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Ovarian clear cell carcinoma is a unique type of ovarian cancer, often derived from endometriosis, and advanced-
stage disease has a dismal prognosis primarily due to the resistance to conventional chemotherapy. Previous
studies have shown frequent somatic mutations in ARID1A, PIK3CA, hTERT promoter, and amplification of
ZNF217; however, the molecular alterations that are associated with its aggressiveness remain largely unknown.
This study examined and compared cyclin E1 expression in endometriosis-related ovarian tumors, with the aim
of determining the relationship between hTERT mutations and ARID1A expression and evaluating the effects of
these molecular alterations on patient survival. We performed immunohistochemistry on 207 tumors [clear cell
carcinoma (n= 120), endometrioid carcinoma (n= 49), and seromucinous tumors (n= 38)], followed by two-color
fluorescence in situ hybridization (n= 88) and compared with ARID1A expression and hTERT promoter
mutations in the same samples. Cyclin E1 overexpression and CCNE1 copy-number gain occurred in 23.3%
and 14.8% of ovarian clear cell carcinomas, respectively, but they were not detected in any of the other
endometriosis-related tumors. All cases with CCNE1 copy-number gain demonstrated an intense cyclin E1
immunoreactivity (Po0.001). Cyclin E1 overexpression was positively correlated with hTERT promoter
mutations (P= 0.01), but not with the loss of ARID1A expression. A multivariate analysis revealed that CCNE1
overexpression predicts poor overall survival, even after adjusting for stage and age. Specifically, CCNE1
overexpression and copy-number gain were both correlated with a poor outcome in patients with stage I disease.
Moreover, the subset with CCNE1 overexpression and ARID1A retention demonstrated the worst outcome. Our
findings suggest that gene copy-number gain and upregulation of CCNE1 occur in ovarian clear cell carcinoma
and are associated with a worse clinical outcome, dictating the survival of early-stage patients, and that these
molecular alterations are unique to clear cell carcinoma among different types of endometriosis-related ovarian
neoplasms.
Modern Pathology (2017) 30, 297–303; doi:10.1038/modpathol.2016.160; published online 21 October 2016

Ovarian cancer is a heterogeneous disease that
comprises at least five histological subtypes, which
are characterized by distinct clinicopathological and

molecular features as well as by their cellular
origins.1 Among them, ovarian clear cell carcinoma,
endometrioid carcinoma, and seromucinous neo-
plasms represent a unique group of diseases because
they are often associated with endometriosis.
Because most of these cancers arise from pre-
existing ovarian endometriotic cysts, it has been
suggested that the inflammatory and oxidative stress
associated with the endometriosis microenviron-
ment promote mutagenesis and facilitate tumor
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development.2 Compared with other types of ovarian
carcinoma, endometriosis-related ovarian cancers
are characterized molecularly by aberrations in the
PI3K–AKT pathway and frequent somatic mutations
involving ARID1A, a tumor suppressor gene that
participates in the SWI/SNF chromatin remodeling
complex.3 Although endometriosis-related neoplasms
share several common features, they also differ in
many respects. For example, compared with endome-
trioid carcinoma, clear cell carcinoma is characterized
by unique histopathological characteristics, resistance
to platinum-based chemotherapy, presence of activat-
ing mutations in the hTERT promoter, and expression
of specific biomarkers including HNF-1β, Napsin A,
and α-methylacyl-coenzyme A racemase (AMACR,
P504S).4–7 Genetically engineered mouse models have
demonstrated that the co-deletion of the ARID1A and
PTEN genes induces ovarian endometrioid carcinoma
in the murine ovary, whereas the deletion of ARID1A
and the expression of a PIK3CA activating mutant
generate ovarian clear cell-like tumors.8,9

