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Abstract
Aim : Ovarian serous carcinoma (OSC) and ovarian clear cell carcinoma (OCCC) are two major his-
tological types of epithelial ovarian carcinoma (EOC), each with different biological features and clin-
ical behaviors. Although immunostaining is commonly used for differential diagnosis between OSC 
and OCCC, correct identification of EOC with mixed-type histology is sometimes a diagnostic chal-
lenge. The aim of the present study was to explore candidate genes as potential diagnostic bio-
markers that distinguish OSC from OCCC.
Methods : A total of 57 surgical specimens were obtained from EOC patients who had previously 
undergone primary debulking surgery. Total RNAs were extracted from fresh-frozen tissues of 
EOC patients, and were used for comprehensive gene expression analysis using DNA microarray 
technology.
Results : Ten candidate genes, FXYD2, TMEM101, GABARAPL1, ARG2, GLRX, RBPMS, GDF15, 
PPP1R3B, TOB1, and GSTM3 were up-regulated in OCCC compared to OSC. All EOC patients 
were divided into two groups according to hierarchical clustering using a 10-gene signature. 
Conclusion : Our data suggest that the 10 candidate genes would be an excellent marker for distin-
guishing OSC from OCCC. Furthermore, the molecular signatures of the 10 genes may enlighten 
us on the differences in carcinogenesis, and provide a theoretical basis for OCCC’s resistance to 
chemotherapy in the future.

Key words : comprehensive gene expression analysis, diagnosis, gene signature, ovarian clear cell 
carcinoma, ovarian serous carcinoma

Introduction

Epithelial ovarian carcinoma (EOC) is one of 
the most common malignant tumors in women, and 
has the highest mortality rate1). Ovarian serous 
carcinoma (OSC) and ovarian clear cell carcinoma 

(OCCC) are two major histological types of EOC, 
each with different biological features and clinical 
behaviors. OSC is the most commonly observed 
histological subtype of EOC around the world2).  
Significant differences among ethnici groups have 
been observed in the incidence of OCCC ; it ac-
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counts for 11.7% of all EOC cases in Asians, com-
pared to 4.4% of all cases in Caucasians3). High-

grade  OSC (HGOSC) ,  wh ich  accounts  f o r 
approximately 95% of all OSC cases, originates from 
the epithelial layer of the fallopian tube fimbriae, and 
is characterized by aggressive behavior and ad-
vanced stage at diagnosis4). Compared with 
HGOSC, low-grade OSC (LGOSC) occurs following 
a serous borderline tumor, and has both an indolent 
course and prolonged survival5). On the other 
hand, OCCC, which has been associated with endo-
metriosis, tends to present at an earlier stage, and 
occurs in younger patients than HGOSC6). In addi-
tion, the efficacies of platinum-based chemotherapy 
for HGOSC and OCCC have been reported to be 20–
50% and 70–80%, respectively, and late-stage OCCC 
has a worse prognosis compared with late-stage 
OSC7,8). Since the response to platinum-based che-
motherapy is directly associated with prognosis in 
EOC patients who have undergone suboptimal sur-
gery or neoadjuvant chemotherapy, accurate diagno-
sis is the most important factor for predicting prog-
nosis.

The distinction between OSC and OCCC is 
sometimes a diagnostic challenge. Immunohisto-
chemical markers, including hepatocyte nuclear fac-
tor 1-beta (HNF1β), WT1, estrogen receptor, pro-
gesterone receptor  and TP53,  are  used to 
distinguish between OCCC and OSC9). In cases of 
mixed OSC and OCCC, molecular biomarkers may 
be useful for differential diagnosis, as it is difficult to 
make a clear diagnosis based only on morphology 
and immunohistochemistry. Recently, Zhou et 
al. reported distinct gene expression profiles asso-
ciated with clinical outcomes in patients with OCCC 
and HGOSC, but did not report a differential diagno-
sis between them10).

The aim of the current study was to explore 
candidate genes as potential diagnostic biomarkers 
that distinguish OSC from OCCC by comprehensive 
gene expression analysis using DNA microarray 
technology. Furthermore, we also present novel 
candidate biomarkers for chemoresistance and the 
development of new therapeutic targets for OCCC.

