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Cytokine gene expression signature in ovarian clear cell carcinoma
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Abstract. Cytokine expression in a tumor microenvironment
can impact both host defense against the tumor and tumor cell
survival. In this study, we sought to clarify whether the cyto-
kine gene expression profile could have clinical associations
with ovarian cancer. We analyzed the expression of 16 cytokine
genes (IL-1a, IL-1B, IL-2, IL-4, IL-5, IL-8, IL-10, IL-12p35,
IL-12p40, IL-15, IFN-y, TNF-a, IL-6, HLA-DRA, HLA-DPAI
and CSFI) in 50 ovarian carcinomas. Hierarchical clustering
analysis of these tumors was carried out using Cluster software
and differentially expressed genes were examined between
clear cell carcinoma (CCC) and other subtypes. Following this
examination we evaluated the biological significance of IL-6
knockdown in CCC. Unsupervised hierarchical clustering
analysis of cytokine gene expression revealed two distinct
clusters. The relationship between the two clusters and clinical
parameters showed statistically significant differences in CCC
compared to other histologies. CCC showed a dominant Th-2
cytokine expression pattern driven largely by /L-6 expression.
Inhibition of IL-6 in CCC cells suppressed Stat3 signaling
and rendered cells sensitive to cytotoxic agents. The unique
cytokine expression pattern found in CCC may be involved
in the pathogenesis of this subtype. In particular, high IL-6
expression appears likely to be driven by the tumor cells,
fueling an autocrine pathway involving IL-6 expression and
Stat3 activation and may influence survival when exposed to
cytotoxic chemotherapy. Modulation of IL-6 expression or
its related signaling pathway may be a promising strategy of
treatment for CCC.

Introduction
Ovarian cancer is the most lethal gynecological malignancy

worldwide; in Japan alone it is estimated that there were 7913
new cases of ovarian cancer and 4415 cases of mortality
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due to this disease in 2006 (Center for Cancer Control and
Information Services, National Cancer Center, Japan). Overall,
ovarian cancer patients respond to cytoreductive surgery
and platinum and taxane based combination chemotherapy,
however, advanced cases have a high recurrence rate and the
5-year survival rate has remained largely unchanged since
the 1980s, being close to 30% (1). This, however, is skewed,
given the mass of recent evidence suggesting that histological
subtypes of ovarian cancer represent unique diseases, that the
majority of cases (50-70%) are of serous histology, and that all
ovarian carcinoma subtypes are still treated with a ‘one size
fits all’ approach. Serous cancers seem to initially respond well
to platinum and taxane chemotherapy, whereas other subtypes
respond poorly or not at all (2-5). These data are finally
initiating separate clinical trials for unique subtypes such as
clear cell carcinoma (CCC) (6) and mucinous adenocarcinoma
(MA) (7). Even within histologically defined groups, such as
high-grade serous tumors, molecular subtypes are emerging.
Defining molecular mechanisms involved in the development
and progression of ovarian cancer and their interaction with
host defenses is integral to the development of novel thera-
peutic approaches and successful treatment stratification.

Factors intrinsic to the tumor and the host influence
progression, host defense against tumors is controlled by
several immunological mediators that play an important
role in the host-tumor immune system conflict (8). The host-
tumor immune response is in part regulated by CD4 helper
T-lymphocytes, Thl and Th2 cells. Thl cells produce proin-
flammatory cytokines and drive the cell-mediated immune
response, while Th2 cells regulate humoral immunity by
expressing anti-inflammatory cytokines. Alterations of
cytokine expression and an imbalance in Th1/Th2 cytokine
response have previously been observed in ovarian carcinomas
(9-11). Serous adenocarcinoma (SA) is frequently subject
to infiltration by activated T cells (TILs; tumor infiltrating
lymphocytes), and patients with dense infiltrates of CD3*
CDS8* T cells had a more favorable prognosis while infiltration
of other cell types, including CD4* CD25* FoxP3* regulatory
T cells, opposed antitumor immunity (9).

