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Abstract. Epithelial ovarian cancer (EOC) consists of four 
major subtypes: clear cell carcinoma (CCC), endometrioid 
adenocarcinoma (EA), mucinous adenocarcinoma (MA) 
and serous adenocarcinoma (SA). Relative to the other 
subtypes, the prognosis of CCC is poor due to a high recur-
rence rate and chemotherapy resistance, but CCC‑specific 
biomarkers have yet to be identified. With the aim of iden-
tifying diagnostic and treatment biomarkers for CCC, we 
analyzed 96 cases of EOC (32 CCC, 13 EA, 19 MA, 32 SA) 
using liquid chromatography/mass spectrometry (LC/MS) 
followed by immunohistochemistry (IHC) and quantitative 
reverse transcription PCR (RT‑qPCR). Semi‑quantification 
of protein differences between subtypes showed upregulation 
of 150 proteins and downregulation of 30 proteins in CCC 
relative to the other subtypes. Based on hierarchical clustering 
that revealed a marked distinction in the expression levels of 
cystatin B (CYTB) and Annexin A4 (ANXA4) in CCC rela-
tive to the other subtypes, we focused the study on CYTB and 
ANXA4 expression in EOCs by IHC, RT‑qPCR and western 
blot analyses using tissue specimens and cultured cells. As a 
result, compared to the other subtypes, CCC showed signifi-
cantly high expression levels of CYTB and ANXA4 in the 
analyses. To examine the possibility of CYTB and ANXA4 as 
serum diagnostic biomarkers of CCC, we checked the protein 

levels in conditioned media and cell lysates using culture cells. 
Compared with the other subtypes, CCC cell lines showed 
a significantly higher level of expression of CYTB in both 
conditioned media and cell lysates, while ANXA4 showed 
a higher level of expression in cell lysates only. Our results 
demonstrate that CYTB and ANXA4 overexpression may be 
related to carcinogenesis and histopathological differentiation 
of CCC. CYTB may be a secreted protein, and may serve as a 
potential serum diagnostic biomarker of CCC, while ANXA4 
may be useful as an intracellular marker.

Introduction

Epithelial ovarian cancer (EOC) is the leading cause of 
gynecological cancer‑related deaths worldwide because 
it is generally detected at a late, incurable stage. While the 
serum CA125 level is commonly used for detection of ovarian 
cancers, the sensitivity and specificity of this parameter are 
questionable. In clear cell carcinoma (CCC), for example, half 
of all cases do not show any increase in CA125. In addition, 
non‑cancerous diseases such as endometriosis, adenomyosis 
and pelvic inflammation may also result in elevated CA125 (1). 
Despite the fact that the four histological subtypes of EOC 
[CCC, endometrioid adenocarcinoma (EA), mucinous adeno-
carcinoma (MA), serous adenocarcinoma (SA)] differ from 
each other with regard to precursor lesion, accumulated course 
of genetic alterations, and chemosensitivity, current clinical 
treatments for all four subtypes are nearly the same (2,3). 
Relative to other subtypes, the prognosis of CCC is poor due 
to a high recurrence rate and chemotherapy resistance; none-
theless, CCC‑specific biomarkers have yet to be identified (4).

Shotgun proteomics is a method of identifying and 
profiling proteins from complex mixtures using a combina-
tion of liquid chromatography (LC) and mass spectrometry 
(MS) (5‑13). Recent technological developments have made it 
possible to extract mixtures of peptides from formalin‑fixed 
paraffin‑embedded (FFPE) tissues, including cancers such 
as EOC, for proteome analysis (14‑17). In this study, we 
performed global shotgun proteome analysis on FFPE tissues 
derived from EOCs, and focused on the CCC subtype in an 
effort to identify novel candidate proteins for early diagnosis 
as well as new therapeutic targets.
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Materials and methods