In a previous study, we identified DNA copy-
number gain at the CCNE1 locus in a small set
of ovarian clear cell carcinomas.10 CCNE1 encodes
the cyclin E1 protein of the highly conserved
‘cyclin’ family of proteins, which are involved in
cell cycle regulation. Cyclin E1 forms a complex
with the regulatory subunit, cyclin-dependent
kinase-2 (Cdk2), and promotes transition of the G1
to S phase of the cell cycle. Although normal cells
maintain strict control of cyclin E1 activity, cancer
cells can exploit the upregulation of this protein as
a way to promote tumor cell replication. Several
studies have reported that CCNE1 gene amplification
or protein upregulation is associated with higher
tumor grades and with a worse clinical outcome in
a variety of cancers.11–13 For example, increased
DNA copy number and overexpression of CCNE1 are
observed in uterine serous carcinoma, a high-grade
uterine cancer, but not in the more indolent uterine
endometrioid carcinoma.14–16 Similarly, CCNE1
amplification characterizes ovarian high-grade, but
not low-grade, serous carcinomas.17–19 To further
explore the significance of CCNE1 in endometriosis-
related ovarian cancers, we performed immuno-
histochemistry and fluorescence in situ hybridiza-
tion (FISH) analyses of CCNE1.

Materials and methods

Tissue Samples

The paraffin-embedded tumor tissues were obtained
from the Seirei Mikatahara Hospital and from the
file of The Johns Hopkins Hospital. In all, after
excluding those with neoadjuvant chemotherapy,
120 anonymous cases of ovarian clear cell carcinoma
(96 cases from tissue microarrays and 24 from
whole sections), 49 cases of ovarian endometrioid
carcinoma (31 from tissue microarrays and 18 from

whole sections), and 38 cases of seromucinous
neoplasm (12 malignant, the remaining were border-
line) were collected between 1995 and 2013. Ninety-
four patients with ovarian clear cell carcinoma
underwent clinical follow-up for up to 175 months,
and all of the patients who were followed-up were
from East Asian populations. All samples were
anonymized, and the study was approved by the
institutional review boards of each participating
hospital. The selection criteria were based on the
availability of archived tissue, tumors from patients
receiving similar treatments, and pre-existing follow-
up data rather than on other clinical or demographic
characteristics.

Immunohistochemistry

Immunohistochemistry was performed to assess the
expression levels of cyclin E1 in paraffin-embedded
tissue sections that were obtained from 120 ovarian
clear cell carcinomas, 49 endometrioid carcinomas,
and 38 seromucinous neoplasms. In brief, after
deparaffinization and rehydration, the slides were
placed in citrate buffer (Vector Laboratories, Burlin-
game, CA, USA) for antigen retrieval. An anti-cyclin
E1 antibody (Sigma-Prestige, St Louis, MO, USA)
was then applied at a dilution of 1:300. After incu-
bation with the primary antibody at room tempera-
ture for 2 h, 3,3′-diaminobenzidine was used to
develop immunoreactivity, which was detected by
the EnVision+System (Dako, Carpinteria, CA, USA).
The following simple dichotomous system was used
for the evaluation of CCNE1 expression: diffuse and
intense immunoreactivity in 480% of tumor cells
were considered positive (abnormal or overex-
pressed), which was based on the agreement of three
pathologists (AA, EK, and IMS). Observers were
blind to survival or FISH data.

