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Objectives. The purpose of this study was to identify genes that predict progression-free survival (PFS) in
advanced epithelial ovarian cancer (aEOC) receiving standard therapy.

Methods. We performed microarray analysis on laser microdissected aEOC cells. All cases received staging
laparotomy and adjuvant chemotherapy (carboplatin + paclitaxel) as primary therapy.

Keywords: Results. Microarray analysis identified 50 genes differentially expressed between tumors of patients with
grv;grll_;nséancer no evidence of disease (NED) or evidence of disease (ED) (p<0.001). Six genes (13%) were located at 8q24,
Amplification and 9 genes (19.6%), at 20q11-13. The ratio of selected gene set/analyzed gene set in chromosomes 8 and 20
Biornarker are significantly higher than that in other chromosome regions (6/606 vs. 32/13656, p=0.01) and (12/383
Carboplatin vs. 32/13656, p=1.3x 107 '°®). We speculate that the abnormal chromosomal distribution is due to genomic
Paclitexal alteration and that these genes may play an important role in aEOC and choose GNAS (GNAS complex locus,
NM_000516) on 20q13 based on the p value and fold change. Genomic PCR of aEOC cells also showed that
amplification of GNAS was significantly correlated with unfavorable PFS (p=0.011). Real-time quantitative
RT-PCR analysis of independent samples revealed that high mRNA expression levels of the GNAS genes,
located at chromosome 20q13, was significantly unfavorable indicators of progression-free survival (PFS).

Finally, GNAS amplification was an independent prognostic factor for PFS.
Conclusions. Our results suggest that GNAS gene amplification may be an independent, qualitative, and

reproducible biomarker of PFS in aEOC.

© 2010 Elsevier Inc. All rights reserved.
Introduction chemotherapy resistance. In contrast, small numbers of patients with

Epithelial ovarian cancer (EOC) remains the most common cause of
cancer death in women and the leading cause of death from gynecologic
cancer. Early diagnosis of EOC is extremely difficult because most
patients with early-stage disease are asymptomatic, so that 80% of
patients present with advanced disease. Standard therapy includes
surgical procedures (bilateral adnexectomy + hysterectomy + greater
omentectomy) with staging laparotomy, debulking surgery, and
postoperative chemotherapy using a combination of platinum and
taxane. In 70% of advanced EOC (aEOC) patients, complete clinical
responses are achieved; however, tumor recurs in most patients within
1 to 2 years after diagnosis and death is due to the development of
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aEOC are cured by standard therapy. Although several clinical features
are associated with poor prognosis, including poor performance status,
suboptimal debulking surgery, clear cell or mucinous histology, high
histologic grade, old age, or slow decrease in serum CA125 during
adjuvant chemotherapy, reliable predictive biomarkers for aEOC are still
lacking. If such markers could be established, patients who are likely to
relapse and die of disease might be identified. These patients would be
appropriate candidates for experimental approaches using novel
anticancer drugs or new combination chemotherapy.

Recently, molecular diagnostic methods have been developed and
BAX or BRCA1 have been reported to be predictive biomarker for aEOC
[1,2]. We also previously reported that abnormalities of cell cycle
regulators are predictive prognostic indicators for EOC [3]. Similarly,
gene expression profiles or array comparative genomic hybridization
(aCGH) has been reported to offer predictive/prognostic information
for aEOC [4-7]. However, in order to identify useful predictive
biomarkers for EOC, it is important that the markers should be tested
in the context of standard therapy. In addition, the histology of the
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tumors should be considered because clear cell and mucinous types
are usually more chemoresistant than other histologic types [8,9].

In this study, we used oligonucleotide microarrays combined with
RNA isolated from microdissected tumor tissue to identify new
prognostic biomarkers for aEOC patients receiving standard therapy.
We excluded clear cell or mucinous tumors from our analysis based
on the chemosensitivity.

