectively. Several genes were related and encoded receptors (ACVR1, TGFBR3), transcription factors (MYCN, possibly CCDC148), and ubiquitin-proteasome (RFWD2, FANCL, CACYBP) proteins that can modulate cell signaling. An Acvr1 SNP rs6406107 eliminates a putative ELK1 transcription factor binding site and diminished DNA-protein binding. CONCLUSION: Assessment of genetic associations can be strengthened using a genetic/genomic approach. This approach identified several candidate genes including Acvr1 associated with increased susceptibility to acute lung injury in mice.

J Biol Chem. 2004 Oct 29;279(44):46014-22. JACOP, a novel plaque protein localizing at the apical junctional complex with sequence similarity to cingulin. Ohnishi H et al.
The apical junctional complex is composed of various cell adhesion molecules and cytoplasmic plaque proteins. Using a monoclonal antibody that recognizes a chicken 155-kDa cytoplasmic antigen (p155) localizing at the apical junctional complex, we have cloned a cDNA of its mouse homologue. The full-length cDNA of mouse p155 encoded a 148-kDa polypeptide containing a coiled-coil domain with sequence similarity to cingulin, a tight junction (TJ)-associated plaque protein. We designated this protein JACOP (junction-associated coiled-coil protein). Immunofluorescence staining showed that JACOP was concentrated in the junctional complex in various types of epithelial and endothelial cells. Furthermore, in the liver and kidney, JACOP was also distributed along non-junctional actin filaments. Upon immunoelectron microscopy, JACOP was found to be localized to the undercoat of TJs in the liver, but in some tissues, its distribution was not restricted to TJs but extended to the area of adherens junctions. Overexpression studies have revealed that JACOP was recruited to the junctional complex in epithelial cells and to cell-cell contacts and stress fibers in fibroblasts. These findings suggest that JACOP is involved in anchoring the apical junctional complex, especially TJs, to actin-based cytoskeletons.
16-Microfibrillar associated proteins (MFAP)

MFAP5, Component of the elastin-associated microfibrils. It forms part of the extracellular matrix structural constituents. This gene encodes a 25-kD microfibril-associated glycoprotein which is rich in serine and threonine residues. It lacks a hydrophobic carboxyl terminus and proline-, glutamine-, and tyrosine-rich regions, which are characteristics of a related 31-kDa microfibril-associated glycoprotein (MFAP2). The close similarity between these two proteins is confined to a central region of 60 aa where precise alignment of 7 cysteine residues occurs. The structural differences suggest that this encoded protein has some functions that are distinct from those of MFAP2.
Microvasc Res. 2008 May;76(1):7-14. Microfibril-associate glycoprotein-2 (MAGP-2) promotes angiogenic cell sprouting by blocking notch signaling in endothelial cells. Albig AR, Becenti DJ, Roy TG, Schiemann WP. 

Angiogenesis is highly sensitive to the composition of the vascular microenvironment, however, our understanding of the structural and matricellular components of the vascular microenvironment that regulate angiogenesis and the molecular mechanisms by which these molecules function remains incomplete. Our previous results described a novel pro-angiogenic activity for Microfibril-Associated Glycoprotein-2 (MAGP-2), but did not address the molecular mechanism(s) by which this is accomplished. We now demonstrate that MAGP-2 promotes angiogenic cell sprouting by antagonizing Notch signaling pathways in endothelial cells. MAGP-2 decreased basal and Jagged1 induced expression from the Notch sensitive Hes-1 promoter in ECs, and blocked Jagged1 stimulated Notch1 receptor processing in transiently transfected 293T cells. Interestingly, inhibition of Notch signaling by MAGP-2 seems to be restricted to ECs since MAGP-2 increased Hes-1 promoter activity and Notch1 receptor processing in heterologous cell types. Importantly, constitutive activation of the Notch signaling pathway blocked the ability of MAGP-2 to promote angiogenic cell sprouting, as well as morphological changes associated with angiogenesis. Collectively, these observations indicate that MAGP-2 promotes angiogenic cell spouting in vitro by antagonizing Notch signaling pathways in EC.

Cell Adh Migr. 2010 Apr-Jun;4(2):169-71. A prognostic gene signature in advanced ovarian cancer reveals a microfibril-associated protein (MAGP2) as a promoter of tumor cell survival and angiogenesis. Spivey KA, Banyard J. 
Ovarian cancer is the most lethal gynecologic cancer, and this is largely related to its late diagnosis. High grade serous cancers often initially respond to chemotherapy, resulting in a better survival rate, compared to other ovarian carcinoma subtypes. We review recent work identifying a survival-associated gene expression profile for advanced serous ovarian cancer. Within this signature, the authors identified MAGP2, also known as microfibrillar associated protein 5 (MFAP5), as a highly significant indicator of survival and chemosensitivity. MAGP2 is a multifunctional secreted protein--important for elastic microfibril assembly and modulating endothelial cell behavior--with a newly identified role in cell survival. Through alpha(V)beta(3) integrin-mediated signaling, MAGP2 promotes tumor and endothelial cell survival and endothelial cell motility, providing a potential mechanistic link between MAGP2 and angiogenesis as well as patient survival.

17-ABI family, member 3 binding (NESH) binding protein (ABI3BP or TARSH)
ABI3BP (ABI gene family member 3-binding protein) contains 2 fibronectin type-III domains and is thought to interact with ABI3. It is expressed in brain, heart, lung, liver, pancreas, kidney and placenta. ABI3BP expression is dramatically reduced in human lung cancer cell lines and primary lung tumor, while it is predominantly expressed in normal conditions, suggesting that it is involved in prevention of tumorigenesis. ABI3BP interacts with a SH3 domain in ABI3 (Abl-interactor member 3) (Matsuda et al., 2001). ABI3, along with the Abl-interactors E3B1/Abi2/Argbp1, belong to the family of cytoplasmic molecular adaptors containing SH3 that interact with Abl-family tyrosine kinases. Although speculative, it seems that members of Abl-interactors family might negatively regulate cell growth and transformation by suppressing certain tyrosine kinase-mediated signaling in mammalian cells (Ichigotani et al., 2002a). Overexpression of these family members was associated with inhibited cell proliferation, reduced transforming potential, and suppression of motility and metastasis dissemination (Ichigotani et al., 2002a, Ichigotani et al., 2002b). These findings suggest that Abl-interactors may act as tumor suppressor molecules. Therefore, if ABI3BP binds to the Abl-interactor ABI3, it is predicted to result in inhibited cell growth. Circumstantial evidence consistent with a function for ABI3BP that suppresses cell proliferation is the report that its expression is greatly reduced in lung cancers and other primary tumors (Terauchi et al., 2006).
Endocr Relat Cancer. 2008 Sep;15(3):787-99. Re-expression of ABI3-binding protein suppresses thyroid tumor growth by promoting senescence and inhibiting invasion. Latini FR, Hemerly JP, Oler G, Riggins GJ, Cerutti JM.

Loss of ABI gene family member 3-binding protein (ABI3BP) expression may be functionally involved in the pathogenesis of cancer. Previous reports have indicated a loss of expression in lung cancer and a presumed role in inducing cellular senescence. We show here that ABI3BP expression is significantly decreased in most malignant thyroid tumors of all types. To better understand ABI3BP's role, we created a model by re-expressing ABI3BP in two thyroid cancer cell lines. Re-expression of ABI3BP in thyroid cells resulted in a decrease in transforming activity, cell growth, cell viability, migration, invasion, and tumor growth in nude mice. ABI3BP re-expression appears to trigger cellular senescence through the p21 pathway. Additionally, ABI3BP induced formation of heterochromatin 1-binding protein gamma-positive senescence-associated (SA) heterochromatin foci and accumulation of SA beta-galactosidase. The combination of a decrease in cell growth, invasion, and other effects upon ABI3BP re-expression in vitro helps to explain the large reduction in tumor growth that we observed in nude mice. Together, our data provide evidence that the loss of ABI3BP expression could play a functional role in thyroid tumorigenesis. Activation of ABI3BP or its pathway may represent a possible basis for targeted therapy of certain cancers.
Biochem Biophys Res Commun. 2009 Mar 20;380(4):807-12. Implication of p53-dependent cellular senescence related gene, TARSH in tumor suppression. Wakoh T, Uekawa N, Terauchi K, Sugimoto M, Ishigami A, Shimada J, Maruyama M.

A novel target of NESH-SH3 (TARSH) was identified as a cellular senescence related gene in mouse embryonic fibroblasts (MEFs) replicative senescence, the expression of which has been suppressed in primary clinical lung cancer specimens. However, the molecular mechanism underlying the regulation of TARSH involved in pulmonary tumorigenesis remains unclear. Here we demonstrate that the reduction of TARSH gene expression by short hairpin RNA (shRNA) system robustly inhibited the MEFs proliferation with increase in senescence-associated beta-galactosidase (SA-beta-gal) activity. Using p53-/- MEFs, we further suggest that this growth arrest by loss of TARSH is evoked by p53-dependent p21(Cip1) accumulation. Moreover, we also reveal that TARSH reduction induces multicentrosome in MEFs, which is linked in chromosome instability and tumor development. These results suggest that TARSH plays an important role in proliferation of replicative senescence and may serve as a trigger of tumor development.

18-Dual specificity phosphatase 4 (DUSP4) Or Mitogen-activated protein kinase phosphatase 2 (MKP-2).
The protein encoded by this gene is a member of the dual specificity protein phosphatase subfamily. These phosphatases inactivate their target kinases by dephosphorylating both the phosphoserine/threonine and phosphotyrosine residues. They negatively regulate members of the mitogen-activated protein (MAP) kinase superfamily (MAPK/ERK, SAPK/JNK, p38), which are associated with cellular proliferation and differentiation. Different members of the family of dual specificity phosphatases show distinct substrate specificities for various MAP kinases, different tissue distribution and subcellular localization, and different modes of inducibility of their expression by extracellular stimuli. This gene product inactivates ERK1, ERK2 and JNK, is expressed in a variety of tissues, and is localized in the nucleus (Guan,K.L. and Butch,E. Isolation and characterization of a novel dual specific phosphatase, HVH2, which selectively dephosphorylates the mitogen-activated protein kinase: J. Biol. Chem. 270 (13), 7197-7203 ;1995). 
Br J Pharmacol. 2010 Oct;161(4):782-98. Over-expression of mitogen-activated protein kinase phosphatase-2 enhances adhesion molecule expression and protects against apoptosis in human endothelial cells. Al-Mutairi M, Al-Harthi S, Cadalbert L, Plevin R.

BACKGROUND AND PURPOSE: We assessed the effects of over-expressing the dual-specific phosphatase, mitogen-activated protein (MAP) kinase phosphatase-2 (MKP-2), in human umbilical vein endothelial cells (HUVECs) on inflammatory protein expression and apoptosis, two key features of endothelial dysfunction in disease. EXPERIMENTAL APPROACHES: We infected HUVECs for 40 h with an adenoviral version of MKP-2 (Adv.MKP-2). Tumour necrosis factor (TNF)-α-stimulated phosphorylation of MAP kinase and protein expression was measured by Western blotting. Cellular apoptosis was assayed by FACS. KEY RESULTS: Infection with Adv.MKP-2 selectively abolished TNF-α-mediated c-Jun-N-terminal kinase (JNK) activation and had little effect upon extracellular signal-regulated kinase or p38 MAP kinase. Adv.MKP-2 abolished COX-2 expression, while induction of the endothelial cell adhesion molecules, intercellular adhesion molecule (ICAM) and vascular cell adhesion molecule (VCAM), two NFκB-dependent proteins, was not affected. However, when ICAM and VCAM expression was partly reduced by blockade of the NFκB pathway, Adv.MKP-2 was able to reverse this inhibition. This correlated with enhanced TNF-α-induced loss of the inhibitor of κB (IκB)α loss, a marker of NFκB activation. TNF-α in combination with NFκB blockade also increased HUVEC apoptosis; this was significantly reversed by Adv.MKP-2. Protein markers of cellular damage and apoptosis, H2AX phosphorylation and caspase-3 cleavage, were also reversed by MKP-2 over-expression. CONCLUSIONS AND IMPLICATIONS: Over-expression of MKP-2 had different effects upon the expression of inflammatory proteins due to a reciprocal effect upon JNK and NFκB signalling, and also prevented TNF-α-mediated endothelial cell death. These properties may make Adv.MKP-2 a potentially useful future therapy in cardiovascular diseases where endothelial dysfunction is a feature.

19- GLT25D2 or KIAA0584

Mol Cell Biol. 2009 Feb;29(4):943-52.  Core glycosylation of collagen is initiated by two beta(1-O)galactosyltransferases. Schegg B, Hülsmeier AJ, Rutschmann C, Maag C, Hennet T.

Collagen is a trimer of three left-handed alpha chains representing repeats of the motif Gly-X-Y, where (hydroxy)proline and (hydroxy)lysine residues are often found at positions X and Y. Selected hydroxylysines are further modified by the addition of galactose and glucose-galactose units. Collagen glycosylation takes place in the endoplasmic reticulum before triple-helix formation and is mediated by beta(1-O)galactosyl- and alpha(1-2)glucosyltransferase enzymes. We have identified two collagen galactosyltransferases using affinity chromatography and tandem mass spectrometry protein sequencing. The two collagen beta(1-O)galactosyltransferases corresponded to the GLT25D1 and GLT25D2 proteins. Recombinant GLT25D1 and GLT25D2 enzymes showed a strong galactosyltransferase activity toward various types of collagen and toward the serum mannose-binding lectin MBL, which contains a collagen domain. Amino acid analysis of the products of GLT25D1 and GLT25D2 reactions confirmed the transfer of galactose to hydroxylysine residues. The GLT25D1 gene is constitutively expressed in human tissues, whereas the GLT25D2 gene is expressed only at low levels in the nervous system. The GLT25D1 and GLT25D2 enzymes are similar to CEECAM1, to which we could not attribute any collagen galactosyltransferase activity. The GLT25D1 and GLT25D2 genes now allow addressing of the biological significance of collagen glycosylation and the importance of this posttranslational modification in the etiology of connective tissue disorders.

20- KIAA1598 (shootin 1) Protein involved in the generation of internal asymmetric signals required for neuronal polarization. It acts upstream of PI3K (phosphoinositide 3-kinase), by being required for spatially localized PI3K activity. Accumulates asymmetrically in a single neurite before polarization, leading to axon induction for polarization, its absence from the nascent axon's siblings by competition preventing the formation of surplus axons.
J Cell Biol. 2006 Oct 9;175(1):147-57. Shootin1: A protein involved in the organization of an asymmetric signal for neuronal polarization. Toriyama M, Shimada T, Kim KB, Mitsuba M, Nomura E, Katsuta K, Sakumura Y, Roepstorff P, Inagaki N.

Neurons have the remarkable ability to polarize even in symmetrical in vitro environments. Although recent studies have shown that asymmetric intracellular signals can induce neuronal polarization, it remains unclear how these polarized signals are organized without asymmetric cues. We describe a novel protein, named shootin1, that became up-regulated during polarization of hippocampal neurons and began fluctuating accumulation among multiple neurites. Eventually, shootin1 accumulated asymmetrically in a single neurite, which led to axon induction for polarization. Disturbing the asymmetric organization of shootin1 by excess shootin1 disrupted polarization, whereas repressing shootin1 expression inhibited polarization. Overexpression and RNA interference data suggest that shootin1 is required for spatially localized phosphoinositide-3-kinase activity. Shootin1 was transported anterogradely to the growth cones and diffused back to the soma; inhibiting this transport prevented its asymmetric accumulation in neurons. We propose that shootin1 is involved in the generation of internal asymmetric signals required for neuronal polarization.

21-EPHA3 (Ephrin type-A receptor 3)

This gene belongs to the ephrin receptor subfamily of the protein-tyrosine kinase family. EPH and EPH-related receptors have been implicated in mediating developmental events, particularly in the nervous system. Receptors in the EPH subfamily typically have a single kinase domain and an extracellular region containing a Cys-rich domain and 2 fibronectin type III repeats. The ephrin receptors are divided into 2 groups based on the similarity of their extracellular domain sequences and their affinities for binding ephrin-A and ephrin-B ligands. This gene encodes a protein that binds ephrin-A ligands. Two alternatively spliced transcript variants have been described for this gene (Boyd,A.W. et al. Isolation and characterization of a novel receptor-type protein tyrosine kinase (hek) from a human pre-B cell line   J. Biol. Chem. 267 (5), 3262-3267, 1992). Could play a role in lymphoid function.
Neoplasma. 2009;56(4):331-4. Low frequency mutation of the Ephrin receptor A3 gene in hepatocellular carcinoma. Bae HJ et al.
EphA3 is a component of the Eph/ephrin tyrosine kinase system, which participates in vasculature development. This receptor/ligand system is associated with various signaling pathways related to cell growth and viability, cytoskeletal organization, cell migration, and anti-apoptosis. Accumulated evidence suggests that aberrant regulation of EphA3 and its genetic alterations are implicated in the development and progression of various cancers. However, despite a high incidence of EphA3 over-expression, no such investigation has been performed in hepatocellular carcinoma. Thus, we investigated genetic alterations of the EphA3 gene in 73 cases of hepatocellular carcinoma by single-strand conformational polymorphism and sequencing. One novel D219V missense mutation was found in the extracellular domain of EphA3, and two genetic alterations in the intracellular sterile-alpha-motif (SAM) domain of EphA3 appeared to be polymorphisms. Although the functional assessments of this mutant are incomplete, it is believed that this novel EphA3 mutation may contribute to the development of hepatocellular carcinoma.
-epharin ligands (EFNA5); May function actively to stimulate axon fasciculation. Induces compartmentalized signaling within a caveolae-like membrane microdomain when bound to the extracellular domain of its cognate receptor. This signaling event requires the activity of the Fyn tyrosine kinase. Binds to the receptor tyrosine kinases EPHA2, EPHA3 and EPHB1.
22- Neogenin (NEO1) This gene encodes a cell surface protein that is a member of the immunoglobulin superfamily. The encoded protein consists of our N-terminal immunoglobulin-like domains, six fibronectin type III domains, a transmembrane domain and a C-terminal internal domain that shares homology with the tumor suppressor candidate gene DCC. This protein may be involved in cell growth and differentiation and in cell-cell adhesion. Defects in this gene are associated with cell proliferation in certain cancers. Alternate splicing results in multiple transcript variants. Genomics 41 (3), 414-421 (1997) Meyerhardt,J.A., Look,A.T., Bigner,S.H. and Fearon,E.R.  Identification and characterization of neogenin, a DCC-related gene. Oncogene 14 (10), 1129-1136 (1997). May be involved as a regulatory protein in the transition of undifferentiated proliferating cells to their differentiated state. May also function as a cell adhesion molecule in a broad spectrum of embryonic and adult tissues (Wikipedia).
J Comp Neurol. 2010 Aug 15;518(16):3237-53. Characterization of the netrin/RGMa receptor neogenin in neurogenic regions of the mouse and human adult forebrain. Bradford D, Faull RL, Curtis MA, Cooper HM.

In the adult rodent forebrain, astrocyte-like neural stem cells reside within the subventricular zone (SVZ) and give rise to progenitors and neuroblasts, which then undergo chain migration along the rostral migratory stream (RMS) to the olfactory bulb, where they mature into fully functional interneurons. Neurogenesis also occurs in the adult human SVZ, where neural precursors similar to the rodent astrocyte-like stem cell and neuroblast have been identified. A migratory pathway equivalent to the rodent RMS has also recently been described for the human forebrain. In the embryo, the guidance receptor neogenin and its ligands netrin-1 and RGMa regulate important neurogenic processes, including differentiation and migration. We show in this study that neogenin is expressed on neural stem cells (B cells), progenitor cells (C cells), and neuroblasts (A cells) in the adult mouse SVZ and RMS. We also show that netrin-1 and RGMa are ideally placed within the neurogenic niche to activate neogenin function. Moreover, we find that neogenin and RGMa are also present in the neurogenic regions of the human adult forebrain. We show that neogenin is localized to cells displaying stem cell (B cell)-like characteristics within the adult human SVZ and RMS and that RGMa is expressed by the same or a closely apposed cell population. This study supports the hypothesis that, as in the embryo, neogenin regulates fundamental signalling pathways important for neurogenesis in the adult mouse and human forebrain.

J Biol Chem. 2011 Feb 18;286(7):5157-65. Neogenin, a receptor for bone morphogenetic proteins. Hagihara M, Endo M, Hata K, Higuchi C, Takaoka K, Yoshikawa H, Yamashita T.

Bone morphogenetic proteins (BMPs) regulate many mammalian physiologic and pathophysiologic processes. These proteins bind with the kinase receptors BMPR-I and BMPR-II, thereby activating Smad transcription factor. In this study, we demonstrate that neogenin, a receptor for netrins and proteins of the repulsive guidance molecule family, is a receptor for BMPs and modulates Smad signal transduction. Neogenin was found to bind directly with BMP-2, BMP-4, BMP-6, and BMP-7. Knockdown of neogenin in C2C12 cells resulted in the enhancement of the BMP-2-induced processes of osteoblastic differentiation and phosphorylation of Smad1, Smad5, and Smad8. Conversely, overexpression of neogenin in C2C12 cells suppressed these processes. Our results also indicated that BMP-induced activation of RhoA was mediated by neogenin. Inhibition of RhoA promoted BMP-2-induced processes of osteoblastic differentiation and phosphorylation of Smad1/5/8. However, treatment with Y-27632, an inhibitor of Rho-associated protein kinase, did not modulate BMP-induced phosphorylation of Smad1/5/8. Taken together, our findings suggest that neogenin negatively regulates the functions of BMP and that this effect of neogenin is mediated by the activation of RhoA.
23-Pregnancy specific beta-1-glycoprotein 5 (PSG5)

 The human pregnancy-specific glycoproteins (PSGs) are a group of molecules that are mainly produced by the placental syncytiotrophoblasts during pregnancy. PSGs comprise a subgroup of the carcinoembryonic antigen (CEA) family, which belongs to the immunoglobulin superfamily Thompson,J.A., Mauch,E.M., Chen,F.S., Hinoda,Y., Schrewe,H., Berling,B., Barnert,S., von Kleist,S., Shively,J.E. and Zimmermann,W. Analysis of the size of the carcinoembryonic antigen (CEA) gene family: isolation and sequencing of N-terminal domain exons. Biochem. Biophys. Res. Commun. 158 (3), 996-1004, 1989).
Obstet Gynecol. 2007 Nov;110(5):1130-6. Placenta-derived, cellular messenger RNA expression in the maternal blood of preeclamptic women. Okazaki S, Sekizawa A, Purwosunu Y, Farina A, Wibowo N, Okai T.

OBJECTIVE: To perform gene expression profiling and real-time quantitative reverse-transcription polymerase chain reaction (PCR) analysis to identify biomarkers of preeclampsia in cellular messenger RNA (mRNA) from maternal blood. CONCLUSION: The mRNA expression of pregnancy-specific beta1 glycoprotein and trophoblast glycoprotein is up-regulated in cells circulating within blood from women with preeclampsia, and pregnancy-specific beta1 glycoprotein expression is positively correlated with the clinical severity of preeclampsia.

23-Gastrin-releasing peptide receptors (GRPR) Gastrin-releasing peptide (GRP) regulates numerous functions of the gastrointestinal and central nervous systems, including release of gastrointestinal hormones, smooth muscle cell contraction, and epithelial cell proliferation and is a potent mitogen for neoplastic tissues. The effects of GRP are mediated through the gastrin-releasing peptide receptor. This receptor is a glycosylated, 7-transmembrane G-protein coupled receptor that activates the phospholipase C signaling pathway. The receptor is aberrantly expressed in numerous cancers such as those of the lung, colon, and prostate. An individual with autism and multiples exostoses was found to have a balanced translocation between chromosome 8 and a chromosome X breakpoint located within the gastrin-releasing peptide receptor gene. (Corjay,M.H et al. Two distinct bombesin receptor subtypes are expressed and functional in human lung carcinoma cells. J. Biol. Chem. 266 (28), 18771-18779 ; 1991).
Brain Res Bull. 2010 Apr 29;82(1-2):95-8. Gastrin-releasing peptide receptor content in human glioma and normal brain. Flores DG, Meurer L, Uberti AF, Macedo BR, Lenz G, Brunetto AL, Schwartsmann G, Roesler R.

The gastrin-releasing peptide receptor (GRPR) has been put forward as a therapeutic target in brain tumors. Here we evaluated GRPR presence in glioma specimens from patients as well as in normal human brain samples. Sections of paraffin-embedded brain tumors and non-neoplastic control brain tissue were analyzed with immunohistochemistry for GRPR content. Digital image analysis revealed that 100% of glioma samples were GRPR-positive, with a mean index of 4972 pixels. In normal brain tissue, GRPR was detected in neurons, but not glial cells. This study is the first to confirm the presence of GRPR in human glioma specimens and normal human neurons.
Oncol Rep. 2010 Aug;24(2):441-8. Gastrin-releasing peptide promotes the growth of HepG2 cells via EGFR-independent ERK1/2 activation. Li X, Lv Y, Yuan A, Yi S, Ma Y, Li Z.

Gastrin-releasing peptide (GRP) plays an important role in regulating tumor growth and migration. However, little is known about its role in human hepatocellular carcinoma (HCC) cells. This study explored the effect of GRP on the growth of HCC HepG2 cells and the underlying mechanisms. Expression of GRP and its cognate receptor (GRPR) were detected by immunocytochemisty, reverse transcription-PCR and Western blotting and compared between two human HCC cell lines (HepG2 and MHCC97H) and a normal hepatic cell line (HL-7702). The effects of GRP on cell proliferation and signaling pathways were examined by Western blotting, MTT assay and flow cytometry. Both GRP and GRPR were overexpressed in HepG2 and MHCC97H cells. GRP activated MAPK/ERK1/2 in HepG2 cells, leading to enhanced proliferation, reduced apoptosis and accelerated cell cycle progression. The effect of GRP on ERK1/2 was effectively attenuated by the GRPR antagonist PD176252 or MEK inhibitor U0126, but not by the TNF-alpha protease inhibitor TAPI-1 or the EGFR tyrosine kinase inhibitor PD153035. The effect of GRP on the growth of HepG2 cells was significantly attenuated by PD176252 or U0126. GRP serves as a mitogen for HepG2 and MHCC97H cells. GRP promotes the growth of HepG2 cells through interaction with GRPR co-expressed in tumor cells, and subsequently activates MAPK/ERK1/2 via EGFR-independent mechanisms.
24-CYTOCHROMES P450. The cytochrome P450 superfamily (officially abbreviated as CYP) is a large and diverse group of enzymes. The function of most CYP enzymes is to catalyze the oxidation of organic substances. The substrates of CYP enzymes include metabolic intermediates such as lipids and steroidal hormones, as well as xenobiotic substances such as drugs and other toxic chemicals. CYPs are the major enzymes involved in drug metabolism and bioactivation, accounting for ~75% of the total number of different metabolic reactions. The most common reaction catalyzed by cytochromes P450 is a monooxygenase reaction, e.g., insertion of one atom of oxygen into an organic substrate (RH) while the other oxygen atom is reduced to water.
25-ENC1 (or PIG10 or NRP/B).  The 'p53-induced genes,' or PIGs, encode redox-controlling proteins.  The PIG10 gene, also called ENC1, encodes an actin-binding protein. It´s an ctin-binding protein involved in the regulation of neuronal process formation and in differentiation of neural crest cells. May be down-regulated in neuroblastoma tumors. Substrate-specific adapter of an E3 ubiquitin-protein ligase complex which mediates the ubiquitination and subsequent proteasomal degradation of target proteins. This cytoskeletal protein is detected in fetal brain tissue, moderate expression in fetal heart, lung and kidney. Highly expressed in adult brain, particularly high in the hippocampus and amygdala, and spinal chord. Detectable in adult pancreas (Uniprot). 
PLoS One. 2009;4(5):e5492. Ectodermal-neural cortex 1 down-regulates Nrf2 at the translational level. Wang XJ, Zhang DD.

The transcription factor Nrf2 is the master regulator of a cellular defense mechanism against environmental insults. The Nrf2-mediated antioxidant response is accomplished by the transcription of a battery of genes that encode phase II detoxifying enzymes, xenobiotic transporters, and antioxidants. Coordinated expression of these genes is critical in protecting cells from toxic and carcinogenic insults and in maintaining cellular redox homeostasis. Activation of the Nrf2 pathway is primarily controlled by Kelch-like ECH-associated protein 1 (Keap1), which is a molecular switch that turns on or off the Nrf2 signaling pathway according to intracellular redox conditions. Here we report our finding of a novel Nrf2 suppressor ectodermal-neural cortex 1 (ENC1), which is a BTB-Kelch protein and belongs to the same family as Keap1. Transient expression of ENC1 reduced steady-state levels of Nrf2 and its downstream gene expression. Although ENC1 interacted with Keap1 indirectly, the ENC1-mediated down-regulation of Nrf2 was independent of Keap1. The negative effect of ENC1 on Nrf2 was not due to a change in the stability of Nrf2 because neither proteasomal nor lysosomal inhibitors had any effects. Overexpression of ENC1 did not result in a change in the level of Nrf2 mRNA, rather, it caused a decrease in the rate of Nrf2 protein synthesis. These results demonstrate that ENC1 functions as a negative regulator of Nrf2 through suppressing Nrf2 protein translation, which adds another level of complexity in controlling the Nrf2 signaling pathway.
Oncogene. 2009 Jan 22;28(3):378-89.  NRP/B mutations impair Nrf2-dependent NQO1 induction in human primary brain tumors. Seng S, Avraham HK, Birrane G, Jiang S, Li H, Katz G, Bass CE, Zagozdzon R, Avraham S.

Brain tumors are associated with genetic alterations of oncogenes and tumor suppressor genes. Accumulation of reactive oxygen species (ROS) in cells leads to oxidative stress-induced damage, resulting in tumorigenesis. Here, we showed that the nuclear matrix protein nuclear restricted protein in brain (NRP/B) was colocalized and interacted with NF-E2-related factor 2 (Nrf2). During oxidative stress response, NRP/B expression and its interaction with Nrf2 were upregulated in SH-SY5Y cells. Association of NRP/B with Nrf2 was crucial for NAD(P)H:quinone oxidoreductase 1 (NQO1) expression. NRP/B was localized predominantly in the nucleus of normal brain cells, whereas in primary brain tumors NRP/B was almost exclusively contained in the cytoplasm. In addition, unlike wild-type NRP/B, the expression of NRP/B mutants isolated from primary brain tumors was found in the cytoplasm, and these mutants failed to induce Nrf2-dependent NQO1 transcription. Thus, NRP/B mutations and their altered localization resulted in changes in NRP/B function and deregulation of Nrf2-dependent NQO1 activation in brain tumors. This study provides insights into the mechanism by which the NRP/B modulates Nrf2-dependent NQO1 induction in cellular protection against ROS in brain tumors.

Cancer Res. 2007 Sep 15;67(18):8596-604. The nuclear matrix protein, NRP/B, enhances Nrf2-mediated oxidative stress responses in breast cancer cells. Seng S, Avraham HK, Jiang S, Yang S, Sekine M, Kimelman N, Li H, Avraham S.

The transcription factor NF-E2-related factor 2 (Nrf2) translocates into the nucleus and activates phase II genes encoding detoxification enzymes and antioxidant proteins, resulting in the protection of cells from oxidative insults. However, the involvement of Nrf2-mediated oxidative stress responses in breast cancer cells is largely unknown. Notably, during our study of the Nrf2 pathway in breast cancer cells, we observed that the nuclear matrix protein NRP/B was expressed and colocalized with Nrf2 in these cells, suggesting that NRP/B is involved in Nrf2-mediated oxidative stress responses. The expression level of NRP/B was variable in different breast cancer cells and breast cancer tissues, and was found to be localized in the nucleus. NRP/B expression was increased after exposure to the oxidative stress agent, hydrogen peroxide (H(2)O(2)), particularly in the highly aggressive MDA-MB-231 breast cancer cells. Association of NRP/B with Nrf2 in vitro and in vivo was observed in MDA-MB-231 breast cancer cells, and this association was up-regulated upon exposure to H(2)O(2), but not to sodium nitroprusside, SIN-1, and DETA-NO. NRP/B also enhanced Nrf2-mediated NAD(P)H:quinine oxidoreductase 1 promoter activity. Thus, this study reveals that NRP/B enhances oxidative stress responses in breast cancer cells via the Nrf2 pathway, identifying a novel role of nuclear matrix protein(s) in oxidative stress responses
26-Carboxypeptidases (CPA). A carboxypeptidase  is a protease enzyme that hydrolyzes the peptide bond of an amino acid residue at the carboxy-terminal (C-terminal) end. (Contrast with an aminopeptidase, which cleaves peptide bonds at the other end of the residue.) Humans, animals, and plants contain several types of carboxypeptidases which have diverse functions ranging from catabolism to protein maturation.

CPA4:  This gene is a member of the carboxypeptidase A/B subfamily, and it is located in a cluster with three other family members on chromosome 7. Carboxypeptidases are zinc-containing exopeptidases that catalyze the release of carboxy-terminal amino acids, and are synthesized as zymogens that are activated by proteolytic cleavage. This gene could be involved in the histone hyperacetylation pathway. It is imprinted and may be a strong candidate gene for prostate cancer aggressiveness.
BMC Cancer. 2009 Feb 26;9:69. Carboxypeptidase 4 gene variants and early-onset intermediate-to-high risk prostate cancer. Ross PL, Cheng I, Liu X, Cicek MS, Carroll PR, Casey G, Witte JS.

BACKGROUND: Carboxypeptidase 4 (CPA4) is a zinc-dependent metallocarboxypeptidase on chromosome 7q32 in a region linked to prostate cancer aggressiveness. CPA4 is involved in the histone hyperacetylation pathway and may modulate the function of peptides that affect the growth and regulation of prostate epithelial cells. We examined the association between genetic variation in CPA4 and intermediate-to-high risk prostate cancer. CONCLUSION: Coding variation in CPA4 may confer increased risk of intermediate-to-high risk prostate cancer among younger patients. Further work is needed to identify the functional aspects of this variation and understand its biological effects on prostate cancer. Such work may translate into more precise screening of higher risk individuals as well as guiding clinicians and patients toward earlier and more definitive treatment modalities in patients genetically identified as higher risk.

J Biol Chem. 2010 Jun 11;285(24):18385-96. Characterization of the substrate specificity of human carboxypeptidase A4 and implications for a role in extracellular peptide processing. Tanco S, Zhang X, Morano C, Avilés FX, Lorenzo J, Fricker LD.
CPA4 (carboxypeptidase A4) is a member of the metallocarboxypeptidase family. CPA4 was originally found in a screen of mRNAs up-regulated by sodium butyrate-induced differentiation of cancer cells. Further studies suggested a relation between CPA4 and prostate cancer aggressiveness. In the present study, we determined that CPA4 is secreted from cells as a soluble proenzyme (pro-CPA4) that can be activated by endoproteases, such as trypsin. Three complementary approaches were used to study the substrate specificity of CPA4; kinetic analysis was performed using a new series of chromogenic substrates and some biologically relevant peptides, the cleavage of synthetic peptides was tested individually, and the cleavage of a mixture of >100 mouse brain peptides was examined using a quantitative peptidomics mass spectrometry-based approach. CPA4 was able to cleave hydrophobic C-terminal residues with a preference for Phe, Leu, Ile, Met, Tyr, and Val. However, not all peptides with C-terminal hydrophobic residues were cleaved, indicating the importance of additional residues within the peptide. Aliphatic, aromatic, and basic residues in the P1 position have a positive influence on the cleavage specificity. In contrast, acidic residues, Pro, and Gly have a negative influence in the P1 position. Some of the peptides identified as CPA4 substrates (such as neurotensin, granins, and opioid peptides) have been previously shown to function in cell proliferation and differentiation, potentially explaining the link between CPA4 and cancer aggressiveness. Taken together, these studies suggest that CPA4 functions in neuropeptide processing and regulation in the extracellular environment.

CP6: The protein encoded by this gene belongs to the family of carboxypeptidases, which catalyze the release of C-terminal amino acid, and have functions ranging from digestion of food to selective biosynthesis of neuroendocrine peptides. Polymorphic variants and a reciprocal translocation t(6;8)(q26;q13) involving this gene, have been associated with Duane retraction syndrome. (Wei,S. et al.  Identification and characterization of three members of the human metallocarboxypeptidase gene family. J. Biol. Chem. 277 (17), 14954-14964, 2002).
J Biol Chem. 2010;285(49):38234-42. Substrate specificity of human carboxypeptidase A6. Lyons PJ, Fricker LD.

Carboxypeptidase A6 (CPA6) is an extracellular matrix-bound metallocarboxypeptidase (CP) that has been implicated in Duane syndrome, a neurodevelopmental disorder in which the lateral rectus extraocular muscle is not properly innervated. Consistent with a role in Duane syndrome, CPA6 is expressed in a number of chondrocytic and nervous tissues during embryogenesis. To better characterize the enzymatic function and specificity of CPA6 and to compare this with other CPs, CPA6 was expressed in HEK293 cells and purified. Kinetic parameters were determined using a panel of synthetic carboxypeptidase substrates, indicating a preference of CPA6 for large hydrophobic C-terminal amino acids and only very weak activity toward small amino acids and histidine. A quantitative peptidomics approach using a mixture of peptides representative of the neuropeptidome allowed the characterization of CPA6 preferences at the P1 substrate position and suggested that small and acidic P1 residues significantly inhibit CPA6 cleavage. Finally, a comparison of available kinetic data for CPA enzymes shows a gradient of specificity across the subfamily, from the very restricted specificity of CPA2 to the very broad activity of CPA4. Structural data and modeling for all CPA/B subfamily members suggests the structural basis for the unique specificities observed for each member of the CPA/B subfamily of metallocarboxypeptidases.

CPZ: This gene encodes a member of the metallocarboxypeptidase family. This enzyme displays carboxypeptidase activity towards substrates with basic C-terminal residues. It is most active at neutral pH and is inhibited by active site-directed inhibitors of metallocarboxypeptidases. Alternative splicing in the coding region results in multiple transcript variants encoding different isoforms.
J Biol Chem. 2000 Feb 18;275(7):4865-70. Carboxypeptidase Z is present in the regulated secretory pathway and extracellular matrix in cultured cells and in human tissues. Novikova EG, Reznik SE, Varlamov O, Fricker LD.

Carboxypeptidase Z (CPZ) is a newly reported member of the metallocarboxypeptidase gene family, but unlike other members of this family, CPZ contains an N-terminal domain that has amino acid sequence similarity to Wnt-binding proteins. In order to gain insights as to the potential function of CPZ, the intracellular localization of this protein was determined in cell culture and in human tissues. When expressed in the AtT-20 mouse pituitary cell line, CPZ protein is routed to the regulated secretory pathway and secreted upon stimulation. A fraction of the secreted CPZ remains associated with the extracellular matrix. Endogenous CPZ in the PC12 rat pheochromocytoma cell line is also associated with the extracellular matrix. In human placenta, CPZ is present within invasive trophoblasts and in the surrounding extracellular space, indicating an association with extracellular matrix. CPZ is also present in amnion cells, but is not readily apparent in the extracellular matrix of this cell type. A human adenocarcinoma of the colon shows expression of CPZ in the extracellular matrix adjacent to malignant cells. Taken together, CPZ appears to be a component of the extracellular matrix in some cell types, where it may function in the binding of Wnt.
27-RNA polymerase II, elongation factor: Elongation factor that can increase the catalytic rate of RNA polymerase II transcription by suppressing transient pausing by the polymerase at multiple sites along the DNA. 
Proc Natl Acad Sci U S A. 1997 Apr 15;94(8):3639-43. ELL2, a new member of an ELL family of RNA polymerase II elongation factors. Shilatifard A, Duan DR, Haque D, Florence C, Schubach WH, Conaway JW, Conaway RC.

We recently isolated an RNA polymerase II elongation factor from rat liver nuclei and found it to be homologous to the product of the human ELL gene, a frequent target for translocations in acute myeloid leukemia. To further our understanding of the possible role(s) of ELL in transcriptional regulation and human disease, we initiated a search for ELL-related proteins. In this report we describe molecular cloning, expression, and characterization of human ELL2, a novel RNA polymerase II elongation factor 49% identical and 66% similar to ELL. Mechanistic studies indicate that ELL2 and ELL possess similar transcriptional activities. Structure-function studies localize the ELL2 elongation activation domain to an ELL2 N-terminal region that is highly homologous to ELL. Finally, Northern blot analysis reveals that the ELL2 and ELL genes are transcribed in many of the same tissues, but that the ratio of their transcripts exhibits tissue-to-tissue variation, raising the possibility that ELL2 and ELL may not perform completely general functions, but, instead, may perform gene- or tissue-specific functions

Nat Immunol. 2009 Oct;10(10):1102-9. Transcription elongation factor ELL2 directs immunoglobulin secretion in plasma cells by stimulating altered RNA processing. Martincic K, Alkan SA, Cheatle A, Borghesi L, Milcarek C.

Immunoglobulin secretion is modulated by competition between the use of a weak promoter-proximal poly(A) site and a nonconsensus splice site in the final secretory-specific exon of the heavy chain pre-mRNA. The RNA polymerase II transcription elongation factor ELL2, which is induced in plasma cells, enhanced both polyadenylation and exon skipping with the gene encoding the immunoglobulin heavy-chain complex (Igh) and reporter constructs. Lowering ELL2 expression by transfection of heterogenous ribonucleoprotein F (hnRNP F) or small interfering RNA resulted in lower abundance of secretory-specific forms of immunoglobulin heavy-chain mRNA. ELL2 and the polyadenylation factor CstF-64 tracked together with RNA polymerase II across the Igh mu- and gamma-gene segments; the association of both factors was blocked by ELL2-specific small interfering RNA. Thus, loading of ELL2 and CstF-64 on RNA polymerase II was linked, caused enhanced use of the proximal poly(A) site and was necessary for processing of immunoglobulin heavy-chain mRNA.

28-Cathepsins (CTS): They are proteases: proteins that break apart other proteins, found in many types of cells including those in all animals. There are approximately a dozen members of this family, which are distinguished by their structure, catalytic mechanism, and which proteins they cleave. Most of the members become activated at the low pH found in lysosomes. Thus, the activity of this family lies almost entirely within those organelles. Although there are many exceptions, such as cathepsin K which works extracellularly after secretion by osteoclasts in bone resorption. Cathepsins have a vital role in mammalian cellular turnover, e.g. bone resorption. They degrade polypeptides and are distinguished by their substrate specificites (Wikipedia).


CTSC: Cathepsin C (dipeptidyl peptidase I) is a lysosomal exo-cysteine protease belonging to the peptidase C1 family. Cathepsin C appears to be a central coordinator for activation of many serine proteases in immune/inflammatory cells. Defects in the encoded protein have been shown to be a cause of Papillon-Lefevre disease, an autosomal recessive disorder characterized by palmoplantar keratosis and periodontitis. Cathepsin C functions as a key enzyme in the activation of granule serine peptidases in inflammatory cells, such as elastase and cathepsin G in neutrophils cells and chymase and tryptase in mast cells. In many inflammatory diseases, such as Rheumatoid Arthritis, Chronic Obstructive Pulmonary Disease (COPD), Inflammatory Bowel Disease, Asthma, Sepsis and Cystic Fibrosis, a significant part of the pathogenesis is caused by increased activity of some of these inflammatory proteases. Once activated by cathepsin C, the proteases are capable of degrading various extracellular matrix components, which can lead to tissue damage and chronic inflammation (McGuire,M.J., Lipsky,P.E. and Thiele,D.L. Purification and characterization of dipeptidyl peptidase I from human spleen; Arch. Biochem. Biophys. 295 (2), 280-288; 1992).
J Eur Acad Dermatol Venereol. 2010 Aug;24(8):967-9. A novel mutation in the cathepsin C gene in a Pakistani family with Papillon-Lefevre syndrome. Kurban M, Cheng T, Wajid M, Kiuru M, Shimomura Y, Christiano AM.

BACKGROUND: Papillon-Lefevre syndrome (PLS; OMlM 245000) is an autosomal recessive disease caused by mutations in cathepsin C (CTSC) gene and is characterized by palmoplantar keratoderma, psoriasiform lesion over the extensor surfaces and gingivitis followed by loss of teeth. CTSC gene is expressed in several tissues including the skin and cells of the immune system. In the skin, CTSC plays a role in differentiation and desquamation, whereas in the immune system, it activates serine proteases. RESULTS: We identified a novel deletion mutation designated c.2ldelG (Leu7PhefsX57) in exon 1 of the CTSC gene, which probably results in the absence of CTSC protein. CONCLUSION: Our data further expand the spectrum of mutations in the CTSC gene underlying PLS.


CTSS: member of the peptidase C1 family, is a lysosomal cysteine protease that may participate in the degradation of antigenic proteins to peptides for presentation on MHC class II molecules. The encoded protein can function as an elastase over a broad pH range in alveolar macrophages. Transcript variants utilizing alternative polyadenylation signals exist for this gene. Cathepsin S has been shown to be a significant prognostic factor for patients with type IV astrocytomas (glioblastoma multiforme) and its inhibition has shown improvement in survival time by mean average 5 months. This is because the cysteine enzyme can no longer act together with other proteases to break up the brain extracellular matrix. So the spread of the tumor is halted (Wikipedia).

Clin Biochem. 2010 Dec;43(18):1427-30. Increased plasma levels of CATS mRNA but not CATB mRNA in patients with coronary atherosclerosis. Stern I, Marc J, Kranjec I, Zorman D, Cerne A, Cerne D.

BACKGROUND: We hypothesized that patients with coronary atherosclerosis have increased plasma levels of cathepsin S (CATS) and cathepsin B (CATB) mRNA, the genes that are involved in atherosclerotic plaque development and destabilization. METHODS: mRNAs were isolated from plasma of 67 patients with coronary atherosclerosis (29 with stable angina, 38 with acute coronary syndrome) and 33 healthy subjects as controls, transcribed to cDNA and quantified by real-time PCR. RESULTS: Plasma levels were successfully measured in all samples. Patients with coronary atherosclerosis had 2.75 times higher plasma levels of CATS mRNA than controls (median 6.10 vs. 2.22; p<0.001). No difference was observed in CATB mRNA levels (median 5.62 vs. 6.19; p=0.866). Patients on therapy with statins and aspirin tended to have higher plasma levels of CATS mRNA than patients without statins and aspirin (median 6.41 vs. 4.27; p=0.028).CONCLUSIONS: Further evaluation of plasma CATS mRNA levels in patients with coronary atherosclerosis is reasonable.
J Gen Virol. 2011 Jan;92(Pt 1):173-80. Cathepsins are involved in virus-induced cell death in ICP4 and Us3 deletion mutant herpes simplex virus type 1-infected monocytic cells. Peri P, Nuutila K, Vuorinen T, Saukko P, Hukkanen V.

We have studied cell death and its mechanisms in herpes simplex virus type 1 (HSV-1)-infected monocytic cells. The HSV-1 ICP4 and Us3 deletion mutant, d120 caused both apoptosis and necroptosis in d120-infected monocytic cells. At a late time point of infection the number of apoptotic cells was increased significantly in d120-infected cells when compared with uninfected or parental HSV-1 (KOS)-infected cells. Necroptosis inhibitor treatment increased the number of viable cells among the d120-infected cells, indicating that cell death in d120-infected cells was, in part, because of necroptosis. Moreover, lysosomal membrane permeabilization and cathepsin B and H activities were increased significantly in d120-infected cells. Inhibition of cathepsin B and S activities with specific cathepsin inhibitors led to increased cell viability, and inhibition of cathepsin L activity resulted in a decreased number of apoptotic cells. This indicates that cathepsins B, L and S may act as cell-death mediators in d120-infected monocytic cells. In addition, caspase 3 activity was increased significantly in d120-infected cells. However, the caspase 3 inhibitor treatment did not decrease the number of apoptotic cells. In contrast, inhibition of cathepsin L activity by cathepsin L-specific inhibitor clearly decreased caspase 3 activity and the number of apoptotic cells in d120-infected cells. This might suggest that, in d120-infected monocytic cells, cathepsin L activates caspase 3 and thus mediates d120-induced apoptosis. Taken together, these findings suggest that d120-induced cell death is both apoptotic and necroptotic.

CTSO: Cathepsin O is a cysteine protease and a member of the cathepsin family and papain superfamily. This proteolytic enzyme is involved in cellular protein degradation and turnover. The recombinant form of this enzyme was shown to degrade synthetic peptides typically used as substrates for cysteine proteinases and its proteolytic activity was abolished by an inhibitor of cysteine. 
J Biol Chem. 1994 Oct 28;269(43):27136-42. Human cathepsin O. Molecular cloning from a breast carcinoma, production of the active enzyme in Escherichia coli, and expression analysis in human tissues. Velasco G, Ferrando AA, Puente XS, Sánchez LM, López-Otín C.
A cDNA encoding a novel member of the cysteine proteinase family of proteins has been cloned from a human breast carcinoma cDNA library, by using a polymerase chain reaction-based cloning strategy. The isolated cDNA contains an open reading frame coding for a polypeptide of 321 amino acids that has been tentatively called cathepsin O. This protein presents all the structural features characteristic of the different cysteine proteinases identified to date, including the active site cysteine residue that is involved in covalent intermediate formation during peptide hydrolysis. The cathepsin O cDNA was expressed in Escherichia coli, and after purification and refolding, the recombinant protein was able to degrade the synthetic peptides benzyloxycarbonyl-Phe-Arg-7-amido-4- methylcoumarin and benzyloxycarbonyl-Arg-Arg-7-amido-4-methylcoumarin widely used as substrates for cysteine proteinases. Cathepsin O proteolytic activity was abolished by trans-epoxysuccinyl-L-leucylamido-(4-guanidino)butane (E-64), an inhibitor of this subclass of proteolytic enzymes, thus providing additional evidence that the isolated cDNA codes for an authentic cysteine proteinase. Northern blot analysis of poly(A)+ RNAs isolated from a variety of human tissues demonstrated that cathepsin O is expressed in all examined tissues, which is consistent with a putative role of this protein as a proteolytic enzyme involved in normal cellular protein degradation and turnover.
Bea Part II

Microarray Interpretation-BEA (down-regulated genes)

1-Bardet-Biedl syndrome genes (BBS): BBS9 (NM198428); BBS5 (NM152384)

_NM152384 (BBS5) Bardet-Biedl syndrome 5

This gene encodes a protein that has been directly linked to Bardet-Biedl syndrome. The primary features of these syndromes include retinal dystrophy, obesity, polydactyly, renal abnormalities and learning disabilities. Experimentation in non-human eukaryotes suggests that this gene is expressed in ciliated cells and that it is required for the formation of cilia. Alternate transcriptional splice variants have been observed but have not been fully characterized.

Cell. 2004 May 14;117(4):541-52. Comparative genomics identifies a flagellar and basal body proteome that includes the BBS5 human disease gene. Li JB, Gerdes JM, Haycraft CJ, Fan Y, Teslovich TM, May-Simera H, Li H, Blacque OE, Li L, Leitch CC, Lewis RA, Green JS, Parfrey PS, Leroux MR, Davidson WS, Beales PL, Guay-Woodford LM, Yoder BK, Stormo GD, Katsanis N, Dutcher SK.

Cilia and flagella are microtubule-based structures nucleated by modified centrioles termed basal bodies. These biochemically complex organelles have more than 250 and 150 polypeptides, respectively. To identify the proteins involved in ciliary and basal body biogenesis and function, we undertook a comparative genomics approach that subtracted the nonflagellated proteome of Arabidopsis from the shared proteome of the ciliated/flagellated organisms Chlamydomonas and human. We identified 688 genes that are present exclusively in organisms with flagella and basal bodies and validated these data through a series of in silico, in vitro, and in vivo studies. We then applied this resource to the study of human ciliation disorders and have identified BBS5, a novel gene for Bardet-Biedl syndrome. We show that this novel protein localizes to basal bodies in mouse and C. elegans, is under the regulatory control of daf-19, and is necessary for the generation of both cilia and flagella.

Hum Mol Genet. 2006 Mar 1;15(5):667-77. Bardet-Biedl syndrome genes are important in retrograde intracellular trafficking and Kupffer's vesicle cilia function. Yen HJ, Tayeh MK, Mullins RF, Stone EM, Sheffield VC, Slusarski DC.

Bardet-Biedl syndrome (BBS) is characterized by obesity, retinopathy, polydactyly, cognitive impairment, renal and cardiac anomalies as well as hypertension and diabetes. The nine known BBS genes do not appear to belong to the same functional category; yet mutation of these genes results in a nearly identical pleiotropic phenotype. Although the precise functions of the BBS proteins have yet to be determined, current data support a role in cilia function and intraflagellar transport. To gain insight into the biological processes controlled by BBS genes, we embarked on studies of six BBS orthologues from zebrafish. Knockdown of zebrafish bbs2, bbs4, bbs5, bbs6, bbs7 or bbs8 results in disruption of Kupffer's vesicle (KV), a ciliated organ thought to play a role in left-right patterning. KV defects are due to a progressive loss of cilia within the vesicle and result in subsequent alterations to organ laterality. We also note a specific defect altering retrograde melanosome transport. These studies are the first to comprehensively compare the diverse group of BBS genes in parallel and demonstrate a common role in intracellular trafficking, indicating that BBS proteins are involved in general organelle trafficking.

2-Solute carrier family (SLC) genes: SLC1A3 (NM004172); SLC16A2 (NM006517); SLC25A11 (NM003562); SLC25A26 (NM173471); SLC41A2 (NM032148); SLC20A2 (NM006749); SLC25A23 (NM024103); SLC37A2 (NM198277); SLC7A5 (NM003486);  SLC47A2 (NM152908); SLC1A4 (NM003038); SLC6A6 (NM003043); SLC9A9 (NM173653); SLC14A1 (NM001128588); SLC2A12 (NM145176); SLC16A4 (NM004696); SLC6A9 (NM201649)
The solute carrier (SLC) group of membrane transport proteins include over 300 members organized into 51 families. The SLC group includes examples of transport proteins that are: _facilitative transporters (allow solutes to flow downhill with their electrochemical gradients)

_secondary active transporters (allow solutes to flow uphill against their electrochemical gradient by coupling to transport of a second solute that flows downhill with its gradient such that the overall free energy change is still favorable).

Most members of the SLC group are located in the cell membrane, but some members are located in mitochondria (most notably SLC family 25) or other intracellular organelles.

Pflugers Arch. 2004 Feb;447(5):465-8. The ABCs of solute carriers: physiological, pathological and therapeutic implications of human membrane transport proteins Introduction. Hediger MA, Romero MF, Peng JB, Rolfs A, Takanaga H, Bruford EA.

The Human Genome Organisation (HUGO) Nomenclature Committee Database provides a list of transporter families of the solute carrier (SLC) gene series (see http://www.gene.ucl.ac.uk/nomenclature/). Currently, it includes 43 families and 298 transporter genes. This special issue features mini-reviews on each of these SLC families written by the experts in each field. A WEB site has been established (http://www.pharmaconference.org/slctable.asp) that gives the latest updates for the SLC families and their members as well as relevant links to gene databases and reviews in the literature. A list of all currently known SLC families, a discussion of additional SLC families and family members as well as a brief summary of non-SLC transporter genes is included in this introduction.

_NM001128588_Solute carrier family 14 (urea transporter) (SLC14A1 or HUT11), The protein encoded by this gene is a membrane transporter that mediates low-affinity urea transport in erythrocytes. This gene forms the basis for the Kidd blood group system. SLC14A1 is responsible for the Kidd blood group system. The molecular basis of the Jk(a)/Jk(b) blood group antigens is a single variation in position 280; Asp-280 corresponds to Jk(a) and Asn-280 to Jk(b).

J Biol Chem. 1995 Jun 30;270(26):15607-10. Kidd blood group and urea transport function of human erythrocytes are carried by the same protein. Olivès B, Mattei MG, Huet M, Neau P, Martial S, Cartron JP, Bailly P.

The gene encoding the urea transporter of human erythrocytes (HUT11 clone) has been cloned recently (Olives, B., Neau, P., Bailly, P., Hediger, M. A., Rousselet, G., Cartron, J. P., and Ripoche, P. (1994) J. Biol. Chem. 269, 31649-31652). Now, this gene has been assigned to chromosome 18q12-q21 by in situ hybridization, as also found for the Kidd (Jk) blood group locus. In coupled transcription-translation assays, the HUT11 cDNA directed the synthesis of a 36-kDa protein which was immunoprecipitated by a human anti-Jk3 antibody produced by immunized Jk(a-b-) donors whose red cells lack Kidd antigens. The anti-Jk3 antibody also immunoprecipitated a protein material of 46-60 kDa from all red cell membranes, except those from Jk(a-b-) cells. After N-glycanase digestion the 46-60-kDa component was reduced to 36 kDa. A rabbit antibody raised against the predicted NH2-terminal amino-acids of the HUT11 protein reacted on immunoblots with a 46-60-kDa component present in all human erythrocytes except those from Jk(a-b-) individuals. Jk(a-b-) red cells lack the Kidd/urea transport protein and have a selective defect of the urea transport capacity, but a normal water permeability and aquaporin-associated Colton blood group antigens. These findings indicate that the erythrocyte urea transporter is encoded by the Kidd locus and may have implications for the biology of urea transporters and their tissue-specific regulation.

Genome Res. 2009 Feb;19(2):199-212. Widespread balancing selection and pathogen-driven selection at blood group antigen genes. Fumagalli M, Cagliani R, Pozzoli U, Riva S, Comi GP, Menozzi G, Bresolin N, Sironi M.

Historically, allelic variations in blood group antigen (BGA) genes have been regarded as possible susceptibility factors for infectious diseases. Since host-pathogen interactions are major determinants in evolution, BGAs can be thought of as selection targets. In order to verify this hypothesis, we obtained an estimate of pathogen richness for geographic locations corresponding to 52 populations distributed worldwide; after correction for multiple tests and for variables different from selective forces, significant correlations with pathogen richness were obtained for multiple variants at 11 BGA loci out of 26. In line with this finding, we demonstrate that three BGA genes, namely CD55, CD151, and SLC14A1, have been subjected to balancing selection, a process, rare outside MHC genes, which maintains variability at a locus. Moreover, we identified a gene region immediately upstream the transcription start site of FUT2 which has undergone non-neutral evolution independently from the coding region. Finally, in the case of BSG, we describe the presence of a highly divergent haplotype clade and the possible reasons for its maintenance, including frequency-dependent balancing selection, are discussed. These data indicate that BGAs have been playing a central role in the host-pathogen arms race during human evolutionary history and no other gene category shows similar levels of widespread selection, with the only exception of loci involved in antigen recognition.

_NM145176 (SLC2A12) or GLUT12/GLUT8; SLC2A12 belongs to a family of transporters that catalyze the uptake of sugars through facilitated diffusion (Rogers et al., 2002). This family of transporters show conservation of 12 transmembrane helices as well as functionally significant amino acid residues (Joost and Thorens, 2001 [PubMed 11780753].

Mol Membr Biol. 2001 Oct-Dec;18(4):247-56. The extended GLUT-family of sugar/polyol transport facilitators: nomenclature, sequence characteristics, and potential function of its novel members (review). Joost HG, Thorens B.

During the last 2 years, several novel genes that encode glucose transporter-like proteins have been identified and characterized. Because of their sequence similarity with GLUT1, these genes appear to belong to the family of solute carriers 2A (SLC2A, protein symbol GLUT). Sequence comparisons of all 13 family members allow the definition of characteristic sugar/polyol transporter signatures: (1) the presence of 12 membrane-spanning helices, (2) seven conserved glycine residues in the helices, (3) several basic and acidic residues at the intracellular surface of the proteins, (4) two conserved tryptophan residues, and (5) two conserved tyrosine residues. On the basis of sequence similarities and characteristic elements, the extended GLUT family can be divided into three subfamilies, namely class I (the previously known glucose transporters GLUT1-4), class II (the previously known fructose transporter GLUT5, the GLUT7, GLUT9 and GLUT11), and class III (GLUT6, 8, 10, 12, and the myo-inositol transporter HMIT1). Functional characteristics have been reported for some of the novel GLUTs. Like GLUT1-4, they exhibit a tissue/cell-specific expression (GLUT6, leukocytes, brain; GLUT8, testis, blastocysts, brain, muscle, adipocytes; GLUT9, liver, kidney; GLUT10, liver, pancreas; GLUT11, heart, skeletal muscle). GLUT6 and GLUT8 appear to be regulated by sub-cellular redistribution, because they are targeted to intra-cellular compartments by dileucine motifs in a dynamin dependent manner. Sugar transport has been reported for GLUT6, 8, and 11; HMIT1 has been shown to be a H+/myo-inositol co-transporter. Thus, the members of the extended GLUT family exhibit a surprisingly diverse substrate specificity, and the definition of sequence elements determining this substrate specificity will require a full functional characterization of all members.

Am J Physiol Endocrinol Metab. 2002 Mar;282(3):E733-8. Identification of a novel glucose transporter-like protein-GLUT-12. Rogers S, Macheda ML, Docherty SE, Carty MD, Henderson MA, Soeller WC, Gibbs EM, James DE, Best JD.

Facilitative glucose transporters exhibit variable hexose affinity and tissue-specific expression. These characteristics contribute to specialized metabolic properties of cells. Here we describe the characterization of a novel glucose transporter-like molecule, GLUT-12. GLUT-12 was identified in MCF-7 breast cancer cells by homology to the insulin-regulatable glucose transporter GLUT-4. The GLUT-12 cDNA encodes 617 amino acids, which possess features essential for sugar transport. Di-leucine motifs are present in NH(2) and COOH termini at positions similar to the GLUT-4 FQQI and LL targeting motifs. GLUT-12 exhibits 29% amino acid identity with GLUT-4 and 40% to the recently described GLUT-10. Like GLUT-10, a large extracellular domain is predicted between transmembrane domains 9 and 10. Genomic organization of GLUT-12 is highly conserved with GLUT-10 but distinct from GLUTs 1-5. Immunofluorescence showed that, in the absence of insulin, GLUT-12 is localized to the perinuclear region in MCF-7 cells. Immunoblotting demonstrated GLUT-12 expression in skeletal muscle, adipose tissue, and small intestine. Thus GLUT-12 is potentially part of a second insulin-responsive glucose transport system.

Biochem Biophys Res Commun. 2003 Aug 15;308(1):43-9. Expression of Class III facilitative glucose transporter genes (GLUT-10 and GLUT-12) in mouse and human adipose tissues. Wood IS, Hunter L, Trayhurn P.

We have examined whether GLUT-10 and GLUT-12, members of the Class III group of the recently expanded family of facilitative glucose transporters, are expressed in adipose tissues. The mouse GLUT-12 gene, located on chromosome 10, comprises at least five exons and encodes a 622 amino acid protein exhibiting 83% sequence identity and 91% sequence similarity to human GLUT-12. Expression of the GLUT-12 gene was evident in all the major mouse adipose tissue depots (epididymal, perirenal, mesenteric, omental, and subcutaneous white; interscapular brown). The GLUT-10 gene is also expressed in mouse adipose tissues and as with GLUT-12 expression occurred in the mature adipocytes as well as the stromal vascular cells. 3T3-L1 adipocytes express GLUT-10, but not GLUT-12, and expression of GLUT-12 was not induced by insulin or glucose. Both GLUT-10 and GLUT-12 expression was also found in human adipose tissue (subcutaneous and omental) and SGBS adipocytes. It is concluded that white fat expresses a wide range of facilitative glucose transporters.

3- DNA mismatch repair proteins: MLH3 (NM001040108)

_NM001040108; DNA mismatch repair protein (Mlh3) Probably involved in the repair of mismatches in DNA.

Nat Genet. 2001 Oct;29(2):137-8. A role for MLH3 in hereditary nonpolyposis colorectal cancer. Wu Y, Berends MJ, Sijmons RH, Mensink RG, Verlind E, Kooi KA, van der Sluis T, Kempinga C, van dDer Zee AG, Hollema H, Buys CH, Kleibeuker JH, Hofstra RM.

We investigated a possible role of the mismatch-repair gene MLH3 in hereditary nonpolyposis colorectal cancer by scanning for mutations in 39 HNPCC families and in 288 patients suspected of having HNPCC. We identified ten different germline MLH3 variants, one frameshift and nine missense mutations, in 12 patients suspected of HNPCC. Three of the 12 also carried a mutation in MSH6.

Hum Mutat. 2001 May;17(5):389-96. Germline and somatic mutation analyses in the DNA mismatch repair gene MLH3: Evidence for somatic mutation in colorectal cancers. Lipkin SM, Wang V, Stoler DL, Anderson GR, Kirsch I, Hadley D, Lynch HT, Collins FS.

DNA mismatch repair is of considerable scientific and medical importance because of its essential role in maintaining genomic integrity, and its association with hereditary non-polyposis colon cancer (HNPCC). Germline mutations in five mismatch repair genes (MLH1, MSH2, PMS1, PMS2, and MSH6) have been associated with HNPCC susceptibility. Our laboratory recently identified MLH3, a novel DNA mismatch repair gene. We screened the MLH3 coding sequence in 60 probands with increased genetic risk factors for colorectal cancer susceptibility and no mutations in the other candidate genes. No definite MLH3 germline mutations were found. We subsequently screened 36 colon tumors, and discovered an appreciable frequency of somatic MLH3 coding mutations in MSI-H tumors (25%). In four of six tumors, evidence of biallelic inactivation was noted. Furthermore, MLH3 nonsense mutations were identified in two of 12 microsatellite stable (MSS) tumors with 14q24 loss of heterozygosity. While our analyses do not exclude the existence of germline MLH3 mutations in patients with increased genetic risk factors for colorectal cancer susceptibility, they suggest such mutations are uncommon in this patient population. The finding of an appreciable frequency of somatic MLH3 mutations is consistent with a possible role for this gene in the progression of colorectal cancer tumorigenesis. 

4-Murine osteosarcome viral oncogens: FOS (NM005252); FOSB (NM006732)

_NM005252; Murine Osteosarcoma viral oncogene (FOS) or proto-oncogen c-Fos The Fos gene family consists of 4 members: FOS, FOSB, FOSL1, and FOSL2.  These genes encode leucine zipper proteins that can dimerize with proteins of the JUN family, thereby forming the transcription factor complex AP-1.  As such, the FOS proteins have been implicated as regulators of cell proliferation, differentiation, and transformation.  In some cases, expression of the FOS gene has also been associated with apoptotic cell death.

Arch Med Res. 2010 Apr;41(3):201-6. Negative association of c-fos expression as a favorable prognostic indicator in gastric cancer. Zhou L, Zhang JS, Yu JC, Cui QC, Zhou WX, Kang WM, Ma ZQ.

The onco-protein c-fos was previously linked to favorable prognosis of gastric cancer (GC) without further validations. The present study was designed to address the issue based on a cohort of Chinese patients. Expression of c-fos was determined by immunohistochemical staining in specimens from 58 patients with GC who underwent surgical resection. The relationships between c-fos expression and clinicopathological and prognostic variables were further evaluated. Expression of c-fos in tumor epithelia was observed in 39 (67.2%) patients. The protein was also positively expressed in lymphocytes within tumors and para-tumor epithelia. Tumors with positive expression of c-fos in tumor epithelia had a smaller size and marginally earlier T stage in all patients and/or those who underwent curative resection. Univariate analysis showed that patients with positive c-fos expression in tumor epithelia had significantly prolonged overall and tumor-free survival. Cox regression analysis revealed that c-fos expression in tumor epithelia was an independent or potential independent indicator of improved prognosis in different subgroups of patients. Expression of c-fos in para-tumor epithelia and intra-tumor lymphocytes was not associated with clinicopathological variables and long-term outcomes in patients. Our data demonstrated that c-fos expression was negatively associated with tumor progression and was predictive for favorable survival in patients with GC.
EMBO J. 1995 Oct 16;14(20):5048-59. The Mos/MAP kinase pathway stabilizes c-Fos by phosphorylation and augments its transforming activity in NIH 3T3 cells. Okazaki K, Sagata N.

The c-mos proto-oncogene product, Mos, is a serine/threonine kinase that can activate ERK1 and 2 mitogen-activated protein (MAP) kinases by direct phosphorylation of MAPK/ERK kinase (MEK). ERK activation is essential for oncogenic transformation of NIH 3T3 cells by Mos. In this study, we examined how mitogenic and oncogenic signalling from the Mos/MEK/ERK pathway reaches the nucleus to activate downstream target genes. We show that c-Fos (the c-fos protooncogene product), which is an intrinsically unstable nuclear protein, is metabolically highly stabilized, and greatly enhances the transforming efficiency of NIH 3T3 cells, by Mos. This stabilization of c-Fos required Mos-induced phosphorylation of its C-terminal region on Ser362 and Ser374, and double replacements of these serines with acidic (Asp) residues markedly increased the stability and transforming efficiency of c-Fos even in the absence of Mos. Moreover, activation of the ERK pathway was necessary and sufficient for the c-Fos phosphorylation and stabilization by Mos. These results indicate that c-Fos undergoes stabilization, and mediates at least partly the oncogenic signalling, by the Mos/MEK/ERK pathway. The present findings also suggest that, in general, the ERK pathway may regulate the cell fate and function by affecting the metabolic stability of c-Fos.

Cell Death Differ. 2011. F-box protein 10, an NF-κB-dependent anti-apoptotic protein, regulates TRAIL-induced apoptosis through modulating c-Fos/c-FLIP pathway. Ge R, Wang Z, Zeng Q, Xu X, Olumi AF.

Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) induces selective apoptotic death of human cancer cells while sparing normal human cells. Although TRAIL holds great promise as a potential anticancer agent, some tumors develop resistance to TRAIL. Previously, we have shown that the activator protein 1 (AP-1) family member, c-Fos, is an important modulator of apoptosis. Although F- box protein 10 (FBXL10) has been implicated to regulate an AP-1 family protein, c-Jun, its role in mediating apoptotic pathways has not been previously investigated. Here, we report that FBXL10 is a transcriptional repressor of c-Fos and a target gene of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB)-p65 in human cancers. We demonstrate that FBXL10 is an important anti-apoptotic molecule, which directly binds and represses c-Fos promoter in order for cancer cells to resist TRAIL-induced apoptosis. FBXL10 indirectly regulates c-FLIP(L) levels via c-Fos-dependent pathways. Silencing of FBXL10 sensitizes resistant cells to TRAIL, while, overexpression of FBXL10 represses TRAIL-induced apoptosis. Moreover, our results indicate that expression of FBXL10 functions via an NF-κB-dependent pathway, and TRAIL or proteasome inhibitors downregulate FBXL10 via inhibiting NF-κB signaling. Taken together, we find a novel functional role for FBXL10 as an anti-apoptotic molecule, and describe a new apoptotic-related pathway that involves NF-κB/FBXL10/c-Fos/c-FLIP. Therefore, silencing FBXL10 can help overcome resistant cancer cells for pro-apoptotic therapies.

5- Tissue inhibitor of metallopeptidase: TIMP2 (NM003255); TIMP3 (NM000362); TIMP4 (NM003256)

_NM000362 TIMP metallopeptodase inhibitor 3 (TIMP3) This gene belongs to the TIMP gene family. The proteins encoded by this gene family are inhibitors of the matrix metalloproteinases, a group of peptidases involved in degradation of the extracellular matrix (ECM). Expression of this gene is induced in response to mitogenic stimulation and this netrin domain-containing protein is localized to the ECM. Complexes with metalloproteinases (such as collagenases) and irreversibly inactivates them by binding to their catalytic zinc cofactor. May form part of a tissue-specific acute response to remodeling stimuli. Known to act on MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, MMP-13, MMP-14 and MMP-15. Mutations in this gene have been associated with the autosomal dominant disorder Sorsby's fundus dystrophy (SFD). SFD is a rare autosomal dominant macular disorder with an age of onset in the fourth decade. It is characterized by loss of central vision from subretinal neovascularization and atrophy of the ocular tissues. Generally, macular disciform degeneration develops in the patients eye within 6 months to 6 years.

Nat Genet. 1994 Dec;8(4):352-6. Mutations in the tissue inhibitor of metalloproteinases-3 (TIMP3) in patients with Sorsby's fundus dystrophy. Weber BH, Vogt G, Pruett RC, Stöhr H, Felbor U.

The hereditary macular dystrophies are progressive degenerations of the central retina and contribute significantly to irreversible visual loss in developed countries. Among these disorders, Sorsby's fundus dystrophy (SFD), an autosomal dominant condition, provides an excellent mendelian model for the study of the genetically complex age-related macular degeneration (AMD), the most common maculopathy in the elderly. Recently, we mapped the SFD locus to 22q13-qter. This same region contains the gene for tissue inhibitor of metalloproteinases-3 (TIMP3), which is known to play a pivotal role in extracellular matrix remodeling. We have now identified point mutations in the TIMP3 gene in affected members of two SFD pedigrees. These mutations are predicted to disrupt the tertiary structure and thus the functional properties of the mature protein

Br J Cancer. 2011 Jan 4;104(1):138-45. Overexpression of TACE and TIMP3 mRNA in head and neck cancer: association with tumour development and progression. Kornfeld JW, Meder S, Wohlberg M, Friedrich RE, Rau T, Riethdorf L, Löning T, Pantel K, Riethdorf S.

TACE/ADAM17 is a transmembranous protease that cleaves membrane-bound growth factors like EGFR ligands. TACE-dependent proteolysis is regulated by its inhibitor, tissue inhibitor of metalloproteinases 3 (TIMP3). This study analyses the role of TACE and TIMP3 mRNA expression in squamous cell carcinomas of the head and neck (HNSCCs). We analysed TACE and TIMP3 mRNA expression in HNSCCs from 106 patients by RNA in situ hybridisation. TACE mRNA was upregulated in HNSCCs compared with dysplastic (P<0.05) and normal epithelia (P<0.001), with strong hybridisation signals in 21.9% of invasive tumour tissues and 4.5% of dysplasia. Elevated mRNA levels were accompanied by increased amounts of TACE protein in HNSCCs. TIMP3 mRNA expression in HNSCC-associated stroma was significantly higher than in the stroma adjacent to dysplastic or normal epithelia. Expression of TACE mRNA in HNSCCs was associated with tumour stage (P=0.019) and regional lymph node metastasis (P=0.009). Furthermore, levels of TACE mRNA in HNSCCs correlated with the expression of TIMP3 mRNA in HNSCC-associated stroma. Concomitantly, patients expressing high levels of TACE and TIMP3 mRNA showed significantly reduced overall survival compared with those with low mRNA levels. Our results indicate an important role of TACE and TIMP3 during development and progression of HNSCCs.
PLoS One. 2010 Sep 30;5(9). pii: e13086. Tissue inhibitor of metalloproteinase-3 (TIMP-3) regulates hematopoiesis and bone formation in vivo. Shen Y, Winkler IG, Barbier V, Sims NA, Hendy J, Lévesque JP.

Tissue inhibitor of metalloproteinases-3 (TIMP-3) inhibits matrix metalloproteinases and membrane-bound sheddases. TIMP-3 is associated with the extracellular matrix and is expressed in highly remodeling tissues. TIMP-3 function in the hematopoietic system is unknown. We now report that TIMP-3 is highly expressed in the endosteal region of the bone marrow (BM), particularly by osteoblasts, endothelial and multipotent mesenchymal stromal cells which are all important cellular components of hematopoietic stem cell (HSC) niches, whereas its expression is very low in mature leukocytes and hematopoietic stem and progenitor cells. A possible role of TIMP-3 as an important niche component was further suggested by its down-regulation during granulocyte colony-stimulating factor-induced mobilization. To further investigate TIMP-3 function, mouse HSC were retrovirally transduced with human TIMP-3 and transplanted into lethally irradiated recipients. TIMP-3 overexpression resulted in decreased frequency of B and T lymphocytes and increased frequency of myeloid cells in blood and BM, increased Lineage-negative Sca-1(+)KIT(+) cell proliferation in vivo and in vitro and increased colony-forming cell trafficking to blood and spleen. Finally, over-expression of human TIMP-3 caused a late onset fatal osteosclerosis. Our results suggest that TIMP-3 regulates HSC proliferation, differentiation and trafficking in vivo, as well as bone and bone turn-over, and that TIMP-3 is expressed by stromal cells forming HSC niches within the BM. Thus, TIMP-3 may be an important HSC niche component regulating both hematopoiesis and bone remodeling.
Am J Physiol Heart Circ Physiol. 2010 Oct;299(4):H1012-23. Early activation of matrix metalloproteinases underlies the exacerbated systolic and diastolic dysfunction in mice lacking  TIMP3 following myocardial infarction. Kandalam V, Basu R, Abraham T, Wang X, Awad A, Wang W, Lopaschuk GD, Maeda N, Oudit GY, Kassiri Z.

Extracellular matrix (ECM) remodeling is a critical aspect of cardiac remodeling following myocardial infarction. Tissue inhibitors of metalloproteinases (TIMPs) are physiological inhibitors of matrix metalloproteinases (MMPs) that degrade the ECM proteins. TIMP3 is highly expressed in the heart, and is markedly downregulated in patients with ischemic cardiomyopathy. We therefore examined the time- and region-dependent role of TIMP3 in the cardiac response to myocardial infarction (MI). TIMP3(-/-) and wild-type (WT) mice were subjected to MI by ligation of the left anterior descending artery. TIMP3(-/-)-MI mice exhibited a significantly compromised rate of survival compared with WT-MI mice, primarily due to increased left ventricular (LV) rupture, greater infarct expansion, exacerbated LV dilation, and greater systolic and diastolic dysfunction. Second harmonic generation imaging of unfixed and unstained hearts revealed greater collagen disarray and reduced density in the TIMP3(-/-) infarct myocardium compared with the WT group. Gelatinolytic and collagenolytic activities increased in TIMP3(-/-) compared with WT hearts at 1 day post-MI but not at 3 days or 1 wk post-MI. Neutrophil infiltration and inflammatory MMPs were significantly increased in the infarct and peri-infarct regions of TIMP3(-/-)-MI hearts. Treatment of TIMP3(-/-) mice with a broad-spectrum MMP inhibitor (PD-166793) for 2 days before and 2 days after MI markedly improved post-MI infarct expansion, LV rupture incident, LV dilation, and systolic dysfunction in these mice up to 1 wk post-MI. Our data demonstrate that the initial rise in proteolytic activities early post-MI is a triggering factor for subsequent LV adverse remodeling, LV rupture, and dilated cardiomyopathy. Hence, timing of treatments to improve cardiac response to MI may be critical in producing favorable outcome.

6-Insulin-like growth factor binding protein: IGFBP7 (NM001553); IGFBP4 (NM001552); IGFBP5 (NM000599); IGFBP3 (NM001013398)

_NM 001552 (IGFBP4) This gene is a member of the insulin-like growth factor binding protein (IGFBP) family and encodes a protein with an IGFBP domain and a thyroglobulin type-I domain. The protein binds both insulin-like growth factors (IGFs) I and II and circulates in the plasma in both glycosylated and non-glycosylated forms. Binding of this protein prolongs the half-life of the IGFs and alters their interaction with cell surface receptors.

Pathol Int. 2011 Jan;61(1):19-27. Insulin-like growth factor binding protein-4 gene silencing in lung adenocarcinomas. Sato H, Sakaeda M, Ishii J, Kashiwagi K, Shimoyamada H, Okudela K, Tajiri M, Ohmori T, Ogura T, Woo T, Masuda M, Hirata K, Kitamura H, Yazawa T.

Gene silencing by promoter hypermethylation plays an important role in molecular pathogenesis. We previously reported that insulin-like growth factor (IGF) binding protein-4 (IGFBP-4), which inhibits IGF-dependent growth, is expressed via early growth response-1 (EGR-1) and is often silenced in cultivated lung cancer cells. The purpose of the present study was to clarify clinicopathological factors associated with IGFBP-4 gene silencing in lung adenocarcinomas. Seventy-six surgically resected adenocarcinomas (20 well-, 35 moderately-, and 21 poorly-differentiated) were subjected to methylation-specific polymerase chain reaction (PCR) analysis for EGR-1-binding sites located in the IGFBP-4 promoter and immunohistochemistry for IGFBP-4, EGR-1, and Ki-67. Thirty-two adenocarcinomas (42%) revealed IGFBP-4 promoter hypermethylation, and the severity inversely correlated with the level of IGFBP-4 expression (P < 0.0001) and tumor differentiation (well versus poor, P = 0.0278; well/moderate versus poor, P = 0.0395). Furthermore, there was a negative correlation between Ki-67 labeling index and IGFBP-4 expression (P = 0.0361). These findings suggest that the expression of IGFBP-4 in adenocarcinoma cells in vivo is downregulated by epigenetic silencing in association with tumor differentiation, resulting in disruption of the mechanism of IGFBP-4-mediated growth inhibition.

Genomics. 1998 May 1;49(3):401-10. Structure and transcription regulation of the human insulin-like growth factor binding protein 4 gene (IGFBP4). Zazzi H, Nikoshkov A, Hall K, Luthman H.

Insulin-like growth factor binding protein 4 (IGFBP-4) is locally produced by normal human bone cells and acts as a potent inhibitor of IGF action in this tissue. PTH and a cAMP analog increase the expression of IGFBP4 mRNA in human osteoblast cells. We now show that the human IGFBP4 gene is contained within 15.3 kb with the transcription initiation site located 28 bp downstream of a TATA box sequence and 286 bp upstream of the translation initiation codon. The 3'-end of the mRNA was identified at position 14281, but no conserved poly(A) addition signal was found within 30 bp upstream of this site. Deletion mutagenesis located the core promoter activity downstream of position -289, and the transcription activity disappeared at -6. Stimulation with 0.5 mM dibutyryl-cAMP resulted in a twofold increase of promoter activity. Elements responsible for the cAMP response reside between positions -869 and -6.

7-Integrins alpha (ITGA) or beta (ITGB): ITGA2 (NM002203); ITGAX (NM000887); ITGA4 (NM000885); ITGB8 (NM002214); ITGB11 (NM001004439)

_NM002214 (ITGB8); This gene is a member of the integrin beta chain family and encodes a single-pass type I membrane protein with a VWFA domain and four cysteine-rich repeats. This protein noncovalently binds to an alpha subunit to form a heterodimeric integrin complex. In general, integrin complexes mediate cell-cell and cell-extracellular matrix interactions and this complex plays a role in human airway epithelial proliferation. Alternatively spliced variants which encode different protein isoforms have been described; however, not all variants have been fully characterized. Beta-8 associates with alpha-V to do Integrin alpha-V/beta-8 which is a receptor for fibronectin.

Oncogene. 2011 Feb 17;30(7):806-21. MicroRNA miR-93 promotes tumor growth and angiogenesis by targeting integrin-β8. Fang L, Deng Z, Shatseva T, Yang J, Peng C, Du WW, Yee AJ, Ang LC, He C, Shan SW, Yang BB.

It has been reported that the miR-106b∼25 cluster, a paralog of the miR-17∼92 cluster, possesses oncogenic activities. However, the precise role of each microRNA (miRNA) in the miR-106b∼25 cluster is not yet known. In this study, we examined the function of miR-93, one of the microRNAs within the miR-106b∼25 cluster, in angiogenesis and tumor formation. We found that miR-93 enhanced cell survival, promoted sphere formation and augmented tumor growth. Most strikingly, when miR-93-overexpressing U87 cells were co-cultured with endothelial cells, they supported endothelial cell spreading, growth, migration and tube formation. In vivo studies revealed that miR-93-expressing cells induced blood vessel formation, allowing blood vessels to extend to tumor tissues in high densities. Angiogenesis promoted by miR-93 in return facilitated cell survival, resulting in enhanced tumor growth. We further showed that integrin-β8 is a target of miR-93. Higher levels of integrin-β8 are associated with cell death in tumor mass and in human glioblastoma. Silencing of integrin-β8 expression using small interfering RNA promoted cell proliferation, whereas ectopic expression of integrin-β8 decreased cell growth. These findings showed that miR-93 promotes tumor growth and angiogenesis by suppressing, at least in part, integrin-β8 expression. Our results suggest that inhibition of miR-93 function may be a feasible approach to suppress angiogenesis and tumor growth.

J Cell Biol. 2002 Apr 29;157(3):493-507. The integrin alpha(v)beta8 mediates epithelial homeostasis through MT1-MMP-dependent activation of TGF-beta1. Mu D, Cambier S, Fjellbirkeland L, Baron JL, Munger JS, Kawakatsu H, Sheppard D, Broaddus VC, Nishimura SL.

Integrins, matrix metalloproteases (MMPs), and the cytokine TGF-beta have each been implicated in homeostatic cell behaviors such as cell growth and matrix remodeling. TGF-beta exists mainly in a latent state, and a major point of homeostatic control is the activation of TGF-beta. Because the latent domain of TGF-beta1 possesses an integrin binding motif (RGD), integrins have the potential to sequester latent TGF-beta (SLC) to the cell surface where TGF-beta activation could be locally controlled. Here, we show that SLC binds to alpha(v)beta8, an integrin expressed by normal epithelial and neuronal cells in vivo. This binding results in the membrane type 1 (MT1)-MMP-dependent release of active TGF-beta, which leads to autocrine and paracrine effects on cell growth and matrix production. These data elucidate a novel mechanism of cellular homeostasis achieved through the coordination of the activities of members of three major gene families involved in cell-matrix interactions.

Cancer Res. 2000 Dec 15;60(24):7084-93. A role for the integrin alphavbeta8 in the negative regulation of epithelial cell growth. Cambier S, Mu DZ, O'Connell D, Boylen K, Travis W, Liu WH, Broaddus VC, Nishimura SL.

The control of cell growth is regulated through coordinated responses to growth factors and cell-extracellular matrix (ECM) interactions. Integrins, the major family of cell-ECM receptors, are vital to these coordinated responses. Although much is known of the role of integrins in growth promotion, specific examples of integrin-mediated cell growth inhibition are few. On the basis of our findings that the integrin beta8 subunit is expressed in airway epithelial cells and is absent in lung cancers, we investigated the role and mechanism of the integrin alphavbeta8 in mediating growth inhibition. When introduced into either a lung or colon carcinoma cell line, beta8 inhibited cell growth without inducing apoptosis. Ligation of alphavbeta8 also induced cell rounding, inhibited focal contact formation, and initiated an inhibitory signaling pathway as demonstrated by increased expression of the cyclin-dependent kinase inhibitor p21Cip1. The cytoplasmic domain of beta8 was capable of both growth inhibition and causing cell shape changes as shown by the use of a chimeric integrin construct consisting of the beta8-cytoplasmic domain coupled to the beta6-extracellular domain. Finally, when tested in vivo, beta8 potently inhibited tumor growth in nude mice. Together, these results implicate alphavbeta8 as a novel growth-regulatory molecule of epithelial cell.

8-NM016952: Cdon homolog (mouse) (CDON or CDO); CDON and BOC (MIM 608708) are cell surface receptors of the immunoglobulin (Ig)/fibronectin type III (FNIII; see MIM135600) repeat family involved in myogenic differentiation. CDON and BOC are coexpressed during development, form complexes with each other in a cis fashion, and are related to each other in their ectodomains, but each has a unique long cytoplasmic tail. They are component of a cell-surface receptor complex that mediates cell-cell interactions between muscle precursor cells. Promotes differentiation of myogenic cells. Oncogenic protein.
J Cell Biol. 1997 Jul 14;138(1):203-13. CDO: an oncogene-, serum-, and anchorage-regulated member of the Ig/fibronectin type III repeat family. Kang JS, Gao M, Feinleib JL, Cotter PD, Guadagno SN, Krauss RS.

Cell adhesion molecules of the Ig superfamily are implicated in a wide variety of biological processes, including cell migration, axon guidance and fasciculation, and growth control and tumorigenesis. Expression of these proteins can be highly dynamic and cell type specific, but little is known of the signals that regulate such specificity. Reported here is the molecular cloning and characterization of rat CDO, a novel cell surface glycoprotein of the Ig superfamily that contains five Ig-like repeats, followed by three fibronectin type III-like repeats in its extracellular region, and a 256-amino acid intracellular region that does not resemble other known proteins. In rat embryo fibroblasts, cdo mRNA expression is maximal in confluent, quiescent cells. It is rapidly and transiently down-regulated by serum stimulation of such cells, and is constitutively down-regulated in oncogene-transformed derivatives of these cells. CDO protein levels are also dramatically regulated by cell-substratum adhesion, via a mechanism that is independent of cdo mRNA expression. The amount of CDO produced at the surface of a cell may therefore be governed by a complex balance of signals, including mitogenic stimuli that regulate cdo mRNA levels, and substratum-derived signals that regulate CDO protein production. cdo mRNA is expressed at low levels in most adult rat tissues. A closely related human gene maps to chromosome 11q23-24, a region that displays frequent loss of heterozygosity in human lung, breast, and ovarian tumors. Taken together, these data suggest that loss of CDO function could play a role in oncogenesis.
J Biol Chem. 2010 Aug 6;285(32):24584-90. All mammalian Hedgehog proteins interact with cell adhesion molecule, down-regulated by oncogenes (CDO) and brother of CDO (BOC) in a conserved manner. Kavran JM, Ward MD, Oladosu OO, Mulepati S, Leahy DJ.

Hedgehog (Hh) signaling proteins stimulate cell proliferation, differentiation, and tissue patterning at multiple points in animal development. A single Hh homolog is present in Drosophila, but three Hh homologs, Sonic Hh, Indian Hh, and Desert Hh, are present in mammals. Distribution, movement, and reception of Hh signals are tightly regulated, and abnormal Hh signaling is associated with developmental defects and cancer. In addition to the integral membrane proteins Patched and Smoothened, members of the Drosophila Ihog family of adhesion-like molecules have recently been shown to bind Hh proteins with micromolar affinity and positively regulate Hh signaling. Cell adhesion molecule-related, down-regulated by oncogenes (CDO) and Brother of CDO (BOC) are the closest mammalian relatives of Drosophila Ihog, and CDO binds Sonic Hh with micromolar affinity and positively regulates Hh signaling. Despite these similarities, structural and biochemical studies have shown that Ihog and CDO utilize nonorthologous domains and completely different binding modes to interact with cognate Hh proteins. We report here biochemical and x-ray structural studies of Sonic, Indian, and Desert Hh proteins both alone and complexed with active domains of CDO and BOC. These results show that all mammalian Hh proteins bind CDO and BOC in the same manner. We also show that interactions between Hh proteins and CDO are weakened at low pH. Formation of Hh-mediated Hh oligomers is thought to be an important feature of normal Hh signaling, but no conserved self-interaction between Hh proteins is apparent from inspection of 14 independent Hh-containing crystal lattices.

Mol Carcinog. 2003 May;37(1):1-4. Overexpression of the immunoglobulin superfamily members CDO and BOC enhances differentiation of the human rhabdomyosarcoma cell line RD. Wegorzewska M, Krauss RS, Kang JS.

Rhabdomyosarcoma is a childhood tumor of the skeletal muscle lineage in which cells display defects in both biochemical and morphological aspects of differentiation. The immunoglobulin superfamily members CDO and BOC are components of a cell surface receptor that positively regulates myogenesis in vitro. Expression of Cdo and Boc in myoblast cell lines is downregulated by the ras oncogene, and forced re-expression of either Cdo or Boc can override ras-induced inhibition of myogenic differentiation [Kang et al., J Cell Biol 1998; 143:403-413; Kang et al., EMBO J 2002; 21:114-124]. The current study sought to test whether the promyogenic properties of CDO and BOC could be extended to a human rhabdomyosarcoma cell line, RD. Stable overexpression of CDO or BOC in RD cells led to enhanced expression of two markers of muscle cell differentiation, troponin T and myosin heavy chain, and to increased formation of elongated, myosin heavy chain-positive myotubes. These observations are consistent with the notion that CDO and BOC play a role in the inverse relationship between differentiation and transformation of cells in the skeletal muscle lineage.

9-Cystatins (CST): CST1 (NM001898) or cystatin-SN. The cystatin superfamily encompasses proteins that contain multiple cystatin-like sequences. Some of the members are active cysteine protease inhibitors, while others have lost or perhaps never acquired this inhibitory activity. There are three inhibitory families in the superfamily, including the type 1 cystatins (stefins), type 2 cystatins and the kininogens. The type 2 cystatin proteins are a class of cysteine proteinase inhibitors found in a variety of human fluids and secretions, where they appear to provide protective functions. The cystatin locus on chromosome 20 contains the majority of the type 2 cystatin genes and pseudogenes. This gene is located in the cystatin locus and encodes a cysteine proteinase inhibitor found in saliva, tears, urine, and seminal fluid. Human saliva appears to contain several cysteine proteinase inhibitors that are immunologically related to cystatin S but that differ in their specificity due to amino acid sequence differences. Cystatin SN, with a pI of 7.5, is a much better inhibitor of papain and dipeptidyl peptidase I than is cystatin S, although both inhibit ficin equally well.

Clin Chim Acta. 2009 Aug;406(1-2):45-51. Upregulation of the cysteine protease inhibitor, cystatin SN, contributes to cell proliferation and cathepsin inhibition in gastric cancer. Choi EH, Kim JT, Kim JH, Kim SY, Song EY, Kim JW, Kim SY, Yeom YI, Kim IH, Lee HG.

Cysteine proteases like cathepsins are widely distributed proteolytic enzymes and form tight equimolar complexes with cystatins at their active sites. Among cystatins, CST1, encoding cystatin SN, is a member of the type 2 salivary cystatin family found in a variety of fluids and secretions, including plasma, tears, and saliva. CST1 was identified as an upregulated gene in gastric cancer tissues compared to noncancerous regions using our Affymetrix GeneChip microarray. The upregulation of CST1 in gastric cancer was analyzed using RT-PCR (n=15), immnohistochemistry, and clinicopathological (n=77) analysis. CST1-siRNA was used for the suppression of CST1 gene expression and cathepsin proteolytic activity was assayed. CST1 was upregulated in cancerous lesions of gastric cancer tissues compared to noncancerous regions and clinicopathological analysis showed a significant correlation between high expression of CST1 and pTNM stage (p=0.044). In CST1-siRNA transfected cells, cell proliferation was reduced and the proteolytic activity of cathepsins was increased. CST1 might be highly involved in gastric tumorigenesis and regulate the proteolytic activity of cysteine proteases.
Int J Oncol. 2009 Jul;35(1):33-40. Identification of Cystatin SN as a novel tumor marker for colorectal cancer. Yoneda K et al.

The goal of this study was to investigate Cystatin SN, a cysteine protease inhibitor, as a novel tumor marker for colorectal cancer (CRC). Gene expression profiles of mRNA from normal tissues and cancer cell lines were performed. Twenty-eight monoclonal antibodies for Cystatin SN were generated and serum Cystatin SN was quantified using ELISA in sera from 159 patients with CRC and 40 healthy controls. Cystatin SN was highly expressed in colon cancer cells. Employing a receiver-operating characteristic curve, we obtained an area under the curve of 0.708 for Cystatin SN, 0.819 for carcinoembryonic antigen (CEA) and 0.703 for carbohydrate antigen 19-9 (CA19-9). The combination assay of Cystatin SN, CEA and CA19-9 showed 62.9% sensitivity and 90.0% specificity. Especially, the sensitivity of the combination assay in stages I and II detection, in which stages curative operation would be possible, was improved over that of the assay testing only for CEA and CA19-9 (from 37.5 to 42.5% in stage I, from 49.0 to 60.8% in stage II). Furthermore, Western blot analysis revealed that Cystatin SN was increased in the urine from patients with CRC. Our results suggest the possibility of utilizing this novel tumor marker that can be tested in urine samples. These observations suggest that Cystatin SN in combination with CEA and CA19-9 is a useful tumor marker for detecting early stage CRC and that it is a unique urinary excretory protein, suggesting that Cystatin SN might be a novel candidate for use in mass screening for CRC.

10-Nidogens (NID): NID1 (NM002508); NID2 (NM007361)

_NM007361 (NID2); This gene encodes a member of the nidogen family of basement membrane proteins. This protein is a cell-adhesion protein that binds collagens I and IV and laminin and may be involved in maintaining the structure of the basement membrane.

Clin Biochem. 2010 Mar;43(4-5):355-61. Nidogen-2: a new serum biomarker for ovarian cancer. Kuk C, Gunawardana CG, Soosaipillai A, Kobayashi H, Li L, Zheng Y, Diamandis EP.

New ovarian cancer biomarkers suitable for early disease diagnosis, prognosis or monitoring could improve patient management and outcomes. Nidogen-2 was measured by immunoassay in serum of 100 healthy women, 100 women with benign gynecological conditions and 100 women with ovarian carcinoma. Serum nidogen-2 concentration between normal and benign disease patients was not different (median, 13.2 and 12.1 mg/L, respectively). However, nidogen-2 concentration in serum of ovarian cancer patients was elevated (median, 18.6 mg/L; p<0.0001). Both nidogen-2 and CA125 were elevated more in serous histotypes of ovarian cancer and late state disease. Nidogen-2 and CA125 concentrations were strongly correlated. ROC curve analysis for nidogen-2 had an area under the curve (AUC) ranging from 0.73 to 0.83 but CA125 was superior (AUC ranging from 0.87 to 0.99). There was no complementarity between the two markers. Nidogen-2 is a new biomarker for ovarian cancer which correlates closely with CA125.
J Invest Dermatol. 2007 Mar;127(3):545-54. Lack of nidogen-1 and -2 prevents basement membrane assembly in skin-organotypic coculture. Nischt R, Schmidt C, Mirancea N, Baranowsky A, Mokkapati S, Smyth N, Woenne EC, Stark HJ, Boukamp P, Breitkreutz D.

Nidogens are considered as classical linkers joining laminin and collagen IV networks in basement membranes (BMs); however, recent genetic approaches have suggested that nidogens function in a tissue-specific and developmental context. Thus, in mice lacking both nidogen-1 and -2 heart and lung were severely affected, causing neonatal death. Furthermore, in various locations, extravasation of erythrocytes was observed implying microvascular defects. Mice expressing solely either isoform, had a functional BM, although nidogen-2 binds with lower affinity to the laminin gamma1 chain. Having previously blocked BM formation by interfering with nidogen-1 binding to laminin in skin-organotypic cocultures, here we investigated the roles of nidogen-1 and -2 in this model. For that purpose, human HaCaT cells were grown in three-dimensional cocultures on collagen matrices containing murine fibroblasts of varying nidogen deficiency. As with our experiments blocking laminin-nidogen interaction, lack of both nidogens completely prevented BM deposition and ultrastructural assembly of BM and hemidesmosomes, although other BM proteins remained detectable at comparable levels with no signs of degradation. Supplementation by recombinant nidogen-1 or -2 restored these structures, as shown by immunofluorescence and electron microscopy, confirming that in this system nidogen-2 is equivalent to nidogen-1, and both can promote the development of a functional BM zone.

11-Demethylases: KDM5D (NM001146705); JHDM1D (NM030647)

_NM030647_ Jumonji C domain containing histone demethylase 1 homolog D (S. Cerevisiae) (JHDM1D) Also known as KDM7A; KIAA1718. It´s the Lysine-specific demethylase 7. Histone demethylase required for brain development. Specifically demethylates dimethylated 'Lys-9' and 'Lys-27' (H3K9me2 and H3K27me2, respectively) of histone H3 and monomethylated histone H4 'Lys-20' residue (H4K20Me1), thereby playing a central role in histone code.

Cell Res. 2010 Feb;20(2):154-65. Dual-specificity histone demethylase KIAA1718 (KDM7A) regulates neural differentiation through FGF4. Huang C, Xiang Y, Wang Y, Li X, Xu L, Zhu Z, Zhang T, Zhu Q, Zhang K, Jing N, Chen CD.

Dimethylations of histone H3 lysine 9 and lysine 27 are important epigenetic marks associated with transcription repression. Here, we identified KIAA1718 (KDM7A) as a novel histone demethylase specific for these two repressing marks. Using mouse embryonic stem cells, we demonstrated that KIAA1718 expression increased at the early phase of neural differentiation. Knockdown of the gene blocked neural differentiation and the effect was rescued by the wild-type human gene, and not by a catalytically inactive mutant. In addition, overexpression of KIAA1718 accelerated neural differentiation. We provide the evidence that the pro-neural differentiation effect of KDM7A is mediated through direct transcriptional activation of FGF4, a signal molecule implicated in neural differentiation. Thus, our study identified a dual-specificity histone demethylase that regulates neural differentiation through FGF4.

Genes Dev. 2010 Mar 1;24(5):432-7. KDM7 is a dual demethylase for histone H3 Lys 9 and Lys 27 and functions in brain development. Tsukada Y, Ishitani T, Nakayama KI.

Methylation of histone H3 Lys 9 and Lys 27 (H3K9 and H3K27) is associated with transcriptional silencing. Here we show that KDM7, a JmjC domain-containing protein, catalyzes demethylation of both mono- or dimethylated H3K9 and H3K27. Inhibition of KDM7 orthologs in zebrafish resulted in developmental brain defects. KDM7 interacts with the follistatin gene locus, and KDM7 depletion in mammalian neuronal cells suppressed follistatin gene transcription in association with increased levels of dimethylated H3K9 and H3K27. Our findings identify KDM7 as a dual demethylase for H3K9 and H3K27 that functions as an eraser of silencing marks on chromatin during brain development.

Dev Dyn. 2010 Dec;239(12):3350-7. The dual histone demethylase KDM7A promotes neural induction in early chick embryos. Huang C, Chen J, Zhang T, Zhu Q, Xiang Y, Chen CD, Jing N.

Neural induction is the initial event of nervous system development during which part of the ectoderm is specified to become the embryonic neural plate. The biological roles of histone modification enzymes in the neural induction of early embryos remain unclear. Here, we show that an evolutionarily conserved dual histone demethylase KDM7A (KIAA1718) is predominantly expressed in epiblast cells of the primitive streak in early chick embryos. Overexpression of KDM7A in chick embryos leads to expansion of the neural plate, whereas knockdown of the gene impairs formation of the neural plate. We also show that KDM7A regulates Fgf4 expression in the primitive streak and that co-electroporation of a chick Fgf4 expression vector with KDM7A siRNA rescues the neural induction defect in chick embryos. Taken together, these results reveal an important role for histone demethylases in the determination of neural fate, and they highlight the mechanistic complexity of neural induction in early embryos.

Nat Struct Mol Biol. 2010 Jan;17(1):38-43. Enzymatic and structural insights for substrate specificity of a family of jumonji histone lysine demethylases. Horton JR, Upadhyay AK, Qi HH, Zhang X, Shi Y, Cheng X.

Combinatorial readout of multiple covalent histone modifications is poorly understood. We provide insights into how an activating histone mark, in combination with linked repressive marks, is differentially 'read' by two related human demethylases, PHF8 and KIAA1718 (also known as JHDM1D). Both enzymes harbor a plant homeodomain (PHD) that binds Lys4-trimethylated histone 3 (H3K4me3) and a jumonji domain that demethylates either H3K9me2 or H3K27me2. The presence of H3K4me3 on the same peptide as H3K9me2 makes the doubly methylated peptide a markedly better substrate of PHF8, whereas the presence of H3K4me3 has the opposite effect, diminishing the H3K9me2 demethylase activity of KIAA1718 without adversely affecting its H3K27me2 activity. The difference in substrate specificity between the two is explained by PHF8 adopting a bent conformation, allowing each of its domains to engage its respective target, whereas KIAA1718 adopts an extended conformation, which prevents its access to H3K9me2 by its jumonji domain when its PHD engages H3K4me3.

12- Prickle homolog (Drosophila): PRIKCLE2 (NM198859); PRICKLE1 (NM153026)

_NM153026 (PRICKLE1), This gene encodes a nuclear receptor that may be a negative regulator of the Wnt/beta-catenin signaling pathway. The encoded protein localizes to the nuclear membrane and has been implicated in the nuclear trafficking of the transcription repressors REST/NRSF and REST4. Mutations in this gene have been linked to progressive myoclonus epilepsy.
Am J Hum Genet. 2011 Feb 11;88(2):138-49. Mutations in prickle orthologs cause seizures in flies, mice, and humans. Tao H, Manak JR et al. Epilepsy is heritable, yet few causative gene mutations have been identified, and thus far no human epilepsy gene mutations have been found to produce seizures in invertebrates. Here we show that mutations in prickle genes are associated with seizures in humans, mice, and flies. We identified human epilepsy patients with heterozygous mutations in either PRICKLE1 or PRICKLE2. In overexpression assays in zebrafish, prickle mutations resulted in aberrant prickle function. A seizure phenotype was present in the Prickle1-null mutant mouse, two Prickle1 point mutant (missense and nonsense) mice, and a Prickle2-null mutant mouse. Drosophila with prickle mutations displayed seizures that were responsive to anti-epileptic medication, and homozygous mutant embryos showed neuronal defects. These results suggest that prickle mutations have caused seizures throughout evolution.

Gastroenterology. 2006 Oct;131(4):1218-27. Prickle-1 negatively regulates Wnt/beta-catenin pathway by promoting Dishevelled ubiquitination/degradation in liver cancer. Chan DW, Chan CY, Yam JW, Ching YP, Ng IO.

Aberrant activation of Wnt signaling due to accumulation of beta-catenin has been linked to tumorigenesis. Mutations of beta-catenin, APC, and axins are important but not frequent enough to be accountable for the accumulation of beta-catenin in human hepatocellular carcinoma (HCC). In this study, we characterized the roles of Prickle-1, a Dishevelled (Dvl)-associated protein, in regulation of Wnt/beta-catenin activity in HCC. The expression levels of human Prickle-1 and Dvl3 were examined in HCC cell lines and human HCC samples. The interaction and effects of Prickle-1 on Dvl3, the Wnt/beta-catenin pathway, and cell growth were assessed in HCC cell lines. We showed that Prickle-1 bound with Dvl3 and facilitated Dvl3 ubiquitination/degradation, and this was through its destruction box (D-box) motifs. Enforced expression of Prickle-1 significantly reduced the Wnt/beta-catenin activity and tumorigenic properties of HCC cells. Clinicopathologic analysis showed that underexpression of Prickle-1 was significantly associated with overexpression of Dvl3, beta-catenin accumulation (P = .023), and larger tumor size (P = .030). Our results have elucidated a novel mechanistic relationship between Prickle-1 and Dvl3 in the Wnt/beta-catenin pathway. The facilitation of Prickle-1 on Dvl3 degradation and the suppression of beta-catenin activity and cell growth suggest that Prickle-1 is a negative regulator of the Wnt/beta-catenin signaling pathway and is a putative tumor suppressor in human HCCs.

Am J. Hum Genet. 2008 Nov;83(5):572-81. A homozygous mutation in human PRICKLE1 causes an autosomal-recessive progressive myoclonus epilepsy-ataxia syndrome. Bassuk AG et al.

Progressive myoclonus epilepsy (PME) is a syndrome characterized by myoclonic seizures (lightning-like jerks), generalized convulsive seizures, and varying degrees of neurological decline, especially ataxia and dementia. Previously, we characterized three pedigrees of individuals with PME and ataxia, where either clinical features or linkage mapping excluded known PME loci. This report identifies a mutation in PRICKLE1 (also known as RILP for REST/NRSF interacting LIM domain protein) in all three of these pedigrees. The identified PRICKLE1 mutation blocks the PRICKLE1 and REST interaction in vitro and disrupts the normal function of PRICKLE1 in an in vivo zebrafish overexpression system. PRICKLE1 is expressed in brain regions implicated in epilepsy and ataxia in mice and humans, and, to our knowledge, is the first molecule in the noncanonical WNT signaling pathway to be directly implicated in human epilepsy.
13-Orphan receptors: ROR1 (NM005012); RORB (NM006914) 

_NM005012 Receptor tyrosine kinase-like orphan receptor 1 (ROR1); The protein encoded by this gene is a receptor protein tyrosine kinase that modulates neurite growth in the central nervous system. It is a type I membrane protein and belongs to the ROR subfamily of cell surface receptors.
J Cell Sci. 2005 Jan 15;118(Pt 2):433-46. Neurite extension in central neurons: a novel role for the receptor tyrosine kinases Ror1 and Ror2. Paganoni S, Ferreira A.

Neurite elongation and branching are key cellular events during brain development as they underlie the formation of a properly wired neuronal network. Here we report that the receptor tyrosine kinases Ror1 and Ror2 modulate the growth of neurites as well as their branching pattern in hippocampal neurons. Upon Ror1 or Ror2 suppression using antisense oligonucleotides or RNA interference (RNAi), neurons extended shorter and less branched minor processes when compared to those in control cells. In addition, Ror-depleted cells elongated longer, albeit less branched, axons than seen in control cells. Conversely, Ror overexpression both in non-neuronal cells and in hippocampal neurons resulted in the enhanced extension of short and highly branched processes. These phenotypes were accompanied by changes in the microtubule-associated proteins MAP1B and MAP2. Taken together, these results support a novel role for Ror receptors as modulators of neurite extension in central neurons.

Mol Cell Biol. 2001 Dec;21(24):8329-35. Loss of mRor1 enhances the heart and skeletal abnormalities in mRor2-deficient mice: redundant and pleiotropic functions of mRor1 and mRor2 receptor tyrosine kinases. Nomi M, Oishi I, Kani S, Suzuki H, Matsuda T, Yoda A, Kitamura M, Itoh K, Takeuchi S, Takeda K, Akira S, Ikeya M, Takada S, Minami Y.

The mammalian Ror family of receptor tyrosine kinases consists of two structurally related proteins, Ror1 and Ror2. We have shown that mRor2-deficient mice exhibit widespread skeletal abnormalities, ventricular septal defects in the heart, and respiratory dysfunction, leading to neonatal lethality (S. Takeuchi, K. Takeda, I. Oishi, M. Nomi, M. Ikeya, K. Itoh, S. Tamura, T. Ueda, T. Hatta, H. Otani, T. Terashima, S. Takada, H. Yamamura, S. Akira, and Y. Minami, Genes Cells 5:71-78, 2000). Here we show that mRor1-deficient mice have no apparent skeletal or cardiac abnormalities, yet they also die soon after birth due to respiratory dysfunction. Interestingly, mRor1/mRor2 double mutant mice show markedly enhanced skeletal abnormalities compared with mRor2 mutant mice. Furthermore, double mutant mice also exhibit defects not observed in mRor2 mutant mice, including a sternal defect, dysplasia of the symphysis of the pubic bone, and complete transposition of the great arteries. These results indicate that mRor1 and mRor2 interact genetically in skeletal and cardiac development.
Br J Haematol. 2010 Nov;151(4):327-35. Silencing of ROR1 and FMOD with siRNA results in apoptosis of CLL cells. Choudhury A, Derkow K, Daneshmanesh AH, Mikaelsson E, Kiaii S, Kokhaei P, Osterborg A, Mellstedt H.

We have previously demonstrated that ROR1 and FMOD (fibromodulin) are two genes upregulated in chronic lymphocytic leukaemia (CLL) cells compared to normal blood B cells. In this study, siRNAs were used to specifically silence ROR1 and FMOD expression in CLL cells, healthy B cells and human fibroblast cell lines. siRNA treatment induced a specific reduction (75-95%) in FMOD and ROR1 mRNA. Western blot analysis with specific antibodies for FMOD and ROR1 demonstrated that the proteins were significantly downregulated 48 h after siRNA treatment. Silencing of FMOD and ROR1 resulted in statistically significant (P ≤ 0·05-0·001) apoptosis of CLL cells but not of B cells from normal donors. Human fibroblast cell lines treated with FMOD and ROR1 siRNA did not undergo apoptosis. This is the first report demonstrating that ROR1 and FMOD may be involved in the survival of CLL cells. ROR1 in particular is further explored as potential target for therapy in CLL.

14-NM022908_5`Nucleotidase domain containing 2 (NT5DC2)

A nucleotidase is a hydrolytic enzyme that catalyzes the hydrolysis of a nucleotide into a nucleoside and a phosphate. They have an important function in digestion in that they break down consumed nucleic acids. They can be divided into two categories, based upon the end which is hydrolyzed:

5'-nucleotidase - NT5C, NT5C1A, NT5C1B, NT5C2, NT5C3

3'-nucleotidase - NT3

5' nucleotidases cleave off the phosphate from the 5' end of the sugar moiety. They can be classified into various kinds depending on their substrate preferences and subcellular localization. Membrane bound 5' nucleotidases displays specificity towards adenosine monophosphates and are predominantly involved in the salvage of preformed nucleotides and in signal transduction cascades involving purinergic receptors. Soluble 5' nucleotidases are all known to belong to the haloacid dehalogenase superfamily of enzymes which are two domian proteins characterised by a modified Rossman fold as the core and variable cap or hood. The soluble forms are further subclassified based on the criterion mentioned above. mdN and cdN are mitochondrial and cytosolic 5'-3' pyrimidine nucleotidases. cN-I is a cytosolic nucleotidase(cN) characterized by its affinity towards AMP as its substrate.cN-II is identified by its affinity towards either IMP or GMP or both. cN-III is a pyrimidine 5' nucleotidase. 5' nucleotidases are involved in varied functions like cell-cell communication, nucleic acid repair, purine salvage pathway for the synthesis of nucleotides, signal transduction, membrane transport etc. (Wikipedia).