Fluorescence In Situ Hybridization

DNA copy number at the CCNE1 locus was deter-
mined by FISH in 88 cases of ovarian clear cell
carcinoma (74 on tissue microarray and 14 on whole
tissue sections). In brief, 4-μm thick sections were
deparaffinized in xylene, hydrated through graded
ethanol, and incubated with proteinase K at 37 °C for
30min. After washing in 2 × Aniara saline-sodium
citrate, the slides were placed in a denaturation
solution (70% formamide/2 × saline-sodium citrate
at 75 °C for 5min) and rinsed in 2× saline-sodium
citrate. CCNE1/CEN19p FISH probe (cat# FG0013,
Abnova, Taipei, Taiwan) was applied to the slides
and cover slipped. DNA was denatured thorough
incubation for 15min at 80 °C and hybridization was
performed at 37 °C for 20–24 h. After washing for
20min in 1.5mol/l urea in 0.2 × saline-sodium
citrate, slides were drained, dehydrated through
graded ethanol, air-dried, counterstained with
4′-6-diamidino-2-phenylindole (cat# P-36931,
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Invitrogen, Eugene, Oregon, USA) at a concentration
of 500 ng/ml (Sigma) for 3min at room temperature,
washed in water, mounted with ProLong Gold
Antifade mounting medium (Molecular Probes,
Eugene, OR, USA), and imaged.15,19

Image Analysis

Photomicrographs from individual cases were cap-
tured using a Nikon 50i epifluorescence microscope
equipped with fluorescence excitation/emission
filters for different fluorophores (Omega Optical) used
for CCNE1 FISH. Grayscale images were merged using
Nikon NIS-Elements software with an attached Photo-
metrics Cool snap EZ digital camera. The CCNE1 copy
number per cell was analyzed in at least 50 non-
overlapping nuclei. Tumor cell nuclei were consid-
ered to have copy-number gain if the ratio of CCNE1
to centromeric probe (CEP19) was ≥2 in420% of the
analyzed tumor cells (amplification) or if ≥4 CCNE1
copies were observed in ≥40% of tumor cells (high
polysomy).15,19

Statistical Analysis

Disease-specific overall survival of patients with
ovarian clear cell carcinoma with and without cyclin
E1 expression and CCNE1 copy-number gain were
compared using the Kaplan–Meier method and the
Cox proportional hazards model. This was followed
by univariate (log-rank rest) and multivariate (Wald
test) analyses to determine the significance. The
variables examined were stage of the disease, age of
the patient, CCNE1 copy-number gain, cyclin E1
overexpression, ARID1A loss, and the presence of
somatic mutations in the hTERT promoter. Compar-
isons of CCNE1 overexpression/copy-number gain and
hTERT mutation or ARID1A status were performed
using the two-tailed Fisher’s exact test. A P-value of
0.05 or less was considered statistically significant.

Results

The purposes of our study were to evaluate cyclin E
expression in endometriosis-related ovarian neo-
plasms, to assess the relationship of CCNE1 status
with other molecular characteristics, and to determine
the clinical significance of these molecular altera-
tions. Among 120 ovarian clear cell carcinomas, 28
(23.3%) showed cyclin E1 protein overexpression.
Fourteen clear cell carcinomas were found to have
adjacent normal-appearing endometriotic cysts that
demonstrated histologic continuity, but none of which
overexpressed CCNE1 (Data not shown). Among 49
ovarian endometrioid carcinomas and 38 seromuci-
nous tumors, none displayed cyclin E1 protein over-
expression. To investigate whether cyclin E1 over-
expression was caused by gene copy-number gain, we
performed a CCNE1 dual-color FISH assay. Indeed,

13 (14.8%) of 88 clear cell carcinomas available for
FISH analysis displayed gene copy-number gain
(Figure 1a). Most clear cell carcinomas (7/13) with
CCNE1 copy-number gain revealed a CCNE1/CEP19
ratio of 2.0–2.9 (low level gain), whereas 3 carcinomas
displayed a CCNE1/CEP19 ratio ≥3 (high level gain).
Three cases showed high polysomy, that is, parallel
increase of CCNE1 copy number and CEP19 probe.
All 13 clear cell carcinomas with CCNE1 copy-number
gain showed cyclin E1 protein overexpression; there-
fore, CCNE1 copy-number gain and cyclin E1 over-
expression were significantly correlated (Po0.001,
two-tailed Fisher’s exact test). Among 20 cases with
positive cyclin E1 staining, 7 did not qualify as CCNE1
copy-number gain by FISH using above criteria.
CCNE1 FISH results and cyclin E1 expression status
are summarized in Table 1. Based on re-evaluation by
hematoxylin and eosin staining, clear cell carcinomas
with CCNE1 gain or overexpression did not show any
unique morphological characteristics.