Materials and Methods

Clinical samples

The study population consisted of subjects who 
had been diagnosed with EOC between 2008 and 
2015. A total of 57 Japanese patients, 39 OSC and 
18 OCCC patients, who had undergone surgery in 

Fukushima Medical University Hospital, were en-
rolled. Informed consent from all study partici-
pants was documented in writing. Adjuvant thera-
py was determined according to the physician's 
treatment strategy. Evaluation of the response to 
treatment was assessed using the revised Response 
Evaluation Criteria in Solid Tumors guidelines (ver-
sion 1.1). This study was approved by the Ethics 
Committee of Fukushima Medical University (No. 
1953), which is guided by local policy, national law, 
and the World Medical Association Declaration of 
Helsinki. All analyses were performed in accor-
dance with the relevant guidelines and regulations.

Comprehensive gene expression analysis

Fifty-seven frozen specimens were processed 
for total RNA using Isogen (Nippon Gene Co., Ltd., 
Tokyo, Japan), and poly(A)+RNA was purified using 
a MicroPoly(A) Purist kit (Ambion, Austin, TX, 
USA). DNA microarray and gene expression analy-
ses were performed as previously published11,12).

Hierarchical clustering 

In order to select genes that distinguish OSC 
from OCCC, we analyzed DNA microarray data us-
ing log2 ratios. Firstly, the statistical differences 
between OSC and OCCC were analyzed using Stu-
dent's t-test (two-tailed test), and genes correspond-
ing to p < 1.0 E-5 were extracted. Secondly, we 
calculated the means of the values of the OSC and 
OCCC samples for each chosen gene, and then se-
lected 29 genes in which the absolute value of the 
difference between these means was > 2.0. Final-
ly, the standard deviation (SD) of the OSC samples 
was calculated, and 10 genes with SD < 1.0 were 
selected. Hierarchical clustering analysis was per-
formed using the group average method with an Ex-
pression View Pro (MicroDiagnostic, Tokyo, Japan).

Construction of a gene expression scoring system to 
distinguish between OSC and OCCC

The log2 ratios of the 10 genes selected from 
the specimens were added as gene expression 
scores, which were arranged in ascending order11).  
To validate the diagnostic accuracy of the scoring 
system, a receiver operating characteristic (ROC) 
curve was used to determine the area under the 
curve (AUC). The optimal cut-off value for the de-
finitive diagnosis between OSC and OCCC was set 
at a value where sensitivity and specificity were the 
closest to the value of the area under the ROC 
curve. ROC curves and group scatter plots were 
created using StatFlex ver. 6.0 software (Artech Co., 
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Ltd., Osaka, Japan).

Statistical analysis

Statistical analyses of clinical data were per-
formed using SPSS version 25 software (SPSS, Inc., 
Chicago, IL, USA). The differences in Tables 1 and 
2 were assessed using the chi-square test or the 
Mann-Whitney U test. The confidence level was 
set at P < 0.05. 

Results

Clinicopathological characteristics

A total of 57 EOC patients who had undergone 
surgery were enrolled in this study, and their clini-
copathological characteristics are shown in Table 
1. Among the 57 tumors, 39 were OSC (68%) and 
18 were OCCC (32%). There were significant dif-

ferences between the two groups of patients in 
terms of stage and whether they had undergone 
completion surgery, as well as clinical outcome in 
stage III/IV patients (Table 1). 

Efficacy of platinum-based chemotherapy

A total of 34 patients with measurable disease, 
including 27 OSC and seven OCCC patients, under-
went suboptimal surgery and received postoperative 
platinum-based chemotherapy. The overall re-
sponse rate (ORR) in the OSC patients was 74% (n 
= 20), with a complete response (CR) rate of 51.9% 
(n = 14) and partial response (PR) rate of 22.2% (n 
= 6). On the other hand, the ORR in the OCCC 
patients was 14.3% (n = 1), with PR in 14.3% (n = 
1). There was a significant difference in ORR be-
tween the OCCC and OSC patients (P = 0.004) (Ta-
ble 2).

Table 1.  Clinical characteristics and histological distribution in 57 Japanese patients with epitheli-
al ovarian carcinoma

Characteristic OSC (n = 39, 68%) OCCC (n = 18, 32%) P

Age at diagnosis (years), median (range) 62 (38-85)  61 (44-79) 0.32
Stage, n (%)

I/II  5(12.8) 10 (55.6)
III/IV 34 (87.2)  8 (44.4) <0.001

Grade, n (%)
Low  5 (12.8) N/A
High 34 (87.2) N/A

Completion surgery, n (%)
optimal 12 (30.8) 11 (61.1)

suboptimal 27 (69.2)  7 (38.9) 0.03
Clinical outcome (all), n (%)

NED/AWD 30 (76.9) 12 (66.7)
DOD  9 (23.1)  6 (33.3) 0.41

Clinical outcome (stage III/IV), n (%)
NED/AWD 26 (76.5)  2 (40.0)

DOD  8 (23.5)  6 (60.0)  0.005

OSC, ovarian serous carcinoma ; OCCC, ovarian clear cell carcinoma. NED, no evidence of 
disease ; AWD, alive with disease ; DOD, dead of disease. Significant P values (P < 0.05) are 
shown in bold.