Pharmacol Ther. 2005 Jul;107(1):1-30. The 5'-nucleotidases as regulators of nucleotide and drug metabolism. Hunsucker SA, Mitchell BS, Spychala J.

The 5'-nucleotidases are a family of enzymes that catalyze the dephosphorylation of nucleoside monophosphates and regulate cellular nucleotide and nucleoside levels. While the nucleoside kinases responsible for the initial phosphorylation of salvaged nucleosides have been well studied, many of the catabolic nucleotidases have only recently been cloned and characterized. Aside from maintaining balanced ribo- and deoxyribonucleotide pools, substrate cycles that are formed with kinase and nucleotidase activities are also likely to regulate the activation of nucleoside analogues, a class of anticancer and antiviral agents that rely on the nucleoside kinases for phosphorylation to their active forms. Both clinical and in vitro studies suggest that an increase in nucleotidase activity can inhibit nucleoside analogue activation and result in drug resistance. The physiological role of the 5'-nucleotidases will be covered in this review, as will the evidence that these enzymes can mediate resistance to nucleoside analogues.

15-NM018842_BAI1-associated protein 2-like 1 (BAIAP2L1); It´s a Brain-specific angiogenesis inhibitor 1-associated protein 2-like protein 1 also known as insulin receptor tyrosine kinase substrate. It may function as adapter protein Potential. Involved in the formation of clusters of actin bundles. Interacts with RAC1. Binds to F-actin. Interacts with FASLG. This gene encodes a member of the IMD (IRSp53/MIM homology domain) family. Members of this family can be subdivided in two groups, the IRSp53-like and MIM-like, based on the presence or absence of the SH3 (Src homology 3) domain. The protein encoded by this gene contains a conserved IMD, also known as F-actin bundling domain, at the N-terminus, and a canonical SH3 domain near the C-terminus, so it belongs to the IRSp53-like group. This protein is the substrate for insulin receptor tyrosine kinase and binds to the small GTPase Rac. It is involved in signal transduction pathways that link deformation of the plasma membrane and remodeling of the actin cytoskeleton. It also promotes actin assembly and membrane protrusions when overexpressed in mammalian cells, and is essential to the formation of a potent actin assembly complex during EHEC (Enterohemorrhagic Escherichia coli) pedestal formation.

J Cell Sci. 2007 May 1;120(Pt 9):1663-72. Characterisation of IRTKS, a novel IRSp53/MIM family actin regulator with distinct filament bundling properties. Millard TH, Dawson J, Machesky LM.

IRSp53 is a scaffold protein that contains an IRSp53/MIM homology domain (IMD) that bundles actin filaments and interacts with the small GTPase Rac. IRSp53 also binds to the small GTPase Cdc42 and to Scar/WAVE and Mena/VASP proteins to regulate the actin cytoskeleton. We have characterised a novel IMD-containing protein, insulin receptor tyrosine kinase substrate (IRTKS), which has widespread tissue distribution, is a substrate for the insulin receptor and binds Rac. Unlike IRSp53, IRTKS does not interact with Cdc42. Expression of IRTKS induces clusters of short actin bundles rather than filopodia-like protrusions. This difference may be attributable to a short carboxyl-terminal (Ct) extension present on IRTKS, which resembles a WASP-homology 2 (WH2) motif. Addition of the Ct extension to IRSp53 causes an apparent shortening of bundles induced by the IMD in vitro, and in cultured cells, suggesting that the Ct extension of IRTKS modulates the organising activity of the IMD. Lastly, we could not detect actin monomer sequestration by the Ct extension of IRTKS as would be expected with a conventional WH2 motif, but it did interact with actin filaments.

16-Tetraspanins (TSPAN): TSPAN7 (NM004615); TSPAN15 (NM012339)

_NM012339 (TSPAN15 or NET-7); The protein encoded by this gene is a member of the transmembrane 4 superfamily, also known as the tetraspanin family. Most of these members are cell-surface proteins that are characterized by the presence of four hydrophobic domains. The proteins mediate signal transduction events that play a role in the regulation of cell development, activation, growth and motility.

Biochim Biophys Acta. 2000 Mar 16;1478(1):159-63. Sequence and expression of seven new tetraspans. Serru V, Dessen P, Boucheix C, Rubinstein E.

The tetraspans are components of large molecular complexes that include also non-tetraspan molecules, in particular integrins. We have identified and sequenced several new members of the tetraspan superfamily, called NET-1 to NET-7 (new EST tetraspan). Sequence analysis of the NET reveals a structure typical for tetraspans, with the presence of four transmembrane domains delimiting two extracellular regions as well as conserved amino acid residues. The NET are differentially expressed in human cell lines.

J Cell Sci. 2001 Dec;114(Pt 23):4143-51. Complexes of tetraspanins with integrins: more than meets the eye. Berditchevski F.

The transmembrane proteins of the tetraspanin superfamily are implicated in a diverse range of biological phenomena, including cell motility, metastasis, cell proliferation and differentiation. The tetraspanins are associated with adhesion receptors of the integrin family and regulate integrin-dependent cell migration. In cells attached to the extracellular matrix, the integrin-tetraspanin adhesion complexes are clustered into a distinct type of adhesion structure at the cell periphery. Various tetraspanins are associated with phosphatidylinositol 4-kinase and protein kinase C isoforms, and they may facilitate assembly of signalling complexes by tethering these enzymes to integrin heterodimers. At the plasma membrane, integrin-tetraspanin signalling complexes are partitioned into specific microdomains proximal to cholesterol-rich lipid rafts. A substantial fraction of tetraspanins colocalise with integrins in various intracellular vesicular compartments. It is proposed that tetraspanins can influence cell migration by one of the following mechanisms: (1) modulation of integrin signalling; (2) compartmentalisation of integrins on the cell surface; or (3) direction of intracellular trafficking and recycling of integrins.
17-NM015225_Prune Homolog 2 (PRUNE or BMCC1)

PLoS One. 2009 Aug 7;4(8):e6501. Hippocampal atrophy as a quantitative trait in a genome-wide association study identifying novel susceptibility genes for Alzheimer's disease. Potkin SG, Guffanti G, Lakatos A, Turner JA, Kruggel F, Fallon JH, Saykin AJ, Orro A, Lupoli S, Salvi E, Weiner M, Macciardi F; Alzheimer's Disease Neuroimaging Initiative.

With the exception of APOE epsilon4 allele, the common genetic risk factors for sporadic Alzheimer's Disease (AD) are unknown. We completed a genome-wide association study on 381 participants in the ADNI (Alzheimer's Disease Neuroimaging Initiative) study. Samples were genotyped using the Illumina Human610-Quad BeadChip. 516,645 unique Single Nucleotide Polymorphisms (SNPs) were included in the analysis following quality control measures. The genotype data and raw genetic data are freely available for download (LONI, http://www.loni.ucla.edu/ADNI/Data/). Two analyses were completed: a standard case-control analysis, and a novel approach using hippocampal atrophy measured on MRI as an objectively defined, quantitative phenotype. A General Linear Model was applied to identify SNPs for which there was an interaction between the genotype and diagnosis on the quantitative trait. The case-control analysis identified APOE and a new risk gene, TOMM40 (translocase of outer mitochondrial membrane 40), at a genome-wide significance level of < or =10(-6) (10(-11) for a haplotype). TOMM40 risk alleles were approximately twice as frequent in AD subjects as controls. The quantitative trait analysis identified 21 genes or chromosomal areas with at least one SNP with a p-value < or =10(-6), which can be considered potential "new" candidate loci to explore in the etiology of sporadic AD. These candidates included EFNA5, CAND1, MAGI2, ARSB, and PRUNE2, genes involved in the regulation of protein degradation, apoptosis, neuronal loss and neurodevelopment. Thus, we identified common genetic variants associated with the increased risk of developing AD in the ADNI cohort, and present publicly available genome-wide data. Supportive evidence based on case-control studies and biological plausibility by gene annotation is provided. Currently no available sample with both imaging and genetic data is available for replication. Using hippocampal atrophy as a quantitative phenotype in a genome-wide scan, we have identified candidate risk genes for sporadic Alzheimer's disease that merit further investigation.

J Mol Neurosci. 2011, Jan 14. Cancer-Related PRUNE2 Protein Is Associated with Nucleotides and Is Highly Expressed in Mature Nerve Tissues. Iwama E, Tsuchimoto D, Iyama T, Sakumi K, Nakagawara A, Takayama K, Nakanishi Y, Nakabeppu Y.

Human PRUNE is thought to enhance the metastasis of tumor cells. We found that a hypothetical paralog of PRUNE, PRUNE2, binds to 8-oxo-GTP, an oxidized form of GTP. Hypothetical PRUNE2 gene consists of C9orf65 and BMCC1/BNIPXL, both of which are malignant tumor-associated genes. We isolated PRUNE2 complementary DNA and revealed that the protein is composed of 3,062 residues. C9orf65 and BMCC1/BNIPXL encode the N-terminal part (259 residues) and C-terminal part (2,729 residues) of PRUNE2, respectively. We demonstrated the endogenous full-length PRUNE2 protein (338 kDa) by Western blot and mass spectrometry. PRUNE2 bound to 8-oxo-GTP as well as GTP. The expression levels of human PRUNE2 and mouse Prune2 messenger RNA (mRNA) were highest in the dorsal root ganglia (DRG) and, to a lesser extent, in other nerve tissues. DRG neurons express higher levels of PRUNE2 in their soma compared with adjacent cells. In addition, their expression levels in the adult nerve tissues were higher than those in fetal or neonatal nerve tissues. The present study indicates that C9orf65 and BMCC1/BNIPXL are transcribed as PRUNE2 mRNA, which is translated to a large PRUNE2 protein. The nerve tissue-specific and post-development expression of PRUNE2/Prune2 suggests that PRUNE2 may contribute to the maintenance of mature nervous systems.
Oncogene. 2006 Mar 23;25(13):1931-42. Increased expression of proapoptotic BMCC1, a novel gene with the BNIP2 and Cdc42GAP homology (BCH) domain, is associated with favorable prognosis in human neuroblastomas. Machida T, Fujita T, Ooo ML, Ohira M, Isogai E, Mihara M, Hirato J, Tomotsune D, Hirata T, Fujimori M, Adachi W, Nakagawara A.

Differential screening of the genes obtained from cDNA libraries of primary neuroblastomas (NBLs) between the favorable and unfavorable subsets has identified a novel gene BCH motif-containing molecule at the carboxyl terminal region 1 (BMCC1). Its 350 kDa protein product possessed a Bcl2-/adenovirus E1B nineteen kDa-interacting protein 2 (BNIP2) and Cdc42GAP homology domain in the COOH-terminus in addition to P-loop and a coiled-coil region near the NH2-terminus. High levels of BMCC1 expression were detected in the human nervous system as well as spinal cord, brain and dorsal root ganglion in mouse embryo. The immunohistochemical study revealed that BMCC1 was positively stained in the cytoplasm of favorable NBL cells but not in unfavorable ones with MYCN amplification. The quantitative real-time reverse transcription-PCR using 98 primary NBLs showed that high expression of BMCC1 was a significant indicator of favorable NBL. In primary culture of newborn mice superior cervical ganglion (SCG) neurons, mBMCC1 expression was downregulated after nerve growth factor (NGF)-induced differentiation, and upregulated during the NGF-depletion-induced apoptosis. Furthermore, the proapoptotic function of BMCC1 was also suggested by increased expression in CHP134 NBL cells undergoing apoptosis after treatment with retinoic acid, and by an enhanced apoptosis after depletion of NGF in the SCG neurons obtained from newborn mice transgenic with BMCC1 in primary culture. Thus, BMCC1 is a new member of prognostic factors for NBL and may play an important role in regulating differentiation, survival and aggressiveness of the tumor cells.
18-NM001010853_Peptidases M20 domaing containing 2 (PM20D2) Known also as Aminoacylase-1-like protein 2 (ACYL2). ???

19-NM018388_Muscleblind-like 3 (Drosophila) (MBNL3) This gene encodes a member of the muscleblind-like family of proteins. The encoded protein may function in regulation of alternative splicing and may play a role in the pathophysiology of myotonic dystrophy.
Hum Mol Genet. 2002 Apr 1;11(7):805-14. Three proteins, MBNL, MBLL and MBXL, co-localize in vivo with nuclear foci of expanded-repeat transcripts in DM1 and DM2 cells. Fardaei M, Rogers MT, Thorpe HM, Larkin K, Hamshere MG, Harper PS, Brook JD.

Myotonic dystrophy is a complex neuromuscular disorder associated with DNA expansion mutations in two different genes. In DM1 a CTG repeat in the 3'-untranslated region of DMPK is expanded, whereas in DM2 an intronic CCTG expansion occurs in the gene ZNF9. Transcripts containing expanded repeats form foci in the nuclei of DM1 and DM2 cells. Recent work using antibodies has shown that proteins related to Drosophila muscleblind co-localize with repeat foci in DM1 and DM2 cells. We show that rather than there being a single human muscleblind gene producing multiple proteins through alternative splicing, there are in fact three different muscleblind genes, MBNL, MBLL and MBXL, which map to chromosomes 3, 13 and X, respectively, and which show extensive alternative splicing. Two of the genes, MBNL and MBLL, are expressed in many adult tissues whereas MBXL is expressed predominantly in the placenta. Green fluorescent protein-tagged versions of MBNL, MBLL and MBXL co-localize with nuclear foci in DM1 and DM2 cells, suggesting that all three proteins may play a role in DM pathophysiology.

Am J Pathol. 2009 Jan;174(1):216-27. Muscleblind-like proteins: similarities and differences in normal and myotonic dystrophy muscle. Holt I, Jacquemin V, Fardaei M, Sewry CA, Butler-Browne GS, Furling D, Brook JD, Morris GE. Erratum in Am J Pathol. 2009 Mar;174(3):1120-1.

In myotonic dystrophy, muscleblind-like protein 1 (MBNL1) protein binds specifically to expanded CUG or CCUG repeats, which accumulate as discrete nuclear foci, and this is thought to prevent its function in the regulation of alternative splicing of pre-mRNAs. There is strong evidence for the role of the MBNL1 gene in disease pathology, but the roles of two related genes, MBNL2 and MBNL3, are less clear. Using new monoclonal antibodies specific for each of the three gene products, we found that MBNL2 decreased during human fetal development and myoblast culture, while MBNL1 was unchanged. In Duchenne muscular dystrophy muscle, MBNL2 was elevated in immature, regenerating fibres compared with mature fibres, supporting some developmental role for MBNL2. MBNL3 was found only in C2C12 mouse myoblasts. Both MBNL1 and MBNL2 were partially sequestered by nuclear foci of expanded repeats in adult muscle and cultured cells from myotonic dystrophy patients. In adult muscle nucleoplasm, both proteins were reduced in myotonic dystrophy type 1 compared with an age-matched control. In normal human myoblast cultures, MBNL1 and MBNL2 always co-distributed but their distribution could change rapidly from nucleoplasmic to cytoplasmic. Functional differences between MBNL1 and MBNL2 have not yet been found and may prove quite subtle. The dominance of MBNL1 in mature, striated muscle would explain why ablation of the mouse mbnl1 gene alone is sufficient to cause a myotonic dystrophy.

20-NM001711_Biglycan (BGN or SLRR1A). Bone/cartilage proteoglycan I. The protein encoded by this gene is a small cellular or pericellular matrix proteoglycan that is closely related in structure to two other small proteoglycans, decorin and fibromodulin. The encoded protein and decorin are thought to be the result of a gene duplication. Decorin contains one attached glycosaminoglycan chain, while this protein probably contains two chains. For this reason, this protein is called biglycan. This protein plays a role in assembly of collagen fibrils and muscle regeneration. It interacts with several proteins involved in muscular dystrophy, including alpha-dystroglycan, alpha- and gamma-sarcoglycan and collagen VI, and it is critical for the assembly of the dystrophin-associated protein complex.
Am J Pathol. 2010 Jun;176(6):2638-45. Increased biglycan in aortic valve stenosis leads to the overexpression of phospholipid transfer protein via Toll-like receptor 2. Derbali H, Bossé Y, Côté N, Pibarot P, Audet A, Pépin A, Arsenault B, Couture C, Després JP, Mathieu P.

Aortic stenosis (AS) is the most common valvular heart disease, and it is suspected that atherosclerotic mechanisms are involved in the development of this disorder. Therefore, the retention of lipids within the aortic valve may play a role in the pathobiology of AS. In this study, a gene expression microarray experiment was conducted on human aortic valves with and without AS. The expression levels of transcripts encoding proteoglycans and enzymes involved in lipid retention were compared between the two groups. The microarray results were subsequently replicated in a cohort of 87 AS valves and 36 control valves. In addition, the interaction between proteoglycan and lipid-modifying enzyme was documented in isolated valve interstitial cells (VICs). The microarray results indicated that only biglycan (BGN) and phospholipid transfer protein (PLTP) were overexpressed in the AS valves. These results were then confirmed by quantitative PCR. The immunohistochemical analysis revealed a colocalization of BGN, PLTP, and Toll-like receptor-2 (TLR 2) in AS valves. In vitro, we showed that BGN induces the production of PLTP in VICs via the stimulation of TLR 2. Thus, increased accumulation of BGN in AS valves contributes to the production of PLTP via TLR 2. These results suggest that intricate links between valve matrix proteins, inflammation, and lipid retention are involved in the pathobiology of AS.
Clin Chim Acta. 2009 Aug;406(1-2):89-93. Biglycan expression in hypertensive subjects with normal or increased carotid intima-media wall thickness. Sardo MA, Mandraffino G, Campo S, Saitta C, Bitto A, Alibrandi A, Riggio S, Imbalzano E, Saitta A.

Biglycan (BGN), an extracellular matrix proteoglycan, has been shown to convey pro-inflammatory signals. In the present study we investigated BGN expression and its correlation with plasma levels of inflammatory markers in hypertensive subjects with or without alteration of carotid intima media thickness (IMT). We evaluated 123 untreated essential hypertensives with no additional risk factors for atherosclerosis nor signs of cardiovascular disease and 40 controls. Hypertensives were classified according to a normal (< or =1 mm) or increased (>1 mm) IMT. BGN-mRNA and protein expression were measured in unstimulated, LPS- and Angiotensin II (Ang-II)-stimulated blood monocytes. Plasma concentrations of interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-alpha) and high sensitivity-C-reactive protein (hs-CRP) were also measured. We found increased levels of IL-6, TNF-alpha, hs-CRP, and BGN-mRNA and protein in hypertensives vs controls (1.72+/-0.60 vs 1 n-fold, and 3.60+/-0.75 vs 1 n-fold, both p<0.001). However, BGN expression was not significantly different between hypertensives with IMT < or =1 mm and >1 mm. Furthermore, in vitro addition of Ang II enhanced basal BGN-mRNA (in hypertensives: 3.57+/-1.08 vs 1.72+/-0.60 n-fold, p<0.001) and protein (in hypertensives: 4.92+/-0.42 vs 3.41+/-0.75, p<0.001) expression in monocytes. Our data provide evidence of an enhanced expression of BGN in essential hypertension. In addition we suggest that Ang II can mediate monocyte BGN production.
J Biol Chem. 1989 Mar 15;264(8):4571-6.Deduced protein sequence of bone small proteoglycan I (biglycan) shows homology with proteoglycan II (decorin) and several nonconnective tissue proteins in a variety of species. Fisher LW, Termine JD, Young MF.

The small proteoglycans (PG) of bone consist of two different molecular species: one containing one chondroitin sulfate chain (PG II) and the other, two chains (PG I). These two proteoglycans are found in many connective tissues and have Mr = 45,000 core proteins with clear differences in their NH2-terminal sequences. Using antisera produced against synthetic peptides derived from the human PG I and PG II NH2 termini, we have isolated several cDNA clones from a lambda gt11 expression library made against mRNA isolated from human bone-derived cells. The clones, which reacted with antisera to the PG II peptide, were sequenced and found to be identical with the PG II class of proteoglycan from human fibroblasts known as PG-40 or decorin. The clones reacting to the PG I antisera, however, had a unique sequence. The derived protein sequence of PG I showed sufficient homology with the PG II sequence (55% of the amino acids are identical, with most others involving chemically similar amino acid substitutions) to strongly suggest that the two proteins were the result of a gene duplication. PG II (decorin) contains one attached glycosaminoglycan chain, while PG I probably contains two chains. For this reason, we suggest that PG I be called biglycan. The biglycan protein sequence contains 368 residues (Mr = 42,510 for the complete sequence and Mr = 37,983 for the secreted form) that appears to consist predominantly of a series of 12 tandem repeats of 24 residues. The repeats are recognized by their conserved leucines (and leucine-like amino acids) in positions previously reported for a diverse collection of proteins (none of which is thought to be proteoglycans) including: two morphogenic proteins (toll and chaoptin) in the fruit fly; a yeast adenylate cyclase; and two human proteins, the von Willebrand Factor-binding platelet membrane protein, GPIb, and a rare serum protein, leucine-rich glycoprotein.

21-NM000337_Sarcoglycan (SGCD) The protein encoded by this gene (35 kDa dystrophin-associated glycoprotein) is one of the four known components of the sarcoglycan complex, which is a subcomplex of the dystrophin-glycoprotein complex (DGC). DGC forms a link between the F-actin cytoskeleton and the extracellular matrix. This protein is expressed most abundantly in skeletal and cardiac muscle. Mutations in this gene have been associated with autosomal recessive limb-girdle muscular dystrophy and dilated cardiomyopathy.

J Biol Chem. 1996 Dec 13;271(50):32321-9. Characterization of delta-sarcoglycan, a novel component of the oligomeric sarcoglycan complex involved in limb-girdle muscular dystrophy. Jung D, Duclos F, Apostol B, Straub V, Lee JC, Allamand V, Venzke DP, Sunada Y, Moomaw CR, Leveille CJ, Slaughter CA, Crawford TO, McPherson JD, Campbell KP.

The sarcoglycan complex is known to be involved in limb-girdle muscular dystrophy (LGMD) and is composed of at least three proteins: alpha-, beta-, and gamma-sarcoglycan. delta-Sarcoglycan has now been identified as a second 35-kDa sarcolemmal transmembrane glycoprotein that shares high homology with gamma-sarcoglycan and is expressed mainly in skeletal and cardiac muscle. Biochemical analysis has demonstrated that gamma- and delta-sarcoglycan are separate entities within the sarcoglycan complex and that all four sarcoglycans exist in the complex on a stoichiometrically equal basis. Immunohistochemical analysis of skeletal muscle biopsies from patients with LGMD2C, LGMD2D, and LGMD2E demonstrated a reduction of the entire sarcoglycan complex in these muscular dystrophies. Furthermore, we have mapped the human delta-sarcoglycan gene to chromosome 5q33-q34 in a region overlapping the recently linked autosomal recessive LGMD2F locus. 

22-NM006536_Chloride channel accessory 2 (CLCA2) The protein encoded by this gene belongs to the calcium sensitive chloride conductance protein family. To date, all members of this gene family map to the same site on chromosome 1p31-p22 and share high degrees of homology in size, sequence and predicted structure, but differ significantly in their tissue distributions. Since this protein is expressed predominantly in trachea and lung, it is suggested to play a role in the complex pathogenesis of cystic fibrosis. It may also serve as adhesion molecule for lung metastatic cancer cells, mediating vascular arrest and colonization, and furthermore, it has been implicated to act as a tumor suppressor gene for breast cancer.

Cancer Res. 2009 Aug 15;69(16):6624-32. hCLCA2 Is a p53-Inducible Inhibitor of Breast Cancer Cell Proliferation. Walia V, Ding M, Kumar S, Nie D, Premkumar LS, Elble RC.

hCLCA2 is frequently down-regulated in breast cancer and is a candidate tumor suppressor gene. We show here that the hCLCA2 gene is strongly induced by p53 in response to DNA damage. Adenoviral expression of p53 induces hCLCA2 in a variety of breast cell lines. Further, we find that p53 binds to consensus elements in the hCLCA2 promoter and mutation of these sites abolishes p53-responsiveness and induction by DNA damage. Adenoviral transduction of hCLCA2 into immortalized cells induces p53, CDK inhibitors p21 and p27, and cell cycle arrest by 24 hours, and caspase induction and apoptosis by 40 hours postinfection. Transduction of the malignant tumor cell line BT549 on the other hand does not induce p53, p21, or p27 but instead induces apoptosis directly and more rapidly. Knockout and knockdown studies indicate that growth inhibition and apoptosis are signaled via multiple pathways. Conversely, suppression of hCLCA2 by RNA interference enhances proliferation of MCF10A and reduces sensitivity to doxorubicin. Gene expression profiles indicate that hCLCA2 levels are strongly predictive of tumor cell sensitivity to doxorubicin and other chemotherapeutics. Because certain Cl(-) channels are proposed to promote apoptosis by reducing intracellular pH, we tested whether, and established that, hCLCA2 enhances Cl(-) current in breast cancer cells and reduces pH to approximately 6.7. These results reveal hCLCA2 as a novel p53-inducible growth inhibitor, explain how its down-regulation confers a survival advantage to tumor cells, and suggest both prognostic and therapeutic applications.
Clin Exp Pharmacol Physiol. 2000 Nov;27(11):901-5. Molecular characteristics and functional diversity of CLCA family members. Pauli BU, Abdel-Ghany M, Cheng HC, Gruber AD, Archibald HA, Elble RC.

In the present brief review, we describe some of the molecular and functional characteristics of a novel mammalian family of putative Ca2+-activated chloride channels (CLCA). 2. So far, two bovine (bCLC1; bCLCA2 (Lu-ECAM-1)), three mouse (mCLCA1; mCLCA2; mCLCA3) and four human (hCLCA1; hCLCA2; hCLCA3; hCLCA4) CLCA family members have been cloned. Each CLCA exhibits a distinct, often overlapping, tissue expression pattern. 3. With the exception of the truncated secreted hCLCA3, all CLCA proteins are synthesized as an approximately 125 kDa precursor transmembrane glycoprotein that is rapidly cleaved into 90 and 35 kDa subunits. 4. The CLCA proteins expressed on the luminal surface of lung vascular endothelia (bCLCA2; mCLCA1; hCLCA2) serve as adhesion molecules for lung metastatic cancer cells, mediating vascular arrest and lung colonization. 5. Expression of hCLCA2 in normal mammary epithelium is consistently lost in human breast cancer and in all tumorigenic breast cancer cell lines. Re-expression of hCLCA2 in human breast cancer cells abrogates invasiveness of Matrigel (BD Biosciences-Labware, Bedford, MA, USA) in vitro and tumorigenicity in nude mice, implying that hCLCA2 acts as a tumour suppressor in breast cancer.

23-Lipid phosphate phosphatase-related proteins (LPPR): LPPR4 or PRG-1 (NM014839); LPPR2 or PRG-4 (NM022737). Both are plasticity related genes.
-NM_022737 Lipid phosphate phosphatase-related protein type 2 (LPPR2) or Plasticity related gene 4 (PRG-4) (I did not find nothing about PRG-4)

Eur J Neurosci. 2004 Jan;19(1):212-20. Molecular cloning and expression regulation of PRG-3, a new member of the plasticity-related gene family. Savaskan NE, Bräuer AU, Nitsch R.

Phospholipid-mediated signalling on neurons provokes diverse responses such as neurogenesis, pattern formation and neurite remodelling. We have recently uncovered a novel set of molecules in the mammalian brain, named plasticity-related genes (PRGs), which mediate lipid phosphate phosphatase activity and provide evidence for their involvement in mechanisms of neuronal plasticity. Here, we report on a new member of the vertebrate-specific PRG family, which we have named plasticity-related gene-3 (PRG-3). PRG-3 is heavily expressed in the brain and shows a specific expression pattern during brain development where PRG-3 expression is found predominantly in neuronal cell layers and is already expressed at embryonic day 16. In the mature brain, strongest PRG-3 expression occurs in the hippocampus and cerebellum. Overexcitation of neurons induced by kainic acid leads to a transient down-regulation of PRG-3. Furthermore, PRG-3 is expressed on neurite extensions and promotes neurite growth and a spreading-like cell body in neuronal cells and COS-7 cells. In contrast to previously described members of the PRG family, PRG-3 does not perform its function through enzymatic phospholipid degradation. In summary, our findings feature a new member of the PRG family which shows dynamic expression regulation during brain development and neuronal excitation.

J Cell Biochem. 2004 Aug 1;92(5):900-12. Lipid phosphate phosphatases and related proteins: signaling functions in development, cell division, and cancer. Brindley DN.

Lipid phosphates initiate key signaling cascades in cell activation. Lysophosphatidate (LPA) and sphingosine 1-phosphate (S1P) are produced by activated platelets. LPA is also formed from circulating lysophosphatidylcholine by autotaxin, a protein involved tumor progression and metastasis. Extracellular LPA and S1P stimulate families of G-protein coupled receptors that elicit diverse responses. LPA is involved in wound repair and tumor growth. Exogenous S1P is a potent stimulator of angiogenesis, a process vital in development, tissue repair and the growth of aggressive tumors. Inside the cell, phosphatidate (PA), ceramide 1-phosphate (C1P), LPA, and S1P act as signaling molecules with distinct functions including the stimulation of cell division, cytoskeletal rearrangement, Ca(2+) transients, and membrane movement. These observations imply that phosphatases that degrade lipid phosphates on the cell surface, or inside the cell, regulate cell signaling under physiological and pathological conditions. This occurs through attenuation of signaling by the lipid phosphates and by the production of bioactive products (diacylglycerol, ceramide, and sphingosine). Three lipid phosphate phosphatases (LPPs) and a splice variant dephosphorylate LPA, PA, CIP, and S1P. Two S1P phosphatases (SPPs) act specifically on S1P. In addition, there is family of four LPP-related proteins (LPRs, or plasticity-related genes, PRGs). PRG-1 expression in neurons has been reported to increase extracellular LPA breakdown and attenuate LPA-induced axonal retraction. It is unclear whether the LRPs dephosphorylate LPA directly, stimulate LPP activity, or bind LPA and S1P. Also, the importance of extra- versus intra-cellular actions of the LPPs and SPPs, and the individual roles of different isoforms is not firmly established. Understanding the functions and regulation of the LPPs, SPPs and related proteins will hopefully contribute to interventions to correct dysfunctions in conditions such as wound repair, inflammation, angiogenesis, tumor growth, and metastasis.

24-NM054027_Ankylosis, progressive homolog (mouse) (ANKH) It´s the Progressive ankylosis protein homolog. This gene encodes a multipass transmembrane protein that is expressed in joints and other tissues and controls pyrophosphate levels in cultured cells. Regulates intra- and extracellular levels of inorganic pyrophosphate (PPi), probably functioning as PPi transporter. Progressive ankylosis-mediated control of pyrophosphate levels has been suggested as a possible mechanism regulating tissue calcification and susceptibility to arthritis in higher animals. Defects in ANKH are the cause of chondrocalcinosis 2 (CCAL2) [MIM:118600]. Chondrocalcinosis is a common cause of joint pain and arthritis caused by calcium deposition in articular cartilage and the presence of calcium hypophosphate crystals in synovial fluid, cartilage and periarticular soft tissue. CCAL2 inheritance is autosomal dominant. Defects in ANKH are the cause of craniometaphyseal dysplasia Jackson type (CMDJ) [MIM:123000]. CMDJ is a rare autosomal dominant skeletal disorder characterized by abnormal bone formation and mineralization in membranous as well as endochondral bones. Progressive thickening of the bones can cause narrowing of cranial foramina and can lead to severe visual and neurological impairment, such as facial palsy and deafness.

J Clin Endocrinol Metab. 2011 Jan;96(1):E189-98. Autosomal recessive mental retardation, deafness, ankylosis, and mild hypophosphatemia associated with a novel ANKH mutation in a consanguineous family. Morava E et al. 

Mutations in ANKH cause the highly divergent conditions familial chondrocalcinosis and craniometaphyseal dysplasia. The gene product ANK is supposed to regulate tissue mineralization by transporting pyrophosphate to the extracellular space. We evaluated several family members of a large consanguineous family with mental retardation, deafness, and ankylosis. We compared their skeletal, metabolic, and serological parameters to that of the autosomal recessive progressive ankylosis (ank) mouse mutant, caused by a loss-of-function mutation in the murine ortholog Ank. The studied patients had painful small joint soft-tissue calcifications, progressive spondylarthropathy, osteopenia, mild hypophosphatemia, mixed hearing loss, and mental retardation. After mapping the disease gene to 5p15, we identified the novel homozygous ANK missense mutation L244S in all patients. Although L244 is a highly conserved amino acid, the mutated ANK protein was detected at normal levels at the plasma membrane in primary patient fibroblasts. The phenotype was highly congruent with the autosomal recessive progressive ankylosis (ank) mouse mutant. This indicates a loss-of-function effect of the L244S mutation despite normal ANK protein expression. Interestingly, our analyses revealed that the primary step of joint degeneration is fibrosis and mineralization of articular soft tissues. Moreover, heterozygous carriers of the L244S mutation showed mild osteoarthritis without metabolic alterations, pathological calcifications, or central nervous system involvement. Beyond the description of the first human progressive ankylosis phenotype, our results indicate that ANK influences articular soft tissues commonly involved in degenerative joint disorders. Furthermore, this human disorder provides the first direct evidence for a role of ANK in the central nervous system.

Am J Hum Genet. 2002 Oct;71(4):933-40. Mutations in ANKH cause chondrocalcinosis. Pendleton A, Johnson MD, Hughes A, Gurley KA, Ho AM, Doherty M, Dixey J, Gillet P, Loeuille D, McGrath R, Reginato A, Shiang R, Wright G, Netter P, Williams C, Kingsley DM.

Chondrocalcinosis (CC) is a common cause of joint pain and arthritis that is caused by the deposition of calcium-containing crystals within articular cartilage. Although most cases are sporadic, rare familial forms have been linked to human chromosomes 8 (CCAL1) or 5p (CCAL2) (Baldwin et al. 1995; Hughes et al. 1995; Andrew et al. 1999). Here, we show that two previously described families with CCAL2 have mutations in the human homolog of the mouse progressive ankylosis gene (ANKH). One of the human mutations results in the substitution of a highly conserved amino acid residue within a predicted transmembrane segment. The other creates a new ATG start site that adds four additional residues to the ANKH protein. Both mutations segregate completely with disease status and are not found in control subjects. In addition, 1 of 95 U.K. patients with sporadic CC showed a deletion of a single codon in the ANKH gene. The same change was found in a sister who had bilateral knee replacement for osteoarthritis. Each of the three human mutations was reconstructed in a full-length ANK expression construct previously shown to regulate pyrophosphate levels in cultured cells in vitro. All three of the human mutations showed significantly more activity than a previously described nonsense mutation that causes severe hydroxyapatite mineral deposition and widespread joint ankylosis in mice. These results suggest that small sequence changes in ANKH are one cause of CC and joint disease in humans. Increased ANK activity may explain the different types of crystals commonly deposited in human CCAL2 families and mutant mice and may provide a useful pharmacological target for treating some forms of human CC.

Am J Hum Genet. 2001 Jun;68(6):1321-6. Autosomal dominant craniometaphyseal dysplasia is caused by mutations in the transmembrane protein ANK. Reichenberger E, Tiziani V, Watanabe S, Park L, Ueki Y, Santanna C, Baur ST, Shiang R, Grange DK, Beighton P, Gardner J, Hamersma H, Sellars S, Ramesar R, Lidral AC, Sommer A, Raposo do Amaral CM, Gorlin RJ, Mulliken JB, Olsen BR.

Craniometaphyseal dysplasia (CMD) is a rare skeletal disorder characterized by progressive thickening and increased mineral density of craniofacial bones and abnormally developed metaphyses in long bones. Linkage studies mapped the locus for the autosomal dominant form of CMD to an approximately 5-cM interval on chromosome 5p, which is defined by recombinations between loci D5S810 and D5S1954. Mutational analysis of positional candidate genes was performed, and we describe herein three different mutations, in five different families and in isolated cases, in ANK, a multipass transmembrane protein involved in the transport of intracellular pyrophosphate into extracellular matrix. The mutations are two in-frame deletions and one in-frame insertion caused by a splicing defect. All mutations cluster within seven amino acids in one of the six possible cytosolic domains of ANK. These results suggest that the mutated protein has a dominant negative effect on the function of ANK, since reduced levels of pyrophosphate in bone matrix are known to increase mineralization.
25-NM006343 c-mer proto-oncogene tyrosine kinase (MERTK) or Proto-oncogene c-Mer or Receptor tyrosine kinase MerTK. This gene is a member of the MER/AXL/TYRO3 receptor kinase family and encodes a transmembrane protein with two fibronectin type-III domains, two Ig-like C2-type (immunoglobulin-like) domains, and one tyrosine kinase domain. Mutations in this gene have been associated with disruption of the retinal pigment epithelium (RPE) phagocytosis pathway and onset of autosomal recessive retinitis pigmentosa (RP). Defects in MERTK are a cause of retinitis pigmentosa (RP) [MIM:268000]. RP that leads to degeneration of retinal photoreceptor cells. Patients typically have night vision blindness and loss of midperipheral visual field. As their condition progresses, they lose their far peripheral visual field and eventually central vision as well.
Nat Genet. 2000 Nov;26(3):270-1. Mutations in MERTK, the human orthologue of the RCS rat retinal dystrophy gene, cause retinitis pigmentosa. Gal A, Li Y, Thompson DA, Weir J, Orth U, Jacobson SG, Apfelstedt-Sylla E, Vollrath D.

Mutation of a receptor tyrosine kinase gene, Mertk, in the Royal College of Surgeons (RCS) rat results in defective phagocytosis of photoreceptor outer segments by the retinal pigment epithelium (RPE) and retinal degeneration. We screened the human orthologue, MERTK, located at 2q14.1 (ref. 10), in 328 DNA samples from individuals with various retinal dystrophies and found three mutations in three individuals with retinitis pigmentosa (RP). Our findings are the first conclusive evidence implicating the RPE phagocytosis pathway in human retinal disease.

J Biol Chem. 2010 Dec 17;285(51):39914-21. Ectosomes released by polymorphonuclear neutrophils induce a MerTK-dependent anti-inflammatory pathway in macrophages. Eken C, Martin PJ, Sadallah S, Treves S, Schaller M, Schifferli JA.

At the earliest stage of activation, human polymorphonuclear neutrophils release vesicles derived directly from the cell surface. These vesicles, called ectosomes (PMN-Ect), expose phosphatidylserine in the outer membrane leaflet. They inhibit the inflammatory response of human monocyte-derived macrophages and dendritic cells to zymosan A (ZymA) and LPS and induce TGF-β1 release, suggesting a reprogramming toward a tolerogenic phenotype. The receptors and signaling pathways involved have not yet been defined. Here, we demonstrate that PMN-Ect interfered with ZymA activation of macrophages via inhibition of NFκB p65 phosphorylation and NFκB translocation. The MerTK (Mer receptor tyrosine kinase) and PI3K/Akt pathways played a key role in this immunomodulatory effect as shown using specific MerTK-blocking antibodies and PI3K inhibitors LY294002 and wortmannin. As a result, PMN-Ect reduced the transcription of many proinflammatory genes in ZymA-activated macrophages. In sum, PMN-Ect interacted with the macrophages by activation of the MerTK pathway responsible for down-modulation of the proinflammatory signals generated by ZymA.
26- Secreted frizzled-related proteins (SFRP); SFRP1 (NM003012); SFRP4 (NM003014)
_NM003012 Secreted frizzled-related protein 1 (SFRP1); also known as Secreted apoptosis-related protein 2 (SARP-2). This gene encodes a member of the SFRP family that contains a cysteine-rich domain homologous to the putative Wnt-binding site of Frizzled proteins. Members of this family act as soluble modulators of Wnt signaling; epigenetic silencing of SFRP genes leads to deregulated activation of the Wnt-pathway which is associated with cancer. Soluble frizzled-related proteins (sFRPS) function as modulators of Wnt signaling through direct interaction with Wnts. They have a role in regulating cell growth and differentiation in specific cell types. SFRP1 decreases intracellular beta-catenin levels By. It has antiproliferative effects on vascular cells, in vitro and in vivo, and can induce, in vivo, an angiogenic response. In vascular cell cycle, delays the G1 phase and entry into the S phase. In kidney development, inhibits tubule formation and bud growth in metanephroi. Inhibits WNT1/WNT4-mediated TCF-dependent transcription. Down-regulated in colorectal and breast tumors. Up-regulated in uterine leiomyomas under high estrogenic conditions. Expression, in leiomyomal cells, also increased both under hypoxic and serum deprivation conditions
Oncogene. 2011 Jan 27;30(4):423-33. Blocking Wnt signaling by SFRP-like molecules inhibits in vivo cell proliferation and tumor growth in cells carrying active β-catenin. Lavergne E, Hendaoui I, Coulouarn C, Ribault C, Leseur J, Eliat PA, Mebarki S, Corlu A, Clément B, Musso O.

Constitutive activation of Wnt/β-catenin signaling in cancer results from mutations in pathway components, which frequently coexist with autocrine Wnt signaling or epigenetic silencing of extracellular Wnt antagonists. Among the extracellular Wnt inhibitors, the secreted frizzled-related proteins (SFRPs) are decoy receptors that contain soluble Wnt-binding frizzled domains. In addition to SFRPs, other endogenous molecules harboring frizzled motifs bind to and inhibit Wnt signaling. One of such molecules is V3Nter, a soluble SFRP-like frizzled polypeptide that binds to Wnt3a and inhibits Wnt signaling and expression of the β-catenin target genes cyclin D1 and c-myc. V3Nter is derived from the cell surface extracellular matrix component collagen XVIII. Here, we used HCT116 human colon cancer cells carrying the ΔS45 activating mutation in one of the alleles of β-catenin to show that V3Nter and SFRP-1 decrease baseline and Wnt3a-induced β-catenin stabilization. Consequently, V3Nter reduces the growth of human colorectal cancer xenografts by specifically controlling cell proliferation and cell cycle progression, without affecting angiogenesis or apoptosis, as shown by decreased [(3)H]-thymidine (in vitro) or BrdU (in vivo) incorporation, clonogenesis assays, cell cycle analysis and magnetic resonance imaging in living mice. Additionally, V3Nter switches off the β-catenin target gene expression signature in vivo. Moreover, experiments with β-catenin allele-targeted cells showed that the ΔS45 β-catenin allele hampers, but does not abrogate, inhibition of Wnt signaling by SFRP-1 or by the SFRP-like frizzled domain. Finally, neither SFRP-1 nor V3Nter affect β-catenin signaling in SW480 cells carrying nonfunctional Adenomatous polyposis coli. Thus, SFRP-1 and the SFRP-like molecule V3Nter can inhibit tumor growth of β-catenin-activated tumor cells in vivo.
Anat Rec (Hoboken). 2010 Dec;293(12):2020-6. Involvement of genetic instability in the downregulation of sFRP1 in Chinese patients with hepatocellular carcinoma. Qiu Y, Xu L, Zhou YH, Shi M, Ma Y, Li M, Li JC.

Secreted frizzled-related protein 1 (sFRP1) is a new tumor suppressor based on recent researches, but the correlation of the genetic instability of sFRP1 gene with the clinicopathologic features of the hepatocellular carcinoma (HCC) has not been studied in Chinese people. In this study, 42 pairs of paraffin-embedded HCC and adjacent non-carcinoma tissues were examined for the loss of heterozygosity (LOH) and microsatellite instability (MSI) of two microsatellite markers D8S532 and D8S1722 located in the vicinity of the sFRP1 gene. Envision immunohistochemistry was used to assess the expression of sFRP1. We found that the reduced expression of the sFRP1 protein was frequently observed in Chinese patients with HCC, which may at least partially result from the genetic instability, especially LOH. The LOH-associated sFRP1 downregulation may play an important role in the development of HCC.

Int J Cancer. 1998 Sep 25;78(1):95-9. Up-regulation of human secreted frizzled homolog in apoptosis and its down-regulation in breast tumors. Zhou Z, Wang J, Han X, Zhou J, Linder S.

In the screening of apoptosis-related genes, an elevated 4.5-kb transcript representing the full-length cDNA of human secreted frizzled-related protein (hsFRP) was cloned. To investigate its possible role in the regulation of cell proliferation, gene expression of hsFRP was examined in human immortalized breast epithelial cell line HBL-100 during growth arrest and apoptosis. Serum deprivation caused G arrest and induction of hsFRP. When serum was re-introduced into the cell culture, the expression of hsFRP declined. Adriamycin treatment induced accumulation of hsFRP mRNA and decrease of beta-catenin. This indicates that the regulation of hsFRP may be involved in the cell-cycle/apoptosis mechanism and possibly in the wnt signaling pathway. hsFRP transcripts were undetectable in cells derived from malignant breast carcinomas, but detectable in 3 immortalized non-malignant breast epithelial cell lines, indicating the involvement of hsFRP in the breast malignant transformation. When tumor and adjacent normal tissues from the same patients were examined, lower expression was found in 5/5 of breast tumors, 2/4 of ovary tumors and 3/5 of kidney tumors. These data suggest the possible involvement of hsFRP in regulation of cell proliferation and breast tumorigenesis.
Int J Cancer. 1998 Sep 25;78(1):95-9. Up-regulation of human secreted frizzled homolog in apoptosis and its down-regulation in breast tumors. Zhou Z, Wang J, Han X, Zhou J, Linder S.

In the screening of apoptosis-related genes, an elevated 4.5-kb transcript representing the full-length cDNA of human secreted frizzled-related protein (hsFRP) was cloned. To investigate its possible role in the regulation of cell proliferation, gene expression of hsFRP was examined in human immortalized breast epithelial cell line HBL-100 during growth arrest and apoptosis. Serum deprivation caused G arrest and induction of hsFRP. When serum was re-introduced into the cell culture, the expression of hsFRP declined. Adriamycin treatment induced accumulation of hsFRP mRNA and decrease of beta-catenin. This indicates that the regulation of hsFRP may be involved in the cell-cycle/apoptosis mechanism and possibly in the wnt signaling pathway. hsFRP transcripts were undetectable in cells derived from malignant breast carcinomas, but detectable in 3 immortalized non-malignant breast epithelial cell lines, indicating the involvement of hsFRP in the breast malignant transformation. When tumor and adjacent normal tissues from the same patients were examined, lower expression was found in 5/5 of breast tumors, 2/4 of ovary tumors and 3/5 of kidney tumors. These data suggest the possible involvement of hsFRP in regulation of cell proliferation and breast tumorigenesis.

27-NM139245 Protein phosphatase 1 (formerly 2C)-like (PPM1L) PPM1L, or PP2CE, belongs to the PP2C group of serine/threonine phosphatases, which are distinguished from other phosphatases by their structure, absolute requirement for Mg(2+) or Mn(2+), and insensitivity to okadaic acid. PP2Cs regulate stress-activated protein kinase (SAPK; see MIM 601158) signaling cascades that respond to extracellular stimuli (Jin et al., 2004 [PubMed 15560375]. Acts as a suppressor of the SAPK signaling pathways by associating with and dephosphorylating MAP3K7/TAK1 and MAP3K5, and by attenuating the association between MAP3K7/TAK1 and MAP2K4 or MAP2K6.

Biochem J. 2007 Aug 1;405(3):591-6. Regulation of apoptosis signal-regulating kinase 1 by protein phosphatase 2Cepsilon. Saito J, Toriumi S, Awano K, Ichijo H, Sasaki K, Kobayashi T, Tamura S.

ASK1 (apoptosis signal-regulating kinase 1), a MKKK (mitogen-activated protein kinase kinase kinase), is activated in response to cytotoxic stresses, such as H2O2 and TNFalpha (tumour necrosis factor alpha). ASK1 induction initiates a signalling cascade leading to apoptosis. After exposure of cells to H2O2, ASK1 is transiently activated by autophosphorylation at Thr845. The protein then associates with PP5 (protein serine/threonine phosphatase 5), which inactivates ASK1 by dephosphorylation of Thr845. Although this feedback regulation mechanism has been elucidated, it remains unclear how ASK1 is maintained in the dephosphorylated state under non-stressed conditions. In the present study, we have examined the possible role of PP2Cepsilon (protein phosphatase 2Cepsilon), a member of PP2C family, in the regulation of ASK1 signalling. Following expression in HEK-293 cells (human embryonic kidney cells), wild-type PP2Cepsilon inhibited ASK1-induced activation of an AP-1 (activator protein 1) reporter gene. Conversely, a dominant-negative PP2Cepsilon mutant enhanced AP-1 activity. Exogenous PP2Cepsilon associated with exogenous ASK1 in HEK-293 cells under non-stressed conditions, inactivating ASK1 by decreasing Thr845 phosphorylation. The association of endogenous PP2Cepsilon and ASK1 was also observed in mouse brain extracts. PP2Cepsilon directly dephosphorylated ASK1 at Thr845 in vitro. In contrast with PP5, PP2Cepsilon transiently dissociated from ASK1 within cells upon H2O2 treatment. These results suggest that PP2Cepsilon maintains ASK1 in an inactive state by dephosphorylation in quiescent cells, supporting the possibility that PP2Cepsilon and PP5 play different roles in H2O2-induced regulation of ASK1 activity.

Genes Chromosomes Cancer. 2010 Feb;49(2):99-106. Genome-wide scan identifies a copy number variable region at 3q26 that regulates PPM1L in APC mutation-negative familial colorectal cancer patients. Thean LF, Loi C, Ho KS, Koh PK, Eu KW, Cheah PY.

Familial adenomatous polyposis (FAP) is an autosomal dominantly inherited form of colorectal cancer (CRC) caused by mutation in the adenomatous polyposis coli (APC) gene. However, APC mutations are not detected in 10-50% of FAP patients. We searched for a new cancer gene by performing genome-wide genotyping on members of an APC mutation-negative FAP variant family and ethnicity-matched healthy controls. No common copy number change was found in all affected members using the unaffected members and healthy controls as baseline. A 111 kb copy number variable (CNV) region at 3q26.1 was shown to have copy number loss in all eight polyps compared to matched lymphocytes of two affected members. A common region of loss in all polyps, which are precursors to CRC, is likely to harbor disease-causing gene in accordance to Knudsen's "two-hit" hypothesis. There is, however, no gene within the deleted region. A 2-Mb scan of the genomic region encompassing the deleted region identified PPM1L, coding for a novel serine-threonine phosphatase in the TGF-beta and BMP signaling pathways. Real-time PCR analyses indicate that the 3'UTR of PPM1L transcript was down-regulated more than two-folds in all six polyps and tumors compared to matched mucosa of the affected member. This down-regulation was not observed in APC mutation-positive FAP patients. Our results suggest that the CNV region at 3q26 harbors an element that regulates the expression of an upstream candidate tumor suppressor, PPM1L, thus providing a novel mechanism for colorectal tumorigenesis in APC mutation-negative familial CRC patients.

J Biol Chem. 2008 Mar 7;283(10):6584-93. Protein phosphatase 2Cepsilon is an endoplasmic reticulum integral membrane protein that dephosphorylates the ceramide transport protein CERT to enhance its association with organelle membranes. Saito S, Matsui H, Kawano M, Kumagai K, Tomishige N, Hanada K, Echigo S, Tamura S, Kobayashi T.

Protein phosphatase 2Cepsilon (PP2Cepsilon), a mammalian PP2C family member, is expressed in various tissues and is implicated in the negative regulation of stress-activated protein kinase pathways. We show that PP2Cepsilon is an endoplasmic reticulum (ER) transmembrane protein with a transmembrane domain at the amino terminus and the catalytic domain facing the cytoplasm. Yeast two-hybrid screening of a human brain library using PP2Cepsilon as bait resulted in the isolation of a cDNA that encoded vesicle-associated membrane protein-associated protein A (VAPA). VAPA is an ER resident integral membrane protein involved in recruiting lipid-binding proteins such as the ceramide transport protein CERT to the ER membrane. Expression of PP2Cepsilon resulted in dephosphorylation of CERT in a VAPA expression-dependent manner, which was accompanied by redistribution of CERT from the cytoplasm to the Golgi apparatus. The expression of PP2Cepsilon also enhanced the association between CERT and VAPA. In addition, knockdown of PP2Cepsilon expression by short interference RNA attenuated the interaction between CERT and VAPA and the sphingomyelin synthesis. These results suggest that CERT is a physiological substrate of PP2Cepsilon and that dephosphorylation of CERT by PP2Cepsilon may play an important role in the regulation of ceramide trafficking from the ER to the Golgi apparatus.

28-NM003392 Wingless-type MMTV integration site family, member 5A (WNT5A); Ligand for members of the frizzled family of seven transmembrane receptors. Can activate or inhibit canonical Wnt signaling, depending on receptor context. In the presence of FZD4, activates beta-catenin signaling. In the presence of ROR2, inhibits the canonical Wnt pathway by promoting beta-catenin degradation through a GSK3-independent pathway which involves down-regulation of beta-catenin-induced reporter gene expression. The WNT gene family consists of structurally related genes which encode secreted signaling proteins. These proteins have been implicated in oncogenesis and in several developmental processes, including regulation of cell fate and patterning during embryogenesis. This gene is a member of the WNT gene family. It encodes a protein which shows 98%, 98% and 87% amino acid identity to the mouse, rat and the xenopus Wnt5A protein, respectively. 

Cancer Sci. 2011 Mar;102(3):540-8. Wnt-5a signaling is correlated with infiltrative activity in human glioma by inducing cellular migration and MMP-2. Kamino M, Kishida M, Kibe T, Ikoma K, Iijima M, Hirano H, Tokudome M, Chen L, Koriyama C, Yamada K, Arita K, Kishida S.

Wnts are secreted ligands that consist of 19 members in humans, regulate cell proliferation, differentiation, motility and fate in many stages including the embryonic stage and tumorigenesis. Wnts bind to cell surface receptors named Frizzleds and LRPs, and transduce their signals through β-catenin-dependent and -independent intracellular pathways. Gliomas are one of the most common intracranial tumors. Gliomas exhibit a progression associated with widespread infiltration into surrounding neuronal tissues. However, the molecular mechanisms that stimulate the invasion of glioma cells are not fully understood. We established two cell lines from human glioma cases and analyzed the expression of all Wnt and Frizzled members in these cell lines and other well-known glioma cell lines by real-time PCR study. The mRNA of Wnt-5a and -7b and Frizzled-2, -6 and -7 were overexpressed in glioma cells. The elevation of Wnt-5a expression was most remarkable. Although Wnt-5a is reported to have oncogenic and antioncogenic activity in several cancers, the role of Wnt-5a signaling in human glioma cells remains unclear. Immunohistochemical study also revealed high expression of Wnt-5a in 26 (79%) of 33 human glioma cases. The positivity of Wnt-5a expression was correlated with the clinical grade. Knockdown of Wnt-5a expression suppressed migration, invasion and expression of matrix metalloproteinase-2 of glioma cells. Reciprocally, treatment with purified Wnt-5a ligand resulted in stimulation of cell migration and invasion. MMP-2 inhibitor suppressed the Wnt-5a-dependent invasion of U251 cells. These results suggested that Wnt-5a is not only a prognostic factor but also a therapeutic target molecule in gliomas for preventing tumor cell infiltration.

Genes Cells. 2011 Mar;16(3):304-15. Critical role of Wnt5a-Ror2 signaling in motility and invasiveness of carcinoma cells following Snail-mediated epithelial-mesenchymal transition. Ren D, Minami Y, Nishita M.

Expression of Snail has been shown to mediate epithelial-mesenchymal transition (EMT) of epithelial cells and carcinomas, characterized by morphological alterations with disappearance and appearance of E-cadherin and vimentin, respectively. Here, we show that ectopic expression of Snail in human epidermoid carcinoma A431 cells (Snail/A431) induces the representative EMT, resulting in remarkable motile and invasive properties of the cells. Expression of Wnt5a, its receptor Ror2 and matrix metalloproteinase (MMP)-2 is induced in Snail/A431, but not in control A431 cells. Interestingly, suppressed expression of either Wnt5a or Ror2 in Snail/A431 cells results in the inhibition of in vitro cell motility and invasiveness, at least partly mediated by MMP-2, without affecting characteristics of EMT, i.e., mesenchymal morphology, and down- and up-regulations of E-cadherin and vimentin, respectively. We further show that endogenous Snail is required for sustained expression of Wnt5a, Ror2 and MMP-13 in human osteosarcoma SaOS-2 cells. The results indicate that expression of both Wnt5a and Ror2 is induced during Snail-mediated EMT or malignant progression of cancer cells and that consequently activated Wnt5a-Ror2 signaling confers highly motile and invasive properties on cancer cells. Thus, Wnt5a-Ror2 signaling can be a target of cancer therapies to prevent cancer cells from undergoing invasion and metastasis.

Oncogene. 2005 Mar 24;24(13):2144-54. Wnt-5a has tumor suppressor activity in thyroid carcinoma. Kremenevskaja N, von Wasielewski R, Rao AS, Schöfl C, Andersson T, Brabant G.

Stabilization of beta-catenin by inhibition of its phosphorylation is characteristic of an activation of the canonical Wnt/beta-catenin signaling pathway and is associated with various human carcinomas. It contrasts to an as yet incompletely characterized action of an alternative noncanonical Wnt signaling pathway on neoplastic transformation. The aim of the present study was to test the effects of a member of the noncanonical Wnt signaling pathway, Wnt-5a, in primary thyroid carcinomas and in thyroid carcinoma cell lines. Compared to normal tissue Wnt-5a mRNA expression was clearly increased in thyroid carcinomas. Immunohistochemically, a bell-shaped response was observed with low to undetectable levels in normal tissue and in anaplastic tumors whereas differentiated thyroid carcinomas showed strong positive immunostaining for Wnt-5a. Transfection of Wnt-5a in a thyroid tumor cell line FTC-133 was able to reduce proliferation, migration, invasiveness and clonogenicity in these cells. These effects of Wnt-5a are associated with membranous beta-catenin translocation and c-myc oncogene suppression and are mediated through an increase in intracellular Ca(2+) release, which via CaMKII pathways promotes beta-catenin phosphorylation. Specific inhibition of beta-catenin phosphorylation by W-7, a calmodulin inhibitor, or by KN-93, a CaMKII inhibitor, supports these findings whereas PKC inhibitors were without effect. This interaction occurs downstream of GSK-3 beta as no Wnt-5a effect was seen on the Ser(9) phosphorylation of GSK-3 beta. Our data are compatible with the hypothesis that Wnt-5a serves as an antagonist to the canonical Wnt-signaling pathway with tumor suppressor activity in differentiated thyroid carcinomas.
29-NM173554 (C10orf107): uncharacterized protein

30-NM033285_Tumor protein p53 inducible nuclear protein (TP53INP1)

Mol Cell. 2001 Jul;8(1):85-94. p53DINP1, a p53-inducible gene, regulates p53-dependent apoptosis. Okamura S, Arakawa H, Tanaka T, Nakanishi H, Ng CC, Taya Y, Monden M, Nakamura Y. 

Using the differential display method combined with a cell line that carries a well-controlled expression system for wild-type p53, we isolated a p53-inducible gene, termed p53DINP1 (p53-dependent damage-inducible nuclear protein 1). Cell death induced by DNA double-strand breaks (DSBs), as well as Ser46 phosphorylation of p53 and induction of p53AIP1, were blocked when we inhibited expression of p53DINP1 by means of an antisense oligonucleotide. Overexpression of p53DINP1 and DNA damage by DSBs synergistically enhanced Ser46 phosphorylation of p53, induction of p53AIP1 expression, and apoptotic cell death. Furthermore, the protein complex interacting with p53DINP1 was shown to phosphorylate Ser46 of p53. Our results suggest that p53DINP1 may regulate p53-dependent apoptosis through phosphorylation of p53 at Ser46, serving as a cofactor for the putative p53-Ser46 kinase.
J Biol Chem. 2003 Sep 26;278(39):37722-9. TP53INP1s and homeodomain-interacting protein kinase-2 (HIPK2) are partners in regulating p53 activity. Tomasini R, Samir AA, Carrier A, Isnardon D, Cecchinelli B, Soddu S, Malissen B, Dagorn JC, Iovanna JL, Dusetti NJ.

The TP53INP1 gene encodes two protein isoforms, TP53INP1alpha and TP53INP1beta, located into the nucleus. Their synthesis is increased during cellular stress by p53-mediated activation of transcription. Overexpression of these isoforms induces apoptosis, suggesting an involvement of TP53INP1s in p53-mediated cell death. It was recently shown that p53-dependent apoptosis is promoted by homeodomain-interacting protein kinase-2 (HIPK2), which is known to bind p53 and induce its phosphorylation in promyelocytic leukemia protein nuclear bodies (PML-NBs). In this work we show that TP53INP1s localize with p53, PML-IV, and HIPK2 into the PML-NBs. In addition, we show that TP53INP1s interact physically with HIPK2 and p53. In agreement with these results we demonstrate that TP53INP1s, in association with HIPK2, regulate p53 transcriptional activity on p21, mdm2, pig3, and bax promoters. Furthermore, TP53INP1s overexpression induces G1 arrest and increases p53-mediated apoptosis. Although a TP53INP1s and HIPK2 additive effect was observed on apoptosis, G1 arrest was weaker when HIPK2 was transfected together with TP53INP1. These results indicate that TP53INP1s and HIPK2 could be partners in regulating p53 activity.

Biochem Biophys Res Commun. 2011 Feb 11;405(2):278-84. c-Myc inhibits TP53INP1 expression via promoter methylation in esophageal carcinoma. Weng W, Yang Q, Huang M, Qiao Y, Xie Y, Yu Y, jing A, Li Z.

Tumor protein p53-induced nuclear protein 1 (TP53INP1) is a well known stress-induced protein that plays a role in both cell cycle arrest and p53-mediated apoptosis. Loss of TP53INP1 expression has been reported in human melanoma, breast carcinoma, and gastric cancer. However, TP53INP1 expression and its regulatory mechanism in esophageal squamous cell carcinoma (ESCC) remain unclear. Our findings are in agreement with previous reports in that the expression of TP53INP1 was downregulated in 28% (10/36 cases) of ESCC lesions, and this was accompanied by significant promoter methylation. Overexpression of TP53INP1 induced G1 cell cycle arrest and increased apoptosis in ESCC cell lines (EC-1, EC-109, EC-9706). Furthermore, our study showed that the oncoprotein c-Myc bound to the core promoter of TP53INP1 and recruited DNA methyltransferase 3A to methylate the local promoter region, leading to the inhibition of TP53INP1 expression. Our findings revealed that TP53INP1 is a tumor suppressor in ESCC and that c-Myc-mediated DNA methylation-associated silencing of TP53INP1 contributed to the pathogenesis of human ESCC.

31-NM001135091 Mucin 15, cell surface associated (MUC15); May play a role in the cell adhesion to the extracellular matrix.

Eur J Biochem. 2002 Jun;269(11):2755-63. Isolation and characterization of MUC15, a novel cell membrane-associated mucin. Pallesen LT, Berglund L, Rasmussen LK, Petersen TE, Rasmussen JT.

The present work reports isolation and characterization of a highly glycosylated protein from bovine milk fat globule membranes, known as PAS III. Partial amino-acid sequencing of the purified protein allowed construction of degenerate oligonucleotide primers, enabling isolation of a full-length cDNA encoding a protein of 330 amino-acid residues. N-terminal amino-acid sequencing of derived peptides and the purified protein confirmed 76% of the sequence and demonstrated presence of a cleavable signal peptide of 23 residues, leaving a mature protein of 307 amino acids. Database searches showed no homology to any other proteins. A survey of the human genome indicated the presence of a corresponding gene on chromosome band 11p14.3. Isolation and sequencing of the complete cDNA sequence of the human homologue proved the existence of the gene product (334 amino-acid residues). This novel mucin-like protein was named MUC15 by appointment of the HUGO Gene Nomenclature Committee. The deduced amino-acid sequences of human and bovine MUC15 demonstrated structural hallmarks characteristic for other membrane-bound mucins, such as a serine, threonine, and proline-rich extracellular region with several potential glycosylation sites, a putative transmembrane domain, and a short cytoplasmic C-terminal. We have shown the presence of O-glycosylations, identified N-glycosylations at 11 of 15 potential sites in bovine MUC15, and a splice variant encoding a short secreted mucin. Finally, analysis of human and bovine cDNA panels and libraries showed MUC15 gene expression in adult human spleen, thymus, prostate, testis, ovary, small intestine, colon, peripheral blood leukocyte, bone marrow, lymph node, tonsil, breast, fetal liver, bovine lymph nodes and lungs of both species.

Carcinogenesis. 2009 Aug;30(8):1452-8. Overexpression of MUC15 activates extracellular signal-regulated kinase 1/2 and promotes the oncogenic potential of human colon cancer cells. Huang J, Che MI, Huang YT, Shyu MK, Huang YM, Wu YM, Lin WC, Huang PH, Liang JT, Lee PH, Huang MC.

Mucins play a key role in tumorigenesis. MUC15 is a membrane-bound mucin and the MUC15 messenger RNA (mRNA) has been detected in various organs. However, its role in tumor malignancy is still unclear. This study was to investigate the MUC15 expression in colorectal tumors and the role of MUC15 in colon cancer cells. We found that the mRNA expression of MUC15 was significantly higher in 70.8% (51/72) of colorectal tumors compared with their normal counterparts by real-time reverse transcription-polymerase chain reaction. Immunohistochemistry showed that MUC15 expression was increased in 82.6% (43/52) of colorectal tumors. MUC15 overexpression in HCT116 cells enhanced cell proliferation, cell-extracellular matrix adhesion, colony-forming ability and invasion. Furthermore, these effects were significantly reversed by knockdown of MUC15 with short-hairpin RNA. In nude mice models, MUC15 overexpression significantly (P < 0.01) enhanced tumor growth. In addition, treatment of PD98059 significantly (P < 0.01) inhibited MUC15-enhanced invasion, suggesting that the invasion induced by MUC15 in HCT116 cells was primarily mediated through activation of extracellular signal-regulated kinase 1/2. In conclusion, these results suggest that MUC15 is upregulated in colorectal tumors and its expression enhances the oncogenic potential of colon cancer cells.

32-NM005110 Glutamine-fructose-6-phosphate transaminase 2 (GFPT2) or GFAT Controls the flux of glucose into the hexosamine pathway. Most likely involved in regulating the availability of precursors for N- and O-linked glycosylation of proteins.

J Clin Endocrinol Metab. 2004 Feb;89(2):748-55. Common variants in glutamine:fructose-6-phosphate amidotransferase 2 (GFPT2) gene are associated with type 2 diabetes, diabetic nephropathy, and increased GFPT2 mRNA levels. Zhang H, Jia Y, Cooper JJ, Hale T, Zhang Z, Elbein SC.

Increased flux of glucose through the hexosamine biosynthetic pathway has been implicated in insulin resistance, altered insulin secretion, and diabetic nephropathy. Glutamine:fructose-6-phosphate amidotransferase (GFPT), the rate limiting enzyme in hexosamine biosynthesis, is encoded by the unlinked but highly homologous genes GFPT1 and GFPT2. We tested the hypothesis that GFPT2 sequence variation contributed to the susceptibility to type 2 diabetes mellitus (T2DM) and diabetic nephropathy in Caucasian and African-American individuals. We identified 11 single nucleotide polymorphisms (SNPs), of which seven were common. A single variant in exon 14, I471V, altered the amino acid sequence, is conserved between human and mouse genes, and was associated with T2DM among Caucasians (P = 0.05). A trend to an association was noted with diabetic nephropathy among African-American individuals (P = 0.15). Several variants in the 3' untranslated region (UTR) and exon 18 were also associated with T2DM in Caucasian individuals (P < 0.05), and the SNP in the 3' UTR was associated with diabetic nephropathy in African-American subjects (P = 0.047). GFPT2 mRNA levels in transformed lymphocytes from study subjects were significantly increased among African-American subjects compared with Caucasian individuals, regardless of diagnosis. Furthermore, the associated allele of the 3' UTR SNP was approximately 2-fold overexpressed. We propose that the 3' UTR variant results in increased GFPT2 mRNA levels with resultant increased hexosamine flux. The I471V variant may contribute to altered protein function or may simply be in linkage disequilibrium with the 3' UTR.

Clin Biochem. 2007 Sep;40(13-14):952-7. Glutamine fructose-6-phosphate amidotransferase (GFAT) gene expression and activity in patients with type 2 diabetes: inter-relationships with hyperglycaemia and oxidative stress. Srinivasan V, Sandhya N, Sampathkumar R, Farooq S, Mohan V, Balasubramanyam M.

Cell culture and animal model studies have strongly suggested a role for the rate-limiting enzyme for hexosamine biosynthesis, glutamine:fructose-6-phosphate amidotransferase (GFAT) in insulin resistance. However, there are very few clinical studies and none on Asian Indians, a high-risk group for type 2 diabetes (T2DM), which examined the role of GFAT in insulin resistance and T2DM. The study group comprised of T2DM subjects without any complications (n=25) and control non-diabetic subjects (n=23). GFAT mRNA expression and activity were measured by semi-quantitative RT-PCR and fluorimetry, respectively. Oxidative damage was assessed in plasma by the extent of lipid peroxidation [thiobarbituric acid reactive substances (TBARS)] and protein carbonyl content (PCO) using standard methods. The mean (+/-SE) GFAT activity was significantly higher in diabetic (30.22+/-2.40 pM/mg protein/min) compared to control subjects (20.10+/-1.12 pM/mg protein/min) (p<0.001). Plasma levels of diabetic patients also exhibited increased lipid peroxidation and protein carbonylation. GFAT activity was positively correlated (p<0.005) with GFAT mRNA, HbA(1c), insulin resistance (HOMA-IR), postprandial plasma glucose and levels of TBARS and PCO. In multiple logistic regression analysis, the association between GFAT activity and T2DM persisted even after adjusting for age, gender, BMI and HOMA-IR (OR=1.202, p=0.026). Increased GFAT activity appears to be associated with insulin resistance, postprandial hyperglycaemia and oxidative stress in T2DM and may point towards a potential pathway amenable for therapeutic intervention.
33-NM017523 XIAP associated factor 1 (XAF1). X-linked inhibitor of apoptosis (XIAP; MIM 300079) is a potent member of the IAP (inhibitor of apoptosis protein) family. All members of this family possess baculoviral IAP (BIR) repeats, cysteine-rich domains of approximately 80 amino acids that bind and inhibit caspases (e.g., CASP3; MIM 600636). XIAP has 3 BIR domains and a C-terminal RING zinc finger that possesses E3 ubiquitin ligase (see MIM 601623) activity. XAF1 antagonizes the anti-caspase activity of XIAP and may be important in mediating apoptosis resistance in cancer cells (Liston et al., 2001 [PubMed 11175744]).

J Exp Clin Cancer Res. 2010 Dec 11; 29:162. XAF1 expression and regulatory effects of somatostatin on XAF1 in prostate cancer cells. Xing Z, Zhou Z, Yu R, Li S, Li C, Nilsson S, Liu Z.

Somatostatin prevents cell proliferation by inducing apoptosis. Downregulation of the XAF1 transcript may occur during the development of prostate cancer. It is interesting to evaluate the potential regulatory effects of somatostatin on XAF1 expression during the development of prostate cancer cells. XAF1 mRNA and protein expression in human prostate epithelial cells RWPE-1, androgen dependent prostate cancer LNCaP, and androgen independent DU145 and PC3 cells were evaluated using RT-PCR and Western blot. The regulation of XAF1 mRNA and protein expression by somatostatin and its analogue Octreotide was evaluated. Substantial levels of XAF1 mRNA and proteins were detected in RWPE-1 cells, whereas prostate cancer cells LNCaP, DU145 and PC3 exhibited lower XAF1 expression. Somatostatin and Octreotide up-regulated XAF1 mRNA and protein expression in all prostate cancer cell lines. XAF1 down-regulation may contribute to the prostate cancer development. The enhanced XAF1 expression by somatostatin indicates a promising strategy for prostate cancer therapy.
Cancer Sci. 2010 Feb;101(2):559-67. XAF1 as a prognostic biomarker and therapeutic target in pancreatic cancer. Huang J, Yao WY, Zhu Q, Tu SP, Yuan F, Wang HF, Zhang YP, Yuan YZ.

XAF1 (X chromosome-linked inhibitor of apoptosis [XIAP]-associated factor 1) is a novel XIAP modulator that negatively regulates the anti-apoptotic effects of XIAP and sensitizes cells to other cell death triggers. It has been reported to be downregulated in a variety of human cancer cell lines. However, the role of XAF1 in pancreatic carcinogenesis remains unclear. In the present study, we investigated the prognostic values of XAF1 expression and its regulation in cancer cell growth and apoptosis both in vitro and in vivo. From the immunohistochemistry staining of tissue microarray, 40 of 89 (44.9%) pancreatic specimens showed low levels of XAF1 expression. Statistical analysis suggested the downregulation of XAF1 was significantly correlated with tumor staging (P = 0.047) and those patients with low XAF1 levels had shorter survival times (P = 0.0162). Multivariate analysis indicated that XAF1 expression was an independent prognostic indicator of the survival of patients with pancreatic cancer (P = 0.007). Furthermore, we found that restoration of XAF1 expression mediated by Ad5/F35 virus suppressed cell proliferation and induced cell cycle arrest and apoptosis, accompanied by the activation of caspases 3, 8, and 9 and poly(ADP-ribose) polymerase as well as increased level of cytochrome c and Bid cleavage. Notably, XAF1 restoration robustly decreased survivin expression rather than XIAP. In addition, in vivo s.c. xenografts from Ad5/F35-XAF1 treatment, which showed less cellular proliferation and enhanced apoptosis, were significantly smaller than those from control groups. Our findings document that XAF1 is a valuable prognostic marker in pancreatic cancer and could be a potential candidate for cancer gene therapy.

Int J Oncol. 2010 Apr;36(4):1031-7. Identification of a functional p53 responsive element within the promoter of XAF1 gene in gastrointestinal cancer cells. Zhang W, Guo Z, Jiang B, Niu L, Xia G, Wang X, Cheng T, Zhang Y, Wang J.

It has been reported that XAF1 expression in gastric cancer is negatively correlated with p53. Our purpose was to clarify the regulatory mechanism of p53 on XAF1 expression. The effects of overexpressed wild-type and mutant p53 on XAF1 expression were evaluated. Binding capacity of core XAF1 promoter sequence to the recombinant p53 protein was examined. Site-directed mutation of putative p53 binding sequence and p53 knockdown by siRNA were performed. The protein expression and promoter activities of XAF1 in cells with null p53 were higher than that with wild-type and mutant p53. Ectopic overexpression of wild-type p53 suppressed XAF1 expression. A half-site (-95 to -86 nt) and a quarter-site (-4 to +1 nt) of p53 responsive element were found within XAF1 promoter. Both sequences bound to recombinant p53 effectively and specifically. Site-mutation of p53 responsive sequences abrogated the binding capacity. However, only the mutation of half-site increased XAF1 promoter activities. Suppression of p53 not only decreased the binding capacity of p53 responsive halfsite but also increased XAF1 transcription. In conclusion, we demonstrated that p53 could suppress the transcription of XAF1 through interaction with a high affinity responsive element (-95 to -86 nt) within XAF1 promoter, indicating a novel exclusive mechanism between these two tumor suppressors.

34-NM005651 Tryptophan 2,3-dioxygenase (TDO2) Tryptophan 2,3-dioxygenase plays a role in catalyzing the first and rat-limiting step in the kynurenine pathway, the major pathway of tryptophan metabolism. Incorporates oxygen into the indole moiety of tryptophan. Has a broad specificity towards tryptamine and derivatives including D- and L-tryptophan, 5-hydroxytryptophan and serotonin.

Eur J Immunol. 2009 Oct;39(10):2755-64. Antimicrobial and immunoregulatory properties of human tryptophan 2,3-dioxygenase. Schmidt SK, Müller A, Heseler K, Woite C, Spekker K, MacKenzie CR, Däubener W.

In mammals, the regulation of local tryptophan concentrations by the IFN-gamma-i inducible enzyme IDO is a prominent antimicrobial and immunoregulatory effector mechanism. Here, we show for the first time that another tryptophan-degrading enzyme, the liver-specific tryptophan 2,3-dioxygenase (TDO), is also capable of mediating antimicrobial and immunoregulatory effects. Using a tetracycline inducible eukaryotic system, we were able to express recombinant TDO protein, which exhibits functional properties of native TDO. We found that HeLa cells expressing recombinant TDO were capable of inhibiting the growth of bacteria (Staphylococcus aureus), parasites (Toxoplasma gondii) and viruses (herpes simplex virus). These TDO-mediated antimicrobial effects could be blocked by the addition of tryptophan. In addition, we observed that, similar to IDO-positive cells, TDO-positive cells were capable of inhibiting anti CD3-driven T-cell proliferation and IFN-gamma production. Furthermore, TDO-positive cells also restricted alloantigen-induced T-cell activation. Here, we describe for the first time that TDO mediates antimicrobial and immunoregulatory effects and suggest that TDO-dependent inhibition of T-cell growth might be involved in the immunotolerance observed in vivo during allogeneic liver transplantation.

Am J Obstet Gynecol. 2003 Mar;188(3):719-26. Decreased tryptophan catabolism by placental indoleamine 2,3-dioxygenase in preeclampsia. Kudo Y, Boyd CA, Sargent IL, Redman CW.

Tryptophan degradation and depletion resulting from activation of indoleamine 2,3-dioxygenase is characteristic of inflammatory reactions and may control their intensity. Normal third-trimester pregnancy is characterized by a maternal systemic inflammatory response, which is more intense in preeclampsia. Therefore, we studied tryptophan metabolism in pregnant women, with or without preeclampsia, as well as expression and function of placental indoleamine 2,3-dioxygenase. Plasma concentrations of tryptophan and kynurenine in women with preeclampsia, appropriately matched women with normal pregnancy, and healthy nonpregnant women were measured. Placental enzymatic activity and messenger RNA (mRNA) expression level of indoleamine 2,3-dioxygenase were determined from the same placental material. Peripheral blood mononuclear cell proliferation was determined in medium conditioned by prior culture with villous tissue. The plasma ratio of kynurenine to tryptophan, an in vivo index of enzyme activity, was significantly increased compared with nonpregnant controls in normal pregnancy but not in preeclampsia. The activity and mRNA expression level of indoleamine 2,3-dioxygenase in term placentas were significantly lower in preeclampsia. Medium conditioned by culture of villous tissue explants of preeclampsia was less effective in inhibiting peripheral blood mononuclear cell proliferation compared with that of normal pregnancy. These observations suggest that in preeclampsia, reduced placental indoleamine 2,3-dioxygenase activity (and relatively elevated plasma tryptophan) could cause dysregulation of the inflammatory response that is intrinsic to normal pregnancy. This may contribute to the pathogenesis of the maternal syndrome of preeclampsia.
35-Transmembrane proteins (TMEM): TMEM168 (NM022484); TMEM2 (NM013390); TMEM20 (NM001134658); TMEN 132B (NM052907); TMEN45A (NM018004); TMEN 119 (NM181724)

_NM018004 Transmembrane protein 45A (TMEM45A). Alternative names: DNA polymerase-transactivated protein 4 or Dermal papilla-derived protein 7.

Stem Cells. 2007 Apr;25(4):1003-12. Transcriptional profiling of human cord blood CD133+ and cultured bone marrow mesenchymal stem cells in response to hypoxia. Martin-Rendon E, Hale SJ, Ryan D, Baban D, Forde SP, Roubelakis M, Sweeney D, Moukayed M, Harris AL, Davies K, Watt SM.

Umbilical cord blood (UCB) and bone marrow (BM)-derived stem and progenitor cells possess two characteristics required for successful tissue regeneration: extensive proliferative capacity and the ability to differentiate into multiple cell lineages. Within the normal BM and in pathological conditions, areas of hypoxia may have a role in maintaining stem cell fate or determining the fine equilibrium between their proliferation and differentiation. In this study, the transcriptional profiles and proliferation and differentiation potential of UCB CD133(+) cells and BM mesenchymal cells (BMMC) exposed to normoxia and hypoxia were analyzed and compared. Both progenitor cell populations responded to hypoxic stimuli by stabilizing the hypoxia inducible factor (HIF)-1alpha protein. Short exposures to hypoxia increased the clonogenic myeloid capacity of UCB CD133(+) cells and promoted a significant increase in BMMC number. The differentiation potential of UCB CD133(+) clonogenic myeloid cells was unaltered by short exposures to hypoxia. In contrast, the chondrogenic differentiation potential of BMMCs was enhanced by hypoxia, whereas adipogenesis and osteogenesis were unaltered. When their transcriptional profiles were compared, 183 genes in UCB CD133(+) cells and 45 genes in BMMC were differentially regulated by hypoxia. These genes included known hypoxia-responsive targets such as BNIP3, PGK1, ENO2, and VEGFA, and other genes not previously described to be regulated by hypoxia. Several of these genes, namely CDTSPL, CCL20, LSP1, NEDD9, TMEM45A, EDG-1, and EPHA3 were confirmed to be regulated by hypoxia using quantitative reverse transcriptase polymerase chain reaction. These results, therefore, provide a global view of the signaling and regulatory network that controls oxygen sensing in human adult stem/progenitor cells derived from hematopoietic tissues.

Exp Dermatol. 2005 Mar;14(3):209-14. Apoptosis of the dermal papilla cells of hair follicle associated with the expression of gene HSPCO16 in vitro. Yang WB, Hao F, Song ZQ, Yang XC, Ni B.

The epithelial-mesenchymal interactions have an important role in the folliculomorphogenesis and mature hair follicle cycling. The dermal papilla, a dense aggregate of specialized dermis-derived stromal cells located at the bottom of the hair follicle, is a major component of hair, which signals the follicular epithelial cells to prolong the hair growth process. However, to date, little is known about the significance of the specific gene(s) expression in the dermal papilla cells with regard to their aggregative behaviour and hair cycling. In our previous study, the differentially gene-expressed cDNAs library had been determined by means of suppression subtractive hybridization technique between the aggregated human dermal papilla cells and control cells. Among those cDNAs library, the haematopoietic stem/progenitor cell (HSPC)-related gene HSPC016 was found. In this study, the gene HSPC016 was confirmed to express in the human dermal papilla cells by means of in situ hybridization and reverse transcriptase-polymerase chain reaction. In order to rudimentarily elucidate its biological function, a recombinant eucaryotic expressing plasmid pcDNA3.1(+)/HSPC016 was constructed and was transfected into the human dermal papilla cells and 3T3 fibroblast cells by means of Nucleofector(TM) technique (Amaxa, Cologne, Germany). Terminal deoxynucleotidyl transferase-mediated d-UTP nick end Labelling (TUNEL) assay showed that the expression of gene HSPCO16 resulted in the apoptosis of these cells, which suggested that the apoptosis of dermal papilla cells might be associated with the expression of gene HSPC016 in vitro.

36-NM017839 Lysophosphatidylcholine acetyltransferase 2 (LPCAT2) Also known as Acetyl-CoA:lyso-PAF acetyltransferase. This gene encodes a member of the lysophospholipid acyltransferase family. The encoded enzyme may function in two ways: to catalyze the biosynthesis of platelet-activating factor (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine) from 1-O-alkyl-sn-glycero-3-phosphocholine, and to catalyze the synthesis of glycerophospholipid precursors from arachidonyl-CoA and lysophosphatidylcholine. The encoded protein may function in membrane biogenesis and production of platelet-activating factor in inflammatory cells. The enzyme may localize to the endoplasmic reticulum and the Golgi.

J Lipid Res. 2010 Aug;51(8):2143-52. Enzymatic activity of the human 1-acylglycerol-3-phosphate-O-acyltransferase isoform 11: upregulated in breast and cervical cancers. Agarwal AK, Garg A.

The conversion of lysophosphatidic acid (LPA) to phosphatidic acid is carried out by the microsomal enzymes 1-acylglycerol-3-phosphate-O-acyltransferases (AGPATs). These enzymes are specific for acylating LPA at the sn-2 (carbon 2) position on the glycerol backbone and are important, because they provide substrates for the synthesis of phospholipids and triglycerides. At least, mutations in one isoform, AGPAT2, cause near complete loss of adipose tissue in humans. We cloned a cDNA predicted to be an AGPAT isoform, AGPAT11. This cDNA has been recently identified also as lysophosphatidylcholine acyltransferase 2 (LPCAT2) and lyso platelet-activating factor acetyltransferase. When AGPAT11/LPCAT2/lyso platelet-activating factor acetyltransferase cDNA was expressed in CHO and HeLa cells, the protein product localized to the endoplasmic reticulum. In vitro enzymatic activity using lysates of Human Embryonic Kidney-293 cells infected with recombinant AGPAT11/LPCAT2/lyso platelet-activating factor-acetyltransferase cDNA adenovirus show that the protein has an AGPAT activity but lacks glycerol-3-phosphate acyltransferase enzymatic activity. The AGPAT11 efficiently uses C18:1 LPA as acyl acceptor and C18:1 fatty acid as an acyl donor. Thus, it has similar substrate specificities for LPA and acyl-CoA as shown for AGPAT9 and 10. Expression of AGPAT11 mRNA was significantly upregulated in human breast, cervical, and colorectal cancer tissues, indicating its adjuvant role in the progression of these cancers. Our enzymatic assays strongly suggest that the cDNA previously identified as LPCAT2/lyso platelet-activating factor-acetyltransferase cDNA has AGPAT activity and thus we prefer to identify this clone as AGPAT11 as well.
J Biol Chem. 2007 Mar 2;282(9):6532-9. A single enzyme catalyzes both platelet-activating factor production and membrane biogenesis of inflammatory cells. Cloning and characterization of acetyl-CoA:LYSO-PAF acetyltransferase. Shindou H, Hishikawa D, Nakanishi H, Harayama T, Ishii S, Taguchi R, Shimizu T.

Platelet-activating factor (PAF) is a potent proinflammatory lipid mediator eliciting a variety of cellular functions. Lipid mediators, including PAF are produced from membrane phospholipids by enzymatic cascades. Although a G protein-coupled PAF receptor and degradation enzymes have been cloned and characterized, the PAF biosynthetic enzyme, aceyl-CoA:lyso-PAF acetyltransferase, has not been identified. Here, we cloned lyso-PAF acetyltransferase, which is critical in stimulus-dependent formation of PAF. The enzyme is a 60-kDa microsomal protein with three putative membrane-spanning domains. The enzyme was induced by bacterial endotoxin (lipopolysaccharide), which was suppressed by dexamethasone treatment. Surprisingly, the enzyme catalyzed not only biosynthesis of PAF from lyso-PAF but also incorporation of arachidonoyl-CoA to produce PAF precursor membrane glycerophospholipids (lysophosphatidylcholine acyltransferase activity). Under resting conditions, the enzyme prefers arachidonoyl-CoA and contributes to membrane biogenesis. Upon acute inflammatory stimulation with lipopolysaccharide, the activated enzyme utilizes acetyl-CoA more efficiently and produces PAF. Thus, our findings provide a novel concept that a single enzyme catalyzes membrane biogenesis of inflammatory cells while producing a prophlogistic mediator in response to external stimuli.

37-NM019605 SERTA domain containing 4 (SERTAD4)??

38- SLIT and NTRK-like family members: SLITRK2 (NM032539); SLITRK4 (NM173078); SLITRK6 (NM032229)

_NM173078 SLIT and NTRK-like family, member 4 (SLITRK4) This gene encodes a transmembrane protein belonging to the the SLITRK family. These family members include two N-terminal leucine-rich repeat domains similar to those found in the axonal growth-controlling protein SLIT, as well as C-terminal regions similar to neurotrophin receptors. Studies of an homologous protein in mouse suggest that this family member functions to suppress neurite outgrowth.
Gene. 2003 Oct 2;315:87-94. Human SLITRK family genes: genomic organization and expression profiling in normal brain and brain tumor tissue. Aruga J, Yokota N, Mikoshiba K.

Slitrk family proteins are characterized as integral membrane proteins that have two leucine-rich repeat (LRR) domains and a carboxy-terminal domain that is partially similar to trk neurotrophin receptor proteins. The LRR domains are similar to those of slit proteins. In a previous study, we showed that mouse Slitrk genes are expressed predominantly in neural tissue and have neurite-modulating activity in cultured neuronal cells. Their expression profiles as well as their functions vary among the family members. In this paper, we characterized the human SLITRK1, SLITRK2, SLITRK3, SLITRK4, SLITRK5, and SLITRK6 genes. The six genes are located in three clusters, on 3q, 13q, and Xq, respectively. Their expression was detected mainly in the brain, but the expression profile of each SLITRK was unique. SLITRK expression was also investigated in various types of brain tumor tissue. The results showed that all SLITRK genes are differentially expressed in brain tumors, including astrocytoma, oligodendroglioma, glioblastoma, medulloblastoma, and supratentorial primitive neuroectodermal tumor (PNET). Particularly interesting findings were that SLITRK3 expression was enhanced in tissue from several different types of tumors and SLITRK6 expression was highly selective. These results suggest that the human SLITRK genes are useful molecular indicators of brain tumor properties.
Mol Cell Neurosci. 2003 Sep;24(1):117-29. Identification and characterization of Slitrk, a novel neuronal transmembrane protein family controlling neurite outgrowth. Aruga J, Mikoshiba K.

The Slitrk family consists of six structurally related transmembrane proteins (Slitrk1-6) in the mouse. In the extracellular region, they share two conserved leucine-rich repeat domains that have a significant homology to a secreted axonal growth-controlling protein, Slit. These proteins also have a homology to trk neurotrophin receptors in their intracellular domains, sharing a conserved tyrosine residue. Expression of Slitrk is highly restricted to neural tissues, but varies within the family. More specifically, Slitrk1 expression is in the mature neurons, whereas Slitrk2 is strongly expressed in the ventricular layer, and Slitrk6 shows compartmentalized expression in diencephalon. Over-expressed Slitrk1 induced unipolar neurites in cultured neuronal cells, whereas Slitrk2 and other Slitrk proteins inhibited neurite outgrowth. Deletion analysis showed that the functional difference between Slitrk1 and Slitrk2 lies in their intracellular domains, which are conserved in Slitrk2-6, but not in Slitrk1. These results suggest that the Slitrk proteins are the neuronal components that control the neurite outgrowth.
39-Protein tyrosine phosphatase, receptor types: PTPRE (NM006504); PTPRD (NM002839)
_NM002839 Protein tyrosine phosphatase, receptor type D (PTPRD) The protein encoded by this gene is a member of the protein tyrosine phosphatase (PTP) family. PTPs are known to be signaling molecules that regulate a variety of cellular processes including cell growth, differentiation, mitotic cycle, and oncogenic transformation. This PTP contains an extracellular region, a single transmembrane segment and two tandem intracytoplasmic catalytic domains, and thus represents a receptor-type PTP. The extracellular region of this protein is composed of three Ig-like and eight fibronectin type III-like domains. Studies of the similar genes in chicken and fly suggest the role of this PTP is in promoting neurite growth, and regulating neurons axon guidance.
Genes Chromosomes Cancer. 2011 Mar;50(3):154-66. High resolution ArrayCGH and expression profiling identifies PTPRD and PCDH17/PCH68 as tumor suppressor gene candidates in laryngeal squamous cell carcinoma. Giefing M, Zemke N, Brauze D, Kostrzewska-Poczekaj M, Luczak M, Szaumkessel M, Pelinska K, Kiwerska K, Tönnies H, Grenman R, Figlerowicz M, Siebert R, Szyfter K, Jarmuz M.

Many classical tumor suppressor genes (TSG) were identified by delineation of bi-allelic losses called homozygous deletions. To identify systematically homozygous deletions in laryngeal squamous cell carcinoma (LSCC) and to unravel novel putative tumor suppressor genes, we screened 10 LSCC cell lines using high resolution array comparative genomic hybridization (arrayCGH) and array based expression analysis. ArrayCGH identified altogether 113 regions harboring protein coding genes that showed strong reduction in copy number indicating a potential homozygous deletion. Out of the 113 candidate regions, 22 novel homozygous deletions that affected the coding sequences of 15 genes were confirmed by multiplexPCR. Three genes were homozygously lost in two cell lines: PCDH17/PCH68, PRR20, and PTPRD. For the 15 homozygously deleted genes, four showed statistically significant downregulation of expression in LSCC cell lines as compared with normal human laryngeal controls. These were ATG7 (1/10 cell line), ZMYND11 (BS69) (1/10 cell line), PCDH17/PCH68 (9/10 cell lines), and PTPRD (7/10 cell lines). Quantitative real-time PCR was used to confirm the downregulation of the candidate genes in 10 expression array-studied cell lines and an additional cohort of cell lines; statistical significant downregulation of PCDH17/PCH68 and PTPRD was observed. In line with this also Western blot analyses demonstrated a complete absence of the PCDH17 and PTPRD proteins. Thus, expression profiling confirmed recurrent alterations of two genes identified primarily by delineation of homozygous deletions. These were PCDH17/PCH68, the protocadherin gene, and the STAT3 inhibiting receptor protein tyrosine phosphatase gene PTPRD. These genes are good candidates for novel TSG in LSCC.
J Biol Chem. 2008 Feb 22;283(8):4612-21. Protein-tyrosine phosphatase epsilon regulates Shc signaling in a kinase-specific manner: increasing coherence in tyrosine phosphatase signaling. Kraut-Cohen J, Muller WJ, Elson A.

Individual protein tyrosine kinases and phosphatases target multiple substrates; this may generate conflicting signals, possibly within a single pathway. Protein-tyrosine phosphatase epsilon (PTPepsilon) performs two potentially opposing roles: in Neu-induced mammary tumors, PTPepsilon activates Src downstream of Neu, whereas in other systems PTPepsilon can indirectly down-regulate MAP kinase signaling. We now show that the latter effect is mediated at least in part via the adaptor protein Shc. PTPepsilon binds and dephosphorylates Shc in vivo, reducing the association of Shc with Grb2 and inhibiting downstream ERK activation. PTPepsilon binds Shc in a phosphotyrosine-independent manner mediated by the Shc PTB domain and aided by a sequence of 10 N-terminal residues in PTPepsilon. Surprisingly, PTPepsilon dephosphorylates Shc in a kinase-dependent manner; PTPepsilon targets Shc in the presence of Src but not in the presence of Neu. Using a series of point mutants of Shc and Neu, we show that Neu protects Shc from dephosphorylation by binding the PTB domain of Shc, most likely competing against PTPepsilon for binding the same domain. In agreement, PTPepsilon dephosphorylates Shc in mouse embryo fibroblasts but not in Neu-induced mammary tumor cells. We conclude that in the context of Neu-induced mammary tumor cells, Neu prevents PTPepsilon from targeting Shc and from reducing its promitogenic signal while phosphorylating PTPepsilon and directing it to activate Src in support of mitogenesis. In so doing, Neu contributes to the coherence of the promitogenic role of PTPepsilon in this system.
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1-NM_003038 // SLC1A4 // solute carrier family 1 (glutamate/neutral amino acid transporter), member 4

It´s Neutral amino acid transporter A. It the transporter for alanine, serine, cysteine, and threonine and it exhibits sodium dependence. Expressed mostly in brain, muscle, and pancreas but detected in all tissues examined.

Alternative names: Alanine/serine/cysteine/threonine transporter 1 (ASCT-1) or Solute carrier family 1 member 4 (SLC1A4)

J Biol Chem. 1996 Nov 8;271(45):27991-4. ASCT-1 is a neutral amino acid exchanger with chloride channel activity. Zerangue N, Kavanaugh MP.

The ubiquitous transport activity known as system ASC is characterized by a preference for small neutral amino acids including alanine, serine, and cysteine. ASCT-1 and ASCT-2, recently cloned transporters exhibiting system ASC-like selectivity, are members of a major amino acid transporter family that includes a number of glutamate transporters. Here we show that ASCT1 functions as an electroneutral exchanger that mediates negligible net amino acid flux. The electrical currents previously shown to be associated with ASCT1-mediated transport result from activation of a thermodynamically uncoupled chloride conductance with permeation properties similar to those described for the glutamate transporter subfamily. Like glutamate transporters, ASCT1 activity requires extracellular Na+. However, unlike glutamate transporters, which mediate net flux and complete a transport cycle by countertransport of K+, ASCT-1 mediates only homo- and heteroexchange of amino acids and is insensitive to K+. The properties of ASCT-1 suggest that it may function to equilibrate different pools of neutral amino acids and provide a mechanism to link amino acid concentration gradients.

Mov Disord. 2008 Jun 15;23(8):1161-7. Associations between multiple system atrophy and polymorphisms of SLC1A4, SQSTM1, and EIF4EBP1 genes. Soma H, Yabe I, Takei A, Fujiki N, Yanagihara T, Sasaki H.

Multiple system atrophy (MSA) is an adult-onset sporadic neurodegenerative disease. Although the etiology of MSA remains obscure, recent studies suggest that oxidative stress is associated with the pathogenesis of MSA. The aim of this study was to evaluate genetic associations between the candidate genes involved in oxidative stress and MSA in a case-control study. We examined 119 Japanese patients with MSA and 123 controls, and genotyped single-nucleotide polymorphisms (SNPs) of the following eight genes: CCAAT/enhancer-binding protein homologous protein, activating transcription factor 3, CCAAT/enhancer-binding protein-beta, sequestosome 1 (SQSTM1), cysteinyl-tRNA synthetase, solute carrier family 1A4 (SLC1A4), activating transcription factor 4, and eukaryotic translation initiation factor 4E-binding protein 1 (EIF4EBP1). SLC1A4 SNP +28833 (V398I, rs759458, genotype: Pc = 0.0186, allele: Pc = 0.0303, Pc: P-value with Bonferroni correction), two major haplotypes of SLC1A4 "T-C-C-G" and "T-C-T-A" (Pc = 0.0261 and 0.000768), two-SNP haplotypes of SQSTM1 "C-T" and "A-T" (Pc = 0.0136 and 0.0369), and the most common haplotype of EIF4EBP1 "C-T-G-C" (Pc = 0.0480) showed significant associations. This study revealed genetic associations of SLC1A4, SQSTM1, and EIF4EBP1 with MSA. These results may lend genetic support to the hypothesis that oxidative stress is associated with the pathogenesis of MSA.

2-NM_007220 // CA5B // carbonic anhydrase VB, mitochondrial // Xp21.1 // 11238 /// Carbonic anhydrases (CAs) are a large family of zinc metalloenzymes that catalyze the reversible hydration of carbon dioxide. They participate in a variety of biological processes, including respiration, calcification, acid-base balance, bone resorption, and the formation of aqueous humor, cerebrospinal fluid, saliva, and gastric acid.  They show extensive diversity in tissue distribution and in their subcellular localization.  CA VB is localized in the mitochondria and shows the highest sequence similarity to the other mitochondrial CA, CA VA.  It has a wider tissue distribution than CA VA, which is restricted to the liver. The differences in tissue distribution suggest that the two mitochondrial carbonic anhydrases evolved to assume different physiologic roles.
Proc Natl Acad Sci U S A. 2000 Feb 15;97(4):1677-82. Mitochondrial carbonic anhydrase CA VB: differences in tissue distribution and pattern of evolution from those of CA VA suggest distinct physiological roles. Shah GN, Hewett-Emmett D, Grubb JH, Migas MC, Fleming RE, Waheed A, Sly WS.

A cDNA for a second mouse mitochondrial carbonic anhydrase (CA) called CA VB was identified by homology to the previously characterized murine CA V, now called CA VA. The full-length cDNA encodes a 317-aa precursor that contains a 33-aa classical mitochondrial leader sequence. Comparison of products expressed from cDNAs for murine CA VB and CA VA in COS cells revealed that both expressed active CAs that localized in mitochondria, and showed comparable activities in crude extracts and in mitochondria isolated from transfected COS cells. Northern blot analyses of total RNAs from mouse tissues and Western blot analyses of mouse tissue homogenates showed differences in tissue-specific expression between CA VB and CA VA. CA VB was readily detected in most tissues, while CA VA expression was limited to liver, skeletal muscle, and kidney. The human orthologue of murine CA VB was recently reported also. Comparison of the CA domain sequence of human CA VB with that reported here shows that the CA domains of CA VB are much more highly conserved between mouse and human (95% identity) than the CA domains of mouse and human CA VAs (78% identity). Analysis of phylogenetic relationships between these and other available human and mouse CA isozyme sequences revealed that mammalian CA VB evolved much more slowly than CA VA, accepting amino acid substitutions at least 4.5 times more slowly since each evolved from its respective human-mouse ancestral gene around 90 million years ago. Both the differences in tissue distribution and the much greater evolutionary constraints on CA VB sequences suggest that CA VB and CA VA have evolved to assume different physiological roles.

Bioorg Med Chem Lett. 2007 Mar 1;17(5):1336-40. Carbonic anhydrase activators: an activation study of the human mitochondrial isoforms VA and VB with amino acids and amines. Vullo D, Nishimori I, Innocenti A, Scozzafava A, Supuran CT.

The mitochondrial isozymes of human carbonic anhydrase (hCA, EC 4.2.1.1), hCA VA and hCA VB, were investigated for activation with a series of amino acids and amines. D-His, L-DOPA, histamine, dopamine, and 4-(2-aminoethyl)morpholine were excellent hCA VA activators, with KAs in the range of 10-130 nM. Good hCA VB activating effects were identified for L-His, D-Phe, D-DOPA, L-Trp, L-Tyr, serotonin, and 2-(2-aminoethyl)-pyridine, with KAs in the range of 44-110 nM. All these activators enhanced kcat, having no effect on KM, favoring thus the rate-determining step in the catalytic cycle, the proton transfer reactions between the active site and environment. The activation pattern of the two mitochondrial isoforms is very different from each other and as compared to those of the cytosolic isoforms hCA I and II.
J Med Chem. 2005 Dec 1;48(24):7860-6. Carbonic anhydrase inhibitors. The mitochondrial isozyme VB as a new target for sulfonamide and sulfamate inhibitors. Nishimori I, Vullo D, Innocenti A, Scozzafava A, Mastrolorenzo A, Supuran CT.

A lately discovered carbonic anhydrase (hCA, EC 4.2.1.1), the mitochondrial hCA VB, was cloned, expressed, and purified. Kinetic parameters proved it to be 3.37 times more effective than hCA VA as a catalyst for the physiological reaction, with kcat = 9.5 x 10(5) s(-1) and kcat/K(M) = 9.8 x 10(7) M(-1) s(-1), being second only to hCA II among the 16 isoforms presently known in humans. We investigated the inhibition of hCA VB with a library of sulfonamides/sulfamates, some of which are clinically used compounds. Benzenesulfonamides were ineffective inhibitors, whereas derivatives bearing 4-amino, 4-hydrazino, 4-methyl, 4-carboxy moieties or halogenated sulfanilamides were more effective (Ki's of 1.56-4.3 microM). Among the 10 clinically used compounds, acetazolamide, benzolamide, topiramate, and indisulam showed effective inhibitory activity (Ki's of 18-62 nM). Three compounds showed better activity against hCA VB over hCA II, among which were sulpiride and ethoxzolamide, which were 2 times more effective inhibitors of the mitochondrial over the cytosolic isozyme. hCA VB is a druggable target and some of its inhibitors may lead to the development of novel antiobesity therapies.
3-NM_006732 // FOSB // FBJ murine osteosarcoma viral oncogene homolog B // 19q13.3 The Fos gene family consists of 4 members: FOS, FOSB, FOSL1, and FOSL2. These genes encode leucine zipper proteins that can dimerize with proteins of the JUN family, thereby forming the transcription factor complex AP-1. As such, the FOS proteins have been implicated as regulators of cell proliferation, differentiation, and transformation.

Alternative names: G0/G1 switch regulatory protein 3

J Biol Chem. 2010 Nov 12;285(46):35462-70. Stress effects on FosB- and interleukin-8 (IL8)-driven ovarian cancer growth and metastasis. Shahzad MM, Arevalo JM, Armaiz-Pena GN, Lu C, Stone RL, Moreno-Smith M, Nishimura M, Lee JW, Jennings NB, Bottsford-Miller J, Vivas-Mejia P, Lutgendorf SK, Lopez-Berestein G, Bar-Eli M, Cole SW, Sood AK.

A growing number of studies indicate that chronic stress can accelerate tumor growth due to sustained sympathetic nervous system activation. Our recent findings suggest that chronic stress is associated with increased IL8 levels. Here, we examined the molecular and biological significance of IL8 in stress-induced tumor growth. Norepinephrine (NE) treatment of ovarian cancer cells resulted in a 250-300% increase in IL8 protein and 240-320% increase in its mRNA levels. Epinephrine treatment resulted in similar increases. Moreover, NE treatment resulted in a 3.5-4-fold increase in IL8 promoter activity. These effects were blocked by propranolol. Promoter deletion analyses suggested that AP1 transcription factors might mediate catecholamine-stimulated up-regulation of IL8. siRNA inhibition studies identified FosB as the pivotal component responsible for IL8 regulation by NE. In vivo chronic stress resulted in increased tumor growth (by 221 and 235%; p < 0.01) in orthotopic xenograft models involving SKOV3ip1 and HeyA8 ovarian carcinoma cells. This enhanced tumor growth was completely blocked by IL8 or FosB gene silencing using 1,2-dioleoyl-sn-glycero-3-phosphatidylcholine nanoliposomes. IL8 and FosB silencing reduced microvessel density (based on CD31 staining) by 2.5- and 3.5-fold, respectively (p < 0.001). Our findings indicate that neurobehavioral stress leads to FosB-driven increases in IL8, which is associated with increased tumor growth and metastases. These findings may have implications for ovarian cancer management.

Tumour Biol. 2010 Oct;31(5):541-8. RGS16 and FosB underexpressed in pancreatic cancer with lymph node metastasis promote tumor progression. Kim JH, Lee JY, Lee KT, Lee JK, Lee KH, Jang KT, Heo JS, Choi SH, Rhee JC.

Lymph node (LN) metastasis is one of the most important adverse prognostic factors for pancreatic cancer. The aim of this study was to identify novel lymphatic metastasis-associated markers for pancreatic cancer. DNA microarray analysis was used to determine and compare the expression profiles of 17 pancreatic cancer tissues with LN metastasis and 17 pancreatic cancer tissues without LN metastasis. The microarray results were validated by real-time reverse transcription-polymerase chain reaction and immunohistochemistry. Only 58 genes were differentially expressed between the two groups with a difference in signal intensity ratio greater than a 1.5-fold change. Of these genes, 30 were significantly down-regulated in the LN metastasis group. Among five selected down-regulated genes for validation using real-time PCR, the expression of DST, FosB, RGS16, and CXCL12 was significantly lower in the LN metastasis group. Immunohistochemical analysis confirmed RGS16 and FosB underexpression in pancreatic cancer tissues with LN metastasis. RGS16 and FosB underexpression was associated with poor patient survival. Our findings show that RGS16 and FosB are underexpressed in pancreatic cancer with lymph node metastasis and associated with reduced survival, suggesting that RGS16 and FosB might be prognostic markers for pancreatic cancer.

Cell. 1996 Jul 26;86(2):297-309. A defect in nurturing in mice lacking the immediate early gene fosB. Brown JR, Ye H, Bronson RT, Dikkes P, Greenberg ME.

Although expression of the Fos family of transcription factors is induced by environmental stimuli that trigger adaptive neuronal response, evidence that Fos family members mediate these responses is lacking. To address this issue, mice were generated with an inactivating mutation in the fosB gene. fosB mutant mice are profoundly deficient in their ability to nurture young animals but are normal with respect to other cognitive and sensory functions. The nurturing defect is likely due to the absence of FosB in the preoptic area, a region of the hypothalamus that is critical for nurturing. These observations suggest that a transcription factor controls a complex behavior by regulating a specific neuronal circuit and indicate that nurturing in mammals has a genetic component.

4- NM_001937 // DPT // dermatopontin // 1q12-q23 // 1805 /// ENST00000367817 // DPT

Dermatopontin is an extracellular matrix protein with possible functions in cell-matrix interactions and matrix assembly. The protein is found in various tissues and many of its tyrosine residues are sulphated. Dermatopontin is postulated to modify the behavior of TGF-beta through interaction with decorin.

Alternative names: Tyrosine-rich acidic matrix protein 

Biochemistry (Mosc). 2009 Sep;74(9):979-85. Dermatopontin is expressed in human liver and is downregulated in hepatocellular carcinoma. Li X, Feng P, Ou J, Luo Z, Dai P, Wei D, Zhang C.

Dermatopontin (DPT) was recently found as a downstream target of vitamin D receptor, which is a key molecule in the 1,25-dihydroxy-vitamin D(3) anti-hepatoma proliferation pathway. MCTx-1 from Millepora, a homolog of DPT, is identified as a cytotoxin towards leukemia cells. The aim of this study was to analyze DPT expression in hepatocellular carcinoma (HCC) based on the analysis for DPT gene in normal tissues in order to estimate its function in the progression of HCC. DPT mRNA expression was analyzed in normal tissues and HCC cell lines by RT-PCR, and in HCC tissue by RT-PCR and real-time PCR. Its protein was examined in HCC tissues by Western blot and immunohistochemistry assays. Meanwhile, transforming growth factor-beta1 (TGF-beta1) that is closely associated with HCC and DPT was observed by immunohistochemistry in HCC tissues. The results showed that DPT mRNA was strongly expressed in human fetal and adult liver, kidney, and spleen, weakly in ovary and heart, and absent in other tissues and HCC cell lines examined. Its mRNA was significantly downregulated in HCC tissues, while its protein was weakly expressed in tumor compared with non-tumor. DPT is located mainly in the cytoplasm of several cell types in the liver; it has been identified also in the extracellular matrix of the skin. TGF-beta1 was observed in extensive tumor tissue of HCC. This fact suggests that DPT can play various roles in different tissues and might be a molecule related to carcinogenesis and the progression of HCC via possible interaction with TGF-beta1 and other potential mechanisms.

J Invest Dermatol. 1999 May;112(5):706-10. Dermatopontin expression is decreased in hypertrophic scar and systemic sclerosis skin fibroblasts and is regulated by transforming growth factor-beta1, interleukin-4, and matrix collagen. Kuroda K, Okamoto O, Shinkai H.

Dermatopontin is a recently discovered extracellular matrix protein with proteoglycan and cell-binding properties and is assumed to play important roles in cell-matrix interactions and matrix assembly. In this study we examined the expression of dermatopontin mRNA and protein in skin fibroblast cultures from patients with hypertrophic scar and patients with systemic sclerosis. Dermatopontin mRNA and protein levels were reduced in fibroblast cultures from hypertrophic scar lesional skin compared with fibroblasts from normal skin of the same hypertrophic scar patient. Fibroblast cultures from systemic sclerosis patient involved skin also showed significantly reduced expression of dermatopontin compared with normal skin fibroblasts from healthy individuals. We also investigated the effects of cytokines and matrix collagen on dermatopontin expression in normal cultured fibroblasts. Transforming growth factor-beta1 increased dermatopontin mRNA and protein levels, while interleukin-4 reduced dermatopontin expression. Substrate coated with type I collagen reduced dermatopontin mRNA levels, the reduction being more prominent in three-dimensional collagen matrices. Our results suggest that the decreased expression of dermatopontin is associated with the pathogenesis of fibrosis in hypertrophic scar and systemic sclerosis, and that the effect of the cytokines and matrix collagen on dermatopontin may have important implications for skin fibrosis.

5- NR_003316 // SNORD116-1 // small nucleolar RNA, C/D box 116-1 // 15q11.2 // 1000 ??

Proc Natl Acad Sci U S A. 2000 Dec 19;97(26):14311-6. Identification of brain-specific and imprinted small nucleolar RNA genes exhibiting an unusual genomic organization. Cavaillé J, Buiting K, Kiefmann M, Lalande M, Brannan CI, Horsthemke B, Bachellerie JP, Brosius J, Hüttenhofer A.

We have identified three C/D-box small nucleolar RNAs (snoRNAs) and one H/ACA-box snoRNA in mouse and human. In mice, all four snoRNAs (MBII-13, MBII-52, MBII-85, and MBI-36) are exclusively expressed in the brain, unlike all other known snoRNAs. Two of the human RNA orthologues (HBII-52 and HBI-36) share this expression pattern, and the remainder, HBII-13 and HBII-85, are prevalently expressed in that tissue. In mice and humans, the brain-specific H/ACA box snoRNA (MBI-36 and HBI-36, respectively) is intron-encoded in the brain-specific serotonin 2C receptor gene. The three human C/D box snoRNAs map to chromosome 15q11-q13, within a region implicated in the Prader-Willi syndrome (PWS), which is a neurogenetic disease resulting from a deficiency of paternal gene expression. Unlike other C/D box snoRNAs, two snoRNAs, HBII-52 and HBII-85, are encoded in a tandemly repeated array of 47 or 24 units, respectively. In mouse the homologue of HBII-52 is processed from intronic portions of the tandem repeats. Interestingly, these snoRNAs were absent from the cortex of a patient with PWS and from a PWS mouse model, demonstrating their paternal imprinting status and pointing to their potential role in the etiology of PWS. Despite displaying hallmarks of the two families of ubiquitous snoRNAs that guide 2'-O-ribose methylation and pseudouridylation of rRNA, respectively, they lack any telltale rRNA complementarity. Instead, brain-specific C/D box snoRNA HBII-52 has an 18-nt phylogenetically conserved complementarity to a critical segment of serotonin 2C receptor mRNA, pointing to a potential role in the processing of this mRNA.