Ovarian cancer tissue specimens. FFPE tissues from 96 patients 
with ovarian cancer who underwent surgery at Nippon Medical 
School Hospital (Tokyo, Japan) and Chiba‑Hokuso Hospital 
of Nippon Medical School (Chiba, Japan) between 2005 and 
2012 were analyzed in this study (Table Ⅰ). Subtypes included 
32 cases of CCC, 13 of EA, 19 of MA and 32 of SA. Two inves-
tigators (A. Takaya and W‑X Peng) reassessed the histological 
type according to the World Health Organization (WHO) 
classification (2014), and clinicopathological stage according 
to the 2012 International Federation of Gynecology and 
Obstetrics (FIGO) staging of EOC. This study was performed 
in accordance with the principles of the Revised Declaration 
of Helsinki, 2013, and informed consent was acquired from all 
patients for the use of specimens.

Cell lines. Human ovarian cancer cell lines (JHOC‑5 and ‑9, 
JHOM‑1, JHOS‑2 cells) (18,19) were obtained from RIKEN 
BioResource Center (Ibaraki, Japan). JHOC‑5 (RBRC‑ 
RCB1520) and JHOC‑9 (RBRC‑RCB2226) was derived from 
human CCC. JHOM‑1 (RBRC‑RCB1676) was derived from 
a human MA, while JHOS‑2 (RBRC‑RCB1521) was derived 
from a human SA.

Cells were cultivated in a medium consisting of Dulbecco's 
modified Eagle's medium (DMEM): Nutrient Mixture F‑12 
(HamF‑12) at 1:1 (Gibco, Grand island, NY, USA) medium 
containing 10% heat‑inactivated fetal bovine serum (FBS) and 
0.1 mM MEM non‑essential amino acids (NEAA) (Gibco) at 
37˚C under a humidified 5% CO2 atmosphere. All lines were 
tested over the course of ~3 passages.

Conditioned medium (CM) and cell lysates from human ovarian 
cancer cell lines. JHOC‑5 (4x106 cells), JHOC‑9 (4x106 cells), 
JHOM‑1 (2x106 cells), and JHOS‑2 (4x106 cells) were seeded 
into 150‑cm2 flasks. After 48 h, culture medium was replaced 
with 30 ml serum‑free medium, and cells were cultivated for 
additional 24 h. Each culture was then collected and centrifuged 
at 400 x g for 20 min at 4˚C, and supernatants were separated 
and concentrated at 4˚C by centrifugation at 14,000 x g using 
Amicon Ultra 3K filters (Millipore, Billerica, MA, USA). The 
supernatants were collected as conditioned media, protein 
concentrations were measured using the Pierce 660 nm Protein 
Assay kit (Thermo Fisher Scientific, Inc., Rockford, IL, USA), 
and conditioned media were stored at ‑80˚C. Human ovarian 
cancer cell lines (5x105 cells/15 ml/100 mm dish) were also 
seeded and cultured for 72 h in 1:1 DMEM:HamF12 medium 
containing 10% heat‑inactivated FBS. After cultivation, 
cells were lysed in buffer containing 2 M thiourea (Nacalai 
Tesque, Inc., Kyoto, Japan), 7 M urea (Wako Pure Chemical 
Industries, Ltd., Tokyo, Japan), 3% 3‑[(3‑cholamidoproryl)
dimethylammonio]‑1‑propanesulfonate (Dojindo, Kumamoto, 
Japan), and 1% Triton X‑100 (Sigma‑Aldrich, St. Louis, MO, 
USA), followed by treatment with 10% trichloroacetic acid 
(TCA) for 30 min. Cell lysates were centrifuged for 30 min 
at 20,400 x g at 4˚C to remove precipitated TCA (Wako Pure 
Chemical Industries, Ltd.) and cellular debris, and superna-
tants were collected as cell extract. Protein concentrations 
were measured using Pierce 660 nm Protein Assay kit and 
cleared lysates were stored at ‑80˚C (20).