Table 2.  The difference in response to platinum-based chemotherapy 
in OSC and OCCC

Tumor responses OSC (n = 27) OCCC (n = 7) P value

CR 14 (51.9%) 0 (0%)
PR  6 (22.2%) 1 (14.3%)

SD and PD  7 (25.9%) 6 (85.7%)
ORR 20 (74.0%) 1 (14.3%) 0.004

OSC, ovarian serous carcinoma ; OCCC, ovarian clear cell carcinoma.　
CR, complete response ; PR, partial response ; SD, stable disease ;  
PD, progressive disease ; ORR, overall response rate.
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Identification of genes to differentiate between OCCC 
and OSC

In order to detect a gene signature which dis-
tinguishes OCCC from OSC, we performed DNA 
microarray analysis using 57 tumor samples. A set 
of 10 genes that were up-regulated in OCCC com-
pared to OSC was selected by statistical analysis as 
described in the Materials and Methods section (Ta-
ble 3). The 10-gene signature was subjected to hi-
erarchical clustering. All 57 samples were divided 
into two groups by hierarchical clustering (Fig. 1). 
Microarray data have been deposited to the DDBJ 
Genomic Expression Archive (GEA), and are avail-
able using accession numbers E-GEAD-556 and E-

GEAD-576.

Validation of the gene expression scoring system

We constructed a gene expression scoring sys-
tem to distinguish OSC from OCCC by using the 10 
candidate genes. This gene expression scoring 

system was created by sorting the samples from left 
to right in order of decreasing score value (Fig. 
2). ROC curve analysis of our gene expression 
scoring system yielded an optimal cut-off score of 
3.39, with an AUC of 0.95, sensitivity of 88.9%, and 
specificity of 92.3% (Fig. 3).

Clinical features of five cases that deviated from hier-
archical clustering

Although all 57 tumors were divided into two 
groups by hierarchical clustering using the 10-gene 
signature, only five cases were misclassified.  
Three OSC cases were categorized as OCCC, and 
two OCCC cases were categorized as OSC (Fig. 
1). Their clinical features are summarized in Table 
4. Tumor S37 had no response to platinum-based 
chemotherapy. Tumors S37 and S39 partially in-
cluded OCCC in the tissue. Tumors S37 and S38 
were LGOSC, and tumor C18 had PR to platinum-

based chemotherapy.

Table 3. Ten genes that were up-regulated in OCCC compared to OSC by transcriptomic profiling

Gene symbol Accession code Description Fold change P value

FXYD2 NM_001680 FXYD domain containing ion transport regulator 2 3.62 9.01E-06

TMEM101 NM_032376 Transmembrane protein 101 3.09 1.95E-07

GABARAPL1 NM_031412 GABA type A receptor associated protein like 1 2.51 2.65E-08

ARG2 NM_001172 Arginase 2 2.44 2.48E-06

GLRX NM_002064 Glutaredoxin 2.36 4.62E-08

RBPMS D84109 RNA binding protein with multiple splicing 2.17 5.73E-08

GDF15 NM_004864 Growth differentiation factor 15 2.13 3.66E-06

PPP1R3B AK091994 Protein phosphatase 1, regulatory (inhibitor) subunit 3B 2.05 3.64E-09

TOB1 NM_005749 Transducer of ERBB2, 1 2.04 6.36E-08

GSTM3 NM_000849 Blutathione S-transferase mu 3 2.02 5.52E-07

OCCC, ovarian clear cell carcinoma ; OSC, ovarian serous carcinoma.

Fig. 1.　Hierarchical clustering of 10 candidate genes with statistically differentiated expression in 39 ovarian serous 
carcinoma (OSC) and 18 ovarian clear cell carcinoma (OCCC) samples. On the heat map, red represents up-reg-
ulation and blue represents down-regulation. The color bar at the left side of the figure represents the grades of 
the relative expression levels : increased (red), and decreased (blue). The “S” or “C” at the beginning of each 
case indicates OSC or OCCC patient, respectively. Two main groups, OSC and OCCC, were formed.
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Fig. 2.　Gene expression scoring system for 39 ovarian serous carcinoma (OSC) and 18 ovarian clear cell carcinoma 
(OCCC) samples. The green bars depict the gene expression score for each case. The black vertical line indi-
cates the optimal cut-off score determined by receiver operating characteristic curve analysis.