6- NM_003670 // BHLHE40 // basic helix-loop-helix family, member e40 // 3p26 // 855

Alternative names: Class B basic helix-loop-helix protein 2 (bHLHb2) or differentially expressed in chondrocytes protein 1 (DEC1) or Enhancer-of-split and hairy-related protein 2 (SHARP-2) and Stimulated by retinoic acid gene 13 protein (STRA13).

This gene encodes a basic helix-loop-helix protein expressed in various tissues. Its expression in the chondrocytes is responsive to the addition of Bt2cAMP. The encoded protein is believed to be involved in the control of cell differentiation. It may function as a transcriptional factor to modulate chondrogenesis in response to the cAMP pathway.

Nat Immunol. 2001 Nov;2(11):1040-7. Defective T cell activation and autoimmune disorder in Stra13-deficient mice. Sun H, Lu B, Li RQ, Flavell RA, Taneja R.

Stra13, a basic helix-loop-helix transcription factor, is up-regulated upon activation of CD4+ T cells. Here we show that Stra13-deficient mice exhibit defects in several phases of CD4+ T cell activation. In vivo, Stra13 deficiency results in ineffective elimination of activated T and B cells, which accumulate progressively, leading to lymphoid organ hyperplasia. Consequently, aging Stra13-/- mice develop autoimmune disease characterized by accumulation of spontaneously activated T and B cells, circulating autoantibodies, infiltration of T and B lymphocytes in several organs and immune complex deposition in glomeruli. Our studies identify Stra13 as a key regulator of lymphocyte activation that is vital for maintenance of self-tolerance and for constraint of autoimmunity.
Biochem Biophys Res Commun. 2010 Oct 22;401(3):422-8. Hypoxia inducible BHLHB2 is a novel and independent prognostic marker in pancreatic ductal adenocarcinoma. Wang W, Reiser-Erkan C, Michalski CW, Raggi MC, Quan L, Yupei Z, Friess H, Erkan M, Kleeff J.

AIMS: The cyclic adenosine monophosphate-inducible basic helix-loop-helix (bHLH) domain containing class-B2 transcriptional factor BHLHB2 is differentially expressed in a number of human malignancies. In the present study, the expression, regulation, functions and prognostic impact of BHLHB2 in pancreatic cancer were investigated. METHODS:Expression analyses were carried out in tissues of the normal pancreas (n=10) and pancreatic ductal adenocarcinoma (n=77) as well as in eight pancreatic cancer cell lines using quantitative RT-PCR, semiquantitative immunohistochemistry, and immunoblot analyses. In vitro functional experiments were conducted using siRNA transfection, hypoxia, serum starvation, apoptosis induction with gemcitabine and actinomycin-D, and invasion assays. Survival analysis was performed using the Kaplan-Meier method. Prognostic factors were determined in a multivariable analysis using a Cox proportional hazards model.

RESULTS: BHLHB2 mRNA and protein expressions were strongly induced by hypoxia and by serum starvation in pancreatic cancer cell lines. BHLHB2 silencing with RNAi had no significant effects on growth and invasion but increased apoptosis resistance against gemcitabine by reducing caspace-3 cleavage. In BHLHB2 silenced cells the ED50 of gemcitabine increased from 13.95 ± 1.353 to 38.70 ± 5.262 nM (p<0.05). Ex vivo, the weak/absent nuclear staining in normal pancreatic ducts and acinar cells was replaced by moderate to strong nuclear/cytoplasmic staining in PanIN lesions and pancreatic cancer cells. Patients with weak/absent nuclear BHLHB2 staining had significantly worse median survival compared to those with strong staining (13 months vs. 27 months, p=0.03). In a multivariable analysis, BHLHB2 staining was an independent prognostic factor (Hazard-Ratio=2.348, 95% CI=1.250-4.411, p=0.008). CONCLUSIONS: Hypoxia-inducible BHLHB2 expression is a novel independent prognostic marker in pancreatic cancer patients and indicates increased chemosensitivity towards gemcitabine.
7- NM_003387 // WIPF1 // WAS/WASL interacting protein family, member 1 // 2q31.1 //

J Mol Med. 2009 Jun;87(6):633-44. An expression module of WIPF1-coexpressed genes identifies patients with favorable prognosis in three tumor types. Staub E, Groene J, Heinze M, Mennerich D, Roepcke S, Klaman I, Hinzmann B, Castanos-Velez E, Pilarsky C, Mann B, Brümmendorf T, Weber B, Buhr HJ, Rosenthal A.

Wiskott-Aldrich syndrome (WAS) predisposes patients to leukemia and lymphoma. WAS is caused by mutations in the protein WASP which impair its interaction with the WIPF1 protein. Here, we aim to identify a module of WIPF1-coexpressed genes and to assess its use as a prognostic signature for colorectal cancer, glioma, and breast cancer patients. Two public colorectal cancer microarray data sets were used for discovery and validation of the WIPF1 co-expression module. Based on expression of the WIPF1 signature, we classified more than 400 additional tumors with microarray data from our own experiments or from publicly available data sets according to their WIPF1 signature expression. This allowed us to separate patient populations for colorectal cancers, breast cancers, and gliomas for which clinical characteristics like survival times and times to relapse were analyzed. Groups of colorectal cancer, breast cancer, and glioma patients with low expression of the WIPF1 co-expression module generally had a favorable prognosis. In addition, the majority of WIPF1 signature genes are individually correlated with disease outcome in different studies. Literature gene network analysis revealed that among WIPF1 co-expressed genes known direct transcriptional targets of c-myc, ESR1 and p53 are enriched. The mean expression profile of WIPF1 signature genes is correlated with the profile of a proliferation signature. The WIPF1 signature is the first microarray-based prognostic expression signature primarily developed for colorectal cancer that is instrumental in other tumor types: low expression of the WIPF1 module is associated with better prognosis.

Immunol Res. 2009;44(1-3):99-111. Recent advances in the biology of WASP and WIP. Ramesh N, Geha R.

WASP, the product of the gene mutated in Wiskott-Aldrich syndrome, is expressed only in hematopoietic cells and is the archetype of a family of proteins that include N-WASP and Scar/WAVE. WASP plays a critical role in T cell activation and actin reorganization. WASP has multiple protein-interacting domains. Through its N-terminal EVH1 domain WASP binds to its partner WASP interacting protein (WIP) and through its C-terminal end it interacts with and activates the Arp2/3 complex. In lymphocytes, most of WASP is sequestered with WIP and binding to WIP is essential for the stability of WASP. The central proline-rich region of WASP serves as docking site to several adaptor proteins. Through these multiple interactions WASP integrates many cellular signals to actin cytoskeleton remodeling. In this review, we have summarized recent developments in the biology of WASP and the role of WIP in regulating WASP function. We also discuss WASP-independent functions of WIP.

8- NM_002332 // LRP1 // low density lipoprotein receptor-related protein 1 (alpha-2-macroglobulin receptor). The protein encoded by this gene is an endocytic receptor involved in several cellular processes, including intracellular signaling, lipid homeostasis, and clearance of apoptotic cells. In addition, the encoded protein is necessary for the A2M-mediated clearance of secreted amyloid precursor protein and beta-amyloid, the main component of amyloid plaques found in Alzheimer patients. Expression of this gene decreases with age and has been found to be lower than controls in brain tissue from Alzheimer patients.
Alternative names: Alpha-2-macroglobulin receptor (A2MR) or Apolipoprotein E receptor (APOER) or CD_antigen=CD91. Cleaved into the following 3 chains:

Low-density lipoprotein receptor-related protein 1 85 kDa subunit (LRP-85)

Low-density lipoprotein receptor-related protein 1 515 kDa subunit (LRP-515)

Low-density lipoprotein receptor-related protein 1 intracellular domain (LRPICD)

Free Radic Biol Med. 2010 Dec 1;49(11):1798-803. Oxidative modification to LDL receptor-related protein 1 in hippocampus from subjects with Alzheimer disease: implications for Aβ accumulation in AD brain. Owen JB, Sultana R, Aluise CD, Erickson MA, Price TO, Bu G, Banks WA, Butterfield DA.

Alzheimer disease (AD) is a neurodegenerative disorder characterized histopathologically by the presence of senile plaques (SPs), neurofibrillary tangles, and synapse loss. The main component of SPs is amyloid-β peptide (Aβ), which has been associated with increased oxidative stress, leading to oxidative modification of proteins and consequently to neurotoxicity and neurodegeneration. Low-density lipoprotein receptor-related protein 1 (LRP1) is the primary moiety responsible for the efflux of Aβ from the brain to the blood across the blood-brain barrier. Impaired brain-to-blood transport of Aβ by LRP1 has been hypothesized to contribute to increased levels of Aβ in AD brain. The cause of LRP1 dysfunction is unknown, but we have hypothesized that Aβ oxidizes LRP1, thus damaging its own transporter. Consistent with this notion, we report in this study a significant increase in the levels of the lipid peroxidation product 4-hydroxy-2-nonenal bound to transmembrane LRP1 in AD hippocampus. In contrast, the levels of LRP1-resident 3-nitrotyrosine did not show a significant increase in AD hippocampus compared to age-matched controls. Based on this study, we propose that Aβ impairs its own efflux from the brain by oxidation of its transporter LRP1, leading to increased Aβ deposition in brain, thereby contributing to subsequent cognitive impairment in AD.

Atherosclerosis. 2010 Dec;213(2):458-68. Selective role of sterol regulatory element binding protein isoforms in aggregated LDL-induced vascular low density lipoprotein receptor-related protein-1 expression. Costales P, Aledo R, Vérnia S, Das A, Shah VH, Casado M, Badimon L, Llorente-Cortés V.

Low density lipoprotein receptor-related protein (LRP1) is upregulated in vascular smooth muscle cells by intravascular aggregated LDL (agLDL) - LDL trapped in the arterial intima and systemic LDL. LRP1 upregulation in hypercholesterolemic aortas is concomitant with SREBP downregulation. However, the specific role of SREBP isoforms in LRP1 transcription and LDL-induced LRP1 upregulation in human vascular smooth muscle cells (VSMC) is unknown. In the present study we report that specific silencing of either SREBP-1 or SREBP-2 enhanced LRP1 whereas overexpression of the active SREBP isoforms decreased LRP1 expression. Gel mobility shift and ChIP assays demonstrated that SREBP-1a, SREBP-1c and SREBP-2 were able to bind to three putative SRE sequences; SRE-A (-1042 to -1028), SRE-B (-115 to -101) and SRE-C (+226 to +234). ChIP assays demonstrated that agLDL (100μg/mL, 24h) significantly and specifically decreased SREBP-2 binding to the LRP1 promoter. Luciferase assays demonstrated that agLDL increased the transcriptional activity of A/B or A/C double mutants but failed to increase that of the double B/C mutant. Our results show that both SREBP-1 and SREBP-2 negatively modulated LRP1 transcription. Furthermore, agLDL exerted an upregulatory effect on LRP1 expression by decreasing SREBP-2 binding to LRP1 promoter. Two SRE-like sequences control the response of LRP1 to agLDL.

9-NM_018939 // PCDHB6 // protocadherin beta 6 // 5q31 // 56130 /// ENST00000231136

FEBS Lett. 2001 Apr 20;495(1-2):120-5. The human and murine protocadherin-beta one-exon gene families show high evolutionary conservation, despite the difference in gene number.

Extensive cDNA analysis demonstrated that all human and mouse protocadherin-beta genes are one-exon genes. The protein sequences of these genes are highly conserved, especially the three most membrane-proximal extracellular domains. Phylogenetic analysis suggested that this unique gene family evolved by duplication of one single protocadherin-beta gene to 15 copies. The final difference in the number of protocadherin-beta genes in man (#19) and mouse (#22) is probably caused by duplications later in evolution. The complex relationship between human and mouse genes and the lack of pseudogenes in the mouse protocadherin-beta gene cluster suggest a species-specific evolutionary pressure for maintenance of numerous protocadherin-beta genes.

Curr Opin Cell Biol. 2007 Oct;19(5):584-92. Protocadherin family: diversity, structure, and function. Morishita H, Yagi T.

Protocadherins are predominantly expressed in the nervous system, and constitute the largest subgroup within the cadherin superfamily. The recent structural elucidation of the amino-terminal cadherin domain in an archetypal protocadherin revealed unique and remarkable features: the lack of an interface for homophilic adhesiveness found in classical cadherins, and the presence of loop structures specific to the protocadherin family. The unique features of protocadherins extend to their genomic organization. Recent findings have revealed unexpected allelic and combinatorial gene regulation for clustered protocadherins, a major subgroup in the protocadherin family. The unique structural repertoire and unusual gene regulation of the protocadherin family may provide the molecular basis for the extraordinary diversity of the nervous system.

10-NM_001080848 // CSAG2 // CSAG family, member 2 // Xq28 // 728461 /// NM_004909 /

Alternative name: Taxol-resistance associated gene-3 (TRAG 3)

Virchows Arch. 2007 Feb;450(2):187-94.Taxol-resistance-associated gene-3 (TRAG-3/CSAG2) expression is predictive for clinical outcome in ovarian carcinoma patients. Materna V, Surowiak P, Kaplenko I, Spaczyński M, Duan Z, Zabel M, Dietel M, Lage H.

An obstacle in chemotherapy of ovarian cancer is the development of drug resistance. Taxol (paclitaxel)-resistance-associated gene-3 (TRAG-3/CSAG2) was found to be overexpressed in a paclitaxel-resistant ovarian carcinoma cell line. However, clinical impact of TRAG-3 in ovarian carcinoma has not been demonstrated previously. For demonstration of potential clinical impact of TRAG-3, immunohistochemistry was applied to determine TRAG-3 protein expression in specimens obtained from ovarian carcinoma patients (n=37) who received a paclitaxel-based chemotherapy at two different time points, initial laparotomy before chemotherapy, and secondary cytoreduction after chemotherapy. The TRAG-3-specific immunohistochemical staining was correlated with clinical outcome. In ovarian carcinoma specimens obtained at the initial laparotomy, an advantage in overall (P < 0.001) and progression-free (P = 0.003) survival for patients with weak TRAG-3 expression could be demonstrated. Tumor specimens excised at secondary cytoreduction procedure were not predictive for clinical outcome. In summary, TRAG-3 was found to be a prognostic factor for the prediction of clinical outcome after the application of paclitaxel-based chemotherapy.

J Immunol. 2006 Aug 15;177(4):2717-27. Spontaneous CD4+ T cell responses against TRAG-3 in patients with melanoma and breast cancers. Janjic B, Andrade P, Wang XF, Fourcade J, Almunia C, Kudela P, Brufsky A, Jacobs S, Friedland D, Stoller R, Gillet D, Herberman RB, Kirkwood JM, Maillere B, Zarour HM.

The taxol resistance gene TRAG-3 was initially isolated from cancer cell lines that became resistant to taxol in vitro. TRAG-3 is a cancer germline Ag expressed by tumors of different histological types including the majority of melanoma, breast, and lung cancers. In the present study, we report that patients with stage IV melanoma and breast cancers developed spontaneous IFN-gamma-producing CD4+ T cell responses against a single immunodominant and promiscuous peptide epitope from TRAG-3 presented in the context of multiple HLA-DR molecules. The TRAG-3-specific CD4+ T cells and clones were expanded in vitro and recognized not only peptide pulsed APCs but also autologous dendritic cells (DCs) loaded with the TRAG-3 protein. All stage IV melanoma patients with TRAG-3-expressing tumors developed spontaneous CD4+ T cell responses against TRAG-3, demonstrating its strong immunogenicity. None of these patients had detectable IgG Ab responses against TRAG-3. TCRbeta gene usage studies of TRAG-3-specific CD4+ T cell clones from a melanoma patient and a normal donor suggested a restricted TCR repertoire in patients with TRAG-3-expressing tumors. Altogether, our data define a novel profile of spontaneous immune responses to cancer germline Ag-expressing tumors, showing that spontaneous TRAG-3-specific CD4+ T cells are directed against a single immunodominant epitope and exist independently of Ab responses. Because of its immunodominance, peptide TRAG-3(34-48) is of particular interest for the monitoring of spontaneous immune responses in patients with TRAG-3-expressing tumors and for the development of cancer vaccines.
Anticancer Res. 2000 Nov-Dec;20(6B):4147-51. TRAG-3, a novel cancer/testis antigen, is overexpressed in the majority of melanoma cell lines and malignant melanoma. Feller AJ, Duan Z, Penson R, Toh HC, Seiden MV.

BACKGROUND: We have identified a novel cancer/testis antigen, TRAG-3, (Taxol Resistance Associated Gene-3) that was initially discovered in search for new genes involved in drug resistance by differential display. Early study of TRAG-3 revealed minimal to absent expression in various normal tissues and over-expression in many carcinoma cell lines including several melanoma lines. MATERIALS AND METHODS: Northern and RT-PCR technologies were used to evaluate TRAG-3 expression in numerous cell lines and tumor tissue. RESULTS: Analysis of a wider panel of normal tissues, 32 melanoma cell lines and 4 malignant melanomas demonstrates TRAG-3 expression in 25 of the 32 melanoma cell lines (78%) and four of four of the malignant melanoma tumors (100%). Of the additional eight normal tissues screened, expression was present in normal testis but absent in all other tissues. RT-PCR evaluation of TRAG-3 reveals two transcripts in many carcinoma cell lines with sequencing of these products demonstrating the 799 bp TRAG-3 transcript and a second alternatively spliced transcript, TRAG-3long TRAG-3 maps to band Xq28 within a MAGE gene complex, however sequence analysis demonstrates that TRAG-3 is not homologous to other known cancer/testis antigens. CONCLUSION: TRAG-3 appears to be a novel cancer/testis antigen.

11-NM_144694 // ZNF570 // zinc finger protein 570 // 19q13.12 // 148268 /// ENST000 ??

12-NM_152908 // SLC47A2 // solute carrier family 47, member 2 // 17p11.2 // 146802

This gene encodes a protein belonging to a family of transporters involved in excretion of toxic electrolytes, both endogenous and exogenous, through urine and bile. This transporter family shares homology with the bacterial MATE (multidrug and toxin extrusion) protein family responsible for drug resistance. This gene is one of two members of the MATE transporter family located near each other on chromosome 17.

Alternative name: MATE2-K

Br J Pharmacol. 2011 Apr 1. Importance of the Multidrug and Toxin Extrusion MATE/SLC47A Family to Pharmacokinetics, Pharmacodynamics/Toxicodynamics and Pharmacogenomics. Yonezawa A, Inui KI.

The renal organic cation transport system mediates the tubular secretion of cationic compounds including drugs, toxins and endogenous metabolites into urine. It consists of a membrane potential-dependent organic cation transporter at the basolateral membrane and an H(+) /organic cation antiporter at the brush-border membrane. In 2005, human multidrug and toxin extrusion MATE1/SLC47A1 was identified as a mammalian homologue of bacterial NorM. Thereafter, human MATE2-K/SLC47A2 and rodent MATE were found. Functional characterization revealed that MATE1 and MATE2-K were H(+) /organic cation antiporters, mediating the renal tubular secretion of cationic drugs in cooperation with the basolateral organic cation transporter OCT2. Recently, substrate specificity, transcription mechanisms, structure, polymorphisms, in vivo contributions and clinical outcomes on MATE have been investigated intensively. In this review, we summarize recent findings on MATE1/SLC47A1 and MATE2-K/SLC47A2, and discuss the importance of these transporters to the pharmacokinetics, pharmacodynamics/toxicodynamics and pharmacogenomics of cationic drugs.

Pharmacogenet Genomics. 2010 Feb;20(2):135-8. Heterozygous variants of multidrug and toxin extrusions (MATE1 and MATE2-K) have little influence on the disposition of metformin in diabetic patients. Toyama K, Yonezawa A, Tsuda M, Masuda S, Yano I, Terada T, Osawa R, Katsura T, Hosokawa M, Fujimoto S, Inagaki N, Inui K.

Multidrug and toxin extrusions (MATE1/SLC47A1 and MATE2-K/SLC47A2) play important roles in the renal excretion of metformin. We have previously identified the nonsynonymous MATE variants with functional defects at low allelic frequencies. The purpose of this study was to evaluate the effects of heterozygous MATE variants on the disposition of metformin in mice and humans. Pharmacokinetic parameters of metformin in Mate1(+ or -) heterozygous mice were comparable with those in Mate1(+ or +) wild-type mice. Among 48 Japanese diabetic patients, seven patients carried heterozygous MATE variant and no patient carried homozygous MATE variant. There was no significant difference in oral clearance of metformin with or without heterozygous MATE variants. In addition, creatinine clearance, but not heterozygous MATE variants, significantly improved the model fit of metformin clearance by statistical analysis using the nonlinear mixed-effects modeling program. In conclusion, heterozygous MATE variants could not influence the disposition of metformin in diabetic patients.

J Hum Genet. 2009 Jan;54(1):40-6. Identification of multidrug and toxin extrusion (MATE1 and MATE2-K) variants with complete loss of transport activity. Kajiwara M, Terada T, Ogasawara K, Iwano J, Katsura T, Fukatsu A, Doi T, Inui K.

H(+)/organic cation antiporters (multidrug and toxin extrusion: MATE1 and MATE2-K) play important roles in the renal tubular secretion of cationic drugs. We have recently identified a regulatory single nucleotide polymorphism (SNP) of the MATE1 gene (-32G>A). There is no other information about SNPs of the MATE gene. In this study, we evaluated the functional significance of genetic polymorphisms in MATE1 and MATE2-K. We sequenced all exons of MATE1 and MATE2-K genes in 89 Japanese subjects and identified coding SNPs (cSNPs) encoding MATE1 (V10L, G64D, A310V, D328A and N474S) and MATE2-K (K64N and G211V). All the variants except for MATE1 V10L showed significant decrease in transport activity. In particular, MATE1 G64D and MATE2-K G211V variants completely lost transport activities. When membrane expression level was evaluated by cell surface biotinylation, those of MATE1 (G64D and D328A) and MATE2-K (K64N and G211V) were significantly decreased compared with that of wild type. These findings suggested that the loss of transport activities of the MATE1 G64D and MATE2-K G211V variants were due to the alteration of protein expression in cell surface membranes. This is the first demonstration of functional impairment of the MATE family induced by cSNPs.

13-NM_004460 // FAP // fibroblast activation protein, alpha // 2q23 // 2191 /// ENS 

The protein encoded by this gene is a homodimeric integral membrane gelatinase belonging to the serine protease family. It is selectively expressed in reactive stromal fibroblasts of epithelial cancers, granulation tissue of healing wounds, and malignant cells of bone and soft tissue sarcomas. This protein is thought to be involved in the control of fibroblast growth or epithelial-mesenchymal interactions during development, tissue repair, and epithelial carcinogenesis.

Histopathology. 2009 Oct;55(4):432-40. Histogenesis-specific expression of fibroblast activation protein and dipeptidylpeptidase-IV in human bone and soft tissue tumours. Dohi O, Ohtani H, Hatori M, Sato E, Hosaka M, Nagura H, Itoi E, Kokubun S.

Fibroblast activation protein (FAP)/seprase and dipeptidylpeptidase-IV (DPP-IV)/CD26 are serine integral membrane proteases. They are involved in tissue remodelling, cancer invasion and metastases, mechanisms that are controversial. The aim was to identify cell types that express FAP and DPP-IV in human bone and soft tissue tumours, and to determine whether there are any correlations between the expression of FAP and DPP-IV and the malignant potential of tumours.

METHODS AND RESULTS: This study analysed in situ expression in 25 malignant and 13 benign human bone and soft tissue tumours. Reverse transcriptase-polymerase chain reaction analyses confirmed mRNA expression of FAP and DPP-IV in all individuals. Immunohistochemistry using pre-fixed frozen sections revealed that FAP was positive in low-grade myofibroblastic sarcoma, the fibroblastic component of osteosarcomas, and malignant fibrous histiocytomas, but negative in Ewing's sarcomas and rhabdomyosarcomas. DPP-IV showed similar immunohistochemical results. Among benign tumours, non-ossifying fibromas, desmoid tumours and chondroblastomas expressed both FAP and DPP-IV. Giant cells expressed DPP-IV in giant cell tumours. CONCLUSIONS: Our data suggest that FAP and DPP-IV are consistently expressed in bone and soft tissue tumour cells that are histogenetically related to activated fibroblasts and/or myofibroblasts, irrespective of their malignancy. DPP-IV is also expressed in monocyte-macrophage lineage cells.

Mod Pathol. 2010 Nov;23(11):1535-43. Fibroblast-activation protein: a single marker that confidently differentiates morpheaform/infiltrative basal cell carcinoma from desmoplastic trichoepithelioma. Abbas O, Richards JE, Mahalingam M.

Microscopically, differentiating desmoplastic trichoepithelioma from morpheaform/infiltrative basal cell carcinoma can be difficult as both show 'islands and strands of basaloid cells embedded in a sclerotic stroma'. A superficial shave biopsy further compounds the diagnostic conundrum. Although a plethora of immunohistochemical markers have been touted as being of use as adjunct histologic tools, none thus far appears to be consistent and reliable in terms of specificity and/or sensitivity. Fibroblast-activation protein, a type II membrane-bound glycoprotein belonging to the serine protease family, is expressed in the granulation tissue of healing wounds. More recently, it has been identified as a marker of reactive tumor stromal fibroblasts, as it is reportedly selectively expressed in peritumoral stromal fibroblasts of multiple epithelial cancers including cutaneous malignancies such as basal cell carcinoma. Given this, we sought to ascertain the use of fibroblast-activation protein in distinguishing morpheaform/infiltrative basal cell carcinoma from desmoplastic trichoepithelioma. Immunohistochemical staining for fibroblast-activation protein was performed on desmoplastic trichoepithelioma (n=25) and morpheaform/infiltrative basal cell carcinoma (n=25), with the control group comprising scars from reexcision specimens (n=10). As expected, fibroblast-activation protein expression was observed in stromal fibroblasts of all control cases (10 of 10, 100%). Of interest, fibroblast-activation protein expression was observed in peritumoral fibroblasts of all cases of morpheaform/infiltrative basal cell carcinoma (25 of 25, 100%) but not in any cases of desmoplastic trichoepithelioma (0 of 25, 0%). A gradient of fibroblast-activation protein expression was observed in morpheaform/infiltrative basal cell carcinoma with more intense expression noted in fibroblasts abutting the tumor cells, a less intense expression in the distal peritumoral stromal portion, and minimal to loss of expression in adjacent normal tissue. In summary, findings from this study underscore the use of fibroblast-activation protein as a histologic adjunct in confidently differentiating morpheaform/infiltrative basal cell carcinoma from desmoplastic trichoepithelioma.
Arthritis Rheum. 2010 May;62(5):1224-35. Inhibition of fibroblast activation protein and dipeptidylpeptidase 4 increases cartilage invasion by rheumatoid arthritis synovial fibroblasts. Ospelt C, Mertens JC, Jüngel A, Brentano F, Maciejewska-Rodriguez H, Huber LC, Hemmatazad H, Wüest T, Knuth A, Gay RE, Michel BA, Gay S, Renner C, Bauer S.

OBJECTIVE: Since fibroblasts in the synovium of patients with rheumatoid arthritis (RA) express the serine proteases fibroblast activation protein (FAP) and dipeptidylpeptidase 4 (DPP-4)/CD26, we undertook the current study to determine the functional role of both enzymes in the invasion of RA synovial fibroblasts (RASFs) into articular cartilage.

METHODS: Expression of FAP and DPP-4/CD26 by RASFs was analyzed using fluorescence-activated cell sorting and immunocytochemistry. Serine protease activity was measured by cleavage of fluorogenic substrates and inhibited upon treatment with L-glutamyl L-boroproline. The induction and expression of matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) in RASFs were detected using real-time polymerase chain reaction. Densitometric measurements of MMPs using immunoblotting confirmed our findings on the messenger RNA level. Stromal cell-derived factor 1 (SDF-1 [CXCL12]), MMP-1, and MMP-3 protein levels were measured using enzyme-linked immunosorbent assay. The impact of FAP and DPP-4/CD26 inhibition on the invasiveness of RASFs was analyzed in the SCID mouse coimplantation model of RA using immunohistochemistry.

RESULTS: Inhibition of serine protease activity of FAP and DPP-4/CD26 in vitro led to increased levels of SDF-1 in concert with MMP-1 and MMP-3, which are downstream effectors of SDF-1 signaling. Using the SCID mouse coimplantation model, inhibition of enzymatic activity in vivo significantly promoted invasion of xenotransplanted RASFs into cotransplanted human cartilage. Zones of cartilage resorption were infiltrated by FAP-expressing RASFs and marked by a significantly higher accumulation of MMP-1 and MMP-3, when compared with controls. CONCLUSION: Our results indicate a central role for the serine protease activity of FAP and DPP-4/CD26 in protecting articular cartilage against invasion by synovial fibroblasts in RA.

14-NM_198539 // ZNF568 // zinc finger protein 568 // 19q13.12 // 374900 /// ENST000 ??

Transcrptional regulation. I did not find specific abstracts.

15-NR_003323 // SNORD116-8 // small nucleolar RNA, C/D box 116-8 // 15q11.2 // 1000 ??
16-NM_133468 // BMPER // BMP binding endothelial regulator // 7p14.3 // 168667 ///

BMPER is a novel BMP-binding protein that is expressed by endothelial cell precursors, has BMP-antagonizing activity, and may play a role in endothelial cell differentiation by modulating local BMP activity.

Circ Res. 2008 Oct 10;103(8):804-12. BMPER is an endothelial cell regulator and controls bone morphogenetic protein-4-dependent angiogenesis. Heinke J, Wehofsits L, Zhou Q, Zoeller C, Baar KM, Helbing T, Laib A, Augustin H, Bode C, Patterson C, Moser M.

Bone morphogenetic proteins (BMPs) are involved in embryonic and adult blood vessel formation in health and disease. BMPER (BMP endothelial cell precursor-derived regulator) is a differentially expressed protein in embryonic endothelial precursor cells. In earlier work, we found that BMPER interacts with BMPs and when overexpressed antagonizes their function in embryonic axis formation. In contrast, in a BMPER-deficient zebrafish model, BMPER behaves as a BMP agonist. Furthermore, lack of BMPER induces a vascular phenotype in zebrafish that is driven by disarray of the intersomitic vasculature. Here, we investigate the impact of BMPER on endothelial cell function and signaling and elucidate its role in BMP-4 function in gain- and loss-of-function models. As shown by Western blotting and immunocytochemistry, BMPER is an extracellular matrix protein expressed by endothelial cells in skin, heart, and lung. We show that BMPER is a downstream target of FoxO3a and consistently exerts activating effects on endothelial cell sprouting and migration in vitro and in vivo. Accordingly, when BMPER is depleted from endothelial cells, sprouting is impaired. In terms of BMPER related intracellular signaling, we show that BMPER is permissive and necessary for Smad 1/5 phosphorylation and induces Erk1/2 activation. Most interestingly, BMPER is necessary for BMP-4 to exert its activating role in endothelial function and to induce Smad 1/5 activation. Vice versa, BMP-4 is necessary for BMPER activity. Taken together, BMPER is a dose-dependent endothelial cell activator that plays a unique and pivotal role in fine-tuning BMP activity in angiogenesis.
Mol Cell Biol. 2003 Aug;23(16):5664-79. BMPER, a novel endothelial cell precursor-derived protein, antagonizes bone morphogenetic protein signaling and endothelial cell differentiation. Moser M, Binder O, Wu Y, Aitsebaomo J, Ren R, Bode C, Bautch VL, Conlon FL, Patterson C.

The development of endothelial cell precursors is essential for vasculogenesis. We screened for differentially expressed transcripts in endothelial cell precursors in developing mouse embryoid bodies. We cloned a complete cDNA encoding a protein that contains an amino-terminal signal peptide, five cysteine-rich domains, a von Willebrand D domain, and a trypsin inhibitor domain. We termed this protein BMPER (bone morphogenetic protein [BMP]-binding endothelial cell precursor-derived regulator). BMPER is specifically expressed in flk-1-positive cells and parallels the time course of flk-1 induction in these cells. In situ hybridization in mouse embryos demonstrates dorsal midline staining and staining of the aorto-gonadal-mesonephric region, which is known to host vascular precursor cells. BMPER is a secreted protein that directly interacts with BMP2, BMP4, and BMP6 and antagonizes BMP4-dependent Smad5 activation. In Xenopus embryos, ventral injection of BMPER mRNA results in axis duplication and downregulation of the expression of Xvent-1 (downstream target of Smad signaling). In an embryoid body differentiation assay, BMP4-dependent differentiation of endothelial cells in embryoid bodies is also antagonized by BMPER. Taken together, our data indicate that BMPER is a novel BMP-binding protein that is expressed by endothelial cell precursors, has BMP-antagonizing activity, and may play a role in endothelial cell differentiation by modulating local BMP activity.
17-AK125867 // FLJ43879 // FLJ43879 protein // 2q37.3 // 401039 

cDNA FLJ43879 fis, clone TESTI400899 Unknown protein??
18-NM_003486 // SLC7A5 // solute carrier family 7 (cationic amino acid transporter, y+ system), member 5.

Alternative name: LAT1

Childs Nerv Syst. 2011 Jan;27(1):63-70. Increased expression of L-amino acid transporters in balloon cells of tuberous sclerosis. Lim BC, Cho KY, Lim JS, Lee RS, Kim HS, Kim MK, Kim JH, Woo YJ, Kim JK, Kim do K, Kim HI, Lee KW, Lee MC.

Tuberous sclerosis complex (TSC) is a dysgenetic syndrome involved in multiple organs, and the pathognomonic cortical tuber act as an epileptic substrate. The amino acid transport system L (LAT) is a major nutrient transport system, and LAT1 is highly expressed in malignant tumors to support tumor cell growth. To study the life-long epilepsy from the cortical tuber, the expression of LAT1 in balloon cells and dysplastic neurons of the cortical tuber is investigated. MATERIALS AND METHODS: LAT1 expression was investigated by LAT1 mRNA using reverse transcription-polymerase chain reaction and immunohistochemical staining with anti-human LAT1 antibody in nine patients with TSC and three control brains.

CONCLUSION: LAT1 mRNA was detectable only in fresh-frozen tissues of TSC, and it was upregulated in the cortical tuber lesion. While the LAT1 immunopositivity of control brains was limited in the capillary endothelial cells in the gray matter, increased LAT1 immunopositivity was noted in balloon cells of the cortical tubers in addition to the capillary endothelial cells as shown in control brains. Linear and strong immunopositivity along the cell membrane and cytoplasm of the balloon cells, and weakly granular immunopositivity in their cytoplasm were noted. Increased expression of LAT1 in the balloon cells is important for the active transport of large neutral amino acids into the balloon cells, and that the biologic process may play an important role in the active protein synthesis with metabolic maintenance of balloon cells in cortical tubers of patients with TSC.
Biochem Pharmacol. 2010 Sep 15;80(6):811-8. Impact of system L amino acid transporter 1 (LAT1) on proliferation of human ovarian cancer cells: a possible target for combination therapy with anti-proliferative aminopeptidase inhibitors. Fan X, Ross DD, Arakawa H, Ganapathy V, Tamai I, Nakanishi T.

Amino acids activate nutrient signaling via the mammalian target of rapamycin (mTOR), we therefore evaluated the relationship between amino acid transporter gene expression and proliferation in human ovarian cancer cell lines. Expression of three cancer-associated amino acid transporter genes, LAT1, ASCT2 and SN2, was measured by qRT-PCR and Western blot. The effects of silencing the LAT1 gene and its inhibitor BCH on cell growth were evaluated by means of cell proliferation and colony formation assays. The system L amino acid transporter LAT1 was up-regulated in human ovarian cancer SKOV3, IGROV1, A2780, and OVCAR3 cells, compared to normal ovarian epithelial IOSE397 cells, whereas ASCT2 and SN2 were not. BCH reduced phosphorylation of p70S6K, a down-stream effector of mTOR, in SKOV3 and IGROV1 cells, and decreased their proliferation by 30% and 28%, respectively. Although proliferation of SKOV3 (S1) or IGROV1 (I10) cells was unaffected by LAT1-knockdown, plating efficiency in colony formation assays was significantly reduced in SKOV3(S1) and IGROV1(I10) cells to 21% and 52% of the respective plasmid transfected control cells, SKOV3(SC) and IGROV(IC), suggesting that LAT1 affects anchorage-independent cell proliferation. Finally, BCH caused 10.5- and 4.3-fold decrease in the IC(50) value of bestatin, an anti-proliferative aminopeptidase inhibitor, in IGROV1 and A2780 cells, respectively, suggesting that the combined therapy is synergistic. Our findings indicate that LAT1 expression is increased in human ovarian cancer cell lines; LAT1 may be a target for combination therapy with anti-proliferative aminopeptidase inhibitors to combat ovarian cancer.
19-NM_022450 // RHBDF1 // rhomboid 5 homolog 1 (Drosophila) // 16p13.3 // 64285 ///

Alternative name: Dist1

Mol Cancer Ther. 2008 Jun;7(6):1355-64. Human rhomboid family-1 gene silencing causes apoptosis or autophagy to epithelial cancer cells and inhibits xenograft tumor growth. Yan Z, Zou H, Tian F, Grandis JR, Mixson AJ, Lu PY, Li LY.

The rhomboid family of genes carry out a wide range of important functions in a variety of organisms. Little is known, however, about the function of the human rhomboid family-1 gene (RHBDF1). We show here that RHBDF1 function is essential to epithelial cancer cell growth. RHBDF1 mRNA level is significantly elevated in clinical specimens of invasive ductal carcinoma of the breast, and the protein is readily detectable in human breast cancer or head and neck cancer cell lines. Silencing the RHBDF1 gene with short interfering RNA (siRNA) results in apoptosis in breast cancer MDA-MB-435 cells and autophagy in head and neck squamous cell cancer 1483 cells. The treatment also leads to significant down-modulation of activated AKT and extracellular signal-regulated kinase in the cells, suggesting that critically diminished strength of these growth signals may be the key attributes of the induction of cell death. Furthermore, silencing the RHBDF1 gene in MDA-MB-435 or 1483 xenograft tumors on athymic nude mice by using i.v. administered histidine-lysine polymer nanoparticle-encapsulated siRNA results in marked inhibition of tumor growth. Our findings indicate that RHBDF1 has a pivotal role in sustaining growth signals in epithelial cancer cells and thus may serve as a therapeutic target for treating epithelial cancers.
FASEB J. 2009 Feb;23(2):425-32. Human rhomboid family-1 gene RHBDF1 participates in GPCR-mediated transactivation of EGFR growth signals in head and neck squamous cancer cells. Zou H, Thomas SM, Yan ZW, Grandis JR, Vogt A, Li LY.

Epidermal growth factor receptor (EGFR) is an activated oncogene in many cancers. It can be transactivated by ligands of G protein-coupled receptors (GPCRs). We show here that a novel gene, human rhomboid family-1 (RHBDF1), which was recently reported to have a pivotal role in epithelial cancer cell growth in culture and in xenograft tumors, participates in the modulation of GPCR-mediated EGFR transactivation. The RHBDF1 protein localizes mainly in the endoplasmic reticulum. Silencing the RHBDF1 gene in head and neck squamous cancer cell line 1483 cells with siRNA causes an inhibition of gastrin-releasing peptide (GRP) -induced phosphorylation of EGFR and EGFR-dependent signaling proteins p44/42 MAPK and AKT, accompanied by an inhibition of GRP-induced survival, proliferation, and invasion of the cells. The EGFR signaling pathway itself remains intact, however, as the cells remain responsive to exogenous EGF. In addition, RHBDF1 gene silencing disrupts GRP-stimulated secretion of EGFR ligand TGF-alpha, but not the production of latent TGF-alpha, whereas engineered overexpression of RHBDF1 markedly accelerates the secretion of TGF-alpha. These findings are consistent with the view that RHBDF1 is critically involved in a GPCR ligand-stimulated process leading to the activation of latent EGFR ligands.
Dev Dyn. 2005 Aug;233(4):1315-31. Characterization of a human rhomboid homolog, p100hRho/RHBDF1, which interacts with TGF-alpha family ligands. Nakagawa T, Guichard A, Castro CP, Xiao Y, Rizen M, Zhang HZ, Hu D, Bang A, Helms J, Bier E, Derynck R.

The activity of the TGF-alpha-like ligand Spitz in Drosophila depends on Rhomboid, a seven-transmembrane spanning protein that resides in the Golgi and acts as a serine protease to cleave Spitz, thereby releasing the soluble ligand. Several rhomboids in Drosophila have been implicated in the processing of TGF-alpha-like ligands, and consequent EGF receptor activation. The larger number of TGF-alpha-like ligands in vertebrates raises the possibility that they too might be subject to regulation by rhomboid-like proteins. We present the cDNA cloning and polypeptide sequence of an atypically long human rhomboid, which, based on the absence of critical residues for serine protease activity, is not predicted to act as a serine protease. We examined its tissue distribution, in comparison with TGF-alpha and the TGF-alpha-related protein HB-EGF, and the EGF/TGF-alpha receptor, in mouse embryo. This rhomboid, named p100(hRho) or RHBDF1, is a seven-transmembrane protein with a long N-terminal cytoplasmic extension that comprises half of the polypeptide sequence, and is found in the endoplasmic reticulum and Golgi, but not on the cell surface. It is expressed as two forms with different lengths, forms dimers and interacts with TGF-alpha ligands through a luminal interaction with the EGF core ectodomain. Finally, we evaluated the function of p100(hRho)/RHBDF1 in Drosophila, demonstrating that the short, but not the full-length form has functional activity. The characterization of this protein extends our understanding of the rhomboid family of regulatory proteins.
20-NM_004285 // H6PD // hexose-6-phosphate dehydrogenase (glucose 1-dehydrogenase)

There are 2 forms of glucose-6-phosphate dehydrogenase. G form is X-linked and H form, encoded by this gene, is autosomally linked. This H form shows activity with other hexose-6-phosphates, especially galactose-6-phosphate, whereas the G form is specific for glucose-6-phosphate. Both forms are present in most tissues, but H form is not found in red cells.

Steroids. 2011 Jan;76(1-2):135-9. Mutations of the hexose-6-phosphate dehydrogenase gene rarely cause hyperandrogenemic polycystic ovary syndrome. Qin K, Rosenfield RL.

BACKGROUND/AIM: Hexose-6-phosphate dehydrogenase (H6PD) inactivating mutations cause cortisone reductase deficiency, which manifests with hyperandrogenism unexplained by commonly used tests and, thus, mimics polycystic ovary syndrome (PCOS). The aim of this study was to screen for mutations of H6PD gene in PCOS patients with biochemical hyperandrogenemia. METHODS: Direct DNA sequencing of the entire H6PD coding sequence was performed in 74 PCOS patients and 31 healthy controls. Results were confirmed by PCR-restriction fragment length polymorphism assay to determine the genotypic frequency of the variants.

RESULTS: Multiple novel missense variants were detected in the study. Two exon 2 variants (acccaggc deletion proximal to the start codon and D151A) and two exon 5 variants (R453Q and P554L) were common, occurring in 23.8%, 17.1%, 35.2%, and 16.1%, respectively. There was significant linkage disequilibrium between the exon 2 and exon 5 variants. No significant differences were observed in the genotype, allele distributions, or adrenal function tests of the variants between cases and control groups. We did not detect any reported inactivating mutations in our study. CONCLUSION: Although the H6PD gene is very polymorphic and missense variants are common, coding variants rarely (<1.5%) are responsible for hyperandrogenemic PCOS. We suggest that genetic studies be reserved for patients with dexamethasone-suppressible adrenal hyperandrogenism who have a discrepancy between urinary 17α-hydroxycorticoid and cortisol excretion.

Toxicol Lett. 2010 May 19;195(1):1-8. Exposure to chrysotile asbestos causes carbonylation of glucose 6-phosphate dehydrogenase through a reaction with lipid peroxidation products in human lung epithelial cells. Ogasawara Y, Ishii K.

Exposure to asbestos is known to lead to a reduction in glucose 6-phosphate dehydrogenase (G6PDH) activity and to cause oxidative damage to cells. In the present study, we exposed the human lung carcinoma cell line A549 to chrysotile. We observed an increase in the production of thiobarbituric acid-reactive substances (TBARS, the breakdown products of lipid peroxide) along with a significant decrease in G6PDH activity. Alternatively, when chrysotile was added directly to the cell extract obtained by removing the cell membrane, no loss of G6PDH activity was observed. To elucidate the mechanism of G6PDH inactivation due to exposure to chrysotile, we focused on the TBARS responsible for protein modification via carbonylation. When malondialdehyde or 4-hydroxy-2-nonenal was added to a membrane-free A549 cell extract, G6PDH activity was reduced markedly. However, when t-butylhydroperoxide was added to the extract, there was no significant decrease in G6PDH activity. Western blot analysis and immunoprecipitation of the carbonylated proteins in the A549 cell lysate that was prepared after exposure to chrysotile demonstrated that G6PDH had been carbonylated. Our findings indicate that the decrease in G6PDH activity that occurs after exposure of the cultured cells to chrysotile results from the carbonylation of G6PDH by TBARS.
FASEB J. 2010 Jul;24(7):2495-506. Glucose regulates enzymatic sources of mitochondrial NADPH in skeletal muscle cells; a novel role for glucose-6-phosphate dehydrogenase. Mailloux RJ, Harper ME.

Reduced nicotinamide adenine dinucleotide (NADPH) is a functionally important metabolite required to support numerous cellular processes. However, despite the identification of numerous NADPH-producing enzymes, the mechanisms underlying how the organellar pools of NADPH are maintained remain elusive. Here, we have identified glucose-6-phosphate dehydrogenase (G6PDH) as an important source of NADPH in mitochondria. Activity analysis, submitochondrial fractionation, fluorescence microscopy, and protease sensitivity assays revealed that G6PDH is localized to the mitochondrial matrix. 6-ANAM, a specific G6PDH inhibitor, depleted mitochondrial NADPH pools and increased oxidative stress revealing the importance of G6PDH in NADPH maintenance. We also show that glucose availability and differences in metabolic state modulate the enzymatic sources of NADPH in mitochondria. Indeed, cells cultured in high glucose (HG) not only adopted a glycolytic phenotype but also relied heavily on matrix-associated G6PDH as a source of NADPH. In contrast, cells exposed to low-glucose (LG) concentrations, which displayed increased oxygen consumption, mitochondrial metabolic efficiency, and decreased glycolysis, relied predominantly on isocitrate dehydrogenase (ICDH) as the principal NADPH-producing enzyme in the mitochondria. Culturing glycolytic cells in LG for 48 h decreased G6PDH and increased ICDH protein levels in the mitochondria, further pointing to the regulatory role of glucose. 2-Deoxyglucose treatment also prevented the increase of mitochondrial G6PDH in response to HG. The role of glucose in regulating enzymatic sources of mitochondrial NADPH pool maintenance was confirmed using human myotubes from obese adults with a history of type 2 diabetes mellitus (post-T2DM). Myotubes from post-T2DM participants failed to increase mitochondrial G6PDH in response to HG in contrast to mitochondria in myotubes from control participants (non-T2DM). Hence, we not only identified a matrix-associated G6PDH but also provide evidence that metabolic state/glucose availability modulate enzymatic sources of NADPH.

21-NM_001135599 // TGFB2 // transforming growth factor, beta 2 // 1q41 // 7042 ///

This gene encodes a member of the transforming growth factor beta (TGFB) family of cytokines, which are multifunctional peptides that regulate proliferation, differentiation, adhesion, migration, and other functions in many cell types by transducing their signal through combinations of transmembrane type I and type II receptors (TGFBR1 and TGFBR2) and their downstream effectors, the SMAD proteins. Disruption of the TGFB/SMAD pathway has been implicated in a variety of human cancers. The encoded protein is secreted and has suppressive effects of interleukin-2 dependent T-cell growth. Translocation t(1;7)(q41;p21) between this gene and HDAC9 is associated with Peters' anomaly, a congenital defect of the anterior chamber of the eye. The knockout mice lacking this gene show perinatal mortality and a wide range of developmental, including cardiac, defects.

J Biol Chem. 2011 Jan 28;286(4):3161-76. HoxA10 regulates transcription of the gene encoding transforming growth factor beta2 (TGFbeta2) in myeloid cells. Shah CA, Wang H, Bei L, Platanias LC, Eklund EA.

HoxA10 is a homeodomain transcription factor that is maximally expressed in myeloid progenitor cells. HoxA10 is overexpressed in a poor prognosis subset of human acute myeloid leukemia (AML) and in vivo overexpression of HoxA10 in murine bone marrow induces myeloid leukemia. HoxA10 contributes to myeloid progenitor expansion and differentiation block, but few target genes have been identified that explain the influence of HoxA10 on these processes. The current study identifies the gene encoding transforming growth factor β2 (TGFβ2) as a HoxA10 target gene. We found that HoxA10 activated TGFβ2 transcription by interacting with tandem cis elements in the promoter. We also determined that HoxA10 overexpression in myeloid progenitor cells increased Tgfβ2 production by the cells. Tgfβ2 stimulates proliferation of hematopoietic stem and progenitor cells. Therefore, these studies identified autocrine stimulation of myeloid progenitors by Tgfβ2 as one mechanism by which HoxA10 expands this population. Because HoxA proteins had not been previously known to influence expression of pro-proliferative cytokines, this has implications for understanding molecular mechanisms involved in progenitor expansion and the pathobiology of AML.

Biochem Biophys Res Commun. 1990 Sep 14;171(2):890-7. Transforming growth factor-beta bound to soluble derivatives of the beta amyloid precursor protein of Alzheimer's disease. Bodmer S, Podlisny MB, Selkoe DJ, Heid I, Fontana A.

Transforming growth factors beta (TGF beta) are multifunctional polypeptides that participate in regulation of growth, differentiation and function of many cell types. The mature TGF beta molecule is a 25 kDa protein composed of two 12.5 kDa monomers linked by disulfide bonds. Human glioblastoma cells secrete biologically active TGF beta 2. Here we report that in addition to the free form of TGF beta 2, a stable complex between a approximately 110 kDa binding protein and TGF beta 2 was isolated from glioblastoma cell supernatant. This binding protein was purified and was found to show sequence identity to part of the beta amyloid precursor protein (beta APP), to be specifically labeled by several different antisera to beta APP, and to be affinity labeled with TGF beta by crosslinking. The complex formation between TGF beta and beta APP may have important implications in regulation of biological activity of the two proteins and in delivery or clearance of TGF beta and beta APP in the brain and other compartments.

Gastroenterology. 2011 Jan;140(1):242-53. TGF-β2 suppresses macrophage cytokine production and mucosal inflammatory responses in the developing intestine. Maheshwari A, Kelly DR, Nicola T, Ambalavanan N, Jain SK, Murphy-Ullrich J, Athar M, Shimamura M, Bhandari V, Aprahamian C, Dimmitt RA, Serra R, Ohls RK.

BACKGROUND & AIMS: Premature neonates are predisposed to necrotizing enterocolitis (NEC), an idiopathic, inflammatory bowel necrosis. We investigated whether NEC occurs in the preterm intestine due to incomplete noninflammatory differentiation of intestinal macrophages, which increases the risk of a severe mucosal inflammatory response to bacterial products.

METHODS: We compared inflammatory properties of human/murine fetal, neonatal, and adult intestinal macrophages. To investigate gut-specific macrophage differentiation, we next treated monocyte-derived macrophages with conditioned media from explanted human fetal and adult intestinal tissues. Transforming growth factor-β (TGF-β) expression and bioactivity were measured in fetal/adult intestine and in NEC. Finally, we used wild-type and transgenic mice to investigate the effects of deficient TGF-β signaling on NEC-like inflammatory mucosal injury.

RESULTS: Intestinal macrophages in the human preterm intestine (fetus/premature neonate), but not in full-term neonates and adults, expressed inflammatory cytokines. Macrophage cytokine production was suppressed in the developing intestine by TGF-β, particularly the TGF-β(2) isoform. NEC was associated with decreased tissue expression of TGF-β(2) and decreased TGF-β bioactivity. In mice, disruption of TGF-β signaling worsened NEC-like inflammatory mucosal injury, whereas enteral supplementation with recombinant TGF-β(2) was protective. CONCLUSIONS: Intestinal macrophages progressively acquire a noninflammatory profile during gestational development. TGF-β, particularly the TGF-β(2) isoform, suppresses macrophage inflammatory responses in the developing intestine and protects against inflammatory mucosal injury. Enterally administered TGF-β(2) protected mice from experimental NEC-like injury.

22-NM_001042483 // NUPR1 // nuclear protein, transcriptional regulator, 1 // 16p11. 

Alternative names. P8 or COM1

Mol Biol Cell. 2010 Apr 15;21(8):1335-49. Deficiency of the transcriptional regulator p8 results in increased autophagy and apoptosis, and causes impaired heart function. Kong DK, Georgescu SP, Cano C, Aronovitz MJ, Iovanna JL, Patten RD, Kyriakis JM, Goruppi S.

Autophagy is a cytoprotective pathway used to degrade and recycle cytoplasmic content. Dysfunctional autophagy has been linked to both cancer and cardiomyopathies. Here, we show a role for the transcriptional regulator p8 in autophagy. p8 RNA interference (RNAi) increases basal autophagy markers in primary cardiomyocytes, in H9C2 and U2OS cells, and decreases cellular viability after autophagy induction. This autophagy is associated with caspase activation and is blocked by atg5 silencing and by pharmacological inhibitors. FoxO3 transcription factor was reported to activate autophagy by enhancing the expression of autophagy-related genes. P8 expression represses FoxO3 transcriptional activity, and p8 knockdown affects FoxO3 nuclear localization. Thus, p8 RNAi increases FoxO3 association with bnip3 promoter, a known proautophagic FoxO3 target, resulting in higher bnip3 RNA and protein levels. Accordingly, bnip3 knockdown restores cell viability and blocks apoptosis of p8-deficient cells. In vivo, p8 -/- mice have higher autophagy and express higher cardiac bnip3 levels. These mice develop left ventricular wall thinning and chamber dilation, with consequent impaired cardiac function. Our studies provide evidence of a p8-dependent mechanism regulating autophagy by acting as FoxO3 corepressor, which may be relevant for diseases associated with dysregulated autophagy, as cardiovascular pathologies and cancer.

Cancer Genomics Proteomics. 2010 Mar-Apr;7(2):75-80. The transcript expression and protein distribution pattern in human colorectal carcinoma reveal a pivotal role of COM-1/p8 as a tumour suppressor. Davies ML, Parr C, Sanders AJ, Fodstad O, Jiang WG.

BACKGROUND AND AIMS: COM-1(P8) is thought to play a role in the formation of metastases. This appears from current evidence to be different in various types of solid tumours. We aimed to examine the role COM-1 played in the development of colorectal cancer. MATERIALS AND METHODS: The expression of COM-1 mRNA was examined using a quantitative polymerase chain reaction (PCR) technique together with immunohistochemistry to examine expression and distribution of the COM-1 protein in human colorectal carcinoma and matched normal colorectal mucosa.

RESULTS: COM-1 was expressed in 22.8% of normal colorectal mucosa samples and the expression in these tissues was 54.9 copies of COM-1 transcript per sample. In tumour tissues, 43.6% of samples expressed COM-1, at a level of 98.9 copies of COM-1 transcript per sample (p=0.012). Normal tissues demonstrated strong nuclear and peri-nuclear staining for COM-1 on immunohistochemistry (IHC) and in tumour tissues, the level of staining was found to be much greater, with a greater degree of cytoplasmic staining and little nuclear staining. Early-stage tumours showed a greater degree of staining on IHC compared to those at an advanced stage of disease. CONCLUSION: COM-1, although overexpressed at the messenger level, appears to be distributed in a cytoplasmic fashion at the protein level in tumours. Tumours at advanced stage express COM-1 protein to a lesser extent than their early-stage counterparts.

IUBMB Life. 2009 Dec;61(12):1153-8. Nuclear protein 1 induced by ATF4 in response to various stressors acts as a positive regulator on the transcriptional activation of ATF4. Jin HO, Seo SK, Woo SH, Choe TB, Hong SI, Kim JI, Park IC.

Nuclear protein 1 (NUPR1) was originally identified as p8, a member of the family of HMG-I/Y transcription factors induced in response to various cellular stressors. However, the signaling pathway underlying NUPR1 induction by cellular stresses remains to be established. In this study, we found that the expression of NUPR1 by various stresses induced by activating transcription factor 4 (ATF4). Loss of ATF4 using siRNA significantly diminished NUPR1 expression. Overexpression of ATF4 caused NUPR1 levels to rise. NUPR1 expression was associated with enhanced transcriptional activation of genes of ATF4 downstream, suggesting that the protein promoted the transcription of stress-regulated genes via positive feedback on the ATF4 pathway.
23-NM_175634 // RUNX1T1 // runt-related transcription factor 1; translocated to, 1 

This gene encodes a member of the myeloid translocation gene family which interact with DNA-bound transcription factors and recruit a range of corepressors to facilitate transcriptional repression. The t(8;21)(q22;q22) translocation is one of the most frequent karyotypic abnormalities in acute myeloid leukemia. The translocation produces a chimeric gene made up of the 5'-region of the runt-related transcription factor 1 gene fused to the 3'-region of this gene. The chimeric protein is thought to associate with the nuclear corepressor/histone deacetylase complex to block hematopoietic differentiation.

Oncogene. 2009 Jul 9;28(27):2502-12. RUNX1 and its fusion oncoprotein derivative, RUNX1-ETO, induce senescence-like growth arrest independently of replicative stress. Wolyniec K, Wotton S, Kilbey A, Jenkins A, Terry A, Peters G, Stocking C, Cameron E, Neil JC.

A role for the RUNX genes in cancer fail-safe processes has been suggested by their induction of senescence-like growth arrest in primary murine fibroblasts and the failure of RAS-induced senescence in Runx2-deficient cells. We now show that RUNX1 induces senescence in human primary fibroblasts. High-affinity DNA binding is necessary but not sufficient, as shown by the functional attenuation of the truncated RUNX1/AML1a isoform and the TEL-RUNX1 fusion oncoprotein. However, a similar phenotype was potently induced by the RUNX1-ETO (AML1-ETO) oncoprotein, despite its dominant-negative potential. A detailed comparison of H-RAS(V12), RUNX1 and RUNX1-ETO senescent phenotypes showed that the RUNX effectors induce earlier growth stasis with only low levels of DNA damage signaling and a lack of chromatin condensation, a marker of irreversible growth arrest. In human fibroblasts, all effectors induced p53 in the absence of detectable p14(Arf), whereas only RUNX1-ETO induced senescence in p16(Ink4a)-null cells. Correlation was noted between induction of p53, reactive oxygen species and phospho-p38, whereas p38(MAPK) inhibition rescued cell growth markedly. These findings indicate a role for replication-independent pathways in RUNX and RUNX1-ETO senescence, and show that the context-specific oncogenic activity of RUNX1 fusion proteins is mirrored in their distinctive interactions with fail-safe responses.
Blood. 2010 Jul 29;116(4):603-13. Dimer-tetramer transition controls RUNX1/ETO leukemogenic activity. Wichmann C, Becker Y, Chen-Wichmann L, Vogel V, Vojtkova A, Herglotz J, Moore S, Koch J, Lausen J, Mäntele W, Gohlke H, Grez M.

RUNX1/ETO, the fusion protein resulting from the chromosomal translocation t(8;21), is one of the most frequent translocation products in acute myeloid leukemia. Several in vitro and in vivo studies have shown that the homo-tetramerization domain of ETO, the nervy homology region 2 (NHR2), is essential for RUNX1/ETO oncogenic activity. We analyzed the energetic contribution of individual amino acids within the NHR2 to RUNX1/ETO dimer-tetramer transition and found a clustered area of 5 distinct amino acids with strong contribution to the stability of tetramers. Substitution of these amino acids abolishes tetramer formation without affecting dimer formation. Similar to RUNX1/ETO monomers, dimers failed to bind efficiently to DNA and to alter expression of RUNX1-dependent genes. RUNX1/ETO dimers do not block myeloid differentiation, are unable to enhance the self-renewal capacity of hematopoietic progenitors, and fail to induce leukemia in a murine transplantation model. Our data reveal the existence of an essential structural motif (hot spot) at the NHR2 dimer-tetramer interface, suitable for a molecular intervention in t(8;21) leukemias.

24-NM_173495 // PTCHD1 // patched domain containing 1 // Xp22.11 // 139411 /// ENST

 It´s the Patched domain-containing protein 1

Clin Genet. 2011 Jan;79(1):79-85. Deletion in Xp22.11: PTCHD1 is a candidate gene for X-linked intellectual disability with or without autism. Filges I, Röthlisberger B, Blattner A, Boesch N, Demougin P, Wenzel F, Huber AR, Heinimann K, Weber P, Miny P.

Submicroscopic chromosomal anomalies play an important role in the aetiology of intellectual disability (ID) and have been shown to account for up to 10% of non-syndromic forms. We present a family with two affected boys compatible with X-linked inheritance of a phenotype of severe neurodevelopmental disorder co-segregating with a deletion in Xp22.11 exclusively containing the PTCHD1 gene. Although the exact function of this gene is unknown to date, the structural overlap of its encoded patched domain-containing protein 1, the transmembrane protein involved in the sonic hedgehog pathway, and its expression in human cortex and cerebellum as well as in mice and drosophila brain suggests a causative role of its nullisomy in the developmental phenotype of our family. Our findings support the recent notions that PTCHD1 may play a role in X-linked intellectual disability (XLID) and autism disorders.

Sci Transl Med. 2010 Sep 15;2(49):49ra68. Disruption at the PTCHD1 Locus on Xp22.11 in Autism spectrum disorder and intellectual disability. Noor A, et a.

Autism is a common neurodevelopmental disorder with a complex mode of inheritance. It is one of the most highly heritable of the complex disorders, although the underlying genetic factors remain largely unknown. Here, we report mutations in the X-chromosome PTCHD1 (patched-related) gene in seven families with autism spectrum disorder (ASD) and in three families with intellectual disability. A 167-kilobase microdeletion spanning exon 1 was found in two brothers, one with ASD and the other with a learning disability and ASD features; a 90-kilobase microdeletion spanning the entire gene was found in three males with intellectual disability in a second family. In 900 probands with ASD and 208 male probands with intellectual disability, we identified seven different missense changes (in eight male probands) that were inherited from unaffected mothers and not found in controls. Two of the ASD individuals with missense changes also carried a de novo deletion at another ASD susceptibility locus (DPYD and DPP6), suggesting complex genetic contributions. In additional males with ASD, we identified deletions in the 5' flanking region of PTCHD1 that disrupted a complex noncoding RNA and potential regulatory elements; equivalent changes were not found in male control individuals. Thus, our systematic screen of PTCHD1 and its 5' flanking regions suggests that this locus is involved in ~1% of individuals with ASD and intellectual disability.

25-NM_001025366 // VEGFA // vascular endothelial growth factor A // 6p12 // 7422 //

This gene is a member of the PDGF/VEGF growth factor family and encodes a protein that is often found as a disulfide linked homodimer. This protein is a glycosylated mitogen that specifically acts on endothelial cells and has various effects, including mediating increased vascular permeability, inducing angiogenesis, vasculogenesis and endothelial cell growth, promoting cell migration, and inhibiting apoptosis. Elevated levels of this protein is linked to POEMS syndrome, also known as Crow-Fukase syndrome. Mutations in this gene have been associated with proliferative and nonproliferative diabetic retinopathy. Alternatively spliced transcript variants, encoding either freely secreted or cell-associated isoforms, have been characterized. There is also evidence for the use of non-AUG (CUG) translation initiation sites upstream of, and in-frame with the first AUG, leading to additional isoforms.

J Biol Regul Homeost Agents. 2011 Jan-Mar;25(1):85-91. High articular levels of the angiogenetic factors VEGF and VEGF-receptor 2 as tissue healing biomarkers after single bundle anterior cruciate ligament reconstruction. Galliera E, De Girolamo L, Randelli P, Volpi P, Dogliotti G, Quaglia A, Banfi G, Cabitza P, Corsi MM, Denti M.

Various factors may account for the positive association between meniscal repair and anterior cruciate ligament reconstruction, one being the modulation of healing response of meniscal fibrochondrocytes by growth factors released with intra-articular bleeding and fibrin clot formation. Analysis of vascular endothelial growth factor (VEGF) and its receptors, VEGFR1 and VEGFR2, may be useful in the clinical assessment of bone and soft-tissue remodeling. We measured systemic and local levels of VEGF (VEGF165), VEGFR1 and VEGFR2 after either arthroscopic partial meniscectomy (APM) or single-bundle anterior cruciate ligament reconstruction (ACLR) in order to determine the local effect of bone tunnelling and notchplasty on the release of these growth factors. The study population included 40 patients: 20 consecutive patients had undergone ACLR with hamstring grafts and 20 had undergone APM. Thirty minutes after the end of the operation, knee joint fluid samples were collected via the drainage tube and at the same time venous blood samples were drawn. In both sets of samples, VEGF, VEGFR1 and VEGFR2 concentrations were determined by enzyme-linked immunosorbent assay (ELISA). No significant differences in VEGF, VEGFR1 or VEGFR2 concentrations in the venous blood were observed between the two treatment groups. In contrast, VEGF and VEGFR2 levels were significantly higher in the knee joint fluid of the ACLR group; furthermore, VEGF and VEGFR1 were significantly higher in the knee joint fluid than in the venous blood, whereas VEGFR2 was lower in the knee joint fluid than in the venous blood. Local release of VEGF and its angiogenetic receptor VEGFR2, but not the negative regulator VEGFR1, was significantly higher after ACLR than after APM, indicating a better vasculogenic potential for enhanced bone-graft and meniscus healing. These results could suggest that VEGF and VEGFRs could be considered as good biomarkers of tissue healing after knee joint surgery.
Oncol Res. 2010;19(2):67-76. Hepatoma-derived growth factor regulates the bad-mediated apoptotic pathway and induction of vascular endothelial growth factor in stomach cancer cells. Lee KH, Choi EY, Kim MK, Lee SH, Jang BI, Kim TN, Kim SW, Kim SW, Song SK, Kim JR, Jung BC.

Hepatoma-derived growth factor (HDGF) is highly expressed in tumor cells and may play an important role in the development and progression of carcinomas. However, the molecular mechanism by which HDGF participates in gastric carcinomatosis requires further analysis. In this study, we determined the role of HDGF in tumorigenesis and elucidated the mechanisms of action. To determine aggressive biological behavior, we knocked down HDGF expression with HDGF-specific shRNA in two gastric cancer cell lines. First, using cDNA microarrary, we showed that hepatocyte growth factor (HGF) induced HDGF and confirmed this by Western blotting. HGF increased HDGF in a dose-dependent manner. We also determined whether HDGF induces angiogenic factor, and found the vascular endothelial growth factor (VEGF) was induced by HDGF. Downregulation of HDGF resulted in a decrement of VEGF. HDGF knock-down was found to induce the expression of the proapoptotic protein, Bad, and also inactivate ERK, which in turn led to dephosphorylation of Bad at ser112 and ser136, and induced apoptosis. Transfection with HDGF-siRNA resulted in a decrement of cell proliferation, as determined with a MMT assay. In an in vitro invasion assay, significantly fewer cells transfected with HDGF-siRNA than control cells were able to invade across a Matrigel membrane barrier. Our results suggest that HDGF is involved in cell growth, cell invasion, and apoptosis. These qualities may contribute to the HDGF-associated aggressive biological behavior of gastric cancer and thus serve as a potential target for cancer therapy.

Sheng Li Ke Xue Jin Zhan. 2011 Feb;42(1):6-10. [Non-angiogenic functions of vascular endothelial growth factor]. Xiong Y, Han XF, Luo JC.

Vascular endothelial growth factor (VEGF or VEGF-A), also named as vascular permeable factor (VPF), is a multi-functional bio-macromolecule belonging to the family of secreted glycoprotein growth factor. VEGF can induce a variety of cellular responses through two high-affinity tyrosine kinases, VEGFR1 and VEGFR2. VEGF plays a key role in the angiogenesis and development in the embryo phase, promoting the proliferation, migration, tube formation and survival of the vascular endothelial cells. In the adult phase, VEGF mainly participates in maintaining the vascular structure and regulating physiological and pathological angiogenesis. Clinical data showed that VEGF signaling inhibitors significantly induced the degeneration of the tumor vessels and reduced tumor size. Meanwhile, various side-effects also have been observed in some patients, indicating that the non-angiogenesis functions of VEGF should be greatly emphasized, especially when developing anti-cancer drugs. Several studies showed that VEGF plays essential roles in various adult organs, such as small intestine, pancreatic islets, thyroid, kidney and liver. When VEGF level in these organs is lower than normal, the complexity of capillary network will be partially degenerated. Apart from that, VEGF also promotes the bone marrow formation, tissue repair and regeneration, the maturation of ovarian, and participates in some pathological courses such as thrombosis, inflammation and ischemia. This review focuses on the non-angiogenesis functions of VEGF and briefly discusses the molecular mechanisms.

26-NM_012431 // SEMA3E // sema domain, immunoglobulin domain (Ig), short basic doma domain, secreted, (semaphorin) 3E.

Semaphorins are a large family of conserved secreted and membrane associated proteins which possess a semaphorin (Sema) domain and a PSI domain (found in plexins, semaphorins and integrins) in the N-terminal extracellular portion. Based on sequence and structural similarities, semaphorins are put into eight classes: invertebrates contain classes 1 and 2, viruses have class V, and vertebrates contain classes 3-7. Semaphorins serve as axon guidance ligands via multimeric receptor complexes, some (if not all) containing plexin proteins. This gene encodes a class 4 semaphorin. This gene encodes a class 3 semaphorin.
J Clin Invest. 2010 Aug 2;120(8):2684-98. doi: 10.1172/JCI42118. Sema3E-Plexin D1 signaling drives human cancer cell invasiveness and metastatic spreading in mice. Casazza A, Finisguerra V, Capparuccia L, Camperi A, Swiercz JM, Rizzolio S, Rolny C, Christensen C, Bertotti A, Sarotto I, Risio M, Trusolino L, Weitz J, Schneider M, Mazzone M, Comoglio PM, Tamagnone L.

Semaphorin 3E (Sema3E) is a secreted molecule implicated in axonal path finding and inhibition of developmental and postischemic angiogenesis. Sema3E is also highly expressed in metastatic cancer cells, but its mechanistic role in tumor progression was not understood. Here we show that expression of Sema3E and its receptor Plexin D1 correlates with the metastatic progression of human tumors. Consistent with the clinical data, knocking down endogenous expression of either Sema3E or Plexin D1 in human metastatic carcinoma cells hampered their metastatic potential when injected into mice, while tumor growth was not markedly affected. Conversely, overexpression of exogenous Sema3E in cancer cells increased their invasiveness, transendothelial migration, and metastatic spreading, although it inhibited tumor vessel formation, resulting in reduced tumor growth in mice. The proinvasive and metastatic activity of Sema3E in tumor cells was dependent on transactivation of the Plexin D1-associated ErbB2/Neu oncogenic kinase. In sum, Sema3E-Plexin D1 signaling in cancer cells is crucially implicated in their metastatic behavior and may therefore be a promising target for strategies aimed at blocking tumor metastasis.
Am J Pathol. 2008 Dec;173(6):1873-81. Semaphorin 3E expression correlates inversely with Plexin D1 during tumor progression. Roodink I, Kats G, van Kempen L, Grunberg M, Maass C, Verrijp K, Raats J, Leenders W.

Plexin D1 (PLXND1) is broadly expressed on tumor vessels and tumor cells in a number of different human tumor types. Little is known, however, about the potential functional contribution of PLXND1 expression to tumor development. Expression of semaphorin 3E (Sema3E), one of the ligands for PLXND1, has previously been correlated with invasive behavior and metastasis, suggesting that the PLXND1-Sema3E interaction may play a role in tumor progression. Here we investigated PLXND1 and Sema3E expression during tumor progression in cases of melanoma. PLXND1 was not expressed by melanocytic cells in either naevi or melanomas in situ, whereas expression increased with invasion level, according to Clark's criteria. Furthermore, 89% of the metastatic melanomas examined showed membranous PLXND1-staining of tumor cells. Surprisingly, expression of Sema3E was inversely correlated with tumor progression, with no detectable staining in melanoma metastasis. To functionally assess the effects of Sema3E expression on tumor development, we overexpressed Sema3E in a xenograft model of metastatic melanoma. Sema3E expression dramatically decreased metastatic potential. These results show that PLXND1 expression during tumor development is strongly correlated with both invasive behavior and metastasis, but exclude Sema3E as an activating ligand.

PLoS One. 2008 Sep 26;3(9):e3287. Successful inhibition of tumor development by specific class-3 semaphorins is associated with expression of appropriate semaphorin receptors by tumor cells. Kigel B, Varshavsky A, Kessler O, Neufeld G.

The class-3 semaphorins (sema3s) include seven family members. Six of them bind to neuropilin-1 (np1) or neuropilin-2 (np2) receptors or to both, while the seventh, sema3E, binds to the plexin-D1 receptor. Sema3B and sema3F were previously characterized as tumor suppressors and as inhibitors of tumor angiogenesis. To determine if additional class-3 semaphorins such as sema3A, sema3D, sema3E and sema3G possess anti-angiogenic and anti-tumorigenic properties, we expressed the recombinant full length semaphorins in four different tumorigenic cell lines expressing different combinations of class-3 semaphorin receptors. We show for the first time that sema3A, sema3D, sema3E and sema3G can function as potent anti-tumorigenic agents. All the semaphorins we examined were also able to reduce the concentration of tumor associated blood vessels although the potencies of the anti-angiogenic effects varied depending on the tumor cell type. Surprisingly, there was little correlation between the ability to inhibit tumor angiogenesis and their anti-tumorigenic activity. None of the semaphorins inhibited the adhesion of the tumor cells to plastic or fibronectin nor did they modulate the proliferation of tumor cells cultured in cell culture dishes. However, various semaphorins were able to inhibit the formation of soft agar colonies from tumor cells expressing appropriate semaphorin receptors, although in this case too the inhibitory effect was not always correlated with the anti-tumorigenic effect. In contrast, the anti-tumorigenic effect of each of the semaphorins correlated very well with tumor cell expression of specific signal transducing receptors for particular semaphorins. This correlation was not broken even in cases in which the tumor cells expressed significant concentrations of endogenous semaphorins. Our results suggest that combinations of different class-3 semaphorins may be more effective than single semaphorins in cases in which tumor cells express more than one type of semaphorin receptors.
 Bea part IV missing genes (thus now added) UP-REGULATED GENES (and then down regulated genes)
1-NR_027480 // POTEG // POTE ankyrin domain family, member G // 14q11.2 // 404785

Alternative names: ANKRD26-like family C member 2 or Prostate, ovary, testis-expressed protein on chromosome 14 (POTE-14) (Its specific function is not described)

J Cancer. 2010 Jun 2;1:14-22. Tumor Suppressor RARRES1 Regulates DLG2, PP2A, VCP, EB1, and Ankrd26. Sahab ZJ, Hall MD, Zhang L, Cheema AK, Byers SW.
Retinoic Acid Receptor Responder (RARRES1) initially identified as a novel retinoic acid receptor regulated gene in the skin is a putative tumor suppressor of unknown function. RARRES1 was knocked down in immortalized human prostatic epithelial cell line PWR-1E cells and differential protein expression was identified using differential in-gel electrophoresis (DIGE) followed by matrix-assisted laser desorption ionization (MALDI) mass spectrometry and western Blot analysis excluding highly abundant proteins routinely identified in almost all proteomics projects. Knock-down of RARRES1: 1- down-regulates PP2A, an enzyme involved in the negative regulation of the growth hormone-stimulated signal transduction pathways; 2- down-regulates Valosin-containing protein causing impaired autophagy; 3- up-regulates the tumor suppressor disks large 2; 4- up-regulates Ankrd26 that belongs to the POTE family of genes that are highly expressed in cancer patients with poor outcome; and 5- down-regulates EB1, a protein that is involved in spindle dynamics and chromosome alignment during mitosis.

Apoptosis. 2009 Oct;14(10):1237-44. A primate-specific POTE-actin fusion protein plays a role in apoptosis. Liu XF, Bera TK, Liu LJ, Pastan I.

The primate-specific gene family, POTE, is expressed in many cancers but only in a limited number of normal tissues (testis, ovary, prostate). The 13 POTE paralogs are dispersed among 8 human chromosomes. They evolved by gene duplication and remodeling from an ancestral gene, Ankrd26, recently implicated in controlling body size and obesity. In addition, several POTE paralogs are fused to an actin retrogene producing POTE-actin fusion proteins. The biological function of the POTE genes is unknown, but their high expression in primary spermatocytes, some of which are undergoing apoptosis, suggests a role in inducing programmed cell death. We have chosen Hela cells as a model to study POTE function in human cancer, and have identified POTE-2alpha-actin as the major transcript and the protein it encodes in Hela cells. Transfection experiments show that both POTE-2alpha-actin and POTE-2gammaC are localized to actin filaments close to the inner plasma membrane. Transient expression of POTE-2alpha-actin or POTE-2gammaC induces apoptosis in Hela cells. Using wild-type and mutant mouse embryo cells, we find apoptosis induced by over-expression of POTE-2gammaC is decreased in Bak ( -/- ) or Bak ( -/- ) Bax ( -/- ) cells indicating POTE is acting through a mitochondrial pathway. Endogenous POTE-actin protein levels but not RNA levels increased in a time dependent manner by stimulation of death receptors with their cognate ligands. Our data indicates that the POTE gene family encodes a new family of proapoptotic proteins.
2- NM_001136213 // POTEH // POTE ankyrin domain family, member H // 22q11.1 // 2378

Alternative name: ANKRD26-like family C member 3 or Prostate, ovary, testis-expressed protein on chromosome 22 (POTE-22)
Brain Res. 2011 May 19;1391:125-31. POTEH hypomethylation, a new epigenetic biomarker for glioma prognosis. Liu X, Tang H, Zhang Z, Li W, Wang Z, Zheng Y, Wu M, Li G.

POTE ankyrin domain family, member H (POTEH) belongs to POTE family, which expresses in many cancers. In this study, methylation status of POTEH promoter and its correlation with clinicopathological parameters were evaluated in glioma tissues and cells. Bisulfite sequencing PCR was carried out to investigate the promoter methylation status of POTEH in tumor of 96 glioma patients and glioma cells U251, SF767, and SF126. The effect of promoter hypomethylation on protein expression was evaluated by immunohistochemistry. POTEH was hypomethylated in 81.3% gliomas and none in normal brain tissues, and correlated significantly with its protein expression. But there was no remarkable relationship between sex, age, advanced tumor grade and POTEH hypomethylation. With the grade progressing, POTEH protein expression was enhanced. The correlation between POTEH hypomethylation, protein expression and overall survival was statistically significant. In POTEH hypomethylation group, patients with POTEH high expression had shorter overall survival than those with low expression. Hypomethylation of POTEH promoter in gliomas accounted for POTEH protein overexpression and poor outcome in a subset of patients. Detection of these epigenetic changes in tumors may provide information regarding prognosis.

3- NM_152737 // RNF182 // ring finger protein 182 // 6p23 // 221687 /// BC030666 // It´s a E3 ubiquitin-protein ligase RNF182 related to Alzheimer disease.
Mol Neurodegener. 2008 Feb 25;3:4. A novel brain-enriched E3 ubiquitin ligase RNF182 is up regulated in the brains of Alzheimer's patients and targets ATP6V0C for degradation. Liu QY, Lei JX, Sikorska M, Liu R.

BACKGROUND:

Alterations in multiple cellular pathways contribute to the development of chronic neurodegeneration such as a sporadic Alzheimer's disease (AD). These, in turn, involve changes in gene expression, amongst which are genes regulating protein processing and turnover such as the components of the ubiquitin-proteosome system. Recently, we have identified a cDNA whose expression was altered in AD brains. It contained an open reading frame of 247 amino acids and represented a novel RING finger protein, RNF182. Here we examined its biochemical properties and putative role in brain cells.

RESULTS:

RNF182 is a low abundance cytoplasmic protein expressed preferentially in the brain. Its expression was elevated in post-mortem AD brain tissue and the gene could be up regulated in vitro in cultured neurons subjected to cell death-inducing injuries. Subsequently, we have established that RNF182 protein possessed an E3 ubiquitin ligase activity and stimulated the E2-dependent polyubiquitination in vitro. Yeast two-hybrid screening, overexpression and co-precipitation approaches revealed, both in vitro and in vivo, an interaction between RNF182 and ATP6V0C, known for its role in the formation of gap junction complexes and neurotransmitter release channels. The data indicated that RNF182 targeted ATP6V0C for degradation by the ubiquitin-proteosome pathway. Overexpression of RNF182 reduced cell viability and it would appear that by itself the gene can disrupt cellular homeostasis.

CONCLUSION:

Taken together, we have identified a novel brain-enriched RING finger E3 ligase, which was up regulated in AD brains and neuronal cells exposed to injurious insults. It interacted with ATP6V0C protein suggesting that it may play a very specific role in controlling the turnover of an essential component of neurotransmitter release machinery.

4- NM_001145029 // ANKRD30B // ankyrin repeat domain 30B // 18p11.21 // 374860 /// It´s serologically defined breast cancer antigen NY-BR-1.1
Cancer Res. 2001 Mar 1;61(5):2055-61. Identification of a tissue-specific putative transcription factor in breast tissue by serological screening of a breast cancer library. Jäger D, Stockert E, Güre AO, Scanlan MJ, Karbach J, Jäger E, Knuth A, Old LJ, Chen YT.

Application of SEREX (serological analysis of recombinant tumor cDNA expression libraries) to different tumor types has led to the identification of several categories of human tumor antigens. In this study, the analysis of a breast cancer library with autologous patient serum led to the isolation of seven genes, designated NY-BR-1 through NY-BR-7. NY-BR-1, representing 6 of 14 clones isolated, showed tissue-restricted mRNA expression in breast and testis but not in 13 other normal tissues tested. Among tumor specimens, NY-BR-1 mRNA expression was found in 21 of 25 breast cancers but in only 2 of 82 nonmammary tumors. Structural analysis of NY-BR-1 cDNA and the corresponding genomic sequences in the recently released working draft of human genome indicated that NY-BR-1 is composed of 37 exons and has an open reading frame of 4.0-4.2 kb, encoding a peptide of Mr 150,000-160,000. A bipartite nuclear localization signal motif indicates a nuclear site for NY-BR-1, and the presence of a bZIP site (DNA-binding site followed by leucine zipper motif) suggests that NY-BR-1 is a transcription factor. Additional structural features include five tandem ankyrin repeats, implying a role for NY-BR-1 in protein-protein interactions. NY-BR-1 thus represents a breast tissue-specific putative transcription factor with autoimmunogenicity in breast cancer patients. In addition to NY-BR-1, a homologous gene, NY-BR-1.1, was identified in this study. NY-BR-1.1 shares 54% amino acid homology with NY-BR-1 and also shows tissue-restricted mRNA expression. However, unlike NY-BR-1, NY-BR-1.1 mRNA is expressed in brain, in addition to breast and testis. The exon structure of NY-BR-1.1 remains to be defined. Using human genome database, NY-BR-1 was localized to chromosome 10p11-p12, and NY-BR-1.1 was tentatively localized to chromosome 9.

5- NM_020734 // RIMKLB // ribosomal modification protein rimK-like family member B or N-acetylaspartyl-glutamate synthetase B. Catalyzes the synthesis of N-acetylaspartyl-glutamate and beta-citryl-L-glutamate. N-acetylaspartyl-glutamate is synthesized more efficiently than beta-citryl-L-glutamate.

Alternative names: Beta-citrylglutamate synthase B or Ribosomal protein S6 modification-like protein B
J Biol Chem. 2010 Sep 17;285(38):29156-64. Molecular characterization of N-acetylaspartylglutamate synthetase. Becker I, Lodder J, Gieselmann V, Eckhardt M.

The dipeptide N-acetylaspartyl-glutamate (NAAG) is an abundant neuropeptide in the mammalian brain. Despite this fact, its physiological role is poorly understood. NAAG is synthesized by a NAAG synthetase catalyzing the ATP-dependent condensation of N-acetylaspartate and glutamate. In vitro NAAG synthetase activity has not been described, and the enzyme has not been purified. Using a bioinformatics approach we identified a putative dipeptide synthetase specifically expressed in the nervous system. Expression of the gene, which we named NAAGS (for NAAG synthetase) was sufficient to induce NAAG synthesis in primary astrocytes or CHO-K1 and HEK-293T cells when they coexpressed the NAA transporter NaDC3. Furthermore, coexpression of NAAGS and the recently identified N-acetylaspartate (NAA) synthase, Nat8l, in CHO-K1 or HEK-293T cells was sufficient to enable these cells to synthesize NAAG. Identity of the reaction product of NAAGS was confirmed by HPLC and electrospray ionization tandem mass spectrometry (ESI-MS). High expression levels of NAAGS were restricted to the brain, spinal cord, and testis. Taken together our results strongly suggest that the identified gene encodes a NAAG synthetase. Its identification will enable further studies to examine the role of this abundant neuropeptide in the vertebrate nervous system.

6- AK124285 // FLJ42291 // hypothetical LOC346547 // 7q36.2 // 346547 Unknown protein.
7- NM_001796 // CDH8 // cadherin 8, type 2 // 16q22.1 // 1006 /// ENST00000299345 / This gene encodes a type II classical cadherin from the cadherin superfamily, integral membrane proteins that mediate calcium-dependent cell-cell adhesion. Mature cadherin proteins are composed of a large N-terminal extracellular domain, a single membrane-spanning domain, and a small, highly conserved C-terminal cytoplasmic domain. The extracellular domain consists of 5 subdomains, each containing a cadherin motif, and appears to determine the specificity of the protein's homophilic cell adhesion activity. Type II (atypical) cadherins are defined based on their lack of a HAV cell adhesion recognition sequence specific to type I cadherins. This particular cadherin is expressed in brain and is putatively involved in synaptic adhesion, axon outgrowth and guidance. Found in certain nerve cell lines, such as retinoblasts, glioma cells and neuroblasts.
Int J Cancer. 2002 Oct 1;101(4):327-34. Expression of cadherin-8 in renal cell carcinoma and fetal kidney. Blaschke S, Mueller CA, Markovic-Lipkovski J, Puch S, Miosge N, Becker V, Mueller GA, Klein G.

Cadherins represent a family of calcium-dependent cell adhesion molecules with an important regulatory function for maintenance of tissue architecture. Alterations of cadherin expression have been demonstrated in the development and progression of different epithelial tumors. In renal cell carcinoma (RCC), the majority of tumors express N-cadherin and cadherin-6. Screening a series of 16 RCC cell lines for the expression of different novel type II cadherins by RT-PCR revealed a complex pattern of cadherin expression: cadherins 6 and 14 were expressed in most of the RCC cell lines, whereas cadherins 11, 12 and 13 could not be detected at all. Interestingly, cadherin-8, previously shown in mice to be restricted to the CNS and thymus during development, was detected by RT-PCR, immunofluorescence and in situ hybridization in 4 of 16 RCC cell lines as well as in paraffin sections of the corresponding human RCC biopsies. In normal renal tissue, however, cadherin-8 could be detected only during the early stages of kidney development. These results suggest that alterations of type II cadherin expression may play a role in RCC development. In particular, cadherin-8 may be involved in both kidney morphogenesis as well as tumorigenesis in some types of RCC.

J Neurosci. 2007 Mar 28;27(13):3466-76. Cadherin-8 is required for the first relay synapses to receive functional inputs from primary sensory afferents for cold sensation. Suzuki SC, Furue H, Koga K, Jiang N, Nohmi M, Shimazaki Y, Katoh-Fukui Y, Yokoyama M, Yoshimura M, Takeichi M.

Classic cadherins, comprising multiple subtypes, mediate selective cell-cell adhesion based on their subtype-specific binding nature. Each subtype in the brain is expressed by restricted groups of functionally connected nuclei and laminas. However, whether each subtype has any specific role in neural circuitry remains largely unknown. Here, we show that cadherin-8 (cad8), a type-II classic cadherin, is important for cold sensation, whose circuitry is established by projection of sensory neurons into the spinal cord. Cad8 was expressed by a subset of neurons in the dorsal horn (DH) of the spinal cord, as well as by a small number of neurons in the dorsal root ganglia (DRGs), and the majority of cad8-positive DRG neurons coexpressed cold temperature/menthol receptor (TRPM8). We generated cad8 knock-out mice and analyzed lacZ markers expressed by the targeted cad8 locus using heterozygous mice. LacZ/cad8-expressing sensory neurons and DH neurons were connected together, and cad8 protein was localized around the synaptic junctions formed between them. This relation was, however, not disrupted in cad8-/- mice. We performed whole-cell patch-clamp recordings from DH neurons in spinal cord slices, in combination with menthol stimulation as a tool to excite central terminals of primary afferents expressing TRPM8. LacZ-expressing DH neurons exhibited fast and slow miniature EPSCs. Menthol selectively increased the frequency of the slow mEPSCs in cad8+/- slices, but this effect was abolished in cad8-/- slices. The cad8-/- mice also showed a reduced sensitivity to cold temperature. These results demonstrate that cad8 is essential for establishing the physiological coupling between cold-sensitive sensory neurons and their target DH neurons.

Hippocampus. 2008;18(4):349-63. Cadherin-8 and N-cadherin differentially regulate pre- and postsynaptic development of the hippocampal mossy fiber pathway. Bekirov IH, Nagy V, Svoronos A, Huntley GW, Benson DL.

Cells sort into regions and groups in part by their selective surface expression of particular classic cadherins during development. In the nervous system, cadherin-based sorting can define axon tracts, restrict axonal and dendritic arbors to particular regions or layers, and may encode certain aspects of synapse specificity. The underlying model has been that afferents and their targets hold in common the expression of a particular cadherin, thereby providing a recognition code of homophilic cadherin binding. However, most neurons express multiple cadherins, and it is not clear whether multiple cadherins all act similarly in shaping neural circuitry. Here we asked how two such cadherins, cadherin-8 and N-cadherin, influence the guidance and differentiation of hippocampal mossy fibers. Using organotypic hippocampal cultures, we find that cadherin-8 regulates mossy fiber fasciculation and targeting, but has little effect on CA3 dendrites. In contrast, N-cadherin regulates mossy fiber fasciculation, but has little impact on axonal growth and targeting. However, N-cadherin is essential for CA3 dendrite arborization. Both cadherins are required for formation of proper numbers of presynaptic terminals. Mechanistically, such differential actions of these two cadherins could, in theory, reflect coupling to distinct intracellular binding partners. However, we find that both cadherins bind beta-catenin in dentate gyrus (DG). This suggests that cadherins may engage different intracellular signaling cascades downstream of beta-catenin, coopt different extracellular binding partners, or target distinct subcellular domains. Together our findings demonstrate that cadherin-8 and N-cadherin are critical for generating the mossy fiber pathway, but that each contributes differentially to afferent and target differentiation, thereby complementing one another in the assembly of a synaptic circuit.
8- NM_006360 // EIF3M // eukaryotic translation initiation factor 3, subunit M // 1

Eukaryotic translation initiation factors: EIF1AY (NM004681); EIF4A2 (AB209021); EIF4A1 (NM001416); EIF4A3 (NM014740); EIF3M (NM006360) and eukaryotic translation elongation factor: EEF1A1 (NM01402).
NM006360_Eukaryotic translation initiation factor 3, subunit M (EIF3M): (also called fetal lung protein B5 or PCI domain-containing protein1). Component of the eukaryotic translation initiation factor 3 (eIF-3) complex, which is required for several steps in the initiation of protein synthesis. The eIF-3 complex stimulates mRNA recruitment to the 43S PIC and scanning of the mRNA for AUG recognition. The eIF-3 complex is also required for disassembly and recycling of posttermination ribosomal complexes and subsequently prevents premature joining of the 40S and 60S ribosomal subunits prior to initiation. May favor virus entry in case of infection with herpes simplex virus 1 (HSV1) or herpes simplex virus 2 (HSV2) (Uniprot).
Oncogene. 2011 Jan 27;30(4):398-409. eIF3m expression influences the regulation of tumorigenesis-related genes in human colon cancer. Goh SH, Hong SH, Hong SH, Lee BC, Ju MH, Jeong JS, Cho YR, Kim IH, Lee YS.

Abnormal regulation of gene expression is essential for tumorigenesis. Recent studies indicate that regulation of oncogene expression and neoplastic transformation are controlled by subunits of eukaryotic translation initiation factors (eIFs). Here we focused on eIF3 performing a pivotal role in protein synthesis and the differential expression of its subunits in cancer. The most uncharacterized non-core subunit eIF3m was confirmed to be highly expressed in human cancer cell lines and colon cancer patient tissues. By expression silencing with eIF3m-specific small interfering RNA (siRNA), we confirmed that eIF3m influences cell proliferation, cell cycle progression and cell death in human colon cancer cell line HCT-116. Using a ribonomics approach, we identified a subset of elF3m-influenced genes and showed that the expression of two highly represented tumorigenesis-related genes, MIF and MT2, were affected by eIF3m at the mRNA level. We also confirmed eIF3m-dependent regulation of MT2A downstream molecule CDC25A, which is necessary for cell cycle progression in HCT-116 cells. These results suggest that eIF3m mediates regulation of tumorigenesis-related genes in human colon cancer. Further investigations on tumorigenesis-related genes and their regulation by eIFs will provide clues for designing targeted therapy for cancer.

9- NR_004396 // SNORD1B // small nucleolar RNA, C/D box 1B // 17q25.1 // 677849 ??

Gene. 2004 Feb 18;327(1):99-105. Identification of a novel box C/D snoRNA from mouse nucleolar cDNA library. Zhou H, Zhao J, Yu CH, Luo QJ, Chen YQ, Xiao Y, Qu LH.

By construction and screen of mouse nucleolar cDNA library, a novel mammalian small nucleolar RNAs (snoRNA) was identified. The novel snoRNA, 70 nt in length, displays structural features typical of C/D box snoRNA family. The snoRNA possesses an 11-nt-long rRNA antisense element and is predicted to guide the 2'-O-methylation of mouse 28S rRNA at G4043, a site unknown so far to be modified in vertebrates. The comparison of functional element of snoRNA guides among eukaryotes reveals that the novel snoRNA is a mammalian counterpart of yeast snR38 despite highly divergent sequence between them. Mouse and human snR38 and other cognates in distant vertebrates were positively detected with slight length variability. As expected, the rRNA ribose-methylation site predicted by mouse snR38 was precisely mapped by specific-primer extension assay. Furthermore, our analyses show that mouse and human snR38 gene have multiple variants and are nested in the introns of different host genes with unknown function. Thus, snR38 is a phylogenetically conserved methylation guide but exhibits different genomic organization in eukaryotes.

10- NM024654_Nucleolar protein 9 (or Polynucleotide 5'-hydroxyl-kinase NOL9)

Nucleolar proteins: NOL9 (NM024654); NOLC1 (NM004741); NOL11 (NM015462); NOP2 or NOL1 (NM001033714) 

EMBO J. 2010 Dec 15;29(24):4161-71. Nol9 is a novel polynucleotide 5'-kinase involved in ribosomal RNA processing. Heindl K, Martinez J.

In a cell, an enormous amount of energy is channelled into the biogenesis of ribosomal RNAs (rRNAs). In a multistep process involving a large variety of ribosomal and non-ribosomal proteins, mature rRNAs are generated from a long polycistronic precursor. Here, we show that the non-ribosomal protein Nol9 is a polynucleotide 5'-kinase that sediments primarily with the pre-60S ribosomal particles in HeLa nuclear extracts. Depletion of Nol9 leads to a severe impairment of ribosome biogenesis. In particular, the polynucleotide kinase activity of Nol9 is required for efficient generation of the 5.8S and 28S rRNAs from the 32S precursor. Upon Nol9 knockdown, we also observe a specific maturation defect at the 5' end of the predominant 5.8S short-form rRNA (5.8S(S)), possibly due to the Nol9 requirement for 5'>3' exonucleolytic trimming. In contrast, the endonuclease-dependent generation of the 5'-extended, minor 5.8S long-form rRNA (5.8S(L)) is largely unaffected. This is the first report of a nucleolar polynucleotide kinase with a role in rRNA processing.

11-Augmin-like complex proteins: HAUS1 (NM026978); HAUS2 (NM018097)

NM026978_HAUS1 Alternative names: Coiled-coil domain-containing protein 5 (CCDC5) (added to the CCDC gene group) or Enhancer of invasion-cluster (HEI-C). 

HAUS1 is 1 of 8 subunits of the 390-kD human augmin complex, or HAUS complex. The augmin complex was first identified in Drosophila, and its name comes from the Latin verb 'augmentare,'meaning 'to increase.' The augmin complex is a microtubule-binding complex involved in microtubule generation within the mitotic spindle and is vital to mitotic spindle assembly (Goshima et al., 2008 [PubMed 18443220]; Uehara et al., 2009 [PubMed 19369198]. So, it contributes to mitotic spindle assembly, maintenance of centrosome integrity and completion of cytokinesis as part of the HAUS augmin-like complex. It´s widely expressed: in pancreas, kidney, skeletal muscle, liver and heart.; but weakly expressed in lung, brain and placenta. HAUS1-depleted cells retain functional cell cycle checkpoints, but the depletion decreases the G2/M cell cycle compartment and induces apoptosis. The protein level remains constant through the cell cycle (UniprotKB).
Mol Cell Biol. 2004 May;24(9):3957-71. Human enhancer of invasion-cluster, a coiled-coil protein required for passage through mitosis. Einarson MB, Cukierman E, Compton DA, Golemis EA.

In a cross-species overexpression approach, we used the pseudohyphal transition of Saccharomyces cerevisiae as a model screening system to identify human genes that regulate cell morphology and the cell cycle. Human enhancer of invasion-cluster (HEI-C), encoding a novel evolutionarily conserved coiled-coil protein, was isolated in a screen for human genes that induce agar invasion in S. cerevisiae. In human cells, HEI-C is primarily localized to the spindle during mitosis. Depletion of HEI-C in vivo with short interfering RNAs results in severe mitotic defects. Analysis by immunofluorescence, flow cytometry analysis, and videomicroscopy indicates that HEI-C-depleted cells form metaphase plates with normal timing after G(2)/M transition, although in many cases cells have disorganized mitotic spindles. Subsequently, severe defects occur at the metaphase-anaphase transition, characterized by a significant delay at this stage or, more commonly, cellular disintegration accompanied by the display of classic biochemical markers of apoptosis. These mitotic defects occur in spite of the fact that HEI-C-depleted cells retain functional cell cycle checkpoints, as these cells arrest normally following nocodazole or hydroxyurea treatment. These results place HEI-C as a novel regulator of spindle function and integrity during the metaphase-anaphase transition
12- NR_004395 // SNORD1A // small nucleolar RNA, C/D box 1A // 17q25.1 // 677848 ??
13- Cell division cell proteins: CDC2 (NM001786); CDC6 (NM001254); CDC2L6 or cdk8 (NM015076) 

CDC2 (or CDK1:ciclin-dependent kinase 1); protein encoded by this gene is a member of the Ser/Thr protein kinase family. This protein is a catalytic subunit of the highly conserved protein kinase complex known as M-phase promoting factor (MPF), which is essential for G1/S and G2/M phase transitions of eukaryotic cell cycle. Mitotic cyclins stably associate with this protein and function as regulatory subunits. The kinase activity of this protein is controlled by cyclin accumulation and destruction through the cell cycle. The phosphorylation and dephosphorylation of this protein also play important regulatory roles in cell cycle control. Alternatively spliced transcript variants encoding different isoforms have been found for this gene.

Mol Cell Biol. 2011 Jan;31(1):105-17. Phosphorylation of p62 by cdk1 controls the timely transit of cells through mitosis and tumor cell proliferation. Linares JF, Amanchy R, Diaz-Meco MT, Moscat J.

The protein scaffold and signaling regulator p62 is important in critical cellular functions, including bone homeostasis, obesity, and cancer, because of its interactions with various signaling intermediaries. p62 is overexpressed in human cancers and is induced during cell transformation. Its genetic ablation inhibits lung tumorigenesis in vivo and cell proliferation in culture by regulating the TRAF6/NF-κB signaling cascade to control reactive oxygen species (ROS) production and apoptosis. Here we show that cdk1 phosphorylates p62 in vitro and in vivo at T269 and S272, which is necessary for the maintenance of appropriate cyclin B1 levels and the levels of cdk1 activity necessary to allow cells to properly enter and exit mitosis. The lack of cdk1-mediated phosphorylation of p62 leads to a faster exit from mitosis, which translates into enhanced cell proliferation and tumorigenesis in response to Ras-induced transformation. Therefore, p62 emerges as a node for the control of not only cell survival but also cell transit through mitosis.

PLoS One. 2010 Aug 23;5(8):e12341. Cyclin B1/Cdk1 phosphorylation of mitochondrial p53 induces anti-apoptotic response.  Nantajit D, Fan M, Duru N, Wen Y, Reed JC, Li JJ.

The pro-apoptotic function of p53 has been well defined in preventing genomic instability and cell transformation. However, the intriguing fact that p53 contributes to a pro-survival advantage of tumor cells under DNA damage conditions raises a critical question in radiation therapy for the 50% human cancers with intact p53 function. Herein, we reveal an anti-apoptotic role of mitochondrial p53 regulated by the cell cycle complex cyclin B1/Cdk1 in irradiated human colon cancer HCT116 cells with p53(+/+) status. Steady-state levels of p53 and cyclin B1/Cdk1 were identified in the mitochondria of many human and mouse cells, and their mitochondrial influx was significantly enhanced by radiation. The mitochondrial kinase activity of cyclin B1/Cdk1 was found to specifically phosphorylate p53 at Ser-315 residue, leading to enhanced mitochondrial ATP production and reduced mitochondrial apoptosis. The improved mitochondrial function can be blocked by transfection of mutant p53 Ser-315-Ala, or by siRNA knockdown of cyclin B1 and Cdk1 genes. Enforced translocation of cyclin B1 and Cdk1 into mitochondria with a mitochondrial-targeting-peptide increased levels of Ser-315 phosphorylation on mitochondrial p53, improved ATP production and decreased apoptosis by sequestering p53 from binding to Bcl-2 and Bcl-xL. Furthermore, reconstitution of wild-type p53 in p53-deficient HCT116 p53(-/-) cells resulted in an increased mitochondrial ATP production and suppression of apoptosis. Such phenomena were absent in the p53-deficient HCT116 p53(-/-) cells reconstituted with the mutant p53. These results demonstrate a unique anti-apoptotic function of mitochondrial p53 regulated by cyclin B1/Cdk1-mediated Ser-315 phosphorylation in p53-wild-type tumor cells, which may provide insights for improving the efficacy of anti-cancer therapy, especially for tumors that retain p53.

Prog Cell Cycle Res. 2003; 5:335-47. Cyclin B1 and CDK1: nuclear localization and upstream regulators. Porter LA, Donoghue DJ.

Formation of an active nuclear cyclin B1-CDK1 complex is a highly intricate procedure requiring many different levels of regulation. Each of these regulatory steps represents a potential target for controlling cell proliferation. Accumulation of threshold levels of cyclin B1 protein at the G2/M transition requires the cooperation of various promoter elements, possibly the activation of several transcription factors, enhanced cyclin B1 mRNA stability and, in some cases, translational activation of dormant mRNA. Binding of cyclin B1 to its inactive partner, CDK1, initiates conformational changes allowing CDK1 to alter its phosphorylation status and to become an active kinase. Lastly, the active cyclin B1-CDK1 complex must translocate to the nucleus to begin phosphorylating nuclear substrates. These phosphorylation events are necessary for mitotic onset. While cyclin B1 is capable of shuttling from the nucleus to the cytoplasm throughout interphase, mitotic onset requires phosphorylation of cyclin B1 within the CRS region, thereby enhancing import and inhibiting export of the cyclin B1-CDK1 complex. Elucidating the role of mediators controlling cyclin B1-CDK1 translocation at the onset of mitosis is essential in developing drug targets for cell cycle control.

14- Six transmembrane epithelial antigen of the prostate 1: STEAP1 (NM012449) 

This gene is predominantly expressed in prostate tissue, and is found to be up-regulated in multiple cancer cell lines. The gene product is predicted to be a six-transmembrane protein, and was shown to be a cell surface antigen significantly expressed at cell-cell junctions. Its molecular function is also as Metalloreductase that has the ability to reduce both Fe3+ to Fe2+ and Cu2+ to Cu1+. It uses NAD+ as acceptor and FAD as cofactor (UniprotKB).

Blood. 2006 Aug 15;108(4):1388-94. The Steap proteins are metalloreductases. Ohgami RS, Campagna DR, McDonald A, Fleming MD.

Iron and copper are essential for all organisms, assuming critical roles as cofactors in many enzymes. In eukaryotes, the transmembrane transport of these elements is a highly regulated process facilitated by the single electron reduction of each metal. Previously, we identified a mammalian ferrireductase, Steap3, critical for erythroid iron homeostasis. Now, through homology, expression, and functional studies, we characterize all 4 members of this protein family and demonstrate that 3 of them, Steap2, Steap3, and Steap4, are not only ferrireductases but also cupric reductases that stimulate cellular uptake of both iron and copper in vitro. Finally, the pattern of tissue expression and subcellular localization of these proteins suggest they are physiologically relevant cupric reductases and ferrireductases in vivo.

Proc Natl Acad Sci U S A. 1999 Dec 7;96(25):14523-8. STEAP: a prostate-specific cell-surface antigen highly expressed in human prostate tumors. Hubert RS, Vivanco I, Chen E, Rastegar S, Leong K, Mitchell SC, Madraswala R, Zhou Y, Kuo J, Raitano AB, Jakobovits A, Saffran DC, Afar DE.

In search of novel genes expressed in metastatic prostate cancer, we subtracted cDNA isolated from benign prostatic hypertrophic tissue from cDNA isolated from a prostate cancer xenograft model that mimics advanced disease. One novel gene that is highly expressed in advanced prostate cancer encodes a 339-amino acid protein with six potential membrane-spanning regions flanked by hydrophilic amino- and carboxyl-terminal domains. This structure suggests a potential function as a channel or transporter protein. This gene, named STEAP for six-transmembrane epithelial antigen of the prostate, is expressed predominantly in human prostate tissue and is up-regulated in multiple cancer cell lines, including prostate, bladder, colon, ovarian, and Ewing sarcoma. Immunohistochemical analysis of clinical specimens demonstrates significant STEAP expression at the cell-cell junctions of the secretory epithelium of prostate and prostate cancer cells. Little to no staining was detected at the plasma membranes of normal, nonprostate human tissues, except for bladder tissue, which expressed low levels of STEAP at the cell membrane. Protein analysis located STEAP at the cell surface of prostate-cancer cell lines. Our results support STEAP as a cell-surface tumor-antigen target for prostate cancer therapy and diagnostic imaging.
Tissue Eng Part A. 2009 Aug;15(8):2073-83. Six-transmembrane epithelial antigen of the prostate (STEAP1 and STEAP2)-differentially expressed by murine and human mesenchymal stem cells. Vaghjiani RJ, Talma S, Murphy CL.

Mesenchymal stem cells (MSCs) have great potential for cell-based therapies. However, lack of cell-specific markers thwarts full realization of this as it prevents their identification in vivo, and subsequent purification. In the present study, to ensure cell purity multiple individual clones were derived from the bone marrow of BALB/b and BALB/c mice, and subsequently defined as MSCs by demonstrating their multipotentiality and self-renewal ability. In an effort to define the molecular signature of such MSCs and identify potentially cell-specific markers, an extensive genome-wide microarray analysis was performed comparing eight individual undifferentiated MSC clones to four different controls-corresponding differentiated MSC clones, bone marrow adherent cells, freshly isolated bone marrow cells, and embryonic fibroblasts. Strikingly, all MSC clones expressed differentially high levels of six-transmembrane epithelial antigen of the prostate (STEAP1 and STEAP2). Further, both STEAP members showed an extremely similar expression profile to stem cell antigen-1 (Sca-1) as demonstrated by two-dimensional hierarchical cluster analysis. Most importantly, differentially high levels of STEAP1 and STEAP2 proteins were also detected in human multipotent bone marrow adherent cultures. Thus, STEAPs may represent novel markers of MSCs in man as well as mice. Depletion of STEAP1 in human MSCs using RNAi resulted in decreased cell adhesion to tissue culture plastic. Further work is now needed to fully uncover its function in these cells, and to explore its potential as a marker of MSCs.

15- NM_033022 // RPS24 // ribosomal protein S24 // 10q22-q23 // 6229 /// NM_00114228

Ribosomes, the organelles that catalyze protein synthesis, consist of a small 40S subunit and a large 60S subunit. Together these subunits are composed of 4 RNA species and approximately 80 structurally distinct proteins. This gene encodes a ribosomal protein that is a component of the 40S subunit. The protein belongs to the S24E family of ribosomal proteins. It is located in the cytoplasm. Multiple transcript variants encoding different isoforms have been found for this gene. As is typical for genes encoding ribosomal proteins, there are multiple processed pseudogenes of this gene dispersed through the genome. Mutations in this gene result in Diamond-Blackfan anemia. It required for processing of pre-rRNA and maturation of 40S ribosomal subunits.
Biochim Biophys Acta. 2009 Oct;1792(10):1036-42. Ribosomal protein S19 and S24 insufficiency cause distinct cell cycle defects in Diamond-Blackfan anemia. Badhai J, Fröjmark AS, J Davey E, Schuster J, Dahl N.

Diamond-Blackfan anemia (DBA) is a severe congenital anemia characterized by a specific decrease of erythroid precursors. The disease is also associated with growth retardation, congenital malformations, a predisposition for malignant disease and heterozygous mutations in either of the ribosomal protein (RP) genes RPS7, RPS17, RPS19, RPS24, RPL5, RPL11 and RPL35a. We show herein that primary fibroblasts from DBA patients with truncating mutations in RPS19 or in RPS24 have a marked reduction in proliferative capacity. Mutant fibroblasts are associated with extended cell cycles and normal levels of p53 when compared to w.t. cells. RPS19 mutant fibroblasts accumulate in the G1 phase, whereas the RPS24 mutant cells show an altered progression in the S phase resulting in reduced levels in the G2/M phase. RPS19 deficient cells exhibit reduced levels of Cyclin-E, CDK2 and retinoblastoma (Rb) protein supporting a cell cycle arrest in the G1 phase. In contrast, RPS24 deficient cells show increased levels of the cell cycle inhibitor p21 and a seemingly opposing increase in Cyclin-E, CDK4 and CDK6. In combination, our results show that RPS19 and RPS24 insufficient fibroblasts have an impaired growth caused by distinct blockages in the cell cycle. We suggest this proliferative constraint to be an important contributing mechanism for the complex extra-hematological features observed in DBA.

16-NM003621_PTPRF interacting proteins, binding protein 2 (PPFIBP2) or liprin-beta-2, belongs to the liprin-beta family. The protein encoded by this gene is a member of the LAR protein-tyrosine phosphatase-interacting protein (liprin) family. Liprins interact with members of LAR family of transmembrane protein tyrosine phosphatases, which are known to be important for axon guidance and mammary gland development. It has been proposed that liprins are multivalent proteins that form complex structures and act as scaffolds for the recruitment and anchoring of LAR family of tyrosine phosphatases. 
J Biol Chem. 1998 Jun 19;273(25):15611-20. Liprins, a family of LAR transmembrane protein-tyrosine phosphatase-interacting proteins. Serra-Pagès C, Medley QG, Tang M, Hart A, Streuli M.

LAR family transmembrane protein-tyrosine phosphatases function in axon guidance and mammary gland development. In cultured cells, LAR binds to the intracellular, coiled coil LAR-interacting protein at discrete ends of focal adhesions, implicating these proteins in the regulation of cell-matrix interactions. We describe seven LAR-interacting protein-like genes in humans and Caenorhabditis elegans that form the liprin gene family. Based on sequence similarities and binding characteristics, liprins are subdivided into alpha-type and beta-type liprins. The C-terminal, non-coiled coil regions of alpha-liprins bind to the membrane-distal phosphatase domains of LAR family members, as well as to the C-terminal, non-coiled coil region of beta-liprins. Both alpha- and beta-liprins homodimerize via their N-terminal, coiled coil regions. Liprins are thus multivalent proteins that potentially form complex structures. Some liprins have broad mRNA tissue distributions, whereas others are predominately expressed in the brain. Co-expression studies indicate that liprin-alpha2 alters LAR cellular localization and induces LAR clustering. We propose that liprins function to localize LAR family tyrosine phosphatases at specific sites on the plasma membrane, possibly regulating their interaction with the extracellular environment and their association with substrates.

