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1.. Abstract 

Seriall  analysis of gene expression (SAGE) was used to identify a gene named GOA 

{gene{gene overexpressed in astrocytoma), which codes for a novel Ring finger B-box coiled-coil 

(RBCC)) protein. Northern blot hybridization showed overexpression of GOA in 9 of 10 

astrocytomas.. Except for kidney, in which high expression was found, expression levels in 

normall  tissues were low and comparable to normal brain. Immunohistochemistry 

demonstratedd presence of GOA, with prominent nuclear staining, in astrocytoma tumor cells 

andd astrocytes of fetal brain, but virtual absence in mature astrocytes. Overexpression was not 

duee to amplification, since amplification of GOA was only found in one of 65 astrocytomas. 

GOAGOA was localized to 17q24-25, a region that is frequently gained or amplified in a number 

off  other tumor types. GOA contains two LXXL L motifs, which are thought to be important 

forr nuclear receptor binding. Our data suggest an important role of GOA in the process of 

dedifferentiationn that is associated with astrocytoma tumorigenesis and possibly with that of 

otherr tumor types as well. 

2.. Introduction 

Astrocytomass are the most common type of primary brain tumors. They are highly 

refractoryy to radio and chemotherapy and are associated with a bad prognosis. Based upon 

histologicall  criteria, they are divided according to the WHO criteria into four different grades, 

astrocytomaa grade I to IV (1). With increasing malignancy, astrocytomas tend to 

dedifferentiatee and become more angiogenic. They infiltrate the surrounding brain tissue, 

whichh makes them difficult to resect completely. In recent years a lot of effort has been put in 

thee identification of genetic lesions that are associated with the development of astrocytoma 

(2).. Wellcharacterized lesions include loss of the tumor suppressor genes TP53, CDKN2A, 

RBIRBI and PTEN as well as amplification of EGFR and CDK4. These genomic alterations result 
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inn altered expression, not only of the affected genes themselves, but also of effector and 

downstreamm target genes. Many genes have been identified that are differentially expressed in 

astrocytomaa (3). With the introduction of techniques like cDNA microarray analysis and 

seriall  analysis of gene expression (SAGE) it has become possible to study the transcriptional 

profilee of a specific tissue or cell line in a global, comprehensive manner (4, 5). Studies using 

thesee techniques have shown that hundreds of genes are differentially expressed between 

normall  and neoplastic tissue (6). These studies may provide better insight into the biological 

behaviorr of tumors and could also provide new targets for therapy. In this study, we used 

SAGEE to discover novel genes that are differently expressed in astrocytoma with respect to 

normall  brain. We identified a gene, GOA, that is overexpressed in almost all astrocytomas 

thatt we tested. The GOA protein belongs to the Ring finger B-Box Coiled-Coil (RBCC) 

familyy of proteins (7). This family comprises a number of proteins of which some are 

involvedd in oncogenesis. GOA is therefore an attractive candidate to play a role in 

astrocytomaa tumorigenesis. 

3.. Material and Methods 

3.1.. Tumor and normal tissue 

Normall  brain material was derived from autopsy cases with a postmortem delay of 

lesss than 6 h. Tumors were removed during operation, quickly frozen in liquid nitrogen, and 

storedd at -80°C until further use. They were classified and graded according to the WHO 

classificationn system (1). Paraffin-embedded, formalin-fixed tissues of astrocytoma grade IV, 

adultt brain, fetal brain, and kidney were used for immunohistochemistry. 
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3.2.. Serial analysis of gene expression (SAGE) 

Forr SAGE, total RNA was isolated from an anaplastic astrocytoma grade III and from 

thee white matter of normal brain using the Trizol method according to the manufacturer's 

instructionss (Life Technologies, Inc.). Poly(A)+ RNA isolation, cDNA synthesis and all 

subsequentt steps of the SAGE procedure were essentially performed as described (4) with 

minorr modifications given previously (8). 