Fig. 3. Receiver operating characteristic curve analysis. The optimal cut-off score was 3.39. Area under the 
curve (AUC) was 0.95, with a sensitivity and specificity of 92.3%.

Table 4.　Clinical features of five cases deviating from hierarchical clustering

Case No. Stage Histological finding Clinical course

S37 IIIC HGOSC with a partial of OCCC No response of platinum-based chemotherapy

S38 I A LGOSC No evidence of disease

S39 I A LGOSC with a partial of OCCC No evidence of disease

C17 I A OCCC No evidence of disease

C18 IIIC OCCC Partial response of platinum-based chemotherapy

HGOSC, high-grade ovarian serous carcinoma ; LGOSC, low-grade ovarian serous carcinoma ; OCCC, 
ovarian clear cell carcinoma. The “S” or “C” at the beginning of each case indicates OSC or OCCC pa-
tient, respectively.
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Discussion

In the current study, we confirmed clinical dif-
ferences between OSC and OCCC. OCCC tends to 
be diagnosed earlier than OSC ; the rates of OSC 
and OCC diagnosed at stage I or II were 57–81% and 
19-22%, respectively13,14). In general, HGOSC is 
an aggressive tumor that grows quickly and has of-
ten spread throughout the abdominal cavity by the 
time of diagnosis. Our results indicate that the 
OSC patients were at a significantly later stage and 
had a lower rate of completion surgery than the 
OCCC patients (Table 1). The clinical outcomes of 
OSC and OCCC significantly differed only in stage 
III/IV cases, but not in all cases (Table 1). In addi-
tion, platinum-based chemotherapy for patients with 
suboptimal surgical results was more effective in the 
OSC patients than in the OCCC patients (Table 
2). These results support those of previous stud-
ies, which reported that OCCC is characterized by 
platinum resistance and poor prognosis in advanced 
stage8).

In order to develop a diagnostic tool to differen-
tiate between OCCC and OSC, we identified 10 
genes obtained by differentially expressed gene 
analysis using DNA microarray technology. There 
have been several reports of comprehensive gene 
expression analysis for OCCC using cDNA microar-
rays15–17). The FXYD2, RBPMS, GLRX and TOB1 
genes were common in the 10 genes we detected. 

The FXYD2 gene encodes the γ-subunit of the 
Na+/K+-ATPase, which facilitates the egress of so-
dium, ingress of potassium, and maintenance of the 
transmembrane potential. Recently, it has been re-
ported that FXYD2 overexpression in OCCC may 
serve as a promising prognostic biomarker, and can 
be a therapeutic target for cardiac glycosides that in-
hibit the Na+/K+-ATPase18). RBPMS protein is a 
member of a family of proteins that bind to the na-
scent RNA transcripts, and identify a selective 
marker of retinal ganglion cells19). GLRX protein 
acts as a glutathione (GSH)-dependent hydrogen do-
nor for ribonucleotide reductase, and plays a role in 
the maintenance of cellular thiol redox homeosta-
sis20). Hepatocyte nuclear factors are a subfamily of 
transcription factors that play multiple roles in the 
transcription of liver- specific genes21). Among 
these hepatocyte nuclear factors, HNF1β protein 
regulates expression of multiple genes implicated in 
cell differentiation, susceptibility to apoptosis, and 
glucose metabolism, and is associated with carcino-
genesis of various tumors22). In EOC, the overex-
pression of HNF1β is specific for OCCC, and the in-

cidence of HNF1β immunoreactivity has been 
reported to differ significantly between OCCC and 
other histologies23). Since FXYD2, RBPMS, and 
GLRX are associated with downstream targets of 
the HNF1β pathway, these genes may play an im-
portant role in differential diagnosis or carcinogene-
sis in OCCC21).

The TOB1 (ErbB-2,1) gene encodes a member 
of the erbB-2/B-cell translocation gene protein fam-
ily of anti-proliferative factors that have the poten-
tial to regulate cell growth and differentiation. Al-
though decreased expression of TOB1 was reported 
in various cancers, mostly thyroid, lung, and breast, 
there have been few reports of down-regulated 
TOB1 expression in EOC24). Results of the present 
study indicate that decreased TOB1 expression in 
OSC compared to OCCC may be associated with 
clinical features in OSC patients, such as aggressive 
behavior and advanced stage.