17- NM_016591 // GCNT4 // glucosaminyl (N-acetyl) transferase 4, core 2

Alternative names: Core 2-branching enzyme 3 or Core2-GlcNAc-transferase 3. It´s a glycosyltransferase that mediates core 2 O-glycan branching, an important step in mucin-type biosynthesis. Does not have core 4 O-glycan or I-branching enzyme activity.
J Biol Chem. 2000 Apr 14;275(15):11106-13. Control of O-glycan branch formation. Molecular cloning and characterization of a novel thymus-associated core 2 beta1, 6-n acetylglucosaminyltransferase. Schwientek T, Yeh JC, Levery SB, Keck B, Merkx G, van Kessel AG, Fukuda M, Clausen H.

Core 2 O-glycan branching catalyzed by UDP-N-acetyl-alpha-D-glucosamine: acceptor beta1, 6-N-acetylglucosaminyltransferases (beta6GlcNAc-Ts) is an important step in mucin-type biosynthesis. Core 2 complex-type O-glycans are involved in selectin-mediated adhesion events, and O-glycan branching appears to be highly regulated. Two homologous beta6GlcNAc-Ts functioning in O-glycan branching have previously been characterized, and here we report a third homologous beta6GlcNAc-T designated C2GnT3. C2GnT3 was identified by BLAST analysis of human genome survey sequences. The catalytic activity of C2GnT3 was evaluated by in vitro analysis of a secreted form of the protein expressed in insect cells. The results revealed exclusive core 2 beta6GlcNAc-T activity. The product formed with core 1-para-nitrophenyl was confirmed by (1)H NMR to be core 2-para-nitrophenyl. In vivo analysis of the function of C2GnT3 by coexpression of leukosialin (CD43) and a full coding construct of C2GnT3 in Chinese hamster ovary cells confirmed the core 2 activity and failed to reveal I activity. The C2GnT3 gene was located to 5q12, and the coding region was contained in a single exon. Northern analysis revealed selectively high levels of a 5.5-kilobase C2GnT3 transcript in thymus with only low levels in other organs. The unique expression pattern of C2GnT3 suggests that this enzyme serves a specific function different from other members of the beta6GlcNAc-T gene family.

18- NM_004741 // NOLC1 // nucleolar and coiled-body phosphoprotein 1 // 10q24.32 // 

BMB Rep. 2011 Jan;44(1):70-5. Identification of nucleolar and coiled-body phosphoprotein 1 (NOLC1) minimal promoter regulated by NF-κB and CREB. Gao X, Wang Q, Li W, Yang B, Song H, Ju W, Liu S, Cheng J.
Nucleolar and coiled-body phosphoprotein 1 (NOLC1) is a phosphoprotein that transiently associates with the mature nucleolar H/ACA and C/D box small nucleolar ribonucleoproteins (snoRNPs). Several lines of evidence indicate that NOLC1 plays an important role in the synthesis of rRNA and the biosynthesis of ribosomes. In the present study, we examined the transcriptional regulation mechanisms that govern the expression of NOLC1. We first performed functional dissection of the NOLC1 promoter. We demonstrated that transcription factors NF-κB and CREB could bind to the minimal NOLC1 promoter. This was demonstrated by electrophoretic mobility shift assays and chromatin immunoprecipitation. Mutagenesis and overexpression assays revealed that NF-κB and CREB positively regulated the NOLC1 promoter. These findings may provide new insight into the mechanisms that regulate NOLC1 expression.
Am J Pathol. 2009 Jul;175(1):342-54. NOLC1, an enhancer of nasopharyngeal carcinoma progression, is essential for TP53 to regulate MDM2 expression. Hwang YC, Lu TY, Huang DY, Kuo YS, Kao CF, Yeh NH, Wu HC, Lin CT.
Nasopharyngeal carcinoma (NPC) is one of the most common cancers among Chinese living in South China, Singapore, and Taiwan. At present, its etiological factors are not well defined. To identify which genetic alterations might be involved in NPC pathogenesis, we identified genes that were differentially expressed in NPC cell lines and normal nasomucosal cells using subtractive hybridization and microarray analysis. Most NPC cell lines and biopsy specimens were found to have higher expression levels of the gene encoding nucleolar and coiled-body phosphoprotein 1 (NOLC1) as compared with normal cells. Severe combined immunodeficiency mice bearing NPC xenografts derived from NOLC1-short hairpin-RNA-transfected animals were found to have 82% lower levels of tumor growth than control mice as well as marked tumor cell apoptosis. Measuring the expression levels of genes related to cell growth, apoptosis, and angiogenesis, we found that the MDM2 gene was down-regulated in the transfectants. Both co-transfection and chromatin immunoprecipitation experiments showed that tumor protein 53-regulated expression of the MDM2 gene requires co-activation of NOLC1. These findings suggest that NOLC1 plays a role in the regulation of tumorigenesis of NPC and demonstrate that both NOLC1 and tumor protein 53 work together synergistically to activate the MDM2 promoter in NPC cells.
DOWN-REGULATED GENES FROM MY LIST

1- NM_018938 // PCDHB4 // protocadherin beta 4 // 5q31 // 56131 /// ENST00000194152

2- NM_015669 // PCDHB5 // protocadherin beta 5 // 5q31 // 26167 /// ENST00000231134

3- NM_020957 // PCDHB16 // protocadherin beta 16 // 5q31 // 57717 /// ENST000003610

Note: I did not find anything more specific related to these genes of protocadherins.

This gene is a member of the protocadherin beta gene cluster, one of three related gene clusters tandemly linked on chromosome five. The gene clusters demonstrate an unusual genomic organization similar to that of B-cell and T-cell receptor gene clusters. The beta cluster contains 16 genes and 3 pseudogenes, each encoding 6 extracellular cadherin domains and a cytoplasmic tail that deviates from others in the cadherin superfamily. The extracellular domains interact in a homophilic manner to specify differential cell-cell connections. Unlike the alpha and gamma clusters, the transcripts from these genes are made up of only one large exon, not sharing common 3' exons as expected. These neural cadherin-like cell adhesion proteins are integral plasma membrane proteins (single-pass type I membrane protein). Their specific functions are unknown but they most likely play a critical role in the establishment and function of specific cell-cell neural connections. Potential calcium-dependent cell-adhesion protein. 

Curr Opin Cell Biol. 2002 Oct;14(5):557-62. Protocadherins. Frank M, Kemler R.

Protocadherins constitute the largest subgroup within the cadherin family of calcium-dependent cell-cell adhesion molecules. Recent progress in genome sequencing has enabled a refined phylogenetic analysis of protocadherins and led to the discovery of three large protocadherin clusters on human chromosome 5/mouse chromosome 18. Interestingly, many of the circa 70 protocadherins in mammals are highly expressed in the central nervous system. Roles in tissue morphogenesis and formation of neuronal circuits during early vertebrate development have been inferred. In the postnatal brain, protocadherins are possibly involved in the modulation of synaptic transmission and the generation of specific synaptic connections.
Cell. 1999 Jun 11;97(6):779-90. A striking organization of a large family of human neural cadherin-like cell adhesion genes. Wu Q, Maniatis T.

We have identified 52 novel human cadherin-like genes organized into three closely linked clusters. Comparison of the genomic DNA sequences with those of representative cDNAs reveals a striking genomic organization similar to that of immunoglobulin and T cell receptor gene clusters. The N-terminal extracellular and transmembrane domains of each cadherin protein are encoded by a distinct and unusually large exon. These exons are organized in a tandem array. By contrast, the C-terminal cytoplasmic domain of each protein is identical and is encoded by three small exons located downstream from the cluster of N-terminal exons. This unusual organization has interesting implications regarding the molecular code required to establish complex networks of neuronal connections in the brain and the mechanisms of cell-specific cadherin-like gene expression.

Exp Cell Res. 2000 Nov 25;261(1):13-8. Recent progress in protocadherin research. Suzuki ST.

Protocadherins constitute a large family belonging to the cadherin superfamily and function in different tissues of a wide variety of multicellular organisms. Protocadherins have unique features that are not found in classic cadherins. Expression of protocadherins is spatiotemporally regulated and they are localized at synapses in the CNS. Although protocadherins have Ca(2+)-dependent homophilic interaction activity, the activities are relatively weak. Some protocadherins have heterophilic interaction activity and the cytoplasmic domains associate with the unique cytoplasmic proteins, which are essential for their biological functions. Given the characteristic properties, the large size, and the diversity of members of the protocadherin family, protocadherins may participate in various biological processes. In particular, protocadherins seem to play a central role(s) in the CNS as related to synaptic function.
4- NM_019035 // PCDH18 // protocadherin 18 // 4q31 // 54510 /// ENST00000344876 // Alternative name: KIA1562

This gene belongs to the protocadherin gene family, a subfamily of the cadherin superfamily. This gene encodes a protein which contains 6 extracellular cadherin domains, a transmembrane domain and a cytoplasmic tail differing from those of the classical cadherins. Although its specific function is undetermined, the cadherin-related neuronal receptor is thought to play a role in the establishment and function of specific cell-cell connections in the brain.
Int J Dev Biol. 2008;52(4):397-405. Expression of protocadherin 18 in the CNS and pharyngeal arches of zebrafish embryos. Kubota F, Murakami T, Tajika Y, Yorifuji H.

Here, we report the results of molecular cloning and expression analyses of a non-clustered protocadherin (pcdh), pcdh18 in zebrafish embryos. The predicted zebrafish pcdh18 protein shows 6566% identity and 7879% homology with its mammalian and Xenopus counterparts. It has a Disabled-1 binding motif in its cytoplasmic domain, which is characteristic of pcdh18. Zebrafish embryos expressed pcdh18 by the early gastrula stage, 6 h post-fertilization (hpf), in their animal cap but not in the germ ring or the shield. pcdh18 was expressed in the neural tube and the central nervous system (CNS) from 12 hpf. Some populations of cells in the lateral neural tube and spinal cord of 1218 hpf embryos expressed pcdh18, but expression in these cells disappeared by 24 hpf. The hindbrain of embryos at 2456 hpf expressed pcdh18 in cells closely adjacent to the rostral and caudal rhombomeric boundaries in a thread-like pattern running in the dorsoventral direction. The pcdh18-positive cells were localized in the ventral part of the hindbrain at 24 hpf and in the dorsal part from 36 hpf. pcdh18 was also expressed in the telencephalon, diencephalon, tectum, upper rhombic lip, retina and otic vesicle. Expression in the CNS decreased markedly before hatching. Pharyngeal arch primordia, arches, jaws and gills expressed pcdh18, and the molecule was also expressed in some endodermal cells in late embryos.

Dev Biol. 2008 Jun 15;318(2):335-46. Protocadherin-18a has a role in cell adhesion, behavior and migration in zebrafish development. Aamar E, Dawid IB.
Protocadherin-18a (Pcdh18a) belongs to the delta 2-protocadherins, which constitute the largest subgroup within the cadherin superfamily. Here we present isolation of a full-length zebrafish cDNA that encodes a protein highly similar to human and mouse Pcdh18. Zebrafish pcdh18a is expressed in a complex and dynamic pattern in the nervous system from gastrula stages onward, with lesser expression in mesodermal derivatives. Pcdh18a-eGFP fusion protein is expressed in a punctate manner on the membranes between cells. Overexpression of pcdh18a in embryos caused cyclopia, mislocalization of hatching gland tissue, and duplication or splitting of the neural tube. Most neural markers tested were expressed in an approximately correct A-P pattern. By cell transplantation we showed that overexpression of pcdh18a causes diminished cell migration and reduced cell protrusions, resulting in a tendency of cells to stay more firmly aggregated, probably due to increased cell adhesion. In contrast, knockdown of pcdh18a by a morpholino oligonucleotide caused defects in epiboly, and led to reduced cell adhesion as shown by cell dissociation, sorting and transplantation experiments. These results suggest a role for Pcdh18a in cell adhesion, migration and behavior but not cell specification during gastrula and segmentation stages of development.
Cell Adh Migr. 2011 Mar 1;5(2):97-105. Non-clustered protocadherin. Kim SY, Yasuda S, Tanaka H, Yamagata K, Kim H.

Cadherin family is classified into classical cadherins, desmosomal cadherins and protocadherins (PCDHs). Genomic structures distinguish between PCDHs and other cadherins, and between clustered and non-clustered PCDHs. The phylogenetic analysis with full sequences of non-clustered PCDHs enabled them to be further classified into three subgroups: δ1 (PCDH1, PCDH7, PCDH9, PCDH11 and PCDH20), δ2 (PCDH8, PCDH10, PCDH12, PCDH17, PCDH18 and PCDH19) and ε (PCDH15, PCDH16, PCDH21 and MUCDHL). ε-PCDH members except PCDH21 have either higher or lower numbers of cadherin repeats than those of other PCDHs. Non-clustered PCDHs are expressed predominantly in the nervous system and have spatiotemporally diverse expression patterns. Especially, the region-specific expressions of non-clustered PCDHs have been observed in cortical area of early postnatal stage and in caudate putaman and/or hippocampal formation of mature brains, suggesting that non-clustered PCDHs play roles in the circuit formation and maintenance. The non-clustered PCDHs appear to have homophilic/heterophilc cell-cell adhesion properties, and each member has diverse cell signaling partnership distinct from those of other members (PCDH7/TAF1; PCDH8/TAO2β; PCDH10/Nap1; PCDH11/β-catenin; PCDH18/mDab1). Furthermore, each PCDH has several isoforms with differential cytoplasmic sequences, suggesting that one PCDH isoform could activate intracellular signaling differential from other isoforms. These facts suggest that non-clustered PCDHs play roles as a mediator of a regulator of other molecules as well as cell-cell adhesion. Furthermore, some non-clustered PCDHs have been considered to be involved in neuronal diseases such as autism-spectrum disorders, schizophrenia, and female-limited epilepsy and cognitive impairment, suggesting that they play multiple, tightly regulated roles in normal brain function. In addition, some non-clustered PCDHs have been suggested as candidate tumor suppressor genes in several tissues. Although molecular adhesive and regulatory properties of some PCDHs began to be unveiled, the endeavor to understand the molecular mechanism of non-clustered PCDH is still in its infancy and requires future study.

5-NM_170744 // UNC5B // unc-5 homolog B (C. elegans) // 10q22.1 // 219699 /// ENST

Netrin receptor UNC5B: UNC5B belongs to a family of netrin-1 (MIM 601614) receptors thought to mediate the chemorepulsive effect of netrin-1 on specific axons.
Alternative names: Protein unc-5 homolog 2 or Protein unc-5 homolog B or p53-regulated receptor for death and life protein 1.
Proc Natl Acad Sci U S A. 2003 Apr 1;100(7):4173-8. The netrin-1 receptors UNC5H are putative tumor suppressors controlling cell death commitment. Thiebault K, Mazelin L, Pays L, Llambi F, Joly MO, Scoazec JY, Saurin JC, Romeo G, Mehlen P.

The three mammalian receptors UNC5H1, UNC5H2, and UNC5H3 (also named UNC5A, UNC5B, and UNC5C in human) that belong to the family of the netrin-1 receptors, UNC5H, were initially proposed as mediators of the chemorepulsive effect of netrin-1 on specific axons. However, they were also recently shown to act as dependence receptors. Such receptors induce apoptosis when unbound to their ligand. We show here that the expression of the human UNC5A, UNC5B, or UNC5C is down-regulated in multiple cancers including colorectal, breast, ovary, uterus, stomach, lung, or kidney cancers. In colorectal tumors, this down-regulation is associated with loss of heterozygosity occurring within UNC5A, UNC5B, and UNC5C genes but may also be partially related to epigenetic processes because histone deacetylase inhibitor increased UNC5C expression in various cancer cell lines. Moreover, sequencing of UNC5C gene in patients with colorectal tumors revealed the presence of missense mutations. The lossreduction of expression may be a crucial mechanism for tumorigenicity because the expression of UNC5H1, UNC5H2, or UNC5H3 inhibits tumor cell anchorage-independent growth and invasion. Moreover, these hallmarks of malignant transformation can be restored by netrin-1 addition or apoptosis inhibition. Hence, UNC5H1, UNC5H2, and UNC5H3 receptors may represent tumor suppressors that inhibit tumor extension outside the region of netrin-1 availability by inducing apoptosis
Dev Cell. 2011 Jan 18;20(1):33-46. Robo4 maintains vessel integrity and inhibits angiogenesis by interacting with UNC5B. Koch AW, et al.

Robo4 is an endothelial cell-specific member of the Roundabout axon guidance receptor family. To identify Robo4 binding partners, we performed a protein-protein interaction screen with the Robo4 extracellular domain. We find that Robo4 specifically binds to UNC5B, a vascular Netrin receptor, revealing unexpected interactions between two endothelial guidance receptors. We show that Robo4 maintains vessel integrity by activating UNC5B, which inhibits signaling downstream of vascular endothelial growth factor (VEGF). Function-blocking monoclonal antibodies against Robo4 and UNC5B increase angiogenesis and disrupt vessel integrity. Soluble Robo4 protein inhibits VEGF-induced vessel permeability and rescues barrier defects in Robo4(-/-) mice, but not in mice treated with anti-UNC5B. Thus, Robo4-UNC5B signaling maintains vascular integrity by counteracting VEGF signaling in endothelial cells, identifying a novel function of guidance receptor interactions in the vasculature.
Zhonghua Wai Ke Za Zhi. 2009 Oct 15;47(20):1569-73. [Down-regulated expression of UNC5b related to hepatocellular carcinoma angiogenesis]. Zhang H, Wu F, Tao YM, Yang LY.

To investigate the relationship between UNC5b gene expression and angiogenesis of hepatocellular carcinoma (HCC).METHODS: In situ hybridization was performed to detect the expression of UNC5b mRNA in HCC samples, paracarcinomatous liver tissues samples and normal liver samples. The relationship between UNC5b mRNA expression and the HCC clinicopathological features were also analyzed. Human umbilical artery endothelial cells were isolated and stimulated with HCC tissues homogenate, vascular endothelial growth factor and basic fibroblast growth factor. Then RT-PCR was employed to detect the expression of UNC5b mRNA in normal HUAEC as well as activated HUAEC. RESULTS: In situ hybridization results showed that UNC5b mRNA expression was detected majorly in endothelial cells of all normal liver tissues, and partial PCLTs but was weak or even undetectable in endothelial cells of the corresponding HCC tissues. The expression levels of UNC5b gene in PCLTs were significantly correlated with capsular formation of HCC. Furthermore, RT-PCR results showed that the expression levels of UNC5b mRNA in activated HUAEC were significantly higher than those in normal HUAEC. CONCLUSIONS: Down-regulation of UNC5b gene expression is related to angiogenesis of HCC, which may be associated with the progression of HCC.

6- NM_001093729 // CCDC102B // coiled-coil domain containing 102B // 18q22.1 // 798

Alternative name: C18orf14  Unknown its specific function

7- NM_024697 // ZNF385D // zinc finger protein 385D // 3p24.3 // 79750 /// ENST0000

Alternative name: Zinc finger protein 659 Unknown its specific function

8-NM_020747 // ZNF608 // zinc finger protein 608 // 5q23.2 // 57507 /// ENST000003

Altenative name: Renal carcinoma antigen NY-REN-36. It´s phosphorylated upon DNA damage, probably by ATM or ATR. Antigen recognized by autologous antibody in patients with renal-cell carcinoma.
Int J Cancer. 1999 Nov 12;83(4):456-64. Antigens recognized by autologous antibody in patients with renal-cell carcinoma. Scanlan MJ, Gordan JD, Williamson B, Stockert E, Bander NH, Jongeneel V, Gure AO, Jäger D, Jäger E, Knuth A, Chen YT, Old LJ.

The screening of cDNA expression libraries derived from human tumors with autologous antibody (SEREX) is a powerful method for defining the structure of tumor antigens recognized by the humoral immune system. Sixty-five distinct antigens (NY-REN-1 to NY-REN-65) reactive with autologous IgG were identified by SEREX analysis of 4 renal cancer patients and were characterized in terms of cDNA sequence, mRNA expression pattern, and reactivity with allogeneic sera. REN-9, -10, -19, and -26 have a known association with human cancer. REN-9 (LUCA-15) and REN-10 (gene 21) map to the small cell lung cancer tumor suppressor gene locus on chromosome 3p21.3. REN-19 is equivalent to LKB1/STK11, a gene that is defective in Peutz-Jeghers syndrome and cancer. REN-26 is encoded by the bcr gene involved in the [t(9:22)] bcr/abl translocation. Genes encoding 3 of the antigens in the series showed differential mRNA expression; REN-3 displays a pattern of tissue-specific isoforms, and REN-21 and REN-43 are expressed at a high level in testis in comparison to 15 other normal tissues. The other 62 antigens were broadly expressed in normal tissues. With regard to immunogenicity, 20 of the 65 antigens reacted only with autologous sera. Thirty-three antigens reacted with sera from normal donors, indicating that their immunogenicity is not restricted to cancer. The remaining 12 antigens reacted with sera from 5-25% of the cancer patients but not with sera from normal donors. Seventy percent of the renal cancer patients had antibodies directed against one or more of these 12 antigens. Our results demonstrate the potential of the SEREX approach for the analysis of the humoral immune response against human cancer.

9-NM_001010853 // PM20D2 // peptidase M20 domain containing 2 // 6q15 // 135293 //

Alternative names: Aminoacylase-1-like protein 2. I did not find a specific abstract about it.
10-NM_001128588 // SLC14A1 // solute carrier family 14 (urea transporter), member 1  

The protein encoded by this gene is a membrane transporter that mediates low-affinity urea transport in erythrocytes. This gene forms the basis for the Kidd blood group system. The molecular basis of the Jk(a)/Jk(b) blood group antigens is a single variation in position 280; Asp-280 corresponds to Jk(a) and Asn-280 to Jk(b).

Alternative names: Solute carrier family 14 member 1 or Urea transporter, erythrocyte. HUT11, JK, RACH1, UT1, UTE.

J Biol Chem. 1995 Jun 30;270(26):15607-10. Kidd blood group and urea transport function of human erythrocytes are carried by the same protein. Olivès B, Mattei MG, Huet M, Neau P, Martial S, Cartron JP, Bailly P.

The gene encoding the urea transporter of human erythrocytes (HUT11 clone) has been cloned recently (Olives, B., Neau, P., Bailly, P., Hediger, M. A., Rousselet, G., Cartron, J. P., and Ripoche, P. (1994) J. Biol. Chem. 269, 31649-31652). Now, this gene has been assigned to chromosome 18q12-q21 by in situ hybridization, as also found for the Kidd (Jk) blood group locus. In coupled transcription-translation assays, the HUT11 cDNA directed the synthesis of a 36-kDa protein which was immunoprecipitated by a human anti-Jk3 antibody produced by immunized Jk(a-b-) donors whose red cells lack Kidd antigens. The anti-Jk3 antibody also immunoprecipitated a protein material of 46-60 kDa from all red cell membranes, except those from Jk(a-b-) cells. After N-glycanase digestion the 46-60-kDa component was reduced to 36 kDa. A rabbit antibody raised against the predicted NH2-terminal amino-acids of the HUT11 protein reacted on immunoblots with a 46-60-kDa component present in all human erythrocytes except those from Jk(a-b-) individuals. Jk(a-b-) red cells lack the Kidd/urea transport protein and have a selective defect of the urea transport capacity, but a normal water permeability and aquaporin-associated Colton blood group antigens. These findings indicate that the erythrocyte urea transporter is encoded by the Kidd locus and may have implications for the biology of urea transporters and their tissue-specific regulation
J Biol Chem. 1994 Dec 16;269(50):31649-52. Cloning and functional expression of a urea transporter from human bone marrow cells. Olives B, Neau P, Bailly P, Hediger MA, Rousselet G, Cartron JP, Ripoche P.

A rapid passive urea transport has been previously described in the mammalian renal inner medullary collecting duct epithelial cells and in mammalian erythrocytes. Recently, a vasopressin-regulated urea transporter (UT2) has been cloned from a rabbit kidney medullary cDNA library (You, G., Smith, C. P., Kanai, Y., Lee, W. S., Stelzner, M., and Hediger, M. A. (1993) Nature 365, 844-847). We now report the cloning and characterization of a complementary DNA (HUT11) encoding an urea transporter isolated from a human bone marrow library. It encodes a 43,000-Da polypeptide of 391 amino acids that exhibited 63% sequence identity with the rabbit urea transporter and a similar membrane topology. HUT11 carries 2 putative glycosylation sites and 10 cysteines, of which only 7 are conserved at an equivalent position in UT2. HUT11 transcripts have been identified in human erythroid and renal tissues. Expression studies in Xenopus oocytes demonstrated that HUT11 mediates a facilitated urea transport that was inhibited, as described in mammalian erythrocytes, by very low concentrations of phloretin, p-chloromercuribenzene sulfonate, and urea analogues. No unidirectional movements of charged molecules, glycerol, or water were associated with HUT11 expression in oocytes. These findings suggest that HUT11 is most likely responsible for the facilitated urea transport in human red blood cells.
11-NM_198581 // ZC3H6 // zinc finger CCCH-type containing 6 // 2q13 // 376940 /// E

Alternative names: KIAA2035, ZC3HDC6

J Plant Res. 2010 Dec 25. Physiological characterization of the Arabidopsis thaliana Oxidation-related Zinc Finger 1, a plasma membrane protein involved in oxidative stress. Huang P, Chung MS, Ju HW, Na HS, Lee DJ, Cheong HS, Kim CS.
The CCCH-type zinc finger proteins are a superfamily containing tandem zinc-binding motifs involved in many aspects of plant growth and development. However, the precise role of these proteins involved in plant stress tolerance is poorly understood. This study was to examine the regulatory and functional role of the CCCH-type zinc finger protein, AtOZF1 (At2g19810), under oxidative stress. Interestingly, the AtOZF1 protein was localized in the plasma membrane. The AtOZF1 transcripts were highly induced by treatment with hydrogen peroxide, abscisic acid and salinity. The AtOZF1-overexpressing plants were relatively resistant to oxidative stress than wild-type and T-DNA insertion mutant atozf1. Malondialdehyde, a decomposition product of lipid peroxidation, accumulated in atozf1 mutants more than in wild-type and AtOZF1-overexpressing plants. Furthermore, atozf1 mutants displayed lower activities of catalase and guaiacol peroxidase, higher chlorosis, and down-regulated expression of antioxidant genes under oxidative stress. Taken together, these observations demonstrate that AtOZF1 is required for the tolerance of Arabidopsis to oxidative stress.

12-NM_015225 // PRUNE2 // prune homolog 2 (Drosophila) // 9q21.2 // 158471 /// ENST

BNIP2 motif-containing molecule at the C-terminal region 1

Alternative names: BMCC1, BNIPXL, C9orf65, KIAA0367
Prostate. 2010 Jan 1;70(1):70-8. Differential expression of PCA3 and its overlapping PRUNE2 transcript in prostate cancer. Salagierski M, Verhaegh GW, Jannink SA, Smit FP, Hessels D, Schalken JA.
BACKGROUND: PCA3 is one of the most prostate cancer (PrCa)-specific markers described so far. Recently, a new genomic structure of PCA3 as well as new flanking and overlapping gene transcripts has been identified. Furthermore, a co-regulation of PCA3 and its overlapping gene PRUNE2 (BMCC1) has been suggested. Our aim was to assess the diagnostic performance of a new PCA3 isoform (PCA3-TS4) and to study the interactions between PCA3 and BMCC1 in PrCa. METHODS: We used SYBR Green quantitative (q)PCR with specific primers to compare PCA3 and BMCC1 expression of normal versus tumor tissue of human prostate. PCA3-TS4 plasmid was created to calculate the absolute amounts of PCA3 transcripts. The androgen regulation of PCA3 and BMCC1 expression was studied in LNCaP and 22Rv1 cells stimulated with 5alpha-dihydrotestosterone. RESULT: We have not found any relevant diagnostic advantage of the PCA3-TS4 isoform over the "classical" PCA3 isoform in our group of PrCa patients. Additionally, PCA3-TS4 appears to be only a minor PCA3 transcript. We were also unable to confirm the hypothesis that BMCC1 isoforms are androgen-induced in vitro. CONCLUSIONS: Despite the presence of the recently identified marginal PCA3 transcripts in human PrCa, the previously described major PCA3 isoform still constitutes the best target for diagnostic purposes. PCA3 and BMCC1 are overlapping genes in reverse orientation that do not appear to be co-regulated.
PLoS One. 2009 Aug 7;4(8):e6501. Hippocampal atrophy as a quantitative trait in a genome-wide association study identifying novel susceptibility genes for Alzheimer's disease. Potkin SG, Guffanti G, Lakatos A, Turner JA, Kruggel F, Fallon JH, Saykin AJ, Orro A, Lupoli S, Salvi E, Weiner M, Macciardi F; Alzheimer's Disease Neuroimaging Initiative.
BACKGROUND: With the exception of APOE epsilon4 allele, the common genetic risk factors for sporadic Alzheimer's Disease (AD) are unknown. METHODS AND FINDINGS: We completed a genome-wide association study on 381 participants in the ADNI (Alzheimer's Disease Neuroimaging Initiative) study. Samples were genotyped using the Illumina Human610-Quad BeadChip. 516,645 unique Single Nucleotide Polymorphisms (SNPs) were included in the analysis following quality control measures. The genotype data and raw genetic data are freely available for download (LONI, http://www.loni.ucla.edu/ADNI/Data/). Two analyses were completed: a standard case-control analysis, and a novel approach using hippocampal atrophy measured on MRI as an objectively defined, quantitative phenotype. A General Linear Model was applied to identify SNPs for which there was an interaction between the genotype and diagnosis on the quantitative trait. The case-control analysis identified APOE and a new risk gene, TOMM40 (translocase of outer mitochondrial membrane 40), at a genome-wide significance level of < or =10(-6) (10(-11) for a haplotype). TOMM40 risk alleles were approximately twice as frequent in AD subjects as controls. The quantitative trait analysis identified 21 genes or chromosomal areas with at least one SNP with a p-value < or =10(-6), which can be considered potential "new" candidate loci to explore in the etiology of sporadic AD. These candidates included EFNA5, CAND1, MAGI2, ARSB, and PRUNE2, genes involved in the regulation of protein degradation, apoptosis, neuronal loss and neurodevelopment. Thus, we identified common genetic variants associated with the increased risk of developing AD in the ADNI cohort, and present publicly available genome-wide data. Supportive evidence based on case-control studies and biological plausibility by gene annotation is provided. Currently no available sample with both imaging and genetic data is available for replication. CONCLUSIONS: Using hippocampal atrophy as a quantitative phenotype in a genome-wide scan, we have identified candidate risk genes for sporadic Alzheimer's disease that merit further investigation.
PLoS One. 2009;4(3):e4995. New genomic structure for prostate cancer specific gene PCA3 within BMCC1: implications for prostate cancer detection and progression. Clarke RA, Zhao Z, Guo AY, Roper K, Teng L, Fang ZM, Samaratunga H, Lavin MF, Gardiner RA.
BACKGROUND: The prostate cancer antigen 3 (PCA3/DD3) gene is a highly specific biomarker upregulated in prostate cancer (PCa). In order to understand the importance of PCA3 in PCa we investigated the organization and evolution of the PCA3 gene locus. METHODS/PRINCIPAL FINDINGS:

We have employed cDNA synthesis, RTPCR and DNA sequencing to identify 4 new transcription start sites, 4 polyadenylation sites and 2 new differentially spliced exons in an extended form of PCA3. Primers designed from these novel PCA3 exons greatly improve RT-PCR based discrimination between PCa, PCa metastases and BPH specimens. Comparative genomic analyses demonstrated that PCA3 has only recently evolved in an anti-sense orientation within a second gene, BMCC1/PRUNE2. BMCC1 has been shown previously to interact with RhoA and RhoC, determinants of cellular transformation and metastasis, respectively. Using RT-PCR we demonstrated that the longer BMCC1-1 isoform - like PCA3 - is upregulated in PCa tissues and metastases and in PCa cell lines. Furthermore PCA3 and BMCC1-1 levels are responsive to dihydrotestosterone treatment. CONCLUSIONS/SIGNIFICANCE: Upregulation of two new PCA3 isoforms in PCa tissues improves discrimination between PCa and BPH. The functional relevance of this specificity is now of particular interest given PCA3's overlapping association with a second gene BMCC1, a regulator of Rho signalling. Upregulation of PCA3 and BMCC1 in PCa has potential for improved diagnosis.
13-NM_019605 // SERTAD4 // SERTA domain containing 4 // 1q32.1-q41 // 56256 /// ENS
Oncol Rep. 2008 Jan;19(1):257-62. Validation of biomarkers associated with 5-fluorouracil and thymidylate synthase in colorectal cancer. Xi Y, Formentini A, Nakajima G, Kornmann M, Ju J.

Previous studies from our laboratory have identified a number of genes associated with chemosensitivity to 5-fluorouracil (5-FU) using an in vitro colon cancer cell line model. In this study, the in vivo significance of several marker genes in terms of prognostic potential was evaluated using colorectal cancer patient samples. Eight marker genes were selected based on their functional roles and significant fold changes in expression. They are SERTA domain containing 1 (SEI1), ribonucleotide reductase M2 polypeptide (RRM2), origin recognition complex, subunit 6 homolog-like (ORC6L), eukaryotic translation initiation factor 4E (EIF4E), thymidylate synthase (TS), SET and MYND domain containing 3 (SMYD3), Dickkopf homolog 4, and methyl-CpG binding domain protein 4 (MBD4). Forty-eight snap frozen clinical colorectal samples (24 normal and 24 paired colorectal cancer patient samples) were selected with detailed clinical follow-up information. cDNAs were synthesized and the expression levels of marker genes were quantified via qRT-PCR analysis. The statistical significance of these markers for disease prognosis was evaluated using the two-tailed paired Wilcoxon test. Survival curves were plotted according to the method of Kaplan-Meier and compared using the log-rank test. Based on the quantitative expression analysis, RRM2 (p=0.0001; 95% CI, 2.0-4.5), ORC6L (p=0.0001; 95% CI, 1.8-4.6), EIF4E (p=0.0002; 95% CI, 0.3-0.9), TS (p=0.0005; 95% CI, 0.7-2.2) and SMYD3 (p=0.0001; 95% CI, 0.8-1.5) were overexpressed in tumor tissues. However, the expression of SEI1 was decreased in tumors (p=0.02; 95% CI, 0.1-1.3), consistent with the function of SEI1 as a potential tumor suppressor. Kaplan-Meier survival analysis indicated that MBD4 is a significant prognostic factor for patient survival (p=0.03). MBD4 was a key protein involved in DNA methylation. The expression of TS was associated with tumor stage as it had a significantly higher expression level in UICC stage I and II compared to stage IV patients (p=0.03). MBD4 may be a potential novel prognostic marker for predicting patient survival for colorectal cancer.

Gene. 2006 Jun 7;374:153-65. Evolutionary conservation and murine embryonic expression of the gene encoding the SERTA domain-containing protein CDCA4 (HEPP). Bennetts JS, Fowles LF, Berkman JL, van Bueren KL, Richman JM, Simpson F, Wicking C.
Cdca4 (Hepp) was originally identified as a gene expressed specifically in hematopoietic progenitor cells as opposed to hematopoietic stem cells. More recently, it has been shown to stimulate p53 activity and also lead to p53-independent growth inhibition when overexpressed. We independently isolated the murine Cdca4 gene in a genomic expression-based screen for genes involved in mammalian craniofacial development, and show that Cdca4 is expressed in a spatio-temporally restricted pattern during mouse embryogenesis. In addition to expression in the facial primordia including the pharyngeal arches, Cdca4 is expressed in the developing limb buds, brain, spinal cord, dorsal root ganglia, teeth, eye and hair follicles. Along with a small number of proteins from a range of species, the predicted CDCA4 protein contains a novel SERTA motif in addition to cyclin A-binding and PHD bromodomain-binding regions of homology. While the function of the SERTA domain is unknown, proteins containing this domain have previously been linked to cell cycle progression and chromatin remodelling. Using in silico database mining we have extended the number of evolutionarily conserved orthologues of known SERTA domain proteins and identified an uncharacterised member of the SERTA domain family, SERTAD4, with orthologues to date in human, mouse, rat, dog, cow, Tetraodon and chicken. Immunolocalisation of transiently and stably transfected epitope-tagged CDCA4 protein in mammalian cells suggests that it resides predominantly in the nucleus throughout all stages of the cell cycle.
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NM_178556

TRIML1 tripartite motif family-like 1 [ Homo sapiens ] 

Gene ID: 339976, updated on 29-Mar-2011 
Mol Reprod Dev. 2009 Jul;76(7):656-64.

Characterization and potential function of a novel pre-implantation embryo-specific RING finger protein: TRIML1.

Tian L, Wu X, Lin Y, Liu Z, Xiong F, Han Z, Zhou Y, Zeng Q, Wang Y, Deng J, Chen H.

Members of the super-class of zinc finger proteins are key regulators in early embryogenesis. Utilizing in silico mining of EST Databases for pre-implantation Embryo-Specific Zinc Finger Protein Genes, we characterized a novel zygotic mouse gene-tripartite motif family-like 1 (TRIML1), which expresses in embryo before implantation. Knocking down of TRIML1 resulted in the fewer cell number of blastocysts and failture to give rise to neonates after embryo transfer. The binding partner of TRIML1, Ubiquitin-specific protease 5 (USP5), was identified by yeast two-hybrid screening assay. The interaction was confirmed by GST pull-down and coimmunoprecipitation analysis. The role of TRIML1 in ubiquitin pathway during the development stage of mouse blastocyst was further discussed.

NM_020354

ENTPD7 ectonucleoside triphosphate diphosphohydrolase 7 [ Homo sapiens ] 

Gene ID: 57089, updated on 29-Mar-2011 
Hum Mol Genet. 2010 Aug 15;19(16):3295-301. Epub 2010 Jun 9.

Association of CR1, CLU and PICALM with Alzheimer's disease in a cohort of clinically characterized and neuropathologically verified individuals.

Corneveaux JJ, Myers AJ, Allen AN, Pruzin JJ, Ramirez M, Engel A, Nalls MA, Chen K, Lee W, Chewning K, Villa SE, Meechoovet HB, Gerber JD, Frost D, Benson HL, O'Reilly S, Chibnik LB, Shulman JM, Singleton AB, Craig DW, Van Keuren-Jensen KR, Dunckley T, Bennett DA, De Jager PL, Heward C, Hardy J, Reiman EM, Huentelman MJ.

In this study, we assess 34 of the most replicated genetic associations for Alzheimer's disease (AD) using data generated on Affymetrix SNP 6.0 arrays and imputed at over 5.7 million markers from a unique cohort of over 1600 neuropathologically defined AD cases and controls (1019 cases and 591 controls). Testing the top genes from the AlzGene meta-analysis, we confirm the well-known association with APOE single nucleotide polymorphisms (SNPs), the CLU, PICALM and CR1 SNPs recently implicated in unusually large data sets, and previously implicated CST3 and ACE SNPs. In the cases of CLU, PICALM and CR1, as well as in APOE, the odds ratios we find are slightly larger than those previously reported in clinical samples, consistent with what we believe to be more accurate classification of disease in the clinically characterized and neuropathologically confirmed AD cases and controls.

NM_152447

Homo sapiens leucine rich repeat and fibronectin type III domain containing 5 (LRFN5), mRNA

NCBI Reference Sequence: NM_152447.3
J Neurosci. 2010 Apr 21;30(16):5559-68.

Selected SALM (synaptic adhesion-like molecule) family proteins regulate synapse formation.

Mah W, Ko J, Nam J, Han K, Chung WS, Kim E.

Synaptic cell adhesion molecules regulate various steps of synapse formation. Despite the great diversity of neuronal synapses, relatively few adhesion molecules with synaptogenic activity have been identified. Synaptic adhesion-like molecules (SALMs) are members of a family of cell adhesion molecules known to regulate neurite outgrowth and synapse maturation; however, the role of SALMs in synapse formation remains unknown. We found that expression of the SALM family proteins SALM3 and SALM5 in nonneural and neural cells induces both excitatory and inhibitory presynaptic differentiation in contacting axons. SALM3 and SALM5 proteins are enriched in synaptic fractions, and form strong (SALM3) or weak (SALM5) complexes with postsynaptic density-95 (PSD-95), an abundant postsynaptic scaffolding protein at excitatory synapses. Aggregation of SALM3, but not SALM5, on dendritic surfaces induces clustering of PSD-95. Knockdown of SALM5 reduces the number and function of excitatory and inhibitory synapses. These results suggest that selected SALM family proteins regulate synapse formation, and that SALM3 and SALM5 may promote synapse formation through distinct mechanisms.

NM_002125

Homo sapiens major histocompatibility complex, class II, DR beta 5 (HLA-DRB5), mRNA

NCBI Reference Sequence: NM_002125.3
Nat Genet. 2010 Aug;42(8):711-4. Epub 2010 Jul 18.

A genome-wide study identifies HLA alleles associated with lumiracoxib-related liver injury.

Singer JB, Lewitzky S, Leroy E, Yang F, Zhao X, Klickstein L, Wright TM, Meyer J, Paulding CA.
Lumiracoxib is a selective cyclooxygenase-2 inhibitor developed for the symptomatic treatment of osteoarthritis and acute pain. Concerns over hepatotoxicity have contributed to the withdrawal or non-approval of lumiracoxib in most major drug markets worldwide. We performed a case-control genome-wide association study on 41 lumiracoxib-treated patients with liver injury (cases) and 176 matched lumiracoxib-treated patients without liver injury (controls). Several SNPs from the MHC class II region showed strong evidence of association (the top SNP was rs9270986 with P = 2.8 x 10(-10)). These findings were replicated in an independent set of 98 lumiracoxib-treated cases and 405 matched lumiracoxib-treated controls (top SNP rs3129900, P = 4.4 x 10(-12)). Fine mapping identified a strong association to a common HLA haplotype (HLA-DRB1*1501-HLA-DQB1*0602-HLA-DRB5*0101-HLA-DQA1*0102, most significant allele P = 6.8 x 10(-25), allelic odds ratio = 5.0, 95% CI 3.6-7.0). These results offer the potential to improve the safety profile of lumiracoxib by identifying individuals at elevated risk for liver injury and excluding them from lumiracoxib treatment.

Comment in

· Hepatology. 2011 Jan;53(1):358-62. 
· Nat Genet. 2010 Aug;42(8):650-1. 
Dement Geriatr Cogn Disord. 2010;30(1):8-11. Epub 2010 Jul 3.

Visual hallucinations and HLA class II antigens in cortical dementia.

Gómez-Tortosa E, Aguerri M, Sainz MJ, Losada M, García-Ruiz PJ, Cárdaba B.

Department of Neurology, Fundación Jiménez Díaz, Madrid, Spain. egomezt@fjd.es
BACKGROUND: 

Visual hallucinations are a core feature of dementia with Lewy bodies (DLB) and have been proposed as being part of a narcolepsy-like REM sleep disorder. Selective loss of hypothalamic hypocretin-producing neurons is common to both narcolepsy and the spectrum of Lewy body diseases. We hypothesized that the genetic marker associated with narcolepsy, the HLA class II DR2-DQ6 haplotype, could confer some degree of susceptibility to brainstem-hypothalamic damage leading to the manifestation of visual hallucinations.

METHODS: 

We examined HLA class II haplotypes in 30 patients with prominent visual hallucinations in the context of clinical criteria for DLB and in 30 patients affected by a cortical-type dementia without hallucinations.

RESULTS: 

No significant differences were found in the distribution of DR and DQ antigens.

CONCLUSIONS: 

We conclude that hypothalamic vulnerability in different diseases is not mediated by a common HLA haplotype.

Copyright 2010 S. Karger AG, Basel.

NM_032997

Homo sapiens ZW10 interactor (ZWINT), transcript variant 2, mRNA

NCBI Reference Sequence: NM_032997.2
J Biol Chem. 2004 Dec 24;279(52):54590-8. Epub 2004 Oct 13.

Human Zwint-1 specifies localization of Zeste White 10 to kinetochores and is essential for mitotic checkpoint signaling.

Wang H, Hu X, Ding X, Dou Z, Yang Z, Shaw AW, Teng M, Cleveland DW, Goldberg ML, Niu L, Yao X.

Chromosome segregation in mitosis is orchestrated by dynamic interaction between spindle microtubules and the kinetochore, a multiprotein complex assembled onto centromeric DNA of the chromosome. Here we show that Zwint-1 is required and is sufficient for kinetochore localization of Zeste White 10 (ZW10) in HeLa cells. Zwint-1 specifies the kinetochore association of ZW10 by interacting with its N-terminal domain. Suppression of synthesis of Zwint-1 by small interfering RNA abolishes the localization of ZW10 to the kinetochore, demonstrating the requirement of Zwint-1 for ZW10 kinetochore localization. In addition, depletion of Zwint-1 affects no mitotic arrest but causes aberrant premature chromosome segregation. These Zwint-1-suppressed cells display chromosome bridge phenotype with sister chromatids inter-connected. Moreover, Zwint-1 is required for stable association of CENP-F and dynamitin but not BUB1 with the kinetochore. Finally, our studies show that Zwint-1 is a new component of the mitotic check-point, as cells lacking Zwint-1 fail to arrest in mitosis when exposed to microtubule inhibitors, yielding interphase cells with multinuclei. As ZW10 and Zwint-1 are absent from yeast, we reasoned that metazoans evolved an elaborate spindle checkpoint machinery to ensure faithful chromosome segregation in mitosis.

Am J Med Genet B Neuropsychiatr Genet. 2007 Sep 5;144B(6):762-70.

Association studies of 23 positional/functional candidate genes on chromosome 10 in late-onset Alzheimer's disease.

Morgan AR, Turic D, Jehu L, Hamilton G, Hollingworth P, Moskvina V, Jones L, Lovestone S, Brayne C, Rubinsztein DC, Lawlor B, Gill M, O'Donovan MC, Owen MJ, Williams J.
Late-onset Alzheimer's disease (LOAD) is a common neurodegenerative disorder, with a complex etiology. APOE is the only confirmed susceptibility gene for LOAD. Others remain yet to be found. Evidence from linkage studies suggests that a gene (or genes) conferring susceptibility for LOAD resides on chromosome 10. We studied 23 positional/functional candidate genes from our linkage region on chromosome 10 (APBB1IP, ALOX5, AD037, SLC18A3, DKK1, ZWINT, ANK3, UBE2D1, CDC2, SIRT1, JDP1, NET7, SUPV3L1, NEN3, SAR1, SGPL1, SEC24C, CAMK2G, PP3CB, SNCG, CH25H, PLCE1, ANXV111) in the MRC genetic resource for LOAD. These candidates were screened for sequence polymorphisms in a sample of 14 LOAD subjects and detected polymorphisms tested for association with LOAD in a three-stage design involving two stages of genotyping pooled DNA samples followed by a third stage in which markers showing evidence for association in the first stages were subjected to individual genotyping. One hundred and twenty polymorphisms were identified and tested in stage 1 (4 case + 4 control pools totaling 366 case and 366 control individuals). Single nucleotide polymorphisms (SNPs) showing evidence of association with LOAD were then studied in stage 2 (8 case + 4 control pools totaling 1,001 case and 1,001 control individuals). Five SNPs, in four genes, showed evidence for association (P < 0.1) at stage 2 and were individually genotyped in the complete dataset, comprising 1,160 LOAD cases and 1,389 normal controls. Two SNPs in SGPL1 demonstrated marginal evidence of association, with uncorrected P values of 0.042 and 0.056, suggesting that variation in SGPL1 may confer susceptibility to LOAD.

Copyright 2007 Wiley-Liss, Inc.

NM_001037731

Homo sapiens defensin, beta 116 (DEFB116), mRNA

NCBI Reference Sequence: NM_001037731.1
Physiol Genomics. 2005 Sep 21;23(1):5-17. Epub 2005 Jul 20.

Cross-species analysis of the mammalian beta-defensin gene family: presence of syntenic gene clusters and preferential expression in the male reproductive tract.

Patil AA, Cai Y, Sang Y, Blecha F, Zhang G.
Mammalian beta-defensins are an important family of innate host defense peptides with pleiotropic activities. As a first step to study the evolutionary relationship and biological role of the beta-defensin family, we identified their complete repertoires in the human, chimpanzee, mouse, rat, and dog following systemic, genome-wide computational searches. Although most beta-defensin genes are composed of two exons separated by an intron of variable length, some contain an additional one or two exons encoding an internal pro-sequence, a segment of carboxy-terminal mature sequences or untranslated regions. Alternatively, spliced isoforms have also been found with several beta-defensins. Furthermore, all beta-defensin genes are densely clustered in four to five syntenic chromosomal regions, with each cluster spanning <1.2 Mb across the five species. Phylogenetic analysis indicated that, although the majority of beta-defensins are evolutionarily conserved across species, subgroups of gene lineages exist that are specific in certain species, implying that some beta-defensins originated after divergence of these mammals from each other, while most others arose before the last common ancestor of mammals. Surprisingly, RT-PCR revealed that all but one rat beta-defensin transcript are preferentially expressed in the male reproductive tract, particularly in epididymis and testis, except that Defb4, a human beta-defensin-2 ortholog, is more restricted to the respiratory and upper gastrointestinal tracts. Moreover, most beta-defensins expressed in the reproductive tract are developmentally regulated, with enhanced expression during sexual maturation. Existence of such a vast array of beta-defensins in the male reproductive tract suggests that these genes may play a dual role in both fertility and host defense.

NM_152632

Homo sapiens chromosome X open reading frame 22 (CXorf22), mRNA

NCBI Reference Sequence: NM_152632.3
Nature. 2005 Mar 17;434(7031):325-37.

The DNA sequence of the human X chromosome.

Ross MT, Grafham DV, Coffey AJ, Scherer S, McLay K, Muzny D, Platzer M, Howell GR, Burrows C, Bird CP, Frankish A, Lovell FL, Howe KL, Ashurst JL, Fulton RS, Sudbrak R, Wen G, Jones MC, Hurles ME, Andrews TD, Scott CE, Searle S, Ramser J, Whittaker A, Deadman R, Carter NP, Hunt SE, Chen R, Cree A, Gunaratne P, Havlak P, Hodgson A, Metzker ML, Richards S, Scott G, Steffen D, Sodergren E, Wheeler DA, Worley KC, Ainscough R, Ambrose KD, Ansari-Lari MA, Aradhya S, Ashwell RI, Babbage AK, Bagguley CL, Ballabio A, Banerjee R, Barker GE, Barlow KF, Barrett IP, Bates KN, Beare DM, Beasley H, Beasley O, Beck A, Bethel G, Blechschmidt K, Brady N, Bray-Allen S, Bridgeman AM, Brown AJ, Brown MJ, Bonnin D, Bruford EA, Buhay C, Burch P, Burford D, Burgess J, Burrill W, Burton J, Bye JM, Carder C, Carrel L, Chako J, Chapman JC, Chavez D, Chen E, Chen G, Chen Y, Chen Z, Chinault C, Ciccodicola A, Clark SY, Clarke G, Clee CM, Clegg S, Clerc-Blankenburg K, Clifford K, Cobley V, Cole CG, Conquer JS, Corby N, Connor RE, David R, Davies J, Davis C, Davis J, Delgado O, Deshazo D, Dhami P, Ding Y, Dinh H, Dodsworth S, Draper H, Dugan-Rocha S, Dunham A, Dunn M, Durbin KJ, Dutta I, Eades T, Ellwood M, Emery-Cohen A, Errington H, Evans KL, Faulkner L, Francis F, Frankland J, Fraser AE, Galgoczy P, Gilbert J, Gill R, Glöckner G, Gregory SG, Gribble S, Griffiths C, Grocock R, Gu Y, Gwilliam R, Hamilton C, Hart EA, Hawes A, Heath PD, Heitmann K, Hennig S, Hernandez J, Hinzmann B, Ho S, Hoffs M, Howden PJ, Huckle EJ, Hume J, Hunt PJ, Hunt AR, Isherwood J, Jacob L, Johnson D, Jones S, de Jong PJ, Joseph SS, Keenan S, Kelly S, Kershaw JK, Khan Z, Kioschis P, Klages S, Knights AJ, Kosiura A, Kovar-Smith C, Laird GK, Langford C, Lawlor S, Leversha M, Lewis L, Liu W, Lloyd C, Lloyd DM, Loulseged H, Loveland JE, Lovell JD, Lozado R, Lu J, Lyne R, Ma J, Maheshwari M, Matthews LH, McDowall J, McLaren S, McMurray A, Meidl P, Meitinger T, Milne S, Miner G, Mistry SL, Morgan M, Morris S, Müller I, Mullikin JC, Nguyen N, Nordsiek G, Nyakatura G, O'Dell CN, Okwuonu G, Palmer S, Pandian R, Parker D, Parrish J, Pasternak S, Patel D, Pearce AV, Pearson DM, Pelan SE, Perez L, Porter KM, Ramsey Y, Reichwald K, Rhodes S, Ridler KA, Schlessinger D, Schueler MG, Sehra HK, Shaw-Smith C, Shen H, Sheridan EM, Shownkeen R, Skuce CD, Smith ML, Sotheran EC, Steingruber HE, Steward CA, Storey R, Swann RM, Swarbreck D, Tabor PE, Taudien S, Taylor T, Teague B, Thomas K, Thorpe A, Timms K, Tracey A, Trevanion S, Tromans AC, d'Urso M, Verduzco D, Villasana D, Waldron L, Wall M, Wang Q, Warren J, Warry GL, Wei X, West A, Whitehead SL, Whiteley MN, Wilkinson JE, Willey DL, Williams G, Williams L, Williamson A, Williamson H, Wilming L, Woodmansey RL, Wray PW, Yen J, Zhang J, Zhou J, Zoghbi H, Zorilla S, Buck D, Reinhardt R, Poustka A, Rosenthal A, Lehrach H, Meindl A, Minx PJ, Hillier LW, Willard HF, Wilson RK, Waterston RH, Rice CM, Vaudin M, Coulson A, Nelson DL, Weinstock G, Sulston JE, Durbin R, Hubbard T, Gibbs RA, Beck S, Rogers J, Bentley DR.

The human X chromosome has a unique biology that was shaped by its evolution as the sex chromosome shared by males and females. We have determined 99.3% of the euchromatic sequence of the X chromosome. Our analysis illustrates the autosomal origin of the mammalian sex chromosomes, the stepwise process that led to the progressive loss of recombination between X and Y, and the extent of subsequent degradation of the Y chromosome. LINE1 repeat elements cover one-third of the X chromosome, with a distribution that is consistent with their proposed role as way stations in the process of X-chromosome inactivation. We found 1,098 genes in the sequence, of which 99 encode proteins expressed in testis and in various tumour types. A disproportionately high number of mendelian diseases are documented for the X chromosome. Of this number, 168 have been explained by mutations in 113 X-linked genes, which in many cases were characterized with the aid of the DNA sequence.
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NM_007036

Homo sapiens endothelial cell-specific molecule 1 (ESM1), transcript variant 1, mRNA

NCBI Reference Sequence: NM_007036.4

J Int Med Res. 2010 Mar-Apr;38(2):498-510.

Over-expression of the Endocan gene in endothelial cells from hepatocellular carcinoma is associated with angiogenesis and tumour invasion.

Chen LY, Liu X, Wang SL, Qin CY.
Endocan plays a role in tumour angiogenesis and tumour growth. The aim of this study was to detect the expression of endocan in hepatocellular carcinoma (HCC) tumour-associated endothelial cells and to correlate endocan expression with clinicopathological parameters and tumour angiogenesis. Tumour tissues and surrounding non-cancerous hepatic parenchyma from 42 primary HCC patients were studied. Endothelial cells were isolated using magnetic microbeads conjugated with anti-CD31 and endocan expression was evaluated by real-time reverse transcription-polymerase chain reaction, Western blotting and immunohistochemistry. Endocan was significantly over-expressed in endothelial cells isolated from HCC tumours compared with corresponding non-cancerous liver tissues. In addition, the endocan mRNA level was significantly correlated with the serum alpha-fetoprotein level, intra-tumoural microvessel density, vascular endothelial growth factor mRNA, and vascular and venous invasion. The over-expression of endocan in tumour endothelial cells was closely related to the process of angiogenesis and pathogenesis in HCC, and suggests that endocan might be a useful marker for HCC progression.

Microvasc Res. 2002 Mar;63(2):159-71.

Identification of endothelial cell genes expressed in an in vitro model of angiogenesis: induction of ESM-1, (beta)ig-h3, and NrCAM.

Aitkenhead M, Wang SJ, Nakatsu MN, Mestas J, Heard C, Hughes CC.
Blood vessel growth by angiogenesis plays an essential role in embryonic development, wound healing, and tumor growth. To understand the molecular cues underlying this process we have used the PCR-based subtractive hybridization method, representational difference analysis, to identify genes upregulated in endothelial cells (EC) forming tubes in 3D collagen gels, compared to migrating and proliferating cells in 2D cultures. We identified several previously characterized angiogenic markers, including the alpha(v) chain of the alpha(v)beta3 integrin and plasminogen activator inhibitor-1, suggesting overlap in gene expression between tube-forming cells in vitro and in vivo. We also found a 2- to 10-fold upregulation of (beta)ig-h3 (a collagen-binding extracellular matrix protein), NrCAM (a "neural" cell adhesion molecule), Annexin II (a tPA receptor), ESM-1 (an EC-specific molecule of unknown function), and Id2 (an inhibitory bHLH transcription factor). We identified a novel splice variant of the ESM-1 gene and also detected dramatically enhanced expression of ESM-1 and (beta)ig-h3 in several tumors. Antisense oligonucleotides to (beta)ig-h3 blocked both gene expression and tube formation in vitro, suggesting that (beta)ig-h3 may play a critical role in EC-matrix interactions. These data expand the suite of genes implicated in vascular remodeling and angiogenesis.

J Immunol. 2001 Sep 15;167(6):3099-106.

Human endothelial-cell specific molecule-1 binds directly to the integrin CD11a/CD18 (LFA-1) and blocks binding to intercellular adhesion molecule-1.

Béchard D, Scherpereel A, Hammad H, Gentina T, Tsicopoulos A, Aumercier M, Pestel J, Dessaint JP, Tonnel AB, Lassalle P.
ICAMs are ligands for LFA-1, a major integrin of mononuclear cells involved in the immune and inflammatory processes. We previously showed that endothelial cell specific molecule-1 (ESM-1) is a proteoglycan secreted by endothelial cells under the control of inflammatory cytokines. Here, we demonstrate that ESM-1 binds directly to LFA-1 onto the cell surface of human blood lymphocytes, monocytes, and Jurkat cells. The binding of ESM-1 was equally dependent on Ca(2+), Mg(2+), or Mn(2+) divalent ions, which are specific, saturable, and sensitive to temperature. An anti-CD11a mAb or PMA induced a transient increase in binding, peaking 5 min after activation. Direct binding of ESM-1 to LFA-1 integrin was demonstrated by specific coimmunoprecipitation by CD11a and CD18 mAbs. A cell-free system using a Biacore biosensor confirmed that ESM-1 and LFA-1 dynamically interacted in real time with high affinity (K(d) = 18.7 nM). ESM-1 consistently inhibited the specific binding of soluble ICAM-1 to Jurkat cells in a dose-dependent manner. These results suggest that ESM-1 and ICAM-1 interact with LFA-1 on binding sites very close to but distinct from the I domain of CD11a. Through this mechanism, ESM-1 could be implicated in the regulation of the LFA-1/ICAM-1 pathway and may therefore influence both the recruitment of circulating lymphocytes to inflammatory sites and LFA-1-dependent leukocyte adhesion and activation.

NM_001175

Homo sapiens Rho GDP dissociation inhibitor (GDI) beta (ARHGDIB), mRNA

NCBI Reference Sequence: NM_001175.4
Oncol Rep. 2010 Aug;24(2):465-71.

Expression profile of RhoGDI2 in lung cancers and role of RhoGDI2 in lung cancer metastasis.

Niu H, Li H, Xu C, He P.
Rho GDP dissociation inhibitors (RhoGDIs) are important regulators of the GTP hydrolase activity and biological functions of Rho GTPases. RhoGDI2 has been shown to be a metastasis suppressor in bladder cancer and several other cancers. However, the underlying mechanism, effector targets, and the cognate biological functions of RhoGDI2 are not fully understood. To investigate the possible role of RhoGDI2 in lung cancer tumorigenesis and metastasis, the expression pattern of RhoGDI2 in various lung cancer tissue samples and lung cancer-derived cell lines were profiled at both mRNA and protein levels. Furthermore, possible interplay between PI3K/Akt/mTOR pathway activation/inhibition and RhoGDI2 signalling is examined in lung cancer-related cell lines. Our results suggest that RhoGDI2 is likely to be involved in lung tumor malignancy and metastasis.

Cancer Metastasis Rev. 2009 Dec;28(3-4):327-33.

Pathways of metastasis suppression in bladder cancer.

Said N, Theodorescu D.
Despite the recent advances in the diagnosis of bladder cancer, recurrence after surgical intervention for muscle invasive disease is still problematic as nearly half of the patients harbor occult distant metastases and this, in turn, is associated with poor 5-year survival rate. We have recently identified Rho family GDP dissociation inhibitor 2 (RhoGDI2) protein as functional metastasis suppressor and a prognostic marker in patients after cystectomy. In identifying the mechanisms underlying metastasis suppression by RhoGDI2, we found this protein to be associated with the c-Src kinase in human tumors, where the expression of both is diminished as a function of stage. Interestingly, c-Src bound to and phosphorylated RhoGDI2 resulting in enhanced metastasis suppressive potency. In this review, we will discuss the established roles of c-Src and RhoGDI2 in bladder cancer and speculate on their therapeutic relevance.

Urol Oncol. 2007 Sep-Oct;25(5):401-6.

RhoGDI2: a new metastasis suppressor gene: discovery and clinical translation.

Harding MA, Theodorescu D.
The greatest risk for morbidity and mortality caused by bladder cancer is due to metastasis. For this reason, we have developed a paradigm for discovering the molecular mechanisms underlying bladder cancer progression to an invasive and metastatic phenotype. Results of microarray gene expression analysis of a cell culture model were parsed by identifying overlapping genes that correlate with increasing stage and grade of human tumors. One gene identified by this method, RhoGDI2, was tested in various in vitro and in vivo model systems and confirmed to be a metastasis suppressor gene. Using a similar strategy of gene identification by concordance of microarray gene expression results from cells expressing RhoGDI2 and human bladder cancers, two molecular effectors of RhoGDI2 signaling were identified. These targets, endothelin-1 and Neuromedin U are excellent potential targets for therapeutic intervention in the metastatic cascade.

NM_176821

Homo sapiens NLR family, pyrin domain containing 10 (NLRP10), mRNA

NCBI Reference Sequence: NM_176821.3
J Immunol. 2010 May 15;184(10):5874-84. Epub 2010 Apr 14.

Anti-inflammatory activity of PYNOD and its mechanism in humans and mice.

Imamura R, Wang Y, Kinoshita T, Suzuki M, Noda T, Sagara J, Taniguchi S, Okamoto H, Suda T.
Many members of the nucleotide-binding and oligomerization domain (NOD)- and leucine-rich-repeat-containing protein (NLR) family play important roles in pathogen recognition and inflammation. However, we previously reported that human PYNOD/NLRP10, an NLR-like protein consisting of a pyrin domain and a NOD, inhibits inflammatory signal mediated by caspase-1 and apoptosis-associated speck-like protein containing a caspase recruitment domain (ASC) in reconstitution experiments using HEK293 cells. In this study, we investigated the molecular mechanism of PYNOD's anti-inflammatory activity in vitro and its expression and function in mice. Human PYNOD inhibited the autoprocessing of caspase-1 and caspase-1-mediated IL-1beta processing and suppressed the aggregation of ASC, a hallmark of ASC activation. Interestingly, the NOD of human PYNOD was sufficient to inhibit caspase-1-mediated IL-1beta secretion, whereas its pyrin domain was sufficient to inhibit ASC-mediated NF-kappaB activation and apoptosis and to reduce ASC's ability to promote caspase-1-mediated IL-1beta production. Mouse PYNOD protein was detected in the skin, tongue, heart, colon, peritoneal macrophages, and several cell lines of hematopoietic and myocytic lineages. Mouse PYNOD colocalized with ASC aggregates in LPS + R837-stimulated macrophages; however, unlike human PYNOD, mouse PYNOD failed to inhibit ASC aggregation. Macrophages and neutrophils from PYNOD-transgenic mice exhibited reduced IL-1beta processing and secretion upon microbial infection, although mouse PYNOD failed to inhibit caspase-1 processing, which was inhibited by caspase-4 inhibitor z-LEED-fluoromethylketone. These results suggest that mouse PYNOD colocalizes with ASC and inhibits caspase-1-mediated IL-1beta processing without inhibiting caspase-4 (mouse caspase-11)-mediated caspase-1 processing. Furthermore, PYNOD-transgenic mice were resistant to lethal endotoxic shock. Thus, PYNOD is the first example of an NLR that possesses an anti-inflammatory function in vivo.

Int Immunol. 2004 Jun;16(6):777-86. Epub 2004 Apr 19.

PYNOD, a novel Apaf-1/CED4-like protein is an inhibitor of ASC and caspase-1.

Wang Y, Hasegawa M, Imamura R, Kinoshita T, Kondo C, Konaka K, Suda T.
Recently, a large subfamily of nucleotide-binding and oligomerization domain-containing proteins that have an N-terminal pyrin-like domain and C-terminal leucine-rich repeats has been described. In this study, we identified PYNOD, a novel member of this family that lacks the leucine-rich repeats. We found that human PYNOD mRNA is expressed in various tissues and at high levels in heart, skeletal muscle and brain. It is also expressed in various cell lines, including haematopoietic cell lines. PYNOD oligomerizes and binds to ASC, an adaptor protein that plays a role in apoptotic and inflammatory signal transduction, and to caspase-1 and IL-1beta. PYNOD inhibits apoptosis-associated speck-like protein containing a CARD (ASC)-mediated NF-kappaB activation and apoptosis, and caspase-1-mediated IL-1beta maturation, and it does so in the presence and absence of constitutively active mutants of CARD12 and PYPAF1, which are enhancers of these processes. Thus, PYNOD is a novel regulator of apoptosis and inflammation.

Copyright 2004 The Japanese Society for Immunology

Nat Rev Immunol. 2003 May;3(5):371-82.

NODs: intracellular proteins involved in inflammation and apoptosis.

Inohara N, Nuñez G.
NOD (nucleotide-binding oligomerization domain) proteins are members of a family that includes the apoptosis regulator APAF1 (apoptotic protease activating factor 1), mammalian NOD-LRR (leucine-rich repeat) proteins and plant disease-resistance gene products. Several NOD proteins have been implicated in the induction of nuclear factor-kappaB (NF-kappaB) activity and in the activation of caspases. Two members of the NOD family, NOD1 and NOD2, mediate the recognition of specific bacterial components. Notably, genetic variation in the genes encoding the NOD proteins NOD2, cryopyrin and CIITA (MHC class II transactivator) in humans and Naip5 (neuronal apoptosis inhibitory protein 5) in mice is associated with inflammatory disease or increased susceptibility to bacterial infections. Mammalian NOD proteins seem to function as cytosolic sensors for the induction of apoptosis, as well as for innate recognition of microorganisms and regulation of inflammatory responses.

NM_002508

Homo sapiens nidogen 1 (NID1), mRNA

NCBI Reference Sequence: NM_002508.2

Mol Cancer. 2007 Feb 28;6:17.

Nidogen 1 and 2 gene promoters are aberrantly methylated in human gastrointestinal cancer.

Ulazzi L, Sabbioni S, Miotto E, Veronese A, Angusti A, Gafà R, Manfredini S, Farinati F, Sasaki T, Lanza G, Negrini M.
BACKGROUND: 

Nidogens are highly conserved proteins of basement membranes. Two nidogen proteins, nidogen 1 and nidogen 2, are known in mammals.

RESULTS: 

We show that CpG islands of both NID1 and NID2 genes are aberrantly methylated in human cancer samples and cancer cell lines. For both genes, methylation was correlated with loss of gene transcription in human cell lines. Furthermore, demethylation of the NID1 and NID2 promoters restored gene transcription, demonstrating that methylation was responsible for silencing nidogen genes. In primary tumors, we detected NID1 promoter methylation in 67% of colon cancer samples and in 90% of gastric cancers. NID2 promoter was methylated in 29% of colon and 95% of gastric cancers. Immuno-staining for nidogen-2 confirmed the correlation between aberrant methylation and loss of nidogen expression also in primary tumors, implying that aberrant methylation was a mechanism for inhibiting nidogens expression in human gastrointestinal tumors.

CONCLUSION: 

These results suggest that loss of nidogens expression has a potential pathogenetic role in colon and stomach tumorigenesis. Nidogens are believed to connect laminin and collagen IV networks, hence stabilizing the basement membrane structure. Nidogens are also important for cell adhesion, as they establish contacts with various cellular integrins. Loss of nidogen expression may favor invasion and metastasis of cancer cells by loosening cell interaction with basal membrane and by weakening the strength of the basement membrane itself, first barrier from the connective vascularized matrix.

NR_000008

Homo sapiens small nucleolar RNA, C/D box 22 (SNORD22), small nucleolar RNA

NCBI Reference Sequence: NR_000008.2
Science. 1994 Dec 2;266(5190):1558-61.

Requirement for intron-encoded U22 small nucleolar RNA in 18S ribosomal RNA maturation.

Tycowski KT, Shu MD, Steitz JA.
The nucleoli of vertebrate cells contain a number of small RNAs that are generated by the processing of intron fragments of protein-coding gene transcripts. The host gene (UHG) for intro-encoded human U22 is unusual in that it specifies a polyadenylated but apparently noncoding RNA. Depletion of U22 from Xenopus oocytes by oligonucleotide-directed ribonuclease H targeting prevented the processing of 18S ribosomal RNA (rRNA) at both ends. The appearance of 18S rRNA was restored by injection of in vitro-synthesized U22 RNA. These results identify a cellular function for an intron-encoded small RNA.

NM_001146

Homo sapiens angiopoietin 1 (ANGPT1), transcript variant 1, mRNA

NCBI Reference Sequence: NM_001146.3
Science. 1997 Jul 4;277(5322):55-60.

Angiopoietin-2, a natural antagonist for Tie2 that disrupts in vivo angiogenesis.

Maisonpierre PC, Suri C, Jones PF, Bartunkova S, Wiegand SJ, Radziejewski C, Compton D, McClain J, Aldrich TH, Papadopoulos N, Daly TJ, Davis S, Sato TN, Yancopoulos GD.
Angiogenesis is thought to depend on a precise balance of positive and negative regulation. Angiopoietin-1 (Ang1) is an angiogenic factor that signals through the endothelial cell-specific Tie2 receptor tyrosine kinase. Like vascular endothelial growth factor, Ang1 is essential for normal vascular development in the mouse. An Ang1 relative, termed angiopoietin-2 (Ang2), was identified by homology screening and shown to be a naturally occurring antagonist for Ang1 and Tie2. Transgenic overexpression of Ang2 disrupts blood vessel formation in the mouse embryo. In adult mice and humans, Ang2 is expressed only at sites of vascular remodeling. Natural antagonists for vertebrate receptor tyrosine kinases are atypical; thus, the discovery of a negative regulator acting on Tie2 emphasizes the need for exquisite regulation of this angiogenic receptor system.

Comment in
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Endocr Relat Cancer. 2010 Oct 5;17(4):897-908. Print 2010 Dec.

The association of the angiopoietin/Tie-2 system with the development of metastasis and leukocyte migration in neuroendocrine tumors.

Figueroa-Vega N, Díaz A, Adrados M, Alvarez-Escolá C, Paniagua A, Aragonés J, Martín-Pérez E, Leskela S, Moreno-Otero R, González-Amaro R, Marazuela M.
The aim of this study was to explore the possible involvement of the angiopoietin (Ang)-1, -2/Tie-2 system in the development, growth, and metastases evolution of gastroenteropancreatic-neuroendocrine tumors (GEP-NETs). We prospectively examined the serum levels of Tie-2, Ang-1, and Ang-2 by ELISA in 42 patients with proven GEP-NETs and 27 controls. We also determined the expression of the Ang/Tie-2 system in freshly isolated peripheral blood monocytes and in tumor cells from malignant primary tumors and/or liver metastases samples from GEP-NET patients by flow cytometry and/or RT-PCR. Furthermore, the function of the Ang/Tie-2 system in monocytes from controls and patients was assessed by a chemotaxis assay. GEP-NET patients showed enhanced serum levels of soluble form of Tie-2 (sTie-2), Ang-1, and Ang-2 (P<0.05 in all cases), compared to controls. sTie-2 and Ang-2 levels were significantly higher in GEP-NETs with metastases compared to those with no metastases. In addition, a significant correlation was detected between Ang-2 levels and chromogranin A or sTie-2 concentrations or 5-hydroxy-indole acetic acid excretion (r=0.71, r=0.60, and r=0.81 respectively, P<0.01 in all cases). Furthermore, we observed an enhanced expression of Ang-1, Ang-2, and Tie-2 in freshly isolated tumor cells from GEP-NET both by immunohistochemistry and by RT-PCR. Interestingly, an enhanced expression and function of Tie-2 was detected in monocytes from GEP-NET patients. Our data suggest that the Ang/Tie-2 system is involved in the growth and development of metastases of GEP-NETs, and that favors the recruitment of Tie-2(+) monocytes to the tumor site, where they can promote inflammation and angiogenesis.

NM_002395

Homo sapiens malic enzyme 1, NADP(+)-dependent, cytosolic (ME1), mRNA

NCBI Reference Sequence: NM_002395.4
Am J Physiol Endocrinol Metab. 2009 Jun;296(6):E1354-62. Epub 2009 Mar 17.

Role for malic enzyme, pyruvate carboxylation, and mitochondrial malate import in glucose-stimulated insulin secretion.

Heart E, Cline GW, Collis LP, Pongratz RL, Gray JP, Smith PJ.
Pyruvate cycling has been implicated in glucose-stimulated insulin secretion (GSIS) from pancreatic beta-cells. The operation of some pyruvate cycling pathways is proposed to necessitate malate export from the mitochondria and NADP(+)-dependent decarboxylation of malate to pyruvate by cytosolic malic enzyme (ME1). Evidence in favor of and against a role of ME1 in GSIS has been presented by others using small interfering RNA-mediated suppression of ME1. ME1 was also proposed to account for methyl succinate-stimulated insulin secretion (MSSIS), which has been hypothesized to occur via succinate entry into the mitochondria in exchange for malate and subsequent malate conversion to pyruvate. In contrast to rat, mouse beta-cells lack ME1 activity, which was suggested to explain their lack of MSSIS. However, this hypothesis was not tested. In this report, we demonstrate that although adenoviral-mediated overexpression of ME1 greatly augments GSIS in rat insulinoma INS-1 832/13 cells, it does not restore MSSIS, nor does it significantly affect GSIS in mouse islets. The increase in GSIS following ME1 overexpression in INS-1 832/13 cells did not alter the ATP-to-ADP ratio but was accompanied by increases in malate and citrate levels. Increased malate and citrate levels were also observed after INS-1 832/13 cells were treated with the malate-permeable analog dimethyl malate. These data suggest that although ME1 overexpression augments anaplerosis and GSIS in INS-1 832/13 cells, it is not likely involved in MSSIS and GSIS in pancreatic islets.

Am J Physiol Endocrinol Metab. 2008 Dec;295(6):E1287-97. Epub 2008 Aug 26.

Metabolic cycling in control of glucose-stimulated insulin secretion.

Jensen MV, Joseph JW, Ronnebaum SM, Burgess SC, Sherry AD, Newgard CB.
Glucose-stimulated insulin secretion (GSIS) is central to normal control of metabolic fuel homeostasis, and its impairment is a key element of beta-cell failure in type 2 diabetes. Glucose exerts its effects on insulin secretion via its metabolism in beta-cells to generate stimulus/secretion coupling factors, including a rise in the ATP/ADP ratio, which serves to suppress ATP-sensitive K(+) (K(ATP)) channels and activate voltage-gated Ca(2+) channels, leading to stimulation of insulin granule exocytosis. Whereas this K(ATP) channel-dependent mechanism of GSIS has been broadly accepted for more than 30 years, it has become increasingly apparent that it does not fully describe the effects of glucose on insulin secretion. More recent studies have demonstrated an important role for cyclic pathways of pyruvate metabolism in control of insulin secretion. Three cycles occur in islet beta-cells: the pyruvate/malate, pyruvate/citrate, and pyruvate/isocitrate cycles. This review discusses recent work on the role of each of these pathways in control of insulin secretion and builds a case for the particular relevance of byproducts of the pyruvate/isocitrate cycle, NADPH and alpha-ketoglutarate, in control of GSIS.

NR_000014

Homo sapiens small nucleolar RNA, C/D box 42A (SNORD42A), small nuclear RNA

NCBI Reference Sequence: NR_000014.1

Cell. 1996 Jun 28;85(7):1077-88.

Site-specific ribose methylation of preribosomal RNA: a novel function for small nucleolar RNAs.

Kiss-László Z, Henry Y, Bachellerie JP, Caizergues-Ferrer M, Kiss T.
Eukaryotic cells contain many fibrillarin-associated small nucleolar RNAs (snoRNAs) that possess long complementarities to mature rRNAs. Characterization of 21 novel antisense snoRNAs from human cells followed by genetic depletion and reconstitution studies on yeast U24 snoRNA provides evidence that this class of snoRNAs is required for site-specific 2'-O-methylation of preribosomal RNA (pre-rRNA). Antisense sno-RNAs function through direct base-pairing interactions with pre-rRNA. The antisense element, together with the D or D' box of the snoRNA, provide the information necessary to select the target nucleotide for the methyltransfer reaction. The conclusion that sno-RNAs function in covalent modification of the sugar moieties of ribonucleotides demonstrates that eukaryotic small nuclear RNAs have a more versatile cellular function than earlier anticipated.

Nucleic Acids Res. 2000 Mar 15;28(6):1348-54.

Characterisation of the U83 and U84 small nucleolar RNAs: two novel 2'-O-ribose methylation guide RNAs that lack complementarities to ribosomal RNAs.

Jády BE, Kiss T.
In eukaryotic cells, the site-specific 2'- O -ribose methylation of ribosomal RNAs (rRNAs) and the U6 spliceosomal small nuclear RNA (snRNA) is directed by small nucleolar RNAs (snoRNAs). The C and D box-containing 2'- O -methylation guide snoRNAs select the correct substrate nucleotide through formation of a long 10-21 bp interaction with the target rRNA and U6 snRNA sequences. Here, we report on the characterisation of two novel mammalian C/D box snoRNAs, called U83 and U84, that contain all the elements that are essential for accumulation and function of 2'- O -methylation guide snoRNAs. However, in contrast to all of the known 2'- O -methylation guide RNAs, the human, mouse and pig U83 and U84 snoRNAs feature no antisense elements complementary to rRNA or U6 snRNA sequences. The human U83 and U84 snoRNAs are not associated with maturing nucleolar pre-ribosomal particles, suggesting that they do not function in rRNA biogenesis. Since artificial substrate RNAs complementary to the evolutionarily conserved putative substrate recognition motifs of the U83 and U84 snoRNAs were correctly 2'- O -methylated in the nucleolus of mouse cells, we suggest that the new snoRNAs act as 2'- O -methylation guides for cellular RNAs other then rRNAs and the U6 snRNA.

Gene Expr. 2002;10(1-2):17-39.

Small nucleolar RNAs: versatile trans-acting molecules of ancient evolutionary origin.

Terns MP, Terns RM.
The small nucleolar RNAs (snoRNAs) are an abundant class of trans-acting RNAs that function in ribosome biogenesis in the eukaryotic nucleolus. Elegant work has revealed that most known snoRNAs guide modification of pre-ribosomal RNA (pre-rRNA) by base pairing near target sites. Other snoRNAs are involved in cleavage of pre-rRNA by mechanisms that have not yet been detailed. Moreover, our appreciation of the cellular roles of the snoRNAs is expanding with new evidence that snoRNAs also target modification of small nuclear RNAs and messenger RNAs. Many snoRNAs are produced by unorthodox modes of biogenesis including salvage from introns of pre-mRNAs. The recent discovery that homologs of snoRNAs as well as associated proteins exist in the domain Archaea indicates that the RNA-guided RNA modification system is of ancient evolutionary origin. In addition, it has become clear that the RNA component of vertebrate telomerase (an enzyme implicated in cancer and cellular senescence) is related to snoRNAs. During its evolution, vertebrate telomerase RNA appears to have co-opted a snoRNA domain that is essential for the function of telomerase RNA in vivo. The unique properties of snoRNAs are now being harnessed for basic research and therapeutic applications.

NM_020987

Homo sapiens ankyrin 3, node of Ranvier (ankyrin G) (ANK3), transcript variant 1, mRNA

NCBI Reference Sequence: NM_020987.3

J Cell Biol. 2002 Jan 21;156(2):337-48. Epub 2002 Jan 21.

[Beta]IV-spectrin regulates sodium channel clustering through ankyrin-G at axon initial segments and nodes of Ranvier.

Komada M, Soriano P.
beta-Spectrin and ankyrin are major components of the membrane cytoskeleton. We have generated mice carrying a null mutation in the betaIV-spectrin gene using gene trapping in embryonic stem cells. Mice homozygous for the mutation exhibit tremors and contraction of hindlimbs. betaIV-spectrin expression is mostly restricted to neurons, where it colocalizes with and binds to ankyrin-G at axon initial segments (AISs) and nodes of Ranvier (NR). In betaIV-spectrin-null neurons, neither ankyrin-G nor voltage-gated sodium channels (VGSC) are correctly clustered at these sites, suggesting that impaired action potential caused by mislocalization of VGSC leads to the phenotype. Conversely, in ankyrin-G-null neurons, betaIV-spectrin is not localized to these sites. These results indicate that betaIV-spectrin and ankyrin-G mutually stabilize the membrane protein cluster and the linked membrane cytoskeleton at AIS and NR.

Exp Biol Med (Maywood). 2008 Apr;233(4):394-400.

Spectrin and ankyrin-based cytoskeletons at polarized domains in myelinated axons.

Susuki K, Rasband MN.

In myelinated nerve fibers, action potential initiation and propagation requires that voltage-gated ion channels be clustered at high density in the axon initial segments and nodes of Ranvier. The molecular organization of these subdomains depends on specialized cytoskeletal and scaffolding proteins such as spectrins, ankyrins, and 4.1 proteins. These cytoskeletal proteins are considered to be important for 1) formation, localization, and maintenance of specific integral membrane protein complexes, 2) a barrier restricting the diffusion of both cytoplasmic and membrane proteins to distinct regions or compartments of the cell, and 3) stabilization of axonal membrane integrity. Increased insights into the role of the cytoskeleton could provide important clues about the pathophysiology of various neurological disorders.

NM_014903

Homo sapiens neuron navigator 3 (NAV3), mRNA

NCBI Reference Sequence: NM_014903.4

J Invest Dermatol. 2008 Sep;128(9):2304-9. Epub 2008 Mar 13.

Clinicopathological characterization and genomic aberrations in subcutaneous panniculitis-like T-cell lymphoma.

Hahtola S, Burghart E, Jeskanen L, Karenko L, Abdel-Rahman WM, Polzer B, Kajanti M, Peltomäki P, Pettersson T, Klein CA, Ranki A.
Subcutaneous panniculitis-like T-cell lymphomas (SPTLs) represent a rare, difficult-to-diagnose, and poorly characterized subtype of cutaneous T-cell lymphomas (CTCLs) affecting younger people more than the other CTCL forms. We performed a thorough clinical, immunohistological, and molecular analysis of nine Finnish SPTL patients. Specifically, we performed single-cell comparative genomic hybridization (CGH) from laser microdissected, morphologically malignant SPTL cells, as well as loss of heterozygosity (LOH) and fluorescence in situ hybridization (FISH) analysis for the NAV3 (neuron navigator 3) gene. CGH revealed large numbers of DNA copy number changes, the most common of which were losses of chromosomes 1pter, 2pter, 10qter, 11qter, 12qter, 16, 19, 20, and 22 and gains of chromosomes 2q and 4q. Some of the DNA copy number aberrations in SPTL, such as loss of 10q, 17p, and chromosome 19, overlap with those characteristic of common forms of CTCL (mycosis fungoides (MF) and Sezary syndrome (SS)), whereas 5q and 13q gains characterize SPTL. Allelic NAV3 aberrations (LOH or deletion by FISH), previously found in MF and SS, were identified in 44% of the SPTL samples. This study demonstrates that SPTL is also moleculocytogenetically a uniform entity of CTCL and supports the current World Health Organization-European Organization for Research and Treatment of Cancer (WHO-EORTC) classification defining SPTL as a subgroup of its own.

BC101698

Homo sapiens chromosome X open reading frame 59, mRNA (cDNA clone MGC:126747 IMAGE:8069204), complete cds

GenBank: BC101698.1

Nat Genet. 2009 May;41(5):535-43. Epub 2009 Apr 19.

A systematic, large-scale resequencing screen of X-chromosome coding exons in mental retardation.

Tarpey PS, Smith R, Pleasance E, Whibley A, Edkins S, Hardy C, O'Meara S, Latimer C, Dicks E, Menzies A, Stephens P, Blow M, Greenman C, Xue Y, Tyler-Smith C, Thompson D, Gray K, Andrews J, Barthorpe S, Buck G, Cole J, Dunmore R, Jones D, Maddison M, Mironenko T, Turner R, Turrell K, Varian J, West S, Widaa S, Wray P, Teague J, Butler A, Jenkinson A, Jia M, Richardson D, Shepherd R, Wooster R, Tejada MI, Martinez F, Carvill G, Goliath R, de Brouwer AP, van Bokhoven H, Van Esch H, Chelly J, Raynaud M, Ropers HH, Abidi FE, Srivastava AK, Cox J, Luo Y, Mallya U, Moon J, Parnau J, Mohammed S, Tolmie JL, Shoubridge C, Corbett M, Gardner A, Haan E, Rujirabanjerd S, Shaw M, Vandeleur L, Fullston T, Easton DF, Boyle J, Partington M, Hackett A, Field M, Skinner C, Stevenson RE, Bobrow M, Turner G, Schwartz CE, Gecz J, Raymond FL, Futreal PA, Stratton MR.
Large-scale systematic resequencing has been proposed as the key future strategy for the discovery of rare, disease-causing sequence variants across the spectrum of human complex disease. We have sequenced the coding exons of the X chromosome in 208 families with X-linked mental retardation (XLMR), the largest direct screen for constitutional disease-causing mutations thus far reported. The screen has discovered nine genes implicated in XLMR, including SYP, ZNF711 and CASK reported here, confirming the power of this strategy. The study has, however, also highlighted issues confronting whole-genome sequencing screens, including the observation that loss of function of 1% or more of X-chromosome genes is compatible with apparently normal existence.
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NR_001453

Homo sapiens small nucleolar RNA, C/D box 14C (SNORD14C), small nucleolar RNA

NCBI Reference Sequence: NR_001453.2

J Mol Evol. 1994 Jul;39(1):80-6.

Phylogenetic analysis of the stress-70 protein family.

Rensing SA, Maier UG.
The eukaryotic cyto-/nucleoplasmatic 70-kDa heat-shock protein (HSP70) has homologues in the endoplasmic reticulum as well as in bacteria, mitochondria, and plastids. We selected a representative subset from the large number of sequenced stress-70 family members which covers all known branches of the protein family and calculated and manually improved an alignment. Here we present the consensus sequence of the aligned proteins and putative nuclear localization signals (NLS) in the eukaryotic HSP70 homologues. The phylogenetic relationships of the stress-70 group family members were estimated by use of different computation methods. We present a phylogenetic tree containing all known stress-70 subfamilies and demonstrate the usefulness of stress-70 protein sequences for the estimation of intertaxonic phylogeny.

Nucleic Acids Res. 1990 Nov 25;18(22):6565-71.

Mouse U14 snRNA is encoded in an intron of the mouse cognate hsc70 heat shock gene.

Liu J, Maxwell ES.
Mouse U14 snRNA (previously designated mouse 4.5S hybRNA) is an evolutionarily conserved eukaryotic low molecular weight RNA capable of intermolecular hybridization with both homologous and heterologous 18S rRNA (1). A single genomic fragment of mouse DNA containing the U14 snRNA gene(s) has been isolated from a Charon 4A lambda phage mouse genomic library and sequenced. Results have surprisingly revealed the presence of three U14 snRNA-homologous regions positioned within introns 5, 6, and 8 of the mouse cognate hsc70 heat shock gene. Comparative analysis with the previously reported rat and human cognate hsc70 genes revealed a similar positioning of U14 snRNA-homologous sequences within introns 5, 6 and 8 of the respective rat and human genes. The U14 sequences contained in all three introns of all three organisms are highly homologous to each other and well conserved with respect to the diverging intron sequences flanking each U14-homologous sequence. Comparison of the mouse U14 snRNA sequence with the U14 DNA sequences contained in the three mouse hsc70 introns indicates that intron 5 is utilized for U14 snRNA synthesis in normally growing mouse ascites cells. Analysis of the determined mouse, rat, and human U14-homologous sequences and the upstream and downstream flanking regions did not reveal the presence of any previously defined RNA polymerase I, II, or III binding sites. This suggests that either higher eukaryotic U14 snRNA is transcribed from a unique transcriptional promoter sequence, or alternatively, is generated by intron processing of the hsc70 pre-mRNA transcript.

Homo sapiens microtubule-associated protein 2 (MAP2), transcript variant 1, mRNA

NCBI Reference Sequence: NM_002374.3

J Biol Chem. 2010 Jan 1;285(1):242-54. Epub 2009 Oct 30.

Oncogenic BRAFV600E induces expression of neuronal differentiation marker MAP2 in melanoma cells by promoter demethylation and down-regulation of transcription repressor HES1.

Maddodi N, Bhat KM, Devi S, Zhang SC, Setaluri V.
MAP2 is a neuron-specific microtubule-associated protein that binds and stabilizes dendritic microtubules. Previously, we showed that MAP2 expression is (a) activated in cutaneous primary melanoma and (b) inversely associated with melanoma tumor progression. We also showed that ectopic expression of MAP2 in metastatic melanoma cells inhibits cell growth by inducing mitotic spindle defects and apoptosis. However, molecular mechanisms of regulation of MAP2 gene expression in melanoma are not understood. Here, we show that in melanoma cells MAP2 expression is induced by the demethylating agent 5-aza-2'-cytidine, and MAP2 promoter is progressively methylated during melanoma progression, indicating that epigenetic mechanisms are involved in silencing of MAP2 in melanoma. In support of this, methylation of MAP2 promoter DNA in vitro inhibits its activity. Because MAP2 promoter activity levels in melanoma cell lines also correlated with activating mutation in BRAF, a gene that is highly expressed in neurons, we hypothesized that BRAF signaling is involved in MAP2 expression. We show that hyperactivation of BRAF-MEK signaling activates MAP2 expression in melanoma cells by two independent mechanisms, promoter demethylation or down-regulation of neuronal transcription repressor HES1. Our data suggest that BRAF oncogene levels can regulate melanoma neuronal differentiation and tumor progression.

NM_025130

Homo sapiens hexokinase domain containing 1 (HKDC1), mRNA

NCBI Reference Sequence: NM_025130.3

J Am Acad Child Adolesc Psychiatry. 2010 Sep;49(9):906-20. Epub 2010 Aug 5.

Case-control genome-wide association study of attention-deficit/hyperactivity disorder.

Neale BM, Medland S, Ripke S, Anney RJ, Asherson P, Buitelaar J, Franke B, Gill M, Kent L, Holmans P, Middleton F, Thapar A, Lesch KP, Faraone SV, Daly M, Nguyen TT, Schäfer H, Steinhausen HC, Reif A, Renner TJ, Romanos M, Romanos J, Warnke A, Walitza S, Freitag C, Meyer J, Palmason H, Rothenberger A, Hawi Z, Sergeant J, Roeyers H, Mick E, Biederman J; IMAGE II Consortium Group.

Collaborators (50)
Neale BM, Medland S, Ripke S, Anney RJ, Asherson P, Buitelaar J, Gill M, Kent L, Holmans P, Middleton F, Thapar A, Lesch KP, Faraone SV, Ripke S, Medland S, Anney RJ, Daly M, Nguyen TT, Schäfer H, Neale BM, Middleton F, Steinhausen HC, Lesch KP, Reif A, Renner TJ, Romanos M, Romanos J, Warnke A, Walitza S, Nguyen TT, Schäfer H, Freitag C, Meyer J, Palmason H, Rothenberger A, Buitelaar J, Franke B, Gill M, Anney RJ, Hawi Z, Thapar A, Kent L, Sergeant J, Roeyers H, Asherson P, Mick E, Faraone SV, Biederman J, Faraone SV, Neale BM.
OBJECTIVE: 

Although twin and family studies have shown attention-deficit/hyperactivity disorder (ADHD) to be highly heritable, genetic variants influencing the trait at a genome-wide significant level have yet to be identified. Thus additional genomewide association studies (GWAS) are needed.

METHOD: 

We used case-control analyses of 896 cases with DSM-IV ADHD genotyped using the Affymetrix 5.0 array and 2,455 repository controls screened for psychotic and bipolar symptoms genotyped using Affymetrix 6.0 arrays. A consensus SNP set was imputed using BEAGLE 3.0, resulting in an analysis dataset of 1,033,244 SNPs. Data were analyzed using a generalized linear model.

RESULTS: 

No genome-wide significant associations were found. The most significant results implicated the following genes: PRKG1, FLNC, TCERG1L, PPM1H, NXPH1, PPM1H, CDH13, HK1, and HKDC1.

CONCLUSIONS: 

The current analyses are a useful addition to the present literature and will make a valuable contribution to future meta-analyses. The candidate gene findings are consistent with a prior meta-analysis in suggesting that the effects of ADHD risk variants must, individually, be very small and/or include multiple rare alleles.

2010 American Academy of Child and Adolescent Psychiatry. Published by Elsevier Inc. All rights reserved.
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Am J Hum Genet. 2006 Jan;78(1):78-88. Epub 2005 Nov 15.

A scan of chromosome 10 identifies a novel locus showing strong association with late-onset Alzheimer disease.

Grupe A, Li Y, Rowland C, Nowotny P, Hinrichs AL, Smemo S, Kauwe JS, Maxwell TJ, Cherny S, Doil L, Tacey K, van Luchene R, Myers A, Wavrant-De Vrièze F, Kaleem M, Hollingworth P, Jehu L, Foy C, Archer N, Hamilton G, Holmans P, Morris CM, Catanese J, Sninsky J, White TJ, Powell J, Hardy J, O'Donovan M, Lovestone S, Jones L, Morris JC, Thal L, Owen M, Williams J, Goate A.
Strong evidence of linkage to late-onset Alzheimer disease (LOAD) has been observed on chromosome 10, which implicates a wide region and at least one disease-susceptibility locus. Although significant associations with several biological candidate genes on chromosome 10 have been reported, these findings have not been consistently replicated, and they remain controversial. We performed a chromosome 10-specific association study with 1,412 gene-based single-nucleotide polymorphisms (SNPs), to identify susceptibility genes for developing LOAD. The scan included SNPs in 677 of 1,270 known or predicted genes; each gene contained one or more markers, about half (48%) of which represented putative functional mutations. In general, the initial testing was performed in a white case-control sample from the St. Louis area, with 419 LOAD cases and 377 age-matched controls. Markers that showed significant association in the exploratory analysis were followed up in several other white case-control sample sets to confirm the initial association. Of the 1,397 markers tested in the exploratory sample, 69 reached significance (P < .05). Five of these markers replicated at P < .05 in the validation sample sets. One marker, rs498055, located in a gene homologous to RPS3A (LOC439999), was significantly associated with Alzheimer disease in four of six case-control series, with an allelic P value of .0001 for a meta-analysis of all six samples. One of the case-control samples with significant association to rs498055 was derived from the linkage sample (P = .0165). These results indicate that variants in the RPS3A homologue are associated with LOAD and implicate this gene, adjacent genes, or other functional variants (e.g., noncoding RNAs) in the pathogenesis of this disorder.

Comment in
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NM_003201

Homo sapiens transcription factor A, mitochondrial (TFAM), nuclear gene encoding mitochondrial protein, mRNA

NCBI Reference Sequence: NM_003201.1

Brain Res. 2011 Jan 12;1368:355-60. Epub 2010 Oct 25.

Mitochondrial transcription factor A (TFAM) polymorphisms and risk of late-onset Alzheimer's disease in Han Chinese.

Zhang Q, Yu JT, Wang P, Chen W, Wu ZC, Jiang H, Tan L.
Chronic mitochondria DNA (mtDNA) damage and mitochondrial dysfunction induced by increased reactive oxygen species (ROS) have been proved to contribute to the development of Alzheimer's disease (AD). Mitochondrial transcription factor A (TFAM) plays an important role in the maintenance of mtDNA integrity. Recently, some studies suggested two single nucleotide polymorphisms (SNPs) (rs1937 and rs2306604) in the TFAM gene are associated with sporadic late-onset AD (LOAD) in Caucasians. To explore the correlation between TFAM gene and LOAD, we performed a case-control study in a large Chinese cohort consisting of 394 patients and 390 healthy controls. The results showed that there were significant differences in genotype (P=0.03) and allele (P=0.04) frequencies of the SNP rs1937 between LOAD patients and controls. The minor C allele of rs1937 acted as a moderate protective factor of LOAD (P=0.04, odds ratios/OR=0.76). The logistic regression analysis also suggested an association of LOAD with SNP rs1937 (dominant model: P=0.03, OR=0.71; recessive model: P=0.02, OR=0.25; additive model: P=0.01, OR=0.68). No significant association was observed between rs2306604 and LOAD. Haplotype analysis identified the haplotype CC as a protective factor of LOAD (P=0.038, OR=0.76). This study provides the evidence that variations in TFAM are involved in the pathogenesis of sporadic LOAD in the Han Chinese population.

Copyright Â© 2010 Elsevier B.V. All rights reserved.

Mitochondrion. 2011 Jan;11(1):176-81. Epub 2010 Sep 21.

Mitochondrial DNA and TFAM gene variation in early-onset myocardial infarction: evidence for an association to haplogroup H.

Palacín M, Alvarez V, Martín M, Díaz M, Corao AI, Alonso B, Díaz-Molina B, Lozano I, Avanzas P, Morís C, Reguero JR, Rodríguez I, López-Larrea C, Cannata-Andía J, Batalla A, Ruiz-Ortega M, Martínez-Camblor P, Coto E.
The main objective of this research was to define the association between common mitochondrial DNA (mtDNA) polymorphisms and mitochondrial transcription A gene (TFAM) variants and myocardial infarction (MI) in patients with atherosclerotic diseased vessels. Ten mitochondrial polymorphisms that defined the nine common European haplogroups were genotyped in 500 male patients with early onset MI (<55 years) and at least one atherosclerotic coronary vessel (angiographically confirmed), and 500 healthy controls. In addition, we searched for DNA variants in the coding region of the TFAM gene and compared patients and controls for the allele and genotype frequencies. Early onset MI was strongly associated with male gender and tobacco smoking in our population. MtDNA haplogroup H (defined by allele 7028 °C) was significantly more frequent in a first group of patients (n = 250) compared to controls (n = 300), and the association was confirmed in a second group of only smokers (250 patients and 200 controls). For total patients and controls, we obtained a p = 0.002 (OR = 1.50; 95% CI = 1.17-1.92) for H vs. the other haplogroups. We found four common TFAM polymorphisms, with allele/genotype frequencies that did not differ between patients and controls. In conclusion, mitochondrial haplogroup H was associated with early onset MI in male smokers. Our work supported a role for the mtDNA variation in the risk for atherosclerosis and ischemic associated events, likely due to differences in mitochondrial function and reactive oxygen production between the different haplogroups.

NM_020814

Homo sapiens membrane-associated ring finger (C3HC4) 4 (MARCH4), mRNA

NCBI Reference Sequence: NM_020814.2

J Virol. 2004 Feb;78(3):1109-20.

Downregulation of major histocompatibility complex class I by human ubiquitin ligases related to viral immune evasion proteins.

Bartee E, Mansouri M, Hovey Nerenberg BT, Gouveia K, Früh K.
Poxviruses and gamma-2 herpesviruses share the K3 family of viral immune evasion proteins that inhibit the surface expression of glycoproteins such as major histocompatibility complex class I (MHC-I), B7.2, ICAM-1, and CD95(Fas). K3 family proteins contain an amino-terminal PHD/LAP or RING-CH domain followed by two transmembrane domains. To examine whether human homologues are functionally related to the viral immunoevasins, we studied seven membrane-associated RING-CH (MARCH) proteins. All MARCH proteins located to subcellular membranes, and several MARCH proteins reduced surface levels of known substrates of the viral K3 family. Two closely related proteins, MARCH-IV and MARCH-IX, reduced surface expression of MHC-I molecules. In the presence of MARCH-IV or MARCH-IX, MHC-I was ubiquitinated and rapidly internalized by endocytosis, whereas MHC-I molecules lacking lysines in their cytoplasmic tail were resistant to downregulation. The amino-terminal regions containing the RING-CH domain of several MARCH proteins examined catalyzed multiubiquitin formation in vitro, suggesting that MARCH proteins are ubiquitin ligases. The functional similarity of the MARCH family and the K3 family suggests that the viral immune evasion proteins were derived from MARCH proteins, a novel family of transmembrane ubiquitin ligases that seems to target glycoproteins for lysosomal destruction via ubiquitination of the cytoplasmic tail.

NR_002836

Homo sapiens phosphoglucomutase 5 pseudogene 2 (PGM5P2), non-coding RNA

NCBI Reference Sequence: NR_002836.2

Genomics. 2004 Aug;84(2):239-47.

Diverse fates of paralogs following segmental duplication of telomeric genes.

Wong A, Vallender EJ, Heretis K, Ilkin Y, Lahn BT, Martin CL, Ledbetter DH.
The telomeric region of chromosome 9p is paralogous to the pericentromeric regions of chromosome 9 as well as to 2q13, the site of an ancestral telomere-telomere fusion. These paralogous regions span approximately 200 kb and contain seven transcriptional units, including the previously identified CBWD, FOXD4, PGM5, F379, CXYorf1, and two human Unigene clusters, Hs.115173 and Hs.189160. Within these gene duplicates, the number of expressed paralogous loci varies, from one in PGM5 to all three in CBWD and Hs.115173. FOXD4 shows the most dramatic changes among its paralogs. Two independent insertion/deletion changes created four different carboxy ends of these intronless genes, two of which are within the 2q13 locus. A comparison of KA/KS values among functional paralogs shows these genes evolved rapidly in primates. This study shows the importance of paralogous regions in the generation of transcriptional diversity and highlights the significance that large-scale telomeric duplication may play in this process.

NR_002439

Homo sapiens small nucleolar RNA, C/D box 43 (SNORD43), small nuclear RNA

NCBI Reference Sequence: NR_002439.1

Biochim Biophys Acta. 2000 Feb 29;1490(3):225-36.

The intron-containing L3 ribosomal protein gene (RPL3): sequence analysis and identification of U43 and of two novel intronic small nucleolar RNAs.

Duga S, Asselta R, Malcovati M, Tenchini ML, Ronchi S, Simonic T.
Isolation and sequencing of bovine and human intron-containing L3 ribosomal protein genes are here reported. They exhibit very similar organisation, both comprising 10 exons and nine introns. A polymorphic locus, involving a 19-bp deletion, was found in intron 6 of the human gene. The frequency of the two alleles has been estimated in 200 haploid genomes. In bovine and human genes intron sequences are rather different, except for limited regions, located in corresponding positions, which show a surprisingly high degree of identity. All these regions contain conserved features defining the box C/D class of small nucleolar RNAs. Demonstration is given that U43 small nucleolar RNA is encoded within the first intron of both bovine and human genes. Single nucleotide sequences, encoding two novel species of small nucleolar RNAs (U82, U83a and U83b), are located in introns 3, 5 and 7. Their expression has been investigated and a possible role of these molecules in 2'-O-ribose methylation of rRNAs is discussed.

Br J Cancer. 2011 Mar 29;104(7):1168-77. Epub 2011 Mar 15.

The small-nucleolar RNAs commonly used for microRNA normalisation correlate with tumour pathology and prognosis.

Gee HE, Buffa FM, Camps C, Ramachandran A, Leek R, Taylor M, Patil M, Sheldon H, Betts G, Homer J, West C, Ragoussis J, Harris AL.
Background:To investigate small-nucleolar RNAs (snoRNAs) as reference genes when measuring miRNA expression in tumour samples, given emerging evidence for their role in cancer.Methods:Four snoRNAs, commonly used for normalisation, RNU44, RNU48, RNU43 and RNU6B, and miRNA known to be associated with pathological factors, were measured by real-time polymerase chain reaction in two patient series: 219 breast cancer and 46 head and neck squamous cell carcinoma (HNSCC). SnoRNA and miRNA were then correlated with clinicopathological features and prognosis.Results:Small-nucleolar RNA expression was as variable as miRNA expression (miR-21, miR-210, miR-10b). Normalising miRNA PCR expression data to these recommended snoRNAs introduced bias in associations between miRNA and pathology or outcome. Low snoRNA expression correlated with markers of aggressive pathology. Low levels of RNU44 were associated with a poor prognosis. RNU44 is an intronic gene in a cluster of highly conserved snoRNAs in the growth arrest specific 5 (GAS5) transcript, which is normally upregulated to arrest cell growth under stress. Low-tumour GAS5 expression was associated with a poor prognosis. RNU48 and RNU43 were also identified as intronic snoRNAs within genes that are dysregulated in cancer.Conclusion:Small-nucleolar RNAs are important in cancer prognosis, and their use as reference genes can introduce bias when determining miRNA expression.

NM_001955

Homo sapiens endothelin 1 (EDN1), transcript variant 1, mRNA

NCBI Reference Sequence: NM_001955.4

J Clin Invest. 2011 Jan 4;121(1):132-47. doi: 10.1172/JCI42912. Epub 2010 Dec 22.

Tumor endothelin-1 enhances metastatic colonization of the lung in mouse xenograft models of bladder cancer.

Said N, Smith S, Sanchez-Carbayo M, Theodorescu D.
Many patients with advanced bladder cancer develop lethal metastases to the lung. The vasoconstricting protein endothelin-1 (ET-1) has been implicated in this process, although the mechanism(s) by which it promotes metastasis remains unclear. Here, we have evaluated whether tumor ET-1 expression can serve as a biomarker for lung metastasis and whether it is required for metastatic disease. Evaluation of ET-1 mRNA and protein expression in four patient cohorts revealed that levels of ET-1 are higher in patients with muscle-invasive bladder cancers, which are associated with higher incidence of metastasis, and that high ET-1 levels are associated with decreased disease-specific survival. Consistent with its proinflammatory activity, we found that tumor-derived ET-1 acts through endothelin-1 receptor A (ETAR) to enhance migration and invasion of both tumor cells and macrophages and induces expression of inflammatory cytokines and proteases. Using human and mouse cancer cells depleted of ET-1 and pharmacologic blockade of ET receptors in lung metastasis models, we found that tumor ET-1 expression and ETAR activity are necessary for metastatic lung colonization and that this process is preceded by and dependent on macrophage infiltration of the lung. In contrast, tumor ET-1 expression and ETAR activity appeared less important in established primary or metastatic tumor growth. These findings strongly suggest that ETAR inhibitors might be more effective as adjuvant therapeutic agents than as initial treatment for advanced primary or metastatic disease.

Cancer Res. 2005 Aug 15;65(16):7320-7.

Endothelin axis is a target of the lung metastasis suppressor gene RhoGDI2.

Titus B, Frierson HF Jr, Conaway M, Ching K, Guise T, Chirgwin J, Hampton G, Theodorescu D.
Half of patients treated for locally advanced bladder cancer relapse with often fatal metastatic disease to the lung. We have recently shown that reduced expression of the GDP dissociation inhibitor, RhoGDI2, is associated with decreased survival of patients with advanced bladder cancer. However, the effectors by which RhoGDI2 affects metastasis are unknown. Here we use DNA microarrays to identify genes suppressed by RhoGDI2 reconstitution in lung metastatic bladder cancer cell lines. We identify such RNAs and focus only on those that also increase with tumor stage in human bladder cancer samples to discover only clinically relevant targets of RhoGDI2. Levels of endothelin-1 (ET-1), a potent vasoconstrictor, were affected by both RhoGDI2 reconstitution and tumor stage. To test the hypothesis that the endothelin axis is important in lung metastasis, lung metastatic bladder carcinoma cells were injected in mice treated with the endothelin receptor-specific antagonist, atrasentan, thereby blocking engagement of the up-regulated ET-1 ligand with its cognate receptor. Endothelin antagonism resulted in a dramatic reduction of lung metastases, similar to the effect of reexpressing RhoGDI2 in these metastatic cells. Taken together, these experiments show a novel approach of identifying therapeutic targets downstream of metastasis suppressor genes. The data also suggest that blockade of the ET-1 axis may prevent lung metastasis, a new therapeutic concept that warrants clinical evaluation.

NM_014317

Homo sapiens prenyl (decaprenyl) diphosphate synthase, subunit 1 (PDSS1), mRNA

NCBI Reference Sequence: NM_014317.3

Summary 

The protein encoded by this gene is an enzyme that elongates the prenyl side-chain of coenzyme Q, or ubiquinone, one of the key elements in the respiratory chain. The gene product catalyzes the formation of all trans-polyprenyl pyrophosphates from isopentyl diphosphate in the assembly of polyisoprenoid side chains, the first step in coenzyme Q biosynthesis. The protein may be peripherally associated with the inner mitochondrial membrane, though no transit peptide has been definitively identified to date. Defects in this gene are a cause of coenzyme Q10 deficiency. [provided by RefSeq] 

J Biol Chem. 1994 Feb 25;269(8):5804-9.

Isoprenoid biosynthesis in rat liver mitochondria. Studies on farnesyl pyrophosphate synthase and trans-prenyltransferase.

Runquist M, Ericsson J, Thelin A, Chojnacki T, Dallner G.
Mevalonate pathway enzyme activities in rat liver mitochondria were investigated, and it was found that isopentenyl pyrophosphate can be utilized for the synthesis of all-trans-polyprenyl pyrophosphates in vitro. In this reaction sequence intermediate formation of farnesyl pyrophosphate (FPP) predominates, and the FPP synthase activity was studied in more detail. The mitochondrial activity constitutes 13% of the total hepatic capacity for FPP synthesis, exceeding the corresponding microsomal, nuclear, and peroxisomal activities by 10-fold. Mitochondrial FPP synthase exhibits trypsin sensitivity only after sonication of intact mitochondria and upon subfractionation the activity is found localized in the matrix. FPP synthase activities at different locations responded distinctly when rats were treated with a diet enriched in cholesterol or containing mevinolin or cholestyramine. With the high cholesterol diet, mitochondrial FPP synthase activity increased 2-fold, while the cytosolic activity was slightly decreased. Both mevinolin and cholestyramine treatment resulted in 3-fold increases in cytosolic FPP synthase activities, without altering the mitochondrial activity. FPP was utilized as substrate for trans-prenyltransferase activity in the inner mitochondrial membrane. The products formed in this reaction were identified as nona- and decaprenyl-PP, and the reaction was influenced by changes in both substrate and Mg2+ concentration, giving more decaprenyl-PP when the concentrations of these substances were increased. These results demonstrate that mitochondria utilize endogenously produced FPP for isoprenoid biosynthesis and that the biosynthetic steps in mitochondria are regulated independently from those occurring in other subcellular compartments.

NM_033495

Homo sapiens kelch-like 13 (Drosophila) (KLHL13), transcript variant 1, mRNA

NCBI Reference Sequence: NM_033495.3

Summary 

This gene encodes a BTB and kelch domain containing protein and belongs to the kelch repeat domain containing superfamily of proteins. The encoded protein functions as an adaptor protein that complexes with Cullin 3 and other proteins to form the Cullin 3-based E3 ubiquitin-protein ligase complex. This complex is necessary for proper chromosome segregation and completion of cytokinesis. Alternate splicing results in multiple transcript variants. [provided by RefSeq] 
Cell Cycle. 2007 Dec 15;6(24):3004-10. Epub 2007 Sep 10.

A Cul3-based E3 ligase regulates mitosis and is required to maintain the spindle assembly checkpoint in human cells.

Sumara I, Peter M.
The spindle assembly checkpoint (SAC) is a mechanism that prevents premature chromosome segregation in anaphase before all chromosomes are correctly attached to the mitotic spindle. Errors in chromosome segregation lead to aneuploidy, which may be causally involved in tumorgenesis. Kinetochore complexes are the structural components of the SAC, which are tightly regulated by various mechanisms including phosphorylation and ubiquitin-dependent proteolysis. Recent studies shed new light on the regulatory pathways of the ubiquitin proteasome system involved in SAC signaling. Here we present evidence that a Cul3-based E3 ubiquitin-ligase is required to maintain SAC signaling in human cells. Inactivation of the Cul3/KLHL9/KLHL13 ligase leads to premature degradation of Cyclin B and exit from the mitotic state in the presence of microtubule poisons. We discuss possible mechanisms how Cul3 may be required to maintain SAC activity by ubiquitination of the chromosomal passenger protein Aurora B.