Materials and methods
Patients and samples

Subjects eligible for this study were patients with histologically
confirmed stage Ilc-1V EOC (excluding mucinous and clear cell types)
receiving standard therapy. Histologic grade was determined using
WHO grading system. Additional inclusion criteria included an Eastern
Cooperative Oncology Group performance status of 0 to 2. Exclusion
criteria included a history of prior chemotherapy or major surgery. All
patients received standard surgery and chemotherapy using carboplatin
and paclitaxel. Standard surgery was bilateral adnexectomy, hysterec-
tomy, and greater omentectomy with staging laparotomy and debulking
surgery. Thirty-three aEOC patients were enrolled for microarray
analysis, and an additional 107 patients were for real-time PCR analysis.
The progression-free survival (PFS) was defined from the date of
primary surgery to the date of the first occurrence of any of the following
events: appearance of any new lesions, tumor progression, elevation of
the CA125 level to at least two times the upper limit of normal or a nadir
CA125 level, or death from any cause. The patients were determined to
be no evidence of disease (NED) or evidence of disease (ED) at the
disease progression or final visit. The study was approved by the
Institutional Review Board of the Osaka City General Hospital and School
of Medicine, Keio University, and written informed consent was
obtained from all patients. Tumor specimens were obtained at operation
and were immediately stored at —80 °C.

Study design

One hundred and forty aEOC samples were evaluated. The samples
were divided between microarray analysis (n=33) and a real-time
PCR analysis (n=107). Microarray analysis was performed using 33
samples, and candidate genes showing significant correlation with
disease progression were identified. The GNAS gene was evaluated in
an independent set of 107 samples, and PFS was predicted using the
results of real-time PCR analyses of both mRNA and DNA.

Microdissection

Microdissection was performed as described previously. In brief,
frozen sections (6 um) prepared from tumor tissue specimens were
affixed to glass slides and stained by Histogene LCM Frozen Section
Staining Kit (Arcturus Engineering, Mountain View, CA). Stained
sections were microdissected using a PixCell Ile LCM system (Arcturus
Engineering, Mountain View, CA). Tumor cells and adjacent non-
tumor stromal cells were visualized under the microscope and tumor
cells selectively released by activation of the laser. Approximately
15,000 tumor cells were dissected in each case.

RNA and DNA extraction and amplification

Total RNA and DNA extractions were performed using the PicoPure
RNA Isolation Kit and PicoPure DNA Extraction Kit according to the
manufacturer's instructions (Arcturus Engineering, Mountain View,
CA). RNA was amplified using a modified single-round T7 RNA
amplification protocol. In brief, total RNA (600 ng) was first incubated
with 1l of T7 primer(5'-GCATTAGCGGCCGCGAAATTAATACGACT-
CACTATAGGGAGATTTTTTTTTTTTTTTTTITVN-3’, 200 ng/l) in a total
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volume of 50 W for 3 min at 70 °C. First-strand cDNA synthesis was
then performed by incubating 5 pl of primer-annealed sample and 5
of first strand master mix containing 2 pl of 5x first-strand buffer, 1 pl
of 0.1 M DTT, 0.5l of DEPC water, 0.5l 10 mM dNTP mix, 0.5l
RNase inhibitor, and 0.5 pl of MMLYV reverse transcriptase (200 U/ul)
for 1 h and 15 min at 37 °C. Subsequently, second-strand cDNA
synthesis was performed by incubating the 10 pl first-strand reaction
with 65 pl of second master mix, which contained 46 pl DEPC water,
15 W 5xsecond-strand buffer, 1.5l of 10 mM dNTP mix, 0.5 il of
Escherichia coli DNA ligase (10 U/ul), 1.5 ul E. coli DNA polymerase I
(10 U/ul), and 0.5 Pl E. coli RNase H (2 U/l), for 2 h at 16 °C, and then
for 15 min at 70 °C. The entire 75 pl cDNA sample was loaded onto a
ChromaSpin TE-200 spin column (BD Biosciences, San Diego, CA), which
was centrifuged for 5 min at 2900 rpm (700xg) in an Eppendorf
centrifuge. Purified cDNA was collected, lyophilized, dissolved in 8 pl of
RNase-free water, and incubated at 70 °C for 10 min. In vitro
transcription was subsequently performed by incubating the 8 pl post-
lyophilization cDNA product with 12.2 pl of master mix containing 2
of 10x T7 reaction buffer, 6 pl of 25 mM rNTP Mix, 2 ul of 100 mM DTT,
0.2 Wl of RNase inhibitor (40 U/ml), and 2 wl of T7 RNA polymerase for
3 hat37 °C. The amplified RNA was purified on an RNeasy mini column
(Qiagen, Valencia, CA) as per the manufacturer's protocol. The purified
amplified RNA was quantified using RiboGreen RNA Quantitation
Reagent (Molecular Probes, Eugene, OR).