Survival analysis in 94 cases with complete follow-
up demonstrated that cyclin E1 overexpression was
significantly associated with poor overall survival,
even after adjustment for clinical stage and patient age
(age o60 vs ≥60 years) in the multivariate analysis.
Univariate and multivariate overall survival analysis
by the Cox proportional hazards model is presented in
Table 2 and is illustrated in Figure 1b. Specifically,
shorter not only was cyclin E1 overexpression
correlated with shorter overall survival when all
stages were considered but both copy-number gain
and/or overexpression were significantly associated
with poor survival of patients with stage I disease
(Table 2; Figure 1c). As both gain and overexpression
were associated with poor prognosis, we further
determined whether immunohistochemistry or FISH
or both would be better to identify clinically relevant
subsets. There was no statistical difference in terms of
survival between those cases ‘with overexpression
and copy-number gain’ and ‘with overexpression
without copy-number gain’ for both all stages
(P=0.1) and stage 1 (P=0.82; Figures 1b and c)
although the case numbers were low.

Because the loss of ARID1A expression due to
inactivating mutations is the most common mole-
cular alteration known to date in ovarian clear
cell carcinoma20 and because hTERT mutations
are specific to this type of ovarian cancer, we deter-
mined whether an association was present between
these two molecular alterations and CCNE1 upregu-
lation. ARID1A expression and hTERT promoter
mutation status in these cases were previously
reported by us and were available for evaluation
along with CCNE1 status in 65 and 64 overlapping
cases, respectively.21,22 The results demonstrated
that cases with CCNE1 upregulation typically did
not harbor mutations in the hTERT promoter
(P=0.01 and P=0.04; Table 3). On the contrary,
no significant association was observed between
CCNE1 upregulation and loss of ARID1A expression.
Interestingly, patients with CCNE1 upregulation and
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ARID1A retention had the worst overall survival
compared with patients in the other groups
(Figure 2). We did not observe any relationship
between both ARID1A expression and hTERT pro-
moter mutations with overall survival (data not
shown).

Discussion

Clear cell carcinomas belong to a specific group of
ovarian tumors that are frequently associated with
endometriosis, especially the lesions that present as
ovarian endometriotic cysts (also known as endome-
triomas). Endometriosis-related ovarian neoplasms
include clear cell carcinoma, endometrioid carci-
noma, and, less frequently, seromucinous tumors. In
this study, we demonstrated that CCNE1 gene copy-
number gain and cyclin E1 overexpression are
specific to ovarian clear cell carcinoma compared
with other types of endometriosis-related neoplasms.
In addition, women whose clear cell carcinomas
display cyclin E1 overexpression have a shorter
overall survival. Remarkably, when patients with
stage 1 clear cell carcinoma were analyzed, CCNE1
upregulation indicated a poor prognosis. This is
significant because clear cell carcinomas can follow
an aggressive clinical course even for those who
initially present with early-stage disease. Further-
more, patients with clear cell carcinomas with cyclin
E1 overexpression and no concomitant loss of
ARID1A expression exhibit the worst clinical out-
come. The above results, if they can be confirmed in
larger cohorts, may have an impact on the manage-
ment of patients with clear cell carcinoma.