Trends Cell Biol. 2008 Feb;18(2):84-94. Epub 2008 Jan 22.

E3 ubiquitin ligases and mitosis: embracing the complexity.

Sumara I, Maerki S, Peter M.
Faithful division of eukaryotic cells requires temporal and spatial coordination of morphological transitions, which ensures that the newly replicated copies of the genome are equally distributed into the two daughter cells during mitosis. One of the mechanisms ensuring the fidelity of mitotic progression is targeted, ubiquitin-dependent proteolysis of key regulators. E3-ubiquitin ligase complexes are crucial components in this pathway because they specifically select the relevant ubiquitination substrates. Cullin-based E3-ligases, such as Cul3, have recently emerged as crucial regulators of mitosis.

NM_001370

Homo sapiens dynein, axonemal, heavy chain 6 (DNAH6), mRNA

NCBI Reference Sequence: NM_001370.1

Eur J Hum Genet. 2000 Dec;8(12):923-32.

Identification, tissue specific expression, and chromosomal localisation of several human dynein heavy chain genes.

Maiti AK, Mattéi MG, Jorissen M, Volz A, Zeigler A, Bouvagnet P.
Sliding between adjacent microtubules within the axonema gives rise to the motility of cilia and flagella. The driving force is produced by dynein complexes which are mainly composed of the axonemal dynein heavy chains. We used cells of human respiratory epithelium after in vitro ciliogenesis to clone cDNA fragments of nine dynein heavy chain genes, one of which had never been identified before. Dynein heavy chains are highly conserved from protozoa to human and the evolutionary ancestry of these dynein heavy chain cDNA fragments was deduced by phylogenetic analysis. These dynein heavy chain cDNAs are highly transcribed in human tissues containing axonema such as trachea, testis and brain, but not in adult heart or placenta. PAC clones containing dynein heavy chains were obtained and used to determine by FISH their chromosomal position in the human genome. They were mapped to 2p12-p11, 2q33, 3p21.2-p21.1, 13q14, 16p12 and 17p12. The chromosomal assignment of these dynein heavy chain genes which was confirmed by GeneBridge 4 radiation hybrid screening, will be extremely useful for linkage analysis efforts in patients with primary ciliary dyskinesia (PCD).

J Eukaryot Microbiol. 2004 Jan-Feb;51(1):23-9.

The dynein heavy chain family.

Asai DJ, Wilkes DE.
Dynein is the large molecular motor that translocates to the (-) ends of microtubules. Dynein was first isolated from Tetrahymena cilia four decades ago. The analysis of the primary structure of the dynein heavy chain and the discovery that many organisms express multiple dynein heavy chains have led to two insights. One, dynein, whose motor domain comprises six AAA modules and two potential mechanical levers, generates movement by a mechanism that is fundamentally different than that which underlies the motion of myosin and kinesin. And two, organisms with cilia or flagella express approximately 14 different dynein heavy chain genes, each gene encodes a distinct dynein protein isoform, and each isoform appears to be functionally specialized. Sequence comparisons demonstrate that functionally equivalent isoforms of dynein heavy chains are well conserved across species. Alignments of portions of the motor domain result in seven clusters: (i) cytoplasmic dynein Dyhl; (ii) cytoplasmic dynein Dyh2; (iii) axonemal outer arm dynein alpha; (iv) outer arm dyneins beta and gamma; (v) inner arm dynein 1alpha; (vi) inner arm dynein 1beta; and (vii) a group of apparently single-headed inner arm dyneins. Some of the dynein groups contained more than one representative from a single organism, suggesting that these may be tissue-specific variants.

NR_003941

Homo sapiens small nucleolar RNA, C/D box 75 (SNORD75), small nucleolar RNA

NCBI Reference Sequence: NR_003941.1

Mol Cell Biol. 1998 Dec;18(12):6897-909.

Classification of gas5 as a multi-small-nucleolar-RNA (snoRNA) host gene and a member of the 5'-terminal oligopyrimidine gene family reveals common features of snoRNA host genes.

Smith CM, Steitz JA.
We have identified gas5 (growth arrest-specific transcript 5) as a non-protein-coding multiple small nucleolar RNA (snoRNA) host gene similar to UHG (U22 host gene). Encoded within the 11 introns of the mouse gas5 gene are nine (10 in human) box C/D snoRNAs predicted to function in the 2'-O-methylation of rRNA. The only regions of conservation between mouse and human gas5 genes are their snoRNAs and 5'-end sequences. Mapping the 5' end of the mouse gas5 transcript demonstrates that it possesses an oligopyrimidine tract characteristic of the 5'-terminal oligopyrimidine (5'TOP) class of genes. Arrest of cell growth or inhibition of translation by cycloheximide, pactamycin, or rapamycin-which specifically inhibits the translation of 5'TOP mRNAs-results in accumulation of the gas5 spliced RNA. Classification of gas5 as a 5'TOP gene provides an explanation for why it is a growth arrest specific transcript: while the spliced gas5 RNA is normally associated with ribosomes and rapidly degraded, during arrested cell growth it accumulates in mRNP particles, as has been reported for other 5'TOP messages. Strikingly, inspection of the 5'-end sequences of currently known snoRNA host gene transcripts reveals that they all exhibit features of the 5'TOP gene family.

NM_004464

Homo sapiens fibroblast growth factor 5 (FGF5), transcript variant 1, mRNA

NCBI Reference Sequence: NM_004464.3

Oncogene. 1991 Nov;6(11):2137-44.

Fibroblast growth factor 5 proto-oncogene is expressed in normal human fibroblasts and induced by serum growth factors.

Werner S, Roth WK, Bates B, Goldfarb M, Hofschneider PH.
Fibroblast growth factor 5 (FGF-5) is a member of the fibroblast growth factor family with transforming potential. It has been found to be expressed in several human tumor cell lines, but nothing is known about expression of this growth factor in normal cells and its biological functions. Here we show that the FGF-5 gene is expressed in exponentially growing normal human fibroblasts. In quiescent fibroblasts, expression of FGF-5 is strongly induced by serum and several growth factors such as platelet-derived growth factor (PDGF), epidermal growth factor (EGF) and transforming growth factor alpha (TGF-alpha). This induction can be mediated by at least two different pathways involving protein kinase C or cAMP-dependent kinases. Since the effect is independent of de novo protein synthesis, FGF-5 represents the product of a primary response gene. In addition our data suggest that FGF-5 is mitogenic for human fibroblasts, indicating the existence of an FGF-5-mediated positive feedback in these cells which could amplify and prolong the cellular response to the initial stimulus.

FGF Signalling in Vertebrate Development.

Pownall ME, Isaacs HV. 

San Rafael (CA): Morgan & Claypool Publishers; 2010. 
Developmental Biology.
Excerpt

The fibroblast growth factors (FGFs) represent one of the relatively few families of extracellular signalling peptides that have been shown in recent decades to be key regulators of metazoan development. FGFs are required for multiple processes in both protostome and deuterostome groups. Given the wide range of regulatory roles attributed to the FGFs, it is perhaps not surprising that misregulation of this signalling pathway has been implicated in a number of human disease conditions. The focus of the present review is to look at the fundamental components of the FGF pathway and illustrate how this highly conserved regulatory cassette has been deployed to regulate multiple, diverse processes during vertebrate development. This review will explore examples from several vertebrate model organisms and include discussions of the role of FGF signalling in regulating the establishment of the mesoderm, neural patterning, morphogenesis, myogenesis, limb development, and the establishment of right–left asymmetry.

Copyright © 2010 by Morgan & Claypool Life Sciences
NM_032539

Homo sapiens SLIT and NTRK-like family, member 2 (SLITRK2), transcript variant 1, mRNA

NCBI Reference Sequence: NM_032539.4

Summary 

This gene encodes an integral membrane protein that contains two N-terminal leucine-rich repeats domains and contains C-terminal regions similar to neurotrophin receptors. The encoded protein may play a role in modulating neurite activity. Alternatively spliced transcript variants encoding the same protein have been described. 
Gene. 2003 Oct 2;315:87-94.

Human SLITRK family genes: genomic organization and expression profiling in normal brain and brain tumor tissue.

Aruga J, Yokota N, Mikoshiba K.
Slitrk family proteins are characterized as integral membrane proteins that have two leucine-rich repeat (LRR) domains and a carboxy-terminal domain that is partially similar to trk neurotrophin receptor proteins. The LRR domains are similar to those of slit proteins. In a previous study, we showed that mouse Slitrk genes are expressed predominantly in neural tissue and have neurite-modulating activity in cultured neuronal cells. Their expression profiles as well as their functions vary among the family members. In this paper, we characterized the human SLITRK1, SLITRK2, SLITRK3, SLITRK4, SLITRK5, and SLITRK6 genes. The six genes are located in three clusters, on 3q, 13q, and Xq, respectively. Their expression was detected mainly in the brain, but the expression profile of each SLITRK was unique. SLITRK expression was also investigated in various types of brain tumor tissue. The results showed that all SLITRK genes are differentially expressed in brain tumors, including astrocytoma, oligodendroglioma, glioblastoma, medulloblastoma, and supratentorial primitive neuroectodermal tumor (PNET). Particularly interesting findings were that SLITRK3 expression was enhanced in tissue from several different types of tumors and SLITRK6 expression was highly selective. These results suggest that the human SLITRK genes are useful molecular indicators of brain tumor properties.

NM_001083538

Homo sapiens POTE ankyrin domain family, member E (POTEE), mRNA

NCBI Reference Sequence: NM_001083538.1

Gene. 2006 Feb 1;366(2):238-45. Epub 2005 Dec 20.

Duplication and extensive remodeling shaped POTE family genes encoding proteins containing ankyrin repeat and coiled coil domains.

Hahn Y, Bera TK, Pastan IH, Lee B.
The POTE family genes encode a highly homologous group of primate-specific proteins that contain ankyrin repeats and coiled coil domains. At least 13 paralogous POTE family genes are found on 8 human chromosomes (2, 8, 13, 14, 15, 18, 21 and 22), which can be sorted into 3 groups based on sequence similarity. We identified by a database search a group of additional human ankyrin repeat domain proteins, of which ANKRD26 and ANKRD30A are the best characterized; these are more distant homologs of POTE family proteins. A comprehensive comparison of the genomic organization indicates that ANKRD26 has the genomic structure of the possible ancestor of ANKRD30A and all POTE family genes. Extensive remodeling involving segmental loss and internal duplication appears to have reshaped the ANKRD30A and POTE family genes after the primal duplication of the ancestor gene. We also identified a mouse homolog of human ANKRD26, but failed to find a mouse homolog that bears the structural characteristics of any of the POTE family of proteins. The mouse Ankrd26 may serve as a useful model for the study of the function of human ANKRD26, ANKRD30A and POTE family proteins.

Apoptosis. 2009 Oct;14(10):1237-44.

A primate-specific POTE-actin fusion protein plays a role in apoptosis.

Liu XF, Bera TK, Liu LJ, Pastan I.
The primate-specific gene family, POTE, is expressed in many cancers but only in a limited number of normal tissues (testis, ovary, prostate). The 13 POTE paralogs are dispersed among 8 human chromosomes. They evolved by gene duplication and remodeling from an ancestral gene, Ankrd26, recently implicated in controlling body size and obesity. In addition, several POTE paralogs are fused to an actin retrogene producing POTE-actin fusion proteins. The biological function of the POTE genes is unknown, but their high expression in primary spermatocytes, some of which are undergoing apoptosis, suggests a role in inducing programmed cell death. We have chosen Hela cells as a model to study POTE function in human cancer, and have identified POTE-2alpha-actin as the major transcript and the protein it encodes in Hela cells. Transfection experiments show that both POTE-2alpha-actin and POTE-2gammaC are localized to actin filaments close to the inner plasma membrane. Transient expression of POTE-2alpha-actin or POTE-2gammaC induces apoptosis in Hela cells. Using wild-type and mutant mouse embryo cells, we find apoptosis induced by over-expression of POTE-2gammaC is decreased in Bak ( -/- ) or Bak ( -/- ) Bax ( -/- ) cells indicating POTE is acting through a mitochondrial pathway. Endogenous POTE-actin protein levels but not RNA levels increased in a time dependent manner by stimulation of death receptors with their cognate ligands. Our data indicates that the POTE gene family encodes a new family of proapoptotic proteins.

NM_020362

Homo sapiens PITH (C-terminal proteasome-interacting domain of thioredoxin-like) domain containing 1 (PITHD1), mRNA

NCBI Reference Sequence: NM_020362.4

Biochem Biophys Res Commun. 2005 Dec 2;337(4):1308-18. Epub 2005 Oct 10.

Proteomic analysis of SUMO4 substrates in HEK293 cells under serum starvation-induced stress.

Guo D, Han J, Adam BL, Colburn NH, Wang MH, Dong Z, Eizirik DL, She JX, Wang CY.
The substrates of SUMO4, a novel member for the SUMO gene family, were characterized in HEK293 cells cultured under serum starvation by proteomic analysis. We identified 90 SUMO4 substrates including anti-stress proteins such as antioxidant enzymes and molecular chaperones or co-chaperones. The substrates also include proteins involved in the regulation of DNA repair and synthesis, RNA processing, protein degradation, and glucose metabolism. Several SUMO4-associated transcription factors were characterized by Western blot analyses. AP-1 was selected for in vitro conjugation assays to confirm SUMO4 sumoylation of these transcription factors. Further functional analyses of the transcription factors suggested that SUMO4 sumoylation represses AP-1 and AP-2alpha transcriptional activity, but enhances GR DNA binding capacity. These results demonstrate that SUMO4 sumoylation may play an important role in the regulation of intracellular stress.

NR_002746

Homo sapiens small nucleolar RNA, C/D box 47 (SNORD47), small nuclear RNA

NCBI Reference Sequence: NR_002746.1

Cell. 1996 Jun 28;85(7):1077-88.

Site-specific ribose methylation of preribosomal RNA: a novel function for small nucleolar RNAs.

Kiss-László Z, Henry Y, Bachellerie JP, Caizergues-Ferrer M, Kiss T.
Eukaryotic cells contain many fibrillarin-associated small nucleolar RNAs (snoRNAs) that possess long complementarities to mature rRNAs. Characterization of 21 novel antisense snoRNAs from human cells followed by genetic depletion and reconstitution studies on yeast U24 snoRNA provides evidence that this class of snoRNAs is required for site-specific 2'-O-methylation of preribosomal RNA (pre-rRNA). Antisense sno-RNAs function through direct base-pairing interactions with pre-rRNA. The antisense element, together with the D or D' box of the snoRNA, provide the information necessary to select the target nucleotide for the methyltransfer reaction. The conclusion that sno-RNAs function in covalent modification of the sugar moieties of ribonucleotides demonstrates that eukaryotic small nuclear RNAs have a more versatile cellular function than earlier anticipated.

NM_174858

Homo sapiens adenylate kinase 5 (AK5), transcript variant 1, mRNA

NCBI Reference Sequence: NM_174858.2

FEBS Lett. 2009 Sep 3;583(17):2872-6. Epub 2009 Aug 3.

Identification of two active functional domains of human adenylate kinase 5.

Solaroli N, Panayiotou C, Johansson M, Karlsson A.
A full length cDNA that partially corresponded to human adenylate kinase 5 (AK5) was identified and shown to encode for two separate domains. The full length protein could be divided in two distinct functional domains, a previously unidentified domain of 338 amino acids and a second domain of 198 amino acids that corresponded to the protein characterized as AK5, now called AK5p2. The first domain, AK5p1, phosphorylated AMP, CMP, dAMP and dCMP with ATP or GTP as phosphate donors similarly to AK5p2. Our data demonstrate that human AK5 has two separate functional domains and that both have enzymatic activity.

NR_002579

Homo sapiens small nucleolar RNA, C/D box 74 (SNORD74), small nucleolar RNA

NCBI Reference Sequence: NR_002579.1

Biochem Cell Biol. 1995 Nov-Dec;73(11-12):845-58.

Small nucleolar RNA.

Gerbi SA.

A growing list of small nucleolar RNAs (snoRNAs) has been characterized in eukaryotes. They are transcribed by RNA polymerase II or III; some snoRNAs are encoded in the introns of other genes. The nonintronic polymerase II transcribed snoRNAs receive a trimethylguanosine cap, probably in the nucleus, and move to the nucleolus. snoRNAs are complexed with proteins, sometimes including fibrillarin. Localization and maintenance in the nucleolus of some snoRNAs requires the presence of initial precursor rRNA (pre-rRNA). Many snoRNAs have conserved sequence boxes C and D and a 3' terminal stem; the role of these features are discussed. Functional assays done for a few snoRNAs indicate their roles in rRNA processing for cleavage of the external and internal transcribed spacers (ETS and ITS). U3 is the most abundant snoRNA and is needed for cleavage of ETS1 and ITS1; experimental results on U3 binding sites in pre-rRNA are reviewed. 18S rRNA production also needs U14, U22, and snR30 snoRNAs, whereas U8 snoRNA is needed for 5.8S and 28S rRNA production. Other snoRNAs that are complementary to 18S or 28S rRNA might act as chaperones to mediate RNA folding. Whether snoRNAs join together in a large rRNA processing complex (the "processome") is not yet clear. It has been hypothesized that such complexes could anchor the ends of loops in pre-rRNA containing 18S or 28S rRNA, thereby replacing base-paired stems found in pre-rRNA of prokaryotes.

Gene Expr. 2002;10(1-2):17-39.

Small nucleolar RNAs: versatile trans-acting molecules of ancient evolutionary origin.

Terns MP, Terns RM.
The small nucleolar RNAs (snoRNAs) are an abundant class of trans-acting RNAs that function in ribosome biogenesis in the eukaryotic nucleolus. Elegant work has revealed that most known snoRNAs guide modification of pre-ribosomal RNA (pre-rRNA) by base pairing near target sites. Other snoRNAs are involved in cleavage of pre-rRNA by mechanisms that have not yet been detailed. Moreover, our appreciation of the cellular roles of the snoRNAs is expanding with new evidence that snoRNAs also target modification of small nuclear RNAs and messenger RNAs. Many snoRNAs are produced by unorthodox modes of biogenesis including salvage from introns of pre-mRNAs. The recent discovery that homologs of snoRNAs as well as associated proteins exist in the domain Archaea indicates that the RNA-guided RNA modification system is of ancient evolutionary origin. In addition, it has become clear that the RNA component of vertebrate telomerase (an enzyme implicated in cancer and cellular senescence) is related to snoRNAs. During its evolution, vertebrate telomerase RNA appears to have co-opted a snoRNA domain that is essential for the function of telomerase RNA in vivo. The unique properties of snoRNAs are now being harnessed for basic research and therapeutic applications.

NM_178450

Homo sapiens membrane-associated ring finger (C3HC4) 3 (MARCH3), mRNA

NCBI Reference Sequence: NM_178450.3

J Biochem. 2006 Jan;139(1):137-45.

MARCH-III Is a novel component of endosomes with properties similar to those of MARCH-II.

Fukuda H, Nakamura N, Hirose S.
MARCH comprises a recently identified family of transmembrane RING-finger proteins which is implicated in diverse biological functions, such as immune regulation, protein quality control, and membrane trafficking. We previously identified MARCH-II, as a binding partner of syntaxin 6, which plays a role in endosomal protein transport. In this paper, we describe the cloning and characterization of MARCH-III which is the closest homolog of MARCH-II. It is broadly expressed at relatively high levels in spleen, colon, and lung. An immunofluorescence study of HeLa cells demonstrated that MARCH-III is present in peripheral vesicles partially colocalized with transferrin receptor. Overexpression of MARCH-III resulted in the redistribution of TGN46 and strong inhibition of transferrin uptake. Immunoprecipitation studies revealed that MARCH-III is associated with syntaxin 6 and MARCH-II. Mutational analyses revealed that the PDZ-binding motif and RING finger are essential for the subcellular localization of MARCH-III and the inhibitory effect on transferrin uptake. The location, associated molecules, and effects of overexpression suggest that MARCH-III is involved in the regulation of vesicular trafficking in endosomes.

NM_175878

Homo sapiens XK, Kell blood group complex subunit-related family, member 3 (XKR3), mRNA

NCBI Reference Sequence: NM_175878.3

Gene. 2006 Mar 29;370:6-16. Epub 2006 Jan 20.

Identification of two new members, XPLAC and XTES, of the XK family.

Calenda G, Peng J, Redman CM, Sha Q, Wu X, Lee S.
XK, a putative membrane transporter, is a component of the XK/Kell complex of the Kell blood group system. XK's substrate is unknown but absence of the protein, as occurs in the McLeod phenotype, is associated with red cell acanthocytosis and late onset central nervous system and neuromuscular abnormalities known as the McLeod syndrome. We have cloned two cDNAs, XPLAC (GenBank accession no. AY589511) and XTES (GenBank accession no. AY989815), which are closely related to XK and define them together as the XK family. XPLAC has a 2.9 kb cDNA that encodes 462 amino acids and XTES has a 1.6 kb cDNA coding 459 amino acids. The predicted molecular weights are 53.6 kDa for XPLAC and 53.4 kDa for XTES, which are similar to that of XK, which is 50.9 kDa. Unlike XK which is ubiquitously expressed XPLAC is expressed mostly in placenta and adrenal gland while XTES is exclusively expressed in primate testis. XPLAC has 37% and XTES has 31% amino acid identity with XK protein and they are predicted to have a similar topology to XK. XPLAC, like XK, has 3 exons and is located on X chromosome at q22.1, while XTES has 4 exons and is located at 22q11.1. Phylogenetic analysis shows that there are at least 5 additional vertebrate genes that are evolutionarily distantly related to the XK family. A domain with consensus sequences (ced-8 domain) for the extended family is described.

Semin Hematol. 2000 Apr;37(2):113-21.

The Kell blood group system: Kell and XK membrane proteins.

Lee S, Russo D, Redman CM.
Two membrane proteins express the antigens that comprise the Kell blood group system. A single antigen, Kx, is carried on XK, a 440-amino acid protein that spans the membrane 10 times, and more than 20 antigens reside on Kell, a 93-kd, type II glycoprotein. XK and Kell are linked, close to the membrane surface, by a single disulfide bond between Kell cysteine 72 and XK cysteine 347. Although primarily expressed in erythroid tissues, Kell and XK are also present in many other tissues. The polymorphic forms of Kell are due to single base mutations that encode different amino acids. Some Kell antigens are highly immunogenic and may cause strong reactions if mismatched blood is transfused and severe fetal anemia in sensitized mothers. Antibodies to KEL1 may suppress erythropoiesis at the progenitor level, leading to fetal anemia. The cellular functions of Kell/XK are complex. Absence of XK, the McLeod phenotype, is associated with acanthocytic red blood cells (RBCs), and with late-onset forms of muscular dystrophy and nerve abnormalities. Kell, by homology, is a member of the neprilysin (M13) family of membrane zinc endopeptidases and it preferentially activates endothelin-3 by specific cleavage of the Trp21-Ile22 bond of big endothelin-3.

NM_004775

Homo sapiens UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, polypeptide 6 (B4GALT6), mRNA

NCBI Reference Sequence: NM_004775.3

DNA Seq. 2002 Feb;13(1):1-8.

Molecular cloning, genomic organization, and mapping of beta 4GalT-VIb, a brain abundant member of beta 4-galactosyltransferase gene family, to human chromosome 18q12.1.

Fan Y, Yu L, Tu Q, Gong R, Jiang Y, Zhang Q, Dai F, Chen C, Zhao S.
In the present study, a brain abundant member of beta 4-galactosyltransferase gene family with an open reading frame encoding 343 amino acids was cloned and identified from a human leukemia cell cDNA library. The putative protein sequence is about 94.8 and 94.2% identical to the 382-amino-acid mouse and rat beta 4-galactosyltransferase respectively and also contains cysteine residues previously shown to be important for the function of the gene family members. This cDNA (tentatively termed beta 4GalT-VIb) is identical to a recently reported cDNA (tentatively termed beta 4GalT-VIa) of human beta 4-galactosyltransferase except lacking one exon, suggesting that these two cDNAs are two different alternative transcripts of the same gene. Northern hybridization showed that the new alternative transcript, beta 4GalT-VIb, is expressed in all 16 human tissues tested with highest level in brain and rich level in testis, thymus and pancreas, whereas weak expression was detected in lung. The beta 4GalT-VIb gene was located to human chromosome 18q12.1 between markers WI-9180 and SGC35630 by radiation hybrid mapping. The genomic organization and adjacent gene content of beta 4GalT-VIb were identified by comparing its cDNA sequence with three genomic sequences AC017100, AP002474 and AP001336, which showed that beta 4GalT-VIb spans an approximately 58 kb region and is composed of 8 exons. In addition, the most conserved motif composed of 41 residues, LXYX3FGGVSXL(T/S)X2 QFX2INGFPNX(Y/F)WGWGGEDDDX2NR, was defined according to 17 sequences of beta 4GalTs from seven different organisms for the first time.

Biochim Biophys Acta. 1999 Dec 6;1473(1):35-53.

Identification and characterization of large galactosyltransferase gene families: galactosyltransferases for all functions.

Amado M, Almeida R, Schwientek T, Clausen H.
Enzymatic glycosylation of proteins and lipids is an abundant and important biological process. A great diversity of oligosaccharide structures and types of glycoconjugates is found in nature, and these are synthesized by a large number of glycosyltransferases. Glycosyltransferases have high donor and acceptor substrate specificities and are in general limited to catalysis of one unique glycosidic linkage. Emerging evidence indicates that formation of many glycosidic linkages is covered by large homologous glycosyltransferase gene families, and that the existence of multiple enzyme isoforms provides a degree of redundancy as well as a higher level of regulation of the glycoforms synthesized. Here, we discuss recent cloning strategies enabling the identification of these large glycosyltransferase gene families and exemplify the implication this has for our understanding of regulation of glycosylation by discussing two galactosyltransferase gene families.

NR_003939

Homo sapiens small nucleolar RNA, C/D box 79 (SNORD79), small nucleolar RNA

NCBI Reference Sequence: NR_003939.1

Gene Expr. 2002;10(1-2):17-39.

Small nucleolar RNAs: versatile trans-acting molecules of ancient evolutionary origin.

Terns MP, Terns RM.

The small nucleolar RNAs (snoRNAs) are an abundant class of trans-acting RNAs that function in ribosome biogenesis in the eukaryotic nucleolus. Elegant work has revealed that most known snoRNAs guide modification of pre-ribosomal RNA (pre-rRNA) by base pairing near target sites. Other snoRNAs are involved in cleavage of pre-rRNA by mechanisms that have not yet been detailed. Moreover, our appreciation of the cellular roles of the snoRNAs is expanding with new evidence that snoRNAs also target modification of small nuclear RNAs and messenger RNAs. Many snoRNAs are produced by unorthodox modes of biogenesis including salvage from introns of pre-mRNAs. The recent discovery that homologs of snoRNAs as well as associated proteins exist in the domain Archaea indicates that the RNA-guided RNA modification system is of ancient evolutionary origin. In addition, it has become clear that the RNA component of vertebrate telomerase (an enzyme implicated in cancer and cellular senescence) is related to snoRNAs. During its evolution, vertebrate telomerase RNA appears to have co-opted a snoRNA domain that is essential for the function of telomerase RNA in vivo. The unique properties of snoRNAs are now being harnessed for basic research and therapeutic applications.

ENST00000426433

Homo sapiens cyclin Y-like 2, mRNA (cDNA clone IMAGE:4704933), with apparent retained intron

GenBank: BC039000.1

Expert Rev Vaccines. 2011 Mar;10(3):389-95.

The cyclins: a family of widely expressed tumor antigens?

von Bergwelt-Baildon MS, Kondo E, Klein-González N, Wendtner CM.
Continuous cell division is a hallmark of cancer and cell-cycle regulators therefore represent relevant target molecules for tumor therapy. Among these targets the cyclins are of particular interest as they are overexpressed in various tumor entities with little expression in normal tissue. Here we review evidence that these molecules are recognized by the immune system, summarize why cyclins A, B and D in particular appear to be interesting targets for active and passive immunotherapy, and discuss whether the entire family could be an interesting novel class of tumor antigens for cancer treatment and prevention.

NM_001008708

Homo sapiens ChaC, cation transport regulator homolog 2 (E. coli) (CHAC2), mRNA

NCBI Reference Sequence: NM_001008708.2

Biochim Biophys Acta. 2009 Jun;1787(6):706-13. Epub 2009 Feb 11.

Bacterial transporters: charge translocation and mechanism.

Ganea C, Fendler K.
A comparative review of the electrophysiological characterization of selected secondary active transporters from Escherichia coli is presented. In melibiose permease MelB and the Na(+)/proline carrier PutP pre-steady-state charge displacements can be assigned to an electrogenic conformational transition associated with the substrate release process. In both transporters cytoplasmic release of the sugar or the amino acid as well as release of the coupling cation are associated with a charge displacement. This suggests a common transport mechanism for both transporters. In the NhaA Na(+)/H(+) exchanger charge translocation due to its steady-state transport activity is observed. A new model is proposed for pH regulation of NhaA that is based on coupled Na(+) and H(+) equilibrium binding.

NM_153634

Homo sapiens copine VIII (CPNE8), mRNA

NCBI Reference Sequence: NM_153634.2

Biochem Biophys Res Commun. 2003 Apr 11;303(3):842-7.

Cloning, molecular characterization, and expression analysis of Copine 8.

Maitra R, Grigoryev DN, Bera TK, Pastan IH, Lee B.
Copines are ubiquitously expressed, phospholipid-binding proteins that have been conserved through evolution. In this paper, we report the cloning and molecular characterization of a new member of the Copine family, Copine 8. This gene has been isolated and characterized using a combination of bioinformatic and experimental approaches. Using an algorithm to cluster ESTs (expressed sequence tags) that are available through the public "GoldenPath" database, Copine 8 was initially identified as a gene predominantly expressed in prostate and testis. Cloning and molecular analysis revealed that this gene is expressed in low-levels in most tissues examined. Two different isoforms of this gene have been isolated. Strongest expression of Copine 8 mRNA is seen in the prostate, heart, and brain. Taken together, this data suggest that Copine 8 may have an important role to play in prostate regulation and development.

J Biol Chem. 1998 Jan 16;273(3):1393-402.

The copines, a novel class of C2 domain-containing, calcium-dependent, phospholipid-binding proteins conserved from Paramecium to humans.

Creutz CE, Tomsig JL, Snyder SL, Gautier MC, Skouri F, Beisson J, Cohen J.
In an attempt to identify proteins that might underlie membrane trafficking processes in ciliates, calcium-dependent, phospholipid-binding proteins were isolated from extracts of Paramecium tetraurelia. The major protein obtained, named copine, had a mass of 55 kDa, bound phosphatidylserine but not phosphatidylcholine at micromolar levels of calcium but not magnesium, and promoted lipid vesicle aggregation. The sequence of a 920-base pair partial cDNA revealed that copine is a novel protein that contains a C2 domain likely to be responsible for its membrane active properties. Paramecium was found to have two closely related copine genes, CPN1 and CPN2. Current sequence data bases indicate the presence of multiple copine homologs in green plants, nematodes, and humans. The full-length sequences reveal that copines consist of two C2 domains at the N terminus followed by a domain similar to the A domain that mediates interactions between integrins and extracellular ligands. A human homolog, copine I, was expressed in bacteria as a fusion protein with glutathione S-transferase. This recombinant protein exhibited calcium-dependent phospholipid binding properties similar to those of Paramecium copine. An antiserum raised against a fragment of human copine I was used to identify chromobindin 17, a secretory vesicle-binding protein, as a copine. This association with secretory vesicles, as well the general ability of copines to bind phospholipid bilayers in a calcium-dependent manner, suggests that these proteins may function in membrane trafficking.

NR_002836

Homo sapiens phosphoglucomutase 5 pseudogene 2 (PGM5P2), non-coding RNA

NCBI Reference Sequence: NR_002836.2

See above
NR_004398

Homo sapiens small nucleolar RNA, C/D box 82 (SNORD82), small nuclear RNA

NCBI Reference Sequence: NR_004398.1
Biochim Biophys Acta. 1999 Sep 3;1446(3):426-30.

U82, a novel snoRNA identified from the fifth intron of human and mouse nucleolin gene.

Rebane A, Metspalu A.
A novel snoRNA, designated as U82, was found from the sequence analysis of the 5th intron of human and mouse nucleolin gene. The snoRNA U82 has characteristic boxes C, D and D' and 11 nucleotides (nt) antisense complementarity to the 18S rRNA. Presumably U82 functions as a guide in the methylation of residue A1678 in human 18S rRNA. Northern blot analysis with various oligodeoxynucleotide probes showed that human and mouse U82 is expressed as RNA variants with length of 70 (+/- 1) and 67 (+/- 1) nt in HeLa and mouse C127 cells. Most probably, the 70 nt variant of U82 is encoded by nucleolin gene 5th intron. The 67 nt variant of U82 could be a transcript of another gene, the genomic locus of which remains unknown.

NM_001134476

Homo sapiens leucine rich repeat containing 8 family, member B (LRRC8B), transcript variant 2, mRNA

NCBI Reference Sequence: NM_001134476.1

FEBS Lett. 2004 Apr 23;564(1-2):147-52.

LRRC8 involved in B cell development belongs to a novel family of leucine-rich repeat proteins.

Kubota K, Kim JY, Sawada A, Tokimasa S, Fujisaki H, Matsuda-Hashii Y, Ozono K, Hara J.
In a previous study, we isolated a novel gene, LRRC8 (leucine-rich repeat-containing 8), in a girl with congenital agammaglobulinemia. We have now identified four unknown LRRC8-like genes, named TA-LRRP, AD158, LRRC5, and FLJ23420. Their predicted structures are very similar to each other, and highly conserved between humans and the mouse. All five genes encode proteins consisting of 16 extracellular leucine-rich repeats (LRRs), all of which have four transmembrane regions except for FLJ23420. These genes belong to a novel family, designated the LRRC8 family, within the superfamily of LRR proteins. TA-LRRP, AD158, and LRRC5 might be implicated in proliferation and activation of lymphocytes and monocytes.

J Struct Biol. 2006 Aug;155(2):294-305. Epub 2006 May 19.

Structural correlations in the family of small leucine-rich repeat proteins and proteoglycans.

McEwan PA, Scott PG, Bishop PN, Bella J.
The family of small leucine-rich repeat proteins and proteoglycans (SLRPs) contains several extracellular matrix molecules that are structurally related by a protein core composed of leucine-rich repeats (LRRs) flanked by two conserved cysteine-rich regions. The small proteoglycan decorin is the archetypal SLRP. Decorin is present in a variety of connective tissues, typically "decorating" collagen fibrils, and is involved in important biological functions, including the regulation of the assembly of fibrillar collagens and modulation of cell adhesion. Several SLRPs are known to regulate collagen fibrillogenesis and there is evidence that they may share other biological functions. We have recently determined the crystal structure of the protein core of decorin, the first such determination of a member of the SLRP family. This structure has highlighted several correlations: (1) SLRPs have similar internal repeat structures; (2) SLRP molecules are far less curved than an early model of decorin based on the three-dimensional structure of ribonuclease inhibitor; (3) the N-terminal and C-terminal cysteine-rich regions are conserved capping motifs. Furthermore, the structure shows that decorin dimerizes through the concave surface of its LRR domain, which has been implicated previously in its interaction with collagen. We have established that both decorin and opticin, another SLRP, form stable dimers in solution. Conservation of residues involved in decorin dimerization suggests that the mode of dimerization for other SLRPs will be similar. Taken together these results suggest the need for reevaluation of currently accepted models of SLRP interaction with their ligands.
NM_005462

Homo sapiens melanoma antigen family C, 1 (MAGEC1), mRNA

NCBI Reference Sequence: NM_005462.4

Int J Cancer. 2002 Jun 20;99(6):839-45.

CT7 (MAGE-C1) antigen expression in normal and neoplastic tissues.

Jungbluth AA, Chen YT, Busam KJ, Coplan K, Kolb D, Iversen K, Williamson B, Van Landeghem FK, Stockert E, Old LJ.
CT7 (MAGE-C1) is a member of the cancer testis (CT) antigen family. The present study describes the generation of CT7-33, a monoclonal antibody (MAb) to CT7, and the preliminary protein expression analysis of CT7 in normal tissues and in a limited number of neoplastic lesions. CT7-33 was effective in frozen as well as formalin-fixed, paraffin-embedded tissues, and immunohistochemistry/reverse transcriptase polymerase chain reaction (RT-PCR) co-typing demonstrated antibody specificity. CT7-33 immunoreactivity in normal adult tissues is restricted to testicular germ cells. In neoplastic lesions, CT7-33 immunostaining is confined to tumor cells, and the frequency of CT7 protein expression mostly parallels previous mRNA analyses. Whereas colorectal and renal cell carcinomas, as well as sarcomas, exhibit poor or no CT7-33 staining, carcinomas of the mammary gland and ovary, nonsmall cell lung carcinoma and metastatic melanomas exhibit a high incidence of CT7 protein expression. However, as seen in previous analyses of other CT antigens, the expression pattern is mostly heterogeneous, and tumors with more than 50% of tumor staining are only infrequently encountered. In summary, our study presents a new serologic reagent for the analysis of CT7 on a protein level and confirms what is known with regard to the expression pattern of other CT antigens in tumors: frequent heterogeneity of antigen expression.

Copyright 2002 Wiley-Liss, Inc.

Exp Cell Res. 2001 May 1;265(2):185-94.

The melanoma antigen genes--any clues to their functions in normal tissues?

Ohman Forslund K, Nordqvist K.
The melanoma antigen (MAGE) genes were initially isolated from melanomas and turned out to have an almost exclusively tumor-specific expression pattern. This led to the idea of using MAGE genes as targets for cancer immunotherapy, and MAGE peptides are currently being investigated as immunizing agents in clinical studies. Although 23 human and 12 mouse MAGE genes have been isolated in various tumors and characterized, not much is known about their function in normal cells. In adult tissues, most MAGE genes are expressed only in the testis and expression patterns suggest that this gene family is involved in germ cell development. In contrast to the MAGE genes, more functional data have accumulated around the MAGE related gene necdin. This gene encodes a neuron-specific growth suppressor that facilitates the entry of the cell into cell cycle arrest. Necdin is functionally similar to the retinoblastoma protein and binds to and represses the activity of cell-cycle-promoting proteins such as SV40 large T, adenovirus E1A, and the transcription factor E2F. Necdin also interacts with p53 and works in an additive manner to inhibit cell growth. In this review we will focus on the normal functions of MAGE genes and we speculate, based on the patterns of MAGE expression and on observed functions of necdin, that this gene family is involved in cell cycle regulation, especially during germ cell development.

Copyright 2001 Academic Press.

NR_002908

Homo sapiens small nucleolar RNA, C/D box 20 (SNORD20), small nucleolar RNA

NCBI Reference Sequence: NR_002908.1

Mol Cell Biol. 1994 Sep;14(9):5766-76.

U20, a novel small nucleolar RNA, is encoded in an intron of the nucleolin gene in mammals.

Nicoloso M, Caizergues-Ferrer M, Michot B, Azum MC, Bachellerie JP.

We have found that intron 11 of the nucleolin gene in humans and rodents encodes a previously unidentified small nucleolar RNA, termed U20. The single-copy U20 sequence is located on the same DNA strand as the nucleolin mRNA. U20 RNA, which does not possess a trimethyl cap, appears to result from intronic RNA processing and not from transcription of an independent gene. In mammals, U20 RNA is an 80-nucleotide-long, metabolically stable species, present at about 7 x 10(3) molecules per exponentially growing HeLa cell. It has a nucleolar localization, as indicated by fluorescence microscopy following in situ hybridization with digoxigenin-labeled oligonucleotides. U20 RNA contains the box C and box D sequence motifs, hallmarks of most small nucleolar RNAs reported to date, and is immunoprecipitated by antifibrillarin antibodies. It also exhibits a 5'-3' terminal stem bracketing the box C-box D motifs like U14, U15, U16, or Y RNA. A U20 homolog of similar size has been detected in all vertebrate classes by Northern (RNA) hybridization with mammalian oligonucleotide probes. U20 RNA contains an extended region (21 nucleotides) of perfect complementarity with a phylogenetically conserved sequence in 18S rRNA. This complementarity is strongly preserved among distant vertebrates, suggesting that U20 RNA may be involved in the formation of the small ribosomal subunit like nucleolin, the product of its host gene.

NM_014496

Homo sapiens ribosomal protein S6 kinase, 90kDa, polypeptide 6 (RPS6KA6), mRNA

NCBI Reference Sequence: NM_014496.4

Oncol Rep. 2006 Sep;16(3):603-8.

New p53 related genes in human tumors: significant downregulation in colon and lung carcinomas.

LLeonart ME, Vidal F, Gallardo D, Diaz-Fuertes M, Rojo F, Cuatrecasas M, López-Vicente L, Kondoh H, Blanco C, Carnero A, Ramón y Cajal S.
Human epithelial tumors need to accumulate multiple genetic alterations to form invasive carcinomas. These genetic alterations are related with growth factor receptors, cell signalling, the cell cycle and cell invasiveness. Importantly, cells need to avoid senescence and become immortalized for this process. Recently, five genes: RPS6KA6, HDAC4, KIAA0828, TCP1 and Tip60, which modulate p53-dependent function and avoid senescence were identified in a large-scale RNA interference screen. Twenty colon, 20 prostate and 20 lung carcinomas were studied to investigate whether these genes might be related with human tumors. RNA was extracted from both normal and tumor tissue from each patient. Real-time RT-PCR was performed using TaqMan probes corresponding to the RPS6KA6, HDAC4, KIAA0828, TCP1, Tip60 and p53 genes. In colon carcinomas, the RPS6KA6, HDAC4, KIAA0828 and Tip60 genes were downregulated in tumor tissue as compared with normal tissue (P < 0.001 for all genes). In lung carcinomas, HDAC4, KIAA0820 and Tip60 were downregulated (P < 0.01, P < 0.001 and P < 0.001 respectively). Whereas no significant differences were observed in prostate carcinomas, striking downregulation of the RPS6KA6 and KIAA0828 genes was observed in colon carcinomas and KIAA0828 in a subset of lung carcinomas. mRNA expression of these genes may control p53 function as well as the ras-MAPK pathway, methylation and transcriptional cellular programs. These results could unravel a novel set of regulatory suppressor genes involved in human colon and lung tumors.

Prog Nucleic Acid Res Mol Biol. 2001;65:101-27.

Role of S6 phosphorylation and S6 kinase in cell growth.

Volarević S, Thomas G.
This article reviews our current knowledge of the role of ribosomal protein S6 phosphorylation and the S6 kinase (S6K) signaling pathway in the regulation of cell growth and proliferation. Although 40S ribosomal protein S6 phosphorylation was first described 25 years ago, it only recently has been implicated in the translational up-regulation of mRNAs coding for the components of protein synthetic apparatus. These mRNAs contain an oligopyrimidine tract at their 5' transcriptional start site, termed a 5'TOP, which has been shown to be essential for their regulation at the translational level. In parallel, a great deal of information has accumulated concerning the identification of the signaling pathway and the regulatory phosphorylation sites involved in controlling S6K activation. Despite this knowledge we are only beginning to identify the direct upstream elements involved in growth factor-induced kinase activation. Use of the immunosupressant rapamycin, a bacterial macrolide, in conjunction with dominant interfering and activated forms of S6K1 has helped to establish the role of this signaling cascade in the regulation of growth and proliferation. In addition, current studies employing the mouse as well as Drosophila melanogaster have provided new insights into physiological function of S6K in the animal. Deletion of the S6K1 gene in mouse cells led to an animal of reduced size and the identification of the S6K1 homolog, S6K2, whereas loss of dS6K function in Drosophila demonstrated its paramount importance in development and growth control.
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NM_032456

Homo sapiens protocadherin 7 (PCDH7), transcript variant b, mRNA.

Genomics. 1998 May 1;49(3):458-61.

Cloning, expression analysis, and chromosomal localization of BH-protocadherin (PCDH7), a novel member of the cadherin superfamily.

Yoshida K, Yoshitomo-Nakagawa K, Seki N, Sasaki M, Sugano S.
We have identified a novel member of the cadherin superfamily. Among the members of the superfamily, this protein exhibited the highest overall homology with protocadherin-1 (46-49% identity). Its mRNA was predominantly expressed in the brain and heart. Hence, we named the gene BH-protocadherin (BH-Pcdh) (HGMW-approved symbol PCDH7). BH-Pcdh has an extracellular domain consisting of seven repeats of the cadherin motif (EC 1 to 7). EC2 of BH-Pcdh is unique in having a 55-amino-acid insertion in the middle of the motif. There are three isoforms of BH-Pcdh, denoted -a, -b, and -c, which have different cytoplasmic tails and a 47-amino-acid deletion in the EC2-3 region of BH-Pcdh-c. While only a 9.0-kb message was detected in normal tissues, 4.5- and 9.0-kb mRNA species were seen in the human lung carcinoma cell line A549. Furthermore, only the 4.5-kb mRNA was detected in HeLa cell S3 and human gastric cancer cell lines MKN28 and KATO-III. Southern blot analysis indicated that the BH-Pcdh gene is likely to be conserved among various vertebrates. The BH-Pcdh gene was localized to human chromosome 4p15. Interestingly, 4p15 is a region of loss of heterozygosity in some head and neck squamous cell carcinomas.

Dev Growth Differ. 2008 Jun;50 Suppl 1:S131-40. Epub 2008 Apr 22.

Clustered protocadherin family.

Yagi T.
The brain is a complex system composed of enormous numbers of differentiated neurons, and brain structure and function differs among vertebrates. To examine the molecular mechanisms underlying brain structure and function, it is important to identify the molecules involved in generating neural diversity and organization. The clustered protocadherin (Pcdh) family is the largest subgroup of the diverse cadherin superfamily. The clustered Pcdh proteins are predominantly expressed in the brain and their gene structures in vertebrates are diversified. In mammals, the clustered Pcdh family consists of three gene clusters: Pcdh-alpha, Pcdh-beta, and Pcdh-gamma. During brain development, this family is upregulated by neuronal differentiation, and Pcdh-alpha is then dramatically downregulated by myelination. Clustered Pcdh expression continues in the olfactory bulb, hippocampus, and cerebellum until adulthood. Structural analysis of the first cadherin domain of the Pcdh-alpha protein revealed it lacks the features that classical cadherins require for homophilic adhesiveness, but it contains Pcdh-specific loop structures. In Pcdh-alpha, an RGD motif on a specific loop structure binds beta1-integrin. For gene expression, the gene clusters are regulated by multiple promoters and alternative cis splicing. At the single-cell level, several dozen Pcdh-alpha and -gamma mRNA are regulated monoallelically, resulting in the combinatorial expression of distinct variable exons. The Pcdh-alpha and Pcdh-gamma proteins also form oligomers, further increasing the molecular diversity at the cell surface. Thus, the unique features of the clustered Pcdh family may provide the molecular basis for generating individual cellular diversity and the complex neural circuitry of the brain.
NM_003636

Homo sapiens potassium voltage-gated channel, shaker-related subfamily, beta member 2 (KCNAB2), transcript variant 1, mRNA.

Neuron. 1999 Dec;24(4):1037-47.

Caspr2, a new member of the neurexin superfamily, is localized at the juxtaparanodes of myelinated axons and associates with K+ channels.

Poliak S, Gollan L, Martinez R, Custer A, Einheber S, Salzer JL, Trimmer JS, Shrager P, Peles E.
Rapid conduction in myelinated axons depends on the generation of specialized subcellular domains to which different sets of ion channels are localized. Here, we describe the identification of Caspr2, a mammalian homolog of Drosophila Neurexin IV (Nrx-IV), and show that this neurexin-like protein and the closely related molecule Caspr/Paranodin demarcate distinct subdomains in myelinated axons. While contactin-associated protein (Caspr) is present at the paranodal junctions, Caspr2 is precisely colocalized with Shaker-like K+ channels in the juxtaparanodal region. We further show that Caspr2 specifically associates with Kv1.1, Kv1.2, and their Kvbeta2 subunit. This association involves the C-terminal sequence of Caspr2, which contains a putative PDZ binding site. These results suggest a role for Caspr family members in the local differentiation of the axon into distinct functional subdomains.

Cell. 2006 May 19;125(4):801-14.

A protein-protein interaction network for human inherited ataxias and disorders of Purkinje cell degeneration.

Lim J, Hao T, Shaw C, Patel AJ, Szabó G, Rual JF, Fisk CJ, Li N, Smolyar A, Hill DE, Barabási AL, Vidal M, Zoghbi HY.

Many human inherited neurodegenerative disorders are characterized by loss of balance due to cerebellar Purkinje cell (PC) degeneration. Although the disease-causing mutations have been identified for a number of these disorders, the normal functions of the proteins involved remain, in many cases, unknown. To gain insight into the function of proteins involved in PC degeneration, we developed an interaction network for 54 proteins involved in 23 inherited ataxias and expanded the network by incorporating literature-curated and evolutionarily conserved interactions. We identified 770 mostly novel protein-protein interactions using a stringent yeast two-hybrid screen; of 75 pairs tested, 83% of the interactions were verified in mammalian cells. Many ataxia-causing proteins share interacting partners, a subset of which have been found to modify neurodegeneration in animal models. This interactome thus provides a tool for understanding pathogenic mechanisms common for this class of neurodegenerative disorders and for identifying candidate genes for inherited ataxias.

Comment in

· Cell. 2006 May 19;125(4):645-7. 
NM_139017

Homo sapiens interleukin 31 receptor A (IL31RA), mRNA.

Exp Dermatol. 2010 Oct;19(10):921-3. doi: 10.1111/j.1600-0625.2010.01147.x.

Interferon-γ induces upregulation and activation of the interleukin-31 receptor in human dermal microvascular endothelial cells.

Feld M, Shpacovitch VM, Fastrich M, Cevikbas F, Steinhoff M.
Interleukin-31 (IL-31), a recently discovered cytokine derived from T helper cells, is involved in chronic dermatitis and pruritus. This study demonstrates for the first time that the IL-31 receptor complex for IL-31 is substantially upregulated in human dermal microvascular endothelial cells after stimulation with interferon-γ (IFN-γ). Activation of the IL-31 receptor complex results in the induction of the intracellular ERK1/2 signaling pathway and downregulation of IFN-γ-induced monokine induced by IFN-γ expression. Inhibitor studies revealed that the IFN-γ-induced IL-31RA upregulation is processed via JNK and PI3 kinase activation. In sum, our study points toward an interaction between the T(H) 1-derived cytokine IFN-γ and the T(H) 2-derived cytokine IL-31 on endothelial cells.

NM_018932

Homo sapiens protocadherin beta 12 (PCDHB12), mRNA.

Genes Dev. 2000 May 15;14(10):1169-80.

Cadherin superfamily genes: functions, genomic organization, and neurologic diversity.

Yagi T, Takeichi M.
To answer the question of how the highly sophisticated functions of the central nervous system (CNS) are born, we need to gain insight into the molecular mechanisms that generate an enormous number of diversified neurons and their specific interactions. The complex and highly organized neural networks in the CNS ultimately generate brain function, including innate and acquired behavior. Interestingly, the CNS is in part similar to the immune system, both are produced as complex, diversified, and well-organized networks from limited genomic information. The immune system promotes the recognition of the enormous battery of foreign antigens through the random diversification of T-cell receptors (TCR) and B-cell receptors (BCR) of the immunoglobulin superfamily by germ line rearrangement and/or somatic mutation. Analogous regulatory processes are not known for the CNS. However, recent studies of the cadherin superfamily have provided valuable insights into the generation of diversified and organized networks in the CNS. 

A large number of cadherin superfamily genes have been identified to date, and most of them seem to be expressed in the CNS. In particular, primary cadherins (classic cadherins) were identified as synaptic components, and roles for them in neuronal circuitry, synaptic junction formation, and synaptic plasticity have been suggested (Suzuki et al. 1997; Tang et al. 1998; Honjo et al. 2000; Manabe et al. 2000; Tanaka et al. 2000). In addition, the expression of a novel cadherin, Arcadlin, was found to be up-regulated during activity-dependent synaptic plasticity (Yamagata et al. 1999). Moreover, a subfamily of the cadherin superfamily, CNR (cadherin-relatedneuronal receptor) proteins bound to tyrosine kinase Fyn, is localized in synaptic membrane (Kohmura et al. 1998). At least three protocadherin gene subfamilies including the CNRs are derived from an unusual genomic organization similar to that ofBCR and TCR gene clusters (Wu and Maniatis 1999;Sugino et al. 2000). These findings have interesting implications regarding the molecular events underlying the establishment of complex and organized networks of neuronal connections in the CNS, which may provide further insight into the processes giving rise to diverged brain functions in various species and individuals, as well as the molecular basis of psychociatic diseases. 

Neurosci Res. 2001 Nov;41(3):207-15.

The cadherin-related neuronal receptor family: a novel diversified cadherin family at the synapse.

Hamada S, Yagi T.

The cadherin-related neuronal receptor (CNR) family has been identified as a receptor family that cooperates with Fyn, a member of the Src family of tyrosine kinases. The CNR family is composed of 14 members in mice and 15 members in humans. The mRNAs of CNRs are highly expressed in the brain and CNR1 protein is localized at synaptic junctions. Hence CNR family proteins are synaptic cadherins. The unique structure of CNR family cDNAs, which is characterized by complete DNA sequence identity among their 3'-termini including a part of the coding region, prompted us to investigate the genomic organization of this family. The genomic organization of CNRs is divided into 'variable' and 'constant' region exons, analogous to immunoglobulin and T cell receptor gene clusters. This organization raised the possibility that the CNR gene cluster may undergo somatic DNA rearrangement or trans-splicing and produce diversified gene products. Although it is not yet clear that the CNR gene cluster in the neuronal genomic DNA is somatically changed, a recent study suggested the occurrence of trans-transcripts and accumulation of somatic mutations in CNR transcripts (Genes Cells 6 (2001) 151). These results suggested that the proteins from the CNR gene cluster are enormously diversified by unique mechanisms. The localization of CNR1 protein at the synapse and the diversity of CNRs led us to the hypothesis that gene regulation of the CNR family dictates the formation and reorganization of synaptic connections in the nervous system.

NR_003318  

Homo sapiens small nucleolar RNA, C/D box 116-3 (SNORD116-3), small nucleolar RNA
Proc Natl Acad Sci U S A. 2000 Dec 19;97(26):14311-6.

Identification of brain-specific and imprinted small nucleolar RNA genes exhibiting an unusual genomic organization.

Cavaillé J, Buiting K, Kiefmann M, Lalande M, Brannan CI, Horsthemke B, Bachellerie JP, Brosius J, Hüttenhofer A.

We have identified three C/D-box small nucleolar RNAs (snoRNAs) and one H/ACA-box snoRNA in mouse and human. In mice, all four snoRNAs (MBII-13, MBII-52, MBII-85, and MBI-36) are exclusively expressed in the brain, unlike all other known snoRNAs. Two of the human RNA orthologues (HBII-52 and HBI-36) share this expression pattern, and the remainder, HBII-13 and HBII-85, are prevalently expressed in that tissue. In mice and humans, the brain-specific H/ACA box snoRNA (MBI-36 and HBI-36, respectively) is intron-encoded in the brain-specific serotonin 2C receptor gene. The three human C/D box snoRNAs map to chromosome 15q11-q13, within a region implicated in the Prader-Willi syndrome (PWS), which is a neurogenetic disease resulting from a deficiency of paternal gene expression. Unlike other C/D box snoRNAs, two snoRNAs, HBII-52 and HBII-85, are encoded in a tandemly repeated array of 47 or 24 units, respectively. In mouse the homologue of HBII-52 is processed from intronic portions of the tandem repeats. Interestingly, these snoRNAs were absent from the cortex of a patient with PWS and from a PWS mouse model, demonstrating their paternal imprinting status and pointing to their potential role in the etiology of PWS. Despite displaying hallmarks of the two families of ubiquitous snoRNAs that guide 2'-O-ribose methylation and pseudouridylation of rRNA, respectively, they lack any telltale rRNA complementarity. Instead, brain-specific C/D box snoRNA HBII-52 has an 18-nt phylogenetically conserved complementarity to a critical segment of serotonin 2C receptor mRNA, pointing to a potential role in the processing of this mRNA.

Comment in

· Proc Natl Acad Sci U S A. 2000 Dec 19;97(26):14035-7. 
NM_001079808  

Homo sapiens pepsinogen 4, group I (pepsinogen A) (PGA4), mRNA.

Int J Cancer. 2009 Jan 15;124(2):456-60.

Serum pepsinogens and risk of esophageal squamous dysplasia.

Kamangar F, Diaw L, Wei WQ, Abnet CC, Wang GQ, Roth MJ, Liu B, Lu N, Giffen C, Qiao YL, Dawsey SM.

Pepsinogens are a class of endopeptidases that are secreted by the gastric epithelium and released into the circulation. Low serum pepsinogen I (PGI) and low serum pepsinogen I/pepsinogen II ratio (PGI/II ratio) are markers of gastric fundic atrophy, and have recently been shown to be associated with increased risk of esophageal squamous cell carcinoma (ESCC). We conducted the current study to test whether these markers are also associated with esophageal squamous dysplasia (ESD), the precursor lesion of ESCC. We measured serum PGI and PGII, using enzyme-linked immunosorbent assays, in 125 case subjects (patients with moderate or severe ESD) and 250 sex-matched control subjects (no ESD) selected from an endoscopic screening study in Linxian, China. We used conditional logistic regression models adjusted for age, smoking and place of residence to calculate odds ratios (ORs) and 95% confidence intervals (95% CIs). Serum PGI showed no statistically significant association with ESD, whether analyzed as a dichotomous, ordinal (quartiles) or continuous variable. Lower serum PGI/II ratio, however, showed a dose-response association with increased risk of ESD, with an adjusted OR (95% CI) of 2.12 (1.08-4.18), comparing the lowest versus the highest quartile. The association between the lower serum PGI/II ratio and log OR of ESD was nearly linear, and the p-value for the continuous association was 0.03. Lower serum PGI/II ratio was linearly associated with higher risk of ESD. This result is consistent with recent findings that gastric atrophy may increase the risk of ESCC.

Cell Mol Life Sci. 2002 Feb;59(2):288-306.

Pepsinogens, progastricsins, and prochymosins: structure, function, evolution, and development.

Kageyama T.

Five types of zymogens of pepsins, gastric digestive proteinases, are known: pepsinogens A, B, and F, progastricsin, and prochymosin. The amino acid and/or nucleotide sequences of more than 50 pepsinogens other than pepsinogen B have been determined to date. Phylogenetic analyses based on these sequences indicate that progastricsin diverged first followed by prochymosin, and that pepsinogens A and F are most closely related. Tertiary structures, clarified by X-ray crystallography, are commonly bilobal with a large active-site cleft between the lobes. Two aspartates in the center of the cleft, Asp32 and Asp215, function as catalytic residues, and thus pepsinogens are classified as aspartic proteinases. Conversion of pepsinogens to pepsins proceeds autocatalytically at acidic pH by two different pathways, a one-step pathway to release the intact activation segment directly, and a stepwise pathway through a pseudo-pepsin(s). The active-site cleft is large enough to accommodate at least seven residues of a substrate, thus forming S4 through S'3 subsites. Hydrophobic and aromatic amino acids are preferred at the P1 and P'1 positions. Interactions at additional subsites are important in some cases, for example with cleavage of kappa-casein by chymosin. Two potent naturally occurring inhibitors are known: pepstatin, a pentapeptide from Streptomyces, and a unique proteinous inhibitor from Ascaris. Pepsinogen genes comprise nine exons and may be multiple, especially for pepsinogen A. The latter and progastricsin predominate in adult animals, while pepsinogen F and prochymosin are the main forms in the fetus/infant. The switching of gene expression from fetal/infant to adult-type pepsinogens during postnatal development is noteworthy, being regulated by several factors, including steroid hormones.

NM_014224

Homo sapiens pepsinogen 5, group I (pepsinogen A) (PGA5), mRNA.

Jpn J Cancer Res. 1991 Jun;82(6):686-92.

Methylation and expression of human pepsinogen genes in normal tissues and their alteration in stomach cancer.

Ichinose M, Miki K, Wong RN, Tatematsu M, Furihata C, Konishi T, Matsushima M, Tanji M, Sano J, Kurokawa K, et al.

In normal human tissues, pepsinogen A mRNA was expressed only in the fundic mucosa of the stomach, whereas pepsinogen C mRNA was expressed in all regions of the stomach mucosa and also in the proximal duodenal mucosa. The distributions of these mRNAs were consistent with those of pepsinogens A and C in the gastroduodenal mucosa. Methylation analysis of DNAs from normal tissues with methylation-sensitive restriction enzymes, HpaII and HhaI, revealed that pepsinogen A and C genes are hypomethylated in tissues producing pepsinogens A and C, suggesting a role of DNA methylation in the regulation of the differential expression of the genes for the two human pepsinogens during normal differentiation. In stomach cancer tissues and cancer cell lines, the expressions of the pepsinogen genes were decreased or lost, in good accordance with their pepsinogen productions. No gross structural changes of the pepsinogen genes were observed in these cancers, but the methylation patterns of the pepsinogen genes were found to be altered in different ways in different cancers. The functional significance of the altered methylation is unknown; however, these results suggest that considerable heterogeneity of the methylation patterns occurs in human stomach cancers.

NM_020724

Homo sapiens ring finger protein 150 (RNF150), mRNA.

Mol Syst Biol. 2009;5:295. Epub 2009 Aug 18.

A comprehensive framework of E2-RING E3 interactions of the human ubiquitin-proteasome system.

van Wijk SJ, de Vries SJ, Kemmeren P, Huang A, Boelens R, Bonvin AM, Timmers HT..
Erratum in

· Mol Syst Biol. 2009;5:317. 

Covalent attachment of ubiquitin to substrates is crucial to protein degradation, transcription regulation and cell signalling. Highly specific interactions between ubiquitin-conjugating enzymes (E2) and ubiquitin protein E3 ligases fulfil essential roles in this process. We performed a global yeast-two hybrid screen to study the specificity of interactions between catalytic domains of the 35 human E2s with 250 RING-type E3s. Our analysis showed over 300 high-quality interactions, uncovering a large fraction of new E2-E3 pairs. Both within the E2 and the E3 cohorts, several members were identified that are more versatile in their interaction behaviour than others. We also found that the physical interactions of our screen compare well with reported functional E2-E3 pairs in in vitro ubiquitination experiments. For validation we confirmed the interaction of several versatile E2s with E3s in in vitro protein interaction assays and we used mutagenesis to alter the E3 interactions of the E2 specific for K63 linkages, UBE2N(Ubc13), towards the K48-specific UBE2D2(UbcH5B). Our data provide a detailed, genome-wide overview of binary E2-E3 interactions of the human ubiquitination system.

NM_003716

Homo sapiens Ca++-dependent secretion activator (CADPS), transcript variant 1, mRNA.

Neuron. 1998 Jul;21(1):137-45.

CAPS (mammalian UNC-31) protein localizes to membranes involved in dense-core vesicle exocytosis.

Berwin B, Floor E, Martin TF.

CAPS is a neural/endocrine-specific protein discovered as a cytosolic factor required for Ca2+-activated dense-core vesicle (DCV) exocytosis in permeable neuroendocrine cells. We report that CAPS is also a membrane-associated, peripherally bound protein in brain homogenates that localizes Selectively to plasma membranes and to DCVs but not to small clear synaptic vesicles (SVs). CAPS exhibits high affinity and saturable binding to DCVs by interaction with bilayer phospholipids. Specific CAPS antibodies inhibit Ca2+-activated norepinephrine release from lysed synaptosomes that contain membrane-associated CAPS, indicating that membrane-bound CAPS is essential for neural DCV exocytosis. CAPS is a functional component of the exocytotic machinery that localizes selectively to DCVs, and it may confer distinct regulatory features on neuropeptide and biogenic amine transmitter secretion.

Biochem Pharmacol. 2005 May 15;69(10):1451-61.

Regulation of dense core vesicle release from PC12 cells by interaction between the D2 dopamine receptor and calcium-dependent activator protein for secretion (CAPS).

Binda AV, Kabbani N, Levenson R.

We identified CAPS1 (calcium-dependent activator protein for secretion) as a D2 dopamine receptor interacting protein (DRIP) in a yeast two-hybrid screen of a human brain library using the second intracellular domain of the human D2 receptor (D2IC2). CAPS1 is an evolutionarily conserved calcium binding protein essential for late-stage exocytosis of neurotransmitters from synaptic terminals. CAPS1 interaction was confirmed for both the long and short isoforms of the D2 receptor, but not with any other dopamine receptor subtype. Interaction between CAPS1 and the D2 receptor was validated using both pulldown and coimmunoprecipitation assays. Deletion mapping localized the D2 receptor binding site to a segment located within the C-terminal region of CAPS1 as well CAPS2. In PC12 cells, CAPS1 and D2 receptors were found to colocalize within both cytosolic and plasma membrane compartments. Overexpression of a truncated D2 receptor fragment caused a significant decrease in K(+)-evoked dopamine release from PC12 cells, whereas no effect on norepinephrine or BDNF release was observed. These results suggest that D2 dopamine receptors may modulate vesicle release from neuroendocrine cells via direct interaction with components of the exocytotic machinery.

NM_015852

Homo sapiens zinc finger protein 117 (ZNF117), mRNA.

Mol Cell Biol. 1990 Aug;10(8):4401-5.

Human proviral mRNAs down regulated in choriocarcinoma encode a zinc finger protein related to Krüppel.

Kato N, Shimotohno K, VanLeeuwen D, Cohen M.

RNA transcripts of the HERV-R (ERV3) human provirus that are abundant in placenta but absent in choriocarcinoma contain nonproviral genomic sequences at their 3' ends. We report here the isolation of cDNA clones of these genomic sequences. The transcripts encode a Krüppel-related zinc finger protein consisting of a unique leader region and more than 12 28-amino-acid finger motifs.

Proc Natl Acad Sci U S A. 1991 May 1;88(9):3608-12.

The evolutionarily conserved Krüppel-associated box domain defines a subfamily of eukaryotic multifingered proteins.

Bellefroid EJ, Poncelet DA, Lecocq PJ, Revelant O, Martial JA.

We have previously shown that the human genome includes hundreds of genes coding for putative factors related to the Krüppel zinc-finger protein, which regulates Drosophila segmentation. We report herein that about one-third of these genes code for proteins that share a very conserved region of about 75 amino acids in their N-terminal nonfinger portion. Homologous regions are found in a number of previously described finger proteins, including mouse Zfp-1 and Xenopus Xfin. We named this region the Krüppel-associated box (KRAB). This domain has the potential to form two amphipathic alpha-helices. Southern blot analysis of "zoo" blots suggests that the Krüppel-associated box is highly conserved during evolution. Northern blot analysis shows that these genes are expressed in most adult tissues and are down-regulated during in vitro terminal differentiation of human myeloid cells.

NM_001007253

Homo sapiens endogenous retrovirus group 3, member 1 (ERV3-1), mRNA
J Virol. 2003 Oct;77(19):10414-22.

Survey of human genes of retroviral origin: identification and transcriptome of the genes with coding capacity for complete envelope proteins.

de Parseval N, Lazar V, Casella JF, Benit L, Heidmann T.

Sequences of retroviral origin occupy approximately 8% of the human genome. Most of these "retroviral" genes have lost their coding capacities since their entry into our ancestral genome millions of years ago, but some reading frames have remained open, suggesting positive selection. The complete sequencing of the human genome allowed a systematic search for retroviral envelope genes containing an open reading frame and resulted in the identification of 16 genes that we have characterized. We further showed, by quantitative reverse transcriptase PCR using specifically devised primers which discriminate between coding and noncoding elements, that all 16 genes are expressed in at least some healthy human tissues, albeit at highly different levels. All envelope genes disclose significant expression in the testis, three of them have a very high level of expression in the placenta, and a fourth is expressed in the thyroid. Besides their primary role as key molecules for viral entry, the envelope genes of retroviruses can induce cell-cell fusion, elicit immunosuppressive effects, and even protect against infection, and as such, endogenous retroviral envelope proteins have been tentatively identified in several reports as being involved in both normal and pathological processes. The present study provides a comprehensive survey of candidate genes and tools for a precise evaluation of their involvement in these processes.

J Virol. 2005 Jul;79(14):9270-84.

ERV3 and related sequences in humans: structure and RNA expression.

Andersson AC, Yun Z, Sperber GO, Larsson E, Blomberg J.

The ERV3 locus at chromosome 7q11 is a much studied human endogenous retroviral (HERV) sequence, owing to an env open reading frame (ORF) and placental RNA and protein expression. An analysis of the human genome demonstrated that ERV3 is one of a group of 41 highly related elements (ERV3-like HERVs) which use proline, isoleucine, or arginine tRNA in their primer binding sites. In addition to elements closely related to ERV3, the group included the previously known retinoic acid-inducible element, RRHERVI, also referred to as HERV15, but was separate from the related HERV-E elements. The ERV3-like elements are defective. The only element with an ORF among gag, pro, pol, and env genes was the env ORF of the original ERV3 locus. A search in dbEST revealed ERV3 RNA expression in placenta, skin, carcinoid tumor, and adrenal glands. Expression was also studied with newly developed real-time quantitative PCRs (QPCR) of ERV3 and HERV-E(4-1) env sequences. Results from a novel histone 3.3 RNA QPCR result served as the expression control. QPCR results for ERV3 were compatible with previously published results, with a stronger expression in adrenal gland and placenta than in 15 other human tissues. The expression of the envelope (env) of ERV3 at chromosome 7q11 was also studied by using stringent in situ hybridization. Expression was found in corpus luteum, testis, adrenal gland, Hassal's bodies in thymus, brown fat, pituitary gland, and epithelium of the lung. We conclude that ERV3 env is most strongly expressed in adrenal and sebaceous glands as well as in placenta.

NM_003469  

Homo sapiens secretogranin II (SCG2), mRNA.

Cell Mol Neurobiol. 2010 Nov;30(8):1147-53. Epub 2010 Nov 3.

Immunohistochemical and biochemical studies with region-specific antibodies to chromogranins A and B and secretogranins II and III in neuroendocrine tumors.

Portela-Gomes GM, Grimelius L, Stridsberg M.

This short review deals with our investigations in neuroendocrine tumors (NETs) with antibodies against defined epitopes of chromogranins (Cgs) A and B and secretogranins (Sgs) II and III. The immunohistochemical expression of different epitopes of the granin family of proteins varies in NE cells in normal human endocrine and non-endocrine organs and in NETs, suggesting post-translational processing. In most NETs one or more epitopes of the granins were lacking, but variations in the expression pattern occurred both in benign and malignant NETs. A few epitopes displayed patterns that may be valuable in differentiating between benign and malignant NET types, e.g., well-differentiated NET types expressed more CgA epitopes than the poorly differentiated ones and C-terminal secretoneurin visualized a cell type related to malignancy in pheochromocytomas. Plasma concentrations of different epitopes of CgA and CgB varied. In patients suffering from carcinoid tumors or endocrine pancreatic tumors the highest concentrations were found with epitopes from the mid-portion of CgA. For CgB the highest plasma concentrations were recorded for the epitope 439-451. Measurements of SgII showed that patients with endocrine pancreatic tumors had higher concentrations than patients with carcinoid tumors or pheochromocytomas. SgIII was not detectable in patients with NETs.

Regul Pept. 2010 Nov 30;165(1):30-5. Epub 2010 Jun 12.

Secretogranin III in human neuroendocrine tumours: a comparative immunohistochemical study with chromogranins A and B and secretogranin II.

Portela-Gomes GM, Grimelius L, Stridsberg M.

BACKGROUND: 

Different epitopes of the granin family of proteins, chromogranin (Cg) A, CgB and secretogranin (Sg) II, have been demonstrated in normal human pancreas, gastrointestinal tract, adrenal medulla and in several neuroendocrine tumours (NETs). SgIII has been recently reported in endocrine pancreas. The aim of the present study was to examine the expression of SgIII in different NETs and compare it with the expression of CgA, CgB and SgII epitopes.

MATERIAL AND METHODS: 

Tissue specimens from 47 NETs were analyzed. Antibodies to CgA 250-284, CgB 244-255, SgII 172-186 (C-terminal secretoneurin) and SgIII 348-361 were used for immunostaining.

RESULTS: 

SgIII was expressed in 41 of 47 NETs. The expression of SgIII agreed well with that of CgA, CgB and SgII, with exceptions of phaeochromocytomas, where more CgB and SgII immunoreactive cells were observed and parathyroid adenomas, which were only stained by CgA. In rectal NETs more cells expressed SgIII than CgA.

CONCLUSIONS: 

This is the first report on SgIII expression in various NETs. A majority of tumours studied displayed SgIII immunostaining, which indicates a functional relationship with the other granins.

Copyright © 2010 Elsevier B.V. All rights reserved. 

NR_003320

Homo sapiens small nucleolar RNA, C/D box 116-5 (SNORD116-5), small nucleolar RNA.

See above

NM_021069

Homo sapiens sorbin and SH3 domain containing 2 (SORBS2), transcript variant 2, mRNA

Summary: Arg and c-Abl represent the mammalian members of the Abelson family of non-receptor protein-tyrosine kinases. They interact with the Arg/Abl binding proteins via the SH3 domains present in the carboxy end of the latter group of proteins. This gene encodes the sorbin and SH3 domain containing 2 protein. It has three C-terminal SH3 domains and an N-terminal sorbin homology (SoHo) domain that interacts with lipid raft proteins. The subcellular localization of this protein in epithelial and cardiac muscle cells suggests that it functions as an adapter protein to assemble signaling complexes in stress fibers, and that it is a potential link between Abl family kinases and the actin cytoskeleton. Alternative splicing results in multiple transcript variants encoding different isoforms. 
[provided by RefSeq].

Proc Natl Acad Sci U S A. 2001 Jul 31;98(16):9098-103.

The sorbin homology domain: a motif for the targeting of proteins to lipid rafts.

Kimura A, Baumann CA, Chiang SH, Saltiel AR.

On phosphorylation of Cbl, the c-Cbl-associated protein (CAP)/Cbl complex dissociates from the insulin receptor and translocates to a lipid raft membrane fraction to form a ternary complex with flotillin. Deletion analyses of the CAP gene identified a 115-aa region responsible for flotillin binding. This region is homologous to the peptide sorbin and is referred to as the sorbin homology (SoHo) domain. This domain is present in two other proteins, vinexin and ArgBP2. Vinexin also interacted with flotillin, and deletion of its SoHo domain similarly blocked flotillin binding. The overexpression of a CAP mutant in which the SoHo domain had been deleted (CAPDeltaSoHo) prevented the translocation of Cbl to lipid rafts and subsequently blocked the recruitment of CrkII and C3G. Moreover, overexpression of CAPDeltaSoHo prevented the stimulation of glucose transport and GLUT4 translocation by insulin. These results suggest a mechanism for localization of signaling proteins to the lipid raft that mediates the compartmentalization of crucial signal transduction pathways.

Cancer Lett. 2010 Feb 1;288(1):116-23. Epub 2009 Jul 23.

CIP4 is a new ArgBP2 interacting protein that modulates the ArgBP2 mediated control of WAVE1 phosphorylation and cancer cell migration.

Roignot J, Taïeb D, Suliman M, Dusetti NJ, Iovanna JL, Soubeyran P.

ArgBP2 is a multi-adapter protein involved in signal transduction associated to the cytoskeleton and was shown to regulate the migration and adhesion of pancreatic cancer cells thereby modulating their tumorigenicity. Here we describe the interaction of ArgBP2 with CIP4, a new associated protein identified by yeast two-hybrid. We found that both proteins modulated their reciprocal tyrosine phosphorylation catalyzed by the non-receptor tyrosine kinase c-Abl. We observed that, like ArgBP2, CIP4 directly interacted with WAVE1 and could enhance its phosphorylation by c-Abl. ArgBP2 and CIP4 acted synergistically to increase WAVE1 tyrosine phosphorylation. Finally, we could show that CIP4 was dispensable for the ArgBP2 induced blockade of cell migration whereas its overexpression was deleterious for this important function of ArgBP2.

NM_153498

Homo sapiens calcium/calmodulin-dependent protein kinase ID (CAMK1D), transcript variant 2, mRNA.
Annu Rev Pharmacol Toxicol. 2001;41:471-505.

Ca(2+)/CaM-dependent kinases: from activation to function.

Hook SS, Means AR.

Calmodulin (CaM) is an essential protein that serves as a ubiquitous intracellular receptor for Ca(2+). The Ca(2+)/CaM complex initiates a plethora of signaling cascades that culminate in alteration of cellular functions. Among the many Ca(2+)/CaM-binding proteins to be discovered, the multifunctional protein kinases CaMKI, II, and IV play pivotal roles. Our review focuses on this class of CaM kinases to illustrate the structural and biochemical basis for Ca(2+)/CaM interaction with and regulation of its target enzymes. Gene transcription has been chosen as the functional endpoint to illustrate the recent advances in Ca(2+)/CaM-mediated signal transduction mechanisms.

FEBS Lett. 2003 Aug 28;550(1-3):57-63.

Identification and characterization of novel components of a Ca2+/calmodulin-dependent protein kinase cascade in HeLa cells.

Ishikawa Y, Tokumitsu H, Inuzuka H, Murata-Hori M, Hosoya H, Kobayashi R.

In this report, we cloned a novel calmodulin-kinase (CaM-KIdelta) from HeLa cells and characterized its activation mechanism. CaM-KIdelta exhibits Ca(2+)/CaM-dependent activity that is enhanced (approximately 30-fold) in vitro by phosphorylation of its Thr180 by CaM-K kinase (CaM-KK)alpha, consistent with detection of CaM-KIdelta-activating activity in HeLa cells. We also identified a novel CaM-KKbeta isoform (CaM-KKbeta-3) in HeLa cells whose activity was highly Ca(2+)/CaM-independent. Transiently expressed CaM-KIdelta exhibited enhanced protein kinase activity in HeLa cells without ionomycin stimulation. This sustained activation of CaM-KIdelta was completely abolished by Thr180Ala mutation and inhibited by CaM-KK inhibitor, STO-609, indicating a functional CaM-KK/CaM-KIdelta cascade in HeLa cells.

NM_018933

Homo sapiens protocadherin beta 13 (PCDHB13), mRNA.
Curr Opin Cell Biol. 2002 Oct;14(5):557-62.

Protocadherins.

Frank M, Kemler R.

Protocadherins constitute the largest subgroup within the cadherin family of calcium-dependent cell-cell adhesion molecules. Recent progress in genome sequencing has enabled a refined phylogenetic analysis of protocadherins and led to the discovery of three large protocadherin clusters on human chromosome 5/mouse chromosome 18. Interestingly, many of the circa 70 protocadherins in mammals are highly expressed in the central nervous system. Roles in tissue morphogenesis and formation of neuronal circuits during early vertebrate development have been inferred. In the postnatal brain, protocadherins are possibly involved in the modulation of synaptic transmission and the generation of specific synaptic connections.

NM_006855

Homo sapiens KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention receptor 3 (KDELR3), transcript variant 1, mRNA.
Summary: Retention of resident soluble proteins in the lumen of the endoplasmic reticulum (ER) is achieved in both yeast and animal cells by their continual retrieval from the cis-Golgi, or a pre-Golgi compartment. Sorting of these proteins is dependent on a C-terminal tetrapeptide signal, usually lys-asp-glu-leu (KDEL) in animal cells, and his-asp-glu-leu (HDEL) in S. cerevisiae. This process is mediated by a receptor that recognizes, and binds the tetrapeptide-containing protein, and returns it to the ER. In yeast, the sorting receptor encoded by a single gene, ERD2, is a seven-transmembrane protein. Unlike yeast, several human homologs of the ERD2 gene, constituting the KDEL receptor gene family, have been described. KDELR3 was the third member of the family to be identified, and it encodes a protein highly homologous to KDELR1 and KDELR2 proteins. Two transcript variants of KDELR3 that arise by alternative splicing, and encode different isoforms of KDELR3 receptor, have been described. [provided by RefSeq] 

Cell Struct Funct. 1996 Oct;21(5):413-9.

The dynamic organisation of the secretory pathway.

Pelham HR.

The secretory pathway of eukaryotic cells consists of a number of distinct membrane-bound compartments interconnected by vesicular traffic. Each compartment has a characteristic content of proteins and lipids, which must be maintained. This is achieved in most cases by active sorting-proteins may reach the wrong compartment but are continually retrieved. A good example is the retrieval system for lumenal ER proteins. These proteins carry a specific sorting signal, typically the tetrapeptide KDEL, which is bound by a receptor in the Golgi apparatus. The receptor-ligand complex, together with escaped ER membrane proteins, returns to the ER. Many of the components of vesicle traffic, including the coat proteins required for vesicle budding from the ER, those that form retrograde vesicles on post-ER compartments, and integral membrane proteins that target the vesicles to their correct destination, have been identified. The sorting events that occur can largely be understood in terms of specific protein-protein interactions involving these components. However, sorting of some membrane proteins, including the vesicle targeting molecules, is influenced by their transmembrane domains, and it is likely that segregation of these is dependent on the composition and biophysical properties of the lipid bilayer, which very between compartments. The secretory pathway is thus a dynamic entity, split into discrete organelles by the constant segregation and recycling of lipids and proteins, processes that are ultimately driven by the mechanics of vesicle formation and fusion.

NM_003043

Homo sapiens solute carrier family 6 (neurotransmitter transporter, taurine), member 6 (SLC6A6), transcript variant 1, mRNA.

FEBS Lett. 2002 Apr 24;517(1-3):92-6.

Tumor necrosis factor alpha stimulates taurine uptake and transporter gene expression in human intestinal Caco-2 cells.

Mochizuki T, Satsu H, Shimizu M.

The effect of cytokines on the taurine uptake by human intestinal epithelial Caco-2 cells was investigated. Among the various cytokines tested, tumor necrosis factor alpha (TNF-alpha) markedly increased the taurine uptake by Caco-2 cells, resulting in an increase in the intracellular taurine level. TNF-alpha did not induce up-regulation of the taurine uptake in hepatic HepG2, renal human embryo kidney 293, and macrophage-like THP-1 cells. The uptake of glycine, L-leucine, and L-glutamic acid by Caco-2 cells was not affected by TNF-alpha. A kinetic analysis of the taurine uptake by TNF-alpha-treated Caco-2 cells suggests that this up-regulation was associated with both an increase in the amount of the taurine transporter (TAUT) and an increase in its affinity. TNF-alpha-treated cells showed a higher mRNA level of the TAUT than did the control cells.

Am J Physiol Endocrinol Metab. 2009 Sep;297(3):E620-8. Epub 2009 Jul 14.

Oxidative stress and dysregulation of the taurine transporter in high-glucose-exposed human Schwann cells: implications for pathogenesis of diabetic neuropathy.

Askwith T, Zeng W, Eggo MC, Stevens MJ.

In human Schwann cells, the role of taurine in regulating glucose-induced changes in antioxidant defense systems has been examined. Treatment with high glucose for 7 days induced reactive oxygen species, increased 4-hydroxynoneal adducts (20 +/- 5%, P < 0.05) and poly(ADP-ribosyl)ated proteins (40 +/- 13%, P < 0.05). Increases in these markers of oxidative stress were reversed by simultaneous incubation in 0.25 mM taurine. Both high glucose and taurine independently increased superoxide dismutase and catalase activity and decreased glutathione levels, but their effects were not additive. Glucose reduced taurine transporter (TauT) mRNA and protein in a dose-dependent manner with maximal decreases of 66 +/- 6 and 63 +/- 12%, respectively (P < 0.05 both). The V(max) for taurine uptake was decreased in 30 mM glucose from 61 +/- 5 to 42 +/- 3 pmol x min(-1) x mg protein(-1) (P < 0.001). Glucose-induced TauT downregulation could be reversed by inhibition of aldose reductase, a pathway that depletes NADPH and increases osmotic stress and protein glycation. TauT protein was increased more than threefold, and the V(max) for taurine uptake doubled (P < 0.05 both) by prooxidants. TauT downregulation was reversed both by treatment with the antioxidant alpha-lipoic acid, which increased TauT mRNA by 60% and V(max) by 50% (P < 0.05 both), and by the aldose reductase inhibitor sorbinil, which increased TauT mRNA 380% and V(max) by 98% (P < 0.01 both). These data highlight the potential therapeutic benefits of taurine supplementation in diabetic complications and provide mechanisms whereby taurine restoration could be achieved in order to prevent or reverse diabetic complications.

AK296542

Homo sapiens cDNA FLJ54480 complete cds. 


No function found.

NM_173653  

Homo sapiens solute carrier family 9 (sodium/hydrogen exchanger), member 9 (SLC9A9), mRNA.
Psychiatr Genet. 2010 Apr;20(2):73-81.

Genetic variants in SLC9A9 are associated with measures of attention-deficit/hyperactivity disorder symptoms in families.

Markunas CA, Quinn KS, Collins AL, Garrett ME, Lachiewicz AM, Sommer JL, Morrissey-Kane E, Kollins SH, Anastopoulos AD, Ashley-Koch AE.

OBJECTIVE: 

A family was previously identified that cosegregates a pericentric inversion, inv(3)(p14 : q21), with an early-onset developmental condition, characterized by impulsive behavior and intellectual deficit. The inversion breakpoints lie within DOCK3 and SLC9A9 at the p-arm and q-arm, respectively. Based on this report, these genes were selected to be evaluated in a family-based attention-deficit/hyperactivity disorder (AD/HD) association study.

METHODS: 

Conners' Parent (CPRS) and Teacher (CTRS) Rating Scales of AD/HD symptoms and Conners' Continuous Performance Test (CPT) measures were collected and a minimal number of tagging single-nucleotide polymorphisms (SNPs) in each gene were selected for analysis. Analyses were performed on families who met research criteria for AD/HD. Using the program, QTDT, each tagging SNP was tested for association with T-scores from the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) subscales according to the CTRS and CPRS, and five CPT measures.

RESULTS: 

After adjusting for multiple testing, a SNP in the 3' UTR of SLC9A9, rs1046706, remained significantly associated (false discovery rate, q value <0.05) with scores on the DSM-IV hyperactive-impulsive and total symptom subscales according to the CTRS and errors of commission on the CPT. In addition, an intronic SLC9A9 SNP, rs2360867, remained significantly associated with errors of commission.

CONCLUSION: 

Our results suggest that SLC9A9 may be related to hyperactive-impulsive symptoms in AD/HD and the disruption of SLC9A9 may be responsible for the behavioral phenotype observed in the inversion family. The association with SLC9A9 is particularly interesting as it was recently implicated in a genome-wide association study for AD/HD. Further investigation of the role of SLC9A9 in AD/HD and other behavioral disorders is warranted.

NR_003338

Homo sapiens small nucleolar RNA, C/D box 116-24 (SNORD116-24), small nucleolar RNA.

     


See above
NM_000426 

Homo sapiens laminin, alpha 2 (LAMA2), transcript variant 1, mRNA.
Nat Genet. 1995 Oct;11(2):216-8.

Mutations in the laminin alpha 2-chain gene (LAMA2) cause merosin-deficient congenital muscular dystrophy.

Helbling-Leclerc A, Zhang X, Topaloglu H, Cruaud C, Tesson F, Weissenbach J, Tomé FM, Schwartz K, Fardeau M, Tryggvason K, et al.

Congenital muscular dystrophies (CMDs), are heterogeneous autosomal recessive disorders. Their severe manifestations consist of early hypotonia and weakness, markedly delayed motor milestones and contractures, often associated with joint deformities. Histological changes seen in muscle biopsies consist of large variations in muscle fibre size, a few necrotic and regenerating fibres and a marked increase in endomysial collagen tissue. Diagnosis is based on clinical features and on morphological changes. In several CMD cases, we have demonstrated an absence of one of the components of the extracellular matrix around muscle fibres, the merosin M chain, now referred to as the alpha 2 chain of laminin-2 (ref.3). We localized this CMD locus to chromosome 6q2 by homozygosity mapping and linkage analysis. The laminin alpha 2 chain gene (LAMA2) maps to the same region on chromosome 6q22-23 (ref. 5). We therefore investigated LAMA2 for the presence of disease-causing mutations in laminin alpha 2 chain-deficient CMD families and now report splice site and nonsense mutations in two families leading presumably to a truncated laminin alpha 2 protein.

Biosci Rep. 2011 Apr;31(2):125-35.

Mutations in LAMA2 and CAPN3 genes associated with genetic and phenotypic heterogeneities within a single consanguineous family involving both congenital and progressive muscular dystrophies.

Hadj Salem I, Kamoun F, Louhichi N, Rouis S, Mziou M, Fendri-Kriaa N, Makni-Ayadi F, Triki C, Fakhfakh F.
LGMD (limb-girdle muscular dystrophy) and CMD (congenital muscular dystrophy) are two common forms of neuromuscular disorders which are distinguishable by their age of onset but with probably a similar underlying pathway. In the present study, we report immunohistochemical, Western-blot and genetic analyses in a large consanguineous Tunisian family with two branches, including seven patients sharing similar LGMD2 phenotype in one branch and one CMD patient in the other branch. Linkage analyses were compatible with the LGMD2A locus in one branch and the MDC1A (muscular dystrophy congenital type 1A) locus in the other branch. This result was supported by deficiency in merosin and calpain3 in the CMD patient and LGMD patients respectively. Mutation analysis revealed two distinct mutations: a c.8005delT frameshift deletion in exon 56 of the LAMA2 (laminin-α2) gene (MDC1A) was found in the CMD patient and a new homozygous mutation c.1536+1G>T in the donor splice site of intron 12 of the CAPN3 (calpain3) gene (LGMD2A) was found in the LGMD patients. RT-PCR (reverse transcription-PCR) performed on total RNA from a LGMD2A patient's muscle biopsy showed complete retention of intron 12 in CAPN3 cDNA, generating a PTC (premature termination codon) that potentially elicits degradation of the nonsense mRNA by NMD (nonsense-mediated mRNA decay). Our results indicate that mRNA analysis is necessary to clarify the primary effect of genomic mutations on splicing efficiency that alters mRNA processing and expression level.

NM_152493  

Homo sapiens zinc finger protein 362 (ZNF362), mRNA.


No function found

NM_031303 

Homo sapiens katanin p60 subunit A-like 2 (KATNAL2), mRNA.
J Neurosci Res. 2007 Sep;85(12):2778-82.

Spastin and microtubules: Functions in health and disease.

Salinas S, Carazo-Salas RE, Proukakis C, Schiavo G, Warner TT.

SPG4, the gene encoding for spastin, a member of the ATPases associated with various cellular activities (AAA) family, is mutated in around 40% of cases of autosomal dominant hereditary spastic paraplegia (AD-HSP). This group of neurodegenerative diseases is characterized by a progressive spasticity and lower limb weakness with degeneration of terminal axons in cortico-spinal tracts and dorsal columns. Spastin has two main domains, a microtubule interacting and endosomal trafficking (MIT) domain at the N-terminus and the C-terminus AAA domain. Early studies suggested that spastin interacts with microtubules similarly to katanin, a member of the same subgroup of AAA. Recent evidence confirmed that spastin possesses microtubule-severing activity but can also bundle microtubules in vitro. Understanding the physiologic and pathologic involvement of these activities and their regulation is critical in the study of HSP.

Cell Mol Life Sci. 2010 Jul;67(13):2195-213. Epub 2010 Mar 26.

The elegans of spindle assembly.

Müller-Reichert T, Greenan G, O'Toole E, Srayko M.

The Caenorhabditis elegans one-cell embryo is a powerful system in which to study microtubule organization because this large cell assembles both meiotic and mitotic spindles within the same cytoplasm over the course of 1 h in a stereotypical manner. The fertilized oocyte assembles two consecutive acentrosomal meiotic spindles that function to reduce the replicated maternal diploid set of chromosomes to a single-copy haploid set. The resulting maternal DNA then unites with the paternal DNA to form a zygotic diploid complement, around which a centrosome-based mitotic spindle forms. The early C. elegans embryo is amenable to live-cell imaging and electron tomography, permitting a detailed structural comparison of the meiotic and mitotic modes of spindle assembly.

NM_207015

Homo sapiens N-acetylated alpha-linked acidic dipeptidase-like 2 (NAALADL2), mRNA.

PLoS Genet. 2009 Jan;5(1):e1000319. Epub 2009 Jan 9.

A genome-wide association study identifies novel and functionally related susceptibility Loci for Kawasaki disease.

Burgner D, Davila S, Breunis WB, Ng SB, Li Y, Bonnard C, Ling L, Wright VJ, Thalamuthu A, Odam M, Shimizu C, Burns JC, Levin M, Kuijpers TW, Hibberd ML; International Kawasaki Disease Genetics Consortium.

Collaborators (43)
Burgner D, Odam M, Christiansen F, Goldwater P, Curtis N, Palasanthiran P, Ziegler J, Nissan M, Breunis WB, Kuijpers TW, Kuipers IM, Ottenkamp JJ, Geissler J, Biezeveld M, Filippini L, Davila S, Ng SB, Li Y, Bonnard C, Ling L, Hibberd ML, Levin M, Wright VJ, Brogan P, Klein N, Shah V, Dillon M, Booy R, Shingadia D, Bose A, Mukasa T, Tulloh R, Michie C, Shimizu C, Shike H, Burns JC, Nievergelt CM, Schork NJ, Newburger JW, Baker AL, Sundel RP, Rowley AH, Shulman ST.

Kawasaki disease (KD) is a pediatric vasculitis that damages the coronary arteries in 25% of untreated and approximately 5% of treated children. Epidemiologic data suggest that KD is triggered by unidentified infection(s) in genetically susceptible children. To investigate genetic determinants of KD susceptibility, we performed a genome-wide association study (GWAS) in 119 Caucasian KD cases and 135 matched controls with stringent correction for possible admixture, followed by replication in an independent cohort and subsequent fine-mapping, for a total of 893 KD cases plus population and family controls. Significant associations of 40 SNPs and six haplotypes, identifying 31 genes, were replicated in an independent cohort of 583 predominantly Caucasian KD families, with NAALADL2 (rs17531088, p(combined) = 1.13 x 10(-6)) and ZFHX3 (rs7199343, p(combined) = 2.37 x 10(-6)) most significantly associated. Sixteen associated variants with a minor allele frequency of >0.05 that lay within or close to known genes were fine-mapped with HapMap tagging SNPs in 781 KD cases, including 590 from the discovery and replication stages. Original or tagging SNPs in eight of these genes replicated the original findings, with seven genes having further significant markers in adjacent regions. In four genes (ZFHX3, NAALADL2, PPP1R14C, and TCP1), the neighboring markers were more significantly associated than the originally associated variants. Investigation of functional relationships between the eight fine-mapped genes using Ingenuity Pathway Analysis identified a single functional network (p = 10(-13)) containing five fine-mapped genes-LNX1, CAMK2D, ZFHX3, CSMD1, and TCP1-with functional relationships potentially related to inflammation, apoptosis, and cardiovascular pathology. Pair-wise blood transcript levels were measured during acute and convalescent KD for all fine-mapped genes, revealing a consistent trend of significantly reduced transcript levels prior to treatment. This is one of the first GWAS in an infectious disease. We have identified novel, plausible, and functionally related variants associated with KD susceptibility that may also be relevant to other cardiovascular diseases.

NM_030641 

Homo sapiens apolipoprotein L, 6 (APOL6), mRNA.
Genomics. 2001 May 15;74(1):71-8.

The human apolipoprotein L gene cluster: identification, classification, and sites of distribution.

Page NM, Butlin DJ, Lomthaisong K, Lowry PJ.

We report the cloning of a new gene family encoding six apolipoprotein L (apoL-I to -VI) proteins. The genes were identified as a cluster spanning a region of 619 kb on chromosome 22. Each apoL was found to share significant identity in its predicted amphipathic alpha helices while phylogenetic tree mapping showed the genes to be evolutionarily conserved. Tissue distribution by semiquantitative PCR revealed expression in all tissues, but consistently higher levels in the placenta were observed, except for apoL-V, which had a restricted expression. A comparison of tissue distribution with apoA-I, the major structural component of high-density lipoprotein, suggests that the apoL proteins may play a general and fundamental role in lipid biochemistry. In situ hybridization for expression of apoL-I in the placenta revealed expression throughout this tissue. The pathological expression of the apolipoproteins during pregnancy is implicated in fetal growth retardation, preeclampsia, and the onset of adult atherosclerosis.

Mol Cancer Res. 2005 Jan;3(1):21-31.

Apolipoprotein l6, a novel proapoptotic Bcl-2 homology 3-only protein, induces mitochondria-mediated apoptosis in cancer cells.

Liu Z, Lu H, Jiang Z, Pastuszyn A, Hu CA.

Cancer cells frequently possess defects in the genetic and biochemical pathways of apoptosis. Members of the Bcl-2 family play pivotal roles in regulating apoptosis and possess at least one of four Bcl-2 homology (BH) domains, designated BH1 to BH4. The BH3 domain is the only one conserved in proapoptotic BH3-only proteins and plays an important role in protein-protein interactions in apoptosis by regulating homodimerization and heterodimerization of the Bcl-2 family members. To date, 10 BH3-only proapoptotic proteins have been identified and characterized in the human genome. The completion of the Human Genome Project and the availability of various public databases and sequence analysis algorithms allowed us to use the bioinformatic database-mining approach to identify one novel BH3-only protein, apolipoprotein L6 (ApoL6). The full-length cDNA of ApoL6 was identified, cloned, and functionally expressed in p53-null colorectal cancer cells (DLD-1). We found that overexpression of wild-type ApoL6 induced mitochondria-mediated apoptosis in DLD-1 cells characterized by release of cytochrome c and Smac/DIABLO from mitochondria and activation of caspase-9, whereas ApoL6 BH3 domain deletion allele did not. In addition, overexpression of ApoL6 also induced activation of caspase-8. Furthermore, we showed that adenovirus harboring the full-length cDNA of ApoL6 induced marked apoptosis in a variety of cancer cell types, and ApoL6 recruited and interacted with lipid/fatty acid components during the induction of apoptosis. To our knowledge, this is the first example that intracellular overproduction of an apolipoprotein induces marked apoptosis.

NM_005560

Homo sapiens laminin, alpha 5 (LAMA5), mRNA.
BMC Dev Biol. 2010 Nov 10;10:112.

Laminin-511 and integrin beta-1 in hair follicle development and basal cell carcinoma formation.

DeRouen MC, Zhen H, Tan SH, Williams S, Marinkovich MP, Oro AE.

BACKGROUND: 

Initiation of the hair follicle placode and its subsequent growth, maturation and cycling in post-natal skin requires signaling interactions between epithelial cells and adjacent dermal cells and involves Shh signaling via the primary cilium. Previous reports have implicated laminins in hair follicle epithelial invagination.

RESULTS: 

Here we use a human BCC model system and mouse mutants to re-evaluate the role of laminin-511 in epithelial invagination in the skin. Blocking laminin 511 and 332 in BCCs maintains primary cilia and Shh signalling, but prevents invagination. Similarly, in laminin-511 and dermal beta-1 integrin mutants, dermal papilla development and primary cilia formation are normal. Dermal beta-1 integrin mutants have normal hair follicle development.

CONCLUSIONS: 

Our data provides support for a primary role of laminin-511 promoting hair follicle epithelial downgrowth without affecting dermal primary cilia and Shh target gene induction.

J Cell Sci. 1998 Jul 30;111 ( Pt 14):1993-2004.

Human colonic cancer cells synthesize and adhere to laminin-5. Their adhesion to laminin-5 involves multiple receptors among which is integrin alpha2beta1.

Orian-Rousseau V, Aberdam D, Rousselle P, Messent A, Gavrilovic J, Meneguzzi G, Kedinger M, Simon-Assmann P.

In the mature gut, laminin-5 is expressed at the basal aspect of the differentiating epithelial cells. In vitro, we show that three more or less differentiated human colonic cancer HT29 cell lines produce and deposit laminin-5; they predominantly synthesize and secrete the 440 kDa form of laminin-5 that comprises the unprocessed 155 kDa gamma2 chain, as determined by immunoprecipitation analysis. In contrast, the highly differentiated colon carcinoma Caco-2 cells produce almost no laminin-5. Using anti-integrin antibodies, we show that adhesion of the two colonic cancer cell lines to laminin-5 is mediated by multiple integrin receptors including those for alpha3beta1, alpha6beta1 and alpha6beta4 integrins like in other cell types. In addition, the implication of integrin alpha2beta1 in this adhesion process is demonstrated for the first time. This has been shown by cell adhesion inhibition experiments, solid phase assays and confocal analysis. Together with previous in situ observations, these data provide a baseline knowledge for the understanding of the regulation of laminin-5 in normal and pathological intestine.

NM_004065

Homo sapiens cerebellar degeneration-related protein 1, 34kDa (CDR1), mRNA.

Proc Natl Acad Sci U S A. 1987 Jul;84(13):4552-6.

Cloning of a brain protein identified by autoantibodies from a patient with paraneoplastic cerebellar degeneration.

Dropcho EJ, Chen YT, Posner JB, Old LJ.
Autoantibodies directed against neuronal proteins have been identified in some patients with paraneoplastic cerebellar degeneration. To identify the molecular targets for these autoantibodies, we constructed a lambda gt11 cDNA expression library from human cerebellum and screened the library with IgG from a patient with paraneoplastic cerebellar degeneration. A single clone, pCDR2, produced a fusion protein that reacted strongly with the patient's IgG. The isolated pCDR2 clone was used to identify six overlapping cDNA clones. Sequencing of the pCDR clones revealed a distinctive pattern consisting of a unit of 18 nucleotides (6 amino acids) repeated in tandem along the entire cDNA sequence. This sequence is unlike any previously described eukaryotic gene. Southern blot analysis was consistent with single-copy representation of the CDR (cerebellar degeneration-related) gene in the human and mouse genome. RNA blotting studies with normal tissues showed expression of the CDR gene to be largely restricted to brain. Expression of the CDR message was also noted in cell lines derived from cancers of neuroectodermal, kidney, and lung origin.

Proc Natl Acad Sci U S A. 1990 Apr;87(8):3077-81.

Cerebellar degeneration-related antigen: a highly conserved neuroectodermal marker mapped to chromosomes X in human and mouse.

Chen YT, Rettig WJ, Yenamandra AK, Kozak CA, Chaganti RS, Posner JB, Old LJ.

Cerebellar degeneration-related antigen (designated CDR34) was previously cloned by antibody screening of a cDNA library and was shown to be one of the target molecules recognized by autoantibodies in patients with paraneoplastic cerebellar degeneration. This molecule is distinctive in that it contains a tandem hexapeptide repetitive structure, presumably the basis for its high immunogenicity. In this study, we cloned the human CDR34 gene and proved that the entire repetitive sequence is encoded by a single exon without introns. We also showed that the nucleotide repeats are preserved only in the protein-coding sequences, suggesting evolutionary constraint in this region of the gene. Corresponding mouse cDNA clones were also isolated, which encoded a larger molecule with very similar hexapeptide repeating units. Comparison of the human and mouse repeats revealed a highly conserved Glu-Asp core in each unit, implicating the functional significance of this motif. Chromosomal mapping by somatic cell hybrid analysis mapped CDR34 to both human and mouse chromosomes X, and in situ hybridization further assigned CDR34 to human Xq24-q27.

NM_012098

Homo sapiens angiopoietin-like 2 (ANGPTL2), mRNA.
Cancer Res. 2008 Jul 1;68(13):5067-75.

Frequent inactivation of a putative tumor suppressor, angiopoietin-like protein 2, in ovarian cancer.

Kikuchi R, Tsuda H, Kozaki K, Kanai Y, Kasamatsu T, Sengoku K, Hirohashi S, Inazawa J, Imoto I.

Angiopoietin-like protein 2 (ANGPTL2) is a secreted protein belonging to the angiopoietin family, the members of which are implicated in various biological processes, although its receptor remains unknown. We identified a homozygous loss of ANGPTL2 (9q33.3) in the course of screening a panel of ovarian cancer (OC) cell lines for genomic copy-number aberrations using in-house array-based comparative genomic hybridization. ANGPTL2 mRNA expression was observed in normal ovarian tissue and immortalized normal ovarian epithelial cells, but was reduced in some OC lines without its homozygous deletion (18 of 23 lines) and restored after treatment with 5-aza 2'-deoxycytidine. The methylation status of sequences around the ANGPTL2 CpG-island with clear promoter activity inversely correlated with expression. ANGPTL2 methylation was frequently observed in primary OC tissues as well. In an immunohistochemical analysis of primary OCs, ANGPTL2 expression was frequently reduced (51 of 100 cases), and inversely correlated with methylation status. Patients with OC showing reduced ANGPTL2 immunoreactivity had significantly worse survival in the earlier stages (stages I and II), but better survival in advanced stages (stages III and IV). The restoration of ANGPTL2 expression or treatment with conditioned medium containing ANGPTL2 inhibited the growth of OC cells originally lacking the expression of this gene, whereas the knockdown of endogenous ANGPTL2 accelerated the growth of OC cells with the expression of ANGPTL2. These results suggest that, at least partly, epigenetic silencing by hypermethylation of the ANGPTL2 promoter leads to a loss of ANGPTL2 function, which may be a factor in the carcinogenesis of OC in a stage-dependent manner.

NM_017644

Homo sapiens kelch-like 24 (Drosophila) (KLHL24), mRNA.
Mol Cell Neurosci. 2007 Apr;34(4):539-50. Epub 2007 Jan 24.

KRIP6: a novel BTB/kelch protein regulating function of kainate receptors.

Laezza F, Wilding TJ, Sequeira S, Coussen F, Zhang XZ, Hill-Robinson R, Mulle C, Huettner JE, Craig AM.

Whereas many interacting proteins have been identified for AMPA and NMDA glutamate receptors, fewer are known to directly bind and regulate function of kainate receptors. Using a yeast two-hybrid screen for interacting partners of the C-terminal domain of GluR6a, we identified a novel neuronal protein of the BTB/kelch family, KRIP6. KRIP6 binds to the GluR6a C-terminal domain at a site distinct from the PDZ-binding motif and it co-immunoprecipitates with recombinant and endogenous GluR6. Co-expression of KRIP6 alters GluR6 mediated currents in a heterologous expression system reducing peak current amplitude and steady-state desensitization, without affecting surface levels of GluR6. Endogenous KRIP6 is widely expressed in brain and overexpression of KRIP6 reduces endogenous kainate receptor-mediated responses evoked in hippocampal neurons. Taken together, these results suggest that KRIP6 can directly regulate native kainate receptors and provide the first evidence for a BTB/kelch protein in direct functional regulation of a mammalian glutamate receptor.

Cell. 2009 Jul 23;138(2):389-403. Epub 2009 Jul 16.

Defining the human deubiquitinating enzyme interaction landscape.

Sowa ME, Bennett EJ, Gygi SP, Harper JW.

Deubiquitinating enzymes (Dubs) function to remove covalently attached ubiquitin from proteins, thereby controlling substrate activity and/or abundance. For most Dubs, their functions, targets, and regulation are poorly understood. To systematically investigate Dub function, we initiated a global proteomic analysis of Dubs and their associated protein complexes. This was accomplished through the development of a software platform called CompPASS, which uses unbiased metrics to assign confidence measurements to interactions from parallel nonreciprocal proteomic data sets. We identified 774 candidate interacting proteins associated with 75 Dubs. Using Gene Ontology, interactome topology classification, subcellular localization, and functional studies, we link Dubs to diverse processes, including protein turnover, transcription, RNA processing, DNA damage, and endoplasmic reticulum-associated degradation. This work provides the first glimpse into the Dub interaction landscape, places previously unstudied Dubs within putative biological pathways, and identifies previously unknown interactions and protein complexes involved in this increasingly important arm of the ubiquitin-proteasome pathway.

Comment in

· Cell. 2009 Jul 23;138(2):222-4. 
NM_018940

Homo sapiens protocadherin beta 7 (PCDHB7), mRNA.
Genes Dev. 2000 May 15;14(10):1169-80.

Cadherin superfamily genes: functions, genomic organization, and neurologic diversity.

Yagi T, Takeichi M.
To answer the question of how the highly sophisticated functions of the central nervous system (CNS) are born, we need to gain insight into the molecular mechanisms that generate an enormous number of diversified neurons and their specific interactions. The complex and highly organized neural networks in the CNS ultimately generate brain function, including innate and acquired behavior. Interestingly, the CNS is in part similar to the immune system, both are produced as complex, diversified, and well-organized networks from limited genomic information. The immune system promotes the recognition of the enormous battery of foreign antigens through the random diversification of T-cell receptors (TCR) and B-cell receptors (BCR) of the immunoglobulin superfamily by germ line rearrangement and/or somatic mutation. Analogous regulatory processes are not known for the CNS. However, recent studies of the cadherin superfamily have provided valuable insights into the generation of diversified and organized networks in the CNS. 

A large number of cadherin superfamily genes have been identified to date, and most of them seem to be expressed in the CNS. In particular, primary cadherins (classic cadherins) were identified as synaptic components, and roles for them in neuronal circuitry, synaptic junction formation, and synaptic plasticity have been suggested (Suzuki et al. 1997; Tang et al. 1998; Honjo et al. 2000; Manabe et al. 2000; Tanaka et al. 2000). In addition, the expression of a novel cadherin, Arcadlin, was found to be up-regulated during activity-dependent synaptic plasticity (Yamagata et al. 1999). Moreover, a subfamily of the cadherin superfamily, CNR (cadherin-relatedneuronal receptor) proteins bound to tyrosine kinase Fyn, is localized in synaptic membrane (Kohmura et al. 1998). At least three protocadherin gene subfamilies including the CNRs are derived from an unusual genomic organization similar to that ofBCR and TCR gene clusters (Wu and Maniatis 1999;Sugino et al. 2000). These findings have interesting implications regarding the molecular events underlying the establishment of complex and organized networks of neuronal connections in the CNS, which may provide further insight into the processes giving rise to diverged brain functions in various species and individuals, as well as the molecular basis of psychociatic diseases. 

NM_000673 

Homo sapiens alcohol dehydrogenase 7 (class IV), mu or sigma polypeptide (ADH7), transcript variant 2, mRNA.
Cancer. 2010 Jun 15;116(12):2984-92.

A single nucleotide polymorphism in the alcohol dehydrogenase 7 gene (alanine to glycine substitution at amino acid 92) is associated with the risk of squamous cell carcinoma of the head and neck.

Wei S, Liu Z, Zhao H, Niu J, Wang LE, El-Naggar AK, Sturgis EM, Wei Q.

BACKGROUND: 

The authors conducted a hospital-based study of 1110 patients with squamous cell carcinoma of the head and neck (SCCHN) and a control group of 1129 patients to replicate the associations reported by a recent, large European study between 2 potentially functional single nucleotide polymorphisms (SNPs) of the alcohol dehydrogenase (ADH) genes, a substitution in ADH1B at amino acid 48 from arginine to histidine (R48H) (reference SNP number [rs]1229984; guanine to adenine [G-->A]) and a substitution in ADH7 at amino acid 92 from alanine to glycine (A92G) (rs1573496; cytosine to guanine [C-->G]), and the risk of squamous cell carcinoma of the head and neck (SCCHN).

METHODS: 

Multivariate logistic regression was used to calculate adjusted odds ratios (ORs) and 95% confidence intervals (CIs). False-positive report probabilities (FPRPs) also were calculated for significant findings.

RESULTS: 

The ADH7 A92G GG and combined CG + GG genotypes were associated with a decreased risk of SCCHN (GG: adjusted OR, 0.32; 95% CI, 0.13-0.82; CG + GG: adjusted OR, 0.74; 95% CI, 0.59-0.94; FPRP, .098) compared with the CC genotype. This association was also evident in subgroups of older patients (aged >57 years), men, former smokers, patients with oral cancer, and patients with N) lymph node status (P < .05 for all); however, such associations were not observed for the ADH1B R48H SNP.

CONCLUSIONS: 

The current results support the ADH7 A92G SNP as a marker for the risk of SCCHN in non-Hispanic white populations.

NM_012257 

Homo sapiens HMG-box transcription factor 1 (HBP1), mRNA.
Cancer Res. 2007 Jul 1;67(13):6136-45.

Alterations of the HBP1 transcriptional repressor are associated with invasive breast cancer.

Paulson KE, Rieger-Christ K, McDevitt MA, Kuperwasser C, Kim J, Unanue VE, Zhang X, Hu M, Ruthazer R, Berasi SP, Huang CY, Giri D, Kaufman S, Dugan JM, Blum J, Netto G, Wazer DE, Summerhayes IC, Yee AS.