Oligonucleotide microarray analysis

The microarray procedure was performed according to Affymetrix
protocols (Santa Clara, CA). In brief, total RNA extracted from tumor
samples was checked for quality using an Agilent 2100 Bioanalyzer
(Agilent Technologies, Waldbronn, Germany) and cRNA was synthe-
sized using the GeneChip 3’-Amplification Reagents One-Cycle cDNA
Synthesis Kit (Affymetrix). The labeled cRNAs were then purified and
used for construction of probes. Hybridization was performed using
the Affymetrix GeneChip HG-U133 Plus2.0 array for 16 h at 45 °C.
Signal intensities were measured using a GeneChip Scanner3000
(Affymetrix) and converted to numerical data using the GeneChip
Operating Software, Ver.1 (Affymetrix).

DNA copy number analysis

The method has been described previously [5,10]. From array data,
we focused on 20q11-13 loci for further examination, because we
thought that 20q11-13 loci are amplified in the ED group. We chose
GNAS (GNAS complex locus, NM_000516) on 20q13 based on the p
value and fold change. Results were normalized to the amount of
RH78455 of chromosome 5g22.2 as genomic internal control locus.
Regarding the internal DNA copy number control, we selected the
genomic region of chromosome 5q, which is less frequently received the
genomic alterations in ovarian cancers referred to previous report [11-
13]. Next, we checked 10 primers (D5S818, D55409, D55349, D55346,
D5S519, D55422, STSR33609, RH46186, RH78455, RH68508) of chro-
mosome 5 region according to database of sequence tagged sites (STSs,
http://www.ncbi.nlm.nih.gov/unists). Among them, RH78455 was
most specific and reproducible primers, then we used it as internal
DNA copy number control. The DNA was quantified using the Power
SYBR Green PCR Master Mix (Applied Biosystems) and 7900HT Fast
Real-time PCR system ( Applied Biosystems) and reported relative to the
control primer. The control DNA for standard DNA copy numbers was
purchased from Invitrogen (Carlsbad, CA). The PCR conditions were as
follows: one cycle of denaturation at 95 °C for 10 min, followed by 40
cycles at 95 °C for 155 and 60 °C for 60s. If copy number was >1.5
relative to the chromosome control, we judged that there was
amplification [5]. The primers used for estimating DNA copy numbers
were as follows: GNAS: SHGC59923-FW: 5-GGG TGG GCT TTT GTT CTT
TG-3, SHGC59923-RW: 5-AGG CAT AAA CGG GGG AGA TT-3, and
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A Dendrogram for clustering genes,
using centered correlation and average linkage.
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Fig. 1. (A) Fifty genes differentially expressed between tumors in ED and NED patients. Dendrogram for clustering genes using centered correlation and average linkage. Red circles