Ovarian clear cell carcinoma has been tradition-
ally classified as a type I ovarian neoplasm because
most patients with this subtype present at early
stages and also because these tumors arise from
endometriotic cysts or adenofibromas in a stepwise
fashion. In addition, these tumors harbor molecular
genetic changes, including somatic mutations in
ARID1A and PIK3CA, which are commonly shared
by other type I ovarian cancers; however, these
tumors do not frequently have TP53 mutations.1 The
finding that CCNE1 copy-number gain in clear cell
carcinoma, but not in other type I neoplasms,

Table 1 Correlation between CCNE1 copy number by fluores-
cence in situ hybridization and Cyclin E1 immunohistochemistry
in 88 ovarian clear cell carcinomas

CCNE1 no
copy-number

gain

CCNE1
copy-number

gain Total

Negative cyclin E1 IHC 68 (77%) 0 68 (77%)
Positive cyclin E1 IHC 7 (8%) 13 (15%) 20 (23%)

Po0.001, two-tailed Fisher’s exact test.

Figure 1 All clear cell carcinomas with CCNE1 copy-number gain
have cyclin E1 overexpression. A strong correlation was observed
between CCNE1 copy-number gain and cyclin E1 overexpression,
Po0.001. Increased DNA copy number at the CCNE1 locus by
FISH; diffuse and strong CCNE1 expression by immunohistochem-
istry (inset) (a). CCNE1 overexpression and/or copy-number gain
was correlated with overall survival. P=0.004 (b). Cyclin E1
overexpression and/or CCNE1 copy-number gain predicted poor
survival of patients with stage I clear cell carcinoma (P=0.003) (c).
Both overexpression and copy-number gain related to poor
prognosis and there was no statistical difference in terms of their
contribution to survival in both overall and stage 1 cases (b and c,
P=0.1 and P=0.82).

Modern Pathology (2017) 30, 297–303

CCNE1 in ovarian clear cell carcinoma

300 A Ayhan et al



suggests that a subset of clear cell carcinomas may be
molecularly close to type II ovarian cancer. The
absence of CCNE1 gene copy-number gain and the
lack of hTERT promoter mutations in ovarian
endometrioid carcinoma3,21 further indicate distinct
molecular pathways that are involved in the

development of ovarian clear cell and endometrioid
carcinomas.

The amplification and subsequent overexpression
of CCNE1 have been reported as one of the major
molecular mechanisms that promote the progression
of ovarian high-grade serous carcinoma, the most

Table 2 Univariate and multivariate overall survival analysis for patients of all stages and for those with stage 1 ovarian clear cell
carcinoma by the Cox proportional hazards model

Cancer stage Variables

Univariate analysis Multivariate analysis

HR

95% CI

P-value HR

95% CI

P-value
L H L H

All stages CCNE1 copy-number gain 1.42 0.61 3.29 0.41 — — — —

Cyclin E1 overexpression 2.16 1.11 4.18 0.02 4 1.42 11.3 0.009
Stage 3.29 2.39 4.52 o0.001 4.12 2.45 6.92 o0.001
Age 460 years 3.65 1.7 7.83 o0.001 6.62 1.82 24.2 0.004
ARID1A loss 0.72 0.31 1.67 0.44 0.68 0.25 1.85 0.45
hTERT mutation 1.15 0.42 3.13 0.78 0.55 0.14 2.15 0.39

Stage I CCNE1 copy-number gain 3.77 1.18 12.1 0.02 5.38 1.24 23.4 0.02
Cyclin E1 overexpression 5.27 1.67 16.7 0.002 — — — —

Age 460 years 2.67 0.33 21.3 0.34 6.6 0.61 71.3 0.12
ARID1A loss 0.61 0.18 2.1 0.44 0.43 0.09 1.89 0.26
hTERT mutation 1.75 0.45 6.82 0.41 0.57 0.1 3.08 0.51

Statistically significant P-values are depicted in bold.

Table 3 Correlation between hTERT mutations and CCNE1 status in ovarian clear cell carcinomas

Total hTERT wild type hTERT mutation P-value

Negative cyclin E1 IHC 45 (69%) 38 (58%) 7 (11%) 0.01
Positive cyclin E1 IHC 20 (31%) 12 (19%) 8 (12%)
CCNE1 no copy-number gain 51 (78%) 43 (66%) 8 (12%) 0.04
CCNE1 copy-number gain 14 (22%) 7 (11%) 7 (11%)

Statistically significant P-values are depicted in bold.