3.3.. Northern blot analysis 

Forr Northern blot analysis of tumor samples, total RNA was isolated using the Trizol 

methodd according to the manufacturer's instructions (Life Technologies, Inc.). For each 

sample,, 5 u.g of total RNA was denatured, applied on a 1.2%/0.22 M formaldehyde gel, and 

blottedd onto a Hybond N+ membrane (Amersham, Aylesbury, UK). RNA was UV-crosslinked 

too the membrane which was prehybrydized in hybridization buffer (0.5 M phosphate buffer 

containingg 100 ng/ml herring sperm DNA, 3% SDS, 1 mM EDTA (pH 8.0) and 20 mg/ml 

BSAA fraction V) for 2-3 h at 65°C. For Northern blot analysis of normal tissues, a membrane 

containingg 2 u,g of poly(A)+ RNA from 12 different normal tissues was purchased from 

Clontech.. Membranes were hybridized overnight with a GOA-specific probe and, after 

stripping,, with a p-actin cDNA reference probe (Clontech). Probes were labeled to high 

specificityy with oc-32P-dCTP using the Rediprime II kit according to the manufacturer's 

instructionss (Amersham). The GOA-specific probe was a 580 bp fragment that was made by 

PCRR using primers 5'-GAGATTATCCGAGGGCTGGGTC- 3' and 5'-

GGTGGAAGCCTCTAGAAATGAG-3'' and IMAGE clone 2517675 as template. After 

hybridization,, membranes were washed for 10 min at 65°C in 25 mM Phosphate buffer 

containingg 2%SDS, 1 mM EDTA and 2.5 mg/ml BSA fraction V and three times for 10 min 
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att 65°C in 40 mM phosphate buffer containing I%SDS and 1 mM EDTA. Signals were 

visualizedd and quantified using a Phosphorimager (Molecular Dynamics, Sunnyvale, CA). 

3.4.. Southern blot analysis 

Tumorr and corresponding leukocyte DNA samples were digested with BamHl. The 

resultingg digestion products were separated on 0.8% agarose gels, and transferred to nylon 

membranes.. The membranes were successively hybridized with a GOA-specific test probe 

andd with reference probe E3.9, which is a 3.9-kb EcoKl fragment derived from chromosome 

22.. The GOA-specific test probe was a 1470-bp insert of IMAGE clone 2162284, containing 

thee 39 half of GOA. Probes were labeled as described for the Northern blotting procedure and 

hybridizedd under conditions given previously (9). 

3.5.. Immunohistochemistry 

Paraffinn sections (5 jxm) were placed on organosilan-coated object slides and dried 

overnightt at 37 °C. Sections were deparaffinized and endogenous peroxidase was blocked in 

methanoll  containing 0.3% hydrogen peroxide. Antigen was retrieved by heating the sections 

att 100CC for 10 min in sodiumcitrate buffer (0.05 M, pH 6.0). Nonspecific serum-binding 

sitess were blocked by incubating in 10% normal goat serum. Immunohistochemistry was 

performedd using the avidin-biotin peroxidase complex method (Ultravision system, Lab 

Visionn Corp., U.S.A.). Specimens were first incubated for 1 h at room temperature with a 

GOA-specificc rabbit polyclonal antibody (dilution 1:100) raised against the peptide 

SQGDLRRQEEQRSR,, corresponding to amino acids 304-317 of GOA (Vandeputte et al., 

manuscriptt in preparation). This was followed by incubation with secondary antibody mixture 

forr 15 min and a 15 min exposure to preformed streptavidin-horseradish peroxidase complex. 

Peroxidasee activity was revealed by the 3,3'-diaminobenzidine tetrahydrochloride reaction. 
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Finally,, sections were counterstained with hematoxylin, dehydrated, and mounted for light 

microscopy. . 

3.6.. Fluorescence in situ hybridization (FISH) 

FISHH was performed with cosmids using standard procedures. To isolate GOA-

containingg cosmids, a chromosome 17 cosmid library (L4/FS17, Resource Center/Primary 

Databasee of the German Human Genome Project, Berlin, Germany) was screened with the 

insertt of IMAGE clone 2162284 as described for Southern blot analysis. The presence of the 

GOAGOA gene in the positive cosmids was confirmed by hybridization of the same insert to a 

Southernn blot containing £coRI-digested DNAs isolated from these cosmids. For FISH, the 

GOAGOA -cosmids were labeled with biotin-16-dUTP by nick-translation. Cosmid pl7H8, labeled 

withh Cy3-dUTP and specific for the centromere of chromosome 17, was used to identify this 

chromosome. . 