indicate NED cases. (B) The chromosome distribution of the entire gene set and the selected subset of 50 genes. Among genes, which are located on chromosome 8 and 20, 50 genes
are frequently selected in aEOC.
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Table 1
Identification of 50 candidate PFS-related genes from microarray analysis.
No.  Name Symbol Cytoband Fold Difference ~ Probe Set
1 Zinc finger, MYM-type 4 ZMYM4 Chr:1p32-p34 1.6 202050_s_at
2 Putative homeodomain transcription factor 1 PHTF1 Chr:1p13 1.5 205702 _at
3 Protein phosphatase 1, regulatory (inhibitor) subunit 8 PPP1R8 Chr:1p35 18 207830_s_at
4 AT-rich interactive domain 1A (SWi-like) ARID1A Chr:1p35.3 1.8 212152 x_at
5 NIF3 NGG1 interacting factor 3-like 1 (S. pombe) NIF3L1 Chr:2q33 16 218133 _s_at
6 General transcription factor IIC, polypeptide3, 102 kDa GTF3C3 Chr:2g33.1 1.5 218343 _s_at
7 Cell division cycle associated 7 CDCA7 Chr:2g31 0.4 230060_at
8 Chromosome 3 open reading frame 63 C3orf63 Chr:3p14.3 1.9 209284 _s_at
9 Glutaredoxin (thioltransferase) GLRX Chr:5q14 0.3 206662 _at
10 Dual specificity phosphatase 22 DUSP22 Chr:6p25.3 0.5 218845_at
11 RWD domain containing 1 RWDD1 Chr:6q13-q22.33 0.5 219598_s_at
12 Lymphocyte antigen 6 complex, locus E LYGE Chr:8q24.3 3 202145_at
13 Zinc finger protein 7 ZNF7 Chr:8q24 1.6 205089_at
14 Fuse-binding protein-interacting repressor SIAHBP1 Chr:8q24.2-qter 1.8 209899 _s_at
15 MAF1 homolog (S. cerevisiae) MAF1 Chr:8q24.3 1.8 222998 at
16 COMM domain containing 5///COMM domain containing 5 COMMD5 Chr:8q24-qter 1.8 224387 _at
17 Exosome component 4 EXOSC4 Chr:8q24.3 1.7 58696_at
18 Spectrin, alpha, non-erythrocytic 1 (alpha-fodrin) SPTAN1 Chr:9g33-q34 2 208611 _s_at
19 vav 2 oncogene VAV2 Chr:9q34.1 0.6 226063 _at
20 Glutathione S-transferase omega 1 GSTO1 Chr:10q25,1 0.6 201470_at
21 PAP-associated domain containing 1 PAPD1 Chr:10p11.23 1.8 229676_at
22 Cofilin 1 (non-muscle) CFL1 Chr:11q13 24 1555730_a_at
23 Activating transcription factor 7 interacting protein ATF71P Chr:12p13.1 1.6 218987 at
24 Ribosomal protein S6 kinase, 90 kDa, polypeptide 5 RPS6KAS Chr:14q31-q32.1 0.5 204633_s_at
25 Vacuolar protein sorting 39 (yeast) VPS39 Chr:15q15.1 1.6 212156_at
26 ADP-ribosylation factor-like 2 binding protein ARL2BP Chr:16q13 1.5 202092 _s_at
27 Protein phosphatase 4 (formerly X), catalytic subunit PPP4C Chr:16p12-16p11 19 208932 _at
28 Polymerase (RNA) Il (DNA-directed) polypeptide A, 220 kDa POLR2A Chr:17p13.1 1.8 202725 _at
29 Thioredoxin-like 1 TXNL1 Chr:18g21.31 0.6 201588 _at
30 Small nuclear ribonucleoprotein polypeptide A SNRPA Chr:19q13.1 157/ 201770_at
31 GNAS complex locus GNAS Chr:20q13.3 14 200780_x_at
32 Adhesion regulating molecule 1 ADRM1 Chr:20q13.33 1.6 201281 _at
33 Ribophorin II RPN2 Chr:20q12-q13.1 1.9 208689 _s_at
34 Chromosome 20 open reading frame 111 C200rf111 Chr:20q13.11 1.5 209020_at
35 GNAS complex locus GNAS Chr:20q13.3 19 211858 _x_at
36 Transient receptor potential cation channel, subfamily C, member 4-associated protein TRPC4AP Chr:20q11.22 1.7 212059_s_at
37 Additional sex combs like 1 (Drosophila) ASXL1 Chr:20q11.1 1.7 212238 at
38 GNAS complex locus GNAS Chr:20q13.3 18 214548 _x_at
39 GNAS complex locus GNAS Chr:20q13.3 1.6 217673 _x_at
40 TH1-like (Drosophila) THIL Chr:20q13 1.7 220607 _x_at
41 Ayntaxin 16 STX16 Chr:20q13.32 1.7 221499 _s_at
42 Mannosidase, beta A, lysosomal-like MANBAL Chr:20q11.23-q12 15 224689 _at
43 Tetratricopeptide repeat domain 3 TIC3 Chr:21g22.2 1.5 210645 _s_at
44 Solute carrier family 25 (mitochondrial carrier; peroxisomal membrane protein, 34 kDa), SLC25A17 Chr:22q13.2 0.6 211754_s_at
member 17
45 Translocase of outer mitochondrial membrane 34 TOMM34 1.6 201870_at
46 17 202377 _at
47 Hypothetical protein MGC10850 MGC10850 05 223707 _at
48 Transcribed locus 1.6 231101 _at
49 Armadillo repeat containing, X-linked 2 ARMCX2 Chr:Xq21.33-q22.2 28 203404 _at
50 0.7 AFFX-12-Ec-
bioB-M_at