Seike et al reported that a unique cytokine gene expres-
sion signature of noncancerous lung tissue and corresponding
tumor tissue in lung adenocarcinoma predicted metastasis and
disease progression (12). The prognostic signature consisted
mainly of cytokine genes that were expressed in Thl and Th2
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cells. Taken together, these findings suggest that alterations
in cytokine gene expression of tumors could be involved in
the pathogenesis of other types of cancer, including ovarian
cancer.

In this study, we sought to clarify whether the cytokine
gene expression profile could have clinical associations
with ovarian cancer by focusing on the expression profile of
12 cytokine genes in 50 ovarian cancers. We found that a
cytokine gene expression signature of ovarian cancer could
distinguish the histological subtype, and a unique expression
pattern found in CCC may be involved in the pathogenesis of
this ovarian cancer subtype. We further evaluated the biolo-
gical significance of IL-6 overexpression in CCC using siRNA
and found that the drug resistance phenotype in CCC might be
regulated by the activated IL-6 signaling pathway including
Stat3 activation.

Materials and methods

Clinical samples and cell lines. Tumor specimens were
surgically obtained from patients with primary ovarian
carcinoma who were treated at the Department of Obstetrics
and Gynecology, The Jikei University School of Medicine.
The Jikei University School of Medicine Ethics Review
Committee approved the study protocol and informed consent
was obtained from all patients. Tumors were staged in accor-
dance with the International Federation of Gynecology and
Obstetrics (FIGO) system (1988). Fifty tumor RNA specimens
that passed quality control standards were used to identify a
gene signature. Clinical and pathological characteristics of the
50 patients are shown in Table I. Forty-seven patients received
first-line platinum-based chemotherapy.

Seven human CCC cell lines (JHOC-5, JHOC-7, JHOC-8,
JHOC-9,HAC-2,RMG-I, and RMG-II) and five human ovarian
non-CCC cell lines were used in this study. JHOC-5, JHOC-7,
JHOC-8, and JHOC-9 were obtained from Riken BioResource
center (Tsukuba, Japan). HAC-2 was kindly provided by Dr M.
Nishida (Tsukuba University, Tsukuba, Japan). RMG-I and
RMG-II were kindly provided by Dr D. Aoki (Keio University,
Tokyo, Japan). A2780 (undifferentiated carcinoma) was
provided by Dr E. Reed (NCI, Bethesda, MD) and 2008 (SA)
was provided by Dr S.B. Howell (UCSD, San Diego, CA).
SKOV3 (SA), MCAS (MA), and Tyk-nu (undifferentiated
carcinoma) were obtained from ATCC (Rockville, MD).
RMG-I and RMG-II were maintained in Ham's F12 medium
(Sigma-Aldrich, Tokyo, Japan) with 10% fetal bovine serum
(FBS), and the other cells were cultured in RPMI-1640
(Sigma-Aldrich) containing 10% FBS.

Quantitative reverse transcription-polymerase chain reaction
analysis. All tissue was freshly collected during surgery and
stored at -80°C. Cryostat sections containing >80% cancer
cells were prepared as tumor specimens. Total RNA was
isolated with TRIzol reagent (Invitrogen, Carlsbad, CA).
Total RNA (3 ug) was converted to complementary DNA
(cDNA) with random hexamers and SuperScript III First-
Strand Synthesis kit (Invitrogen). The cDNAs were then used
for qRT-PCR analysis of 16-gene expression profile. Normal
ovarian tissue from a patient who had undergone surgical
resection was used as a reference for each tissue sample.
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Table I. Clinical and pathological characteristics of the 50
ovarian cancer patients.

Parameters No. of patients % of patients

Patient age

<60 years 41 82

>60 years 9 18
FIGO stage

I 19 38

I 3 6

I 22 44

v 6 12
Histological type

SA 24 48

EA 5 10

CCC 21 42
Residual tumor

<lcm 32 64

>1 cm 18 36

SA, serous adenocarcinoma; EA, endometrioid adenocarcinoma;
CCC, clear cell carcinoma.