Microdissection of FFPE EOC tissue. FFPE tissues origi-
nating from 36 EOC patients consisted of 9 CCC, 8 EA, 
7 MA, and 12 SA. EOC patients were used for proteomic 
analysis. Ten‑micrometer sections were deparaffinized 
with xylene and rehydrated through a series of graded 
alcohols (100, 90, 80 and 70%). After staining with Mayer's 
Hematoxylin for 5 min, cancerous regions were dissected 
manually with the aid of a Nikon MultiZoom AZ100M 
microscope (Nikon Instech Co., Ltd., Tokyo, Japan). Some 
cancers with abundant desmoplastic stroma were dissected 
away from stromal regions by Laser Microdissection (LMD) 
using a Leica LMD6000 microscope (Leica Camera AG, 
Solms, Germany).

Protein idetification by LC‑MS/MS analysis. Proteins were 
extracted from the FFPE tissue sections with lysis buffer [6 M 
guanidine hydrochloride, 40 mM Tris‑HCl, pH 8.2, 65 mM 
dithiothreitol (DTT) (Wako Pure Chemical Industries, Ltd.)] 
according to a previous report (12) and protein concentrations 
were measured using the Bradford method. Trypsin digestion 
of extracted proteins was performed as described by Bluemlein 
and Ralser (21) with slight modifications. In brief, 10 µg of 

Table I. Summary of EOC cases studied.

	CCC  (32)	EA  (13)	 MA (19)	 SA (32)

Age (range, years)	 37-71	 35-72	 23-83	 30-76

Mean age at	 54	 52	 59	 55
diagnosis (years)

T1	 19	 10	 14	   3

T2	   5	   1	   0	   2

T3	   6	   1	   3	 18

T4	   2	   1	   2	   9

N0	 28	 13	 19	 15

N1 	   4	   0	   0	 17

M0	 30	 12	 17	 23

M1	   2	   1	   2	   9

FIGO
  Ⅰ	 19	 10	 14	   3
  Ⅱ	   5	   1	   0	   2
  Ⅲ	   6	   1	   3	 16
  Ⅳ	   2	   1	   2	 11

Recurrence
after treatment
  (-)	 24	 12	 18	 17
  (+)	   8	   1	   1	 15

EOC, epithelial ovarian cancer; CCC, clear cell carcinoma; EA, endo-
metrioid adenocarcinoma; MA, mucinous adenocarcinoma; SA, serous 
adenocarcinoma; FIGO, International Federation of Gynecology and 
Obstetrics.
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extract from each specimen were first reduced in 45 mM DTT 
and 20 mM Tris[2‑carboxyethyl]phosphine (TCEP) for 30 min 
at 37˚C, and then alkylated in 100 mM iodoacetamide (IAA) 
(both from Wako Pure Chemical Industries, Ltd.) for 30 min 
at 37˚C in the dark. Following digestion with trypsin (Agilent 
Technologies, Inc., Santa Clara, CA, USA) at 37˚C for 24 h, 
each sample was desalted using PepClean C‑18 Spin Columns 
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions.

Samples consisting of ~2  µg purified peptides were 
injected into a peptide L‑trap column (Chemicals Evaluation 
and Research Institute, Tokyo, Japan) using an HTS PAL 
Autosampler (CTC Analytics AG, Zwingen, Switzerland) 
and then further separated with Advance‑nano UHPLC on a 
reverse‑phase C18 column (Zaplous column α, 3‑µm diameter 
gel particles and 100 Å pore size, 0.1x150 mm) (both from 
AMR Inc., Tokyo, Japan). The mobile phases consisted of 
solution A (0.1% formic acid in water) and solution B (0.1% 
formic acid in acetonitrile). The column was developed at 
a flow rate of 500 ml/min with a 5‑35% B gradient over the 
course of 120 min. Peptides were analyzed using an amaZon 
ETD ion trap mass spectrometer (Bruker Daltonics, Billerica, 
MA, USA).