4.. Results 

4.1.. Identification of a Novel Gene Overexpressed in Astrocytoma 

SAGEE libraries were constructed from an astrocytoma grade III tumor and from white 

matter.. From the astrocytoma library, 9768 tags were sequenced, representing 4910 different 

transcripts.. From white matter, 10.192 tags were sequenced, representing 5123 different 

transcripts.. To identify the genes that are differentially expressed, the two libraries were 

comparedd and a pairwise %2 test was performed for each tag. 124 tags were identified for 

whichh the %2 statistic was associated with a P-value <0.05 (results to be reported elsewhere). 

Onee of the tags, TAGTAGATGC occurred 6 times in the astrocytoma library but not in the 

whitee matter library and was chosen for further characterization. This tag corresponded to a 
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novell  transcript from which already several EST clones were available. The largest clone. 

IMAGEE clone 2517675, with an insert length of 2268 bp, was used for sequencing (Fig. 1). 

11 GGGCGGCGCCCTGGGCGGCCGCGGAGTCATGGACGGCAGTGGACCCTTCAGCTGCCCCATCTGCCTAGAGCCACTCCGGGAGCCGGTGAC 
11 M D G S G P F S C P I C L E P L R E P V T Ring 
911 GCTGCCCTGCGGCCACAACTTCTGTCTCGCCTGCCTGGGCGCGCTCTGGCCGCATCGTGGCGCGAGTGGAGCCGGCGGACCCGGAGGCGC Finger 
222 L P C G H N F C L A C L G A L W P H R G A S G A G G P G G A 
1811 GGCCCGCTGCCCGCTGTGCCAGGAGCCCTTCCCCGACGGCCTTCAGCTCCGCAAGAACCACACGCTGTCCGAGCTGCTGCAGCTCCGCCA 
5 2 A R C P L C Q E P F P D G L Q L R K N H T L S E L L Q L R Q Q 
2711 GGGCTCGGGCCCCGGGTCCGGCCCCGGCCCGGCCCCTGCCCTGGCCCCGGAGCCCTCGGCACCCAGCGCGCTGCCCAGTGTCCCGGAGCC 
8 2 G S G P G S G P G P A P A L A P E P S A P S A L P S V P E P P 
3611 GTCGGCCCCCTGCGCTCCCGAGCCGTGGCCCGCGGGCGAAGAGCCAGTGCGCTGCGACGCGTGCCCCGAGGGCGCGGCCCTGCCCGCCGC 
1155 S A P C A P E P W P A G E E P V R C D A C P E G A A L P A A B-Boxl 
4511 GCTGTCCTGCCTCTCCTGCCTCGCCTCCTTTTGCCCCGCGCACCTGGGCCCGCACGAGCGCAGCCCCGCCCTCCGCGGACACCGCCTGGT 
1455 L S C L S C L A S F C P A H L G P H E R S P A L R G H R L V 
5411 GCCGCCGCTGCGCCGGCTAGAGGAgAgCCTGTGCCCGCGCCACCTACGGCCGCTCGAGCGCTACTGCCGCGCGGAGCGCGTGTGTCTGTG 
1755 P P L R R L E E S L C P R H L R P L E R Y C R A E R V C L C B-BOX2 
66 31 CGAGGCCTGCGCCGCACAGGAGCACCGCGGCCACGAGCTGGTGCCGCTGGAGCAGGAGCGCGCGCTTCAGGAGGCTGAGCAGTCCAAAGT 
2055 E A C A A Q E H R G H E L V P L E Q E R A L Q E A E Q S K V 
7211 CCTGAGCGCCGTGGAGGACCGCATGGACGAGCTGGGTGCTGGCATTGCACAGTCCAGGCGCACAGTGGCCCTCATCAAGAGTGCAGCCGT 
2355 L S A V E D R M D E L G A G I A Q S R R T V A L I K S A A V 
8111 AGCAGAGCGGGAGAGGGTGAGCCGGCTGTTTGCAGATGCTGCGGCCGCCCTGCAGGGCTTCCAGACCCAGGTGCTGGGCTTCATCGAGGA 
2655 A E R E R V S R L F A D A A A A L Q G F Q T Q V L G F I E E 
9011 GGGGGAAGCTGCCATGCTAGGCCGCTCcCAGGGTGACCTGCGGCGACAGGAGGAACAGCGCAGCCGCCTGAGCCGAGCCCGCCAGAATCT 
2955 G E A A M L G R S Q G D L R R Q E E Q R S R L S R A R Q N L 
9922 CAGCCAGGTCCCTGAAGCTGACTCAGTCAGCTTCCTGCAGGAGCTGCTGGCACTAAGGCTGGCCCTGGAGGATGGGTGTGGCCCTGGGCC 
3255 S Q V P E A D S V S F L Q E L L A L R L A L E D G C G P G P 
10811 TGGACCCCCGAGGGAGCTCAGCTTCACCAAATCATCCCAAGCTGTCCGTGCAGTGAGAGACATGCTGGCCGTGGCCTGCGTCAACCAGTG 