Several studies have suggested that normal ovarian tissue and
even surface ovarian epithelium may not be the tissue of origin
for many ovarian epithelial malignancies (13), therefore the
use of ovarian tissue as a reference for qRT-PCR is arbitrary
and not meant for a direct comparison of subtypes to normal
ovarian tissue but rather for an intercomparison of tumor
samples. The expression profiles of 12 cytokine genes [i.e.,
interleukin la (IL-1a), interleukin 1p (IL-1p), interleukin 2
(IL-2), interleukin 4 (IL-4), interleukin 5 (/L-5), interleukin 8
(IL-8), interleukin 10 (/L-10), interleukin 12 p35 (IL-12p35),
interleukin 12 p40 (IL-12p40), interleukin 15 (IL-15), inter-
feron y (IFN-v) and tumor necrosis factor-o (TNF-a)] were
quantified with the use of TagMan Cytokine Gene Expression
Plates (Applied Biosystems, Foster City, CA). Additional
individual Tagman assays (Applied Biosystems) were also
used to measure expression of interleukin 6 (/L-6), major
histocompatibility complex (MHC) class II antigen DR «
(HLA-DRA), MHC class II antigen DP o 1 (HLA-DPAI),
and colony stimulating factor 1 (CSFI). All PCR reactions
were performed with a StepOnePlus Real-Time PCR System
(Applied Biosystems), Human 18S ribosomal RNA (rRNA)
labeled with VIC reporter dye (Applied Biosystems) was used
as an endogenous control. Gene expression was quantified
using the comparative method (2"42°T), where C; = threshold
cycle, AAC; = (Cycytokine - C; 18S rRNA) - (Cy reference - Cy,
18S rRNA), as previously described (14). To ensure RNA of
sufficient quality and eliminate spurious amplification arti-
facts, all samples were required to have average CT values
for cytokine genes >35 cycles, as previously described (12).

Small interfering RNA and cytotoxicity assays. Small
interfering RNA (siRNA) transfection was performed using
Lipofectamine™ RNAiIMAX (Invitrogen). Briefly, HAC-2 and
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Figure 1. Expression profile of 12 cytokine genes in 50 ovarian cancer samples. Tissue samples and genes were analyzed for the calculated centered correlation
distance and average linkage according to the ratios of their abundance to the median abundance of all genes among all samples. Unsupervised hierarchical
clustering from these cases showed the two main trees with their corresponding histological types, i.e. cluster A and cluster B.

JHOC-5 cells were seeded at 1.5x10° in a 6 cm dish, validated
Stealth RNAi™ siRNA for IL-6 (Invitrogen), or stealth RNAi
siRNA negative control (Invitrogen), were transfected at a final
concentration of 2.5 nM. After 24 h of transfection, cells were
re-seeded in 96-well plates with various concentrations of
cisplatin or paclitaxel. In vitro cytotoxicity was measured after
96 h by means of the MTS assay using CellTiter 96 AQueous
One Solution (Promega, Madison, WI). MTS solution was
added to each well and incubated for 4 h. Absorbance was
measured at 490 nm using a microplate reader. Data were
collected as the average absorbance of three wells in any one
experiment and is presented from three independent experi-
ments; mean * 1 standard deviation.

Western blot analysis. Total cell lysates were prepared in
1X RIPA lysis buffer and protein concentration was deter-
mined by the DC Protein Assay (Bio-Rad, Hercules, CA).
Total protein (40 pg) was resolved on gradient NuPage 4-12%
Bis-Tris gels (Invitrogen) and immunoblotted with specific
antibodies: anti-Stat3 (clone 79D7; 1:2000), pStat3 (clone
D3A7; 1:500), and B-actin (clone 13E5; 1:1000) from Cell
Signaling Technology (Beverly, MA); anti-IL-6Ra (clone
C-20; 1:1000) from Santa Cruz Biotechnology (Santa Cruz,
CA). All blots were incubated with primary antibodies
diluted in TBS with 0.1% Tween-20 and 5% bovine serum
albumin overnight at 4 °C with gentle agitation. Horseradish
peroxidase (HRP)-conjugated secondary antibody (Cell
Signaling Technology; 1:10000) was diluted in TBS with
0.1% Tween-20 and 5% nonfat milk for 1 h at room tempera-
ture with gentle agitation. Positive immunoreactions were
detected using ImmunoStar LD chemiluminescence system
(Wako, Tokyo, Japan).