All MS/MS spectral data were compared to the Swiss‑Prot 
Homo sapiens database using Mascot (version 2.3.01; Matrix 
Science, London, UK) to identify the proteins. The search 
criteria were: trypsin enzyme, allowance of up to two 
missed cleavage peptides, mass tolerance ±0.5 Da, MS/MS 
tolerance ±0.5 Da, fixed modifications of cysteine carbamido-
methylation, variable modifications of methionine oxidation.

Spectral counting analysis of identified proteins. To compare 
protein expression patterns among tissue samples in the 
shotgun analysis, we used the spectral counting method. The 
number of peptide spectra identified with high confidence 
(significance, p<0.05) served as the spectral count value. 
Relative amounts of identified proteins in each sample were 
obtained using the normalized spectral abundance factor 
(NSAF) (22), allowing for identification of 47  candidate 
proteins with NSAF values >0.01.

Data processing and cluster analysis. The NSAF values 
of candidate proteins were clustered hierarchically using 
Cluster 3.0 (23) and visualized with Java TreeView (24).

Immunohistochemical analysis. FFPE tissue sections (3 µm) 
were immunostained for cystatin  B (CYTB) (EPR3931; 
Abcam, Tokyo, Japan) and Annexin A 4 (ANXA4)
(HPA007393; Atlas Copco, Stockholm, Sweden) using the 
Histofine Simple Stain MAX‑PO (R) kit (Nichirei Corp., 
Tokyo, Japan). Sections were pre‑treated in an autoclave at 
121˚C for 15 min in 10 mM citrate buffer (pH 6.0 for CYTB 
and pH 9.0 for ANXA4) for retrieval of the antigen. After 
blocking endogenous peroxidase activity with 0.3% H2O2 
in methanol, anti‑CYTB antibody (1:300 in dilution) or 
anti‑ANXA4 antibody (1:300 in dilution) was applied, and the 
slides were incubated for 16 h at 4˚C. Bound antibodies were 
detected using Histofine Simple Stain MAX‑PO (R) or (M) 
reagents (Nichirei Corp.). Mayer's Hematoxylin was used for 
counterstaining.

Two investigators (Takaya A. and Peng W‑X) conducted 
blind evaluations of each section. Sections with tumor cells 
were scored on staining intensity (0, no stain; 1, weak; 2, 
moderate; 3, strong) and estimated percentage of tumor cells 
(0, 0‑5%; 1, 6‑30%; 2, 31‑60%; 3, 61‑100%). IHC scores were 
the sum of intensity and percentage scores; cases with IHC>5 
formed the high expression group, and all others the low 
expression group.

RT‑qPCR analysis. Total RNA was extracted from each FFPE 
EOC tissue sample using the RNeasy FFPE kit (Qiagen, 
Valencia, CA, USA), and from JHOC‑5  and ‑ 9, JHOM‑1, 
JHOS‑2 cells using the NucleoSpin RNA kit (U0955B; 
Takara Bio, Inc., Osaka, Japan) according to manufacturer's 
instructions. cDNAs were synthesized using a SuperScript 
VILO cDNA Synthesis kit (11754‑050; Invitrogen Life 
Technologies, Carlsbad, CA, USA). Expression levels of 
CYTB or ANXA4 mRNAs were estimated from quantitative 
reverse transcription PCR (RT‑qPCR) reactions with target 
and control cDNAs using the TaqMan Universal PCR Master 
Mix, no AmpErase® UNG (4324018) (Applied Biosystems, 
Alameda, CA, USA), and primers and TaqMan probes for 
CYTB (Hs00164368_s1) and ANXA4 (Hs00984874_s1) 
and 18S rRNA (Hs03928990_g1) (Applied Biosystems). The 
optimized program involved denaturation at 95˚C for 10 min, 
followed by 45 cycles of amplification at 95˚C for 15 sec and 
60˚C for 1 min. RT‑qPCR results are expressed as an internal 
standard concentration ratio, target/18S rRNA, and analyzed 
using the ΔΔCt method. mRNA expression was measured in 
triplicate (25‑27).