Invasive breast cancer has a high risk of recurrence to incurable disease and needs improved prognostic and therapeutic tools. Our work combines clinical and molecular analyses to show that the transcriptional repressor HBP1 may be a new target for invasive breast cancer. Previous work indicated that HBP1 regulated proliferation and senescence and inhibited Wnt signaling. Two of these functions have been associated with invasive breast cancer. In 76 breast tumors, we identified 10 HBP1 mutations/variants that were associated with fully invasive breast cancer. In a separate analysis, we found that a subset of invasive breast cancer specimens also had reduced HBP1 mRNA levels. These clinical correlations suggested that mutation or reduction of HBP1 occurs in invasive breast cancer and that HBP1 might regulate the proliferation and invasiveness of this breast cancer type. Analysis of the HBP1 mutants showed they were functionally defective for suppressing Wnt signaling. To test the consequences of reduced HBP1 levels, we used RNA interference to knock down HBP1 and observed increased Wnt signaling, tumorigenic proliferation, and invasiveness in cell and animal breast cancer models. Lastly, statistical analysis of a breast cancer patient database linked reduced HBP1 expression to breast cancer recurrence. In considering two-gene criteria for relapse potential, reduced expression of HBP1 and SFRP1, which is another Wnt inhibitor that was recently linked to invasive breast cancer, strikingly correlated with recurrence. Together, these data indicate that HBP1 may be a molecularly and clinically relevant regulator of breast cancer transitions that eventually lead to poor prognosis.

J Biol Chem. 2010 Feb 12;285(7):4847-58. Epub 2009 Dec 11.

The tumor suppressor protein HBP1 is a novel c-myc-binding protein that negatively regulates c-myc transcriptional activity.

Escamilla-Powers JR, Daniel CJ, Farrell A, Taylor K, Zhang X, Byers S, Sears R.

c-Myc is an important transcription factor that regulates cellular proliferation, cell growth, and differentiation. A number of transcriptional co-factors for c-Myc have been described that have binding sites within highly conserved regions of the c-Myc transactivational domain (TAD). Given the importance of the c-Myc TAD, we set out to identify new proteins that interact with this region using a yeast two-hybrid assay. HBP1 was identified in our screen as a protein that interacts with full-length c-Myc but not a c-Myc mutant lacking the TAD. HBP1 is a transcriptional repressor and has been shown to negatively regulate the cell cycle. A correlation between HBP1 under-expression and breast cancer relapse has been described, suggesting that HBP1 may be an important tumor suppressor protein. We have found that HBP1 binds c-Myc in cells, and expression of HBP1 inhibits c-Myc transactivational activity at least partly by preventing c-Myc binding to target gene promoters. c-Myc binds to the C terminus of HBP1, a region lost in some breast tumors, and some HBP1 mutants found in breast cancer weakly interact with and/or no longer negatively regulate c-Myc. This work adds to our understanding of c-Myc regulation and mechanisms of tumor suppression by HBP1.

NM_000104  

Homo sapiens cytochrome P450, family 1, subfamily B, polypeptide 1 (CYP1B1), mRNA.
Eur J Cancer Prev. 2011 Mar;20(2):112-20.

Association of CYP1B1 gene polymorphisms with susceptibility to endometrial cancer: a meta-analysis.

Wang F, Zou YF, Sun GP, Su H, Huang F.
The objective of this meta-analysis was to quantitatively summarize the association of CYP1B1 gene polymorphisms and endometrial cancer risk. Data were collected from the following electronic databases: PubMed,Elsevier Science Direct, Chinese Biomedical Literature Database, Chinese National Knowledge Infrastructure and Wanfang, with the last report up to June 2010. Meta-analysis was conducted in a fixed/random effect model. Out of the 715 papers retrieved 12 studies (3605 cases and 5692 controls) on the association of CYP1B1 gene polymorphisms with endometrial cancer risk in different ethnic groups were identified. Meta-analysis was performed for CYP1B1 gene polymorphisms: R48G (C/G, five studies), L432V (C/G, 12 studies), N453S (A/G, four studies), and A119S (G/T, five studies). We did not detect any association of CYP1B1 gene A119S polymorphism with endometrial cancer. An association of CYP1B1 gene R48G polymorphism with endometrial cancer was found [GG vs. GC+CC: odds ratio (OR)=0.55, 95% confidence interval (CI): 0.42-0.73, P<0.0001; GG vs. CC: OR=0.46, 95% CI: 0.23-0.91, P=0.03]. We found that CYP1B1 gene L432V polymorphism was associated with a significantly increased risk of endometrial cancer (G vs. C: OR=1.23, 95% CI: 1.06-1.43, P=0.007; GC+GG vs. CC:OR=1.24, 95% CI: 1.08-1.43, P=0.003; GC vs. CC: OR=1.16, 95% CI: 1.04-1.29, P=0.009). Moreover, we detected the association of CYP1B1 gene N453S polymorphism with endometrial cancer (G vs. A: OR=0.82,95% CI: 0.72-0.94, P=0.005; GA vs. AA: OR=0.81, 95% CI: 0.69-0.95, P=0.01). In conclusion, this meta-analysis provides strong evidence that CYP1B1 gene R48G, L432V, and N453S polymorphisms are associated with endometrial cancer risk, but not A119S.

Carcinogenesis. 2011 Feb;32(2):203-9. Epub 2010 Nov 16.

Genetic variation in the bioactivation pathway for polycyclic hydrocarbons and heterocyclic amines in relation to risk of colorectal neoplasia.

Wang H, Yamamoto JF, Caberto C, Saltzman B, Decker R, Vogt TM, Yokochi L, Chanock S, Wilkens LR, Le Marchand L.

Animal work implicates chemical carcinogens, such as polycyclic aromatic hydrocarbons (PAHs) and heterocyclic aromatic amines (HAAs) as contributing to the development of colorectal cancer (CRC). The epidemiologic evidence, however, remains inconsistent possibly due to intra-individual variation in bioactivation of these compounds. We conducted a case-control study of colorectal adenoma (914 cases, 1185 controls) and CRC (496 cases, 607 controls) among Japanese Americans, European Americans and Native Hawaiians to investigate the association of genetic variation in the PAH and HAA bioactivation pathway (CYP1A1, CYP1A2, CYP1B1, AHR and ARNT) identified through sequencing with risk of colorectal neoplasia, as well as their interactions with smoking and intakes of red meat and HAAs. The A allele for ARNT rs12410394 was significantly inversely associated with CRC [odds ratios (ORs) and 95% confidence intervals (CIs) for GG, AG and AA genotypes: 1.00, 0.66 (0.48-0.89), 0.54 (0.37-0.78), P(trend) = 0.0008] after multiple comparison adjustment. CYP1A2 rs11072508 was marginally significantly associated with CRC, where each copy of the T allele was associated with reduced risk (OR: 0.72, 95% CI: 0.58-0.88, P(trend) = 0.0017). No heterogeneity of genetic effects across racial/ethnic groups was detected. In addition, no significant interaction was observed after adjusting for multiple testing between genetic variants and pack-years of smoking, intake of red meat or HAAs (PhIP, MeIQx, Di-MeIQx or total HAAs) or NAT2 genotype (Rapid versus Slow or Intermediate). This study suggests that the genomic region around ARNT rs12410394 may harbor variants associated with CRC.

NM_020663 

Homo sapiens ras homolog gene family, member J (RHOJ), mRNA.
Arterioscler Thromb Vasc Biol. 2011 Mar;31(3):657-64. Epub 2010 Dec 9.

RhoJ/TCL regulates endothelial motility and tube formation and modulates actomyosin contractility and focal adhesion numbers.

Kaur S, Leszczynska K, Abraham S, Scarcia M, Hiltbrunner S, Marshall CJ, Mavria G, Bicknell R, Heath VL.

OBJECTIVE: 

RhoJ/TCL was identified by our group as an endothelial-expressed Rho GTPase. The aim of this study was to determine its tissue distribution, subcellular localization, and function in endothelial migration and tube formation.

METHODS AND RESULTS: 

Using in situ hybridization, RhoJ was localized to endothelial cells in a set of normal and cancerous tissues and in the vasculature of mouse embryos; endogenous RhoJ was localized to focal adhesions by immunofluorescence. The proangiogenic factor vascular endothelial growth factor activated RhoJ in endothelial cells. Using either small interfering (si)RNA-mediated knockdown of RhoJ expression or overexpression of constitutively active RhoJ (daRhoJ), RhoJ was found to positively regulate endothelial motility and tubule formation. Downregulating RhoJ expression increased focal adhesions and stress fibers in migrating cells, whereas daRhoJ overexpression resulted in the converse. RhoJ downregulation resulted in increased contraction of a collagen gel and increased phospho-myosin light chain, indicative of increased actomyosin contractility. Pharmacological inhibition of Rho-kinase (which phosphorylates myosin light chain) or nonmuscle myosin II reversed the defective tube formation and migration of RhoJ knockdown cells.

CONCLUSIONS: 

RhoJ is endothelial-expressed in vivo, activated by vascular endothelial growth factor, localizes to focal adhesions, regulates endothelial cell migration and tube formation, and modulates actomyosin contractility and focal adhesion numbers.

NM_019120

Homo sapiens protocadherin beta 8 (PCDHB8), mRNA.
FEBS Lett. 2001 Apr 20;495(1-2):120-5.

The human and murine protocadherin-beta one-exon gene families show high evolutionary conservation, despite the difference in gene number.

Vanhalst K, Kools P, Vanden Eynde E, van Roy F.

Extensive cDNA analysis demonstrated that all human and mouse protocadherin-beta genes are one-exon genes. The protein sequences of these genes are highly conserved, especially the three most membrane-proximal extracellular domains. Phylogenetic analysis suggested that this unique gene family evolved by duplication of one single protocadherin-beta gene to 15 copies. The final difference in the number of protocadherin-beta genes in man (#19) and mouse (#22) is probably caused by duplications later in evolution. The complex relationship between human and mouse genes and the lack of pseudogenes in the mouse protocadherin-beta gene cluster suggest a species-specific evolutionary pressure for maintenance of numerous protocadherin-beta genes.

NM_020794 

Homo sapiens leucine rich repeat containing 7 (LRRC7), mRNA.
J Neurosci. 1996 Nov 1;16(21):6839-52.

Characterization of densin-180, a new brain-specific synaptic protein of the O-sialoglycoprotein family.

Apperson ML, Moon IS, Kennedy MB.
We purified an abundant protein of apparent molecular mass 180 kDa from the postsynaptic density fraction of rat forebrain and obtained amino acid sequences of three tryptic peptides generated from the protein. The sequences were used to design a strategy for cloning the cDNA encoding the protein by polymerase chain reaction. The open reading frame of the cDNA encodes a novel protein of predicted molecular mass 167 kDa. We have named the protein densin-180. Antibodies raised against the predicted amino and carboxyl sequences of densin-180 recognize a 180 kDa band on immunoblots that is enriched in the postsynaptic density fraction. Immunocytochemical localization of densin-180 in dissociated hippocampal neuronal cultures shows that the protein is highly concentrated at synapses along dendrites. The message encoding densin-180 is brain specific and is more abundant in forebrain than in cerebellum. The sequence of densin-180 contains 17 leucine-rich repeats, a sialomucin domain, an apparent transmembrane domain, and a PDZ domain. This arrangement of domains is similar to that of several adhesion molecules, in particular GPIbalpha, which mediates binding of platelets to von Willebrand factor. We propose that densin-180 participates in specific adhesion between presynaptic and postsynaptic membranes at glutamatergic synapses.

NM_019119

Homo sapiens protocadherin beta 9 (PCDHB9), mRNA.


See above
NM_005063

Homo sapiens stearoyl-CoA desaturase (delta-9-desaturase) (SCD), mRNA.
Biochimie. 2011 Jan;93(1):78-86. Epub 2010 Aug 14.

Hormonal and nutritional regulation of SCD1 gene expression.

Mauvoisin D, Mounier C.
Stearoyl-CoA Desaturase 1 (SCD1) is the rate limiting enzyme catalyzing the biosynthesis of monounsaturated fatty acids preferentially from palmitoyl-CoA and stearoyl-CoA forming respectively palmitoleyl-CoA and oleyl-CoA. These monounsaturated fatty acids are the key components of triglycerides and membrane phospholipids. Studying the regulation of SCD1 is of particular interest since alterations in phospholipids composition have been implicated in a variety of diseases including cancers, diabetes and cardiovascular disorders. Furthermore, oleic acid, the main product of SCD1 reaction, is the predominant fatty acid of human adipose tissue triacylglycerols, associating SCD1 with the development of obesity and the metabolic syndrome. In light of the key role of SCD1 in general metabolism, it is not surprising to observe a very tight and complex regulation of SCD1 gene expression in response to various parameters including hormonal and nutrient factors. In this review we analyze the anatomy and index the transcription factors that have been characterized to bind the SCD1 promoter. Then we present the current knowledge on how hormones regulate SCD1 expression with a particular interest on the role of insulin and leptin. We also describe how nutrients especially polyunsaturated fatty acids and carbohydrates modulate SCD1 gene expression.

Copyright © 2010 Elsevier Masson SAS. All rights reserved.

Immunobiology. 2010 Sep-Oct;215(9-10):748-55. Epub 2010 Jun 4.

Lower SCD expression in dendritic cells compared to macrophages leads to membrane lipids with less mono-unsaturated fatty acids.

Ecker J, Liebisch G, Grandl M, Schmitz G.

Macrophages and dendritic cells originate from a common myeloid precursor. Although several studies compared transcriptional profiles of these cells, not a single study compared their lipid profiles. Therefore, we measured and compared fatty acid (FA) and phospholipid (PL) species composition of granulocyte/macrophage colony-stimulating factor (GM-CSF) plus interleukin 4 (IL-4) and macrophage colony-stimulating factor (M-CSF) differentiated monocytes isolated from healthy volunteers. We found that these two cell types prominently differ in their FA composition. Dendritic cells (DCs) contain lower proportions of C16 and C18 mono-unsaturated FAs, but higher proportions of C20 and C22 poly-unsaturated fatty acids (PUFAs) than phagocytic macrophages. Analysis of PL species profiles revealed that GM-CSF/IL-4 differentiated cells have increased amounts of longer and more desaturated phospatidylethanolamine (PE) and phosphatidylserine (PS) species, but lower amounts of shorter and less desaturated PE and PS species than M-CSF differentiated cells. These cell type specific lipid profiles can be attributed to a differential expression and activity of stearoyl-CoA desaturase (SCD). Taken together, our results show that GM-CSF/IL-4 compared to M-CSF differentiated monocytes have less mono-unsaturated FA and PL species, which are due to lower SCD activity observed in DCs.

ENST00000383686




Nothing found
NM_020223

Homo sapiens family with sequence similarity 20, member C (FAM20C), mRNA.
Am J Hum Genet. 2007 Nov;81(5):906-12. Epub 2007 Sep 14.

Mutations in FAM20C are associated with lethal osteosclerotic bone dysplasia (Raine syndrome), highlighting a crucial molecule in bone development.

Simpson MA, Hsu R, Keir LS, Hao J, Sivapalan G, Ernst LM, Zackai EH, Al-Gazali LI, Hulskamp G, Kingston HM, Prescott TE, Ion A, Patton MA, Murday V, George A, Crosby AH.
The generation and homeostasis of bone tissue throughout development and maturity is controlled by the carefully balanced processes of bone formation and resorption. Disruption of this balance can give rise to a broad range of skeletal pathologies. Lethal osteosclerotic bone dysplasia (or, Raine syndrome) is an autosomal recessive disorder characterized by generalized osteosclerosis with periosteal bone formation and a distinctive facial phenotype. Affected individuals survive only days or weeks. We have identified and defined a chromosome 7 uniparental isodisomy and a 7p telomeric microdeletion in an affected subject. The extent of the deleted region at the 7p telomere was established by genotyping microsatellite markers across the telomeric region. The region is delimited by marker D7S2563 and contains five transcriptional units. Sequence analysis of FAM20C, located within the deleted region, in six additional affected subjects revealed four homozygous mutations and two compound heterozygotes. The identified mutations include four nonsynonymous base changes, all affecting evolutionarily conserved residues, and four splice-site changes that are predicted to have a detrimental effect on splicing. FAM20C is a member of the FAM20 family of secreted proteins, and its mouse orthologue (DMP4) has demonstrated calcium-binding properties; we also show by in situ hybridization its expression profile in mineralizing tissues during development. This study defines the causative role of FAM20C in this lethal osteosclerotic disorder and its crucial role in normal bone development.

NM_006922    

Homo sapiens sodium channel, voltage-gated, type III, alpha subunit (SCN3A), transcript variant 1, mRNA.
Genomics. 2007 Aug;90(2):225-35. Epub 2007 Jun 4.

Characterization of 5' untranslated regions of the voltage-gated sodium channels SCN1A, SCN2A, and SCN3A and identification of cis-conserved noncoding sequences.

Martin MS, Tang B, Ta N, Escayg A.
The human voltage-gated sodium channel gene cluster on chromosome 2q24 contains three paralogs, SCN1A, SCN2A, and SCN3A, which are expressed in the central nervous system. Mutations in SCN1A and SCN2A cause several subtypes of idiopathic epilepsy. Furthermore, many SCN1A mutations are predicted to reduce protein levels, emphasizing the importance of precise sodium channel gene regulation. To investigate the genetic factors that regulate the expression of SCN1A, SCN2A, and SCN3A, we characterized the 5' untranslated region of each gene. We identified multiple noncoding exons and observed brain region differences in the expression levels of noncoding exons. Comparative sequence analysis revealed 33 conserved noncoding sequences (CNSs) between the orthologous mammalian genes and 6 CNSs between the three human paralogs. Seven CNSs corresponded to noncoding exons. Twelve CNSs were evaluated for their ability to alter the transcription of a luciferase reporter gene, and 3 resulted in a modest, but statistically significant change.

J Biol Chem. 2000 Aug 18;275(33):25616-24.

Interactions of the low density lipoprotein receptor gene family with cytosolic adaptor and scaffold proteins suggest diverse biological functions in cellular communication and signal transduction.

Gotthardt M, Trommsdorff M, Nevitt MF, Shelton J, Richardson JA, Stockinger W, Nimpf J, Herz J.
The members of the low density lipoprotein (LDL) receptor gene family bind a broad spectrum of extracellular ligands. Traditionally, they had been regarded as mere cargo receptors that promote the endocytosis and lysosomal delivery of these ligands. However, recent genetic experiments in mice have revealed critical functions for two LDL receptor family members, the very low density lipoprotein receptor and the apoE receptor-2, in the transmission of extracellular signals and the activation of intracellular tyrosine kinases. This process regulates neuronal migration and is crucial for brain development. Signaling through these receptors requires the interaction of their cytoplasmic tails with the intracellular adaptor protein Disabled-1 (DAB1). Here, we identify an extended set of cytoplasmic proteins that might also participate in signal transmission by the LDL receptor gene family. Most of these novel proteins are adaptor or scaffold proteins that contain PID or PDZ domains and function in the regulation of mitogen-activated protein kinases, cell adhesion, vesicle trafficking, or neurotransmission. We show that binding of DAB1 interferes with receptor internalization suggesting a mechanism by which signaling through this class of receptors might be regulated. Taken together, these findings imply much broader physiological functions for the LDL receptor family than had previously been appreciated. They form the basis for the elucidation of the molecular pathways by which cells respond to the diversity of ligands that bind to these multifunctional receptors on the cell surface.

NM_032782

Homo sapiens hepatitis A virus cellular receptor 2 (HAVCR2), mRNA.
Haematologica. 2011 Feb;96(2):323-7. Epub 2010 Nov 3.

Single nucleotide polymorphisms of matrix metalloproteinase 9 (MMP9) and tumor protein 73 (TP73) interact with Epstein-Barr virus in chronic lymphocytic leukemia: results from the European case-control study EpiLymph.

Casabonne D, Reina O, Benavente Y, Becker N, Maynadié M, Foretová L, Cocco P, González-Neira A, Nieters A, Boffetta P, Middeldorp JM, de Sanjose S.
Using EpiLymph case-control data, we found that chronic lymphocytic leukemia patients were more likely to have abnormal reactive serological patterns to Epstein Barr virus than controls. Here, we aimed to assess whether this association is modified by genetic variants. We examined 1,305 Single Nucleotide Polymorphisms from 300 selected genes related to various pathways in 240 cases and 513 controls from five European centers. In a recessive model, patients positive to aberrant antibody pattern and homozygous for rare genotypes in rs8113877T>G or rs17576A>G of the MMP9 gene were at highest risk of chronic lymphocytic leukemia. In a dominant model, TP73 showed the highest risk in patients positive to aberrant antibody pattern and homozygous for the wild-type genotype in rs1885859G>C or rs3765701A>T. All interactions were additive and no main effect was observed. The strong interactions observed may be indicative of a specific pathway in cancer genesis. Confirmation of these results is warranted.

J Exp Med. 2010 Sep 27;207(10):2175-86. Epub 2010 Sep 6.

Upregulation of Tim-3 and PD-1 expression is associated with tumor antigen-specific CD8+ T cell dysfunction in melanoma patients.

Fourcade J, Sun Z, Benallaoua M, Guillaume P, Luescher IF, Sander C, Kirkwood JM, Kuchroo V, Zarour HM.
The paradoxical coexistence of spontaneous tumor antigen-specific immune responses with progressive disease in cancer patients furthers the need to dissect the molecular pathways involved in tumor-induced T cell dysfunction. In patients with advanced melanoma, we have previously shown that the cancer-germline antigen NY-ESO-1 stimulates spontaneous NY-ESO-1-specific CD8(+) T cells that up-regulate PD-1 expression. We also observed that PD-1 regulates NY-ESO-1-specific CD8(+) T cell expansion upon chronic antigen stimulation. In the present study, we show that a fraction of PD-1(+) NY-ESO-1-specific CD8(+) T cells in patients with advanced melanoma up-regulates Tim-3 expression and that Tim-3(+)PD-1(+) NY-ESO-1-specific CD8(+) T cells are more dysfunctional than Tim-3(-)PD-1(+) and Tim-3(-)PD-1(-) NY-ESO-1-specific CD8(+) T cells, producing less IFN-γ, TNF, and IL-2. Tim-3-Tim-3L blockade enhanced cytokine production by NY-ESO-1-specific CD8(+) T cells upon short ex vivo stimulation with cognate peptide, thus enhancing their functional capacity. In addition, Tim-3-Tim-3L blockade enhanced cytokine production and proliferation of NY-ESO-1-specific CD8(+) T cells upon prolonged antigen stimulation and acted in synergy with PD-1-PD-L1 blockade. Collectively, our findings support the use of Tim-3-Tim-3L blockade together with PD-1-PD-L1 blockade to reverse tumor-induced T cell exhaustion/dysfunction in patients with advanced melanoma.

NM_018003

Homo sapiens uveal autoantigen with coiled-coil domains and ankyrin repeats (UACA), transcript variant 1, mRNA.
Gut. 2009 Aug;58(8):1078-83. Epub 2009 Feb 24.

Coeliac disease-associated risk variants in TNFAIP3 and REL implicate altered NF-kappaB signalling.

Trynka G, Zhernakova A, Romanos J, Franke L, Hunt KA, Turner G, Bruinenberg M, Heap GA, Platteel M, Ryan AW, de Kovel C, Holmes GK, Howdle PD, Walters JR, Sanders DS, Mulder CJ, Mearin ML, Verbeek WH, Trimble V, Stevens FM, Kelleher D, Barisani D, Bardella MT, McManus R, van Heel DA, Wijmenga C..

OBJECTIVE: 

Our previous coeliac disease genome-wide association study (GWAS) implicated risk variants in the human leucocyte antigen (HLA) region and eight novel risk regions. To identify more coeliac disease loci, we selected 458 single nucleotide polymorphisms (SNPs) that showed more modest association in the GWAS for genotyping and analysis in four independent cohorts.

DESIGN: 

458 SNPs were assayed in 1682 cases and 3258 controls from three populations (UK, Irish and Dutch). We combined the results with the original GWAS cohort (767 UK cases and 1422 controls); six SNPs showed association with p<1 x 10(-04) and were then genotyped in an independent Italian coeliac cohort (538 cases and 593 controls).

RESULTS: 

We identified two novel coeliac disease risk regions: 6q23.3 (OLIG3-TNFAIP3) and 2p16.1 (REL), both of which reached genome-wide significance in the combined analysis of all 2987 cases and 5273 controls (rs2327832 p = 1.3 x 10(-08), and rs842647 p = 5.2 x 10(-07)). We investigated the expression of these genes in the RNA isolated from biopsies and from whole blood RNA. We did not observe any changes in gene expression, nor in the correlation of genotype with gene expression.

CONCLUSIONS: 

Both TNFAIP3 (A20, at the protein level) and REL are key mediators in the nuclear factor kappa B (NF-kappaB) inflammatory signalling pathway. For the first time, a role for primary heritable variation in this important biological pathway predisposing to coeliac disease has been identified. Currently, the HLA risk factors and the 10 established non-HLA risk factors explain approximately 40% of the heritability of coeliac disease.
NM_002403  

Homo sapiens microfibrillar-associated protein 2 (MFAP2), transcript variant 2, mRNA
J Biol Chem. 2006 Apr 14;281(15):10089-97. Epub 2006 Feb 20.

Microfibrillar proteins MAGP-1 and MAGP-2 induce Notch1 extracellular domain dissociation and receptor activation.

Miyamoto A, Lau R, Hein PW, Shipley JM, Weinmaster G.
Unlike most receptors, Notch serves as both the receiver and direct transducer of signaling events. Activation can be mediated by one of five membrane-bound ligands of either the Delta-like (-1, -2, -4) or Jagged/Serrate (-1, -2) families. Alternatively, dissociation of the Notch heterodimer with consequent activation can also be mediated experimentally by calcium chelators or by mutations that destabilize the Notch1 heterodimer, such as in the human disease T cell acute lymphoblastic leukemia. Here we show that MAGP-2, a protein present on microfibrils, can also interact with the EGF-like repeats of Notch1. Co-expression of MAGP-2 with Notch1 leads to both cell surface release of the Notch1 extracellular domain and subsequent activation of Notch signaling. Moreover, we demonstrate that the C-terminal domain of MAGP-2 is required for binding and activation of Notch1. Based on the high level of homology, we predicted and further showed that MAGP-1 can also bind to Notch1, cause the release of the extracellular domain, and activate signaling. Notch1 extracellular domain release induced by MAGP-2 is dependent on formation of the Notch1 heterodimer by a furin-like cleavage, but does not require the subsequent ADAM metalloprotease cleavage necessary for production of the Notch signaling fragment. Together these results demonstrate for the first time that the microfibrillar proteins MAGP-1 and MAGP-2 can function outside of their role in elastic fibers to activate a cellular signaling pathway.

BC050464  

Homo sapiens chromosome 16 open reading frame 62, mRNA (cDNA clone MGC:54296 IMAGE:6061139), complete cds.


No function found

NM_003829

Homo sapiens multiple PDZ domain protein (MPDZ), mRNA.
FEBS Lett. 2000 Sep 29;482(1-2):54-8.

The direct association of the multiple PDZ domain containing proteins (MUPP-1) with the human c-Kit C-terminus is regulated by tyrosine kinase activity.

Mancini A, Koch A, Stefan M, Niemann H, Tamura T.
We have identified the multiple PDZ domain containing protein (MUPP-1 or MPDZ) as a novel binding partner of the human c-Kit. c-Kit binds specifically to the 10th PDZ domain of MUPP-1 via its C-terminal sequence. Furthermore, a kinase negative-mutant receptor interacted more strongly with MUPP-1 than the wild-type c-Kit. Strikingly, a constitutively activated c-Kit (D816V-Kit) did not bind to MUPP-1, although this oncogenic form retains the PDZ binding motif 'HDDV' at the C-terminal end. Deletion of V967 of c-Kit abolished binding to MUPP-1 and drastically reduced its tyrosine kinase activity, suggesting that the structure of the C-terminal tail of c-Kit influences its enzymatic activity.

NM_144617    

Homo sapiens heat shock protein, alpha-crystallin-related, B6 (HSPB6), mRNA
Eur J Biochem. 2004 Jan;271(2):291-302.

Some properties of human small heat shock protein Hsp20 (HspB6).

Bukach OV, Seit-Nebi AS, Marston SB, Gusev NB.
Human heat shock protein of apparent molecular mass 20 kDa (Hsp20) and its mutant, S16D, mimicking phosphorylation by cyclic nucleotide-dependent protein kinases, were cloned and expressed in Escherichia coli. The proteins were obtained in a homogeneous state without utilization of urea or detergents. On size exclusion chromatography at neutral pH, Hsp20 and its S16D mutant were eluted as symmetrical peaks with an apparent molecular mass of 55-60 kDa. Chemical crosslinking resulted in the formation of dimers with an apparent molecular mass of 42 kDa. At pH 6.0, Hsp20 and its S16D mutant dissociated, and were eluted in the form of two peaks with apparent molecular mass values of 45-50 and 28-30 kDa. At pH 7.0-7.5, the chaperone activity of Hsp20 (measured by its ability to prevent the reduction-induced aggregation of insulin or heat-induced aggregation of yeast alcohol dehydrogenase) was similar to or higher than that of commercial alpha-crystallin. Under these conditions, the S16D mutant of Hsp20 possessed lower chaperone activity than the wild-type protein. At pH 6.0, both alpha-crystallin and Hsp20 interacted with denatured alcohol dehydrogenase; however, alpha-crystallin prevented, whereas Hsp20 either did not affect or promoted, the heat-induced aggregation of alcohol dehydrogenase. The mixing of wild-type human Hsp27 and Hsp20 resulted in a slow, temperature-dependent formation of hetero-oligomeric complexes, with apparent molecular mass values of 100 and 300 kDa, which contained approximately equal amounts of Hsp27 and Hsp20 subunits. Phosphorylation of Hsp27 by mitogen activated protein kinase-activated protein kinase 2 was mimicked by replacing Ser15, 78 and 82 with Asp. A 3D mutant of Hsp27 mixed with Hsp20 rapidly formed a hetero-oligomeric complex with an apparent molecular mass of 100 kDa, containing approximately equal quantities of two small heat shock proteins.

J Surg Res. 2003 May 1;111(1):152-7.

The small heat shock protein (HSP) 20 is dynamically associated with the actin cross-linking protein actinin.

Tessier DJ, Komalavilas P, Panitch A, Joshi L, Brophy CM.

BACKGROUND: 

The heat shock-related protein (HSP) 20 is associated with actin and modulates smooth-muscle relaxation. We hypothesized that HSP20 mediates vasorelaxation via dynamic interactions with cytoskeletal proteins, such as actin, or actin binding proteins, such as alpha-actinin.

METHODS: 

Physiological responses of strips of bovine carotid artery were analyzed with a muscle bath. In other experiments, the arteries were homogenized, and imunoprecipitations were performed. Immunohistochemistry with anti-HSP20 and anti-actinin antibodies was used to determine co-localization of the two proteins.

RESULTS: 

Bovine carotid arteries contracted in response to serotonin and rapidly relaxed in response to forskolin. HSP20 co-immunoprecipitated with both actin and alpha-actinin, but not with HSP27 or paxillin. Immunostaining with HSP20 and alpha-actinin antibodies demonstrated that HSP20 and alpha-actinin co-localized. The amount of HSP20 that immunoprecipitated with alpha -actinin was markedly diminished in muscles that were treated with the vasorelaxant forskolin.

CONCLUSIONS: 

HSP20 is associated with both actin and alpha-actinin. Activation of cyclic nucleotide-dependent signaling pathways leads to increases in the phosphorylation of HSP20 and a decrease in the association of HSP20 with alpha-actinin. These data suggest that phosphorylation of HSP20 may lead to relaxation of vascular smooth muscles through a dynamic association with cytoskeletal elements.

NM_001134382            

Homo sapiens IQ motif and Sec7 domain 1 (IQSEC1), transcript variant 1, mRNA.
Proc Natl Acad Sci U S A. 2006 Jul 11;103(28):10672-7. Epub 2006 Jun 28.

GEP100/BRAG2: activator of ADP-ribosylation factor 6 for regulation of cell adhesion and actin cytoskeleton via E-cadherin and alpha-catenin.

Hiroi T, Someya A, Thompson W, Moss J, Vaughan M.
GEP(100) (p100) was identified as an ADP-ribosylation factor (ARF) guanine nucleotide-exchange protein (GEP) that partially colocalized with ARF6 in the cell periphery. p100 preferentially accelerated guanosine 5[gamma-thio]triphosphate (GTPgammaS) binding by ARF6, which participates in protein trafficking near the plasma membrane, including receptor recycling, cell adhesion, and cell migration. Here we report that yeast two-hybrid screening of a human fetal brain cDNA library using p100 as bait revealed specific interaction with alpha-catenin, which is known as a regulator of adherens junctions and actin cytoskeleton remodeling. Interaction of p100 with alpha-catenin was confirmed by coimmunoprecipitation of the endogenous proteins from human HepG2 or CaSki cells, although colocalization was difficult to demonstrate microscopically. alpha-Catenin enhanced GTPgammaS binding by ARF6 in vitro in the presence of p100. Depletion of p100 by small interfering RNA (siRNA) treatment in HepG2 cells resulted in E-cadherin content 3-fold that in control cells and blocked hepatocyte growth factor-induced redistribution of E-cadherin, consistent with a known role of ARF6 in this process. F-actin was markedly decreased in normal rat kidney (NRK) cells overexpressing wild-type p100, but not its GEP-inactive mutants, also consistent with the conclusion that p100 has an important role in the activation of ARF6 for its functions in both E-cadherin recycling and actin remodeling.

Nat Cell Biol. 2008 Jan;10(1):85-92. Epub 2007 Dec 16.

GEP100 links epidermal growth factor receptor signalling to Arf6 activation to induce breast cancer invasion.

Morishige M, Hashimoto S, Ogawa E, Toda Y, Kotani H, Hirose M, Wei S, Hashimoto A, Yamada A, Yano H, Mazaki Y, Kodama H, Nio Y, Manabe T, Wada H, Kobayashi H, Sabe H.
Epidermal growth factor (EGF) receptor (EGFR) signalling is implicated in tumour invasion and metastasis. However, whether there are EGFR signalling pathways specifically used for tumour invasion still remains elusive. Overexpression of Arf6 and its effector, AMAP1, correlates with and is crucial for the invasive phenotypes of different breast cancer cells. Here we identify the mechanism by which Arf6 is activated to induce tumour invasion. We found that GEP100/BRAG2, a guanine nucleotide exchanging factor (GEF) for Arf6, is responsible for the invasive activity of MDA-MB-231 breast cancer cells, whereas the other ArfGEFs are not. GEP100, through its pleckstrin homology domain, bound directly to Tyr1068/1086-phosphorylated EGFR to activate Arf6. Overexpression of GEP100, together with Arf6, caused non-invasive MCF7 cells to become invasive, which was dependent on EGF stimulation. Moreover, GEP100 knockdown blocked tumour metastasis. GEP100 was expressed in 70% of primary breast ductal carcinomas, and was preferentially co-expressed with EGFR in the malignant cases. Our results indicate that GEP100 links EGFR signalling to Arf6 activation to induce invasive activities of some breast cancer cells, and hence may contribute to their metastasis and malignancy.
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NM_016315

Homo sapiens GULP, engulfment adaptor PTB domain containing 1 (GULP1), mRNA.
J Biol Chem. 2002 Apr 5;277(14):11772-9. Epub 2001 Nov 29.

Interaction of CED-6/GULP, an adapter protein involved in engulfment of apoptotic cells with CED-1 and CD91/low density lipoprotein receptor-related protein (LRP).

Su HP, Nakada-Tsukui K, Tosello-Trampont AC, Li Y, Bu G, Henson PM, Ravichandran KS.
The prompt clearance of cells undergoing apoptosis is critical during embryonic development, normal tissue turnover, as well as inflammation and autoimmunity. The molecular details of the engulfment of apoptotic cells are not fully understood. ced-6 and its human homologue gulp, encode an adapter protein, whose function in engulfment is highly evolutionarily conserved; however, the upstream and downstream components of CED-6 mediated signaling are not known. Recently, ced-1 has been shown to encode a transmembrane protein on phagocytic cells, with two functional sequence motifs in its cytoplasmic tail that are important for engulfment. In this study, using a combination of biochemical approaches and yeast two-hybrid analysis, we present evidence for a physical interaction between GULP/CED-6 and one of the two motifs (NPXY motif) in the cytoplasmic tail of CED-1. The phosphotyrosine binding domain of GULP was necessary and sufficient for this interaction. Since the precise mammalian homologue of CED-1 is not known, we undertook a database search for human proteins that contain the motifs shown to be important for CED-1 function and identified CD91/LRP (low density lipoprotein receptor-related protein) as one candidate. Interestingly, recent studies have also identified CD91/LRP as a receptor involved in the phagocytosis of apoptotic cells in mammals. The GULP phosphotyrosine binding domain was able to specifically interact with one specific NPXY motif in the CD91 cytoplasmic tail. During these studies we have also identified the mouse GULP sequence. These studies suggest a physical link between CED-1 or CD91/LRP and the adapter protein CED-6/GULP during engulfment of apoptotic cells and further elucidate the pathway suggested by the genetic studies.

J Biochem. 2009 Mar;145(3):387-94. Epub 2009 Jan 3.

Signalling pathway involving GULP, MAPK and Rac1 for SR-BI-induced phagocytosis of apoptotic cells.

Osada Y, Sunatani T, Kim IS, Nakanishi Y, Shiratsuchi A.
Class B scavenger receptor type I (SR-BI) is a phosphatidylserine (PS)-recognizing receptor of testicular Sertoli cells responsible for the phagocytosis of spermatogenic cells undergoing apoptosis. Here, we determined signal mediators that compose a signalling pathway for SR-BI-induced phagocytosis. Results of a yeast two-hybrid analysis and a cell-free binding assay indicated that SR-BI binds to engulfment adapter protein (GULP) using the C-terminal intracellular domain. A co-immunoprecipitation analysis showed the existence of a complex of GULP and SR-BI in cells prior to the activation of SR-BI by PS. A reduction of GULP expression in phagocytes decreased the SR-BI-mediated phagocytosis of apoptotic cells. Administration to phagocytes of PS-containing liposomes increased the levels of the GTP-bound form of Rac1 and the phosphorylated forms of mitogen-activated protein kinases (MAPK) p38 and extracellular signal-related kinase 1 and 2. Finally, lowering the expression of GULP abrogated MAPK phosphorylation, and the presence of MAPK inhibitors reduced the level of GTP-bound Rac1 in PS-activated phagocytes. These results collectively suggested the following signalling pathway for the SR-BI-induced phagocytosis: (i) PS-recognizing SR-BI activates associated GULP; (ii) activated GULP induces MAPK phosphorylation; (iii) activated MAPK increases GTP-bound Rac1; and (iv) activated Rac1 induces a rearrangement of the actin cytoskeleton.

NR_003051

Homo sapiens RNA component of mitochondrial RNA processing endoribonuclease (RMRP), RNase MRP RNA.
Mol Biol Rep. 1995-1996;22(2-3):69-73.

RNase MRP and rRNA processing.

Lindahl L, Zengel JM..
RNase MRP is a ribonucleoprotein enzyme with a structure similar to RNase P. It is required for normal processing of precursor rRNA, cleaving it in the Internal Transcribed Spacer 1.

Nature. 2009 Sep 10;461(7261):230-5. Epub 2009 Aug 23.

An RNA-dependent RNA polymerase formed by TERT and the RMRP RNA.

Maida Y, Yasukawa M, Furuuchi M, Lassmann T, Possemato R, Okamoto N, Kasim V, Hayashizaki Y, Hahn WC, Masutomi K.
Constitutive expression of telomerase in human cells prevents the onset of senescence and crisis by maintaining telomere homeostasis. However, accumulating evidence suggests that the human telomerase reverse transcriptase catalytic subunit (TERT) contributes to cell physiology independently of its ability to elongate telomeres. Here we show that TERT interacts with the RNA component of mitochondrial RNA processing endoribonuclease (RMRP), a gene that is mutated in the inherited pleiotropic syndrome cartilage-hair hypoplasia. Human TERT and RMRP form a distinct ribonucleoprotein complex that has RNA-dependent RNA polymerase (RdRP) activity and produces double-stranded RNAs that can be processed into small interfering RNA in a Dicer (also known as DICER1)-dependent manner. These observations identify a mammalian RdRP composed of TERT in complex with RMRP.

Science. 2002 May 17;296(5571):1270-3.

RNA-dependent RNA polymerases, viruses, and RNA silencing.

Ahlquist P.
Most viruses have RNA genomes that are replicated and transcribed into messenger RNA by viral RNA-dependent RNA polymerases (RdRps), usually in concert with other viral and host factors. Many, if not most, eukaryotes also encode putative RdRps that have been implicated in sequence-specific, RNA-triggered gene silencing. Although the viral and cellular RdRps have no sequence homology, they share functional similarities such as copying messenger RNA templates and intercellular spread of the amplified sequences. Better understanding of viral and host RdRps will improve our ability to control viruses and to use RNA silencing and viruses as tools for research, biotechnology, and medicine.
NM_032800

Homo sapiens chromosome 1 open reading frame 198 (C1orf198), transcript variant 1, mRNA.

Nat Biotechnol. 2003 May;21(5):566-9. Epub 2003 Mar 31.

Exploring proteomes and analyzing protein processing by mass spectrometric identification of sorted N-terminal peptides.

Gevaert K, Goethals M, Martens L, Van Damme J, Staes A, Thomas GR, Vandekerckhove J.
Current non-gel techniques for analyzing proteomes rely heavily on mass spectrometric analysis of enzymatically digested protein mixtures. Prior to analysis, a highly complex peptide mixture is either separated on a multidimensional chromatographic system or it is first reduced in complexity by isolating sets of representative peptides. Recently, we developed a peptide isolation procedure based on diagonal electrophoresis and diagonal chromatography. We call it combined fractional diagonal chromatography (COFRADIC). In previous experiments, we used COFRADIC to identify more than 800 Escherichia coli proteins by tandem mass spectrometric (MS/MS) analysis of isolated methionine-containing peptides. Here, we describe a diagonal method to isolate N-terminal peptides. This reduces the complexity of the peptide sample, because each protein has one N terminus and is thus represented by only one peptide. In this new procedure, free amino groups in proteins are first blocked by acetylation and then digested with trypsin. After reverse-phase (RP) chromatographic fractionation of the generated peptide mixture, internal peptides are blocked using 2,4,6-trinitrobenzenesulfonic acid (TNBS); they display a strong hydrophobic shift and therefore segregate from the unaltered N-terminal peptides during a second identical separation step. N-terminal peptides can thereby be specifically collected for further liquid chromatography (LC)-MS/MS analysis. Omitting the acetylation step results in the isolation of non-lysine-containing N-terminal peptides from in vivo blocked proteins.

NM_001621

Homo sapiens aryl hydrocarbon receptor (AHR), mRNA.
Carcinogenesis. 2011 Feb;32(2):203-9. Epub 2010 Nov 16.

Genetic variation in the bioactivation pathway for polycyclic hydrocarbons and heterocyclic amines in relation to risk of colorectal neoplasia.

Wang H, Yamamoto JF, Caberto C, Saltzman B, Decker R, Vogt TM, Yokochi L, Chanock S, Wilkens LR, Le Marchand L.
Animal work implicates chemical carcinogens, such as polycyclic aromatic hydrocarbons (PAHs) and heterocyclic aromatic amines (HAAs) as contributing to the development of colorectal cancer (CRC). The epidemiologic evidence, however, remains inconsistent possibly due to intra-individual variation in bioactivation of these compounds. We conducted a case-control study of colorectal adenoma (914 cases, 1185 controls) and CRC (496 cases, 607 controls) among Japanese Americans, European Americans and Native Hawaiians to investigate the association of genetic variation in the PAH and HAA bioactivation pathway (CYP1A1, CYP1A2, CYP1B1, AHR and ARNT) identified through sequencing with risk of colorectal neoplasia, as well as their interactions with smoking and intakes of red meat and HAAs. The A allele for ARNT rs12410394 was significantly inversely associated with CRC [odds ratios (ORs) and 95% confidence intervals (CIs) for GG, AG and AA genotypes: 1.00, 0.66 (0.48-0.89), 0.54 (0.37-0.78), P(trend) = 0.0008] after multiple comparison adjustment. CYP1A2 rs11072508 was marginally significantly associated with CRC, where each copy of the T allele was associated with reduced risk (OR: 0.72, 95% CI: 0.58-0.88, P(trend) = 0.0017). No heterogeneity of genetic effects across racial/ethnic groups was detected. In addition, no significant interaction was observed after adjusting for multiple testing between genetic variants and pack-years of smoking, intake of red meat or HAAs (PhIP, MeIQx, Di-MeIQx or total HAAs) or NAT2 genotype (Rapid versus Slow or Intermediate). This study suggests that the genomic region around ARNT rs12410394 may harbor variants associated with CRC. 
PLoS One. 2010 Nov 3;5(11):e13831.

Breast cancer stem-like cells are inhibited by a non-toxic aryl hydrocarbon receptor agonist.

Prud'homme GJ, Glinka Y, Toulina A, Ace O, Subramaniam V, Jothy S.
BACKGROUND: 

Cancer stem cells (CSCs) have increased resistance to cancer chemotherapy. They can be enriched as drug-surviving CSCs (D-CSCs) by growth with chemotherapeutic drugs, and/or by sorting of cells expressing CSC markers such as aldehyde dehydrogenase-1 (ALDH). CSCs form colonies in agar, mammospheres in low-adherence cultures, and tumors following xenotransplantation in Scid mice. We hypothesized that tranilast, a non-toxic orally active drug with anti-cancer activities, would inhibit breast CSCs.

METHODOLOGY/FINDINGS: 

We examined breast cancer cell lines or D-CSCs generated by growth of these cells with mitoxantrone. Tranilast inhibited colony formation, mammosphere formation and stem cell marker expression. Mitoxantrone-selected cells were enriched for CSCs expressing stem cell markers ALDH, c-kit, Oct-4, and ABCG2, and efficient at forming mammospheres. Tranilast markedly inhibited mammosphere formation by D-CSCs and dissociated formed mammospheres, at pharmacologically relevant concentrations. It was effective against D-CSCs of both HER-2+ and triple-negative cell lines. Tranilast was also effective in vivo, since it prevented lung metastasis in mice injected i.v. with triple-negative (MDA-MB-231) mitoxantrone-selected cells. The molecular targets of tranilast in cancer have been unknown, but here we demonstrate it is an aryl hydrocarbon receptor (AHR) agonist and this plays a key role. AHR is a transcription factor activated by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), polycyclic aromatic hydrocarbons and other ligands. Tranilast induced translocation of the AHR to the nucleus and stimulated CYP1A1 expression (a marker of AHR activation). It inhibited binding of the AHR to CDK4, which has been linked to cell-cycle arrest. D-CSCs expressed higher levels of the AHR than other cells. Knockdown of the AHR with siRNA, or blockade with an AHR antagonist, entirely abrogated the anti-proliferative and anti-mammosphere activity of tranilast. Thus, the anti-cancer effects of tranilast are AHR dependent.

CONCLUSION/SIGNIFICANCE: 

We show that tranilast is an AHR agonist with inhibitory effects on breast CSCs. It is effective against CSCs of triple-negative breast cancer cells selected for anti-cancer drug resistance. These results suggest it might find applications in the treatment of breast cancer.

NM_031476

Homo sapiens cysteine-rich secretory protein LCCL domain containing 2 (CRISPLD2), mRNA
Birth Defects Res A Clin Mol Teratol. 2010 Nov 15. [Epub ahead of print]

Nonsyndromic cleft lip and palate: CRISPLD genes and the folate gene pathway connection.

Chiquet BT, Henry R, Burt A, Mulliken JB, Stal S, Blanton SH, Hecht JT.

University of Texas Medical School, Houston, Texas.

BACKGROUND: 

Nonsyndromic cleft lip with or without cleft palate (NSCLP) is a common birth defect that has a multifactorial etiology. Despite having substantial genetic liability, <15% of the genetic contribution to NSCLP has been delineated. In our efforts to dissect the genetics of NSCLP, we found that variation in the CRISPLD2 (cysteine-rich secretory protein LCCL domain containing 2) gene is associated with NSCLP and that the protein is expressed in the developing murine craniofacies. In addition, we found suggestive linkage of NSCLP (LOD > 1.0) to the chromosomal region on 8q13.2-21.13 that contains the CRISPLD1 gene. The protein products of both CRISPLD1 and CRISPLD2 contain more cysteine residues than comparably sized proteins. Interestingly, the folic acid pathway produces endogenous cysteines, and variation in genes in this pathway is associated with NSCLP. Based on these observations, we hypothesized that variation in CRISPLD1 contributes to NSCLP and that both CRISPLD genes interact with each other and genes in the folic acid pathway.

METHODS: 

Single nucleotide polymorphisms (SNPs) in CRISPLD1 were genotyped in our non-Hispanic white and Hispanic multiplex and simplex NSCLP families.

RESULTS: 

There was little evidence for a role of variation for CRISPLD1 alone in NSCLP. However, interactions were detected between CRISPLD1/CRISPLD2 SNPs and variation in folate pathway genes. Altered transmission of one CRISPLD1 SNP was detected in the NHW simplex families. Importantly, interactions were detected between SNPs in CRISPLD1 and CRISPLD2 (15 interactions, 0.0031 ≤p < 0.05).

CONCLUSION: 

These novel findings suggest that CRISPLD1 plays a role in NSCLP through the interaction with CRISPLD2 and folate pathway genes. Birth Defects Research (Part A), 2010. © 2010 Wiley-Liss, Inc.

NM_018372

Homo sapiens ligand dependent nuclear receptor interacting factor 1 (LRIF1), transcript variant 1, mRNA.

J Cell Biochem. 2007 Nov 1;102(4):1021-35.

RIF-1, a novel nuclear receptor corepressor that associates with the nuclear matrix.

Li HJ, Haque ZK, Chen A, Mendelsohn M.
The retinoic acid receptors (RARs) are ligand-dependent transcription factors that play critical roles in cell differentiation, embryonic development, and tumor suppression. RAR transcriptional activities are mediated by a growing family of nuclear receptor (NR) coregulators. Here we report the cloning and characterization of a novel protein RIF1 (receptor interacting factor) that interacts with RARalpha in vivo and in vitro. RIF1 encodes a novel 739 amino acid protein that is ubiquitously expressed in a variety of tissues and cell lines. GST-pull down assays show that RIF1 also interacts with a number of other NRs. The interaction domain of RIF1 for RARalpha is located at the C-terminal region of RIF1, between amino acids 512 and 674. RIF1 is localized exclusively in the cell nucleus and specifically to the nuclear matrix. Mutation of the nuclear localization signal abolishes this nuclear localization and causes RIF1 to appear in the cytoplasm. Co-transfection of RIF1 with RAR causes RAR to localize to the nuclear matrix. RIF1 contains a strong transcriptional repression domain that robustly inhibits ligand-dependent transcriptional activation by RARalpha. This domain is located to the distal C-terminal 100 amino acids, distinct from the RARalpha-interaction and nuclear matrix-targeting domains. The transcriptional repression activity of RIF1 is mediated at least in part through direct recruitment of histone deacetylases. This study identifies RIF1 as a novel nuclear matrix transcription repressor, and suggests a potential role of RIF1 that regulates NR transcriptional activity.
NM_015995

Homo sapiens Kruppel-like factor 13 (KLF13), mRNA.

Genomics. 2000 Nov 15;70(1):93-101.

Identification of KLF13 and KLF14 (SP6), novel members of the SP/XKLF transcription factor family.

Scohy S, Gabant P, Van Reeth T, Hertveldt V, Drèze PL, Van Vooren P, Rivière M, Szpirer J, Szpirer C.
Using the sequence of the SP1 zinc-finger DNA-binding domain as a probe to screen a mouse EST database, we identified two novel members of the SP/XKLF transcription factor family, KLF13 and KLF14. The mouse Klf13 cDNA (1310 bp in length) contains a single open reading frame of 288 amino acids with a DNA-binding domain closely related to that of the human RFLAT-1 protein and a putative transactivator N-terminal domain rich in proline and alanine residues. The mouse Klf13 gene seems to be the homologue of the human RFLAT1 gene. The mouse Klf14 sequence is homologous to a human genomic sequence from chromosome 17 that is believed to code for a protein with three zinc fingers at the end of its C-terminal domain. Using reverse transcription-polymerase chain reaction, we showed ubiquitous expression of Klf13 and Klf14 in adult mice. A third member of this family was also identified in a human EST database; this sequence was found to be identical to KLF11 (TIEG2), recently identified by Cook et al. (1998, J. Biol. Chem. 273: 25929-25936). The corresponding mouse cDNA was isolated and sequenced. The three genes were localized in the human and the rat: chromosomes 15 (human KLF13), 17q21.3-q22 (human KLF14; HGMW-approved symbol SP6), and 2p25 (human KLF11) and chromosomes 1q31-q32 (rat Klf13), 10q31-q32.1 (rat Klf14) (SP6), and 6q16-q21 (rat Klf11).

Endocrinology. 2010 Jul;151(7):3396-406. Epub 2010 Apr 21.

Functional differentiation of uterine stromal cells involves cross-regulation between bone morphogenetic protein 2 and Kruppel-like factor (KLF) family members KLF9 and KLF13.

Pabona JM, Zeng Z, Simmen FA, Simmen RC.
The inability of the uterine epithelium to enter a state of receptivity for the embryo to implant is a significant underlying cause of early pregnancy loss. We previously showed that mice null for the progesterone receptor (PGR)-interacting protein Krüppel-like factor (KLF) 9 are subfertile and exhibit reduced uterine progesterone sensitivity. KLF9 expression is high in predecidual stroma, undetectable in decidua, and enhanced in uteri of mice with conditional ablation of bone morphogenetic protein 2 (BMP2). Given the individual importance of KLF9 and BMP2 for implantation success, we hypothesized that the establishment of uterine receptivity involves KLF9 and BMP2 functional cross-regulation. To address this, we used early pregnant wild-type and Klf9 null mice and KLF9 small interfering RNA-transfected human endometrial stromal cells (HESCs) induced to differentiate under standard conditions. Loss of KLF9 in mice and HESCs enhanced BMP2 expression, whereas recombinant BMP2 treatment of HESCs attenuated KLF9 mRNA levels. IGFBP1 and KLF9-related KLF13 expression were positively associated with BMP2 and inversely associated with KLF9. Prolonged, but not short-term, knockdown of KLF9 in HESCs reduced IGFBP1 expression. Mouse uterine Igfbp1 expression was similarly reduced with Klf9 ablation. PGR-A and PGR-B expression were positively associated with KLF9 in predecidual HESCs but not decidualizing HESCs. KLF13 knockdown attenuated BMP2 and PGR-B and abrogated BMP2-mediated inhibition of KLF9 expression. Results support cross-regulation among BMP2, KLF9, and KLF13 to maintain progesterone sensitivity in stromal cells undergoing differentiation and suggest that loss of this regulatory network compromises establishment of uterine receptivity and implantation success.

NM_144969

Homo sapiens zinc finger, DHHC-type containing 15 (ZDHHC15), transcript variant 1, mRNA.
Eur J Hum Genet. 2005 Aug;13(8):970-7.

Loss of ZDHHC15 expression in a woman with a balanced translocation t(X;15)(q13.3;cen) and severe mental retardation.

Mansouri MR, Marklund L, Gustavsson P, Davey E, Carlsson B, Larsson C, White I, Gustavson KH, Dahl N.

X-linked mental retardation (XLMR) affects one in 600 males and is highly heterogeneous. We describe here a 29-year-old woman with severe nonsyndromic mental retardation and a balanced reciprocal translocation between chromosomes X and 15 [46,XX,t(X;15)(q13.3;cen)]. Methylation studies showed a 100% skewed X-inactivation in patient-derived lymphocytes indicating that the normal chromosome X is retained inactive. Physical mapping of the breakpoints localised the Xq13.3 breakpoint to within 3.9 kb of the first exon of the ZDHHC15 gene encoding a zinc-finger and a DHHC domain containing product. Expression analysis revealed that different transcript variants of the gene are expressed in brain. ZDHHC15-specific RT-PCR analysis on lymphocytes from the patient revealed an absence of ZDHHC15 transcript variants, detected in control samples. We suggest that the absence of the ZDHHC15 transcripts in this patient contributes to her phenotype, and that the gene is a strong candidate for nonsyndromic XLMR.

NM_001003940

Homo sapiens Bcl2 modifying factor (BMF), transcript variant 1, mRNA.

Oncogene. 2008 Dec;27 Suppl 1:S41-52.

Bim and Bmf in tissue homeostasis and malignant disease.

Piñon JD, Labi V, Egle A, Villunger A.
Among all BH3-only proteins known to date, most information is available on the biological role and function of Bim (Bcl-2 interacting mediator of cell death)/BOD (Bcl-2 related ovarian death agonist), whereas little is still known about its closest relative, Bcl-2 modifying factor (Bmf). Although Bim has been implicated in the regulation of cell death induction in multiple cell types and tissues in response to a large number of stimuli, including growth factor or cytokine deprivation, calcium flux, ligation of antigen receptors on T and B cells, glucocorticoid or loss of adhesion, Bmf seems to play a more restricted role by supporting Bim in some of these cell death processes. This review aims to highlight similarities between Bim and Bmf function in apoptosis signaling and their role in normal development and disease.

Cell Death Differ. 2010 Nov;17(11):1672-83. Epub 2010 Aug 13.

BH3-only protein Bmf mediates apoptosis upon inhibition of CAP-dependent protein synthesis.

Grespi F, Soratroi C, Krumschnabel G, Sohm B, Ploner C, Geley S, Hengst L, Häcker G, Villunger A.
Tight transcriptional regulation, alternative splicing and/or post-translational modifications of BH3-only proteins fine-tune their proapoptotic function. In this study, we characterize the gene locus of the BH3-only protein Bmf (Bcl-2-modifying factor) and describe the generation of two major isoforms from a common transcript in which initiation of protein synthesis involves leucine-coding CUG. Bmf(CUG) and the originally described isoform, Bmf-short, display comparable binding affinities to prosurvival Bcl-2 family members, localize preferentially to the outer mitochondrial membrane and induce rapid Bcl-2-blockable apoptosis. Notably, endogenous Bmf expression is induced on forms of cell stress known to cause repression of the CAP-dependent translation machinery such as serum deprivation, hypoxia, inhibition of the PI3K/AKT pathway or mTOR, as well as direct pharmacological inhibition of the eukaryotic translation initiation factor eIF-4E. Knock down or deletion of Bmf reduces apoptosis under some of these conditions, demonstrating that Bmf can act as a sentinel for stress-impaired CAP-dependent protein translation machinery.

NM_020808

Homo sapiens signal-induced proliferation-associated 1 like 2 (SIPA1L2), mRNA.
Nat Genet. 2010 Sep;42(9):777-80. Epub 2010 Aug 8.

Association of IFIH1 and other autoimmunity risk alleles with selective IgA deficiency.

Ferreira RC, Pan-Hammarström Q, Graham RR, Gateva V, Fontán G, Lee AT, Ortmann W, Urcelay E, Fernández-Arquero M, Núñez C, Jorgensen G, Ludviksson BR, Koskinen S, Haimila K, Clark HF, Klareskog L, Gregersen PK, Behrens TW, Hammarström L.
To understand the genetic predisposition to selective immunoglobulin A deficiency (IgAD), we performed a genome-wide association study in 430 affected individuals (cases) from Sweden and Iceland and 1,090 ethnically matched controls, and we performed replication studies in two independent European cohorts. In addition to the known association of HLA with IgAD, we identified association with a nonsynonymous variant in IFIH1 (rs1990760G>A, P = 7.3 x 10(-10)) which was previously associated with type 1 diabetes and systemic lupus erythematosus. Variants in CLEC16A, another known autoimmunity locus, showed suggestive evidence for association (rs6498142C>G, P = 1.8 x 10(-7)), and 29 additional loci were identified with P < 5 x 10(-5). A survey in IgAD of 118 validated non-HLA autoimmunity loci indicated a significant enrichment for association with autoimmunity loci as compared to non-autoimmunity loci (P = 9.0 x 10(-4)) or random SNPs across the genome (P < 0.0001). These findings support the hypothesis that autoimmune mechanisms may contribute to the pathogenesis of IgAD.
Viral Immunol. 2010 Feb;23(1):3-15.

Interferon induced with helicase C domain 1 (IFIH1) and virus-induced autoimmunity: a review.

Chistiakov DA.
In addition to genetic factors, environmental triggers, including viruses and other pathogens, are thought to play a major role in the development of autoimmune disease. Recent findings have shown that viral-induced autoimmunity is likely to be genetically determined. In large-scale genetic analyses, an association of interferon induced with helicase C domain 1 (IFIH1) gene variants encoding a viral RNA-sensing helicase with susceptibility to several autoimmune diseases was found. To date, the precise role of IFIH1 in pathogenic mechanisms of viral-induced autoimmunity has yet to be fully elucidated. However, recent reports suggest that IFIH1 may play a role in the etiology of type 1 diabetes. Rare IFIH1 alleles have been shown to be protective against diabetes, and their carriage correlates with lower production of this helicase and its functional disruption. In contrast, upregulation of IFIH1 expression by viruses is associated with more severe disease, and could exacerbate the autoimmune process in susceptible individuals.
NM_005086

Homo sapiens sarcospan (Kras oncogene-associated gene) (SSPN), transcript variant 1, mRNA.
J Biol Chem. 1997 Dec 12;272(50):31221-4.

Sarcospan, the 25-kDa transmembrane component of the dystrophin-glycoprotein complex.

Crosbie RH, Heighway J, Venzke DP, Lee JC, Campbell KP.
The dystrophin-glycoprotein complex is a multisubunit protein complex that spans the sarcolemma and forms a link between the subsarcolemmal cytoskeleton and the extracellular matrix. Primary mutations in the genes encoding the proteins of this complex are associated with several forms of muscular dystrophy. Here we report the cloning and characterization of sarcospan, a unique 25-kDa member of this complex. Topology algorithms predict that sarcospan contains four transmembrane spanning helices with both N- and C-terminal domains located intracellularly. Phylogenetic analysis reveals that sarcospan's arrangement in the membrane as well as its primary sequence are similar to that of the tetraspan superfamily of proteins. Sarcospan co-localizes and co-purifies with the dystrophin-glycoprotein complex, demonstrating that it is an integral component of the complex. We also show that sarcospan expression is dramatically reduced in muscle from patients with Duchenne muscular dystrophy. This suggests that localization of sarcospan to the membrane is dependent on proper dystrophin expression. The gene encoding sarcospan maps to human chromosome 12p11.2, which falls within the genetic locus for congenital fibrosis of the extraocular muscle, an autosomal dominant muscular dystrophy.

NM_017752

Homo sapiens TBC1 domain family, member 8B (with GRAM domain) (TBC1D8B), transcript variant 1, mRNA.
Genes Cells. 2009 Jan;14(1):41-52. Epub 2008 Dec 10.

Identification and characterization of a novel Tre-2/Bub2/Cdc16 (TBC) protein that possesses Rab3A-GAP activity.

Ishibashi K, Kanno E, Itoh T, Fukuda M.

The Tre-2/Bub2/Cdc16 (TBC) domain is a conserved protein motif that consists of approximately 200 amino acids and is thought to function as a specific Rab-GAP domain. Although more than 40 distinct TBC domain-containing proteins have been identified in humans, the GAP activity and specificity of most TBC proteins have never been determined. In this study we developed a novel method of screening for Rab3A-GAP and identified two TBC proteins (FLJ13130 and RN-tre) whose expression in PC12 cells was associated with exclusion of endogenous Rab3A molecules from dense-core vesicles. As expression of RN-tre caused fragmentation of the Golgi, which presumably resulted in the loss of dense-core vesicles themselves, we further characterized FLJ13130 as a candidate Rab3A-GAP. The results showed that expression of FLJ13130, but not of its catalytically inactive R134K mutant, greatly reduced the amount of GTP-Rab3A in living cells and promoted the GTPase activity of Rab3A in vitro. Unexpectedly, however, FLJ13130 also promoted the GTPase activity of Rab22A, Rab27A, and Rab35, but not of Rab2A or Rab6A. Based on these results, we propose that FLJ13130 is a novel type of Rab-GAP that exhibits broad GAP specificity and inactivates several distinct Rab isoforms, including Rab3A, just near the plasma membrane.

Cell Mol Life Sci. 2008 Sep;65(18):2801-13.

Regulation of secretory vesicle traffic by Rab small GTPases.

Fukuda M.

Secretion is a fundamental biological activity of all eukaryotic cells by which they release certain substances in the extracellular space. It is considered a specialized mode of membrane trafficking that is achieved by docking and fusion of secretory vesicles to the plasma membrane (i.e., exocytosis). Secretory vesicle traffic is thought to be regulated by a family of Rab small GTPases, which are regulators of membrane traffic that are common to all eukaryotic cells. Classically, mammalian Rab3 subfamily members were thought to be critical regulators of secretory vesicle exocytosis in neurons and endocrine cells, but recent genetic and proteomic studies indicate that Rab3 is not the sole Rab isoform that regulates secretory vesicle traffic. Rather, additional Rab isoforms, especially Rab27 subfamily members, are required for this process. In this article I review the current literature on the function of Rab isoforms and their effectors in regulated secretory vesicle traffic.

NM_001037163  

Homo sapiens chromosome 7 open reading frame 70 (C7orf70), mRNA.
Genome Res. 2004 Sep;14(9):1711-8.

Sequence comparison of human and mouse genes reveals a homologous block structure in the promoter regions.

Suzuki Y, Yamashita R, Shirota M, Sakakibara Y, Chiba J, Mizushima-Sugano J, Nakai K, Sugano S.

Comparative sequence analysis was carried out for the regions adjacent to experimentally validated transcriptional start sites (TSSs), using 3324 pairs of human and mouse genes. We aligned the upstream putative promoter sequences over the 1-kb proximal regions and found that the sequence conservation could not be further extended at, on average, 510 bp upstream positions of the TSSs. This discontinuous manner of the sequence conservation revealed a "block" structure in about one-third of the putative promoter regions. Consistently, we also observed that G+C content and CpG frequency were significantly different inside and outside the blocks. Within the blocks, the sequence identity was uniformly 65% regardless of their length. About 90% of the previously characterized transcription factor binding sites were located within those blocks. In 46% of the blocks, the 5' ends were bounded by interspersed repetitive elements, some of which may have nucleated the genomic rearrangements. The length of the blocks was shortest in the promoters of genes encoding transcription factors and of genes whose expression patterns are brain specific, which suggests that the evolutional diversifications in the transcriptional modulations should be the most marked in these populations of genes.

NM_002229

Homo sapiens jun B proto-oncogene (JUNB), mRNA.
BMB Rep. 2010 Jan;43(1):57-61.

Over-expression of JunB inhibits mitochondrial stress and cytotoxicity in human lymphoma cells exposed to chronic oxidative stress.

Son YO, Heo JS, Kim TG, Jeon YM, Kim JG, Lee JC.

Activator protein-1 can induce either cell survival or death, which is controlled by opposing effects of different Jun members. It is generally accepted that c-Jun is pro-apoptotic, but that JunD is anti-apoptotic in stress-exposed cells. Additionally, although there are reports suggesting that JunB plays a protective role, its role in stress-induced apoptosis remains unclear. Here, we investigated the role of JunB in H(2)O(2)-induced cell death using cells that over-expressed the protein or were transfected with si-JunB. Inhibition of JunB expression accelerated H(2)O(2)-mediated loss of mitochondrial membrane potential (MMP) and cytotoxicity. Conversely, over-expression of JunB protein led to significant inhibition of the MMP loss and cell death. The increase in JunB expression also attenuated nuclear relocation of apoptosis-inducing factor and mitochondrial Bcl-2 reduction that occurred following H(2)O(2) exposure. These results suggest that JunB can signal survival against oxidant-mediated cell death by suppressing mitochondrial stress. [BMB reports 2010; 43(1): 57-61].

Oncogene. 2001 Apr 30;20(19):2438-52.

Close encounters of many kinds: Fos-Jun interactions that mediate transcription regulatory specificity.

Chinenov Y, Kerppola TK.

Fos and Jun family proteins regulate the expression of a myriad of genes in a variety of tissues and cell types. This functional versatility emerges from their interactions with related bZIP proteins and with structurally unrelated transcription factors. These interactions at composite regulatory elements produce nucleoprotein complexes with high sequence-specificity and regulatory selectivity. Several general principles including binding cooperativity and conformational adaptability have emerged from studies of regulatory complexes containing Fos-Jun family proteins. The structural properties of Fos-Jun family proteins including opposite orientations of heterodimer binding and the ability to bend DNA can contribute to the assembly and functions of such complexes. The cooperative recruitment of transcription factors, coactivators and chromatin remodeling factors to promoter and enhancer regions generates multiprotein transcription regulatory complexes with cell- and stimulus-specific transcriptional activities. The gene-specific architecture of these complexes can mediate the selective control of transcriptional activity.

NM_001020818

Homo sapiens myeloid-associated differentiation marker (MYADM), transcript variant 1, mRNA.

Life Sci. 2007 Jan 9;80(5):420-9. Epub 2006 Oct 14.

Membrane protein hMYADM preferentially expressed in myeloid cells is up-regulated during differentiation of stem cells and myeloid leukemia cells.

Wang Q, Li N, Wang X, Shen J, Hong X, Yu H, Zhang Y, Wan T, Zhang L, Wang J, Cao X.

We report here the molecular cloning and characterization of a novel human gene (hMYADM) derived from a human bone marrow stromal cell (BMSC) cDNA library, which shares high homology with mouse myeloid-associated differentiation marker (MYADM). hMYADM is also closely related to many other eukaryotic proteins, which together form a novel and highly conserved MYADM-like family. hMYADM with 322-residue protein contains eight putative transmembrane segments and confocal microscopic analysis confirmed its membrane localization by using anti-hMYADM monoclonal antibody. hMYADM mRNA was selectively expressed in human monocytes, dendritic cells, promyeloid or monocytic leukemia cell lines, but not in CD4+, CD8+, CD19+ cells, nor in T cell leukemia or lymphocytic leukemia cell lines. hMYADM expression was also found in normal human bone marrow enriched for CD34+ stem cells, and the expression was up-regulated when these cells were induced to differentiate toward myeloid cells. The mRNA expression level of hMYADM significantly increased in acute promyelocytic leukemia HL-60 and chronic myelogenous leukemia K562 cell line after phorbol myristate acetate (PMA)-induced differentiation. Our study suggests that hMYADM is selectively expressed in myeloid cells, and involved in the myeloid differentiation process, indicating that hMYADM may be one useful membrane marker to monitor stem cell differentiation or myeloid leukemia differentiation.

NM_001080504  

Homo sapiens RNA binding motif protein 44 (RBM44), mRNA.
Mol Cell Proteomics. 2008 Mar;7(3):499-508. Epub 2007 Nov 19.

Toward a confocal subcellular atlas of the human proteome.

Barbe L, Lundberg E, Oksvold P, Stenius A, Lewin E, Björling E, Asplund A, Pontén F, Brismar H, Uhlén M, Andersson-Svahn H.

Information on protein localization on the subcellular level is important to map and characterize the proteome and to better understand cellular functions of proteins. Here we report on a pilot study of 466 proteins in three human cell lines aimed to allow large scale confocal microscopy analysis using protein-specific antibodies. Approximately 3000 high resolution images were generated, and more than 80% of the analyzed proteins could be classified in one or multiple subcellular compartment(s). The localizations of the proteins showed, in many cases, good agreement with the Gene Ontology localization prediction model. This is the first large scale antibody-based study to localize proteins into subcellular compartments using antibodies and confocal microscopy. The results suggest that this approach might be a valuable tool in conjunction with predictive models for protein localization.

Genome Res. 2006 Jan;16(1):55-65. Epub 2005 Dec 12.

Diversification of transcriptional modulation: large-scale identification and characterization of putative alternative promoters of human genes.

Kimura K, Wakamatsu A, Suzuki Y, Ota T, Nishikawa T, Yamashita R, Yamamoto J, Sekine M, Tsuritani K, Wakaguri H, Ishii S, Sugiyama T, Saito K, Isono Y, Irie R, Kushida N, Yoneyama T, Otsuka R, Kanda K, Yokoi T, Kondo H, Wagatsuma M, Murakawa K, Ishida S, Ishibashi T, Takahashi-Fujii A, Tanase T, Nagai K, Kikuchi H, Nakai K, Isogai T, Sugano S.

By analyzing 1,780,295 5'-end sequences of human full-length cDNAs derived from 164 kinds of oligo-cap cDNA libraries, we identified 269,774 independent positions of transcriptional start sites (TSSs) for 14,628 human RefSeq genes. These TSSs were clustered into 30,964 clusters that were separated from each other by more than 500 bp and thus are very likely to constitute mutually distinct alternative promoters. To our surprise, at least 7674 (52%) human RefSeq genes were subject to regulation by putative alternative promoters (PAPs). On average, there were 3.1 PAPs per gene, with the composition of one CpG-island-containing promoter per 2.6 CpG-less promoters. In 17% of the PAP-containing loci, tissue-specific use of the PAPs was observed. The richest tissue sources of the tissue-specific PAPs were testis and brain. It was also intriguing that the PAP-containing promoters were enriched in the genes encoding signal transduction-related proteins and were rarer in the genes encoding extracellular proteins, possibly reflecting the varied functional requirement for and the restricted expression of those categories of genes, respectively. The patterns of the first exons were highly diverse as well. On average, there were 7.7 different splicing types of first exons per locus partly produced by the PAPs, suggesting that a wide variety of transcripts can be achieved by this mechanism. Our findings suggest that use of alternate promoters and consequent alternative use of first exons should play a pivotal role in generating the complexity required for the highly elaborated molecular systems in humans.

NM_020911

Homo sapiens plexin A4 (PLXNA4), transcript variant 1, mRNA.
Cell. 1999 Oct 1;99(1):71-80.

Plexins are a large family of receptors for transmembrane, secreted, and GPI-anchored semaphorins in vertebrates.

Tamagnone L, Artigiani S, Chen H, He Z, Ming GI, Song H, Chedotal A, Winberg ML, Goodman CS, Poo M, Tessier-Lavigne M, Comoglio PM.

Erratum in

· Cell 2001 Jan 26;104(2):following 320. 

In Drosophila, plexin A is a functional receptor for semaphorin-1a. Here we show that the human plexin gene family comprises at least nine members in four subfamilies. Plexin-B1 is a receptor for the transmembrane semaphorin Sema4D (CD100), and plexin-C1 is a receptor for the GPI-anchored semaphorin Sema7A (Sema-K1). Secreted (class 3) semaphorins do not bind directly to plexins, but rather plexins associate with neuropilins, coreceptors for these semaphorins. Plexins are widely expressed: in neurons, the expression of a truncated plexin-A1 protein blocks axon repulsion by Sema3A. The cytoplasmic domain of plexins associates with a tyrosine kinase activity. Plexins may also act as ligands mediating repulsion in epithelial cells in vitro. We conclude that plexins are receptors for multiple (and perhaps all) classes of semaphorins, either alone or in combination with neuropilins, and trigger a novel signal transduction pathway controlling cell repulsion.

Neuron. 2001 Oct 11;32(1):1-3.

Plexin signaling via off-track and rho family GTPases.

Whitford KL, Ghosh A.

Two papers in this issue of Neuron examine new aspects of Semaphorin signaling via Plexin receptors. Winberg et al. present evidence that the transmembrane protein Off-track (OTK) interacts biochemically and genetically with Plexin A and is important for Sema 1a repulsive signaling. Hu et al. examine the coupling of Plexin B to Rac and RhoA and propose that Plexin B signaling involves inhibition of Rac function by direct sequestration and simultaneous activation of RhoA.

Comment on

· Neuron. 2001 Oct 11;32(1):53-62. 
· Neuron. 2001 Oct 11;32(1):39-51. 
NM_001080848

Homo sapiens CSAG family, member 2 (CSAG2), transcript variant 1, mRNA.
Mol Reprod Dev. 2008 Feb;75(2):219-29.

A shared promoter region suggests a common ancestor for the human VCX/Y, SPANX, and CSAG gene families and the murine CYPT family.

Hansen MA, Nielsen JE, Retelska D, Larsen N, Leffers H.

Many testis-specific genes from the sex chromosomes are subject to rapid evolution, which can make it difficult to identify murine genes in the human genome. The murine CYPT gene family includes 15 members, but orthologs were undetectable in the human genome. However, using refined homology search, sequences corresponding to the shared promoter region of the CYPT family were identified at 39 loci. Most loci were located immediately upstream of genes belonging to the VCX/Y, SPANX, or CSAG gene families. Sequence comparison of the loci revealed a conserved CYPT promoter-like (CPL) element featuring TATA and CCAAT boxes. The expression of members of the three families harboring the CPL resembled the murine expression of the CYPT family, with weak expression in late pachytene spermatocytes and predominant expression in spermatids, but some genes were also weakly expressed in somatic cells and in other germ cell types. The genomic regions harboring the gene families were rich in direct and inverted segmental duplications (SD), which may facilitate gene conversion and rapid evolution. The conserved CPL and the common expression profiles suggest that the human VCX/Y, SPANX, and CSAG2 gene families together with the murine SPANX gene and the CYPT family may share a common ancestor. Finally, we present evidence that VCX/Y and SPANX may be paralogs with a similar protein structure consisting of C terminal acidic repeats of variable lengths.

Virchows Arch. 2007 Feb;450(2):187-94.

Taxol-resistance-associated gene-3 (TRAG-3/CSAG2) expression is predictive for clinical outcome in ovarian carcinoma patients.

Materna V, Surowiak P, Kaplenko I, Spaczyński M, Duan Z, Zabel M, Dietel M, Lage H.

An obstacle in chemotherapy of ovarian cancer is the development of drug resistance. Taxol (paclitaxel)-resistance-associated gene-3 (TRAG-3/CSAG2) was found to be overexpressed in a paclitaxel-resistant ovarian carcinoma cell line. However, clinical impact of TRAG-3 in ovarian carcinoma has not been demonstrated previously. For demonstration of potential clinical impact of TRAG-3, immunohistochemistry was applied to determine TRAG-3 protein expression in specimens obtained from ovarian carcinoma patients (n=37) who received a paclitaxel-based chemotherapy at two different time points, initial laparotomy before chemotherapy, and secondary cytoreduction after chemotherapy. The TRAG-3-specific immunohistochemical staining was correlated with clinical outcome. In ovarian carcinoma specimens obtained at the initial laparotomy, an advantage in overall (P < 0.001) and progression-free (P = 0.003) survival for patients with weak TRAG-3 expression could be demonstrated. Tumor specimens excised at secondary cytoreduction procedure were not predictive for clinical outcome. In summary, TRAG-3 was found to be a prognostic factor for the prediction of clinical outcome after the application of paclitaxel-based chemotherapy.

NM_138426

Homo sapiens glucocorticoid induced transcript 1 (GLCCI1), mRNA.
Cell. 2006 Nov 3;127(3):635-48.

Global, in vivo, and site-specific phosphorylation dynamics in signaling networks.

Olsen JV, Blagoev B, Gnad F, Macek B, Kumar C, Mortensen P, Mann M.

Cell signaling mechanisms often transmit information via posttranslational protein modifications, most importantly reversible protein phosphorylation. Here we develop and apply a general mass spectrometric technology for identification and quantitation of phosphorylation sites as a function of stimulus, time, and subcellular location. We have detected 6,600 phosphorylation sites on 2,244 proteins and have determined their temporal dynamics after stimulating HeLa cells with epidermal growth factor (EGF) and recorded them in the Phosida database. Fourteen percent of phosphorylation sites are modulated at least 2-fold by EGF, and these were classified by their temporal profiles. Surprisingly, a majority of proteins contain multiple phosphorylation sites showing different kinetics, suggesting that they serve as platforms for integrating signals. In addition to protein kinase cascades, the targets of reversible phosphorylation include ubiquitin ligases, guanine nucleotide exchange factors, and at least 46 different transcriptional regulators. The dynamic phosphoproteome provides a missing link in a global, integrative view of cellular regulation.

NM_003088

Homo sapiens fascin homolog 1, actin-bundling protein (Strongylocentrotus purpuratus) (FSCN1), mRNA.
J Int Med Res. 2010 May-Jun;38(3):1042-8.

Expression of the actin-binding proteins indicates that cofilin and fascin are related to breast tumour size.

Zhang Y, Tong X.

This study was designed to investigate the expression of four actin-binding proteins, alpha-actinin-4, cofilin 1, fascin and elongation factor 1-alpha 2 (eEF1A2), in samples of breast cancer from 112 patients with different stages of breast cancer (stages T0 - T1, T2 and T3) compared with normal control tissues (n = 33). Levels of eEF1A2 and alpha-actinin-4 mRNA appeared to be unrelated to tumour size, except for a significant down-regulation of alpha-actinin-4 mRNA in T3 cases. Significant up-regulation of cofilin 1 mRNA was associated with stages T0 - T1 and T2; up-regulation seen at stage T3 was not significant compared with control tissue. Fascin mRNA levels were significantly reduced at all three tumour stages (T0 - T1, T2 and T3) compared with control tissue. In conclusion, some components of the actin cytoskeletal system might hold significant potential as targets in future cancer therapies.

NM_004566

Homo sapiens 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 (PFKFB3), transcript variant 1, mRNA.
Neuropathol Appl Neurobiol. 2009 Dec;35(6):566-78. Epub 2009 Apr 15.

The PFKFB3 splice variant UBI2K4 is downregulated in high-grade astrocytomas and impedes the growth of U87 glioblastoma cells.

Zscharnack K, Kessler R, Bleichert F, Warnke JP, Eschrich K.

AIMS: 

Fructose-2,6-bisphosphate, a key regulator of glycolysis, is synthesized and degraded by four different isozymes of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase (PFKFB1-4). The PFKFB3 isozyme is upregulated in several human tumours. Six alternatively spliced variants of PFKFB3 mRNA are known in humans (UBI2K1-6). Here, we studied the role of the PFKFB3 splice variants in human astrocytic gliomas.

METHODS: 

We analysed the PFKFB3 splice variants in 48 astrocytic gliomas by RT-PCR and real-time PCR. The effect of transient and stable overexpression of the PFKFB3 isoforms was studied in U87 glioblastoma cells by MTT, cell counting, clone formation assay and metabolic measurements.

RESULTS: 

UBI2K5 and UBI2K6 are the predominant splice variants in rapidly proliferating high-grade astrocytomas while the expression of UBI2K3 and UBI2K4 is mainly restricted to low-grade astrocytomas and nonneoplastic brain tissue. Overexpression of UBI2K5 or UBI2K6 in the U87 glioblastoma cell line enhances the glycolytic flux but does not affect cell growth. In contrast, overexpression of UBI2K4 reduces cell viability and anchorage-independent growth of U87 cells. The UBI2K4 mRNA level is downregulated in astrocytic gliomas with increasing malignancy grade. Moreover, the UBI2K4 mRNA level correlates with growth rate of several human cancer cell lines derived from different tissue types.

CONCLUSIONS: 

Our results demonstrate that the splice variant UBI2K4 impedes the tumour cell growth and might serve as a tumour suppressor in astrocytic tumours.

J Biol Chem. 2009 Sep 4;284(36):24223-32. Epub 2009 May 27.

Nuclear targeting of 6-phosphofructo-2-kinase (PFKFB3) increases proliferation via cyclin-dependent kinases.

Yalcin A, Clem BF, Simmons A, Lane A, Nelson K, Clem AL, Brock E, Siow D, Wattenberg B, Telang S, Chesney J.

The regulation of metabolism and growth must be tightly coupled to guarantee the efficient use of energy and anabolic substrates throughout the cell cycle. Fructose 2,6-bisphosphate (Fru-2,6-BP) is an allosteric activator of 6-phosphofructo-1-kinase (PFK-1), a rate-limiting enzyme and essential control point in glycolysis. The concentration of Fru-2,6-BP in mammalian cells is set by four 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatases (PFKFB1-4), which interconvert fructose 6-phosphate and Fru-2,6-BP. The relative functions of the PFKFB3 and PFKFB4 enzymes are of particular interest because they are activated in human cancers and increased by mitogens and low oxygen. We examined the cellular localization of PFKFB3 and PFKFB4 and unexpectedly found that whereas PFKFB4 localized to the cytoplasm (i.e. the site of glycolysis), PFKFB3 localized to the nucleus. We then overexpressed PFKFB3 and observed no change in glucose metabolism but rather a marked increase in cell proliferation. These effects on proliferation were completely abrogated by mutating either the active site or nuclear localization residues of PFKFB3, demonstrating a requirement for nuclear delivery of Fru-2,6-BP. Using protein array analyses, we then found that ectopic expression of PFKFB3 increased the expression of several key cell cycle proteins, including cyclin-dependent kinase (Cdk)-1, Cdc25C, and cyclin D3 and decreased the expression of the cell cycle inhibitor p27, a universal inhibitor of Cdk-1 and the cell cycle. We also observed that the addition of Fru-2,6-BP to HeLa cell lysates increased the phosphorylation of the Cdk-specific Thr-187 site of p27. Taken together, these observations demonstrate an unexpected role for PFKFB3 in nuclear signaling and indicate that Fru-2,6-BP may couple the activation of glucose metabolism with cell proliferation.

NM_032693

Homo sapiens N(alpha)-acetyltransferase 11, NatA catalytic subunit (NAA11), mRNA.
BMC Proc. 2009 Aug 4;3 Suppl 6:S2.

A synopsis of eukaryotic Nalpha-terminal acetyltransferases: nomenclature, subunits and substrates.

Polevoda B, Arnesen T, Sherman F.

We have introduced a consistent nomenclature for the various subunits of the NatA-NatE N-terminal acetyltransferases from yeast, humans and other eukaryotes.

J Mol Biol. 2003 Jan 24;325(4):595-622.

N-terminal acetyltransferases and sequence requirements for N-terminal acetylation of eukaryotic proteins.

Polevoda B, Sherman F.

N(alpha)-terminal acetylation occurs in the yeast Saccharomyces cerevisiae by any of three N-terminal acetyltransferases (NAT), NatA, NatB, and NatC, which contain Ard1p, Nat3p and Mak3p catalytic subunits, respectively. The N-terminal sequences required for N-terminal acetylation, i.e. the NatA, NatB, and NatC substrates, were evaluated by considering over 450 yeast proteins previously examined in numerous studies, and were compared to the N-terminal sequences of more than 300 acetylated mammalian proteins. In addition, acetylated sequences of eukaryotic proteins were compared to the N termini of 810 eubacterial and 175 archaeal proteins, which are rarely acetylated. Protein orthologs of Ard1p, Nat3p and Mak3p were identified with the eukaryotic genomes of the sequences of model organisms, including Caenorhabditis elegans, Drosophila melanogaster, Arabidopsis thaliana, Mus musculus and Homo sapiens. Those and other putative acetyltransferases were assigned by phylogenetic analysis to the following six protein families: Ard1p; Nat3p; Mak3p; CAM; BAA; and Nat5p. The first three families correspond to the catalytic subunits of three major yeast NATs; these orthologous proteins were identified in eukaryotes, but not in prokaryotes; the CAM family include mammalian orthologs of the recently described Camello1 and Camello2 proteins whose substrates are unknown; the BAA family comprise bacterial and archaeal putative acetyltransferases whose biochemical activity have not been characterized; and the new Nat5p family assignment was on the basis of putative yeast NAT, Nat5p (YOR253W). Overall patterns of N-terminal acetylated proteins and the orthologous genes possibly encoding NATs suggest that yeast and higher eukaryotes have the same systems for N-terminal acetylation.
NM_001037163

Homo sapiens chromosome 7 open reading frame 70 (C7orf70), mRNA.




See above
NM_003533

Homo sapiens histone cluster 1, H3i (HIST1H3I), mRNA.
Genomics. 2002 Nov;80(5):487-98.

The human and mouse replication-dependent histone genes.

Marzluff WF, Gongidi P, Woods KR, Jin J, Maltais LJ.

The multigene family encoding the five classes of replication-dependent histones has been identified from the human and mouse genome sequence. The large cluster of histone genes, HIST1, on human chromosome 6 (6p21-p22) contains 55 histone genes, and Hist1 on mouse chromosome 13 contains 51 histone genes. There are two smaller clusters on human chromosome 1: HIST2 (at 1q21), which contains six genes, and HIST3 (at 1q42), which contains three histone genes. Orthologous Hist2 and Hist3 clusters are present on mouse chromosomes 3 and 11, respectively. The organization of the human and mouse histone genes in the HIST1 cluster is essentially identical. All of the histone H1 genes are in HIST1, which is spread over about 2 Mb. There are two large gaps (>250 kb each) within this cluster where there are no histone genes, but many other genes. Each of the histone genes encodes an mRNA that ends in a stemloop followed by a purine-rich region that is complementary to the 5' end of U7 snRNA. In addition to the histone genes on these clusters, only two other genes containing the stem-loop sequence were identified, a histone H4 gene on human chromosome 12 (mouse chromosome 6) and the previously described H2a.X gene located on human chromosome 11. Each of the 14 histone H4 genes encodes the same protein, and there are only three histone H3 proteins encoded by the 12 histone H3 genes in each species. In contrast, both the mouse and human H2a and H2b proteins consist of at least 10 non-allelic variants, making the complexity of the histone protein complement significantly greater than previously thought.

J Cell Biochem. 2008 Feb 15;103(3):835-51.

Immediate-early gene regulation by interplay between different post-translational modifications on human histone H3.

Kaleem A, Hoessli DC, Ahmad I, Walker-Nasir E, Nasim A, Shakoori AR, Nasir-ud-Din.

In mammalian cells, induction of immediate-early (IE) gene transcription occurs concomitantly with histone H3 phosphorylation on Ser 10 and is catalyzed by mitogen-activated protein kinases (MAPKs). Histone H3 is an evolutionarily conserved protein located in the core of the nucleosome, along with histones H2A, H2B, and H4. The N-terminal tails of histones protrude outside the chromatin structure and are accessible to various enzymes for post-translational modifications (PTM). Phosphorylation, O-GlcNAc modification, and their interplay often induce functional changes, but it is very difficult to monitor dynamic structural and functional changes in vivo. To get started in this complex task, computer-assisted studies are useful to predict the range in which those dynamic structural and functional changes may occur. As an illustration, we propose blocking of phosphorylation by O-GlcNAc modification on Ser 10, which may result in gene silencing in the presence of methylated Lys 9. Thus, alternate phosphorylation and O-GlcNAc modification on Ser 10 in the histone H3 protein may provide an on/off switch to regulate expression of IE genes.

NM_015150

Homo sapiens raftlin, lipid raft linker 1 (RFTN1), mRNA.
EMBO J. 2003 Jun 16;22(12):3015-26.

The B cell-specific major raft protein, Raftlin, is necessary for the integrity of lipid raft and BCR signal transduction.

Saeki K, Miura Y, Aki D, Kurosaki T, Yoshimura A.

Recent evidence indicates that membrane microdomains, termed lipid rafts, have a role in B-cell activation as platforms for B-cell antigen receptor (BCR) signal initiation. To gain an insight into the possible functioning of lipid rafts in B cells, we applied liquid chromatography electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) methodologies to the identification of proteins that co-purified with lipid rafts of Raji cells. Among these raft proteins, we characterized a novel protein termed Raftlin (raft-linking protein). Like the Src family kinase, Raftlin is localized exclusively in lipid rafts by fatty acylation of N-terminal Gly2 and Cys3, and is co-localized with BCR before and after BCR stimulation. Disruption of the Raftlin gene in the DT40 B-cell line resulted in a marked reduction in the quantity of lipid raft components, including Lyn and ganglioside GM1, while overexpression of Raftlin increased the content of raft protein. Moreover, BCR-mediated tyrosine phosphorylation and calcium mobilization were impaired by the lack of Raftlin and actually potentiated by overexpression of Raftlin. These data suggest that Raftlin plays a pivotal role in the formation and/or maintenance of lipid rafts, therefore regulating BCR-mediated signaling.

Biol Res. 2002;35(2):127-31.

Lipid rafts: cell surface platforms for T cell signaling.

Magee T, Pirinen N, Adler J, Pagakis SN, Parmryd I.
The Src family tyrosine kinase Lck is essential for T cell development and T cell receptor (TCR) signaling. Lck is post-translationally fatty acylated at its N-terminus conferring membrane targeting and concentration in plasma membrane lipid rafts, which are lipid-based organisational platforms. Confocal fluorescence microscopy shows that Lck colocalizes in rafts with GPI-linked proteins, the adaptor protein LAT and Ras, but not with non-raft membrane proteins including the protein tyrosine phosphatase CD45. The TCR also associates with lipid rafts and its cross-linking causes coaggregation of raft-associated proteins including Lck, but not of CD45. Cross-linking of either the TCR or rafts strongly induces specific tyrosine phosphorylation of the TCR in the rafts. Remarkably, raft patching alone induces signalling events analogous to TCR stimulation, with the same dependence on expression of key TCR signalling molecules. Our results indicate a mechanism whereby TCR engagement promotes aggregation of lipid rafts, which facilitates colocalization of signaling proteins including Lck, LAT, and the TCR, while excluding CD45, thereby potentiating protein tyrosine phosphorylation and downstream signaling. We are currently testing this hypothesis as well as using imaging techniques such as fluorescence resonance energy transfer (FRET) microscopy to study the dynamics of proteins and lipids in lipid rafts in living cells undergoing signaling events. Recent data show that the key phosphoinositide PI(4,5)P2 is concentrated in T cell lipid rafts and that on stimulation of the cells it is rapidly converted to PI(3,4,5)P3 and diacylglycerol within rafts. Thus rafts are hotspots for both protein and lipid signalling pathways.
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(1) PTPN22 (protein tyrosine phosphatase, non-receptor type 22; lymphoid tyrosine phosphatase)
Vang T, Miletic AV, Arimura Y, Tautz L, Rickert RC, Mustelin T. Protein tyrosine phosphatases in autoimmunity. Annu Rev Immunol. 2008;26:29-55.
Protein tyrosine phosphatases (PTPs) are important regulators of many cellular functions and a growing number of PTPs have been implicated in human disease conditions, such as developmental defects, neoplastic disorders, and immunodeficiency. Here, we review the involvement of PTPs in human autoimmunity. The leading examples include the allelic variant of the lymphoid tyrosine phosphatase (PTPN22), which is associated with multiple autoimmune diseases, and mutations that affect the exon-intron splicing of CD45 (PTPRC). We also find it likely that additional PTPs are involved in susceptibility to autoimmune and inflammatory diseases. Finally, we discuss the possibility that PTPs regulating the immune system may serve as therapeutic targets.

(2) SMURF2 (SMAD specific E3 ubiquitin protein ligase 2)
Chen C, Matesic LE. The Nedd4-like family of E3 ubiquitin ligases and cancer. Cancer Metastasis Rev. 2007 Dec;26(3-4):587-604.
Accumulating evidence suggests that E3 ubiquitin ligases play important roles in cancer development. In this article, we provide a comprehensive summary of the roles of the Nedd4-like family of E3 ubiquitin ligases in human cancer. There are nine members of the Nedd4-like E3 family, all of which share a similar structure, including a C2 domain at the N-terminus, two to four WW domains in the middle of the protein, and a homologous to E6-AP COOH terminus domain at the C-terminus. The assertion that Nedd4-like E3s play a role in cancer is supported by the overexpression of Smurf2 in esophageal squamous cell carcinoma, WWP1 in prostate and breast cancer, Nedd4 in prostate and bladder cancer, and Smurf1 in pancreatic cancer. Because Nedd4-like E3s regulate ubiquitin-mediated trafficking, lysosomal or proteasomal degradation, and nuclear translocation of multiple proteins, they modulate important signaling pathways involved in tumorigenesis like TGFbeta, EGF, IGF, VEGF, SDF-1, and TNFalpha. Additionally, several Nedd4-like E3s directly regulate various cancer-related transcription factors from the Smad, p53, KLF, RUNX, and Jun families. Interestingly, multiple Nedd4-like E3s show ligase independent function. Furthermore, Nedd4-like E3s themselves are frequently regulated by phosphorylation, ubiquitination, translocation, and transcription in cancer cells. Because the regulation and biological output of these E3s is such a complex process, study of the role of these E3s in cancer development poses some challenges. However, understanding the oncogenic potential of these E3s may facilitate the identification and development of biomarkers and drug targets in human cancer.

(3) Id proteins, notably ID3 (inhibitor of DNA binding 3)
Lasorella A, Uo T, Iavarone A. Id proteins at the cross-road of development and cancer. Oncogene. 2001 Dec 20;20(58):8326-33.
A large body of evidence has been accumulated that demonstrates dominant effects of Id proteins on different aspects of cellular growth. Generally, constitutive expression of Id not only blocks cell differentiation but also drives proliferation. In some settings, it is sufficient to render cells immortal or induce oncogenic transformation. The participation of Id proteins in advanced human malignancy, where they are frequently deregulated, has been dramatically bolstered by the recent discovery that Id exert pivotal contributions to many of the essential alterations that collectively dictate malignant growth. Relentless proliferation associated with self-sufficiency in growth signals and insensitivity to growth inhibitory signals, sustained neoangiogenesis, tissue invasiveness and migration capabilities of tumor cells all share dependency on the unlimited availability of Id proteins. It is remarkable that many of these features recapitulate those physiologically propelled by Id proteins to support normal development. We propose that the participation of Id in multiple fundamental traits of cancer may be the basis for unprecedented therapeutic opportunities
(4) engulfment and cell motility 1 (ELMO1)
Jarzynka MJ, Hu B, Hui KM, Bar-Joseph I, Gu W, Hirose T, Haney LB, Ravichandran KS, Nishikawa R, Cheng SY. ELMO1 and Dock180, a bipartite Rac1 guanine nucleotide exchange factor, promote human glioma cell invasion. Cancer Res. 2007 Aug 1;67(15):7203-11.
A distinct feature of malignant gliomas is the intrinsic ability of single tumor cells to disperse throughout the brain, contributing to the failure of existing therapies to alter the progression and recurrence of these deadly brain tumors. Regrettably, the mechanisms underlying the inherent invasiveness of glioma cells are poorly understood. Here, we report for the first time that engulfment and cell motility 1 (ELMO1) and dedicator of cytokinesis 1 (Dock180), a bipartite Rac1 guanine nucleotide exchange factor (GEF), are evidently linked to the invasive phenotype of glioma cells. Immunohistochemical analysis of primary human glioma specimens showed high expression levels of ELMO1 and Dock180 in actively invading tumor cells in the invasive areas, but not in the central regions of these tumors. Elevated expression of ELMO1 and Dock180 was also found in various human glioma cell lines compared with normal human astrocytes. Inhibition of endogenous ELMO1 and Dock180 expression significantly impeded glioma cell invasion in vitro and in brain tissue slices with a concomitant reduction in Rac1 activation. Conversely, exogenous expression of ELMO1 and Dock180 in glioma cells with low level endogenous expression increased their migratory and invasive capacity in vitro and in brain tissue. These data suggest that the bipartite GEF, ELMO1 and Dock180, play an important role in promoting cancer cell invasion and could be potential therapeutic targets for the treatment of diffuse malignant gliomas.

(5) ATP6V0D2 (ATPase, H+ transporting, lysosomal 38kDa, V0 subunit d2)
Toei M, Saum R, Forgac M. Regulation and isoform function of the V-ATPases. Biochemistry. 2010 Jun 15;49(23):4715-23.
The vacuolar (H(+))-ATPases are ATP-dependent proton pumps that acidify intracellular compartments and, in some cases, transport protons across the plasma membrane of eukaryotic cells. Intracellular V-ATPases play an important role in normal physiological processes such as receptor-mediated endocytosis, intracellular membrane trafficking, pro-hormone processing, protein degradation, and the coupled uptake of small molecules, such as neurotransmitters. They also function in the entry of various pathogenic agents, including many envelope viruses, like influenza virus, and toxins, like anthrax toxin. Plasma membrane V-ATPases function in renal pH homeostasis, bone resorption and sperm maturation, and various disease processes, including renal tubular acidosis, osteopetrosis, and tumor metastasis. V-ATPases are composed of a peripheral V(1) domain containing eight different subunits that is responsible for ATP hydrolysis and an integral V(0) domain containing six different subunits that translocates protons. In mammalian cells, most of the V-ATPase subunits exist in multiple isoforms which are often expressed in a tissue specific manner. Isoforms of one of the V(0) subunits (subunit a) have been shown to possess information that targets the V-ATPase to distinct cellular destinations. Mutations in isoforms of subunit a lead to the human diseases osteopetrosis and renal tubular acidosis. A number of mechanisms are employed to regulate V-ATPase activity in vivo, including reversible dissociation of the V(1) and V(0) domains, control of the tightness of coupling of proton transport and ATP hydrolysis, and selective targeting of V-ATPases to distinct cellular membranes. Isoforms of subunit a are involved in regulation both via the control of coupling and via selective targeting. This review will begin with a brief introduction to the function, structure, and mechanism of the V-ATPases followed by a discussion of the role of V-ATPase subunit isoforms and the mechanisms involved in regulation of V-ATPase activity.
(6) EIF4A2 (eukaryotic translation initiation factor 4A, isoform 2)
Marintchev A, Wagner G. Translation initiation: structures, mechanisms and evolution. Q Rev Biophys. 2004 Aug-Nov;37(3-4):197-284.
Translation, the process of mRNA-encoded protein synthesis, requires a complex apparatus, composed of the ribosome, tRNAs and additional protein factors, including aminoacyl tRNA synthetases. The ribosome provides the platform for proper assembly of mRNA, tRNAs and protein factors and carries the peptidyl-transferase activity. It consists of small and large subunits. The ribosomes are ribonucleoprotein particles with a ribosomal RNA core, to which multiple ribosomal proteins are bound. The sequence and structure of ribosomal RNAs, tRNAs, some of the ribosomal proteins and some of the additional protein factors are conserved in all kingdoms, underlying the common origin of the translation apparatus. Translation can be subdivided into several steps: initiation, elongation, termination and recycling. Of these, initiation is the most complex and the most divergent among the different kingdoms of life. A great amount of new structural, biochemical and genetic information on translation initiation has been accumulated in recent years, which led to the realization that initiation also shows a great degree of conservation throughout evolution. In this review, we summarize the available structural and functional data on translation initiation in the context of evolution, drawing parallels between eubacteria, archaea, and eukaryotes. We will start with an overview of the ribosome structure and of translation in general, placing emphasis on factors and processes with relevance to initiation. The major steps in initiation and the factors involved will be described, followed by discussion of the structure and function of the individual initiation factors throughout evolution. We will conclude with a summary of the available information on the kinetic and thermodynamic aspects of translation initiation.

(7) PLCL1 (phospholipase C-like 1)
Takeuchi H, Oike M, Paterson HF, Allen V, Kanematsu T, Ito Y, Erneux C, Katan M, Hirata M. Inhibition of Ca(2+) signalling by p130, a phospholipase-C-related catalytically inactive protein: critical role of the p130 pleckstrin homology domain. Biochem J. 2000 Jul 1;349(Pt 1):357-68.
p130 was originally identified as an Ins(1,4,5)P(3)-binding protein similar to phospholipase C-delta but lacking any phospholipase activity. In the present study we have further analysed the interactions of p130 with inositol compounds in vitro. To determine which of the potential ligands interacts with p130 in cells, we performed an analysis of the cellular localization of this protein, the isolation of a protein-ligand complex from cell lysates and studied the effects of p130 on Ins(1,4,5)P(3)-mediated Ca(2+) signalling by using permeabilized and transiently or stably transfected COS-1 cells (COS-1(p130)). In vitro, p130 bound Ins(1,4,5)P(3) with a higher affinity than that for phosphoinositides. When the protein was isolated from COS-1(p130) cells by immunoprecipitation, it was found to be associated with Ins(1,4,5)P(3). Localization studies demonstrated the presence of the full-length p130 in the cytoplasm of living cells, not at the plasma membrane. In cell-based assays, p130 had an inhibitory effect on Ca(2+) signalling. When fura-2-loaded COS-1(p130) cells were stimulated with bradykinin, epidermal growth factor or ATP, it was found that the agonist-induced increase in free Ca(2+) concentration, observed in control cells, was inhibited in COS-1(p130). This inhibition was not accompanied by the decreased production of Ins(1,4,5)P(3); the intact p130 pleckstrin homology domain, known to be the ligand-binding site in vitro, was required for this effect in cells. These results suggest that Ins(1,4,5)P(3) could be the main p130 ligand in cells and that this binding has the potential to inhibit Ins(1,4,5)P(3)-mediated Ca(2+) signalling.
(8) ELL2 (elongation factor, RNA polymerase II, 2)
Zhou J, Feng X, Ban B, Liu J, Wang Z, Xiao W. Elongation factor ELL (Eleven-Nineteen Lysine-rich Leukemia) acts as a transcription factor for direct thrombospondin-1 regulation. J Biol Chem. 2009 Jul 10;284(28):19142-52. Epub 2009 May 15.
The eleven-nineteen lysine-rich leukemia (ELL) gene undergoes translocation and fuses in-frame to the multiple lineage leukemia gene in a substantial proportion of patients suffering from acute forms of leukemia. Studies show that ELL indirectly modulates transcription by serving as a regulator for transcriptional elongation as well as for p53, U19/Eaf2, and steroid receptor activities. Our in vitro and in vivo data demonstrate that ELL could also serve as a transcriptional factor to directly induce transcription of the thrombospondin-1 (TSP-1) gene. Experiments using ELL deletion mutants established that full-length ELL is required for the TSP-1 up-regulation and that the transactivation domain likely resides in the carboxyl terminus. Moreover, the DNA binding domain may localize to the first 45 amino acids of ELL. Not surprisingly, multiple lineage leukemia-ELL, which lacks these amino acids, did not induce expression from the TSP-1 promoter. In addition, the ELL core-response element appears to localize in the -1426 to -1418 region of the TSP-1 promoter. Finally, studies using zebrafish confirmed that ELL regulates TSP-1 mRNA expression in vivo, and ELL could inhibit zebrafish vasculogenesis, at least in part, through up-regulating TSP-1. Given the importance of TSP-1 as an anti-angiogenic protein, our findings may have important ramifications for better understanding cancer.
(9) CXCL3 (chemokine (C-X-C motiv) ligand 3
Vandercappellen J, Van Damme J, Struyf S. The role of CXC chemokines and their receptors in cancer. Cancer Lett. 2008 Aug 28;267(2):226-44. Epub 2008 Jun 24.

Chemokines, or chemotactic cytokines, and their receptors have been discovered as essential and selective mediators in leukocyte migration to inflammatory sites and to secondary lymphoid organs. Besides their functions in the immune system, they also play a critical role in tumor initiation, promotion and progression. There are four subgroups of chemokines: CXC, CC, CX(3)C, and C chemokine ligands. The CXC or alpha subgroup is further subdivided in the ELR(+) and ELR(-) chemokines. Members that contain the ELR motif bind to CXC chemokine receptor 2 (CXCR2) and are angiogenic. In contrast, most of the CXC chemokines without ELR motif bind to CXCR3 and are angiostatic. An exception is the angiogenic ELR(-)CXC chemokine stromal cell-derived factor-1 (CXCL12/SDF-1), which binds to CXCR4 and CXCR7 and is implicated in tumor metastasis. This review is focusing on the role of CXC chemokines and their receptors in tumorigenesis, including angiogenesis, attraction of leukocytes to tumor sites and induction of tumor cell migration and homing in metastatic sites. Finally, their therapeutic use in cancer treatment is discussed.

(10) APLP1 (amyloid beta (A4) precursor-like protein 1)
Kaden D, Munter LM, Reif B, Multhaup G. The amyloid precursor protein and its homologues: Structural and functional aspects of native and pathogenic oligomerization. Eur J Cell Biol. 2011 Apr 1. [Epub ahead of print]
Over the last 25 years, remarkable progress has been made not only in identifying key molecules of Alzheimer's disease but also in understanding their meaning in the pathogenic state. One hallmark of Alzheimer pathology is the amyloid plaque. A major component of the extracellular deposit is the amyloid-β (Aβ) peptide which is generated from its larger precursor molecule, i.e., the amyloid precursor protein (APP) by consecutive cleavages. Processing is exerted by two enzymes, i.e., the β-secretase and the γ-secretase. We and others have found that the self-association of the amyloid peptide and the dimerization and oligomerization of these proteins is a key factor under native and pathogenic conditions. In particular, the Aβ homodimer represents a nidus for plaque formation and a well defined therapeutic target. Further, dimerization of the APP was reported to increase generation of toxic Aβ whereas heterodimerization with its homologues amyloid precursor like proteins (APLP1 and APLP2) decreased Aβ formation. This review mainly focuses on structural features of the homophilic and heterophilic interactions among APP family proteins. The proposed contact sites are described and the consequences of protein dimerization on their functions and in the pathogenesis of Alzheimer's disease are discussed.
(11) CRIM1 (cysteine rich transmembrane BMP regulator 1)
Wilkinson L, Kolle G, Wen D, Piper M, Scott J, Little M. CRIM1 regulates the rate of processing and delivery of bone morphogenetic proteins to the cell surface. J Biol Chem. 2003 Sep 5;278(36):34181-8. Epub 2003 Jun 12.
The Crim1 gene is predicted to encode a transmembrane protein containing six von Willebrand-like cysteine-rich repeats (CRRs) similar to those in the BMP-binding antagonist Chordin (Chrd). In this study, we verify that CRIM1 is a glycosylated, Type I transmembrane protein and demonstrate that the extracellular CRR-containing domain can also be secreted, presumably via processing at the membrane. We have previously demonstrated Crim1 expression at sites consistent with an interaction with bone morphogenetic proteins (BMPs). Here we show that CRIM1 can interact with both BMP4 and BMP7 via the CRR-containing portion of the protein and in so doing acts as an antagonist in three ways. CRIM1 binding of BMP4 and -7 occurs when these proteins are co-expressed within the Golgi compartment of the cell and leads to (i) a reduction in the production and processing of preprotein to mature BMP, (ii) tethering of pre-BMP to the cell surface, and (iii) an effective reduction in the secretion of mature BMP. Functional antagonism was verified by examining the effect of co-expression of CRIM1 and BMP4 on metanephric explant culture. The presence of CRIM1 reduced the effective BMP4 concentration of the media, thereby acting as a BMP4 antagonist. Hence, CRIM1 modulates BMP activity by affecting its processing and delivery to the cell surface.
(12) NRIP3 (nuclear receptor interacting protein 3)
Cizkova M, Cizeron-Clairac G, Vacher S, Susini A, Andrieu C, Lidereau R, Bièche I. Gene expression profiling reveals new aspects of PIK3CA mutation in ERalpha-positive breast cancer: major implication of the Wnt signaling pathway. PLoS One. 2010 Dec 30;5(12):e15647.
BACKGROUND: The PI3K/AKT pathway plays a pivotal role in breast cancer development and maintenance. PIK3CA, encoding the PI3K catalytic subunit, is the oncogene exhibiting a high frequency of gain-of-function mutations leading to PI3K/AKT pathway activation in breast cancer. PIK3CA mutations have been observed in 30% to 40% of ERα-positive breast tumors. However the physiopathological role of PIK3CA mutations in breast tumorigenesis remains largely unclear.

METHODOLOGY/PRINCIPAL FINDINGS: To identify relevant downstream target genes and signaling activated by aberrant PI3K/AKT pathway in breast tumors, we first analyzed gene expression with a pangenomic oligonucleotide microarray in a series of 43 ERα-positive tumors with and without PIK3CA mutations. Genes of interest were then investigated in 249 ERα-positive breast tumors by real-time quantitative RT-PCR. A robust collection of 19 genes was found to be differently expressed in PIK3CA-mutated tumors. PIK3CA mutations were associated with over-expression of several genes involved in the Wnt signaling pathway (WNT5A, TCF7L2, MSX2, TNFRSF11B), regulation of gene transcription (SEC14L2, MSX2, TFAP2B, NRIP3) and metal ion binding (CYP4Z1, CYP4Z2P, SLC40A1, LTF, LIMCH1).

CONCLUSION/SIGNIFICANCE: This new gene set should help to understand the behavior of PIK3CA-mutated cancers and detailed knowledge of Wnt signaling activation could lead to novel therapeutic strategies.
(13) ENTPD1 (ectonucleoside triphosphate diphosphohydrolase 1)
Schetinger MR, Morsch VM, Bonan CD, Wyse AT. NTPDase and 5'-nucleotidase activities in physiological and disease conditions: new perspectives for human health. Biofactors. 2007;31(2):77-98.
Extracellular nucleotides and nucleosides act as signaling molecules involved in a wide spectrum of biological effects. Their levels are controlled by a complex cell surface-located group of enzymes called ectonucleotidases. There are four major families of ectonucleotidases, nucleoside triphosphate diphosphohydrolases (NTPDases/CD39), ectonucleotide pyrophosphatase/phosphodiesterases (E-NPPs), alkaline phosphatases and ecto-5'-nucleotidase. In the last few years, substantial progress has been made toward the molecular identification of members of the ectonucleotidase families and their enzyme structures and functions. In this review, there is an emphasis on the involvement of NTPDase and 5'-nucleotidase activities in disease processes in several tissues and cell types. Brief background information is given about the general characteristics of these enzymes, followed by a discussion of their roles in thromboregulatory events in diabetes, hypertension, hypercholesterolemia and cancer, as well as in pathological conditions where platelets are less responsive, such as in chronic renal failure. In addition, immunomodulation and cell-cell interactions involving these enzymes are considered, as well as ATP and ADP hydrolysis under different clinical conditions related with alterations in the immune system, such as acute lymphoblastic leukemia (ALL), B-chronic lymphocytic leukemia (B-CLL) and infections associated with human immunodeficiency virus (HIV). Finally, changes in ATP, ADP and AMP hydrolysis induced by inborn errors of metabolism, seizures and epilepsy are discussed in order to highlight the importance of these enzymes in the control of neuronal activity in pathological conditions. Despite advances made toward understanding the molecular structure of ectonucleotidases, much more investigation will be necessary to entirely grasp their role in physiological and pathological conditions.
(14) UBASH3B (ubiquitin associated and SH3 domain containing, B)
???
(15) LOC645188 (hypothetical LOC645188)
Gene type: unknown

(16) SLC1A3 (solute carrier family 1 (glial high affinity glutamate transporter), member 3)
Kanai Y, Hediger MA. The glutamate/neutral amino acid transporter family SLC1: molecular, physiological and pharmacological aspects. Pflugers Arch. 2004 Feb;447(5):469-79. Epub 2003 Oct 7.