chromosome 5q22.2: RH78455-FW: 5-TCC TGC AAA CAT TTA AAC TCC
A-3,RH78455-RW: 5-AAC AGC AACTGT TTT TTC CCC-3. Finally, for PCR,
1.5-fold was used as the cutoff for amplification, respectively [5].

Real-time quantitative RT-PCR for mRNA expression

[n addition, mRNA expression levels were validated for GNAS (GNAS

company of molecular biology in Japan. We are frequently using their
primers [14-16], and we consider that the primers are reliable one.
GNAS-FW: 5-TGT ACA AGC AGT TAA TCA CCC ACC A-3, RW: 5-TCT GTA

GGC CGC CTT AAG CTT TC-3, GAPD-FW: 5-GCA CCG TCA AGG CTG AGA

AC-3, RW: 5-ATG GTG GTG AAG ACG CCA GT-3. Finally, we determined

the case as overexpression when the relative mRNA expression is larger

complex locus, NM_000516) on chromosome 20q13. All results were

normalized to the amount of glyceraldehyde 3 phosphate dehydroge-

nase (GAPD, NM_002046). RNA was converted to cDNA using a

GeneAmp RNA PCR Core kit (Applied Biosystems, Foster City, CA). The
cDNAs were quantified using the Power SYBR Green PCR Master Mix
(Applied Biosystems) and 7900HT Fast Real-time PCR system (Applied
Biosystems) and reported relative to the GAPD expression levels. The
PCR conditions were as follows: one cycle of denaturation at 95 °C for
10 min, followed by 40 cycles at 95 °C for 15's, and 60 °C for 60s. To
amplify the target genes, all of the primers used for real-time RT-PCR
were purchased from Takara (Yotsukaichi, Japan), which is the major

12

Statistical analysis

than median relative mRNA expression in all cases.

The microarray analysis was performed using the BRB Array Tools
software ver. 3.3.0 (http://www.linus.nci.nih.gov/BRB-ArrayTools.
html) developed by Dr. Richard Simon and Dr. Amy Peng. In brief, a log
base 2 transformation was applied to the raw microarray data, and
global normalization was used to calculate the median over the entire
array. Genes were excluded if the percentage of data missing or
filtered out exceeded 20% or if less than 20 % of expression data had at
least a 1.5-fold change in either direction from the median value.
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The 16,121 genes that passed the filtering criteria were then con-
sidered for further analysis. The t-test (p<0.001) was used to identify the
genes differentially expressed between NED and ED. Clustering for 50
identified genes used centered correlation and average linkage.

Both mRNA and DNA copy numbers were validated using real-
time PCR in the 107 independent cases of EOC. PFS was calculated by
the Kaplan-Meier method. Univariate and multivariate Cox's propor-
tional hazard test was applied to identify variables associated with
PES. A p value 0f<0.05 was considered to be significant (SAS software
ver. 9.1.3; SAS Institute Inc., Cary, NC).

Results
Clinical backgrounds of 140 EOC

The clinical backgrounds of the 33 aEOC samples used for array
analysis are as follows: median age (54 years: range 33-80), stage (I1:4,
111:19, 1IV:10), histologic types (endometrioid: 4, serous: 22, undifferen-
tiated: 7), histologic grade (1+2:9, 3:24), and operation status
(optimal: 14, suboptimal:19). The median follow-up period is 907 days
(range: 292-2136 days), and 11 patients are alive without relapse.

The clinical backgrounds of 107 aEOC samples assayed for real-time
PCR are as follows: median age (54 years: range 29-85), stage (II:12,
111:74, 1V:21), histologic types (endometrioid: 27, serous: 61, undiffer-
entiated: 19), histologic grade (1+2:46,3:61), operation status (optimal:
61, suboptimal: 46). The median follow-up period is 699 days (range:
92-2885 days) and 49 patients are alive without relapse.