3655 G P P R E L S F T K S S Q A V R A V R D M L A V A C V N Q W 
11711 GGAGCAGCTGAGGGGGCCGGGTGGCAACGAGGATGGGCCACAGAAGCTGGACTCGGAAGCTGATGCTGAGCCCCAAGACCTCGAGAGTAC 
3855 B Q L R G P G G N E D G P Q K L D S E A D A E P Q D L E S T 

122 61 GAACCTCTTGGAGAGTGAAGCTCCCAGGGACTATTTCCTCAAGTTTGCCTATATTGTGGATTTGGACAGCGACACAGCAGACAAGTTCCT 
4155 N L L E S E A P R D Y F L K F A Y I V D L D S D T A D K F L B30 .2 
133 51 GCAGCTGTTTGGAACCAAAGGTGTCAAGAGGGTGCTGTGTCCTATCAACTACCCCTTGTCGCCCACCCGCTTCACCCATTGTGAGCAGGT Domain 
444 5 Q L F G T K G V K R V L C P I N Y P L S P T R F T H C E Q V 
144 41 GCTGGGCGAGGGTGCCCTGGACCGAGGCACCTACTACTGGGAGGTGGAGATTATCGAGGGCTGGGTCAGCATGGGGGTCATGGCCGAAGA 
4755 L G E G A L D R G T Y Y W E V E I I E G W V S M G V M A B D 
155 31 CTTCTCCCCACAAGAGCCCTACGACCGCGGCCGGCTGGGCCGCAACGCCCACTCCTGCTGCCTGCAGTGGAATGGACGCAGCTTCTCCGT 
55 05 F S P Q E P Y D R G R L G R N A H S C C L Q W N G R S F S V 
16211 CTGGTTTCATGGGCTGGAGGCTCCCCTGCCCCACCCCTTCTCGCCCACGGTTGGGGTCTGCCTGGAATACGCTGACCGTGCCTTGGCCTT 
533 5 H F H G L E A P L P H P F S P T V G V C L E Y A D R A L A F 
17111 CTATGCTGTACGGGACGGCAAGATGAGCCTCCTGCGGAGGCTGAAGGCCTCCCGGCCCCGCCGGGGTGGcATCCCGGCCTCCCCCATTGA 
5655 Y A V R D G K M S L L R R L K A S R P R R G G I P A S P I D 
188 01 CCCCTTCCAGAGCCGCCTGGACAGTCACTTTGCGGGGCTCTTCACCCACAGACTCAAGCCTGCcTTCTTCCTGGAGAGTGTGGACGCCCA 
5955 P F Q S R L D S H F A G L F T H R L K P A F F L E S V D A H 
188 91 CTTGCAGATCGGGCCCCTCAAGAAGTCCTGCATATCCGTGCTGAAGAGGAGGTGATGCCGGGCACGGGCGCTCCTGCTGCCGTCTCTGCT 
6255 L Q I G P L K K S C I S V L K R R * 
199 81 CCAGGAAGCTGCCTCCTCTGGGCCCTCTCCTTCGTCTGGGAAGGCACCAGCATGAGTCCCACACACCCAGCCTTCTCATTTCTAGAGGCT 
22 071 TCCACCTTTTTATACACTCAGCCTTCCCTCTCCCAGGCAGGAGGACCCCCAGACCCTGTTCCCCTGCAGACCTCACTTCTGGGAGACAGA 
21611 GCTACAGCTGGGACAGCTCCAAGCTACCCTAACCCCTCCTTTCCCAGGTTTCTAGAATAGTGTCTGGCATGTAGTAGATGCTCAATAAAC 
22511 ACTTGTTGAATGAAAAAAA 