The solute carrier family 1 (SLC1) includes five high-affinity glutamate transporters, EAAC1, GLT-1, GLAST, EAAT4 and EAAT5 (SLC1A1, SLC1A2, SLC1A3, SLC1A6, and SLC1A7, respectively) as well as the two neutral amino acid transporters, ASCT1 and ASCT2 (SLC1A4 and ALC1A5, respectively). Although each of these transporters have similar predicted structures, they exhibit distinct functional properties which are variations of a common transport mechanism. The high-affinity glutamate transporters mediate transport of l-Glu, l-Asp and d-Asp, accompanied by the cotransport of 3 Na(+) and 1 H(+), and the countertransport of 1 K(+), whereas ASC transporters mediate Na(+)-dependent exchange of small neutral amino acids such as Ala, Ser, Cys and Thr. The unique coupling of the glutamate transporters allows uphill transport of glutamate into cells against a concentration gradient. This feature plays a crucial role in protecting neurons against glutamate excitotoxicity in the central nervous system. During pathological conditions, such as brain ischemia (e.g. after a stroke), however, glutamate exit can occur due to "reversed glutamate transport", which is caused by a reversal of the electrochemical gradients of the coupling ions. Selective inhibition of the neuronal glutamate transporter EAAC1 (SLC1A1) may be of therapeutic interest to block glutamate release from neurons during ischemia. On the other hand, upregulation of the glial glutamate transporter GLT1 (SLC1A2) may help protect motor neurons in patients with amyotrophic lateral sclerosis (ALS), since loss of function of GLT1 has been associated with the pathogenesis of certain forms of ALS.

(17) DUSP5 (dual specificity phosphatase 5)
Keyse SM. Dual-specificity MAP kinase phosphatases (MKPs) and cancer. Cancer Metastasis Rev. 2008 Jun;27(2):253-61.

There are ten mitogen-activated protein kinase (MAPK) phosphatases (MKPs) that act as negative regulators of MAPK activity in mammalian cells and these can be subdivided into three groups. The first comprises DUSP1/MKP-1, DUSP2/PAC1, DUSP4/MKP-2 and DUSP5/hVH-3, which are inducible nuclear phosphatases. With the exception of DUSP5, these MKPs display a rather broad specificity for inactivation of the ERK, p38 and JNK MAP kinases. The second group contains three closely related ERK-specific and cytoplasmic MKPs encoded by DUSP6/MKP-3, DUSP7/MKP-X and DUSP9/MKP-4. The final group consists of three MKPs DUSP8/hVH-5, DUSP10/MKP-5 and DUSP16/MKP-7 all of which preferentially inactivate the stress-activated p38 and JNK MAP kinases. Abnormal MAPK signalling will have important consequences for processes critical to the development and progression of human cancer. In addition, MAPK signalling also plays a key role in determining the response of tumour cells to conventional cancer therapies. The emerging roles of the dual-specificity MKPs in the regulation of MAPK activities in normal tissues has highlighted the possible pathophysiological consequences of either loss (or gain) of function of these enzymes as part of the oncogenic process. This review summarises the current evidence implicating the dual-specificity MKPs in the initiation and development of cancer and also on the outcome of treatment.

(18) DCT (dopachrome tautomerase (dopachrome delta-isomerase, tyrosine-related protein 2))
Vavricka CJ, Ray KW, Christensen BM, Li J. Purification and N-glycosylation analysis of melanoma antigen dopachrome tautomerase. Protein J. 2010 Apr;29(3):204-12.
Dopachrome tautomerase (DCT) plays a critical role in lowering the oxidative stress resulting from melanogenesis. Levels of DCT are elevated in melanoma cell lines that are especially resistant to chemotherapy and radiation. DCT is processed as a melanoma antigen and is a potential target for immunotherapy. In order to establish a more complete understanding of the role that DCT may play in the etiology and treatment of melanoma skin cancer, isolation of highly pure and properly processed protein is necessary. Purification of native DCT has been problematic due to a hydrophobic transmembrane anchor and interactions with melanin. In this study, DCT was expressed, without its carboxy-terminal transmembrane region using an Sf9 insect cell protein expression system and its recombinant protein was purified by various chromatographic techniques. Analysis of DCT tryptic peptides by MALDI-TOF/TOF determined N-glycosylation as a primary post-translational modification. Our success in the expression of soluble mammalian DCT and the characterization of N-glycosylation sites is a useful reference toward the comprehensive understanding of the structure/function relationship of mammalian DCT
(19) TNIK (TRAF2 and NCK interacting kinase)
Mahmoudi T, Li VS, Ng SS, Taouatas N, Vries RG, Mohammed S, Heck AJ, Clevers H. The kinase TNIK is an essential activator of Wnt target genes. EMBO J. 2009 Nov 4;28(21):3329-40. Epub 2009 Oct 8.
Wnt signalling maintains the undifferentiated state of intestinal crypt/progenitor cells through the TCF4/beta-catenin-activating transcriptional complex. In colorectal cancer, activating mutations in Wnt pathway components lead to inappropriate activation of the TCF4/beta-catenin transcriptional programme and tumourigenesis. The mechanisms by which TCF4/beta-catenin activate key target genes are not well understood. Using a proteomics approach, we identified Tnik, a member of the germinal centre kinase family as a Tcf4 interactor in the proliferative crypts of mouse small intestine. Tnik is recruited to promoters of Wnt target genes in mouse crypts and in Ls174T colorectal cancer cells in a beta-catenin-dependent manner. Depletion of TNIK and expression of TNIK kinase mutants abrogated TCF-LEF transcription, highlighting the essential function of the kinase activity in Wnt target gene activation. In vitro binding and kinase assays show that TNIK directly binds both TCF4 and beta-catenin and phosphorylates TCF4. siRNA depletion of TNIK followed by expression array analysis showed that TNIK is an essential, specific activator of Wnt transcriptional programme. This kinase may present an attractive candidate for drug targeting in colorectal cancer.
(20) MC3R (melanocortin 3 receptor)
Butler AA. The melanocortin system and energy balance. Peptides. 2006 Feb;27(2):281-90. Epub 2006 Jan 23.
The melanocortins, a family of peptides produced from the post-translational processing of pro-opiomelanocortin (POMC), regulate ingestive behavior and energy expenditure. Loss of function mutations of genes encoding POMC, or of either of two melanocortin receptors expressed in the central nervous system (MC3R, MC4R), are associated with obesity. The analyses of MC4R knockout mice indicate that activation of this receptor is involved in the regulation of appetite, the adaptive metabolic response to excess caloric consumption, and negative energy balance associated with cachexia induced by cytokines. In contrast, MC3R knockout mice exhibit a normal, or even exaggerated, response to signals that induce a state of negative energy balance. However, loss of the MC3R also results in an increase in adiposity. This article discusses the regulation of energy balance by the melanocortins. Published and newly presented data from studies analyzing of energy balance of MC3R and MC4R knockout mice indicate that increased adiposity observed in both models involves an imbalance in fat intake and oxidation.

(21) STRBP (spermatid perinuclear RNA binding protein)
Saunders LR, Barber GN. The dsRNA binding protein family: critical roles, diverse cellular functions. FASEB J. 2003 Jun;17(9):961-83.
The dsRNA binding proteins (DRBPs) comprise a growing family of eukaryotic, prokaryotic, and viral-encoded products that share a common evolutionarily conserved motif specifically facilitating interaction with dsRNA. Proteins harboring dsRNA binding domains (DRBDs) have been reported to interact with as little as 11 bp of dsRNA, an event that is independent of nucleotide sequence arrangement. More than 20 DRBPs have been identified and reportedly function in a diverse range of critically important roles in the cell. Examples include the dsRNA-dependent protein kinase PKR that functions in dsRNA signaling and host defense against virus infection and DICER, which is implicated in RNA interference (RNAi) -mediated gene silencing. Other DRBPs such as Staufen, adenosine deaminase acting on RNA (ADAR), and spermatid perinuclear RNA binding protein (SPNR) are known to play essential roles in development, translation, RNA editing, and stability. In many cases, homozygous and even heterozygous disruption of DRBPs in animal models results in embryonic lethality. These results implicate the recognition of dsRNA as an evolutionarily conserved mechanism important in the regulation of gene expression and in host defense and underscore the diversity of essential biological tasks performed by dsRNA-related processes in the cell.
(22) small nucleolar RNA host gene 12 (non-protein coding)
Weber MJ. Mammalian small nucleolar RNAs are mobile genetic elements. PLoS Genet. 2006 Dec 8;2(12):e205. Epub 2006 Oct 20. Erratum in: PLoS Genet. 2007 Feb;3(2):e36. 
Small nucleolar RNAs (snoRNAs) of the H/ACA box and C/D box categories guide the pseudouridylation and the 2'-O-ribose methylation of ribosomal RNAs by forming short duplexes with their target. Similarly, small Cajal body-specific RNAs (scaRNAs) guide modifications of spliceosomal RNAs. The vast majority of vertebrate sno/scaRNAs are located in introns of genes transcribed by RNA polymerase II and processed by exonucleolytic trimming after splicing. A bioinformatic search for orthologues of human sno/scaRNAs in sequenced mammalian genomes reveals the presence of species- or lineage-specific sno/scaRNA retroposons (sno/scaRTs) characterized by an A-rich tail and an approximately 14-bp target site duplication that corresponds to their insertion site, as determined by interspecific genomic alignments. Three classes of snoRTs are defined based on the extent of intron and exon sequences from the snoRNA parental host gene they contain. SnoRTs frequently insert in gene introns in the sense orientation at genomic hot spots shared with other genetic mobile elements. Previously characterized human snoRNAs are encoded in retroposons whose parental copies can be identified by phylogenic analysis, showing that snoRTs can be faithfully processed. These results identify snoRNAs as a new family of mobile genetic elements. The insertion of new snoRNA copies might constitute a safeguard mechanism by which the biological activity of snoRNAs is maintained in spite of the risk of mutations in the parental copy. I furthermore propose that retroposition followed by genetic drift is a mechanism that increased snoRNA diversity during vertebrate evolution to eventually acquire new RNA-modification functions.
(23) chromosome 1 open reading frame 201
(24) PCBD1 (pterin-4 alpha-carbinolamine dehydratase)

Rose RB, Pullen KE, Bayle JH, Crabtree GR, Alber T. Biochemical and structural basis for partially redundant enzymatic and transcriptional functions of DCoH and DCoH2. Biochemistry. 2004 Jun 15;43(23):7345-55.
An inherited form of diabetes, maturity-onset diabetes of the young type 3 (MODY3), results from mutations in the transcriptional activator, hepatocyte nuclear factor-1alpha (HNF1alpha). Transcription by HNF1alpha is stimulated by the bifunctional coactivator DCoH (dimerization cofactor of HNF1). Strikingly, an HNF1alpha deletion in mice causes more severe phenotypes than a DCoH deletion. It has been hypothesized that a DCoH homolog, DCoH2, partially complements the DCoH deletion. To test this idea, we determined the biochemical properties and the 1.6-A-resolution crystal structure of DCoH2. Like DCoH, DCoH2 forms a tetramer, displays pterin-4alpha-carbinolamine dehydratase activity, and binds HNF1alpha in vivo and in vitro. DCoH and DCoH2 adopt identical folds with structural differences confined largely to the protein surfaces and the tetramer interface. In contrast to the hyperstable DCoH tetramer, DCoH2 readily disproportionates and forms a 2:2 complex with HNF1 in vitro. Phylogenetic analysis reveals six major subfamilies of DCoH proteins, including unique DCoH and DCoH2 branches in metazoans. These results suggest distinct roles for DCoH and DCoH2. Differences in conserved surface residues could mediate binding to different effectors. We propose that HNF1alpha binding kinetics may distinguish regulation by DCoH2, under thermodynamic control, from regulation by DCoH, under kinetic control.
(25) MGAT5 (mannosyl (alpha-1,6)-glycoprotein beta-1,6-N-acetyl-glucosaminyltransferase V)

Lau KS, Dennis JW. N-Glycans in cancer progression. Glycobiology. 2008 Oct;18(10):750-60. Epub 2008 Aug 13.
N-Glycan branching in the medial-Golgi generates ligands for lattice-forming lectins (e.g., galectins) that regulate surface levels of glycoproteins including epidermal growth factor (EGF) and transforming growth factor-beta (TGF-beta) receptors. Moreover, functional classes of glycoproteins differ in N-glycan multiplicities (number of N-glycans/peptide), a genetically encoded feature of glycoproteins that interacts with metabolic flux (UDP-GlcNAc) and N-glycan branching to differentially regulate surface levels. Oncogenesis increases beta1,6-N-acetylglucosaminyltransferase V (encoded by Mgat5) expression, and its high-affinity galectin ligands promote surface retention of growth receptors with a reduced dependence on UDP-GlcNAc. Mgat5(-/-) tumor cells are less metastatic in vivo and less responsive to cytokines in vitro, but undergo secondary changes that support tumor cell proliferation. These include loss of Caveolin-1, a negative regulator of EGF signaling, and increased reactive oxygen species, an inhibitor of phosphotyrosine phosphatases. These studies suggest a systems approach to cancer treatment where the surface distribution of receptors is targeted through metabolism and N-glycan branching to induce growth arrest.
(26) ZIK1 (zinc finger protein interacting with K protein 1 homolog)
Denisenko ON, O'Neill B, Ostrowski J, Van Seuningen I, Bomsztyk K. Zik1, a transcriptional repressor that interacts with the heterogeneous nuclear ribonucleoprotein particle K protein. J Biol Chem. 1996 Nov 1;271(44):27701-6.
The heterogeneous nuclear ribonucleoprotein particle (hnRNP) K protein is comprised of multiple modular domains that serve to engage a diverse group of molecular partners including DNA, RNA, the product of the proto-oncogene vav, and tyrosine and serine/threonine kinases. To identify additional K protein molecular partners and to further understand its function, we used a fragment of K protein as a bait in the yeast two-hybrid screen. The deduced primary structure of one of the positive clones revealed a novel zinc finger protein, hereby denoted as Zik1. In addition to the nine contiguous zinc fingers in the C terminus, Zik1 contains a KRAB-A domain thought to be involved in transcriptional repression. Zik1 and K protein bound in vitro and co-immunoprecipitated from cell extracts indicating that in vivo their interaction is direct. Expression of Gal4 DNA-binding domain-Zik1 fusion protein repressed a gene promoter bearing Gal4-binding elements, indicating that from cognate DNA elements Zik1 is a transcriptional repressor. The known diverse nature of K protein molecular interactions and now the identification of a K protein partner that is a transcriptional repressor lends support to the notion that K protein is a remarkably versatile molecule that may be acting as a docking platform to facilitate communication among molecules involved in signal transduction and gene expression.
(27) SEMA7A (semaphorin 7A, GPI membrane anchor)
Neufeld G, Kessler O. The semaphorins: versatile regulators of tumour progression and tumour angiogenesis. Nat Rev Cancer. 2008 Aug;8(8):632-45. Epub 2008 Jun 26.

The semaphorins and their receptors, the neuropilins and the plexins, were originally characterized as constituents of the complex regulatory system responsible for the guidance of axons during the development of the central nervous system. However, a growing body of evidence indicates that various semaphorins can either promote or inhibit tumour progression through the promotion or inhibition of processes such as tumour angiogenesis, tumour metastasis and tumour cell survival. This Review focuses on the emerging role of the semaphorins in cancer.
(28) ZFPM2 (zinc finger protein, multitype 2); ZFPM2/FOG2 
Cantor AB, Orkin SH. Coregulation of GATA factors by the Friend of GATA (FOG) family of multitype zinc finger proteins. Semin Cell Dev Biol. 2005 Feb;16(1):117-28. Epub 2004 Dec 15.
The Friend of GATA (FOG) family of proteins is an evolutionarily conserved class of large multitype zinc finger cofactors that bind to the amino zinc finger of GATA transcription factors and modulate their activity. Two FOG genes have been identified in mammals, both of which interact with each of the six known vertebrate GATA factors in vitro. Physical interaction between FOG and GATA proteins in vivo is essential for the development of a broad array of tissues, reflecting the overlapping expression patterns of these factors. In this review, we will discuss the identification and characterization of FOG proteins, their role in human disease, and recent studies that shed new light on their function and regulation.
(29) ABCC2 (ATP-binding cassette, sub-family C (CFTR/MRP), member 2)
Jemnitz K, Heredi-Szabo K, Janossy J, Ioja E, Vereczkey L, Krajcsi P. ABCC2/Abcc2: a multispecific transporter with dominant excretory functions. Drug Metab Rev. 2010 Aug;42(3):402-36.

ABCC2/Abcc2 (MRP2/Mrp2) is expressed at major physiological barriers, such as the canalicular membrane of liver cells, kidney proximal tubule epithelial cells, enterocytes of the small and large intestine, and syncytiotrophoblast of the placenta. ABCC2/Abcc2 always localizes in the apical membranes. Although ABCC2/Abcc2 transports a variety of amphiphilic anions that belong to different classes of molecules, such as endogenous compounds (e.g., bilirubin-glucuronides), drugs, toxic chemicals, nutraceuticals, and their conjugates, it displays a preference for phase II conjugates. Phenotypically, the most obvious consequence of mutations in ABCC2 that lead to Dubin-Johnson syndrome is conjugate hyperbilirubinemia. ABCC2/Abcc2 harbors multiple binding sites and displays complex transport kinetics.
(30) AKAP5 (A kinase (PRKA) anchor protein 5)
Logue JS, Scott JD. Organizing signal transduction through A-kinase anchoring proteins (AKAPs). FEBS J. 2010 Nov;277(21):4370-5. doi: 10.1111/j.1742-4658.2010.07866.x. Epub 2010 Sep 30.

A fundamental role for protein-protein interactions in the organization of signal transduction pathways is evident. Anchoring, scaffolding and adapter proteins function to enhance the precision and directionality of these signaling events by bringing enzymes together. The cAMP signaling pathway is organized by A-kinase anchoring proteins. This family of proteins assembles enzyme complexes containing the cAMP-dependent protein kinase, phosphoprotein phosphatases, phosphodiesterases and other signaling effectors to optimize cellular responses to cAMP and other second messengers. Selected A-kinase anchoring protein signaling complexes are highlighted in this minireview.

(31) DNA2 (DNA replication helicase 2 homolog (yeast))
Kang YH, Lee CH, Seo YS. Dna2 on the road to Okazaki fragment processing and genome stability in eukaryotes. Crit Rev Biochem Mol Biol. 2010 Apr;45(2):71-96.

DNA replication is a primary mechanism for maintaining genome integrity, but it serves this purpose best by cooperating with other proteins involved in DNA repair and recombination. Unlike leading strand synthesis, lagging strand synthesis has a greater risk of faulty replication for several reasons: First, a significant part of DNA is synthesized by polymerase alpha, which lacks a proofreading function. Second, a great number of Okazaki fragments are synthesized, processed and ligated per cell division. Third, the principal mechanism of Okazaki fragment processing is via generation of flaps, which have the potential to form a variety of structures in their sequence context. Finally, many proteins for the lagging strand interact with factors involved in repair and recombination. Thus, lagging strand DNA synthesis could be the best example of a converging place of both replication and repair proteins. To achieve the risky task with extraordinary fidelity, Okazaki fragment processing may depend on multiple layers of redundant, but connected pathways. An essential Dna2 endonuclease/helicase plays a pivotal role in processing common structural intermediates that occur during diverse DNA metabolisms (e.g. lagging strand synthesis and telomere maintenance). Many roles of Dna2 suggest that the preemptive removal of long or structured flaps ultimately contributes to genome maintenance in eukaryotes. In this review, we describe the function of Dna2 in Okazaki fragment processing, and discuss its role in the maintenance of genome integrity with an emphasis on its functional interactions with other factors required for genome maintenance.
(32) TSPAN7 (tetraspanin 7)
Richardson MM, Jennings LK, Zhang XA. Tetraspanins and tumor progression. Clin Exp Metastasis. 2011 Mar;28(3):261-70. Epub 2010 Dec 24.
Transmembrane protein tetraspanins either promote or suppress tumor invasion and metastasis. Their effects on tumor progression depend on the multimolecular transmembrane complex called tetraspanin-enriched microdomain (TEM) and are attributed to the alterations in the (1) motogenic and mitogenic behaviors and/or (2) microenvironmental interactions of tumor cells. As the modifiers of cell membrane structure and function, tetraspanins have emerged as diagnostic and prognostic markers and therapeutic targets for tumor progression.
(33) SLAMF7 (SLAM family member 7)
Veillette A. SLAM-family receptors: immune regulators with or without SAP-family adaptors. Cold Spring Harb Perspect Biol. 2010 Mar;2(3):a002469.
The signaling lymphocytic activation molecule (SLAM) family of receptors and the SLAM-associated protein (SAP) family of intracellular adaptors are expressed in immune cells. By way of their cytoplasmic domain, SLAM-related receptors physically associate with SAP-related adaptors. Evidence is accumulating that the SLAM and SAP families play crucial roles in multiple immune cell types. Moreover, the prototype of the SAP family, that is SAP, is mutated in a human immunodeficiency, X-linked lymphoproliferative (XLP) disease. In the presence of SAP-family adaptors, the SLAM family usually mediates stimulatory signals that promote immune cell activation or differentiation. In the absence of SAP-family adaptors, though, the SLAM family undergoes a "switch-of-function," thereby mediating inhibitory signals that suppress immune cell functions. The molecular basis and significance of this mechanism are discussed herein.
(34) ITGA2 (integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor)
Gerger A, Hofmann G, Langsenlehner U, Renner W, Weitzer W, Wehrschütz M, Wascher T, Samonigg H, Krippl P. Integrin alpha-2 and beta-3 gene polymorphisms and colorectal cancer risk. Int J Colorectal Dis. 2009 Feb;24(2):159-63. Epub 2008 Oct 3.
BACKGROUND AND AIMS: 

Integrins such as alpha(2)beta(1), alpha(IIb)beta(3), and alpha(v)beta(3) have been suggested as key players for cancer development and progression. Several polymorphisms affecting these molecules, two in integrin alpha(2) (ITGA2 807C>T and 1648G>A) and one in beta(3) (ITGB3 176T>C), influence their levels, structure, and possibly their function. To analyze the role of ITGA2 and ITGB3 polymorphisms for colorectal cancer risk and clinical presentation, we performed a case-control study.

MATERIALS AND METHODS: 

Four hundred thirty-three colorectal cancer patients and 433 healthy sex- and age-matched control subjects were investigated. ITGA2 and ITGB3 polymorphisms were determined by 5'-nuclease assays.

RESULTS/FINDINGS: 

The ITGA2 807C>T polymorphism was associated with reduced colorectal cancer risk. In a codominant model, the odds ratio for each additional 807-T allele for colorectal cancer was 0.77 (95% confidence interval 0.64-0.94; p = 0.011). The ITGA2 1648G> and the ITGB3 176T>C polymorphism were not associated with colorectal cancer. None of the three polymorphisms investigated was associated with tumor size, histological grade, presence of primary lymph node metastases, tumor stage, or age at diagnosis.

INTERPRETATION/CONCLUSION: 

We conclude that the ITGA2 807C>T polymorphism may be associated with reduced colorectal cancer risk.
(35) GRIP1 (glutamate receptor interacting protein 1)
Takamiya K, Kostourou V, Adams S, Jadeja S, Chalepakis G, Scambler PJ, Huganir RL, Adams RH. A direct functional link between the multi-PDZ domain protein GRIP1 and the Fraser syndrome protein Fras1. Nat Genet. 2004 Feb;36(2):172-7. Epub 2004 Jan 18.

Cell adhesion to extracellular matrix (ECM) proteins is crucial for the structural integrity of tissues and epithelial-mesenchymal interactions mediating organ morphogenesis. Here we describe how the loss of a cytoplasmic multi-PDZ scaffolding protein, glutamate receptor interacting protein 1 (GRIP1), leads to the formation of subepidermal hemorrhagic blisters, renal agenesis, syndactyly or polydactyly and permanent fusion of eyelids (cryptophthalmos). Similar malformations are characteristic of individuals with Fraser syndrome and animal models of this human genetic disorder, such as mice carrying the blebbed mutation (bl) in the gene encoding the Fras1 ECM protein. GRIP1 can physically interact with Fras1 and is required for the localization of Fras1 to the basal side of cells. In one animal model of Fraser syndrome, the eye-blebs (eb) mouse, Grip1 is disrupted by a deletion of two coding exons. Our data indicate that GRIP1 is required for normal cell-matrix interactions during early embryonic development and that inactivation of Grip1 causes Fraser syndrome-like defects in mice.
(36) ADAMTS1 (ADAM metallopeptidase with thrombospondin type 1 motif)
Mochizuki S, Okada Y. ADAMs in cancer cell proliferation and progression. Cancer Sci. 2007 May;98(5):621-8. Epub 2007 Mar 9.
A disintegrin and metalloproteinases (ADAMs) are a new gene family of proteins with sequence similarity to the reprolysin family of snake venomases that share the metalloproteinase domain with matrix metalloproteinases (MMPs). They are structurally classified into two groups: the membrane-anchored ADAM and ADAM with thrombospondin motifs (ADAMTS). These molecules are involved in various biological events such as cell adhesion, cell fusion, cell migration, membrane protein shedding and proteolysis. Studies on the biochemical characteristics and biological functions of ADAMs are in progress, and accumulated lines of evidence have shown that some ADAMs are expressed in malignant tumors and participate in the pathology of cancers. The activities of ADAMs are regulated by gene expression, intracytoplasmic and pericellular regulation, activation of the zymogens and inhibition of activities by inhibitors. Many ADAM species, including ADAM8, ADAM9, ADAM10, ADAM12, ADAM15, ADAM17, ADAM19, ADAM28, ADAMTS1, ADAMTS4 and ADAMTS5, are expressed in human malignant tumors. Many of them are involved in the regulation of growth factor activities and integrin functions, leading to promotion of cell growth and invasion, although the precise mechanisms of these are not clear at the present time. In this article, we review recent information about ADAM family members and their implications for cancer cell proliferation and progression.
(37) UNQ353 (GKGM353)
???
(38) HSP90AA6P // heat shock protein 90kDa alpha (cytosolic), class A member 6, pseudogene
Chen B, Piel WH, Gui L, Bruford E, Monteiro A. The HSP90 family of genes in the human genome: insights into their divergence and evolution. Genomics. 2005 Dec;86(6):627-37. Epub 2005 Nov 2.
HSP90 proteins are important molecular chaperones. Transcriptome and genome analyses revealed that the human HSP90 family includes 17 genes that fall into four classes. A standardized nomenclature for each of these genes is presented here. Classes HSP90AA, HSP90AB, HSP90B, and TRAP contain 7, 6, 3, and 1 genes, respectively. HSP90AA genes mapped onto chromosomes 1, 3, 4, and 11; HSP90AB genes mapped onto 3, 4, 6, 13 and 15; HSP90B genes mapped onto 1, 12, and 15; and the TRAP1 gene mapped onto 16. Six genes, HSP90AA1, HSP90AA2, HSP90N, HSP90AB1, HSP90B1 and TRAP1, were recognized as functional, and the remaining 11 genes were considered putative pseudogenes. Amino acid polymorphic variants were detected for genes HSP90AA1, HSP90AA2, HSP90AB1, HSP90B1, and TRAP1. The structures of these genes and the functional motifs and polymorphic variants of their proteins were documented and the features and functions of their proteins were discussed. Phylogenetic analyses based on both nucleotide and protein data demonstrated that HSP90(AA+AB+B) formed a monophyletic clade, whereas TRAP is a relatively distant paralogue of this clade.
(39) BIRC2 (baculoviral IAP repeat-containing 2)
Srinivasula SM, Ashwell JD. IAPs: what's in a name? Mol Cell. 2008 Apr 25;30(2):123-35.
Originally described in insect viruses, cellular proteins with Baculoviral IAP repeat (BIR) motifs have been thought to function primarily as inhibitors of apoptosis. The subsequent finding that a subset of IAPs that contain a RING domain have ubiquitin protein ligase (E3) activity implied the presence of other functions. It is now known that IAPs are involved in mitotic chromosome segregation, cellular morphogenesis, copper homeostasis, and intracellular signaling. Here, we review the current understanding of the roles of IAPs in apoptotic and nonapoptotic processes and explore the notion that the latter represents the primary physiologic activities of IAPs.
(40) ORC6L (origin recognition complex, subunit 6 like (yeast))
Duncker BP, Chesnokov IN, McConkey BJ. The origin recognition complex protein family. Genome Biol. 2009;10(3):214. Epub 2009 Mar 17.
Origin recognition complex (ORC) proteins were first discovered as a six-subunit assemblage in budding yeast that promotes the initiation of DNA replication. Orc1-5 appear to be present in all eukaryotes, and include both AAA+ and winged-helix motifs. A sixth protein, Orc6, shows no structural similarity to the other ORC proteins, and is poorly conserved between budding yeast and most other eukaryotic species. The replication factor Cdc6 has extensive sequence similarity with Orc1 and phylogenetic analysis suggests the genes that encode them may be paralogs. ORC proteins have also been found in the archaea, and the bacterial DnaA replication protein has ORC-like functional domains. In budding yeast, Orc1-6 are bound to origins of DNA replication throughout the cell cycle. Following association with Cdc6 in G1 phase, the sequential hydrolysis of Cdc6 - then ORC-bound ATP loads the Mcm2-7 helicase complex onto DNA. Localization of ORC subunits to the kinetochore and centrosome during mitosis and to the cleavage furrow during cytokinesis has been observed in metazoan cells and, along with phenotypes observed following knockdown with short interfering RNAs, point to additional roles at these cell-cycle stages. In addition, ORC proteins function in epigenetic gene silencing through interactions with heterochromatin factors such as Sir1 in budding yeast and HP1 in higher eukaryotes. Current avenues of research have identified roles for ORC proteins in the development of neuronal and muscle tissue, and are probing their relationship to genome integrity.
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NM_000358 till and including NM_002775
(1) TGFBI (transforming growth factor, beta-induced)
Zhang Y, Wen G, Shao G, Wang C, Lin C, Fang H, Balajee AS, Bhagat G, Hei TK, Zhao Y. TGFBI deficiency predisposes mice to spontaneous tumor development. Cancer Res. 2009 Jan 1;69(1):37-44.
Loss of TGFBI, a secreted protein induced by transforming growth factor-beta, has been implicated in cell proliferation, tumor progression, and angiogenesis by in vitro studies. However, in vivo antitumor functions of TGFBI as well as the underlying molecular mechanism are not well understood. To these aims, we have generated a mouse model with disruption of TGFBI genomic locus. Mice lacking TGFBI show a retarded growth and are prone to spontaneous tumors and 7,12-dimethylbenz(a)anthracene-induced skin tumors. In relation to wild-type (WT) mouse embryonic fibroblasts (MEF), TGFBI(-/-) MEFs display increased frequencies of chromosomal aberration and micronuclei formation and exhibit an enhanced proliferation and early S-phase entry. Cyclin D1 is up-regulated in TGFBI(-/-) MEFs, which correlates with aberrant activation of transcription factor cyclic AMP-responsive element binding protein (CREB) identified by chromatin immunoprecipitation and luciferase reporter assays. TGFBI reconstitution in TGFBI(-/-) cells by either retroviral infection with WT TGFBI gene or supplement with recombinant mouse TGFBI protein in the culture medium leads to the suppression of CREB activation and cyclin D1 expression, and further inhibition of cell proliferation. Cyclin D1 up-regulation was also identified in most of the tumors arising from TGFBI(-/-) mice. Our studies provide the first evidence that TGFBI functions as a tumor suppressor in vivo.

Kannabiran C, Klintworth GK. TGFBI gene mutations in corneal dystrophies. Hum Mutat. 2006 Jul;27(7):615-25.
The lattice corneal dystrophies (LCD) and granular corneal dystrophies (GCD) are autosomal dominant disorders of the corneal stroma. They are bilateral, progressive conditions characterized by the formation of opacities arising due to the deposition of insoluble material in the corneal stroma leading to visual impairment. The LCDs and GCDs are distinguished from each other and are divided into subtypes on the basis of the clinical appearance of the opacities, clinical features of the disease, and on histopathological staining properties of the deposits. The GCDs and most types of LCD arise from mutations in the transforming growth factor beta-induced (TGFBI) gene on chromosome 5q31. Over 30 mutations causing LCD and GCD have been identified so far in the TGFBI. There are two mutation hotspots corresponding to arginine residues at positions 124 and 555 of the transforming growth factor beta induced protein (TGFBIp) and they are the most frequent sites of mutation in various populations. Mutations at either of these two hotspots result in specific types of LCD or GCD. The majority of identified mutations involve residues in the fourth fasciclin-like domain of TGFBIp.
(2) ZC3H12B (zinc finger CCCH-type containing 12B)
Liang J, Wang J, Azfer A, Song W, Tromp G, Kolattukudy PE, Fu M. A novel CCCH-zinc finger protein family regulates proinflammatory activation of macrophages. J Biol Chem. 2008 Mar 7;283(10):6337-46. Epub 2008 Jan 4.
Activated macrophages play an important role in many inflammatory diseases. However, the molecular mechanisms controlling macrophage activation are not completely understood. Here we report that a novel CCCH-zinc finger protein family, MCPIP1, 2, 3, and 4, encoded by four genes, Zc3h12a, Zc3h12b, Zc3h12c, and Zc3h12d, respectively, regulates macrophage activation. Northern blot analysis revealed that the expression of MCPIP1 and MCPIP3 was highly induced in macrophages in response to treatment with lipopolysaccharide (LPS). Although not affecting cell surface marker expression and phagocytotic function, overexpression of MCPIP1 significantly blunted LPS-induced inflammatory cytokine and NO(2)(.) production as well as their gene expression. Conversely, short interfering RNA-mediated reduction in MCPIP1 augmented LPS-induced inflammatory gene expression. Further studies demonstrated that MCPIP1 did not directly affect the mRNA stability of tumor necrosis factor alpha and monocyte chemoattractant protein 1 (MCP-1) but strongly inhibited LPS-induced tumor necrosis factor alpha and inducible nitric-oxide synthase promoter activation. Moreover, we found that forced expression of MCPIP1 significantly inhibited LPS-induced nuclear factor-kappaB activation. These results identify MCP-induced proteins, a novel CCCH-zinc finger protein family, as negative regulators in macrophage activation and may implicate them in host immunity and inflammatory diseases.
(3) ZNF140 (zinc finger protein 140)
Nishimura T, Narita T, Miyazaki E, Ito T, Nishimoto N, Yoshizaki K, Martial JA, Bellfroid EJ, Vissing H, Taniyama T. Characterization of the human Fc gamma RIIB gene promoter: human zinc-finger proteins (ZNF140 and ZNF91) that bind to different regions function as transcription repressors. Int Immunol. 2001 Aug;13(8):1075-84.
Expression of the human low-affinity Fc receptors for IgG (human Fc gamma RII) is differentially regulated. We report here the characterization of the promoter structure of the human Fc gamma RIIB gene and the isolation of the promoter region-binding proteins by a yeast one-hybrid assay. The minimal 154-bp region upstream from the transcription start site of the human Fc gamma RIIB gene was shown to possess promoter activity in a variety of cells. An electrophoretic mobility shift assay indicated that multiple nuclear factors in cell extracts bind to the two regions [F2-3 (-110 to -93) and F4-3 (-47 to -31)] of the human Fc gamma RIIB gene promoter. Mutation analysis indicated that GGGAGGAGC (-105 to -97) and AATTTGTTTGCC (-47 to -36) sequences are responsible for binding to nuclear factors respectively. By using GGGAGGAGC and AATTTGTTTGCC as bait sequences, we cloned two zinc-finger proteins (ZNF140 and ZNF91) that bind to the F2-3 and F4-3 regions within the promoter of the human Fc gamma RIIB gene respectively. When the ZNF140 and ZNF91 were transfected with reporter plasmid, both showed repressor activity with additive effects. Thus, these results indicate that these cloned ZNF140 and ZNF91 proteins function as repressors for the human Fc gamma RIIB transcription.

(4) F2R (coagulation factor II (thrombin) receptor)
Gigante B, Vikström M, Meuzelaar LS, Chernogubova E, Silveira A, Hooft FV, Hamsten A, de Faire U. Variants in the coagulation factor 2 receptor (F2R) gene influence the risk of myocardial infarction in men through an interaction with interleukin 6 serum levels. Thromb Haemost. 2009 May;101(5):943-53.

Thrombin-activated factor 2 receptor (F2R) links thrombosis to inflammation modulating interleukin (IL)6 synthesis. We have investigated the role of F2R genetic variants and their interaction with IL6 serum levels in the occurrence of myocardial infarction (MI) in the Stockholm Heart Epidemiology Program (SHEEP). Seven SNPs -1738 G/A, -506-/GGCCGCGGGAAGC (D/I), 2860 G/A, 2930 T/C, 9113 C/A, 9333 C/T and 120813 T/C within F2R locus were genotyped in the SHEEP (n=2,774). The C allele at position 2930 was associated with a slight reduction in MI risk in men. IL6 serum levels were higher in male cases carrying genotypes AA at the -1738 (p= 0.01) and GG at the 2860 loci (p= 0.03) and both alleles were found to differentially modulate IL6 serum levels in the context of selective haplotypes. High IL6 serum levels (>75(th) percentile), were independently associated with an increased risk of MI in men with an odds ratio (OR) (95% confidence interval [CI]) of 2.44 (1.72-3.46), (p=0.0016), but not in women ( OR 0.83 [95%CI 0.50-1.36], p=0.64). In the presence of high IL6 serum levels, the -1738A allele increased and the 2860A allele reduced the risk of MI (all p < or = 0.02). Consistently, the AG diplotype increased MI risk (OR 1.71 [95%CI 1.17-2.51], p=0.005). The -1738 and 2860 loci association with IL6 serum levels was replicated in men in the Stockholm Coronary Artery Risk Factor (SCARF) study (both p < or = 0.04). In the pooled data from the two populations, the A and G allele modulated the risk of MI in men with high IL6 serum levels (p < or = 0.03). Our results demonstrate that in men F2R genetic variants influence the risk of MI mainly through an interaction with IL6 serum levels.
(5) PTPN13 (protein tyrosine phosphatase, non-receptor type 13)
Freiss G, Chalbos D. PTPN13/PTPL1: an important regulator of tumor aggressiveness. Anticancer Agents Med Chem. 2011 Jan;11(1):78-88.
Protein tyrosine phosphorylation plays a major role in many cellular functions implicated in cancer development and progression, but only a few of the known protein tyrosine phosphatases have yet been clearly classified as oncogenes or tumor suppressors. PTPL1 interacts with tumor-associated proteins, suggesting a link between PTPL1, the PTPN13 gene product, and tumorigenesis or cancer progression. However, the impact of PTPL1 on cancer is divided between its capacity to counteract the activity of oncogenic tyrosine kinases and its inhibitory interaction with the death receptor, Fas. In this manuscript, we review the PTPL1-interacting proteins implicated in cancer. In addition, we examine the phenotypic arguments concerning both the PTPL1/Fas interaction and the ability of PTPL1 to inhibit signaling from growth factor receptors or oncogenes with tyrosine kinase activity. Finally, we compare the alterations in expression and the genetic and epigenetic arguments supporting an oncogenic or an anti-oncogenic impact of PTPL1.
(6) CH25H (cholesterol 25-hydroxylase)
Park K, Scott AL. Cholesterol 25-hydroxylase production by dendritic cells and macrophages is regulated by type I interferons. J Leukoc Biol. 2010 Dec;88(6):1081-7. Epub 2010 Aug 10.
The oxysterol-producing enzyme CH25H plays an important role in regulating lipid metabolism, gene expression, and immune activation. In vitro experiments using a panel of TLR agonists to activate BMDCs and macrophages demonstrated that Ch25h expression is induced rapidly, selectively, and robustly by the TLR ligands poly I:C and LPS. The mechanism of TLR3- and TLR4-induced transcription levels of Ch25h relies on the TRIF-mediated production of type I IFNs and requires signaling through the IFNαR and JAK/STAT1 pathway. Treatment of BMDCs and macrophages with IFN-α or IFN-β induces Ch25h in a STAT1-dependent manner. IFN-γ also up-regulated Ch25h expression by signaling through STAT1, suggesting that multiple pathways regulate the production of this enzyme. In addition, we demonstrated that regulation of Ch25h expression in vivo in lung-derived DCs and macrophages is dependent on signaling through the IFNαR and STAT1. The results suggest that the rapid induction of Ch25h and subsequent oxysterol synthesis may represent a component of the regulatory network that modulates the magnitude of innate immune reactions and possibly the nature and intensity of subsequent adaptive responses.
(7) KCNB1 (potassium voltage-gated channel, Shab-related subfamily, member 1)
Also known as Kv2.1, DRK1

Mohapatra DP, Park KS, Trimmer JS. Dynamic regulation of the voltage-gated Kv2.1 potassium channel by multisite phosphorylation. Biochem Soc Trans. 2007 Nov;35(Pt 5):1064-8.

Voltage-gated K(+) channels are key regulators of neuronal excitability. The Kv2.1 voltage-gated K(+) channel is the major delayed rectifier K(+) channel expressed in most central neurons, where it exists as a highly phosphorylated protein. Kv2.1 plays a critical role in homoeostatic regulation of intrinsic neuronal excitability through its activity- and calcineurin-dependent dephosphorylation. Here, we review studies leading to the identification and functional characterization of in vivo Kv2.1 phosphorylation sites, a subset of which contribute to graded modulation of voltage-dependent gating. These findings show that distinct developmental-, cell- and state-specific regulation of phosphorylation at specific sites confers a diversity of functions on Kv2.1 that is critical to its role as a regulator of intrinsic neuronal excitability.

(8) LOC100132426 (similar to hCG1742442) 
Ig kappa chain V-I region HK101-like 
(9) C14orf132 (chromosome 14 open reading frame 132)
(10) LRRN4CL (LRRN4 C-terminal like)
Not found

 (11) COL1A2 (collagen, type I, alpha 2)
Andreú T, Beckers T, Thoenes E, Hilgard P, von Melchner H. Gene trapping identifies inhibitors of oncogenic transformation. The tissue inhibitor of metalloproteinases-3 (TIMP3) and collagen type I alpha2 (COL1A2) are epidermal growth factor-regulated growth repressors. J Biol Chem. 1998 May 29;273(22):13848-54.
A gene trap strategy has been used to identify genes that are repressed in cells transformed by an activated epidermal growth factor (EGF)/EGF receptor signal transduction pathway. EGF receptor-expressing NIH3T3 cells (HER1 cells) were infected with a retrovirus containing coding sequences for the human CD2 antigen and for secreted alkaline phosphatase in the U3 region. By selecting for and against CD2 expression, we obtained clones in which the gene trap had integrated into genes selectively repressed by EGF. Two of these clones encoded for the secreted extracellular matrix proteins TIMP3 and COL1A2. We show here that both genes are downstream targets of RAS and are specifically repressed by EGF-induced transformation. Moreover, this strategy tags tumor suppressor genes in their normal chromosomal location, thereby improving target-specific screens for antineoplastic drugs.
(12) CD82 (CD82 molecule)
Malik FA, Sanders AJ, Jiang WG. KAI-1/CD82, the molecule and clinical implication in cancer and cancer metastasis. Histol Histopathol. 2009 Apr;24(4):519-30.

CD82, also known as KAI-1, structurally belongs to tetraspanin family while categorised as metastasis suppressor gene on functional grounds. KAI1/CD82 is localized on cell membrane and form interactions with other tetraspanins, integrins and chemokines which are respectively responsible for cell migration, adhesion and signalling. In recent years apart from its significant involvement in the suppression of secondary tumours it has also been observed that KAI1/CD82 plays a vital role in virus binding and its entry inside the cell. Decreased expression of KAI1/CD82 molecule results in aggravating cancer progression. Altered expression levels of KAI1/CD82 molecule in different types of human cancer have been implicated as having prognostic value and linking to the long term survival of the patients. Increased level of KAI1/CD82 also results in the suppression of secondary tumour growth. Increased expression of this molecule results in reduced cell invasion and cell migration due to endocytosis of epidermal growth factor receptors (EGFR). Thus, KAI-1/CD82 is a pivotal molecule in the regulation of cancer cells' behaviour and has important clinical and therapeutic implications in cancer.
(13) SRGAP3 (SLIT-ROBO Rho GTPase activating protein 3)
Chen K, Mi YJ, Ma Y, Fu HL, Jin WL. The Mental Retardation Associated Protein, srGAP3 Negatively Regulates VPA-Induced Neuronal Differentiation of Neuro2A Cells. Cell Mol Neurobiol. 2011 Feb 25. [Epub ahead of print]
The Slit-Robo GTPase-activating proteins (srGAPs) are important multifunctional adaptor proteins involved in various aspects of neuronal development, including axon guidance, neuronal migration, neurite outgrowth, dendritic morphology and synaptic plasticity. Among them, srGAP3, also named MEGAP (Mental disorder-associated GTPase-activating protein), plays a putative role in severe mental retardation. SrGAP3 expression in ventricular zones of neurogenesis indicates its involvement in early stage of neuronal development and differentiation. Here, we show that overexpression of srGAP3 inhibits VPA (valproic acid)-induced neurite initiation and neuronal differentiation in Neuro2A neuroblastoma cells, whereas knockdown of srGAP3 facilitates the neuronal differentiation in this cell line. In contrast to the wild type, overexpression of srGAP3 harboring an artificially mutation R542A within the functionally important RhoGAP domain does not exert a visible inhibitory effect on neuronal differentiation. The endogenous srGAP3 selectively binds to activated form of Rac1 in a RhoGAP pull-down assay. We also show that constitutively active (CA) Rac1 can rescue the effect of srGAP3 on attenuating neuronal differentiation. Furthermore, change in expression and localization of endogenous srGAP3 is observed in neuronal differentiated Neuro2A cells. Together, our data suggest that srGAP3 could regulate neuronal differentiation in a Rac1-dependent manner.
(14) LOC100132426 (similar to hCG1742442)
Ig kappa chain V-I region HK101-like (siehe (8))
(15) ODZ1 (odz, odd Oz/ten-m homolog 1(Drosophila))
Young TR, Leamey CA. Teneurins: important regulators of neural circuitry. Int J Biochem Cell Biol. 2009 May;41(5):990-3. Epub 2008 Aug 3.
Teneurin (Ten-m/Odz) molecules represent a highly conserved family of four type II transmembrane proteins in vertebrates (Ten-m1-4), which exist as homodimers and undergo homophilic interactions. Each is expressed in distinct, and often interconnected, areas of the developing nervous system. Different Ten-ms have complementary expression patterns. In vitro and in vivo studies support roles for teneurins in promoting neurite outgrowth and cell adhesion. Furthermore, the intracellular domains of at least two teneurins can undergo proteolytic cleavage and translocate to the nucleus where they regulate transcriptional activity. Recent in vivo studies show that teneurins play important roles in regulating connectivity in the nervous system. Knockdown in C. elegans resulted in abnormal axon guidance and cell migration, while targeted deletion of Ten-m3 in mice revealed it is required for the guidance of retinal axons and generation of visual topography. It is likely that all teneurins play important roles during neural development.
(16) JAM2 (junctional adhesion molecule 2)
Bazzoni G. The JAM family of junctional adhesion molecules. Curr Opin Cell Biol. 2003 Oct;15(5):525-30.
Junctional adhesion molecules are a family of glycoproteins characterised by two immunoglobulin folds (VH- and C2-type) in the extracellular domain. Junctional adhesion molecule proteins localise to intercellular junctions of polarised endothelial and epithelial cells but can also be expressed on circulating leukocytes and platelets. In addition, they bind several ligands, in both a homophilic and heterophilic manner, and associate with several cytoplasmic partners. All these features represent the likely determinants for the role of junctional adhesion molecule proteins in processes as diverse as junction assembly, leukocyte transmigration and platelet activation.

(17) ADAMTS15 (ADAM metallopeptidase with thrombospondin type 1 motif)
López-Otín C, Palavalli LH, Samuels Y. Protective roles of matrix metalloproteinases: from mouse models to human cancer. Cell Cycle. 2009 Nov 15;8(22):3657-62. Epub 2009 Dec 1.

Matrix metalloproteinases (MMPs) have long been linked to cancer progression owing to their ability to breakdown tissue barriers for metastatic spread. Accordingly, multiple studies have examined the potential value of these enzymes as targets for cancer therapy. Unfortunately, most clinical trials with MMP inhibitors have yielded negative results which has made necessary to re-evaluate the role of these proteases in cancer. Recent works mainly based on the use of mouse models deficient in specific MMPs have revealed that these enzymes play many roles in cancer distinct from matrix destruction, influencing early steps of tumor evolution, and expanding their pro-tumorigenic properties. However, these in vivo studies have also shown that, unexpectedly, some MMP family members like MMP8 may have paradoxical anti-tumor functions. Nevertheless, the final validation of these MMPs as bona fide tumor suppressors requested the identification of the putative genetic or epigenetic changes underlying their inactivation during cancer development. To this purpose, very recent large-scale genomic studies have explored the possibility that MMPs could be genetically altered in a panel of human malignant tumors from different sources. These studies have demonstrated that MMP8 is a frequently mutated gene in human melanoma. Functional analysis of the identified mutations has confirmed that all of them lead to the loss-of-function of MMP8 and enhance the progression of melanoma, thus providing definitive evidence that MMP8 is a tumor-suppressor gene. Parallel studies have extended these findings to other MMP-related metalloproteinases such as ADAMTS15, which has been found to be genetically inactivated in human colorectal cancer. This review describes the identification and validation of some MMPs and related enzymes as anti-tumor proteases and speculates about the molecular mechanisms underlying their protective roles in tumor development. Finally, the review explores the clinical applications derived from the identification of MMPs that favour the host instead of the tumor.

see also up-regulated genes (36)

(18) PRICKLE2 (prickle homolog 2 (Drosophila))
Katoh M. WNT/PCP signaling pathway and human cancer (review). Oncol Rep. 2005 Dec;14(6):1583-8.
WNT/planar cell polarity (PCP) signaling pathway controls tissue polarity and cell movement through the activation of RHOA, c-Jun N-terminal kinase (JNK), and nemo-like kinase (NLK) signaling cascades. PCP is induced in Drosophila by the asymmetrical localization of Frizzled-Dishevelled-Diego-Starry night (Flamingo) complex and Van Gogh (Strabismus)-Prickle complex. Here, WNT/PCP signaling pathway implicated in human carcinogenesis is reviewed. Human WNT5A, WNT5B, and WNT11 are representative non-canonical WNTs transducing PCP signals through FZD3 or FZD6 receptors, and ROR1, ROR2 or PTK7 co-receptors. Human VANGL1, VANGL2 (Van Gogh homologs), CELSR1, CELSR2, CELSR3 (Starry night homologs), DVL1, DVL2, DVL3 (Dishevelled homologs), PRICKLE1, PRICKLE2 (Prickle homologs), and ANKRD6 (Diego homolog) are core PCP signaling molecules. MAGI3 assembles FZD, VANGL, PTEN, and adhesion molecules. Dishevelled-dependent WNT/PCP signals are transduced to the RHOA signaling cascade through Formin homology proteins DAAM1 and DAAM2, and to the JNK signaling cascade through MAPKKKs and MAPKK4/7. Dishevelled-independent WNT/ PCP signals are transduced to the NLK signaling cascade through MAP3K7 (TAK1). ANKRD6, NKD1 and NKD2 induce class switch from the WNT/GSK3beta signaling pathway to the WNT/PCP signaling pathway. WNT5A is up-regulated in various types of human cancer, such as gastric cancer, lung cancer, and melanoma. FZD3/FZD6 receptor and ROR2 co-receptor transduce WNT5A signal in gastric cancer. Aberrant activation of WNT/PCP signaling pathway in human cancer leads to more malignant phenotypes, such as abnormal tissue polarity, invasion, and metastasis. cDNA-PCR, microarray or ELISA reflecting aberrant activation of WNT/PCP signaling pathway could be developed as novel cancer prognostics. Single nucleotide polymorphism (SNP) and copy number polymorphism (CNP) of WNT/PCP signaling molecules mentioned above are suitable for use in screening of cancer predisposition, especially for gastric cancer. Antibody, RNAi, or small molecule compounds to regulate the function of WNT/PCP signaling molecules mentioned above are good candidates for development as novel cancer therapeutics.
(19) CD81 (CD81 molecule)
Burlone ME, Budkowska A. Hepatitis C virus cell entry: role of lipoproteins and cellular receptors. J Gen Virol. 2009 May;90(Pt 5):1055-70. Epub 2009 Mar 4.
Hepatitis C virus (HCV), a major cause of chronic liver disease, is a single-stranded positive sense virus of the family Flaviviridae. HCV cell entry is a multi-step process, involving several viral and cellular factors that trigger virus uptake into the hepatocyte. Tetraspanin CD81, human scavenger receptor SR-BI, and tight junction molecules Claudin-1 and occludin are the main receptors that mediate HCV entry. In addition, the virus may use glycosaminoglycans and/or low density receptors on host cells as initial attachment factors. A unique feature of HCV is the dependence of virus replication and assembly on host cell lipid metabolism. Most notably, during HCV assembly and release from the infected cells, virus particles associate with lipids and very-low-density lipoproteins. Thus, infectious virus circulates in patient sera in the form of triglyceride-rich particles. Consequently, lipoproteins and lipoprotein receptors play an essential role in virus uptake and the initiation of infection. This review summarizes the current knowledge about HCV receptors, mechanisms of HCV cell entry and the role of lipoproteins in this process.
see also up-regulated genes (32)

(20) CLIP3 (CAP-GLY domain containing linker protein 3)
This gene encodes a member of the cytoplasmic linker protein 170 family. Members of this protein family contain a cytoskeleton-associated protein glycine-rich domain and mediate the interaction of microtubules with cellular organelles. The encoded protein plays a role in T cell apoptosis by facilitating the association of tubulin and the lipid raft ganglioside GD3. The encoded protein also functions as a scaffold protein mediating membrane localization of phosphorylated protein kinase B. Alternatively spliced transcript variants have been observed for this gene. [provided by RefSeq]
e.g. Ding J, Du K. ClipR-59 interacts with Akt and regulates Akt cellular compartmentalization. Mol Cell Biol. 2009 Mar;29(6):1459-71. Epub 2009 Jan 12
(21) MAFB (v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (avian))
Zanocco-Marani T, Vignudelli T, Parenti S, Gemelli C, Condorelli F, Martello A, Selmi T, Grande A, Ferrari S. TFE3 transcription factor regulates the expression of MAFB during macrophage differentiation. Exp Cell Res. 2009 Jul 1;315(11):1798-808. Epub 2009 Mar 28.
Transcription Factor for Immunoglobulin Heavy-Chain Enhancer 3 (Tfe3) is a transactivator of metabolic genes that are regulated through an EBox located in their promoters. It is involved in physiological processes such as osteoclast and macrophage differentiation, as well as in pathological processes such as translocations underlying different cancer diseases. MAFB is a basic region/leucine zipper transcription factor that affects transcription by binding specific DNA regions known as MARE. It plays a pivotal role in regulating lineage-specific hematopoiesis by repressing transcription of erythroid specific genes in myeloid cells and enhancing expression of macrophage and megakaryocytic genes. Here we have shown MAFB to be highly induced in human hematopoietic cells undergoing macrophage differentiation following Tfe3 ectopic expression, and to be down regulated, compared to the controls, in the same cell population following Phorbol Esters (PMA) dependent differentiation coupled to Tfe3 gene silencing. Electrophoretic mobility shift assays identified a Tfe3-binding site (EBox) in the MAFB promoter region that is conserved in different mammalian species. MAFB promoter was transactivated by co-expression of Tfe3 in reporter gene assays while deletion or mutation of the MAFB EBox prevented transactivation by Tfe3. Both of these genes were previously included in the group of transcription factors able to drive macrophage differentiation. The observation that MAFB belongs to the Tfe3 regulon suggests the existence of a pathway where these two gene families act synergistically to determine differentiation.

(22) COLEC12 (collectin sub-family member 12)

This gene encodes a member of the C-lectin family, proteins that possess collagen-like sequences and carbohydrate recognition domains. This protein is a scavenger receptor, a cell surface glycoprotein that can bind to carbohydrate antigens on microorganisms facilitating their recognition and removal. In addition, these receptors can recognize oxidized phospholipids so they may also participate in removing oxidatively damaged or apoptotic cells. [provided by RefSeq]
e.g. Jang S, Ohtani K, Fukuoh A, Yoshizaki T, Fukuda M, Motomura W, Mori K, Fukuzawa J, Kitamoto N, Yoshida I, Suzuki Y, Wakamiya N. Scavenger receptor collectin placenta 1 (CL-P1) predominantly mediates zymosan phagocytosis by human vascular endothelial cells. J Biol Chem. 2009 Feb 6;284(6):3956-65. Epub 2008 Dec 10
(23) TRPM8 (transient receptor potential cation channel, subfamily M)
Prevarskaya N, Zhang L, Barritt G. TRP channels in cancer. Biochim Biophys Acta. 2007 Aug;1772(8):937-46. Epub 2007 Jun 2.

The progression of cells from a normal differentiated state in which rates of proliferation and apoptosis are balanced to a tumorigenic and metastatic state involves the accumulation of mutations in multiple key signalling proteins and the evolution and clonal selection of more aggressive cell phenotypes. These events are associated with changes in the expression of numerous other proteins. This process of tumorigenesis involves the altered expression of one or more TRP proteins, depending on the nature of the cancer. The most clearly described changes are those involving TRPM8, TRPV6 and TRPM1. Expression of TRPM8 is substantially increased in androgen-dependent prostate cancer cells, but is decreased in androgen independent and metastatic prostate cancer. TRPM8 expression is regulated, in part, by androgens, most likely through androgen response elements in the TRPM8 promoter region. TRPM8 channels are involved in the regulation of cell proliferation and apoptosis. Expression of TRPV6 is also increased in prostate cancer and in a number of other cancers. In contrast to TRPM8, expression of TRPV6 is not directly regulated by androgens. TRPM1 is highly expressed in early stage melanomas but its expression declines with increases in the degree of aggressiveness of the melanoma. The expression of TRPV1, TRPC1, TRPC6, TRPM4, and TRPM5 is also increased in some cancers. The level of expression of TRPM8 and TRPV6 in prostate cancer, and of TRPM1 in melanomas, potentially provides a good prognostic marker for predicting the course of the cancer in individuals. The Drosophila melanogaster, TRPL, and the TRPV1 and TRPM8 proteins, have been used to try to develop strategies to selectively kill cancer cells by activating Ca(2+) and Na(+) entry, producing a sustained increase in the cytoplasmic concentration of these ions, and subsequent cell death by apoptosis and necrosis. TRPV1 is expressed in neurones involved in sensing cancer pain, and is a potential target for pharmacological inhibition of cancer pain in bone metastases, pancreatic cancer and most likely in other cancers. Further studies are required to assess which other TRP proteins are associated with the development and progression of cancer, what roles TRP proteins play in this process, and to develop further knowledge of TRP proteins as targets for pharmaceutical intervention and targeting in cancer.

(24) MAML3 (mastermind-like 3 (Drosophila))
McElhinny AS, Li JL, Wu L. Mastermind-like transcriptional co-activators: emerging roles in regulating cross talk among multiple signaling pathways. Oncogene. 2008 Sep 1;27(38):5138-47.
A family of Mastermind-like (MAML) genes encodes critical transcriptional co-activators for Notch signaling, an evolutionarily conserved pathway with numerous roles in both development and human diseases. Notch receptors are cleaved upon ligand engagement and the intracellular domain of Notch shuttles to the nucleus. MAMLs form a functional DNA-binding complex with the cleaved Notch receptor and the transcription factor CSL, thereby regulating transcriptional events that are specific to the Notch pathway. Here, we review recent studies that have utilized molecular, cellular and physiological model system strategies to reveal the pivotal roles of the MAML proteins in Notch signaling. Unexpectedly, however, emerging evidence implicate MAML proteins as exciting key transcriptional co-activators in other signal transduction pathways including: muscle differentiation and myopathies (MEF2C), tumor suppressor pathway (p53) and colon carcinoma survival (beta-catenin). Thus, the MAML family appears to function in transcriptional co-activation in a multitude of cellular processes. It is hypothesized that MAML proteins mediate cross-talk among the various signaling pathways and the diverse activities of the MAML proteins converge to impact normal biological processes and human diseases, including cancers.

(25) SNX9 (sorting nexin 9)
Lundmark R, Carlsson SR. SNX9 - a prelude to vesicle release. J Cell Sci. 2009 Jan 1;122(Pt 1):5-11.
The sorting nexin SNX9 has, in the past few years, been singled out as an important protein that participates in fundamental cellular activities. SNX9 binds strongly to dynamin and is partly responsible for the recruitment of this GTPase to sites of endocytosis. SNX9 also has a high capacity for modulation of the membrane and might therefore participate in the formation of the narrow neck of endocytic vesicles before scission occurs. Once assembled on the membrane, SNX9 stimulates the GTPase activity of dynamin to facilitate the scission reaction. It has also become clear that SNX9 has the ability to activate the actin regulator N-WASP in a membrane-dependent manner to coordinate actin polymerization with vesicle release. In this Commentary, we summarize several aspects of SNX9 structure and function in the context of membrane remodeling, discuss its interplay with various interaction partners and present a model of how SNX9 might work in endocytosis.
(26) LOC642838 // similar to hCG1742442
Ig kappa chain V-I region Walker-like

(27) C1orf85 // chromosome 1 open reading frame 85
(28) FER1L6 (fer-1-like 6 (C. elegans))
Ledig S, Röpke A, Wieacker P. Copy number variants in premature ovarian failure and ovarian dysgenesis. Sex Dev. 2010 Sep;4(4-5):225-32. Epub 2010 Jul 3.
Premature ovarian failure (POF) is a heterogeneous group of disorders with amenorrhea and high serum gonadotropins in women of less than 40 years. Ovarian dysgenesis (OD) which is characterised by the loss of follicles before puberty describes the most severe POF outcome. Although a multitude of different factors including non-genetic as well as genetic causes are known to play a role in the development of POF and OD, the underlying etiology remains unsolved in the majority of cases. In the last years, array-CGH was found to be a very useful tool in the identification of candidate genes in different conditions. Therefore, we performed array-CGH analysis by using high-resolution Agilent oligonucleotide arrays in a total of 74 POF and OD patients and identified 44 private losses and gains potentially causative for POF. It is striking to note that a lot of the genes involved in these rearrangements can be classified in (i) genes involved in meiosis (e.g. PLCB1, RB1CC1, MAP4K4), (ii) genes involved in DNA repair (e.g. RBBP8) and (iii) genes involved in folliculogenesis or male fertility in homologs of model organisms (e.g. IMMP2L, FER1L6, MEIG1).
(29) DDIT4 (DNA-damage-inducible transcript 4) also known as REDD1
Horak P, Crawford AR, Vadysirisack DD, Nash ZM, DeYoung MP, Sgroi D, Ellisen LW.

Negative feedback control of HIF-1 through REDD1-regulated ROS suppresses tumorigenesis. Proc Natl Acad Sci U S A. 2010 Mar 9;107(10):4675-80. Epub 2010 Feb 22.
The HIF family of hypoxia-inducible transcription factors are key mediators of the physiologic response to hypoxia, whose dysregulation promotes tumorigenesis. One important HIF-1 effector is the REDD1 protein, which is induced by HIF-1 and which functions as an essential regulator of TOR complex 1 (TORC1) activity in Drosophila and mammalian cells. Here we demonstrate a negative feedback loop for regulation of HIF-1 by REDD1, which plays a key role in tumor suppression. Genetic loss of REDD1 dramatically increases HIF-1 levels and HIF-regulated target gene expression in vitro and confers tumorigenicity in vivo. Increased HIF-1 in REDD1(-/-) cells induces a shift to glycolytic metabolism and provides a growth advantage under hypoxic conditions, and HIF-1 knockdown abrogates this advantage and suppresses tumorigenesis. Surprisingly, however, HIF-1 up-regulation in REDD1(-/-) cells is largely independent of mTORC1 activity. Instead, loss of REDD1 induces HIF-1 stabilization and tumorigenesis through a reactive oxygen species (ROS) -dependent mechanism. REDD1(-/-) cells demonstrate a substantial elevation of mitochondrial ROS, and antioxidant treatment is sufficient to normalize HIF-1 levels and inhibit REDD1-dependent tumor formation. REDD1 likely functions as a direct regulator of mitochondrial metabolism, as endogenous REDD1 localizes to the mitochondria, and this localization is required for REDD1 to reduce ROS production. Finally, human primary breast cancers that have silenced REDD1 exhibit evidence of HIF activation. Together, these findings uncover a specific genetic mechanism for HIF induction through loss of REDD1. Furthermore, they define REDD1 as a key metabolic regulator that suppresses tumorigenesis through distinct effects on mTORC1 activity and mitochondrial function.
(30) DCN (decorin)
Goldoni S, Iozzo RV. Tumor microenvironment: Modulation by decorin and related molecules harboring leucine-rich tandem motifs. Int J Cancer. 2008 Dec 1;123(11):2473-9.
Decorin, the prototype member of the small leucine-rich proteoglycans, resides in the tumor microenvironment and affects the biology of various types of cancer by downregulating the activity of several receptors involved in cell growth and survival. Decorin binds to and modulates the signaling of the epidermal growth factor receptor and other members of the ErbB family of receptor tyrosine kinases. It exerts its antitumor activity by a dual mechanism: via inhibition of these key receptors through their physical downregulation coupled with attenuation of their signaling, and by binding to and sequestering TGFbeta. Decorin also modulates the insulin-like growth factor receptor and the low-density lipoprotein receptor-related protein 1, which indirectly affects the TGFbeta receptor pathway. When expressed in tumor xenograft-bearing mice or injected systemically, decorin inhibits both primary tumor growth and metastatic spreading. In this review, we summarize the latest reports on decorin and related molecules that are relevant to cancer and bring forward the idea of decorin as an anticancer therapeutic and possible prognostic marker for patients affected by various types of tumors. We also discuss the role of lumican and LRIG1, a novel cell growth inhibitor homologous to decorin.
(31) RASD2 (RASD family, member 2) also known as Rhes
Vargiu P, De Abajo R, Garcia-Ranea JA, Valencia A, Santisteban P, Crespo P, Bernal J. The small GTP-binding protein, Rhes, regulates signal transduction from G protein-coupled receptors. Oncogene. 2004 Jan 15;23(2):559-68.
The Ras homolog enriched in striatum, Rhes, is the product of a thyroid hormone-regulated gene during brain development. Rhes and the dexamethasone-induced Dexras1 define a novel distinct subfamily of proteins within the Ras family, characterized by an extended variable domain in the carboxyl terminal region. We have carried this study because there is a complete lack of knowledge on Rhes signaling. We show that in PC12 cells, Rhes is targeted to the plasma membrane by farnesylation. We demonstrate that about 30% of the native Rhes protein is bound to GTP and this proportion is unaltered by typical Ras family nucleotide exchange factors. However, Rhes is not transforming in murine fibroblasts. We have also examined the role of Rhes in cell signaling. Rhes does not stimulate the ERK pathway. By contrast, it binds to and activates PI3K. On the other hand, we demonstrate that Rhes impairs the activation of the cAMP/PKA pathway by thyroid-stimulating hormone, and by an activated beta2 adrenergic receptor by a mechanism that suggests uncoupling of the receptor to its cognate heterotrimeric complex. Overall, our results provide the initial insights into the role in signal transduction of this novel Ras family member.

(32) ZNF569 (zinc finger protein 569)
Huang X, Yuan W, Huang W, Bai Y, Deng Y, Zhu C, Liang P, Li Y, Du X, Liu M, Wang Y, Wu X. ZNF569, a novel KRAB-containing zinc finger protein, suppresses MAPK signaling pathway. Biochem Biophys Res Commun. 2006 Aug 4;346(3):621-8. Epub 2006 May 26.
Transcription factors play an essential role in altering gene expression. A great progress about transcription factors has been made towards the understanding of normal physiological processes, embryonic development, and human diseases. Here we report the identification and characterization of a novel KRAB-containing zinc-finger protein, ZNF569, which is isolated from a human embryonic heart cDNA library. ZNF569 encodes a putative protein of 686 amino acids. The protein is conserved across different species during evolution. Expression of ZNF569 was found in most of the examined human adult and embryonic tissues with a higher level in heart and skeletal muscles. The KRAB and ZNF motifs of ZNF569 represent potent repression domains. When ZNF569 is fused to Gal-4 DNA-binding domain and co-transfected with VP-16, ZNF569 protein suppresses transcriptional activity. Overexpression of ZNF569 in COS-7 cells inhibited the transcriptional activities of SRE and AP-1, which may be silenced by siRNA. The results suggest that ZNF569 protein may act as a transcriptional repressor that suppresses MAPK signaling pathway to mediate cellular functions

(33) FBXO32 (F-box protein 32)
Maragno AL, Baqui MM, Gomes MD. FBXO25, an F-box protein homologue of atrogin-1, is not induced in atrophying muscle. Biochim Biophys Acta. 2006 Jun;1760(6):966-72. Epub 2006 Apr 4.
Atrogin-1/MAFbx/FBXO32 is a muscle-specific ubiquitin-ligase (E3) that is dramatically increased in atrophying muscle. Here, we have investigated the functional relationship between atrogin-1 and FBXO25 which shares 65% amino acid identity. Using a RT-PCR, we demonstrated that FBXO25 is highly expressed in brain, kidney, and intestine, whereas atrogin-1 expression is largely restricted to striate muscle. FBXO25 was shown here to contain a functional F-box domain that binds to Skp1 and thereby to Roc1 and Cul1, the major components of SCF-type E3s. In addition, the productive SCF complex containing FBXO25 showed ubiquitin ligase activity. We investigated the differential expression of atrogin-1 and FBXO25 in fasted and dexamethasone-treated mice and also in rats with streptozotocin-induced diabetes. Although the atrogin-1 was strongly induced in muscle in all three models, no changes were observed in the expression of FBXO25. Therefore, here we have shown that FBXO25 is a novel F-box protein analogous to atrogin-1, which is not involved in muscle atrophy. Further functional studies should elucidate the exact role of FBXO25 in the ubiquitin-proteasome pathway.

Chou JL, Su HY, Chen LY, Liao YP, Hartman-Frey C, Lai YH, Yang HW, Deatherage DE, Kuo CT, Huang YW, Yan PS, Hsiao SH, Tai CK, Lin HJ, Davuluri RV, Chao TK, Nephew KP, Huang TH, Lai HC, Chan MW. Promoter hypermethylation of FBXO32, a novel TGF-beta/SMAD4 target gene and tumor suppressor, is associated with poor prognosis in human ovarian cancer. Lab Invest. 2010 Mar;90(3):414-25. Epub 2010 Jan 11.
Resistance to TGF-beta is frequently observed in ovarian cancer, and disrupted TGF-beta/SMAD4 signaling results in the aberrant expression of downstream target genes in the disease. Our previous study showed that ADAM19, a SMAD4 target gene, is downregulated through epigenetic mechanisms in ovarian cancer with aberrant TGF-beta/SMAD4 signaling. In this study, we investigated the mechanism of downregulation of FBXO32, another SMAD4 target gene, and the clinical significance of the loss of FBXO32 expression in ovarian cancer. Expression of FBXO32 was observed in the normal ovarian surface epithelium, but not in ovarian cancer cell lines. FBXO32 methylation was observed in ovarian cancer cell lines displaying constitutive TGF-beta/SMAD4 signaling, and epigenetic drug treatment restored FBXO32 expression in ovarian cancer cell lines regardless of FBXO32 methylation status, suggesting that epigenetic regulation of this gene in ovarian cancer may be a common event. In advanced-stage ovarian tumors, a significant (29.3%; P<0.05) methylation frequency of FBXO32 was observed and the association between FBXO32 methylation and shorter progression-free survival was significant, as determined by both Kaplan-Meier analysis (P<0.05) and multivariate Cox regression analysis (hazard ratio: 1.003, P<0.05). Reexpression of FBXO32 markedly reduced proliferation of a platinum-resistant ovarian cancer cell line both in vitro and in vivo, due to increased apoptosis of the cells, and resensitized ovarian cancer cells to cisplatin. In conclusion, the novel tumor suppressor FBXO32 is epigenetically silenced in ovarian cancer cell lines with disrupted TGF-beta/SMAD4 signaling, and FBXO32 methylation status predicts survival in patients with ovarian cancer.
(34) LOC642838 (similar to hCG1742442)
(35) MN1 (meningioma (disrupted in balanced translocation) 1)
Grosveld GC. MN1, a novel player in human AML. Blood Cells Mol Dis. 2007 Nov-Dec;39(3):336-9. Epub 2007 Aug 14.
The transcriptional coactivator MN1 has been identified as a gene overexpressed in certain types of human acute myeloid leukemia. Upregulation is invariantly associated with inv(16) AML but is also found in other AML subtypes. Overexpression of this gene is also associated with a worse prognosis and a shorter survival in AML patients with a normal karyotype. In this short review, I will discuss the role of MN1 in myeloid leukemia.
(36) PGA3 (pepsinogen 3, group I (pepsinogen A))
Kageyama T. Pepsinogens, progastricsins, and prochymosins: structure, function, evolution, and development. Cell Mol Life Sci. 2002 Feb;59(2):288-306.
Five types of zymogens of pepsins, gastric digestive proteinases, are known: pepsinogens A, B, and F, progastricsin, and prochymosin. The amino acid and/or nucleotide sequences of more than 50 pepsinogens other than pepsinogen B have been determined to date. Phylogenetic analyses based on these sequences indicate that progastricsin diverged first followed by prochymosin, and that pepsinogens A and F are most closely related. Tertiary structures, clarified by X-ray crystallography, are commonly bilobal with a large active-site cleft between the lobes. Two aspartates in the center of the cleft, Asp32 and Asp215, function as catalytic residues, and thus pepsinogens are classified as aspartic proteinases. Conversion of pepsinogens to pepsins proceeds autocatalytically at acidic pH by two different pathways, a one-step pathway to release the intact activation segment directly, and a stepwise pathway through a pseudo-pepsin(s). The active-site cleft is large enough to accommodate at least seven residues of a substrate, thus forming S4 through S'3 subsites. Hydrophobic and aromatic amino acids are preferred at the P1 and P'1 positions. Interactions at additional subsites are important in some cases, for example with cleavage of kappa-casein by chymosin. Two potent naturally occurring inhibitors are known: pepstatin, a pentapeptide from Streptomyces, and a unique proteinous inhibitor from Ascaris. Pepsinogen genes comprise nine exons and may be multiple, especially for pepsinogen A. The latter and progastricsin predominate in adult animals, while pepsinogen F and prochymosin are the main forms in the fetus/infant. The switching of gene expression from fetal/infant to adult-type pepsinogens during postnatal development is noteworthy, being regulated by several factors, including steroid hormones.
(37) AQP7 (aquaporin 7)
Verkman AS. Mammalian aquaporins: diverse physiological roles and potential clinical significance. Expert Rev Mol Med. 2008 May 16;10:e13.
Aquaporins have multiple distinct roles in mammalian physiology. Phenotype analysis of aquaporin-knockout mice has confirmed the predicted role of aquaporins in osmotically driven transepithelial fluid transport, as occurs in the urinary concentrating mechanism and glandular fluid secretion. Aquaporins also facilitate water movement into and out of the brain in various pathologies such as stroke, tumour, infection and hydrocephalus. A major, unexpected cellular role of aquaporins was revealed by analysis of knockout mice: aquaporins facilitate cell migration, as occurs in angiogenesis, tumour metastasis, wound healing, and glial scar formation. Another unexpected role of aquaporins is in neural function - in sensory signalling and seizure activity. The water-transporting function of aquaporins is likely responsible for these roles. A subset of aquaporins that transport both water and glycerol, the 'aquaglyceroporins', regulate glycerol content in epidermal, fat and other tissues. Mice lacking various aquaglyceroporins have several interesting phenotypes, including dry skin, resistance to skin carcinogenesis, impaired cell proliferation, and altered fat metabolism. The various roles of aquaporins might be exploited clinically by development of drugs to alter aquaporin expression or function, which could serve as diuretics, and in the treatment of brain swelling, glaucoma, epilepsy, obesity and cancer.

(38) ZNF471 (zinc finger protein 471)
not found

(39) PDILT (protein disulfide isomerase-like, testis expressed)
van Lith M, Hartigan N, Hatch J, Benham AM. PDILT, a divergent testis-specific protein disulfide isomerase with a non-classical SXXC motif that engages in disulfide-dependent interactions in the endoplasmic reticulum. J Biol Chem. 2005 Jan 14;280(2):1376-83. Epub 2004 Oct 8.
Protein disulfide isomerase (PDI) is the archetypal enzyme involved in the formation and reshuffling of disulfide bonds in the endoplasmic reticulum (ER). PDI achieves its redox function through two highly conserved thioredoxin domains, and PDI can also operate as an ER chaperone. The substrate specificities and the exact functions of most other PDI family proteins remain important unsolved questions in biology. Here, we characterize a new and striking member of the PDI family, which we have named protein disulfide isomerase-like protein of the testis (PDILT). PDILT is the first eukaryotic SXXC protein to be characterized in the ER. Our experiments have unveiled a novel, glycosylated PDI-like protein whose tissue-specific expression and unusual motifs have implications for the evolution, catalytic function, and substrate selection of thioredoxin family proteins. We show that PDILT is an ER resident glycoprotein that liaises with partner proteins in disulfide-dependent complexes within the testis. PDILT interacts with the oxidoreductase Ero1alpha, demonstrating that the N-terminal cysteine of the CXXC sequence is not required for binding of PDI family proteins to ER oxidoreductases. The expression of PDILT, in addition to PDI in the testis, suggests that PDILT performs a specialized chaperone function in testicular cells. PDILT is an unusual PDI relative that highlights the adaptability of chaperone and redox function in enzymes of the endoplasmic reticulum.

(40) SDC2 (syndecan 2)
Essner JJ, Chen E, Ekker SC. Syndecan-2. Int J Biochem Cell Biol. 2006 Feb;38(2):152-6. Epub 2005 Sep 15.
The members of the Syndecan family of heparan sulfate proteoglycans play diverse roles in cell adhesion and cell communication by serving as co-receptors for both cell-signaling and extracellular matrix molecules. Syndecan-2 has been implicated in the formation of specialized membrane domains and functions as a direct link between the extracellular environment and the organization of the cortical cytoplasm. Recent studies have shown that syndecan-2 is required for angiogenesis, possibly by serving as a co-receptor for vascular endothelial growth factor, and cell-to-cell signaling during development of left-right asymmetry. This unique combination of activities suggests that syndecan-2 can function as a potential drug target for the development of multi-functional, anti-cancer therapeutics.

(41) TNFRSF19 (tumor necrosis factor receptor superfamily, member 19)
Paulino VM, Yang Z, Kloss J, Ennis MJ, Armstrong BA, Loftus JC, Tran NL. TROY (TNFRSF19) is overexpressed in advanced glial tumors and promotes glioblastoma cell invasion via Pyk2-Rac1 signaling. Mol Cancer Res. 2010 Nov;8(11):1558-67. Epub 2010 Sep 29.
A critical problem in the treatment of malignant gliomas is the extensive infiltration of individual tumor cells into adjacent brain tissues. This invasive phenotype severely limits all current therapies, and to date, no treatment is available to control the spread of this disease. Members of the tumor necrosis factor (TNF) ligand superfamily and their cognate receptors regulate various cellular responses including proliferation, migration, differentiation, and apoptosis. Specifically, the TNFRSF19/TROY gene encodes a type I cell surface receptor that is expressed on migrating or proliferating progenitor cells of the hippocampus, thalamus, and cerebral cortex. Here, we show that levels of TROY mRNA expression directly correlate with increasing glial tumor grade. Among malignant gliomas, TROY expression correlates inversely with overall patient survival. In addition, we show that TROY overexpression in glioma cells activates Rac1 signaling in a Pyk2-dependent manner to drive glioma cell invasion and migration. Pyk2 coimmunoprecipitates with the TROY receptor, and depletion of Pyk2 expression by short hairpin RNA interference oligonucleotides inhibits TROY-induced Rac1 activation and subsequent cellular migration. These findings position aberrant expression and/or signaling by TROY as a contributor, and possibly as a driver, of the malignant dispersion of glioma cells.

(42) BDKRB2 (bradykinin receptor B2)
Kuhr F, Lowry J, Zhang Y, Brovkovych V, Skidgel RA. Differential regulation of inducible and endothelial nitric oxide synthase by kinin B1 and B2 receptors. Neuropeptides. 2010 Apr;44(2):145-54. Epub 2010 Jan 4.
Kinins are vasoactive peptides that play important roles in cardiovascular homeostasis, pain and inflammation. After release from their precursor kininogens, kinins or their C-terminal des-Arg metabolites activate two distinct G protein-coupled receptors (GPCR), called B2 (B2R) or B1 (B1R). The B2R is expressed constitutively with a wide tissue distribution. In contrast, the B1R is not expressed under normal conditions but is upregulated by tissue insult or inflammatory mediators. The B2R is considered to mediate many of the acute effects of kinins while the B1R is more responsible for chronic responses in inflammation. Both receptors can couple to Galphai and Galphaq families of G proteins to release mediators such as nitric oxide (NO), arachidonic acid, prostaglandins, leukotrienes and endothelium-derived hyperpolarizing factor and can induce the release of other inflammatory agents. The focus of this review is on the different transduction events that take place upon B2R and B1R activation in human endothelial cells that leads to generation of NO via activation of different NOS isoforms. Importantly, B2R-mediated eNOS activation leads to a transient ( approximately 5min) output of NO in control endothelial cells whereas in cytokine-treated endothelial cells, B1R activation leads to very high and prolonged ( approximately 90min) NO production that is mediated by a novel signal transduction pathway leading to post-translational activation of iNOS.

(43) TMOD2 (tropomodulin 2 (neuronal))
Fath T, Fischer RS, Dehmelt L, Halpain S, Fowler VM. Tropomodulins are negative regulators of neurite outgrowth. Eur J Cell Biol. 2011 Apr;90(4):291-300. Epub 2010 Dec 10.
Regulation of the actin cytoskeleton is critical for neurite formation. Tropomodulins (Tmods) regulate polymerization at actin filament pointed ends. Previous experiments using a mouse model deficient for the neuron specific isoform Tmod2 suggested a role for Tmods in neuronal function by impacting processes underlying learning and memory. However, the role of Tmods in neuronal function on the cellular level remains unknown. Immunofluorescence localization of the neuronal isoforms Tmod1 and Tmod2 in cultured rat primary hippocampal neurons revealed that Tmod1 is enriched along the proximal part of F-actin bundles in lamellipodia of spreading cells and in growth cones of extending neurites, while Tmod2 appears largely cytoplasmic. Functional analysis of these Tmod isoforms in a mouse neuroblastoma N2a cell line showed that knockdown of Tmod2 resulted in a significant increase in the number of neurite-forming cells and in neurite length. While N2a cells compensated for Tmod2 knockdown by increasing Tmod1 levels, over-expression of exogenous Tmod1 had no effect on neurite outgrowth. Moreover, knockdown of Tmod1 increased the number of neurites formed per cell, without effect on the number of neurite-forming cells or neurite length. Taken together, these results indicate that Tmod1 and Tmod2 have mechanistically distinct inhibitory roles in neurite formation, likely mediated via different effects on F-actin dynamics and via differential localizations during early neuritogenesis.
(44) PIK3R3 (phosphoinositide-3-kinase, regulatory subunit 3 (gamma))
Vogt PK, Hart JR, Gymnopoulos M, Jiang H, Kang S, Bader AG, Zhao L, Denley A. Phosphatidylinositol 3-kinase: the oncoprotein. Curr Top Microbiol Immunol. 2010;347:79-104.
The catalytic and regulatory subunits of class I phosphoinositide 3-kinase (PI3K) have oncogenic potential. The catalytic subunit p110α and the regulatory subunit p85 undergo cancer-specific gain-of-function mutations that lead to enhanced enzymatic activity, ability to signal constitutively, and oncogenicity. The β, γ, and δ isoforms of p110 are cell-transforming as overexpressed wild-type proteins. Class I PI3Ks have the unique ability to generate phosphoinositide 3,4,5 trisphosphate (PIP(3)). Class II and class III PI3Ks lack this ability. Genetic and cell biological evidence suggests that PIP(3) is essential for PI3K-mediated oncogenicity, explaining why class II and class III enzymes have not been linked to cancer. Mutational analysis reveals the existence of at least two distinct molecular mechanisms for the gain of function seen with cancer-specific mutations in p110α; one causing independence from upstream receptor tyrosine kinases, the other inducing independence from Ras. An essential component of the oncogenic signal that is initiated by PI3K is the TOR (target of rapamycin) kinase. TOR is an integrator of growth and of metabolic inputs. In complex with the raptor protein (TORC1), it controls cap-dependent translation, and this function is essential for PI3K-initiated oncogenesis.

(45) HTRA1 (HtrA serine peptidase 1)
Zurawa-Janicka D, Skorko-Glonek J, Lipinska B. HtrA proteins as targets in therapy of cancer and other diseases. Expert Opin Ther Targets. 2010 Jul;14(7):665-79.
IMPORTANCE OF THE FIELD: 
The HtrA family proteins are serine proteases that are involved in important physiological processes, including maintenance of mitochondrial homeostasis, apoptosis and cell signaling. They are involved in the development and progression of several pathological processes such as cancer, neurodegenerative disorders and arthritic diseases.

AREAS COVERED IN THIS REVIEW: 

We present characteristics of the human HtrA1, HtrA2 and HtrA3 proteins, with the stress on their function in apoptosis and in the diseases. We describe regulation of the HtrAs' proteolytic activity, focusing on allosteric interactions of ligands/substrates with the PDZ domains, and make suggestions on how the HtrA proteolytic activity could be modified. Literature cited covers years 1996 - 2010.

WHAT THE READER WILL GAIN: 

An overview of the HtrAs' function/regulation and involvement in diseases (cancer, neurodegenerative disorders, arthritis), and ideas how modulation of their proteolytic activity could be used in therapies.

TAKE HOME MESSAGE: 

HtrA2 is the best target for cancer drug development. An increase in the HtrAs' proteolytic activity could be beneficial in cancer treatment, by stimulation of apoptosis, anoikis or necrosis of cancer cells, or by modulation of the TGF-beta signaling cascade; modulation of HtrA activity could be helpful in therapy of neurodegenerative diseases and arthritis.

Wilfried Kugler Part III
Micro array interpretation

NM_022373 till and including NM_152519
(1) HERPUD2 (HERPUD family member 2)

homocysteine-responsive endoplasmic reticulum-resident ubiquitin-like domain member 2 protein

Could be involved in the unfolded protein response (UPR) pathway (By similarity)

(According to www.genecards.org)

(2) ZFP14 (zinc finger protein 14 homolog (mouse))

May be involved in transcriptional regulation (According to www.genecards.org)

(3) ANKRD20B (ankyrin repeat domain 20B)

see compilation of missing downregulated genes (same as number 9)

(4) ANKRD20B (ankyrin repeat domain 20B)

same as number 3

(5) SYNJ2 (synaptojanin 2)

The gene is a member of the inositol-polyphosphate 5-phosphatase family. The encoded protein interacts with the ras-related C3 botulinum toxin substrate 1, which causes translocation of the encoded protein to the plasma membrane where it inhibits clathrin-mediated endocytosis. Alternative splicing results in multiple transcript variants. [provided by RefSeq]

Rossi MR, Hawthorn L, Platt J, Burkhardt T, Cowell JK, Ionov Y. Identification of inactivating mutations in the JAK1, SYNJ2, and CLPTM1 genes in prostate cancer cells using inhibition of nonsense-mediated decay and microarray analysis. Cancer Genet Cytogenet. 2005 Sep;161(2):97-103.
We have developed a simple analytical method that increases the efficiency of identifying mutant genes in cell lines after the inhibition of nonsense-mediated decay (NMD). The approach assumes that the spectra of mutant genes differ between cell lines of the same tumor origin. Thus, by analyzing more than one cell line in parallel and taking into account not only changes in mRNA levels after the inhibition of NMD, but also comparing mRNA levels between cell lines before the inhibition of NMD, the vast majority of false positives were eliminated from the analysis. In this study, we used Affymetrix oligonucleotide arrays to compare mRNA profiles of two prostate cancer cell lines, PC3 and LNCaP, before and after emetine treatment. As a result of our modified approach, from the 14,500 genes present on the array, 7 were identified as candidates from LNCaP cells and 1 was identified from PC3 cells. Sequence analysis of five of these candidate genes identified gene-inactivating mutations in four of them. Homozygous mutations were found in the synaptojanin 2 (SYNJ2) and the cleft lip and palate CLPTM1 genes. Two different heterozygous mutations in the Janus kinase 1 (JAK1) gene result in complete loss of the protein in several different prostate cancer cell lines.

(6) TET2 (tet oncogene family member 2)

Mohr F, Döhner K, Buske C, Rawat VP. TET genes: new players in DNA demethylation and important determinants for stemness. Exp Hematol. 2011 Mar;39(3):272-81. Epub 2010 Dec 17.
Stem cells are defined as cells that have the ability to perpetuate themselves through self-renewal and to generate functional mature cells by differentiation. During each stage, coordinated gene expression is crucial to maintain the balance between self-renewal and differentiation. Disturbance of this accurately balanced system can lead to a variety of malignant disorders. In mammals, DNA cytosine-5 methylation is a well-studied epigenetic pathway that is catalyzed by DNA methyltransferases and is implicated in the control of balanced gene expression, but also in hematological malignancies. In this review, we focus on the TET (ten-eleven-translocation) genes, which recently were identified to catalyze the conversion of cytosine-5 methylation to 5-hydroxymethyl-cytosine, an intermediate form potentially involved in demethylation. In addition, members of the TET family are playing a role in ES cell maintenance and inner cell mass cell specification and were demonstrated to be involved in hematological malignancies. Recently, a correlation between low genomic 5-hydroxymethyl-cytosine and TET2 mutation status was shown in patients with myeloid malignancies.

Davids MS, Steensma DP. The molecular pathogenesis of myelodysplastic syndromes. Cancer Biol Ther. 2010 Aug;10(4):309-19. Epub 2010 Aug 5.
The myelodysplastic syndromes (MDS) are frequently associated with clonally restricted cytogenetic abnormalities, but until recently, the molecular pathobiology underlying this diverse group of neoplastic bone marrow disorders has been largely obscure. During the last 10 years, many investigative groups have applied the formidable power of new molecular biology techniques to hunt for recurrent genetic alterations in MDS primary cells. Several genetic abnormalities, including mutations in RUNX1 (AML1), TET2, ASXL1 and TP53, have been discovered in a substantial fraction of MDS cases; genes rearranged or mutated less commonly in MDS include IER3, ATRX, RAS and FLT3. Furthermore, haploinsufficiency and expression changes in RPS14, miR-145 and miR-146a, CDC25c, PP2A and SPARC in the absence of point mutations have also been implicated in MDS pathobiology. A major challenge will be to determine which of these mutations are causative "drivers" either in the development or progression of MDS, which might be therapeutically important because they predict response to treatment, and which are merely "passengers" along for the ride that alter phenotype but have no effect on the natural history of the disease. While the altered cellular biology of MDS is also increasingly well-understood, many mysteries remain. Abnormalities in iron regulation, microenvironment interactions, regulation of apoptosis and oxidative damage/DNA repair may all play an important pathobiological role. By gaining a deeper understanding of the mechanisms of these complex and heterogeneous diseases, we will hopefully improve our ability to treat our patients with MDS beyond the therapies with limited effectiveness that are available at present.

(7) TGM2 (transglutaminase 2 (C polypeptide, protein-glutamine-gamma- glutamyltransferase)

Transglutaminases are enzymes that catalyze the crosslinking of proteins by epsilon-gamma glutamyl lysine isopeptide bonds. While the primary structure of transglutaminases is not conserved, they all have the same amino acid sequence at their active sites and their activity is calcium-dependent. The protein encoded by this gene acts as a monomer, is induced by retinoic acid, and appears to be involved in apoptosis. Finally, the encoded protein is the autoantigen implicated in celiac disease. Two transcript variants encoding different isoforms have been found for this gene. [provided by RefSeq] 

Dyer LM, Schooler KP, Ai L, Klop C, Qiu J, Robertson KD, Brown KD. The transglutaminase 2 gene is aberrantly hypermethylated in glioma. J Neurooncol. 2011 Feb;101(3):429-40. Epub 2010 Jul 3.
Transglutaminase 2 (TG2) is a ubiquitously expressed protein that catalyzes protein/protein crosslinking. Because extracellular TG2 crosslinks components of the extracellular matrix, TG2 is thought to function as a suppressor of cellular invasion. We have recently uncovered that the TG2 gene (TGM2) is a target for epigenetic silencing in breast cancer, highlighting a molecular mechanism that drives reduced TG2 expression, and this aberrant molecular event may contribute to invasiveness in this tumor type. Because tumor invasiveness is a primary determinant of brain tumor aggressiveness, we sought to determine if TGM2 is targeted for epigenetic silencing in glioma. Analysis of TGM2 gene methylation in a panel of cultured human glioma cells indicated that the 5' flanking region of the TGM2 gene is hypermethylated and that this feature is associated with reduced TG2 expression as judged by immunoblotting. Further, culturing glioma cells in the presence of the global DNA demethylating agent 5-aza-2'-deoxycytidine and the histone deacetylase inhibitor Trichostatin A resulted in re-expression of TG2 in these lines. In primary brain tumors we observed that the TGM2 promoter is commonly hypermethylated and that this feature is a cancer-associated phenomenon. Using publically available databases, TG2 expression in gliomas was found to vary widely, with many tumors showing overexpression or underexpression of this gene. Since overexpression of TG2 leads to resistance to doxorubicin through the ectopic activation of NFκB, we sought to examine the effects of recombinant TG2 expression in glioma cells treated with commonly used brain tumor therapeutics. We observed that in addition to doxorubicin, TG2 expression drove resistance to CCNU; however, TG2 expression did not alter sensitivity to other drugs tested. Finally, a catalytically null mutant of TG2 was also able to support doxorubicin resistance in glioma cells indicating that transglutaminase activity is not necessary for the resistance phenotype.

(8) ZNF75D (zinc finger protein 75D) 

This gene encodes a protein that likely functions as a transcription factor. The protein, which belongs to the ZNF75 family, includes an N-terminal SCAN domain, a KRAB box, and five C2H2-type zinc finger motifs. Another functional gene belonging to this family is located on chromosome 16, while pseudogenes have been identified on chromosomes 11 and 12. Alternative splicing results in multiple transcripts variants. [provided by RefSeq] 

Villa A, Strina D, Frattini A, Faranda S, Macchi P, Finelli P, Bozzi F, Susani L, Archidiacono N, Rocchi M, Vezzoni P. The ZNF75 zinc finger gene subfamily: isolation and mapping of the four members in humans and great apes. Genomics. 1996 Jul 15;35(2):312-20.

We have previously reported (Villa et al. (1993), Genomics 18: 223) the characterization of the human ZNF75 gene located on Xq26, which has only limited homology (less than 65%) to other ZF genes in the databases. Here, we describe three human zinc finger genes with 86 to 95% homology to ZNF75 at the nucleotide level, which represent all the members of the human ZNF75 subfamily. One of these, ZNF75B, is a pseudogene mapped to chromosome 12q13. The other two, ZNF75A and ZNF75C, maintain an ORF in the sequenced region, and at least the latter is expressed in the U937 cell line. They were mapped to chromosomes 16 and 11, respectively. All these genes are conserved in chimpanzees, gorillas, and orangutans. The ZNF75B homologue is a pseudogene in all three great apes, and in chimpanzee it is located on chromosome 10 (phylogenetic XII), at p13 (corresponding to the human 12q13). The chimpanzee homologue of ZNF75 is also located on the Xq26 chromosome, in the same region, as detected by in situ hybridization. As expected, nucleotide changes were clearly more abundant between human and orangutan than between human and chimpanzee or gorilla homologues. Members of the same class were more similar to each other than to the other homologues within the same species. This suggests that the duplication and/or retrotranscription events occurred in a common ancestor long before great ape speciation. This, together with the existence of at least two genes in cows and horses, suggests a relatively high conservation of this gene family.
(9) CREB5 (cAMP responsive element binding protein 5)

The product of this gene belongs to the CRE (cAMP response element)-binding protein family. Members of this family contain zinc-finger and bZIP DNA-binding domains. The encoded protein specifically binds to CRE as a homodimer or a heterodimer with c-Jun or CRE-BP1, and functions as a CRE-dependent trans-activator. Alternatively spliced transcript variants encoding different isoforms have been identified. [provided by RefSeq] 
(10) ANKFN1 (ankyrin-repeat and fibronectin type III domain containing protein 1)

no information found

 (11) PPIC (peptidylprolyl isomerase C (cyclophilin C))

The protein encoded by this gene is a member of the peptidyl-prolyl cis-trans isomerase (PPIase)) family (immunophilins and parvulins; added WK). PPIases catalyze the cis-trans isomerization of proline imidic peptide bonds in oligopeptides and accelerate the folding of proteins. Similar to other PPIases, this protein can bind immunosuppressant cyclosporin A. [provided by RefSeq] 

(12) CA11 (carbonic anhydrase XI)

other designation: carbonic anhydrase-related protein 2 (CARP-2)

Aspatwar A, Tolvanen ME, Parkkila S. Phylogeny and expression of carbonic anhydrase-related proteins. BMC Mol Biol. 2010 Mar 31;11:25.

BACKGROUND: 

Carbonic anhydrases (CAs) are found in many organisms, in which they contribute to several important biological processes. The vertebrate alpha-CA family consists of 16 subfamilies, three of which (VIII, X and XI) consist of acatalytic proteins. These are named carbonic anhydrase related proteins (CARPs), and their inactivity is due to absence of one or more Zn-binding histidine residues. In this study, we analyzed and evaluated the distribution of genes encoding CARPs in different organisms using bioinformatic methods, and studied their expression in mouse tissues using immunohistochemistry and real-time quantitative PCR.

RESULTS: 

We collected 84 sequences, of which 22 came from novel or improved gene models which we created from genome data. The distribution of CARP VIII covers vertebrates and deuterostomes, and CARP X appears to be universal in the animal kingdom. CA10-like genes have had a separate history of duplications in the tetrapod and fish lineages. Our phylogenetic analysis showed that duplication of CA10 into CA11 has occurred only in tetrapods (found in mammals, frogs, and lizards), whereas an independent duplication of CA10 was found in fishes. We suggest the name CA10b for the second fish isoform. Immunohistochemical analysis showed a high expression level of CARP VIII in the mouse cerebellum, cerebrum, and also moderate expression in the lung, liver, salivary gland, and stomach. These results also demonstrated low expression in the colon, kidney, and Langerhans islets. CARP X was moderately expressed in the cerebral capillaries and the lung and very weakly in the stomach and heart. Positive signals for CARP XI were observed in the cerebellum, cerebrum, liver, stomach, small intestine, colon, kidney, and testis. In addition, the results of real-time quantitative PCR confirmed a wide distribution for the Car8 and Car11 mRNAs, whereas the expression of the Car10 mRNA was restricted to the frontal cortex, parietal cortex, cerebellum, midbrain, and eye.

CONCLUSIONS: 

CARP sequences have been strongly conserved between different species, and all three CARPs show high expression in the mouse brain and CARP VIII is also expressed in several other tissues. These findings suggest an important functional role for these proteins in mammals

(13) SSBP2 (single-stranded DNA binding protein 2)

other designation: SOSS-B2

Huang J, Gong Z, Ghosal G, Chen J. SOSS complexes participate in the maintenance of genomic stability. Mol Cell. 2009 Aug 14;35(3):384-93.

Proteins that bind to single-stranded DNA (ssDNA) are essential for DNA replication, recombinational repair, and maintenance of genomic stability. Here, we describe the characterization of an ssDNA-binding heterotrimeric complex, SOSS (sensor of ssDNA) in human, which consists of human SSB homologs hSSB1/2 (SOSS-B1/2) and INTS3 (SOSS-A) and a previously uncharacterized protein C9orf80 (SOSS-C). We have shown that SOSS-A serves as a central adaptor required not only for SOSS complex assembly and stability, but also for facilitating the accumulation of SOSS complex to DNA ends. Moreover, SOSS-depleted cells display increased ionizing radiation sensitivity, defective G2/M checkpoint, and impaired homologous recombination repair. Thus, our study defines a pathway involving the sensing of ssDNA by SOSS complex and suggests that this SOSS complex is likely involved in the maintenance of genome stability.

Wang Y, Klumpp S, Amin HM, Liang H, Li J, Estrov Z, Zweidler-McKay P, Brandt SJ, Agulnick A, Nagarajan L. SSBP2 is an in vivo tumor suppressor and regulator of LDB1 stability. Oncogene. 2010 May 27;29(21):3044-53. Epub 2010 Mar 29.

SSBP proteins bind and stabilize transcriptional cofactor LIM domain-binding protein1 (LDB1) from proteosomal degradation to promote tissue-specific transcription through an evolutionarily conserved pathway. The human SSBP2 gene was isolated as a candidate tumor suppressor from a critical region of loss in chromosome 5q14.1. By gene targeting, we show increased predisposition to B-cell lymphomas and carcinomas in Ssbp2(-/-) mice. Remarkably, loss of Ssbp2 causes increased LDB1 turnover in the thymus, a pathway exploited in Trp53(-/-)Ssbp2(-/-) mice to develop highly aggressive, immature thymic lymphomas. Using T-cell differentiation as a model, we report a stage-specific upregulation of Ssbp2 expression, which in turn regulates LDB1 turnover under physiological conditions. Furthermore, transcript levels of pTalpha, a target of LDB1-containing complex, and a critical regulator T-cell differentiation are reduced in Ssbp2(-/-) immature thymocytes. Our findings suggest that disruption of the SSBP2-regulated pathways may be an infrequent but critical step in malignant transformation of multiple tissues.

(14) ROBO1 (roundabout, axon guidance receptor, homolog 1 (Drosophila))

Legg JA, Herbert JM, Clissold P, Bicknell R. Slits and Roundabouts in cancer, tumour angiogenesis and endothelial cell migration. Angiogenesis. 2008;11(1):13-21. 

Angiogenesis describes the development of new blood vessels from pre-existing vessels. The hijacking of this physiological process by tumours allows them to develop their own supplies of nutrients and oxygen, enabling their growth and metastasis. A large body of literature has accumulated over the last 20 years relating to angiogenesis, including signalling pathways involved in this process. One such pathway uses Slit-Roundabout proteins that are implicated in the development of cancers and tumour angiogenesis. The Roundabout family of receptors are large, single-pass transmembrane cell surface receptors involved in directing cell migration in response to their cognate Slit ligands. Although best known for their role in neuronal development, Slits and Roundabouts have now been implicated in myogenesis, leukocyte chemotaxis and tumour angiogenesis, confirming that the Robo signalling pathway functions across multiple cell types. We review here the evidence for a role for Slits and Roundabouts in cancer. In particular, we focus on the role of Robo1 and Robo4 in tumour angiogenesis and discuss the signalling pathways downstream of these proteins mediating endothelial cell migration.

Xu Y, Li WL, Fu L, Gu F, Ma YJ. Slit2/Robo1 signaling in glioma migration and invasion. Neurosci Bull. 2010 Dec;26(6):474-8.

Slit2/Robo1 is a conserved ligand-receptor system, which greatly affects the distribution, migration, axon guidance and branching of neuron cells. Slit2 and its transmembrane receptor Robo1 have different distribution patterns in gliomas. The expression of Slit2 is at very low levels in pilocytic astrocytoma, fibrillary astrocytoma and glioblastoma, while Robo1 is highly expressed in different grades of gliomas at both mRNA and protein levels. Acquisition of insidious invasiveness by malignant glioma cells involves multiple genetic alterations in signaling pathways. Although the specific mechanisms of tumor-suppressive effect of Slit2/Robo1 have not been elucidated, it has been proved that Slit2/Robo1 signaling inhibits glioma cell migration and invasion by inactivation of Cdc42-GTP. With the research development on the molecular mechanisms of Slit2/Robo1 signaling in glioma invasion and migration, Slit2/Robo1 signaling may become a potential target for glioma prevention and treatment.

(15) DLX3 (distal-less homeobox 3)

Merlo GR, Zerega B, Paleari L, Trombino S, Mantero S, Levi G. Multiple functions of Dlx genes. Int J Dev Biol. 2000;44(6):619-26.

Dlx genes comprise a highly conserved family of homeobox genes homologous to the distal-less (Dll) gene of Drosophila. They are thought to act as transcription factors. All Dlx genes are expressed in spatially and temporally restricted patterns in craniofacial primordia, basal telencephalon and diencephalon, and in distal regions of extending appendages, including the limb and the genital bud. Most of them are expressed during morphogenesis of sensory organs and during migration of neural crest cells and interneurons. In addition, Dlx5 and Dlx6 are expressed in differentiating osteoblasts. Gene targeting of Dlx1, Dlx2, Dlx3 and Dlx5 in the mouse germ-line has revealed functions in craniofacial patterning, sensory organ morphogenesis, osteogenesis and placental formation. However, no effect on limb development has yet been revealed from gene inactivation studies. A role for these genes in limb development is however suggested by the linkage of the Split Foot/Hand Malformation human syndrome to a region containing DLX5 and DLX6. As for most transcription factors, these genes seem to have multiple functions at different stages of development or in different tissues and cell types.

(16) ARL4C (ADP-ribosylation factor-like 4C)

other designation: ARL7

ADP-ribosylation factor-like 4C is a member of the ADP-ribosylation factor family of GTP-binding proteins. ARL4C is closely similar to ARL4A and ARL4D and each has a nuclear localization signal and an unusually high guanine nucleotide exchange rate. This protein may play a role in cholesterol transport. [provided by RefSeq] 

Wei SM, Xie CG, Abe Y, Cai JT. ADP-ribosylation factor like 7 (ARL7) interacts with alpha-tubulin and modulates intracellular vesicular transport. Biochem Biophys Res Commun. 2009 Jul 3;384(3):352-6. Epub 2009 May 3.
ADP-ribosylation factor (ARF) like 7 (ARL7, also named ARL4C) is a member of ARL family and recent studies showed that it is involved in the AI-dependent cholesterol secretion process. Yet its biological function remains largely unknown. Using a MALDI-TOF/MS analysis, we identified alpha-tubulin interacted with ARL7. The interaction was confirmed by GST pull-down assay and co-immunoprecipitation in renal carcinoma cell 786-O in which we found the endogenous ARL7 is expressed. This is the second ARL member found interacting with tubulin after ARL8. In addition, ARL7Q72L, a GTP-binding form, promoted the transferrin transport from early endosome to recycling endosome significantly. The above data suggested that ARL7 might modulate the intracellular vesicular transport via interaction with microtubules.

(17) FAM110B (family with sequence similarity 110, member B)

Hauge H, Patzke S, Aasheim HC. Characterization of the FAM110 gene family. Genomics. 2007 Jul;90(1):14-27. Epub 2007 May 11.
We have previously characterized the centrosome/spindle pole-associated protein (CSPP) involved in cell cycle progression. The open reading frame C20orf55 was identified in a yeast two-hybrid screen in a search for CSPP-interacting proteins. A homology search revealed that C20orf55 belongs to a gene family consisting of three members that have not yet been described. The HUGO Nomenclature Committee has assigned these genes the names FAM110A-FAM110C. Studies of transfectants showed that the FAM110 proteins localized to centrosomes and accumulated at the microtubule organization center in interphase and at spindle poles in mitosis. In addition, overexpression of FAM110C induced microtubule aberrancies. Our data also indicated a cell cycle-regulated expression of FAM110A. Moreover, ectopic expression of FAM110B and FAM110C proteins impaired cell cycle progression in G1 phase. To summarize, we have characterized a novel family of genes encoding proteins with distinct conserved motifs, of which all members localize to centrosomes and spindle poles.

(18) CCNG2 (cyclin G2)

The eukaryotic cell cycle is governed by cyclin-dependent protein kinases (CDKs) whose activities are regulated by cyclins and CDK inhibitors. The 8 species of cyclins reported in mammals, cyclins A through H, share a conserved amino acid sequence of about 90 residues called the cyclin box. The amino acid sequence of cyclin G is well conserved among mammals. The nucleotide sequence of cyclin G1 and cyclin G2 are 53% identical. Unlike cyclin G1, cyclin G2 contains a C-terminal PEST protein destabilization motif, suggesting that cyclin G2 expression is tightly regulated through the cell cycle. [provided by RefSeq] 

Santamaria D, Ortega S. Cyclins and CDKS in development and cancer: lessons from genetically modified mice. Front Biosci. 2006 Jan 1;11:1164-88.
From yeast to humans, cell cycle progression and cell division are driven by the sequential activation of a group of serine-threonine kinases called cyclin-dependent kinases (Cdks). Multiple Cdks control the cell cycle in mammals and have been long considered essential for normal proliferation, development and homeostasis. The importance of the Cdk-cyclin complexes in cell proliferation is underscored by the finding that deregulation of the Cdk activity is found in virtually the whole spectrum of human tumors. Recent information from gene-targeted mouse models for the various cyclins and Cdks have made some of the generally accepted concepts of cell cycle regulation to be revised and new and exciting questions to be investigated. Unexpectedly, most of the canonical Cdk-cyclin complexes have turned out to be dispensable for cell proliferation due to a high level of functional redundancy, promiscuity and compensatory mechanisms. As a consequence, a "yeast-like" model where only one Cdk is essential to drive all stages of cell cycle progression is starting to be envisioned for mammalian cells. Moreover, the specific molecular players that drive the cell cycle in mammals seem to be cell-type-specific, and new, non-canonical functions of cyclins and Cdks have been revealed. This review will discuss these new findings and their implications for cancer therapy.

(19) PDE1A (phosphodiesterase 1A, calmodulin-dependent)

Cyclic nucleotide phosphodiesterases (PDEs) play a role in signal transduction by regulating intracellular cyclic nucleotide concentrations through hydrolysis of cAMP and/or cGMP to their respective nucleoside 5-prime monophosphates. Members of the PDE1 family, such as PDE1A, are Ca(2+)/calmodulin (see CALM1; MIM 114180)-dependent PDEs (CaM-PDEs) that are activated by calmodulin in the presence of Ca(2+) (Michibata et al., 2001 [PubMed 11342109]; Fidock et al., 2002 [PubMed 11747989]).[supplied by OMIM] 

Abusnina A, Alhosin M, Keravis T, Muller CD, Fuhrmann G, Bronner C, Lugnier C. Down-regulation of cyclic nucleotide phosphodiesterase PDE1A is the key event of p73 and UHRF1 deregulation in thymoquinone-induced acute lymphoblastic leukemia cell apoptosis. Cell Signal. 2011 Jan;23(1):152-60. Epub 2010 Aug 31.
Thymoquinone (TQ), the active principle of Nigella sativa black seeds, has anti-proliferative properties on numerous cancer cell types. Others and we have previously reported that TQ acts as agent that triggers cell cycle arrest and apoptosis through either a p53- or p73-dependent pathway. However, the immediate targets recruited upon TQ-induced cytotoxicity have not yet been clearly identified. We therefore asked whether cyclic nucleotide phosphodiesterases (PDEs) could be involved in TQ-triggered pro-apoptotic reactivity; PDEs are regulators of intracellular levels of cyclic nucleotides and therefore can modulate cAMP and cGMP-dependent cell death pathways. Our results showed that TQ specifically repressed PDE1A expression in the acute lymphoblastic leukemia Jurkat cell line. This effect is concomitant with the previously described sequential deregulation of the expression of the tumor suppressor protein p73 and the epigenetic integrator UHRF1 (Ubiquitin-like, PHD Ring Finger 1). Interestingly, RNA-interference knock-down of PDE1A expression as well as decreased PDE1A expression induced growth inhibition of Jurkat cells, cell cycle arrest and apoptosis through an activation of p73 and a repression of UHRF1. Conversely, PDE1A re-expression counteracted the cellular pro-apoptotic effects of TQ in association with a p73 repression and UHRF1 re-expression. Altogether, our results show that TQ induced an initial down-regulation of PDE1A with a subsequent down-regulation of UHRF1 via a p73-dependent mechanism. This study further proposes that PDE1A might be involved in the epigenetic code inheritance by regulating, via p73, the epigenetic integrator UHRF1. Our findings also suggest that a forced inhibition of PDE1A expression might be a new therapeutic strategy for the management of acute lymphoblastic leukemia.