Western blot analysis. Equivalent protein samples were 
resolved using 6 or 13% sodium dodecyl sulfate‑polyacryl-
amide gel electrophoresis (SDS‑PAGE), and proteins were then 
transferred electrophoretically onto polyvinylidene fluoride 
(PVDF) membrane (Millipore, Tokyo, Japan). After blocking 
with 5% skim milk in Tris‑buffered saline consisting of 0.2 M 
Tris‑HCl, 150 mM NaCl, and 0.05% Tween‑20 (TBS‑T) for 
1 h at room temperature, membranes were incubated with 
anti‑CYTB antibody (dilution, 1:1,000), anti‑ANXA4 antibody 
(dilution, 1:200), or anti‑β‑actin antibody (dilution, 1:10,000) 
for 2 h at room temperature. After a 30‑min wash in TBS, 
blots were incubated with HRP‑conjugated anti‑rabbit IgG 
antibody (dilution, 1:8,000) or HRP‑conjugated anti‑mouse 
IgG antibody (dilution, 1:8,000) for 1 h at room temperature. 
Immunoreactive products were visualized using SuperSignal 
West Dura Chemiluminescence Substrate (Thermo Fisher 
Scientific, Inc.) and quantified using Chemi Doc XRS System 
and Quantity One Software (Bio‑Rad Laboratories, Inc., 
Tokyo, Japan). Three independent blots of each tissue sample 
were evaluated.

Statistical analysis. The data are shown as mean ± SEM. 
Two groups of CCC and non‑CCC were compared using 
Mann‑Whitney U test or Fisher's test. Significant differences 
in expression levels between EOC subtypes were assessed 
using one‑way ANOVA Tukey's multiple comparisons. All 
statistical analyses were performed using GraphPad Prism 
version 5 (Graphpad Software, Inc., La Jolla, CA, USA), with 
p<0.05 considered significant in each analysis.
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Results

Protein identification and comparison of expression levels 
between CCC and other EOC subtypes. Shotgun proteome 
analysis of the four EOC subtypes identified 399 different 
proteins in the FFPE tissues, of which 197 were found in CCC, 
179 in EA, 141 in MA, and 178 in SA, respectively. Among 
the 399 proteins, 67 were common to all EOCs. Unique to one 
subtype were 60 proteins from CCC, 62 from EA, 35 from 
MA, and 36 from SA.

To identify CCC‑specific biomarker candidates, we carried 
out cluster analyses using proteomic results and visualized 
results with a heat map. Hierarchical clustering revealed a clear 
distinction in the expression of CYTB and ANXA4 in CCC 
relative to other EOC subtypes (Fig. 1), leading us to focus on 
CYTB and ANXA4 as potential diagnostic markers of CCC.

IHC analysis of CYTB and ANXA4. Spectral measurements 
of CYTB and ANXA4 expression levels were confirmed by 
immunohistochemical analysis of FFPE from CCC, EA, MA 
and SA cases (n=32, 13, 19 and 32, respectively). CCC cell 
sections showed strong CYTB and ANXA4 expression in the 
cell membranes, cytoplasm and nucleus (Fig. 2); in contrast, 
normal epithelial cells are only weak or negative for cyto-
plasmic staining of CYTB and ANXA4. High expression of 
CYTB was observed in 50% of CCC, which was significantly 
more than that in EA (31%), MA (11%) or SA (13%) subtypes 
(p<0.001; Fisher's test) (Table Ⅱ). Among the 16 CCC cases 
that showed strong CYTB expression, 11 cases were in early 
stage (FIGO stage Ⅰ and Ⅱ) and five cases were in late stage 
(FIGO stage Ⅲ and Ⅳ). There were also significantly more 
cases of high ANXA4 expression in the CCC subtype (94%) 
relative to EA (16%), MA (53%), or SA (10%) (p<0.001; Fisher's 

Figure 1. Cluster heat map. Hierarchical clustering of candidate proteins from a semi‑quantitative differential expression analysis of epithelial ovarian cancer 
(EOC) formalin‑fixed paraffin‑embedded (FFPE) tissues. A heat map was made from the result of hierarchical cluster analysis of 47 selected proteins with 
normalized spectral abundance factor (NSAF) value of >0.01 using Cluster 3.0 and Java TreeView softwares. UniProtKB/Swiss‑Prot protein identifiers of 
candidate proteins are indicated on the right side of the map.
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test). With regard to stage, 100% of late stage cases and 91% 
of cases of early stage CCC showed high ANXA4 expression.