Figuree 1. Nucleotide sequence and predicted amino acid sequence of GOA. The Ring finger domain, the two B-
boxx domains and the B30.2 domain are underlined. Putative start-codon. stop-codon. the two LXXL L motifs, 
andd the CATG preceding the tag are indicated in bold. The putative polyadenylation signal is indicated in italics 

Thee resulting nucleotide sequence contains at its 3' end the signal sequence for a poly(A)+ 

tail.. The tag is preceded by the NlaJE site (CATG) that lies most proximal to the poly(A)+ tail, 

suggestingg that it is correctly assigned to this transcript. An open reading frame was identified 

thatt predicts a protein of 638 amino acids. This protein contains at the N-terminus a Ring 
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fingerr domain, two B-Box domains and a Coiled-Coil domain, indicating that it belongs to the 

Ringg finger B-Box Coiled-coil (RBCC) family of proteins. The protein furthermore contains a 

B30.22 domain at its C-terminus. In addition, two LXXL L motifs are present. Using the 

BLASTT program (NCBI), this protein was found to display the highest overall homology with 

estrogenresponsivee finger protein (efp). Because the gene encoding this protein was 

overexpressedd in the astrocytoma library, we tentatively named it gene overexpressed in 

astrocytomaastrocytoma (GOA). 

4.2.. Expression of GOA in Astrocytomas and Normal Tissues 

Wee investigated whether GOA was overexpressed in other astrocytic tumors. For this 

purpose,, RNA samples from 3 low-grade and 7 high-grade astrocytomas and from normal 

brainn were subjected to Northern blotting and probed with a GOA-specific cDNA probe (Fig. 

2A).. Expression levels were standardized with a (3-actin probe. A single transcript of 2.3 kb 

wass detected in all lanes, suggesting that the clone we sequenced represents the complete 

messengerr RNA. Compared with normal adult brain, GOA was significantly overexpressed in 

66 of 7 high-grade astrocytomas and in all 3 low-grade astrocytomas, ranging from 4- to 10-

foldd overexpression. We next investigated with Northern blotting whether GOA was 

expressedd in normal tissues (Fig. 2B). It can be concluded from this figure that expression of 

GOAGOA was low in most tissues and comparable to that in normal adult brain, with the exception 

off  kidney where the expression was about 10-fold higher relative to normal brain. 

127 7 
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Figuree 2. Expression of GOA in astrocytomas and normal tissues. Northern blots were hybridized with a ' P-
labeledd GOA-specific probe and with a (3-actin control probe. (A) Northern blot containing total RNA from low-
andd high-grade astrocytomas and from normal brain (n.b.). Normalized GOA expression levels were 1 for normal 
brainn and 4.8, 4.0, and 10.4, respectively, for the low-grade astrocytomas in lanes 2, 3. and 4 and 5.5, 1.5, 5.6, 
4.3,, 4.5, and 4.5, respectively, for the high-grade astrocytomas in lanes 5, 6, 7, 8, 9, and 10. (B) Northern blot 
containingg poly(A)+ RNA from 12 normal tissues. Lanes: 1 (brain). 2 (heart). 3 (skeletal muscle). 4 (colon), 5 
(thymus),, 6 (spleen), 7 (kidney), 8 (liver). 9 (small intestine), 10 (placenta), 11 (lung), 12 (Peripheral Blood 
Leukocytes).. Normalized GOA expression levels were 1 for brain, approximately 10 for kidney and ranged from 
00 to 1.5 for the other tissues. 