(20) C5orf4 (chromosome 5 open reading frame 4)

Boultwood J, Fidler C, Strickson AJ, Watkins F, Kostrzewa M, Jaju RJ, Müller U, Wainscoat JS. Transcription mapping of the 5q- syndrome critical region: cloning of two novel genes and sequencing, expression, and mapping of a further six novel cDNAs. Genomics. 2000 May 15;66(1):26-34.
The 5q- syndrome is a myelodysplastic syndrome with the 5q deletion ¿del(5q) as the sole karyotypic abnormality. We are using the expressed sequence tag (EST) resource as our primary approach to identifying novel candidate genes for the 5q- syndrome. Seventeen ESTs were identified from the Human Gene Map at the National Center for Biotechnology Information that had no significant homology to any known genes and were assigned between DNA markers D5S413 and D5S487, flanking the critical region of the 5q- syndrome at 5q31-q32. Eleven of the 17 cDNAs from which the ESTs were derived (65%) were shown to map to the critical region of the 5q- syndrome by gene dosage analysis and were then sublocalized by PCR screening to a YAC contig encompassing the critical region. Eight of the 11 cDNA clones, upon full sequencing, had no significant homology to any known genes. Each of the 8 cDNA clones was shown to be expressed in human bone marrow. The complete coding sequence was obtained for 2 of the novel genes, termed C5orf3 and C5orf4. The 2.6-kb transcript of C5orf3 encodes a putative 505-amino-acid protein and contains an ATP/GTP-binding site motif A (P loop), suggesting that this novel gene encodes an ATP- or a GTP-binding protein. The novel gene C5orf4 has a transcript of 3.1 kb, encoding a putative 144-amino-acid protein. We describe the cloning of 2 novel human genes and the sequencing, expression patterns, and mapping to the critical region of the 5q- syndrome of a further 6 novel cDNA clones. Genomic localization and expression patterns would suggest that the 8 novel cDNAs described in this report represent potential candidate genes for the 5q- syndrome.

(21) S100Z (S100 calcium binding protein Z)

Gribenko AV, Hopper JE, Makhatadze GI. Molecular characterization and tissue distribution of a novel member of the S100 family of EF-hand proteins. Biochemistry. 2001 Dec 25;40(51):15538-48.
We have isolated from a human prostate cDNA library a cDNA encoding a novel member of the S100 family of EF-hand proteins. The encoded 99-amino acid protein, designated S100Z, is capable of interacting with another member of the family, S100P. S100Z cDNA was cloned into a bacterial expression system, and the S100Z protein was purified to homogeneity from bacterial lysates by a combination of hydrophobic column and gel-filtration chromatography. Direct amino acid sequencing of the 20 N-terminal amino acids confirmed that the sequence of the recombinant protein is identical to the sequence deduced from the cDNA. Low-resolution structural data have been obtained using circular dichroism and fluorescence spectroscopies, and equilibrium analytical centrifugation. These results show that S100Z is a dimeric, predominantly alpha-helical protein. Addition of calcium to a solution of S100Z changes the fluorescence intensity of the protein, indicating that S100Z is capable of binding calcium ions. Analysis of the calcium-binding isotherm indicates the existence of two calcium-binding sites with apparent affinities on the order of 5 x 10(6) and 10(2) M(-1). Binding of calcium results in conformational changes and exposure of hydrophobic surfaces on the protein. Using a PCR-based assay, we have detected differences in the expression level of S100Z mRNA in various tissues. The highest levels were found in spleen and leukocytes. S100Z gene expression appears to be deregulated in some tumor tissues, compared to expression in their normal counterparts.

(22) SAMD9L (sterile alpha motif domain containing 9-like)

Li CF, MacDonald JR, Wei RY, Ray J, Lau K, Kandel C, Koffman R, Bell S, Scherer SW, Alman BA. Human sterile alpha motif domain 9, a novel gene identified as down-regulated in aggressive fibromatosis, is absent in the mouse. BMC Genomics. 2007 Apr 3;8:92.

BACKGROUND: 
Neoplasia can be driven by mutations resulting in dysregulation of transcription. In the mesenchymal neoplasm, aggressive fibromatosis, subtractive hybridization identified sterile alpha motif domain 9 (SAMD9) as a substantially down regulated gene in neoplasia. SAMD9 was recently found to be mutated in normophosphatemic familial tumoral calcinosis. In this study, we studied the gene structure and function of SAMD9, and its paralogous gene, SAMD9L, and examined these in a variety of species.

RESULTS: 

SAMD9 is located on human chromosome 7q21.2 with a paralogous gene sterile alpha motif domain 9 like (SAMD9L) in the head-to-tail orientation. Although both genes are present in a variety of species, the orthologue for SAMD9 is lost in the mouse lineage due to a unique genomic rearrangement. Both SAMD9 and SAMD9L are ubiquitously expressed in human tissues. SAMD9 is expressed at a lower level in a variety of neoplasms associated with beta-catenin stabilization, such as aggressive fibromatosis, breast, and colon cancers. SAMD9 and SAMD9L contain an amino-terminal SAM domain, but the remainder of the predicted protein structure does not exhibit substantial homology to other known protein motifs. The putative protein product of SAMD9 localizes to the cytoplasm. In vitro data shows that SAMD9 negatively regulates cell proliferation. Over expression of SAMD9 in the colon cancer cell line, SW480, reduces the volume of tumors formed when transplanted into immune-deficient mice.

CONCLUSION: 

SAMD9 and SAMD9L are a novel family of genes, which play a role regulating cell proliferation and suppressing the neoplastic phenotype. This is the first report as far as we know about a human gene that exists in rat, but is lost in mouse, due to a mouse specific rearrangement, resulting in the loss of the SAMD9 gene.

(23) FHL1 (four and a half LIM domains 1)
Shathasivam T, Kislinger T, Gramolini AO. Genes, proteins and complexes: the multifaceted nature of FHL family proteins in diverse tissues. J Cell Mol Med. 2010 Dec;14(12):2702-20. doi: 10.1111/j.1582-4934.2010.01176.x.
Four and a half LIM domain protein 1 (FHL1) is the founding member of the FHL family of proteins characterized by the presence of four and a half highly conserved LIM domains. The LIM domain is a protein-interaction motif and is involved in linking proteins with both the actin cytoskeleton and transcriptional machinery. To date, more than 25 different protein interactions have been identified for full length FHL1 and its spliced variants, and these interactions can be mapped to a variety of functional classes. Because FHL1 is expressed predominantly in skeletal muscle, all of these proteins interactions translate into a multifunctional and integral role for FHL1 in muscle development, structural maintenance, and signalling. Importantly, 27 FHL1 genetic mutations have been identified that result in at least six different X-linked myopathies, with patients often presenting with cardiovascular disease. FHL1 expression is also significantly up-regulated in a variety of cardiac disorders, even at the earliest stages of disease onset. Alternatively, FHL1 expression is suppressed in a variety of cancers, and ectopic FHL1 expression offers potential for some phenotype rescue. This review focuses on recent studies of FHL1 in muscular dystrophies and cardiovascular disease, and provides a comprehensive review of FHL1s multifunctional roles in skeletal muscle.

(24) ARL6IP5 (ADP-ribosylation-like factor 6 interacting protein 5)

also known as: JWA; jmx; hp22; PRAF3; DERP11; HSPC127; addicsin; GTRAP3-18; ARL6IP5

Bai J, Zhang J, Wu J, Shen L, Zeng J, Ding J, Wu Y, Gong Z, Li A, Xu S, Zhou J, Li G. JWA regulates melanoma metastasis by integrin alphaVbeta3 signaling. Oncogene. 2010 Feb 25;29(8):1227-37. Epub 2009 Nov 30.

JWA, a newly identified novel microtubule-associated protein (MAP), was recently demonstrated to be indispensable for the rearrangement of actin cytoskeleton and activation of MAPK cascades induced by arsenic trioxide (As(2)O(3)) and phorbol ester (PMA). JWA depletion blocked the inhibitory effect of As(2)O(3) on HeLa cell migration, but enhanced cell migration after PMA treatment. As cancer cell migration is a hallmark of tumor metastasis and the functional role of JWA in cancer metastasis is not understood, here we show that JWA has an important role in melanoma metastasis. Our data demonstrated that JWA knockdown increased the adhesion and invasion abilities of melanoma cells. Furthermore, JWA knockdown in B16-F10 and A375 melanoma cells significantly promoted the formation and growth of metastatic colonies in vivo. Moreover, in the tumor biopsies from human melanoma patients, JWA expression was significantly decreased in malignant melanoma compared with normal nevi. In addition, we found that JWA knockdown could intensify tumor integrin alpha(V)beta(3) signaling by regulating nuclear factor Sp1. These findings suggest that JWA suppresses melanoma metastasis and may serve a potential therapeutic target for human melanoma.

(25) RRAS (related RAS viral (r-ras) oncogene homolog)
Negishi M, Oinuma I, Katoh H. R-ras as a key player for signaling pathway of plexins. Mol Neurobiol. 2005 Dec;32(3):217-22.
Axon guidance represents an important step in the formation of neuronal networks. Axons are guided by various guidance factors, such as semaphorins, slits, ephrins, and netrins. Plexins are cell surface receptors for the repulsive molecules of the semaphorin family. Cytoplasmic regions of plexins are responsible for initiating cellular signal transduction, resulting in axon repulsion. Recent advances have shed light on the signal transduction mechanism of plexins and the mechanisms by which it leads to a repulsive response. Plexin-B1 possesses an intrinsic guanine triphosphate (GTP)ase activating protein activity for R-Ras, a member of Ras family of small GTPases that has been implicated in promoting cell adhesion and neurite outgrowth through integrin activation. Stimulation of Plexin-B1 by Sema4D induces collapse of the growth cone through downregulation of R-Ras activity. This article summarizes current understanding of the signaling mechanisms of plexins.

(26) C2orf67 (chromosome 2 open reading frame 67)
open reading frame
Wilfried Kugler Part IVa

Micro array interpretation

Information to missing up-regulated genes
(1) PCDH17 (protocadherin 17)
Kim SY, Yasuda S, Tanaka H, Yamagata K, Kim H. Non-clustered protocadherin. Cell Adh Migr. 2011 Mar 1;5(2):97-105. Epub 2011 Mar 1.
Cadherin family is classified into classical cadherins, desmosomal cadherins and protocadherins (PCDHs). Genomic structures distinguish between PCDHs and other cadherins, and between clustered and non-clustered PCDHs. The phylogenetic analysis with full sequences of non-clustered PCDHs enabled them to be further classified into three subgroups: δ1 (PCDH1, PCDH7, PCDH9, PCDH11 and PCDH20), δ2 (PCDH8, PCDH10, PCDH12, PCDH17, PCDH18 and PCDH19) and ε (PCDH15, PCDH16, PCDH21 and MUCDHL). ε-PCDH members except PCDH21 have either higher or lower numbers of cadherin repeats than those of other PCDHs. Non-clustered PCDHs are expressed predominantly in the nervous system and have spatiotemporally diverse expression patterns. Especially, the region-specific expressions of non-clustered PCDHs have been observed in cortical area of early postnatal stage and in caudate putaman and/or hippocampal formation of mature brains, suggesting that non-clustered PCDHs play roles in the circuit formation and maintenance. The non-clustered PCDHs appear to have homophilic/heterophilc cell-cell adhesion properties, and each member has diverse cell signaling partnership distinct from those of other members (PCDH7/TAF1; PCDH8/TAO2β; PCDH10/Nap1; PCDH11/β-catenin; PCDH18/mDab1). Furthermore, each PCDH has several isoforms with differential cytoplasmic sequences, suggesting that one PCDH isoform could activate intracellular signaling differential from other isoforms. These facts suggest that non-clustered PCDHs play roles as a mediator of a regulator of other molecules as well as cell-cell adhesion. Furthermore, some non-clustered PCDHs have been considered to be involved in neuronal diseases such as autism-spectrum disorders, schizophrenia, and female-limited epilepsy and cognitive impairment, suggesting that they play multiple, tightly regulated roles in normal brain function. In addition, some non-clustered PCDHs have been suggested as candidate tumor suppressor genes in several tissues. Although molecular adhesive and regulatory properties of some PCDHs began to be unveiled, the endeavor to understand the molecular mechanism of non-clustered PCDH is still in its infancy and requires future study.
Haruki S, Imoto I, Kozaki K, Matsui T, Kawachi H, Komatsu S, Muramatsu T, Shimada Y, Kawano T, Inazawa J. Frequent silencing of protocadherin 17, a candidate tumour suppressor for esophageal squamous cell carcinoma. Carcinogenesis. 2010 Jun;31(6):1027-36. Epub 2010 Mar 3.
Protocadherins are a subfamily of the cadherin superfamily, but little is known about their functions. We identified a homozygous loss of protocadherin (PCDH) 17 in the course of a program to screen a panel of esophageal squamous cell carcinoma (ESCC) cell lines for genomic copy number aberrations. PCDH17 messenger RNA was expressed in normal esophageal tissue but not in the majority of ESCC cell lines without a homozygous deletion of this gene and restored in gene-silenced ESCC cells after treatment with 5-aza-2'-deoxycytidine. The DNA methylation status of the PCDH17 CpG island correlated inversely with the PCDH17 expression, and a putative methylation target region showed promoter activity. The methylation of the PCDH17 promoter was also associated with the silencing of gene expression in primary ESCC partly. Among primary ESCC cases, the silencing of PCDH17 protein expression was associated with a poorer differentiation status of ESCC cells and possibly with prognosis in a subset of this tumour. Restoration of PCDH17 expression in ESCC cells reduced cell proliferation and migration/invasion. These results suggest that silencing of PCDH17 expression through hypermethylation of the promoter or other mechanisms leads to loss of its tumour-suppressive activity, which may be a factor in the carcinogenesis of a subgroup of ESCCs.

(2) POTED ( POTE ankyrin domain family member D)
Bera TK, Saint Fleur A, Lee Y, Kydd A, Hahn Y, Popescu NC, Zimonjic DB, Lee B, Pastan I.

POTE paralogs are induced and differentially expressed in many cancers. Cancer Res. 2006 Jan 1;66(1):52-6.

To identify new antigens that are targets for the immunotherapy of prostate and breast cancer, we used expressed sequence tag and genomic databases and discovered POTE, a new primate-specific gene family. Each POTE gene encodes a protein that contains three domains, although the proteins vary greatly in size. The NH2-terminal domain is novel and has properties of an extracellular domain but does not contain a signal sequence. The second and third domains are rich in ankyrin repeats and spectrin-like helices, respectively. The protein encoded by POTE-21, the first family member discovered, is localized on the plasma membrane of the cell. In humans, 13 highly homologous paralogs are dispersed among eight chromosomes. The expression of POTE genes in normal tissues is restricted to prostate, ovary, testis, and placenta. A survey of several cancer samples showed that POTE was expressed in 6 of 6 prostate, 12 of 13 breast, 5 of 5 colon, 5 of 6 lung, and 4 of 5 ovarian cancers. To determine the relative expression of each POTE paralog in cancer and normal samples, we employed a PCR-based cloning and analysis method. We found that POTE-2alpha, POTE-2beta, POTE-2gamma, and POTE-22 are predominantly expressed in cancers whereas POTE expression in normal tissues is somewhat more diverse. Because POTE is primate specific and is expressed in testis and many cancers but only in a few normal tissues, we conclude POTE is a new primate-specific member of the cancer-testis antigen family. It is likely that POTE has a unique role in primate biology.

No information on member D (nomenclature?) found, but:

Liu X, Tang H, Zhang Z, Li W, Wang Z, Zheng Y, Wu M, Li G. POTEH hypomethylation, a new epigenetic biomarker for glioma prognosis. Brain Res. 2011 May 19;1391:125-31. Epub 2011 Mar 22

(3) RPL27A (ribosomal protein L27a)
Ribosomes, the organelles that catalyze protein synthesis, consist of a small 40S subunit and a large 60S subunit. Together these subunits are composed of 4 RNA species and approximately 80 structurally distinct proteins. This gene encodes a ribosomal protein that is a component of the 60S subunit. The protein belongs to the L15P family of ribosomal proteins. It is located in the cytoplasm. Variable expression of this gene in colorectal cancers compared to adjacent normal tissues has been observed, although no correlation between the level of expression and the severity of the disease has been found. As is typical for genes encoding ribosomal proteins, multiple processed pseudogenes derived from this gene are dispersed through the genome. [provided by RefSeq]

e.g.:
Yajima S, Ishii M, Matsushita H, Aoyagi K, Yoshimatsu K, Kaneko H, Yamamoto N, Teramoto T, Yoshida T, Matsumura Y, Sasaki H. Expression profiling of fecal colonocytes for RNA-based screening of colorectal cancer. Int J Oncol. 2007 Nov;31(5):1029-37.
The early detection of colorectal cancer originating from any part of the colorectum is desirable because this cancer can be cured surgically if diagnosed early. We searched for marker genes for a fecal RNA-based colorectal cancer screening method by comparison of genome-wide expression profiles among cancerous and non-cancerous tissues, and healthy volunteer- and cancer patient-derived colonocytes from the feces, and the peripheral blood. Of 14,564 genes, only 3 (PAP, REG1A, and DPEP1) were selectable as final candidates which were expressed frequently at any stage of this cancer and were suppressed in non-cancerous tissues and also in the peripheral blood and colonocytes of healthy volunteers. Next, we directly compared fecal RNA-expression profiles between colorectal cancer patients and healthy volunteers, and found that most of the genes (92%) expressed in the colonocytes of the cancer patients were not expressed in those of the healthy volunteers. Six genes (SEPP1, RPL27A, ATP1B1, EEF1A1, SFN, and RPS11) selected randomly from 85 cancer patient-derived colonocyte-specific genes were evaluated. In total, reverse transcription-polymerase chain reaction or focused microarray of all those 9 genes detected 18 (78%) of 23 curable colorectal cancers (Dukes stages A-C), 9 or 10 (64% or 71%) of 14 early cancers with no lymph node metastasis (Dukes stage A or B) and 4 (80%) of 5 right-sided cancers. Our extensive gene list provides other markers for fecal RNA-based colorectal cancer screening.

(4) RPL22L1 (ribosomal protein L22-like 1)
no article found (is a component of the 60S subunit) 

(5) CDH10 (cadherin 10, type 2 (T2-cadherin))
Williams MJ, Lowrie MB, Bennett JP, Firth JA, Clark P. Cadherin-10 is a novel blood-brain barrier adhesion molecule in human and mouse. Brain Res. 2005 Oct 5;1058(1-2):62-72. Epub 2005 Sep 21.
Maintenance of the specialised environment of the central nervous system requires barriers provided by the endothelium of brain microvessels (the blood-brain barrier (BBB)) or the epithelium lining the ventricles (CSF-brain barrier) or the choroid plexus (blood-CSF barrier). Inter-endothelial junctions are more extensive in the BBB than in other tissues, with elaborate tight junctions. However, few differences in the molecular composition of these junctions have been described. Here, we show, in both human and mouse brain, that the type II classical cadherin, cadherin-10, is expressed in BBB and retinal endothelia, but not in the leaky microvessels of brain circumventricular organs (CVO), or in those of non-CNS tissues. This expression pattern is distinct from, and reciprocal to, VE-cadherin, which is reduced or absent in tight cortical microvessels, but present in leaky CVO vessels. In CVO, the barrier function is switched from the microvasculature to the adjacent ventricular epithelium, which we also find to express cadherin-10. In the vessels of gliobastoma multiforme tumours, where BBB is lost, cadherin-10 is not detected. This demonstration of a distinctive expression pattern of cadherin-10 suggests that it has a pivotal role in the development and maintenance of brain barriers.

(6) RPL41 (ribosomal protein L41)
Wang S, Huang J, He J, Wang A, Xu S, Huang SF, Xiao S. RPL41, a small ribosomal peptide deregulated in tumors, is essential for mitosis and centrosome integrity. Neoplasia. 2010 Mar;12(3):284-93.

Ribosomal large subunit protein RPL41 is a basic (positively charged) peptide consisting of only 25 amino acids. An antisense-based functional screening revealed that the down-regulation of RPL41 led to an anchorage-independent growth of NIH3T3 cells in soft agar plates. RPL41 depletion with gene-specific small interfering RNA also resulted in malignant transformation of NIH3T3 cells including increased tumor growth in mice. RPL41 deletion was detected in 59% of tumor cell lines by fluorescence in situ hybridization analyses and RPL41 down-regulation in 75% of primary breast cancers by real-time quantitative reverse transcription-polymerase chain reaction. These studies suggest a tumor suppression role for RPL41. By mass spectrometry, RPL41 was associated with several cytoskeleton components including tubulin beta, gamma, and myosin IIA, which was confirmed by Western blot analysis on both cellular lysis and individually in vitro-expressed proteins. RPL41 also bound directly to polymerized tubulins. Cells overexpressing a GFP-RPL41 were resistant to nocodazole-induced microtubule depolymerization. A synthetic RPL41 induced cellular alpha-tubulin acetylation and G(2)/M cell cycle arrest. These results indicate a stabilizing role of RPL41 on microtubule. Microtubule spindles are essential for chromosome segregation during mitosis. Cells with RPL41 knock-down showed abnormal spindles, frequent failure of cytokinesis, and formation of polynuclear cells. In interphase cells, RPL41-depleted cells had premature splitting of centrosome. Our results provide evidence that RPL41 is a microtubule-associated protein essential for functional spindles and for the integrity of centrosome and that the abnormal mitosis and disrupted centrosome associated with the RPL41 down-regulation may be related to malignant transformation.
(7) HLA-DPB1 (major histocompatibility complex, class II, DP beta 1)
HLA-DPB belongs to the HLA class II beta chain paralogues. This class II molecule is a heterodimer consisting of an alpha (DPA) and a beta chain (DPB), both anchored in the membrane. It plays a central role in the immune system by presenting peptides derived from extracellular proteins. Class II molecules are expressed in antigen presenting cells (APC: B lymphocytes, dendritic cells, macrophages). The beta chain is approximately 26-28 kDa and its gene contains 6 exons. Exon one encodes the leader peptide, exons 2 and 3 encode the two extracellular domains, exon 4 encodes the transmembrane domain and exon 5 encodes the cytoplasmic tail. Within the DP molecule both the alpha chain and the beta chain contain the polymorphisms specifying the peptide binding specificities, resulting in up to 4 different molecules. [provided by RefSeq] 

e.g.

McCanlies EC, Kreiss K, Andrew M, Weston A. HLA-DPB1 and chronic beryllium disease: a HuGE review. Am J Epidemiol. 2003 Mar 1;157(5):388-98.
The human leukocyte antigen (HLA) complex is a series of genes located on chromosome 6 that are important in normal immune function. Susceptibility to chronic beryllium disease, a granulomatous lung disease that appears in workers exposed to beryllium, is modified by genetic variants of the HLA-DP subregion. Evaluation of HLA-DPB1 sequence motifs in current and former beryllium workers implicated a glutamic acid residue at position 69 (HLA-DPB1(Glu69)) in chronic beryllium disease. This finding has since been extended to specific HLA-DPB1(Glu69) alleles. Specific job tasks have also been implicated in degree of risk, and in this paper the authors explore gene-environment interaction. The utility of this genetic information for prospective, current, and former beryllium workers must be weighed against the potential for employment and insurance discrimination. Continued research in the beryllium-exposed population will be important for improving personal risk assessment and identifying high-risk genes associated with disease progression.

(8) PCDH15 (protocadherin 15) 
Müller U. Cadherins and mechanotransduction by hair cells. Curr Opin Cell Biol. 2008 Oct;20(5):557-66. Epub 2008 Jul 30.

Mechanotransduction, the conversion of a mechanical stimulus into an electrical signal is crucial for our ability to hear and to maintain balance. Recent findings indicate that two members of the cadherin superfamily are components of the mechanotransduction machinery in sensory hair cells of the vertebrate inner ear. These studies show that cadherin 23 (CDH23) and protocadherin 15 (PCDH15) form several of the extracellular filaments that connect the stereocilia and kinocilium of a hair cell into a bundle. One of these filaments is the tip link that has been proposed to gate the mechanotransduction channel in hair cells. The extracellular domains of CDH23 and PCDH15 differ in their structure from classical cadherins and their cytoplasmic domains bind to distinct effectors, suggesting that evolutionary pressures have shaped the two cadherins for their function in mechanotransduction.
Wilfried Kugler Part IVb
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Information to missing down-regulated genes
(1) CDH12 (cadherin 12, type 2 (N-cadherin 2))
Wang JF, She L, Su BH, Ding LC, Zheng FF, Zheng DL, Lu YG. CDH12 promotes the invasion of salivary adenoid cystic carcinoma. Oncol Rep. 2011 Jul;26(1):101-8. doi: 10.3892/or.2011.1286. Epub 2011 Apr 28.
Cadherins are found in almost all living organisms. In addition to their role in the formation and maintenance of normal tissue architecture, cadherins seem to play a crucial role in the cell-cell interactions of cancer cells in tumorigenesis, invasion and metastasis. The aim of the present study was to identify the role of CDH12 in the invasion and metastasis of salivary adenoid cystic carcinoma (SACC). Real-time PCR results showed that CDH12 is abnormally expressed in the highly metastatic SACC cell line ACC-M, compared to ACC-2, a SACC cell line with low metastatic ability. CDH12 expression was significantly higher in clinical samples with metastasis and recurrence than in those without metastasis and recurrence (P<0.05), as demonstrated by immunohistochemical analysis. Overexpression of the CDH12 protein in ACC-M cells infected with an adenovirus vector containing CDH12 enhanced the invasive and migratory ability of ACC-M cells in vitro compared to ACC-M cells infected with empty vector. Likewise, knockdown of CDH12 by small interfering RNA efficiently inhibited the invasion and migration of ACC-M cells in vitro. These results indicate that CDH12 may play an important role in the invasion and metastasis of SACC.

(2) LOC100132426 ig kappa chain V-I region HK101-like
no information found

(3) PCDHB11 (protocadherin beta 11)
This gene is a member of the protocadherin beta gene cluster, one of three related gene clusters tandemly linked on chromosome five. The gene clusters demonstrate an unusual genomic organization similar to that of B-cell and T-cell receptor gene clusters. The beta cluster contains 16 genes and 3 pseudogenes, each encoding 6 extracellular cadherin domains and a cytoplasmic tail that deviates from others in the cadherin superfamily. The extracellular domains interact in a homophilic manner to specify differential cell-cell connections. Unlike the alpha and gamma clusters, the transcripts from these genes are made up of only one large exon, not sharing common 3' exons as expected. These neural cadherin-like cell adhesion proteins are integral plasma membrane proteins. Their specific functions are unknown but they most likely play a critical role in the establishment and function of specific cell-cell neural connections. [provided by RefSeq] 

(4) PCDHB2 (protocadherin beta 2)
Carter H, Samayoa J, Hruban RH, Karchin R. Prioritization of driver mutations in pancreatic cancer using cancer-specific high-throughput annotation of somatic mutations (CHASM). 
Cancer Biol Ther. 2010 Sep;10(6):582-7. Epub 2010 Oct 1.
Over 20,000 genes were recently sequenced in a series of 24 pancreatic cancers. We applied CHASM (Cancer-specific High-throughput Annotation of Somatic Mutations) to 963 of the missense somatic missense mutations discovered in these 24 cancers. CHASM identified putative driver mutations (false discovery rate ≤0.3) in three known pancreatic cancer driver genes (P53, SMAD4, CDKN2A). An additional 15 genes with putative driver mutations include genes coding for kinases (PIK3CG, DGKA, STK33, TTK and PRKCG), for cell cycle related proteins (NEK8), and for proteins involved in cell adhesion (CMAS, PCDHB2). These and other mutations identified by CHASM point to potential "driver genes" in pancreatic cancer that should be prioritized for additional follow-up.

(5) LOC100132426

identical to number 2
(6) PCDHB14 (protocadherin beta 14)
This gene is a member of the protocadherin beta gene cluster, one of three related gene clusters tandemly linked on chromosome five. The gene clusters demonstrate an unusual genomic organization similar to that of B-cell and T-cell receptor gene clusters. The beta cluster contains 16 genes and 3 pseudogenes, each encoding 6 extracellular cadherin domains and a cytoplasmic tail that deviates from others in the cadherin superfamily. The extracellular domains interact in a homophilic manner to specify differential cell-cell connections. Unlike the alpha and gamma clusters, the transcripts from these genes are made up of only one large exon, not sharing common 3' exons as expected. These neural cadherin-like cell adhesion proteins are integral plasma membrane proteins. Their specific functions are unknown but they most likely play a critical role in the establishment and function of specific cell-cell neural connections. [provided by RefSeq] 
(7) LOC642838 ig kappa chain V-I region Walker-like
no information found

(8) LOC642838 ig kappa chain V-I region Walker-like
same as number 7

(9) ANKRD20B ( ankyrin repeat domain 20B)
ankyrin repeat domain 20 family, member A8, pseudogene
Leo Veenman

April 11, 2011.

HLA (9, 19, 20, 33, 38, 39, 54, 148, 154, 234, 382) 

major histocompatibility complex (Class II) (from our beloved Wikipedia)

The major histocompatibility complex (MHC) is a large genomic region or gene family found in most vertebrates that encodes MHC molecules. MHC molecules play an important role in the immune system and autoimmunity.

Proteins are continually synthesized and destroyed in the cell. These include normal proteins (self) and microbial pathogens (nonself). MHC molecules display fragments of processed proteins on the cell surface. (The protein fragment is sometimes compared to a hot dog, and the MHC protein to the bun.[1]) The constitutive presentation of MHC:peptide on cell surfaces allows for pathogen surveillance by immune cells, usually a T cell or natural killer (NK) cell. If activating T or NK cell surface receptors recognize MHC:peptide through binding interactions, it can activate the immune cell and lead to the development of an immune response against the presented antigen. Because MHC genes must defend against a great diversity of microbes in the environment, the MHC genes themselves must be able to present a wide range of peptides. MHC genes achieve this through several mechanisms: (1) the MHC locus is polygenic, (2) MHC genes are highly polymorphic and numerous alleles have been described, and (3) several MHC genes are codominantly expressed.

There are two general classes of MHC molecules: Class I and Class II. Class I MHC molecules are found on all nucleated cells and present peptides to cytotoxic T cells. Class II MHC molecules are found on certain immune cells themselves, chiefly macrophages, B cells and dendritic cells, collectively known as professional antigen-presenting cells (APCs). These APCs specialize in the uptake of pathogens and subsequent processing into peptide fragments within phagosomes. The Class II MHC molecules on APCs present these fragments to helper T cells, which stimulate an immune reaction from other cells.

Ribosomal proteins (10, 120, 200, 210, 216, 231, 258, 301, 302, 336, 376, 490, 559)

A ribosomal protein (from our beloved Wikipedia) is any of the proteins that, in conjunction with rRNA, make up the ribosomal subunits involved in the cellular process of translation. A large part of the knowledge about these organic molecules has come from the study of E. coli ribosomes. Most ribosomic proteins have been isolated and specific anti-bodies have been produced. These, together with electronic microscopy and the use of certain reactives, have allowed for the determination of the topography of the proteins in the ribosome.

Exonucleases (from our beloved Wikipedia) are enzymes that work by cleaving nucleotides one at a time from the end of a polynucleotide chain. A hydrolyzing reaction that breaks phosphodiester bonds at either the 3’ or the 5’ end occurs.

(11) MMP-12
Gossas T, Danielson UH.  Characterization of Ca2+ interactions with matrix metallopeptidase-12: implications for matrix metallopeptidase regulation.  Biochem J. 2006 Sep 15;398(3):393-8.

 (matrix metallopeptidase-12, also known as human macrophage elastase) is a metalloendopeptidase (EC 3.4.24.65) belonging to the matrixin subfamily M10A, as classified in the MEROPS peptidase database [1]. MMP-12 is of interest as a drug target as it is believed to be involved in many diseases, such as chronic obstructive pulmonary disease, rheumatoid arthritis and multiple sclerosis [2–4]. The degradation of extra cellular matrix by MMP-12 is an essential part of these diseases and therefore researchers are designing potential MMP-12 inhibitors and testing their suitability as drugs.

(12) tripartite motif family-like (12, 151)

Tian L, Wu X, Lin Y, Liu Z, Xiong F, Han Z, Zhou Y, Zeng Q, Wang Y, Deng J, Chen H.  Characterization and potential function of a novel pre-implantation embryo-specific RING finger protein: TRIML1.   Mol Reprod Dev. 2009 Jul;76(7):656-64.

Members of the super-class of zinc finger proteins are key regulators in early embryogenesis. Utilizing in silico mining of EST Databases for pre-implantation Embryo-Specific Zinc Finger Protein Genes, we characterized a novel zygotic mouse gene-tripartite motif family-like 1 (TRIML1), which expresses in embryo before implantation. Knocking down of TRIML1 resulted in the fewer cell number of blastocysts and failture to give rise to neonates after embryo transfer. The binding partner of TRIML1, Ubiquitin-specific protease 5 (USP5), was identified by yeast two-hybrid screening assay. The interaction was confirmed by GST pull-down and coimmunoprecipitation analysis. The role of TRIML1 in ubiquitin pathway during the development stage of mouse blastocyst was further discussed.

(13) olfactory receptor, family 51, subfamily B, member 5

(14, 27) chromosome Y open reading frame 15B ?

(15, 45) synaptotagmin XVI ?  Something synaptic, membrane fusion, but no calcium sensitivity

(16) ubiquitin specific peptidase 9 (just one of the family) ubiquitination regulation

(17, 64, 130) pregnancy specific beta-1-glycoprotein 4 (?)

(18, 48, 972) interleukin 13 receptor  From Wikipedia, the free encyclopedia

(339, 444)    interleukin

(18)  Interleukin 13 (IL-13) is a protein that in humans is encoded by the IL13 gene.[1]

HYPERLINK "http://en.wikipedia.org/wiki/Interleukin-13" \l "cite_note-pmid8097324-1"[2]

HYPERLINK "http://en.wikipedia.org/wiki/Interleukin-13" \l "cite_note-pmid1408833-2"[3] IL-13 is cytokine secreted by many cell types, but especially T helper type 2 (Th2) cells,[4] that is an important mediator of allergic inflammation and disease.

In addition to effects on immune cells that are similar to those of the closely related cytokine IL-4, IL-13 is more importantly implicated as a central mediator of the physiologic changes induced by allergic inflammation in many tissues.

(19)  HLA-DRA // major histocompatibility complex, class II, DR alpha

(20)  HLA-DRA // major histocompatibility complex, class II, DR alpha 

(19 and 20 the same?)

(21) olfactory receptor, family 51, subfamily I, member 1

(22)  (Just one) ubiquitously transcribed tetratricopeptide repeat gene, Y-li 

This gene encodes a protein containing tetratricopeptide repeats which are thought to be involved in protein-protein interactions. This protein is a minor histocompatibility antigen which may induce graft rejection of male stem cell grafts. Alternative splicing results in multiple transcript variants encoding different isoforms. 

Minor histocompatibility antigen are receptors on the cell surface of donated organs that are known to give an immunological response in some organ transplants. They cause problems of rejection less frequently than those of the major histocompatibility complex (MHC).

(23) cyclic nucleotide binding domain containing 1 CNBD1  ?

(24, 299, 338, 363, 429, 680)   

(24)ribonucleoprotein, PTB-binding 2  

Ribonucleoprotein (RNP) is a nucleoprotein that contains RNA, i.e. it is an association that combines ribonucleic acid and protein together.   

Han SP, Tang YH, Smith R.  Functional diversity of the hnRNPs: past, present and perspectives.  Biochem J. 2010 Aug 27;430(3):379-92.

The hnRNPs (heterogeneous nuclear ribonucleoproteins) are RNA-binding proteins with important roles in multiple aspects of nucleic acid metabolism, including the packaging of nascent transcripts, alternative splicing and translational regulation. Although they share some general characteristics, they vary greatly in terms of their domain composition and functional properties. Although the traditional grouping of the hnRNPs as a collection of proteins provided a practical framework, which has guided much of the research on them, this approach is becoming increasingly incompatible with current knowledge about their structural and functional divergence. Hence, we review the current literature to 

examine hnRNP diversity, and discuss how this impacts upon approaches to the classification of RNA-binding proteins in general.

The conserved mode of PTB binding suggests that Raver2, like Raver1, may function as a modulator of PTB activity (Henneberg B, Swiniarski S, Sabine Becke, Illenberger S. A conserved peptide motif in Raver2 mediates its interaction with the polypyrimidine tract-binding protein. Exp Cell Res. 2010 Apr 1;316(6):966-79.)  Raver1 acts as co-repressor of alternative splicing of the α- tropomyosin Tpm1 gene by direct interaction with PTB ([Gromak et al., 2003] and Spellman et al., 2005 R. Spellman et al., Regulation of alternative splicing by PTB and associated factors, Biochem. Soc. Trans. 33 (2005), pp. 457–460. View Record in Scopus | Cited By in Scopus (41)

HYPERLINK "http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T39-4PNFV70-4&_user=32321&_coverDate=12%2F15%2F2007&_rdoc=1&_fmt=high&_orig=gateway&_origin=gateway&_sort=d&_docanchor=&view=c&_acct=C000004038&_version=1&_urlVersion=0&_userid=32321&md5=29b6f46b8b3c9c830857b4326336addf&searchtype=a" \l "bib39"[Spellman et al., 2005]).

(25, 49)  LPHN3 and LPHN2 The latrophilin receptors are a group of related G-protein coupled receptors from the class B secretin family.  These receptors were originally identified based on their ability to bind latrotoxin.

Ribasés M, Ramos-Quiroga JA, Sánchez-Mora C, Bosch R, Richarte V, Palomar G, Gastaminza X, Bielsa A, Arcos-Burgos M, Muenke M, Castellanos FX, Cormand B, Bayés M, Casas M.  Contribution of LPHN3 to the genetic susceptibility to ADHD in adulthood: a replication study.  Genes Brain Behav. 2011 Mar;10(2):149-57.

Attention-deficit/hyperactivity disorder (ADHD) is a common and highly heritable developmental disorder characterized by a persistent impairing pattern of inattention and/or hyperactivity-impulsivity. Using families from a genetic isolate, the Paisa population from Colombia, and five independent datasets from four different populations (United States, Germany, Norway and Spain), a highly

consistent association was recently reported between ADHD and the latrophilin 3 (LPHN3) gene, a brain-specific member of the LPHN subfamily of G-protein-coupled receptors that is expressed in ADHD-related regions, such as amygdala, caudate nucleus, cerebellum and cerebral cortex. To replicate the association between LPHN3 and ADHD in adults, we undertook a case-control association study in 334 adult patients with ADHD and 334 controls with 43 single nucleotide polymorphisms (SNPs) covering the LPNH3 gene. Single- and multiple-marker analyses showed additional evidence of association between LPHN3 and combined type ADHD in adulthood [P = 0.0019; df = 1; odds ratio (OR) = 1.82 (1.25-2.70) and P = 5.1e-05; df = 1; OR = 2.25 (1.52-3.34), respectively]. These results further support the LPHN3 contribution to combined type ADHD, and specifically to the persistent form of the disorder, and point at this new neuronal pathway as a common susceptibility factor for ADHD throughout the lifespan.

Arcos-Burgos M, Jain M, Acosta MT, Shively S, Stanescu H, Wallis D, Domené S, Vélez JI, Karkera JD, Balog J, Berg K, Kleta R, Gahl WA, Roessler E, Long R, Lie J, Pineda D, Londoño AC, Palacio JD, Arbelaez A, Lopera F, Elia J, Hakonarson H, Johansson S, Knappskog PM, Haavik J, Ribases M, Cormand B, Bayes M, Casas M, Ramos-Quiroga JA, Hervas A, Maher BS, Faraone SV, Seitz C, Freitag CM, Palmason H, Meyer J, Romanos M, Walitza S, Hemminger U, Warnke A, Romanos J, Renner T, Jacob C, Lesch KP, Swanson J, Vortmeyer A, Bailey-Wilson JE, Castellanos FX, Muenke M. A common variant of the latrophilin 3 gene, LPHN3, confers susceptibility to ADHD and predicts effectiveness of stimulant medication. Mol Psychiatry. 2010 Nov;15(11):1053-66.

SPANX family
(26, 30, 31, 32, 50, 71, 72)

(26) SPANX family, member C

Salemi M, Calogero AE, Zaccarello G, Castiglione R, Cosentino A, Campagna C, Vicari E, Rappazzo G.  Expression of SPANX proteins in normal prostatic tissue and in prostate cancer.  Eur J Histochem. 2010;54(3):e41.

The sperm protein associated with the nucleus in the X chromosome (SPANX) gene family encode for proteins that are not only expressed in germ cells, but also in a number of tumors. In addition, SPANX genes map in an interval of the X chromosome (namely, Xq27), which has been found to be associated with familial prostate cancer by linkage analysis. The aim of this study was therefore to evaluate SPANX protein expression in normal prostate tissues and in prostate carcinoma. For this purpose, formalin-fixed and paraffin-embedded sections obtained from 15 normal (at autopsy) donors and 12 men with prostate cancer were  analyzed by immunohistochemistry. About 40% of both normal and tumor prostate samples resulted SPANX positive. Signals were exclusively with the nucleus in normal prostate cells, whereas both nuclear and cytoplasmic positivity was observed in tumor cells. In conclusion, these findings showed that SPANX genes are expressed in both normal and tumor prostate gland, but the latter showed a peculiar cytoplasmic staining positivity. This suggests a possible association between SPANX over expression and prostate cancer development. Additional studies are needed to corroborate this hypothesis.

(27) chromosome Y open reading frame 15A  see above

(28) transmembrane and tetratricopeptide repeat containing 1 (not studied)

(29) SP140 nuclear body protein (potential transcription factor) 

Granito A, Yang WH, Muratori L, Lim MJ, Nakajima A, Ferri S, Pappas G, Quarneti C, Bianchi FB, Bloch DB, Muratori P. PML nuclear body component Sp140 is a novel autoantigen in primary biliary cirrhosis. Am J Gastroenterol. 2010 Jan;105(1):125-31.

(30,31,32)  SPANX family

(33) HLA-DPA1 // major histocompatibility complex, class II, DP alpha 1

(34)  proline rich Gla (G-carboxyglutamic acid) 4 (transmembrane   ….. (just one )

Kulman JD, Harris JE, Xie L, Davie EW.  Proline-rich Gla protein 2 is a cell-surface vitamin K-dependent protein that binds to the transcriptional coactivator Yes-associated protein.  Proc Natl Acad Sci U S A. 2007 May 22;104(21):8767-72. 

Proline-rich Gla protein 2 (PRGP2) is one of four known vertebrate transmembrane gamma-carboxyglutamic acid (Gla) proteins. Members of this protein family are broadly expressed in fetal and adult human tissues and share a common architecture consisting of a predicted propeptide and Gla domain, a single-pass transmembrane segment, and tandem Pro/Leu-Pro-Xaa-Tyr (PY) motifs near their C termini. Using a methodology developed for the regulated expression of enzymatically biotinylated proteins in mammalian cells, we demonstrate that PRGP2 undergoes gamma-glutamyl carboxylation in a manner that is both dependent upon the presence of a proteolytically cleavable propeptide and sensitive to warfarin, a vitamin K antagonist that is widely used as an antithrombotic agent. When expressed at physiologically relevant levels, the majority of PRGP2 is present in the gamma-glutamyl carboxylated, propeptide-cleaved (mature) form. We additionally demonstrate, by Western blotting and flow cytometry, that mature PRGP2 is predominantly located on the cell surface with the Gla domain exposed extracellularly. In a yeast two-hybrid screen that used the C-terminal

cytoplasmic region of PRGP2 as bait, we identified the WW domain-containing transcriptional coactivator Yes-associated protein (YAP) as a binding partner for PRGP2. In GST pull-down experiments, both PRGP2 PY motifs and both YAP WW domains were essential for complex formation, as were residues proximal to the core sequence of the first PY motif. These findings suggest that PRGP2 may be involved in a signal transduction pathway, the impairment of which may be an unintended

consequence of warfarin therapy.

(35, 711)  NCK-associated protein

(35)  NCK-associated protein 1-like

Yamamoto A, Behl C.  Human Nck-associated protein 1 and its binding protein affect the metabolism of

beta-amyloid precursor protein with Swedish mutation.  Neurosci Lett. 2001 Dec 4;316(1):50-4.

Alzheimer's disease (AD) is a neurodegenerative disorder of the central nervous system, and beta-amyloid precursor protein (betaAPP) plays a pivotal role in AD pathology. We previously reported that the suppression of human Nck-associated protein 1 (Nap1) whose expression was down-regulated in sporadic AD led to apoptosis in human neuroblastoma cells, and also its binding protein, hNap1BP was

identified. Here, we examined whether these molecules were involved in the regulation of betaAPP metabolism. Human Nap1 and hNap1BP were found not to effect the amount of intracellular betaAPP but induced sAPPalpha secretion. Interestingly, they didn't reduce but slightly increased the extracellular level of Abeta. Furthermore, neither human Nap1 nor hNap1BP influenced the ratio of Abeta42/43 to total Abeta. Taken together, human Nap1 and hNap1BP may play a role in regulation of beta-secretase activity in the processing of betaAPP.

(36)  growth hormone receptor ( just one)  (Wikipedia)

Growth hormone receptor is a protein that in humans is encoded by the GHR gene.[1] GHR orthologs [2] have been identified in most mammals. This gene encodes a protein that is a transmembrane receptor for growth hormone. Binding of growth hormone to the receptor leads to receptor dimerization and the activation of an intra- and intercellular signal transduction pathway leading to growth. 

(37)  glutamate receptor, ionotropic, kainate 3  (GRIK3)  

Kainate receptors, or KARs, are non-NMDA ionotropic receptors which respond to the neurotransmitter glutamate. They were first identified as a distinct receptor type through their selective activation by the agonist kainate, a drug first isolated from red algae Digenea simplex. KARs are less well understood than AMPA and NMDA receptors, the other ionotropic glutamate receptors. Kainate postsynaptic receptors are involved in excitatory neurotransmission. Presynaptic kainate receptors have been implicated in inhibitory neurotransmission by modulating release of the inhibitory neurotransmitter GABA through a presynaptic mechanism.

There are five types of kainate receptor subunits, GluR5 (GRIK1), GluR6 (GRIK2), GluR7 (GRIK3), KA1 (GRIK4) and KA2 (GRIK5), which are similar to AMPA and NMDA receptor subunits and can be arranged in different ways to form a tetramer, a four subunit receptor.[1] GluR5-7 can form homomers (ex. a receptor composed entirely of GluR5) and heteromers (ex. a receptor composed of both GluR5 and GluR6), however, KA1 and KA2 can only form functional receptors by combining with one of the GluR5-7 subunits.

(38) major histocompatibility complex, class II, DP alpha 1 (see table)

(39) major histocompatibility complex, class II, DP alpha 1 (see table)

(40) zinc finger protein, Y-linked (see table)

(41, 1059) demethylase  Demethylases are enzymes that remove methyl (CH3-) groups from proteins and other substances. They are utilized in a variety of processes, such as in chemotaxis signal transduction.

(41) lysine (K)-specific demethylase 5D

(42, 82, 298, 354, 771, 799, 1025, 1143)  transmembrane protein

Web definitions

· A transmembrane protein is a protein that spans the entire biological membrane. Transmembrane proteins aggregate and precipitate in water. They require detergents or nonpolar solvents for extraction, although some of them (beta-barrels) can be also extracted using denaturing agents.

(42) transmembrane protein 168

Trynka G, Zhernakova A, Romanos J, Franke L, Hunt KA, Turner G, Bruinenberg M, Heap GA, Platteel M, Ryan AW, de Kovel C, Holmes GK, Howdle PD, Walters JR, Sanders DS, Mulder CJ, Mearin ML, Verbeek WH, Trimble V, Stevens FM, Kelleher D,  Barisani D, Bardella MT, McManus R, van Heel DA, Wijmenga C.  Coeliac disease-associated risk variants in TNFAIP3 and REL implicate altered NF-kappaB signalling.  Gut. 2009 Aug;58(8):1078-83. 

OBJECTIVE: Our previous coeliac disease genome-wide association study (GWAS) implicated risk variants in the human leucocyte antigen (HLA) region and eight novel risk regions. To identify more coeliac disease loci, we selected 458 single nucleotide polymorphisms (SNPs) that showed more modest association in the GWAS for genotyping and analysis in four independent cohorts.

DESIGN: 458 SNPs were assayed in 1682 cases and 3258 controls from three populations (UK, Irish and Dutch). We combined the results with the original GWAS cohort (767 UK cases and 1422 controls); six SNPs showed association with p<1 x 10(-04) and were then genotyped in an independent Italian coeliac cohort (538 cases and 593 controls).

RESULTS: We identified two novel coeliac disease risk regions: 6q23.3 (OLIG3-TNFAIP3) and 2p16.1 (REL), both of which reached genome-wide significance  in the combined analysis of all 2987 cases and 5273 controls (rs2327832 p = 1.3 x 10(-08), and rs842647 p = 5.2 x 10(-07)). We investigated the expression of these genes in the RNA isolated from biopsies and from whole blood RNA. We did not observe any changes in gene expression, nor in the correlation of genotype with gene expression.

CONCLUSIONS: Both TNFAIP3 (A20, at the protein level) and REL are key mediators in the nuclear factor kappa B (NF-kappaB) inflammatory signalling pathway. For the first time, a role for primary heritable variation in this important biological pathway predisposing to coeliac disease has been identified.  Currently, the HLA risk factors and the 10 established non-HLA risk factors explain approximately 40% of the heritability of coeliac disease.

(43) uncharacterized gastric protein ZA52P (just one) unknown function

(44) zinc finger protein 215 (see table)

(45) synaptotagmin XIV (see table)

ATPase (46, 206, 266, 337, 366, 375, 410, 666) 

(46)  Sodium/potassium-transporting ATPase subunit alpha-3 is an enzyme that in humans is encoded by the ATP1A3 gene.[1]

HYPERLINK "http://en.wikipedia.org/wiki/ATP1A3" \l "cite_note-entrez-1"[2]
The protein encoded by this gene belongs to the family of P-type cation transport ATPases, and to the subfamily of Na+/K+-ATPases. Na+/K+ -ATPase is an integral membrane protein responsible for establishing and maintaining the electrochemical gradients of Na and K ions across the plasma membrane. These gradients are essential for osmoregulation, for sodium-coupled transport of a variety of organic and inorganic molecules, and for electrical excitability of nerve and muscle. This enzyme is composed of two subunits, a large catalytic subunit (alpha) and a smaller glycoprotein subunit (beta). The catalytic subunit of Na+/K+ -ATPase is encoded by multiple genes. This gene encodes an alpha 3 subunit.[2]
Mutations in ATP1A3 are often seen in rapid-onset dystonia–parkinsonism (RDP) (also known as DYT12), and genetic testing is recommended in patients where this diagnosis is suspected.

Research in 2009 with mice carrying a similar gene proved that mutations in this gene can be the cause of epilepsy. By manipulating genetically the offspring of such mice, researchers could correct for the mutated ATP1A3 gene, avoiding epilepsy in these offspring mice[3].

family with sequence similarity (47, 357, 471, 530, 589, 616, 682, 752, 796, 808, 826, 1012) 
(47)  family with sequence similarity 70, member A (check function for each member)
Gallardo TD, John GB, Shirley L, Contreras CM, Akbay EA, Haynie JM, Ward SE, Shidler MJ, Castrillon DH.  Genomewide discovery and classification of candidate ovarian fertility genes in the mouse.  Genetics. 2007 Sep;177(1):179-94. Epub 2007 Jul 29.

Female infertility syndromes are among the most prevalent chronic health disorders in women, but their genetic basis remains unknown because of uncertainty regarding the number and identity of ovarian factors controlling the assembly, preservation, and maturation of ovarian follicles. To systematically discover ovarian fertility genes en masse, we employed a mouse model (Foxo3) in which follicles are assembled normally but then undergo synchronous activation.  We developed a microarray-based approach for the systematic discovery of tissue-specific genes and, by applying it to Foxo3 ovaries and other samples, defined a surprisingly large set of ovarian factors (n = 348, approximately 1% of the mouse genome). This set included the vast majority of known ovarian factors, 44% of which when mutated produce female sterility phenotypes, but most were novel. Comparative profiling of other tissues, including microdissected oocytes and somatic cells, revealed distinct gene classes and provided new insights into oogenesis and ovarian function, demonstrating the utility of our approach for tissue-specific gene discovery. This study will thus facilitate comprehensive analyses of follicle development, ovarian function, and female infertility.
(48)  interleukin 7 receptor (see table)

(49) latrophilin 2 (see table)

(50) SPANX  (see table)
Leo Veenman
Micro array interpretation      April 14, 2011–04–07
(1) is “subtitle gene assignment”

(2) pancreatic lipase-related protein 3 
(only one PNLIPRP)

Saelee P, Wongkham S, Puapairoj A, Khuntikeo N, Petmitr S, Chariyalertsak S, Sumethchotimaytha W, Karalak A.  Novel PNLIPRP3 and DOCK8 gene expression and prognostic implications of DNA loss on chromosome 10q25.3 in hepatocellular carcinoma.  1. Asian Pac J Cancer Prev. 2009 Jul-Sep;10(3):501-6.

Our previous study of gene alterations in 29 hepatocellular carcinoma (HCC) using AP-PCR amplified with 59 different 10-mer arbitrary primers and gene cloning, indicated DNA alterations by DNA fingerprints from 34 primers. Among these, the altered DNA fragment from primer U-8 predominated (62%). The aim of this report is to identify the gene alterations on chromosomal banding and gene expression in these patients, including the association of these alterations with patient demographic data. Seven different sequences, mapped to chromosomes 5q33.3, 7q31.33, 7q34, 9p24.3, 10q25.3, 13q31.3, and 16p11.2, were identified by gene cloning and nucleotide sequencing. Novel PNLIPRP3 gene over-expression and DOCK8 gene under-expression were observed in 41% and 44% of these patients, respectively, which point to an association of these genes and the development of HCC. Likewise, allelic loss on chromosome 10q25.3 was associated with shorter survival among HCC patients (P=0.03); this indicated that allelic loss on chromosome 10q25.3 may serve as a prognostic marker in patients with HCC.

eukaryotic translation initiation (3, 207, 251, 373, 411) 

(3) eukaryotic translation initiation factor 1A, Y-linked


Mitchell SF, Lorsch JR.  Should I stay or should I go? Eukaryotic translation initiation factors 1 and 1A control start codon recognition.  J Biol Chem. 2008 Oct 10;283(41):27345-9. 

Start codon selection is a key step in translation initiation as it sets the reading frame for decoding. Two eukaryotic initiation factors, eIF1 and eIF1A, are key actors in this process. Recent work has elucidated many details of the mechanisms these factors use to control start site selection. eIF1 prevents the irreversible GTP hydrolysis that commits the ribosome to initiation at a particular codon. eIF1A both promotes and inhibits commitment through the competing influences of its two unstructured termini. Both factors perform their tasks through a variety of interactions with other components of the initiation machinery, in many cases mediated by the unstructured regions of the two proteins.

Olfactory receptors and olfactomedin (4, 13, 21, 56, 75, 86, 377, 568, 748, 1009) 

(4) olfactory receptor, family 51, subfamily B, member 4

Olender T, Lancet D, Nebert DW.  Update on the olfactory receptor (OR) gene superfamily.  Hum Genomics. 2008 Sep;3(1):87-97.

The Crown Human Genome Center, Department of Molecular Genetics, The Weizmann

Institute of Science, Rehovot, Israel.

The olfactory receptor gene (OR) superfamily is the largest in the human genome.  The superfamily contains 390 putatively functional genes and 465 pseudogenes arranged into 18 gene families and 300 subfamilies. Even members within the same  subfamily are often located on different chromosomes. OR genes are located on all autosomes except chromosome 20, plus the X chromosome but not the Y chromosome. The gene:pseudogene ratio is lowest in human, higher in chimpanzee and highest in rat and mouse--most likely reflecting the greater need of olfaction for survival in the rodent than in the human. The OR genes undergo allelic exclusion, each sensory neurone expressing usually only one odourant receptor allele; the mechanism by which this phenomenon is regulated is not yet understood. The nomenclature system (based on evolutionary divergence of genes into families and subfamilies of the OR gene superfamily) has been designed similarly to that originally used for the CYP gene superfamily.

van Helden YG, Godschalk RW, Heil SG, Bunschoten A, Hessel S, Amengual J, Bonet ML, von Lintig J, van Schooten FJ, Keijer J.  Downregulation of Fzd6 and Cthrc1 and upregulation of olfactory receptors and protocadherins by dietary beta-carotene in lungs of Bcmo1-/- mice. Carcinogenesis. 2010 Aug;31(8):1329-37. 

An ongoing controversy exists on beneficial versus harmful effects of high beta-carotene (BC) intake, especially for the lung. To elucidate potential mechanisms, we studied effects of BC on lung gene expression. We used a beta-carotene 15,15'-monooxygenase 1 (Bcmo1) knockout mouse (Bcmo1(-/-)) model, unable to convert BC to retinoids, and wild-type mice (Bcmo1(+/+)) mice to dissect the effects of intact BC from effects of BC metabolites. As expected, BC  supplementation resulted in a higher BC accumulation in lungs of Bcmo1(-/-) mice  than in lungs of Bcmo1(+/+) mice. Whole mouse genome transcriptome analysis on lung tissue revealed that more genes were regulated in Bcmo1(-/-) mice than Bcmo1(+/+) mice upon BC supplementation. Frizzled homolog 6 (Fzd6) and collagen triple helix repeat containing 1 (Cthrc1) were significantly downregulated (fold changes -2.99 and -2.60, respectively, false discovery rate < 0.05) by BC in Bcmo1(-/-). Moreover, many olfactory receptors and many members of the protocadherin family were upregulated. Since both olfactory receptors and protocadherins have an important function in sensory nerves and Fzd6 and Cthrc1 are important in stem cell development, we hypothesize that BC might have an effect on the highly innervated pulmonary neuroendocrine cell (PNEC) cluster. PNECs are highly associated with sensory nerves and are important cells in the control of stem cells. A role for BC in the innervated PNEC cluster might be of particular importance in smoke-induced carcinogenesis since PNEC-derived lung cancer is highly associated with tobacco smoke.

matrix metallopeptidases  (5, 11, 566)
 (5)  matrix metallopeptidase 3

Filiz G, Price KA, Caragounis A, Du T, Crouch PJ, White AR.  The role of metals in modulating metalloprotease activity in the AD brain.  Eur Biophys J. 2008 Mar;37(3):315-21. 

Biometals such as copper and zinc have an important role in Alzheimer's disease (AD). Accumulating evidence indicates that copper homeostasis is altered in AD brain with elevated extracellular and low intracellular copper levels. Studies in animals and cell cultures have suggested that increasing intracellular copper can ameliorate AD-like pathology including amyloid deposition and tau phosphorylation. Modulating copper homeostasis can also improve cognitive function in animal models of AD. Treatments are now being developed that may result in redistribution of copper within the brain. Metal ligands such as clioquinol (CQ), DP-109 or pyrrolidine dithiocarbamate (PDTC) have shown promising results in animal models of AD, however, the actual mode of action in vivo has not been fully determined. We previously reported that CQ-metal complexes were able to increase intracellular copper levels in vitro. This resulted in stimulation of phosphoinositol-3-kinase activity and mitogen activated protein kinases (MAPK). Increased kinase activity resulted in up-regulated matrix metalloprotease (MMP2 and MMP3) activity resulting in enhanced degradation of secreted A beta. These findings are consistent with previous studies reporting metal-mediated activation of MAPKs and MMPs. How this activation occurs is unknown but evidence suggests that copper may be able to activate membrane receptors such as the epidermal growth factor receptor (EGFR) and result in downstream activation of MAPK pathways. This has been supported by studies showing metal-mediated activation of EGFR through ligand-independent processes in a number of cell-types. Our initial studies reveal that copper complexes can in fact activate EGFR. However, further studies are necessary to determine if metal complexes such as CQ-copper induce up-regulation of Abeta-degrading MMP activity through this mechanism. Elucidation of this pathway may have important implications for the development of metal ligand based therapeutics for treatment of AD and other neurodegenerative disorders.

(5) matrix metallopeptidase 3 

Ye S.  Influence of matrix metalloproteinase genotype on cardiovascular disease susceptibility and outcome. Cardiovasc Res. 2006 Feb 15;69(3):636-45. 

Data have been accumulating that indicate that matrix metalloproteinase (MMP) gene polymorphisms contribute to inter-individual differences in susceptibility to and outcome of cardiovascular disease. This is currently best exemplified by the MMP3 gene 5A/6A polymorphism which has an effect on MMP3 expression and has been shown to be associated with coronary stenosis, myocardial infarction, coronary artery calcification, post-angioplasty coronary restenosis, carotid atherosclerosis, stroke, arterial stiffness, and blood pressure. Functional polymorphisms in the MMP1, MMP2, MMP7, MMP9, MMP12, and MMP13 genes have also been related to coronary artery disease, arterial stiffness, and/or abdominal aortic aneurysm. These genetic findings support the notion that MMPs play important roles in the pathogenesis of these conditions. There is also some evidence suggesting that MMP genotyping could aid in identifying patients who are likely to have unfavourable prognosis and/or adverse response to treatment.

MMP-3 (from our beloved Wikipedia)   The MMP-3 enzyme degrades collagen types II, III, IV, IX, and X, proteoglycans, fibronectin, laminin, and elastin. In addition, MMP-3 can also activate other MMPs such as MMP-1, MMP-7, and MMP-9, rendering MMP-3 crucial in connective tissue remodeling.[2] The enzyme is thought to be involved in wound repair, progression of atherosclerosis, and tumor initiation.

Serpins  (6, 78, 454) 

SERPINB7 

Shiiba M, Nomura H, Shinozuka K, Saito K, Kouzu Y, Kasamatsu A, Sakamoto Y, Murano A, Ono K, Ogawara K, Uzawa K, Tanzawa H.  Down-regulated expression of SERPIN genes located on chromosome 18q21 in oral squamous cell carcinomas.  1. Oncol Rep. 2010 Jul;24(1):241-9.

Serpins (serine protease inhibitors) are known as a diverse family of protease inhibitors; however, various other biological activities including tumor suppression, have been recently reported for these molecules. To clarify whether members of the serpin family are involved in OSCC (oral squamous cell carcinoma), global gene screening using microarray analysis was performed with OSCC-derived cell lines. A trend toward diminished expression was shown for some SERPIN genes  located on 11q12-q13.1 and 18q21. mRNA expression of SERPIN genes at these chromosome regions was therefore analyzed using real-time quantitative RT-PCR (qRT-PCR) in 55 OSCC samples and matched normal tissue. Statistically significant decreases in expression were found for SERPINB12 (P=0.001), SERPINB13 (P=0.001),  SERPINB4 (P=0.042), SERPINB3 (P<0.001), SERPINB11 (P<0.001), SERPINB7 (P=0.021) and SERPINB2 (P=0.018). All of these genes are located on 18q21, the known location of the serpin gene cluster. The results strongly suggest that this chromosome region plays a crucial role in OSCC. Some serpin members in the region might be involved in tumor suppression, or there might be unidentified tumor suppressor genes within or near the chromosome region.

(7) DDX3Y // DEAD (Asp-Glu-Ala-Asp) box polypeptide 3, Y-linked (Just one DEAD)
Liu WS, Wang A, Yang Y, Chang TC, Landrito E, Yasue H.  Molecular characterization of the DDX3Y gene and its homologs in cattle.  Cytogenet Genome Res. 2009;126(4):318-28. 

DDX3Y (also known as DBY) is a member of the DEAD box protein family, which is involved in ATP-dependent RNA unwinding, needed in a variety of cellular processes including splicing, ribosome biogenesis and RNA degradation. In the human, DDX3Y is located in the AZFa interval in the Y chromosome. Deletion of the AZFa region has been shown to disrupt spermatogenesis, causing subfertility and infertility in otherwise healthy men. Here, we report the characterization of the bovine (b) DDX3Y gene and its homologs DDX3X and PL10. We found 2 transcripts for the bDDX3Y (bDDX3Y-L and -S), which correspond to the long and short transcripts of the human DDX3Y and mouse Ddx3y gene. The 2 transcripts are identical except for a 3-bp (AGT) insertion at the position of nt 2025 and an expanded 3'UTR (nt 2155-2769) in bDDX3Y-L. The bDDX3Y-S encodes a peptide of 660 amino acids (aa), while the bDDX3Y-L encodes a peptide of 661 aa as the result of an additional serine (S) insertion at the position of aa 634. Both bDDX3Y isoforms contain the conserved DEAD-box motif. The bDDX3Y is composed of 17 exons. The homologous gene on the X chromosome, bDDX3X, is highly conserved to the Y-copy at mRNA (83%) and protein (88%) levels as well as in the genomic structure. The autosomal copy, bPL10, mapped on BTA15, is a processed pseudogene with a similarity of 88.1% to bDDX3Y and 93.7% to bDDX3X mRNA, suggesting that PL10 is a retroposon of DDX3X. RT-PCR analyses showed that bDDX3Y-L, -S, bDDX3X and bPL10 were all widely expressed with predominant expression in testis and brain. Testicular section in situ hybridization revealed that sense and anti-sense RNAs of bDDX3Y-L, -S, and bDDX3X were expressed in interstitial cells. These results together with the finding that the pseudogene bPL10 is transcriptionally active in this study provide a basis for further investigating the DDX3 gene function in spermatogenesis, male fertility and gene evolution in mammals.
(8) MDGA2 (Just one MDG)

Litwack ED, Babey R, Buser R, Gesemann M, O'Leary DD.  Identification and characterization of two novel brain-derived immunoglobulin superfamily members with a unique structural organization.  Mol Cell Neurosci. 2004 Feb;25(2):263-74.

We recently used a differential display PCR screen to identify secreted and transmembrane proteins that are highly expressed in the developing rat basilar pons, a prominent ventral hindbrain nucleus used as a model for studies of neuronal migration, axon outgrowth, and axon-target recognition. Here we describe cloning and characterization of one of these molecules, now called MDGA1, and a closely related homologue, MDGA2. Analyses of the full-length coding region of MDGA1 and MDGA2 indicate that they encode proteins that comprise a novel subgroup of the Ig superfamily and have a unique structural organization consisting of six immunoglobulin (Ig)-like domains followed by a single MAM domain. Biochemical characterization demonstrates that MDGA1 and MDGA2 proteins are highly glycosylated, and that MDGA1 is tethered to the cell membrane by a GPI anchor. The MDGAs are differentially expressed by subpopulations of neurons in both the central and peripheral nervous systems, including neurons of the basilar pons, inferior olive, cerebellum, cerebral cortex, olfactory bulb, spinal cord, and dorsal root and trigeminal ganglia. Little or no MDGA expression is detected outside of the nervous system of developing rats. The similarity of MDGAs to other Ig-containing molecules and their temporal-spatial patterns of expression within restricted neuronal populations, for example migrating pontine neurons and D1 spinal interneurons, suggest a role for these novel proteins in regulating neuronal migration, as well as other aspects of neural development, including axon guidance.
May 16, 2011

Leo Veenman

Down regulated genes

NM_002593 // PCOLCE // procollagen C-endopeptidase enhancer // 7q22 // 5118 ///

PCPE; PCPE1; PCOLCE

Summary

Fibrillar collagen types I-III are synthesized as precursor molecules known as procollagens. These precursors contain amino- and carboxyl-terminal peptide extensions known as N- and C-propeptides, respectively, which are cleaved, upon secretion of procollagen from the cell, to yield the mature triple helical, highly structured fibrils. This gene encodes a glycoprotein which binds and drives the enzymatic cleavage of type I procollagen and heightens C-proteinase activity. [provided by RefSeq]
X58060 // RNU13P2 // RNA, U13 small nuclear pseudogene 2 // 7p22.1 // 6077

Also known as SNORD13P2
Small nuclear ribonucleic acid (snRNA) is a class of small RNA molecules that are found within the nucleus of eukaryotic cells. They are transcribed by RNA polymerase II or RNA polymerase III and are involved in a variety of important processes such as RNA splicing (removal of introns from hnRNA), regulation of transcription factors (7SK RNA) or RNA polymerase II (B2 RNA), and maintaining the telomeres. They are always associated with specific proteins, and the complexes are referred to as small nuclear ribonucleoproteins (snRNP) often pronounced "snurps". These elements are rich in uridine content.

A large group of snRNAs are known as small nucleolar RNAs (snoRNAs). These are small RNA molecules that play an essential role in RNA biogenesis and guide chemical modifications of ribosomal RNAs (rRNAs) and other RNA genes (tRNA and snRNAs). They are located in the nucleolus and the Cajal bodies of eukaryotic cells (the major sites of RNA synthesis).

NM_198428 // BBS9 // Bardet-Biedl syndrome 9 // 7p14 // 27241 /// NM_001033605 /

The Bardet–Biedl syndrome is a ciliopathic human genetic disorder that produces many effects and affects many body systems. It is characterized principally by obesity, retinitis pigmentosa, polydactyly, mental retardation, hypogonadism, and renal failure in some cases.

Tobin JL, Beales PL.  Bardet-Biedl syndrome: beyond the cilium.  1. Pediatr Nephrol. 2007 Jul;22(7):926-36. 

The Bardet-Biedl syndrome (BBS) is a significant genetic cause of chronic and end-stage renal failure in children. Despite being a relatively rare recessive condition, BBS has come to prominence during the past few years owing to revelations of primary cilia dysfunction underlying pathogenesis. The study of this multi-system disorder, which includes obesity, cognitive impairment, genito-urinary tract malformations and limb deformities, is beginning to reveal insights into several aspects of mammalian development and organogenesis. Involvement of BBS proteins in disparate pathways such as the non-canonical Wnt and Sonic Hedgehog pathways is highlighting their interplay in disease pathogenesis. Here we review the recent developments in this emerging field, with the emphasis on the renal component of the syndrome and potential future directions.

NM_002705 // PPL // periplakin // 16p13.3 // 5493 /// ENST00000345988 // PPL //

The protein encoded by this gene is a component of desmosomes (A structure by which two adjacent cells are attached), formed from protein plaques in the cell membranes linked by filaments.  and of the epidermal cornified envelope in keratinocytes. The N-terminal domain of this protein interacts with the plasma membrane and its C-terminus interacts with intermediate filaments. Through its rod domain, this protein forms complexes with envoplakin. This protein may serve as a link between the cornified envelope and desmosomes as well as intermediate filaments. AKT1/PKB, a protein kinase mediating a variety of cell growth and survival signaling processes, is reported to interact with this protein, suggesting a possible role for this protein as a localization signal in AKT1-mediated signaling. [provided by RefSeq]
NM_015541 // LRIG1 // leucine-rich repeats and immunoglobulin-like domains 1 //

Yi W, Holmlund C, Nilsson J, Inui S, Lei T, Itami S, Henriksson R, Hedman H.  Paracrine regulation of growth factor signaling by shed leucine-rich repeats and immunoglobulin-like domains 1.  Exp Cell Res. 2011 Feb 15;317(4):504-12.

Leucine-rich repeats and immunoglobulin-like domains 1 (LRIG1) is a recently discovered negative regulator of growth factor signaling. The LRIG1 integral membrane protein has been demonstrated to regulate various oncogenic receptor tyrosine kinases, including epidermal growth factor (EGF) receptor (EGFR), by cell-autonomous mechanisms. Here, we investigated whether LRIG1 ectodomains were shed, and if LRIG1 could regulate cell proliferation and EGF signaling in a paracrine manner. Cells constitutively shed LRIG1 ectodomains in vitro, and shedding was modulated by known regulators of metalloproteases, including the ADAM17 specific inhibitor TAPI-2. Furthermore, shedding was enhanced by ectopic expression of Adam17. LRIG1 ectodomains appeared to be shed in vivo, as well, as demonstrated by immunoblotting of mouse and human tissue lysates. Ectopic expression of LRIG1 in lymphocytes suppressed EGF signaling in co-cultured fibroblastoid cells, demonstrating that shed LRIG1 ectodomains can function in a paracrine fashion. Purified LRIG1 ectodomains suppressed EGF signaling without any apparent downregulation of EGFR levels. Taken together, the results show that the LRIG1 ectodomain can be proteolytically shed and can function as a non-cell-autonomous regulator of growth factor signaling. Thus, LRIG1 or its ectodomain could have therapeutic potential in the treatment of growth factor receptor-dependent cancers.

NM_001017535 // VDR // vitamin D (1,25- dihydroxyvitamin D3) receptor // 12q13.1

Bikle DD.  Vitamin D: an ancient hormone.  Exp Dermatol. 2011 Jan;20(1):7-13.

Vitamin D has been produced by plants and animals almost from the time life began. The ability to transport and metabolize vitamin D to more active forms evolved as the structures of plants and animals became more complex, and the cells within these organisms took on more specialized functions. In higher-order animals, the vitamin D receptor (VDR) is found in nearly every cell, and the ability of the cell to produce the active hormone, 1,25(OH)2D, is also widely distributed. Furthermore, the physiological functions with which vitamin D signalling is now associated are as diverse as the tissues in which the VDR is located. Why is this, and is there a common theme? This viewpoint article argues that there is. All cells maintain a fairly constant and submicromolar concentration of free calcium. Calcium is an important regulator of many processes within the cell. The ebb and flow of calcium within cells is controlled by calcium pumps, antiporters and channels. Animals with calcified exo- or endoskeletons have an additional need for calcium, a need that changes during the life cycle of the organism. In this article, I make the case that vitamin D signalling evolved to enable the organism to effectively regulate calcium flux, storage and signalling and that such regulation is critical for the evolutionary process.

NM_003335 // UBA7 // ubiquitin-like modifier activating enzyme 7 // 3p21 // 7318

Ubiquitin-like modifier-activating enzyme 7 is a protein that in humans is encoded by the UBA7 gene.[1]

HYPERLINK "http://en.wikipedia.org/wiki/UBE1L" \l "cite_note-entrez-1"[2]  The modification of proteins with ubiquitin is an important cellular mechanism for targeting abnormal or short-lived proteins for degradation. Ubiquitination involves at least three classes of enzymes: ubiquitin-activating enzymes, or E1s, ubiquitin-conjugating enzymes, or E2s, and ubiquitin-protein ligases, or E3s. This gene encodes a member of the E1 ubiquitin-activating enzyme family. The encoded enzyme is a retinoid target that triggers promyelocytic leukemia (PML)/retinoic acid receptor alpha (RARalpha) degradation and apoptosis in acute promyelocytic leukemia.[2]
1. Kok K, Hofstra R, Pilz A, van den Berg A, Terpstra P, Buys CH, Carritt B (Aug 1993). "A gene in the chromosomal region 3p21 with greatly reduced expression in lung cancer is similar to the gene for ubiquitin-activating enzyme". Proc Natl Acad Sci U S A 90 (13): 6071–5. doi:10.1073/pnas.90.13.6071. PMC 46869. PMID 8327486. http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pmcentrez&artid=46869.  

2. ^ a b "Entrez Gene: UBE1L ubiquitin-activating enzyme E1-like". http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=7318.  
NM_024111 // CHAC1 // ChaC, cation transport regulator homolog 1 (E. coli) // 15
Chorea-Acanthocytosis
Chorea-acanthocytosis (ChAc) is characterized by a progressive movement disorder, cognitive and behavior changes, a myopathy that can be subclinical, and chronic hyperCKaemia in serum. 

J Immunol. 2009 Jan 1;182(1):466-76.

Mungrue IN, Pagnon J, Kohannim O, Gargalovic PS, Lusis AJ. CHAC1/MGC4504 is a novel proapoptotic component of the unfolded protein response, downstream of the ATF4-ATF3-CHOP cascade.

To understand pathways mediating the inflammatory responses of human aortic endothelial cells to oxidized phospholipids, we previously used a combination of genetics and genomics to model a coexpression network encompassing >1000 genes.  CHAC1 (cation transport regulator-like protein 1), a novel gene regulated by ox-PAPC (oxidized 1-palmitoyl-2-arachidonyl-sn-3-glycero-phosphorylcholine), was identified in a co-regulated group of genes enriched for components of the ATF4 (activating transcription factor 4) arm of the unfolded protein response pathway.  Herein, we characterize the role of CHAC1 and validate the network model. We first define the activation of CHAC1 mRNA by chemical unfolded protein response-inducers, but not other cell stressors. We then define activation of CHAC1 by the ATF4-ATF3-CHOP (C/EBP homologous protein), and not parallel XBP1 (X box-binding protein 1) or ATF6 pathways, using siRNA and/or overexpression plasmids. To examine the subset of genes downstream of CHAC1, we used expression microarray analysis to identify a list of 227 differentially regulated genes. We validated the activation of TNFRSF6B (tumor necrosis factor receptor superfamily, member 6b), a FASL decoy receptor, in cells treated with CHAC1 small interfering RNA. Finally, we showed that CHAC1 overexpression enhanced apoptosis, while CHAC1 small interfering RNA suppressed apoptosis, as determined by TUNEL, PARP (poly(ADP-ribose) polymerase) cleavage, and AIF (apoptosis-inducing factor) nuclear translocation.
NM_024870 // PREX2 // phosphatidylinositol-3,4,5-trisphosphate-dependent Rac exc

Leslie NR.  P-REX2a driving tumorigenesis by PTEN inhibition.  Sci Signal. 2009 Oct 27;2(94):pe68.

The phosphatase PTEN (phosphatase and tensin homolog deleted on chromosome 10) antagonizes phosphoinositide 3-kinase (PI3K) signaling and is one of the most frequently mutated tumor suppressors in human cancers. Its regulation appears complex and is of great potential clinical importance. The protein P-REX2a (phosphatidylinositol 3,4,5-trisphosphate Rac exchanger 2a), better known as a regulator of the small guanosine triphosphatase Rac, has been identified as a direct regulator of PTEN activity and as a potential oncoprotein. P-REX2a can stimulate cell proliferation by inhibiting PTEN and stimulating downstream PI3K-dependent signaling. This suggests that aberrant control of PTEN by P-REX2a may represent a key tumorigenic mechanism, in agreement with recent studies supporting the pathological relevance of several other proposed PTEN regulators.

NM_000186 // CFH // complement factor H // 1q32 // 3075 /// NM_001014975 // CFH

Cui T, Chen Y, Knösel T, Yang L, Zöller K, Galler K, Berndt A, Mihlan M, Zipfel PF, Petersen I.  Human complement factor H is a novel diagnostic marker for lung adenocarcinoma.  Int J Oncol. 2011 Apr 18. doi: 10.3892/ijo.2011.1010. [Epub ahead of print]

Human complement factor H (CFH), a central complement control protein, is a member of the regulators of complement activation family. Recent studies suggested that CFH may play a key role in the resistance of complement-mediated lysis in various cancer cells. In this study, we investigated the role of CFH in human lung cancer. Expression of CFH was analyzed in lung cancer cell lines by RT-PCR, Western blotting and immunofluorescence. In primary lung tumors, the protein expression of CFH was evaluated by immunohistochemistry (IHC) on tissue microarray (TMA). Binding of CFH to lung cancer cells was detected by flow cytometry. mRNA expression of CFH was detected in 6 out of 10 non-small cell lung cancer (NSCLC) cell lines, but in none of the small cell lung cancer (SCLC) cell lines. In line with Western blotting, immunofluorescence analysis demonstrated CFH protein expression in 3 NSCLC cell lines, and the immunoreaction was mainly associated with cell cytoplasm and membrane. In primary lung tumors, 54 out of 101 samples exhibited high expression of CFH and high expression was significantly correlated with lung adenocarcinoma (p=0.009). Also, in adenocarcinoma of the lung, Kaplan-Meier survival analysis showed a tendency that CFH-positive tumors had worse prognosis in comparison to CFH-negative tumors (p=0.082). Additionally, shorter survival time of patients with adenocarcinoma (<20 months) was associated with higher staining of CFH (p=0.033). Our data showed that non-small cell lung cancer cells expressed and secreted CFH. CFH might be a novel diagnostic marker for human lung adenocarcinoma.
NM_005824 // LRRC17 // leucine rich repeat containing 17 // 7q22.1 // 10234 /// 

Identification of LRRc17 as a negative regulator of receptor activator of NF-kappaB ligand (RANKL)-induced osteoclast differentiation.  J Biol Chem. 2009 May 29;284(22):15308-16. 

Osteoblasts are the primary cells responsible for bone formation. They also support osteoclast formation from bone marrow precursors in response to osteotropic factors by inducing receptor activator of NF-kappaB ligand (RANKL) expression and down-regulating osteoprotegerin (OPG) production. In addition to the RANKL-RANK-OPG signaling axis, other factors produced by osteoblasts/stromal cells are involved in osteoclastogenesis. Here, we describe the identification and characterization of leucine-rich repeat-containing 17 (LRRc17), a member of the LRR superfamily that acts as a negative regulator of RANKL-induced osteoclast differentiation. Osteoblasts showed high levels of LRRc17 expression, which was down-regulated in response to the pro-osteoclastogenic factor 1,25-dihydroxyvitamin D(3). Recombinant LRRc17 protein inhibited RANKL-induced osteoclast differentiation from bone marrow precursors, whereas it did not affect the differentiation or activation of macrophages and dendritic cells. These results suggest that among the cell types derived from common myeloid precursors, LRRc17 specifically regulates osteoclasts. Further analysis revealed that LRRc17 attenuated RANKL-induced expression of NFATc1 by blocking phospholipase C-gamma signaling, which, in turn, inhibited RANKL-mediated osteoclast differentiation. Taken together, our results demonstrated a novel inhibitory activity of LRRc17 in RANKL-induced osteoclastogenesis.

Dolan J, Walshe K, Alsbury S, Hokamp K, O'Keeffe S, Okafuji T, Miller SF, Tear G, Mitchell KJ.

The extracellular leucine-rich repeat superfamily; a comparative survey and analysis of evolutionary relationships and expression patterns.  BMC Genomics. 2007 Sep 14;8:320.

BACKGROUND: Leucine-rich repeats (LRRs) are highly versatile and evolvable protein-ligand interaction motifs found in a large number of proteins with diverse functions, including innate immunity and nervous system development. Here we catalogue all of the extracellular LRR (eLRR) proteins in worms, flies, mice and humans. We use convergent evidence from several transmembrane-prediction and motif-detection programs, including a customised algorithm, LRRscan, to identify eLRR proteins, and a hierarchical clustering method based on TribeMCL to establish their evolutionary relationships.

RESULTS: This yields a total of 369 proteins (29 in worm, 66 in fly, 135 in mouse and 139 in human), many of them of unknown function. We group eLRR proteins into several classes: those with only LRRs, those that cluster with Toll-like receptors (Tlrs), those with immunoglobulin or fibronectin-type 3 (FN3) domains and those with some other domain. These groups show differential patterns of expansion and diversification across species. Our analyses reveal several clusters of novel genes, including two Elfn genes, encoding transmembrane proteins with eLRRs and an FN3 domain, and six genes encoding transmembrane proteins with eLRRs only (the Elron cluster). Many of these are expressed in discrete patterns in the developing mouse brain, notably in the thalamus and cortex. We have also identified a number of novel fly eLRR proteins with discrete  expression in the embryonic nervous system.

CONCLUSION: This study provides the necessary foundation for a systematic analysis of the functions of this class of genes, which are likely to include prominently innate immunity, inflammation and neural development, especially the specification of neuronal connectivity.

NM_001010876 // C6orf191 // chromosome 6 open reading frame 191 // 6q22.33 // 25

Open reading frame

NM_003692 // TMEFF1 // transmembrane protein with EGF-like and two follistatin-l

Harms PW, Chang C.  Tomoregulin-1 (TMEFF1) inhibits nodal signaling through direct binding to the nodal coreceptor Cripto. Genes Dev. 2003 Nov 1;17(21):2624-9. Epub 2003 Oct 16.

Transforming growth factor beta (TGF-beta) signals regulate multiple processes during development and in adult. We recently showed that tomoregulin-1 (TMEFF1), a transmembrane protein, selectively inhibits nodal but not activin in early Xenopus embryos. Here we report that TMEFF1 binds to the nodal coreceptor Cripto, but does not associate with either nodal or the type I ALK (activin receptor-like kinase) 4 receptor in coimmunoprecipitation assays. The inhibition of the nodal signaling by TMEFF1 in Xenopus ectodermal explants is rescued with wild-type but not mutant forms of Cripto. Furthermore, we show that the Cripto-FRL1-Cryptic (CFC) domain in Cripto, which is essential for its binding to ALK4, is also important for its interaction with TMEFF1. Our results demonstrate for the first time that nodal signaling can be regulated by a novel mechanism of blocking the Cripto coreceptor.
NM_018371 // CSGALNACT1 // chondroitin sulfate N-acetylgalactosaminyltransferase
Wang Z, Wen YY, Cheng ZC, Guo XQ, Zhang XS, Xu CS. [Three novel genes BM390716, BI274487 and AA963863 involed in extracellular matrix metabolism of eight rat regenerating liver cell types]. Yi Chuan. 2011 Apr;33(4):378-88. Chinese. 

Sato T, Kudo T, Ikehara Y, Ogawa H, Hirano T, Kiyohara K, Hagiwara K, Togayachi A, Ema M, Takahashi S, Kimata K, Watanabe H, Narimatsu H. Chondroitin sulfate N-acetylgalactosaminyltransferase 1 is necessary for normal endochondral ossification and aggrecan metabolism. J Biol Chem. 2011 Feb 18;286(7):5803-12.

Watanabe Y, Takeuchi K, Higa Onaga S, Sato M, Tsujita M, Abe M, Natsume R, Li M, Furuichi T, Saeki M, Izumikawa T, Hasegawa A, Yokoyama M, Ikegawa S, Sakimura K, Amizuka N, Kitagawa H, Igarashi M. Chondroitin sulfate N-acetylgalactosaminyltransferase-1 is required for normal cartilage development. Biochem J. 2010 Oct 25;432(1):47-55. 

Bret C, Hose D, Reme T, Sprynski AC, Mahtouk K, Schved JF, Quittet P, Rossi JF, Goldschmidt H, Klein B. Expression of genes encoding for proteins involved in heparan sulphate and chondroitin sulphate chain synthesis and modification in normal and malignant plasma cells. Br J Haematol. 2009 May;145(3):350-68. 
NM_198277 // SLC37A2 // solute carrier family 37 (glycerol-3-phosphate transport

Kim JY, Tillison K, Zhou S, Wu Y, Smas CM.  The major facilitator superfamily member Slc37a2 is a novel macrophage- specific gene selectively expressed in obese white adipose tissue.   Am J Physiol Endocrinol Metab. 2007 Jul;293(1):E110-20. 

A marked degree of macrophage infiltration of white adipose tissue (WAT) occurs in obesity and may link excess adiposity with the chronic inflammatory state underlying metabolic syndrome and other comorbidities of obesity. Excess deposition of fat in the intra-abdominal vs. subcutaneous WAT depots is a key component of metabolic syndrome. Through construction and differential screening of a murine ob/ob WAT cDNA library, we identified Slc37a2, a novel sugar transporter of the major facilitator superfamily, to be twofold enriched in intra-abdominal vs. subcutaneous fat. We find Slc37a2 is a macrophage-enriched transcript. In murine tissues, Slc37a2 transcript is restricted to spleen, thymus, and obese WAT. It is also readily detected in the RAW264.7 macrophage cell line and increases 46-fold during macrophage differentiation of THP-1 human monocytes. Compared with wild-type mice, Slc37a2 transcript is increased epididymal ninefold in ob/ob WAT and assessment of expression of the macrophage marker emr1 indicated upregulation of Slc37a2 transcript in macrophages populating ob/ob WAT. Studies with PNGase F and tunicamycin reveal the Slc37a2 protein is posttranslationally modified by addition of N-linked glycans. Slc37a2 protein migrates as heterogeneous species of approximately 50-75 kDa and its ectopic expression in mammalian cells results in the appearance of large intracellular vacuoles. We postulate that the function of this macrophage-specific putative sugar transporter is central to the metabolism of the macrophage population specifically present in obese WAT.
NM_138409 // MRAP2 // melanocortin 2 receptor accessory protein 2 // 6q14.2 // 1

Webb TR, Clark AJ.  Minireview: the melanocortin 2 receptor accessory proteins.  Mol Endocrinol. 2010 Mar;24(3):475-84. 

The melanocortin 2 receptor (MC2R) accessory protein, MRAP, is one of a growing number of G protein-coupled receptor accessory proteins that have been identified in recent years that add control and complexity to G protein-coupled receptor functional expression and signal transduction. MRAP interacts directly with MC2R and is essential for its trafficking from the endoplasmic reticulum to the cell surface, where it acts as the receptor for the pituitary hormone ACTH. In addition, MRAP2, a newly described homolog of MRAP, is also able to support the cell surface expression of MC2R. Although it is clear that MRAP is required for MC2R function, the mechanism of MRAP action is only beginning to be understood. Recent work has started to reveal some of these mechanisms and the MRAP domains involved in MC2R functional expression, and new data have shown a potential role for both MRAP and MRAP2 in the regulation of the other melanocortin receptors.
Hwang GW, Oh SE, Takahashi T, Lee JY, Naganuma A.  siRNA-mediated knockdown of the melanocortin 2 receptor accessory protein 2 (MRAP2) gene confers resistance to methylmercury on HEK293 cells.  J Toxicol Sci. 2010;35(6):947-50.

Methylmercury is a well-known environmental pollutant that causes serious disorders of the central nervous system as well as a range of other symptoms. We employed small interfering RNA (siRNA) to search for factors in ligand-dependent signal transduction pathways that may be involved in the development of methylmercury toxicity. Melanocortin 2 receptor accessory protein 2 (MRAP2) is involved in the melanocortin pathway. Using siRNA, we found that decreased expression of MRAP2 conferred strong methylmercury resistance in HEK293 cells.

NM_003202 // TCF7 // transcription factor 7 (T-cell specific, HMG-box) // 5q31.1
Also known as TCF1

Held W, Clevers H, Grosschedl R.  Redundant functions of TCF-1 and LEF-1 during T and NK cell development, but unique role of TCF-1 for Ly49 NK cell receptor acquisition.  Eur J Immunol. 2003 May;33(5):1393-8.

Members of the TCF/LEF (T cell factor / lymphoid enhancer factor) family of DNA-binding factors play important roles during embryogenesis, the establishment and/or maintenance of self-renewing tissues such as the immune system and for malignant transformation. Specifically, it has been shown that TCF-1 is required for T cell development. A role for LEF-1 became apparent when mice harbored two hypomorphic TCF-1 alleles and consequently expressed low levels of TCF-1. Here we show that NK cell development is similarly regulated by redundant functions of TCF-1 and LEF-1, whereby TCF-1 contributes significantly more to NK cell development than LEF-1. Despite this role for NK cell development, LEF-1 is not required for the establishment of a repertoire of MHC class I-specific Ly49 receptors on NK cells. The proper formation of this repertoire depends to a large extent on TCF-1. These findings suggest common and distinct functions of TCF-1 and LEF-1 during lymphocyte development.

Noble JA, White AM, Lazzeroni LC, Valdes AM, Mirel DB, Reynolds R, Grupe A, Aud D, Peltz G, Erlich HA.  A polymorphism in the TCF7 gene, C883A, is associated with type 1 diabetes.  Diabetes. 2003 Jun;52(6):1579-82.

Type 1 diabetes is an autoimmune disease with a Th1 phenotype in which insulin-producing beta-cells in the pancreas are destroyed. The T-cell-specific transcription factor TCF7 activates genes involved in immune regulation and is a candidate locus for genetic susceptibility to type 1 diabetes. A nonsynonymous single nucleotide polymorphism (SNP) (Pro to Thr) in the TCF7 gene, C883A, was examined in samples from 282 Caucasian multiplex type 1 diabetic families. HLA-DRB1 and -DQB1 genotypes were previously determined for these samples, allowing data stratification based on HLA-associated risk. The transmission disequilibrium test showed significant overtransmission of the A allele from fathers (64.1%, P < 0.007) and nonsignificant overtransmission (57.4%, P < 0.06) of the A allele to patients who do not carry the highest-risk HLA-DR3/DR4 genotype. Elliptical sib pair analysis showed significant associations of the A allele with type 1 diabetes in paternal transmissions (P < 0.03), transmissions to male children (P < 0.04), and in the non-DR3/DR4 group (P < 0.04). These data also suggest that TCF7 C883A may affect age of disease onset. Analysis of genotype data from surrounding SNPs suggests that this TCF7 polymorphism may itself represent a risk factor for type 1 diabetes.

NM_004226 // STK17B // serine/threonine kinase 17b // 2q32.3 // 9262 /// ENST000

Doherty GA, Byrne SM, Austin SC, Scully GM, Sadlier DM, Neilan TG, Kay EW, Murray FE, Fitzgerald DJ.  Regulation of the apoptosis-inducing kinase DRAK2 by cyclooxygenase-2 in colorectal cancer.  Br J Cancer. 2009 Aug 4;101(3):483-91.

BACKGROUND: Cyclooxygenase-2 (COX-2) is over-expressed in colorectal cancer (CRC), rendering tumour cells resistant to apoptosis. Selective COX-2 inhibition is effective in CRC prevention, although having adverse cardiovascular effects, thus focus has shifted to downstream pathways.

METHODS: Microarray experiments identified genes regulated by COX-2 in HCA7 CRC cells. In vitro and in vivo regulation of DRAK2 (DAP kinase-related apoptosis-inducing kinase 2 or STK17beta, an apoptosis-inducing kinase) by COX-2 was validated by qRT-PCR.

RESULTS: Inhibition of COX-2 induced apoptosis and enhanced DRAK2 expression in HCA7 cells (4.4-fold increase at 4 h by qRT-PCR, P=0.001), an effect prevented by co-administration of PGE(2). DRAK2 levels were suppressed in a panel of human colorectal tumours (n=10) compared to normal mucosa, and showed inverse correlation with COX-2 expression (R=-0.68, R2=0.46, P=0.03). Administration of the selective COX-2 inhibitor rofecoxib to patients with CRC (n=5) induced DRAK2 expression in tumours (2.5-fold increase, P=0.01). In vitro silencing of DRAK2 by RNAi enhanced CRC cell survival following COX-2 inhibitor treatment.

CONCLUSION: DRAK2 is a serine-threonine kinase implicated in the regulation of apoptosis and is negatively regulated by COX-2 in vitro and in vivo, suggesting a novel mechanism for the effect of COX-2 on cancer cell survival.

April 7, 2011–04–07

Small nucleolar RNA molecules ( 57, 58, 68, 70, 77, 80, 87, 95, 115, 119, 123, 128, 132, 134, 146, 147, 162, 165, 169, 175, 180, 185, 187, 191, 196, 199, 222, 236, 252, 255, 269, 284, 286, 296, 304, 311, 312, 327, 340, 342, 388, 413, 420, 423, 435, 479, 483, 502, 528, 544, 545, 573, 618, 670, 879, 889, 927, 974, 975, 983, 984, 992

Small nucleolar RNA molecules (snoRNA) 

Puerta CJ.  Implications of small nucleolar RNA-protein complexes discoveries. Recent Pat DNA Gene Seq. 2008;2(1):1-5.

Small nucleolar RNA molecules (snoRNA) comprise a special kind of non-coding RNAsinvolved in the maturation process of rRNAs, snRNAs, tRNAs and mRNAs. Traditionally, these molecules have been divided into two families depending on the type of conserved boxes that they harbour: box C/D and H/ACA snoRNAs. Both types of snoRNAs are found associated with proteins forming a complex called snoRNP. Although some of the snoRNPs of each family mediate endonucleolytic cleavages of pre-rRNA, most of them participate in nucleotide modification: 2'-O- methylated nucleotides in the case of C/D snoRNPs and pseudouridine in the case of H/ACA snoRNPs. Based on published patents, the purpose of this review is to show the biotechnological impact of these molecules, which rely on their special features: participation in the functionality of ribosome, specific location on cell, and abnormal expression in some diseases like cancer.
Galasso M, Elena Sana M, Volinia S. Non-coding RNAs: a key to future personalized molecular therapy?  Genome Med. 2010 Feb 18;2(2):12.

Several studies have shown an association between snoRNAs and various diseases, including cancer. Prader-Willi syndrome (PWS) is a congenital disease that is caused by the loss of paternal gene expression from a maternally imprinted region on chromosome 15. The SNORD115 snoRNA (also called HBII-52) shows sequence complementarities to the alternatively spliced exon Vb of the serotonin receptor 5-HT2C, located on chromosome X. HBII-52 regulates alternative splicing of 5-HT2C by binding to a silencing element in exon Vb. PWS patients do not express HBII-52, so in this case the snoRNA seems to regulate the processing of an mRNA located on a different chromosome [20]. Furthermore, another study related to PWS [21] demonstrated that deletion of Snord116 (also called Pwcr1 or MBII-85) causes growth deficiency and hyperphagia in mice, revealing a novel role for an ncRNA in growth and feeding regulation. snoRNAs have also been implicated in cancer development. The U50 snoRNA acts as a tumor suppressor in human prostate cancer [22] and in the development and/or progression of breast cancer [23].

Ankyrins  (108, 110, 118, 144, 166, 183, 208, 280, 316, 412, 517, 610, 641, 647, 648, 663, 667, 734, 802, 833, 839, 840, 896, 923, 1015)
Ankyrin

Bodkin JV, Brain SD. Transient receptor potential ankyrin 1: emerging pharmacology and indications for cardiovascular biology.  Acta Physiol (Oxf). 2010 Oct 15. doi: 10.1111/j.1748-1716.2010.02203.x. 

Transient receptor potential anykrin 1 (TRPA1) is a member of the TRP superfamily, representing the sole member of the TRPA subfamily. It has many identified endogenous and exogenous agonists, comprising largely of chemical irritants and products of oxidative stress. Classically located on sensory neurone endings, TRPA1 has developed a strong presence in pain and inflammatory studies, where it is now becoming an intriguing clinical drug target. TRPA1 is increasingly recognized in a growing number of neuronal and non-neuronal locations with expanding expression and activity profiles providing evidence of a role for TRPA1 in other systems. Interest in discovering the pharmacological and functional roles of TRPA1 is increasing and diversifying into many areas. Historically, compounds now known as TRPA1 agonists have demonstrated cardiovascular activity, modulating activities in both the heart and the vasculature. Now TRPA1 has been identified as the receptor via which these compounds can act, these studies are being revisited and expanded on using current techniques. It is therefore timely to review the current knowledge of TRPA1 receptor presence and activities of relevance to the cardiovascular system, summarizing findings to date and identifying potential areas for future investigation.

Banner KH, Igney F, Poll C.  TRP channels: Emerging targets for respiratory disease.  Pharmacol Ther. 2011 Mar 21. [Epub ahead of print]

The mammalian transient receptor potential (TRP) superfamily of cation channels is divided into six subfamilies based on sequence homology TRPC (canonical), TRPV (vanilloid), TRPM (melastatin), TRPA (ankyrin), TRPP (polycystin) and TRPML (mucolipin). The expression of these channels is especially abundant in sensory nerves, and there is increasing evidence demonstrating their existence in a broad range of cell types which are thought to play a key role in respiratory diseases such as asthma and chronic obstructive pulmonary disease (COPD). These ion channels can be activated by a diverse range of chemical and physical stimuli. Physical stimuli include temperature, membrane potential changes and osmotic stress, and some of the more well known chemical stimuli include capsaicin (TRPV1), menthol (TRPM8) and acrolein (TRPA1). There is increasing evidence in this rapidly moving field to suggest that selective blockers of these channels may represent attractive novel strategies to treat characteristic features of respiratory diseases such as asthma and COPD. This review focuses on summarising the evidence that modulation of selected TRP channels may have beneficial effects at targeting key features of these respiratory diseases including airways inflammation, airways hyper-reactivity, mucus secretion and cough.

Transient receptor potential ankyrin 1

TRPA1 is a calcium permeable transient receptor potential cation channel which was originally cloned from human lung fibroblasts (Jaquemar et al., 1999). More recently TRPA1 message and protein have been identified in sensory neurons, including vagal neurons innervating the airways, small intestine, colon, pancreas, skeletal muscle, heart, brain, and T and B-lymphocytes (Stokes et al., 2006). The TRPA1 channel can be activated by major constituents of cigarette smoke (acrolein, crotonaldehyde which are α,β-unsaturated aldehdydes) together with a number of chemical irritants e.g.: cinnamaldehyde (pungent ingredient found in cinnamon) and allyl isothiocyanate (pungent ingredient found in mustard oil). In addition, given that the mechanism of TRPA1 channel activation appears to be through covalent modification of cysteine residues within the cytosolic N terminus by reactive electrophilic molecules, other electrophilic molecules such as prostaglandins are able to directly activate TRPA1. This does not include PGD2, E2 or I2 which would stimulate nerves indirectly following activation of their respective GPCRs. In addition products of lipid peroxidation can also activate TRPA1 ([Macpherson et al., 2007, October 17] and [Trevisani et al., 2007]). Activation of TRPA1 has been shown to cause pain, neurogenic inflammation, mechanical and thermal hyperalgesia. There is growing evidence, generated using TRPA1 blockers and also TRPA1−/− mice to support a role for TRPA1 in the pathogenesis of different airway diseases including asthma, chronic cough and COPD.

Activation of vagal sensory C fibres terminating in the lungs can trigger the cough reflex. Initial studies only identified TRPA1 in a small subset (<4%) of peptidergic sensory neurons (Story et al., 2003). More recent studies however demonstrated that TRPA1 expression was more widespread, as it could be detected on 20–35% of sensory neurones, and is co-expressed with TRPV1 ([Jordt et al., 2004] and [Nagata et al., 2005]). A number of studies have demonstrated that TRPA1 agonists can activate isolated vagus nerves from mice and guinea pigs, and more recently from humans (Birrell et al., 2009). For example acrolein, is a potent agonist of human and murine TRPA1 channels (Bautista et al., 2006). The fact that cultured sensory neurons from TRPA1−/− mice are unresponsive to acrolein, suggests that TRPA1 is the sole chemosensory receptor for acrolein. Acrolein and cinnamaldehyde have also been shown to activate guinea pig isolated vagus nerve with the selective TRPA1 antagonists, AP-18 and HC-030031 able to cause a concentration dependent inhibition of acrolein-induced nerve activation. In addition, AP-18 was able to inhibit acrolein-induced depolarisation of isolated human vagus nerve (Birrell et al., 2009).

In addition to a role for TRPA1 in mediating nerve activation in response to irritant chemicals, (Maher et al., 2010a) and (Maher et al., 2010b) recently demonstrated that, AP-18 could partially inhibit PGE2 induced depolarisation of both isolated guinea pig and mouse vagus nerves by 49% and 51% respectively. Combined addition of AP-18 with the TRPV1 antagonist, capsazepine, caused almost complete inhibition of PGE2-induced nerve depolarisation. Further support for a role of both TRPA1 and TRPV1 in mediating the response to PGE2 was provided by the fact that PGE2-induced depolarisation could be almost maximally inhibited in isolated nerves from TRPA1−/− mice with the addition of the TRPV1 antagonist capsazepine, and conversely PGE2-induced depolarisation could be almost completely attenuated in isolated nerves from TRPV1−/− mice by the addition of AP-18.

Inhalation of a variety of TRPA1 agonists (acrolein, cinnamaldehyde, allyl isothiocyanate, crotonaldehyde) has been shown to produce a dose-dependent robust cough response in conscious guinea pigs ([Andre et al., 2009] and [Birrell et al., 2009]). Administration of HC-030031 by aerosol 10 min prior to, and subsequently concomitantly with each of the TRPA1 agonists for 10 min attenuated the tussive responses by >50%. It is unclear why the cough response could not be completely attenuated, but the authors suggested that it may be due to insufficient dosing of the HC-030031, which for solubility reasons could not be increased. In a separate study where HC-030031 was dosed 1 h prior to acrolein challenge, the tussive response was almost completely suppressed (Birrell et al., 2009). In addition, cigarette smoke-induced cough in guinea pigs can also be partially (~50%) inhibited by HC-030031 (Andre et al., 2009). Finally, recent data has shown for the first time that a TRPA1 agonist, cinnamaldehyde can evoke a concentration dependent induction of cough in human volunteers (Birrell et al., 2009).

The most important risk factor in the development of COPD is cigarette smoking, and oxidative stress is thought to play an important role in the lung tissue damage observed in the airways of COPD patients. Using isolated guinea pig bronchial rings, Andre et al. demonstrated that cigarette smoke extract as well as acrolein or crotonaldehyde produced a contraction of bronchial rings that was inhibited by HC-030031, but not by the TRPV1 antagonist, capsazepine or reactive oxygen scavengers (Andre et al., 2008). In addition, cigarette smoke extract (CSE) or aldehydes increased Ca2+ influx in TRPA1 transfected cells, but not in control HEK293 cells, and promoted neuropeptide release from isolated guinea pig airway tissue. Lastly instillation of CSE into the trachea of wild-type mice and TRPA1−/− mice only induced plasma protein extravasation in the wild type mice. These data suggest that targeting TRPA1 may have therapeutic potential in diseases caused by cigarette smoke such as COPD.

Sensitization and subsequent airways challenge of animals with ovalbumin (OVA) are commonly used experimental model systems to recapitulate characteristic features of allergic asthma. Typically, enhanced lung tissue inflammation, increased eosinophils and elevated levels of Th2-derived cytokines in bronchoalveolar lavage (BAL) fluid, increased mucus in the airways, airways hyper-reactivity and elevated serum IgE levels are observed. In some models, clear early (EAR) and late asthmatic (LAR) responses can also be observed.

A study by Caceres et al., 2009 A.I. Caceres, M. Brackmann, M.D. Elia, B.F. Bessac, D. Camino and M. D'Armours et al., A sensory neuronal ion channel essential for airway inflammation and hyperreactivity in asthma, PNAS 106 (2009), pp. 9099–9104. View Record in Scopus | Cited By in Scopus (25)

HYPERLINK "http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TBG-52F6P9B-3&_user=32321&_coverDate=03%2F21%2F2011&_rdoc=1&_fmt=high&_orig=gateway&_origin=gateway&_sort=d&_docanchor=&view=c&_acct=C000004038&_version=1&_urlVersion=0&_userid=32321&md5=11f3cb80904e4e15ec4a2854641052e0&searchtype=a" \l "bb0120"Caceres et al. (2009) recently sought to evaluate the role of TRPA1 in mediating allergen-induced airways responses, by utilising TRPA1−/− mice and also the TRPA1 blocker, HC-030031). Their protocol involved sensitising mice with OVA (days 0, 7 and 14 in the adjunct alum intraperitoneally) and subsequent airways challenge of mice with OVA (days 21, 22 and 23). Interestingly, allergen-challenged TRPA1−/− mice had a greater than 80% reduction in bronchoalveolar lavage fluid (BAL) eosinophils compared to TRPA1+/+ mice. Significantly diminished levels (>50%) of IL-5, IL-13, IL-17, eotaxin, MCP-1, RANTES and TNF-α were also observed in BAL fluid of TRPA1−/− mice versus TRPA1+/+ mice. In addition, a marked reduction (~50%) in transcriptional levels of muc5ac mucin genes in whole lung from TRPA1−/− versus TRPA1+/+ was also observed. Histological observations confirmed reduced eosinophilia in TRPA1−/− mice and reduced hyperplasia of mucus producing goblet cells. In addition, whilst allergen-challenged TRPA1+/+ mice developed a robust airways hyper-reactivity (AHR) to acetylcholine (Ach), in allergen-challenged TRPA1−/− mice AHR was very mild, and indeed only differed from control mice at the highest doses of Ach. There was no difference in allergen-reactive serum IgE levels in TRPA1−/− mice versus TRPA1+/+ mice suggesting a normal Th2 allergen-dependent systemic immune response to OVA. In contrast there was no difference in the response to allergen in TRPV1−/− mice compared to wild type mice. The authors were essentially able to reproduce their findings by the use of the TRPA1 blocker, HC-030031. When HC-030031 was dosed the day prior to the first OVA challenge and then twice daily (100 mg kg) on the 4 subsequent days of OVA challenge, a marked reduction in BAL eosinophils, IL-5, IL-13 and mucin5ac was observed. Lung sections taken from HC-03001 treated mice also had markedly reduced inflammatory cell densities. In addition an almost complete suppression of AHR to Ach was seen in the mice treated with HC-030031. The fact that a TRPA1−/− blocker can essentially recapitulate the TRPA1−/− phenotype suggests that TRPA1 plays an important role in allergen-induced airways inflammation, rather than causing a developmental defect in the immune response to allergen. Further support for a role of TRPA1 in local inflammatory responses to allergen can be derived from the observation that the TRPA1−/− mouse and mice treated with HC-030031 had normal serum levels of OVA reactive IgE. Taken together these data suggest that TRPA1 has an important role in allergen-induced airways inflammation, mucus production and airways hyper-reactivity in an animal model which recapitulates characteristic features of allergic asthma.

In a separate study conducted by Raemdonck et al. (2010), HC-030031 significantly attenuated the LAR measured by whole body plethysmography in an OVA sensitised and challenged rat model. A marked inhibitory effect on the LAR was also observed with the muscarinic receptor antagonist, tiotropium. One could therefore hypothesise that the TRPA1 blocker may be inhibiting sensory nerve activation, and as a consequence the activation of parasympathetic nerves. In summary these data suggest that TRPA1 blockers may have a therapeutic benefit in the treatment of allergic asthma.
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Cadherin

Junghans D, Haas IG, Kemler R.  Mammalian cadherins and protocadherins: about cell death, synapses and processing.  Curr Opin Cell Biol. 2005 Oct;17(5):446-52.

Cadherins have been known for a long time to be key elements in many important biological processes. In particular, the role of classical cadherins in mediating adhesion has been examined in great detail. Over recent years, the accumulation of experimental tools and mice mutants has allowed more refined analysis of cadherin functions, and new aspects such as signaling and synapse dynamics have become the center of interest. In addition, the study of mice lacking the entire protocadherin-gamma cluster shed the first light on a possible novel function of members of this cadherin family in synapse formation and cell survival during development.

Zinc fingers (40, 44, 69, 109, 233, 238, 289, 478, 505, 510, 514, 523, 527, 535, 541, 567, 583, 593, 594, 661, 704, 714, 735, 746, 754, 757, 765, 804, 809, 835, 841, 850, 880, 883, 908, 928, 934, 967, 968, 980, 981, 994,  1032, 1058, 1050, 1092) 

Zinc fingers

Klug A.  The discovery of zinc fingers and their development for practical applications in gene regulation and genome manipulation. Q Rev Biophys. 2010 Feb;43(1):1-21. 
A long-standing goal of molecular biologists has been to construct DNA-binding proteins for the control of gene expression. The classical Cys2His2 (C2H2) zinc finger design is ideally suited for such purposes. Discriminating between closely related DNA sequences both in vitro and in vivo, this naturally occurring design was adopted for engineering zinc finger proteins (ZFPs) to target genes specifically. Zinc fingers were discovered in 1985, arising from the interpretation of our biochemical studies on the interaction of the Xenopus protein transcription factor IIIA (TFIIIA) with 5S RNA. Subsequent structural studies revealed its three-dimensional structure and its interaction with DNA. Each finger constitutes a self-contained domain stabilized by a zinc (Zn) ion ligated to a pair of cysteines and a pair of histidines and also by an inner structural hydrophobic core. This discovery showed not only a new protein fold but also a novel principle of DNA recognition. Whereas other DNA-binding proteins generally make use of the 2-fold symmetry of the double helix, functioning as homo- or heterodimers, zinc fingers can be linked linearly in tandem to recognize nucleic acid sequences of varying lengths. This modular design offers a large number of combinatorial possibilities for the specific recognition of DNA (or RNA). It is therefore not surprising that the zinc finger is found widespread in  nature, including 3% of the genes of the human genome. The zinc finger design can be used to construct DNA-binding proteins for specific intervention in gene expression. By fusing selected zinc finger peptides to repression or activation domains, genes can be selectively switched off or on by targeting the peptide to  the desired gene target. It was also suggested that by combining an appropriate zinc finger peptide with other effector or functional domains, e.g. from nucleases or integrases to form chimaeric proteins, genomes could be modified or manipulated. The first example of the power of the method was published in 1994 when a three-finger protein was constructed to block the expression of a human oncogene transformed into a mouse cell line. The same paper also described how a reporter gene was activated by targeting an inserted 9-base pair (bp) sequence, which acts as the promoter. Thus, by fusing zinc finger peptides to repression or activation domains, genes can be selectively switched off or on. It was also suggested that, by combining zinc fingers with other effector or functional domains, e.g. from nucleases or integrases, to form chimaeric proteins, genomes could be manipulated or modified. Several applications of such engineered ZFPs are described here, including some of therapeutic importance, and also their adaptation for breeding improved crop plants.
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