Statistical analysis. Unsupervised hierarchical clustering anal-
ysis was performed with Gene Cluster 3.0 (http://genexpress.
stanford.edu/tutorials/cluster_view.html; Stanford University,
Palo Alto, CA) and visualized with Tree View (http://
genexpress.stanford.edu/tutorials/tree_view.html; Stanford
University). Tissue samples and genes were analyzed for the

calculated centered correlation distance and average linkage
according to the ratios of their abundance to the median abun-
dance of all genes among all samples as previously described
(12). The correlation between sample clusters and clinical
parameters was analyzed using the Fisher's exact test, with
p<0.05 considered to indicate statistically significant differ-
ences.

In class comparison analysis using BRB-ArrayTools, we
identified genes that were differently expressed among groups
using t-test with univariate permutation tests to evaluate the
significance of individual genes and correct for multiple
hypothesis testing. The proportion of the permutations of the
class label giving a t-test p-value as small as obtained with the
true class labels is the univariate permutation p-value for that
gene. The false discovery rate (FDR) associated with a row
of the table is an estimate of the proportion of the genes with
univariate p-values less than or equal to the one in that row
that represent false positives.

A 2-sided Student's t-test was used to evaluate the sensitivity
of cytotoxic agents in ovarian cancer cell lines with p<0.05
considered to indicate statistically significant differences.

Results

Hierarchical clustering analysis of ovarian cancer. To inves-
tigate the role of cytokine gene expression in ovarian cancer,
we first analyzed the expression of 16 cytokine genes in tumor
specimens from 50 primary ovarian cancers. These 16 genes
were previously shown to be part of a unique inflammation/
immune response-related signature in lung adenocarcinoma
patients (12). Expression of IL-2, IL-4, IL-5, and IL-12p40
genes was below the detectable threshold across our sample
set and were therefore not carried forward in subsequent anal-
ysis. Unsupervised hierarchical clustering analysis of the 50
ovarian cancer samples, which was based on the similarities in
expression patterns of the remaining 12-gene panel, revealed
two distinct main clusters, namely cluster A (n=28) and cluster
B (n=22) (Fig. 1). Examination of the relationship between the
two clusters and clinicopathological features revealed statisti-
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cally significant differences between cluster A and cluster B
with respect to histological type (Table II). Cluster A consisted
of 20 SA cases (83%), 4 EA cases (80%) and 4 CCC cases
(19%), and the cluster B included 4 cases of SA (17%), one EA
case (20%) and 17 cases of CCC (81%). In addition, there was
a marginally significant difference between the two clusters
and FIGO stage. However, there was no statistically significant
difference in age, residual tumor size, and patient prognosis
between the clusters (data not shown). Of particular note, cases
in cluster B showed higher expression of Th2-related cytokine
genes including /L-6, IL-8, and IL-10.

Given a trend for CCC and non-CCC across the two
clusters we further examined the normalized expression data
comparing histological classes of ovarian carcinoma, CCC
vs. non-CCC. Four of the twelve genes had a statistically
significant difference in expression between groups at p<0.05
with univariate permutation test (Table IIT). Among them, the
expression level of IL-6 was the most significant gene in CCC
compared to non-CCC.

IL-6 expression and IL-6 siRNA transfection in ovarian
cancer cell lines. Next, we analyzed the IL-6 gene expression
in twelve ovarian cancer cell lines including seven CCC cell
lines. Consistent with the data obtained from surgical samples,
the IL-6 gene expression of CCC cell lines was typically
higher than that of non-CCC cell lines (Fig. 2A). To begin
to address whether the endogenous production of IL-6 by
CCC could have biological significance of CCC, we inhibited
expression of /L-6 in CCC cells using the siRNA approach and
examined the effects of /L-6 expression on the cell growth and
drug sensitivity. Expression of the /L-6 gene was significantly
decreased 24 h after /L-6 siRNA transfection in HAC-2 and
JHOC-5 (Fig. 2B). The biological effect on cell proliferation
was analyzed by cell count after transfection of /L-6 siRNA in
CCC cell lines. No significant effect on cell proliferation was
observed when compared to transfection of negative control
siRNA (data not shown).