Too further evaluate the specificity of GOA expression in brain tissue as well as in kidney, 

wheree expression on the RNA level was very high, we performed immunohistochemistry with 

aa GOA-specific rabbit polyclonal antibody on tissue sections of astrocytoma grade IV, normal 

brain,, fetal brain and kidney. Immunoreactivity for GOA, with prominent nuclear staining, 

wass observed in astrocytoma tumor cells (Fig. 3B), whereas immunoreactivity in normal adult 

astrocytess was virtually absent (Fig. 3A). Remarkably, immunoreactivity for GOA, again with 

prominentt nuclear staining, was found in astrocytes of fetal brain (Fig. 3C). In kidney, the 

tubularr cells showed intense immunoreactivity for GOA (Fig. 3D), whereas the glomeruli 

weree negative (not shown). 
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Figuree 3. Immunohistochemical staining of GOA in normal adult brain, astrocytoma, fetal brain, and kidney. 
(A)) Expression of GOA in normal adult white matter, astrocytes show littl e or no GOA expression. Scale bar. 80 
|im.. (B) Expression of GOA in astrocytoma cells. Both nuclear and cytoplasmic staining is observed. Scale bar, 
600 urn. (C) Expression of GOA in fetal brain. Strong nuclear staining is present in the fetal astrocytes. Scale bar, 
800 urn. (D) Expression of GOA in kidney. Tubular cells are strongly positive. Scale bar, 80 urn. 

Too investigate whether overexpression in astrocytomas was due to amplification of the 

GOAGOA gene we performed Southern blot analysis of 12 low-grade (grade II) and 53 high-grade 

astrocytomass (grades III and IV) using IMAGE clone 2162284, containing the 3'part of the 

GOA-cDNA,, as a probe. Only in one high-grade astrocytoma we found a 3.5-fold 

amplificationn of GOA (GBM 1683, data not shown), suggesting that amplification of this gene 

iss not a frequent event in astrocytomas. This tumor was known to harbor multiple 

amplificationn events on chromosome 17 (9). 
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4.3,, Chromosomal Localization of GOA 

Too determine its chromosomal location, we searched the human genome for the 

presencee of GOA sequences using Mapview (NCBI). STS clone stSG12694, corresponding to 

IMAGEE clone 2162284, was localized by radiation hybrid mapping in the terminal region of 

chromosomee arm 17q. To confirm this location, we performed FISH on human metaphase 

chromosomess with three GCM-containing cosmid clones that we isolated from a chromosome 

17-specificc cosmid library. All three hybridized to region q24-q25 on chromosome 17 (Fig. 

4). . 

Figuree 4. Chromosomal localization of GOA by FISH. Hybridization of a GCM-containing cosmid (green) and 
cosmidd pl7H8 (red), specific for the centromeric region of chromosome 17, to normal human metaphase 
chromosomes.. The GCM-containing cosmid specifically decorates 17q24-q25. 

5.. Discussion 

Inn this study, we performed SAGE to identify genes that are differentially expressed in 

astrocytomaa compared to normal brain. Using this approach we identified a gene 

overexpressedd in astrocytoma (GOA), encoding a novel Ring finger protein. GOA was 

overexpressedd in 9 out of 10 astrocytomas (Fig. 2A). This expression is probably not grade-

dependentt as 3 low-grade astrocytomas also showed high expression of GOA. This suggests 

thatt overexpression of GOA is an early event in the development of astrocytomas. We 

additionallyy assessed the specificity of GOA expression by immunohistochemistry using a 

GOA-specificc polyclonal antibody. GOA was expressed at low or undetectable levels in 
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normall  adult astrocytes, while it was clearly expressed in tumor cells (Figs. 3A and 3B). 

Interestingly,, expression of GOA was found in normal astrocytes of fetal brain (Fig. 3C), 

suggestingg that GOA might be involved in brain development. This is in accordance with its 

presumedd function as a coregulator of nuclear receptors (see below) and its reactivation in the 

processs of dedifferentiation associated with astrocytoma tumorigenesis. At the RNA level, 

loww expression was found in most normal tissues, comparable to that in normal adult brain 

(Fig.. 2B). However, high expression was found in kidney, which was specific for tubular 

cells,, whereas the glomeruli were negative (Fig. 3D). 