RT‑qPCR analysis in FFPE tissues and EOC cell lines. 
Following manual or LMD dissection of EOC regions, we 
performed RT‑qPCR analysis of isolated tissues with CYTB, 
ANXA4, and 18S mRNA specific primers. In EOC FFPE 
tissues, normalized expression level of CYTB mRNA (Fig. 3A) 
was significantly higher in CCC than in non‑CCC subtypes 
(p<0.0001, Mann‑Whitney U  test). Between individual 

subtypes, CYTB mRNA expression in CCC was significantly 
higher than that in MA or SA (p<0.05, Tukey's test). The 
significant difference was not found in CYTB mRNA expres-
sion level between CCC and EA. ANXA4 mRNA (Fig. 3B) 
expression level among EOC FFPE tissues was significantly 
higher in CCC than in non‑CCC subtypes (p<0.0001, 
Mann‑Whitney U test), and the level of ANXA4 was also higher 
in CCC than in any one of the other subtypes alone (p<0.05, 
Tukey's test). Moreover, among EOC cell lines, the expression 
levels of CYTB (Fig. 3C) and ANXA4 (Fig. 3D) mRNAs in 

Figure 2. Immunohistochemical staining of cystatin B (CYTB) and Annexin A4 (ANXA4) in four epithelial ovarian cancer (EOC) subtypes. Top row: 
hematoxylin‑stained controls (HE) (x200) from clear cell carcinoma (CCC), endometrioid adenocarcinoma (EA), mucinous adenocarcinoma (MA) and serous 
adenocarcinoma (SA) sections. Middle and lower rows: CYTB and ANXA4 immunoreactivity, respectively. The lower right sides of CYTB and ANXA4 of 
CCC demonstrate the images in larger scale (x600 and x400). CYTB and ANXA4 demonstrated differential immunostaining in that CCC sections showed 
strong CYTB and ANXA4 expression in the cell membranes and cytoplasm, and nucleus relative to other EOC subtypes.

Table Ⅱ. Immunodetection of CYTB and ANXA4 in four EOC subtypes.

	 Protein expression	CCC  (32)	EA  (13)	 MA (19)	 SA (32)	 P‑valuea

CYTB	 High (score 5-6)	 16 (50%)	   4 (31%)	   2 (11%)	   4 (13%)	 <0.001
	L ow (score 0-4)	 16 (50%)	   9 (69%)	 17 (89%)	 28 (87%)	
ANXA4	 High (score 5-6)	 30 (94%)	   2 (16%)	 10 (53%)	   3 (10%)	 <0.001
	L ow (score 0-4)	   2 (6%)	 11 (84%)	   9 (47%)	 29 (90%)	

FFPE samples from 96 EOC cases were subjected to immunodetection of CYTB and ANXA4. aCCC vs. non-CCC cases; comparisons were 
performed using Fisher's test. CYTB, cystatin B; ANXA4, Annexin A4; EOC, epithelial ovarian cancer; CCC, clear cell carcinoma; EA, 
endometrioid adenocarcinoma; MA, mucinous adenocarcinoma; SA, serous adenocarcinoma; FFPE, formalin‑fixed paraffin‑embedded.
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JHOC‑5 and ‑9 were significantly higher than those in each of 
JHOM‑1 and JHOS‑2 (p<0.05, Tukey's test). CCC cell lines 
showed significantly higher levels of CYTB and ANXA4 than 
that of non‑CCC cell lines (p<0.05, Mann‑Whitney U test).