The six genes GSTM3, GABARAPL1, ARG2, 
PPP1R3B, TMEM101 and GDF15 have not previ-
ously been reported to be associated with cDNA mi-
croarray in EOC15-17). The GSTM3 gene has tradi-
tionally been considered to play a role in the 
detoxification of electrophiles by GSH conjuga-
tion25). Some studies have demonstrated that over-
expression of GSTM3 was associated with resis-
tance to cisplatin using a cell line model26). The 
GABARAPL1 protein is known as one of the homo-
logs in the ATG8 protein, which plays a key role in 
autophagy processes, acts as a tumor suppressor, 
and inhibits Wnt signaling through promoting Dvl2 
degradation27). UCA1 has been reported to be in-
volved in cisplatin resistance mechanisms in ovarian 
cancer and bladder cancer, and one of the downregu-
lated mRNAs was GABARAPL128-30). The overex-
pression of GSTM3 and GABARAPL1 may reflect 
features of OCCC, such as platinum resistance and 
poor prognosis. Since there have been few reports 
on the associations of ARG2, PPP1R3B, TMEM101 
and GDF15 with cancer or chemoresistance, we be-
lieve that it is important to accumulate more infor-
mation on these genes in the future.

The 57 samples in our study were divided into 
OSC (n = 39) and OCCC (n = 18) by hierarchical 
clustering using a gene set consisting of a 10-gene 
signature (Fig. 1). Three (7.7%) of the 39 OSC 
cases and two (11.1%) of the 18 OCCC cases were 
excluded from the clustering. These five cases that 
were outliers of the clustering tended to be distrib-
uted around the cutoff value of the gene expression 
scoring system (Fig. 2). We performed a clinico-
pathological evaluation of the five cases that fell out-
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side the clustering. Tumors S37, S38, and S39, 
which were in the OCCC cluster, showed LGOSC in 
two cases (S38 and S39) and a partial OCCC compo-
nent in two cases (S37 and S39) (Table 4). Recent-
ly, a dualistic model has been proposed to divide 
EOC into two broad categories, called type I and 
type II. Type I ovarian tumors, which arise in a 
stepwise process from borderline neoplasms, in-
clude endometrioid, clear cell, mucinous, and transi-
tional cell carcinomas, as well as LGOSC, while type 
II tumors, which develop de novo from the tubal and/
or ovarian surface epithelium, comprise high grade 
serous carcinomas, undifferentiated carcinomas, and 
carcinosarcomas. Since cases S38 and S39 in the 
present study were pathologically LGOSC, their 
gene expression is expected to resemble OCCC in-
cluded in type I more than HGOSC included in type 
II, considering their molecular biological classifica-
tion. Although HGOSC is usually sensitive to plat-
inum-based chemotherapy compared to OCCC, tu-
mor S37 had no response. In our study, the ORRs 
in stage III/IV OSC and OCCC patients with subopti-
mal surgical results were 74% and 14%, respectively 
(Table 2). Tumor S37, grouped as OCCC by hierar-
chical clustering, had the OCCC characteristic of 
chemotherapy resistance. Tumor C18, grouped as 
OSC, also had the OSC characteristic of chemother-
apy sensitivity. In the present study, we construct-
ed a gene expression scoring system for distinguish-
ing OSC from OCCC using 10 selected genes (Fig. 
2). Introduction of the scoring system would make 
it easier to differentiate OSC from OCCC. Since 
there have been few studies in which a gene expres-
sion scoring system was constructed for use when 
diagnosing cancer, this scoring system would be a 
novel and powerful diagnostic tool12).

There are several limitations to this study.  
First, the main limitations of our study were its ret-
rospective design and relatively small sample 
size. Second, there was no independent cohort to 
validate the proposed biomarkers. Third, EOC is 
histologically heterogeneous, including not only 
OSC and OCCC but also endometrioid carcinoma 
and mucinous carcinoma. Furthermore, OSC is 
histologically classified as LGOSC and HGOSC, each 
with different clinical and molecular features. Since 
the frequency of mixed-type histology has been re-
ported to be 6% of all EOC cases, the identification 
of a gene signature for five major pathological EOC 
subtypes may be necessary for better differential di-
agnosis31).

In conclusion, OSC and OCCC are two major 
histological types of EOC, with distinctly different 

biological features and clinical behaviors. The re-
sults of our study suggest that the 10 candidate 
genes selected using DNA microarray technology 
would serve wel l  to  d ist inguish OSC from 
OCCC. Furthermore, the systemic identification of 
a differentially expressed 10-gene signature may 
shed light on variances in carcinogenesis and pro-
vide a theoretical basis for OCCC’s resistance to 
chemotherapy.
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