Although there was no change in proliferation, IL-6 inhi-
bition did modulate downstream signaling. Stat3 is a major
signaling effector of IL-6 and has been shown to be required
for survival in multiple cancer models (15). Suppression of IL-6
reduced activation of Stat3 (pStat3) without affecting overall
levels of Stat3 or other components of the signaling pathway
(IL-6Ra; Fig. 3A). Given these effects on a pro-survival
pathway we next evaluated the susceptibility of CCC cell lines
to cytotoxic agents after suppression of /L-6. IL-6 siRNA
transfected HAC-2 exhibited a statistically significant increase
in cell death to both paclitaxal (ICs, was 4.78+0.21 yM) and
cisplatin (ICs, was 1.14+0.02 uM) as compared with nega-
tive control siRNA transfected cells (ICs, for paclitaxal was
9.82+0.41 uM and for cisplatin 2.12+0.01 uM, respectively)
(Fig. 3B). Similar results were obtained from JHOC-5 cells.
These results indicate that inhibition of endogenous IL-6 in
CCC cells decreases Stat3 activation and sensitizes these cells
to cytotoxic stress.

Discussion

Cytokine expression within a tumor microenvironment plays
a fundamental role in cancer development and progression;
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Table II. Clinicopathological characteristics of the 50 ovarian
cancer samples by unsupervised hierarchical cluster group.

Parameters Cluster A Cluster B p-value
(n=28) (n=22)

Patient age
<60 years 23 18 0.733
>60 years 5 4

Histological type
SA+EA 24 5 <0.001
CcCC 4 17

FIGO stage
I+1I 9 13 0.105
MI+Iv 19 9

Residual tumor
<l cm 17 16 0.373
>1 cm 11 6

SA, serous adenocarcinoma; EA, endometrioid adenocarcinoma;
CCC, clear cell carcinoma.

Table III. Cytokine genes differentially expressed among CCC
vs. non-CCC.

Gene p-value FDR Permutation p-value
IL-6 <le-07 <le-07 <le-07
IL-12p35 0.0255652 0.105 0.0237
IL-18 0.0262116 0.105 0.0249
IL-10 0.0384981 0.115 0.0375

The four genes are significant at 0.05 level of the univariate test.
Permutation p-values for significant genes were computed based on
10000 random permutations.

tumor cells that produce immunosuppressive cytokines can
escape the host immune response. In ovarian cancer, several
cytokines associated with cellular immunity were correlated
to cancer development and patient prognosis, including
TNF-a, IFN-v, IL-6, and MHC molecules (9). We report here
that the expression profile of 12 pro- and anti-inflammatory
cytokine genes in tumor could reliably distinguish the CCC
histopathological classification of ovarian carcinoma from
other epithelial subtypes. Overall evidence suggested CCC to
have a Th-2 cytokine dominant expression pattern, including
high levels of IL-6. In our series, 17 of 19 stage III/IV cases
(89%) in cluster A were SA and 12 of 13 stage I/II cases (92%)
in cluster B were CCC. It should also be noted that since
>50% of CCC is diagnosed at an early stage, as seen in this
study (67%), the marginal association between the expression
signature and FIGO stage is likely the result of confounded
representation of CCC in cluster B.

CCC differs considerably from the other histological types
of ovarian cancer with respect to its clinical and molecular
characteristics (5,16,19,20). With respect to cytokine expres-
sion signature and pathway activation, Yamaguchi et al
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identified a CCC cell line specific gene signature from a large
set of microarray data that contained /L-6, consistent with
data presented here, as well as several previously known CCC
markers such as HNF-1 (20). Our data further supports find-
ings that implicate the activated Stat3 signaling pathway in
CCC cells (19,20), with specific overexpression IL-6 in CCC
compared to SA amongst the 12-cytokine panel examined and
suppression of Stat3 signaling when IL-6 was knocked down

with siRNA. These findings also suggest that the tumor cells,
rather than the host-microenvironment, is the source of 1L-6
expression. This is in contrast to previous work with high-
grade SA where a subset of this histological type is associated
with tumor infiltrating lymphocytes (TILs) (5,17,18). In these
SA-specific studies the dominant cytokine expression pattern
is presumed to be driven by the non-tumor microenvironment.
However, given the modest number of samples in this study
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and the overall prevalence of TILs amongst high-grade SA,
it seems unlikely that TILs alone are influencing the expres-
sion pattern of cytokines in the serous tumors examined here.
Markedly, expression profiling has suggested that high-grade
SA with the highest levels of IL-6 are not those with TILs
(18).