CYTB and ANXA4 levels in CM and cell lysate of EOC cell 
lines. It is known that CYTB is a secretory protein and is 
released into the circulation in patients with various cancer 
patients, including bladder cancer (28) and hepatocellular 
carcinoma (29). To determine the secretion from cells to 
culture medium, we confirmed the presence of CYTB and 
ANXA4 in the cell lysate (Fig. 4A) and CM (Fig. 4B) collected 
from EOC cell lines. In western blot analysis relative amounts 
of immunoreactive proteins were measured against a β‑actin 
standard. CYTB protein levels in both conditioned media 
and cell lysates were significantly higher in JHOC‑5 and ‑9 
cell lines than that in each of JHOM‑1 and JHOS‑2 cell lines 
(p<0.05, Tukey's test). In addition, upon comparing CYTB 
protein level in both conditioned media and cell lysates 
between CCC and non‑CCC cell lines, we found that CCC 

cell lines showed significantly higher level than non‑CCC cell 
lines (p<0.05, Mann‑Whitney U test). ANXA4 protein level in 
cell lysate in JHOC‑5 and ‑9 cell lines was higher than that in 
each of JHOM‑1 and JHOS‑2 cell lines (p<0.05, Tukey's test). 
However, no ANXA4 protein was observed in CM of JHOC‑5, 
JHOM‑1 and JHOS‑2 cell lines.

Discussion

CYTB is a member of the cystatin superfamily, which consists 
of endogenous inhibitors of lysosomal cysteine proteinases 
involved in the degradation of connective tissue and basement 
membrane proteins. Aberrant control of stromal degradation 
may contribute to the increased tissue proteolysis that allows 
cancer cells to spread during neoplastic transformation or 
tumor progression (28,30,31). When compared to matched 
normal and benign tissue counterparts, colon, lung and 
gastric tumor tissues display an imbalance in cystatin expres-
sion levels (32). In this study, proteome analysis followed by 
hierarchical clustering analysis, revealed higher expression of 

Figure 3. Quantitative reverse transcription PCR (RT‑qPCR) of cystatin B (CYTB) and Annexin A4 (ANXA4). Expression levels (y‑axis) are depicted as 
the ratio of expression of CYTB or ANXA4 mRNAs relative to ribosomal 18S mRNAs as measured using quantitative PCR. (A) In epithelial ovarian 
cancer (EOC) formalin‑fixed paraffin‑embedded (FFPE) tissues, expression of CYTB mRNA was significantly higher in clear cell carcinoma (CCC) than in 
non‑CCC subtypes (**p<0.0001, Mann‑Whitney U test). Between individual subtypes, CYTB mRNA expression in CCC was significantly higher than that 
in mucinous adenocarcinoma (MA) or serous adenocarcinoma (SA) (*p<0.05, Tukey's test). (B) In EOC FFPE tissues, ANXA4 mRNA expression level was 
significantly higher in CCC than in non‑CCC subtypes (**p<0.0001, Mann‑Whitney U test), and the level of ANXA4 was also higher in CCC than in any one 
of the other subtypes alone (*p<0.05, Tukey's test). In EOC cell lines, the expression levels of (C) CYTB and (D) ANXA4 mRNAs were significantly higher in 
JHOC‑5 and ‑9 than in each of JHOM‑1 and JHOS‑2 (*p<0.05, Tukey's test). All data are shown as mean ± SEM.
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CYTB and ANXA4 in CCC compared with other subtypes. 
These results were confirmed by the subsequent validating 
studies using IHC, RT‑qPCR and western blot analyses. 
Moreover, cases in the early stage of CCC also demonstated 
high expression of CYTB and ANXA4. These results suggest 
that CYTB and ANXA4 overexpression may be related to 
carcinogenesis and histopathological differentiation of CCC, 
repressing CYTB expression may be effective against CCC 
progression and CYTB may be a potential treatment target 
for CCC.