Identification of 50 candidate disease progression-related genes by
microarray analysis

To identify candidate disease progression-related genes from
54,675 transcripts, microarray analysis was performed on a training
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Fig. 2. The relationship between amplification and expression status of GNAS and PFS.
(A) The relationship between copy number change of GNAS and PFS. (B) The relationship
between mRNA expression of GNAS and PFS.
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Table 2
Relationship between gene amplification and clinical factors.

Clinical Factor GNAS
Frequency p Value
Age
Young 30%(16/53) 0.999
Old 30%(16/53)
Grade
142 33%(15/45) 0.689
3 28%(17/61)
Operation
Optimal 26%(16/61) 0.392
Suboptimal 36%(16/45)

set of 33 samples. A total of 16,121 genes passed the filtering criteria
and were further analyzed. Fifty genes were significantly correlated
with disease progression, with a p value of<0.001 (Fig. 1A, Table 1).
The chromosome distribution of the gene set analyzed and a selected
subset are shown in Fig. 1B. Fifty selected genes on chromosome 8 and
20 show a higher than expected chromosomal distribution (Fig. 1B).
Of these 50 genes, 6 are located at chromosome 8q24 and 9 (12
probes) at 20q11-13. The ratio of selected gene set/analyzed gene set
in chromosome 20 is significantly higher than that in other
chromosome regions (12/383 vs. 32/13656, p=1.3x10"'%) and
the selected gene set/analyzed gene set in chromosome 8 is
significantly higher than that in other chromosome regions (6/606
vs. 32/13656, p=0.01). We speculate that the abnormal chromo-
somal distribution is due to genomic alteration and that these genes
may play an important role in aEOC.

The results suggested that 8q24 and 20q11-13 loci are amplified in
the ED group and that this might be related to treatment of aEOC.

Relationship between GNAS gene amplification and PFS

DNA marker is thought to be more reliable and qualitative than RNA,
because RNA expression changes according to the condition and
environment of cancer cells. Therefore, we focused on detecting
genomic alterations of chromosome 20q11-13 loci using real-time
quantitative PCR on the 107 independent validation samples. The
amplification of GNAS is significantly related to poor PFS (p=0.011)
(Fig. 2A). GNAS shows gain of gene copy number rates of 30% (32/106),
respectively. Correlations between amplification of GNAS and clinical
factors are shown in Table 2. There are no significant associations
between gene amplification at this loci and clinical factors such as age,
histological grade, histologic type, and operation status. In addition, we
performed multivariate Cox's proportional hazard test to identify
variables including age, histologic grade, debulking status, histologic
type, and GNAS copy number change associated with PFS. Finally, GNAS
amplification was independent prognostic factor in aEOC (Table 3).

Table 3
Univariate and multivariate analysis of the effect of various prognostic factors on PFS.
Univariate Multivariate
Variable®  Hazards 95% Cl p Hazards 95% CI p
Ratio” Ratio”
GNAS 2.035 1.164-3.558  0.013 1.906 1.081-3.36 0.026
Age 0.975 0.563-1.688  0.927 0.765 0.434-1348 0354
Histologic  1.376 0.774-2.447 0277 1.248 0.697-2.233 022
grade
Debulking 026 0.143-0471 <0.001 0.256 0.139-0493 <0.001
status

* GNAS: amplification vs. non-amplification, AGE: >median vs.<median, histologic
grade: G3 vs. G1 + 2, debulking status: optimal vs. suboptimal.

" Hazard ratio refers to risk of survival, with values<1.0 indicating reduced risk. CI,
confidence interval.
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Relationship between GNAS gene expression and PFS

Of the 107 independent samples, RNA from 62 was available for
real-time RT-PCR analysis. There are no significant associations
between GNAS expression and clinical factors such as age, histological
grade, and operation status. GNAS expression correlates significantly
with PFS of aEOC (p=0.03) (Fig. 2B).