One of the most clinically important biological features
of CCC is its inherent chemoresistance, which is associ-
ated with its poor prognosis particularly at advanced stages.
Several mechanisms involved in drug resistance in CCC have
been proposed, however, the precise mechanisms underlying
chemoresistance remain to be elucidated (16). In this study,
siRNA-mediated IL-6 expression did not directly affect prolif-
eration, however, we found that IL-6 inhibition did reduce
Stat3 activation and increase the sensitivity of CCC cell lines
to both cisplatin and paclitaxel. IL-6 is a pleiotropic cytokine
that plays important roles in the immune response and inflam-
mation. Aberrant expression of /L-6 has been implicated in
many types of cancer, and the role of IL-6 in chemoresis-
tance has been addressed in several malignancies, including
multiple myeloma, renal cell carcinoma, cholangiocarcinoma,
prostate cancer, and breast cancer (21). A clear link between
an IL-6 rich tumor microenvironment and tumor progression
or survival has been observed in other tumor models (15).
Recent evidence indicates that autocrine and paracrine effects
by constitutive production of IL-6 in ovarian cancer could be
involved in the tumorigenic potential through the regulation
of angiogenesis (22) or MMP secretion (23). These results
suggest that a drug resistant phenotype in CCC may, in part, be
explained by the activated autocrine IL-6 signaling pathway
including Stat3 activation. It is interesting to speculate on a
biological link between recently discovered endometriosis
associated ovarian cancer ARIDIA mutations (24,25), chemo-
resistance, and the cytokine profile specific to CCC. Though
not clearly established in this context, modulation of gene
expression controlled by the SWI/SNF chromatin binding
complex, specifically the BRG] component, has been shown
to be required for induction of cytokine genes, including IL-6,
during inflammatory responses (26).

Finally, although SA and CCC behave like distinct enti-
ties, a chemoresistant mechanism converging around the IL-6
pathway may be highly relevant to both CCC and at least
some high-grade SA. Wang et al showed that IL-6 secreted
by serous type ovarian cancer cells might contribute to the
chemoresistance through the downregulation of caspase-3
and increased expression of both multidrug resistance-related
genes and apoptosis inhibitory proteins (27). High IL-6 levels
in the serum and ascites of ovarian cancer have been found to
be associated with poor prognosis and chemoresistance (21).
Most studies on this topic, however, have not differentiated
between histological subtypes. More recently, blockage of
IL-6 signaling by a monoclonal anti-IL-6 antibody siltuximab
(CNTO 328) with cytotoxic agent has been shown to disrupt
cancer progression in serous ovarian cancer cell lines both
in vitro and in mouse xenograft models (28). Siltuximab
decreased Stat3 phosphorylation and protein levels of down-
stream effectors including MCL-1, Bcl-XL, and Survivin in
paclitaxel resistant ovarian cancer cell lines. This is consistent
with decreased levels of phospho-Stat3 and chemo-sensi-
tization observed in this report. In the phase II clinical trial

1099

with platinum-resistant ovarian cancer, siltuximab had some
therapeutic activity (29). Exposure of ovarian cancer cells to
siltuximab had no effect on cell growth, also consistent with
our siRNA-mediate IL-6 knockdown experiments. This has
led to the hypothesis that the growth inhibitory effects of
IL-6 knockdown may be evident only with tumor-stromal
influences. Functional in vivo model systems paired with
immunohistochemical and molecular analysis are needed to
further refine the roles of various immune cells contributing
to the molecular pathogenesis of ovarian cancer. In particular,
the IL-6 related mechanism of chemo-resistance in both CCC
and high-grade SA, direct inhibition of IL-6, IL-6R or other
downstream signaling effectors, such as Stat3, should not be
overlooked. Nonetheless, the results obtained in this study
support the idea of targeting the IL-6 signaling pathway in a
combination therapy approach sensitizing CCC tumor cells in
particular to current gold-standard chemotherapies already in
use for ovarian carcinoma.
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