One previous study reported CYTB as a serum marker 
equivalent to α‑fetoprotein for diagnosis of hepatocellular 
carcinoma (29). In transitional cell carcinoma, the CYTB level 
in urine has been reported to correlate positively with tumor 

grade, stage, and shorter time to disease recurrence and progres-
sion (28). The serum CYTB level has also been reported to be 
higher in patients with ovarian cancer relative to benign ovarian 
tumor, including high CYTB in ascites fluid (33). To examine 
the possibility of CYTB as serum diagnostic or treatment 
biomarker of CCC, we checked the protein level in conditioned 
media and cell lysates using culture cells. Compared with other 
subtypes, CCC cell lines showed a significantly higher level 
of expression of CYTB in both conditioned media and cell 
lysates. Our results demonstrate that CYTB may be a secreted 
protein, and CYTB may serve as a potential serum diagnostic 
or treatment biomarker of CCC. On the other hand, a CCC cell 
line showed higher expression of ANXA4 protein in cell lysate 
only compared to non‑CCC cell lines. This result suggests that 

Figure 4. Cystatin B (CYTB) and Annexin A4 (ANXA4) immunoblots of cell lysates and conditioned medium (CM) from four epithelial ovarian cancer (EOC) 
cell lines. In western blot analysis, relative amounts of immunoreactive proteins were measured against a β‑actin standard. To determine the secretion from 
cells to culture medium, we confirmed the presence of CYTB and ANXA4 in (A) the cell lysate and (B) the CM collected from EOC cell lines. CYTB protein 
levels in both conditioned media and cell lysates were significantly higher in JHOC‑5 and ‑9 cell lines than in each of JHOM‑1 and JHOS‑2 cell lines (*p<0.05, 
Tukey's test). ANXA4 protein level in cell lysate of JHOC‑5 and ‑9 cell lines was higher than that in each of JHOM‑1 and JHOS‑2 cell lines (*p<0.05, Tukey's 
test). However, no ANXA4 protein was observed in CM of JHOC‑5, JHOM‑1 and JHOS‑2 cell lines. All data are shown as mean ± SEM.
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ANXA4 may not be a secreted protein, and it may be useful as 
an intracellular marker.

ANXA4 is a member of the calcium‑dependent phospho
lipid‑binding protein family. Our study of ANXA4 expression 
in FFPE tissues derived from CCC cases agrees with prior 
reports of high expression in CCC tumors (34‑36). These 
results suggest that ANXA4 may play an important role 
in CCC carcinogenesis, and also demonstrate that FFPE 
specimens are appropriate and reliable tissues for proteome 
analysis. ANXA4 has been shown to play a role in membrane 
permeability and is involved in modulating drug resistance in 
cancer cells (36), exo‑ and endocytosis, as well as fibrinolysis. 
Like HNF‑1β, the expression pattern of ANXA4 renders it 
a molecular signature for cancer pathophysiology (37,38). 
ANXA4 overexpression is associated with the cell prolifera-
tion, chemoresistance, and progression of various carcinomas 
including ovarian CCC, colorectal carcinoma, gastric cancer 
and renal carcinoma (39‑41). Studies of ANXA4 knock‑down 
cells document significant growth retardation, loss of migra-
tion, and greater sensitivity to carboplatin, suggesting that 
ANXA4 may be involved in CCC chemoresistance (35,36). 
Our present study may suggest that ANXA4 overexpression 
may be used for predicting the chemoresistance cases of EOC 
including CCC. Further studies will be needed to clarify the 
mechanism between ANXA4 protein expression and the EOC 
chemoresistance.

In summary, this study provides further evidence 
supporting the use of CYTB and ANXA4 as diagnostic 
markers for CCC, as well as for investigation of new clinical 
therapies that modulate these proteins in order to suppress 
tumor progression or surmount chemoresistance. The 
proteomic profiling of four different subtypes of EOC shown 
here suggests a method for correlating biological targets of 
disease more directly to histopathological classifications, and 
may contribute to more individualized treatments for EOC 
patients in the future.
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