Discussion

The platinum/taxane regimen has improved the prognosis of EOC;
however, this remains poor. For this reason, it is very important to find
new prognostic markers for EOC receiving standard therapy, so that
future clinical trials can be focused on patients with a poor prognosis.
In this study, we used oligonucleotide microarrays to identify new
prognostic biomarkers for aEOC excluding clear cell or mucinous
types receiving standard therapy. In the past decade, several studies
have analyzed chromosomal imbalances using comparative genomic
hybridization (CGH) in EOC [10,17-20]. Arnold et al. investigated 47
malignant ovarian tumors and 2 ovarian tumors of low malignant
potential using CGH and demonstrated that common genetic changes
include DNA gains of chromosome arms 8q24 (51%) and 20q13.2-qter
(40%) [10]. Iwabuchi et al. presented CGH data from 31 ovarian
carcinomas and reported that increased copy numbers were most
commonly observed in their cases at 3q26 (42%), 8q24 (35%), and
12q11.1-12 (25%) [17], while Sonoda et al. demonstrated that the
most frequent sites of copy number increase were 8q24.1 (56%) and
20q13.2-qter (48%) in tumor DNA from 25 malignant ovarian
carcinomas and 2 tumors of low malignant potential [18]. Tanner et
al. focused on 20q12-q13 amplification in 24 sporadic, 3 familial and 4
hereditary ovarian carcinomas, and 8 ovarian cancer cell lines [19].
They demonstrated high-level amplification of at least one of the five
non-syntenic regions at 20q12-q13.2 in 13 sporadic (54%) and in all
four hereditary tumors [19]. Hu et al. focused on ovarian serous
carcinomas and demonstrated DNA copy number gain at 8q22q24 and
20q12q13 in 60% and 45% of samples, respectively [20] In our study,
amplification rates of GNAS at 20q13 is 30%, respectively.

Furthermore, Tanner et al. showed a tendency toward correlation
between amplification and poor survival (not significant) and Hu et al.
reported that 20q12q13 amplification may indicate a high risk for
recurrence of serous ovarian cancer [19,20]. These reports included
various histologic types and stages and even cell lines as well as
primary and recurrent cases. Furthermore, they provide no informa-
tion on therapy or operation status, include small number of patients,
and do not perform validation assays. As it is well established that
patients with ovarian carcinoma of different histologic types vary in
their response to chemotherapy [8,9], it is important to take this into
account in testing new biomarkers for their utility in clinical practice.
In this study therefore, we focused on patients receiving standard
therapy, excluding those with mucinous and clear cell tumors, and
performed microarray analysis in 33 patients and validation assays in
107 patients.

Recent attempts to develop accurate predictors of clinical outcome
in ovarian cancer have focused on techniques that are capable of
assessing global gene status such as expression profiling and array
CGH [4-7]. Birrer et al. performed oligonucleotide array CGH on 42
microdissected high-grade serous ovarian tumors and reported that
amplification at 5q31-5¢35.3 exhibited the strongest correlation with
overall survival, identifying FGF-1 on 5q31 as a prognostic marker in
81 independent samples [7]. These data are not in agreement with our
own. However, Birrer et al.'s report provides no information about the
chemotherapy used, so that we speculate that prognostic biomarkers
may be dependent on the chemotherapeutic regimen. Spentzos et al.
also reported expression profiles for EOC and established a Chemo-
therapy Response Profile (CRP) and Ovarian Cancer Prognostic Profile
(OCPP) [4,6].
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We selected GNAS gene based on the p value and fold change in array
data and examined the amplification status of GNAS as prognostic
marker of aEOC. GNAS gene amplification was an independent
prognostic factor. The GNAS locus encodes the G (alpha) protein,
which stimulates the formation of cyclic AMP (cAMP). The cAMP
pathway mediates pleiotropic effects including regulation of apoptosis
and proliferation [21-23] and different genotypes of the single
nucleotide polymorphism (ANP) T393C in the GNAS gene predict the
clinical outcome of urothelial carcinoma, sporadic colorectal cancer,
renal cell carcinoma, and chronic lymphocytic leukemia [24-27].
However, the role of GNAS in EOC remains unclear.

In conclusion, we identified amplification of GNAS on 20q13 as
markers of prognosis in patients with aEOC treated with standard
therapy. Our finding identifies qualitative and reproducible biomarker
to predict the PFS of aEOC.
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