Overexpressionn in the tumors at the RNA level was most probably not due to 

amplificationn of the GOA gene as amplification was only found in less than 2% of the tested 

low-- and high-grade astrocytomas. We performed virtual Northern blotting using the "Tag to 

genee Mapping" tool of NCBI, by which the occurrence of a certain tag in the available 96 

SAGEE libraries can be evaluated. This revealed that the tag corresponding to the GOA-

transcriptt was represented at the highest level in libraries of glioblastomas (199-226 tags per 

million),, at a lower level in a pilocytic astrocytoma library (130 tags per million) and at rather 

loww levels (0-52 tags per million) in normal brain libraries. These virtual data are in 

correspondencee with our Northern blot analyses. With the exception of the library derived 

fromm ovarian surface epithelium (144 tags per million), the GOA tag was represented at low to 

modestt levels in the libraries of other normal tissues and tumors. Interestingly, the GOA tag 

wass represented at moderate to high levels in two breast cancer samples (107 and 118 per 

million). . 

Usingg FISH analysis, we mapped GOA to the 17q24-q25 region, a region that is 

frequentlyy implicated in gain or amplification events in a number of tumor types. For 

instance,, anaplastic meningiomas display high-level amplification of 17q, most often 

includingg 17q24-q25, in about 50% of the cases (10). In addition, gain or amplification of this 
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regionn is also found in brain metastases (11), breast carcinomas (12), gastrointestinal stromal 

tumorss (13) and adrenocortical carcinomas (14). These data indicate that overexpression of 

GOAGOA by amplification could be implicated in other human cancers. We are currently testing 

thiss possibility. 

Thee RBCC family of proteins, to which GOA belongs, is a rapidly growing subfamily 

off  the Ring finger proteins. These proteins harbor a Ring finger and a B-box, both zinc-

bindingg motifs, followed by a coiled-coil domain. In addition, GOA also contains a B30.2 

domainn at the C-terminus, like some other members of the RBCC family. The function of this 

domainn is unclear although it has been proposed that it is involved in ligand-binding (15). The 

RBCCC domain is thought to mediate protein-protein interactions as well as oligomerization 

andd some RBCC proteins are indeed found in large complexes (16). The functions of RBCC 

proteinss are diverse. For example, the Xenopus nuclear factor 7 (XNF7) is involved in dorsal-

ventrall  patterning (17); other RBCC proteins, such as EFP and STAF50 and also XNF7 are 

putativee transcription factors (18). The RBCC proteins TIF1 (19), PML (20) and RFP (21) are 

oncogenicc when found as fusion products. TIF1 is fused to B-RAF, PML to the retinoic acid 

receptorr and RFP to the ret tyrosine kinase domain. In each of these instances the RBCC 

domainn is involved suggesting that this domain is important for cellular transformation. 

Interestingly,, GOA harbors two so-called LXXL L motifs, a motif that is also present 

inn another RBCC protein, TIF1 (22). LXXL L motifs are found in coregulators of transcription 

thatt use these motifs to interact with nuclear receptors such as the retinoic acid receptor and 

estrogenn receptor. These receptors are crucial during development. GOA could therefore play 

aa role in this process by functioning as a coregulator of nuclear receptors. Such a function 

wouldd be in agreement with our observation of prominent nuclear staining for GOA (Figs. 3B 

andd 3C). 
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Inn conclusion, we identified a gene encoding a novel RBCC protein, GOA, which is 

overexpressedd in astrocytoma. Its putative function in normal brain development and its 

homologyy to several proteins with a documented function in oncogenesis make GOA an 

attractivee candidate for playing a role in the dedifferentiation process associated with 

astrocytomaa tumorigenesis. The assignment of GOA to 17q24-q25, a region that frequently 

displayss gain or amplification in a number of other tumor types, suggests the involvement of 

GOAA in the development of these tumors as well. 
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