Figure 2 The relationship between CCNE1, ARID1A, and hTERT mutation status in 64 and 65 overlapping patients with clear cell
carcinomas (a). Patients with both CCNE1 overexpression and ARID1A retention have the worst survival. No association was found
between overall survival (either all patients or stage 1 patients) and hTERT mutation or ARID1A loss (b).
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common and aggressive type of ovarian cancer.19,23
Here we demonstrated that clear cell carcinomas
also harness this molecular pathway to promote
aggressive behaviour, and that women whose clear
cell carcinomas display CCNE1 copy-number gain or
overexpression exhibit a dismal outcome compared
with those without CCNE1. It should be noted that
the FISH signals of the CCNE1 locus that were
observed in clear cell carcinomas were mostly
discrete countable signals, probably representing a
double minute type amplicon, whereas the CCNE1
amplification detected in high-grade serous carci-
noma often exhibited as aggregated clusters of
signals, most likely representing a homogenously
staining region type amplicon. The above findings
suggest that different mechanisms are involved.
Cyclin E1 has been established as a critical factor
in the regulation of cell cycle progression, and
overexpression of cyclin E1 has been reported to
result in genomic instability. Cyclin E1 can inappro-
priately initiate DNA replication and centrosome
duplication, which leads to chromosomal instability,
aneuploidy, and eventually tumorigenesis.24,25 As
the prognosis for advanced-stage ovarian clear
cell carcinoma is poor,26,27 there is an unmet need
to identify clear cell carcinoma patients who are at
an increased risk for the development of progressive
diseases despite intensive platinum-based che-
motherapy. Remarkably, the copy-number gain can
occur in the early stages of the disease and it can also
predict poor disease outcome. In agreement with this
finding, we also found that either immunohisto-
chemistry or FISH was similar in performance to
identify patients with better and worse survival.
Furthermore, those ovarian clear cell carcinomas
with CCNE1 upregulation (gene copy-number gain
and/or overexpression) and ARID1A retention is
associated with worse disease outcome even though
their morphological features are indistinguishable
from those of the other clear cell carcinoma types.

Clinically, women presenting stage I ovarian clear
cell carcinomas may be candidates for chemotherapy
because some of them may progress even after their
tumors are resected. Therefore, it would be of great
interest for the future clinical studies to determine
whether cyclin E1 and ARID1A immunohisto-
chemistry would help identify those with aggressive
clinical behavior and they may warrant a more
intensive therapy. For example, clear cell carcino-
mas exhibiting CCNE1 upregulation and ARID1A
expression may benefit from target-based therapy.
Future research is needed to comprehensively
elucidate the molecular landscape that accounts for
this dismal outcome in this subset of clear cell
carcinomas.

Although this study provides several new insights
into the pathogenesis of clear cell carcinoma and
offers novel potential biomarkers to identify a subset
of clear cell carcinomas with the most aggressive
clinical behavior, several limitations of this study
should be discussed. First, all the tumors that were

analyzed in the current study were derived from
patients from Japan, where the percentages of clear
cell carcinoma are higher than in Western countries.
It remains unclear whether the pathogenesis and
molecular landscape differ among individuals of
various ethnic backgrounds because the previous
comprehensive genomic analysis was not performed
in this population. Second, as discussed above, we
did not observe high CCNE1 DNA copy-number gain
(so-called ‘homogenously staining region type
amplicon’) in this set of clear cell carcinomas as in
uterine serous carcinomas.15,19 The CCNE1 copy-
number gain in some of the tumors may be attributed
to a high polysomy event rather than to the actual
duplication of the discrete CCNE1 locus. However,
we observed a strong correlation between DNA copy-
number gain and immunoreactivity in clear cell
carcinomas, which suggests that CCNE1 copy-
number gain has a biological significance instead of
just a bystander effect. Third, in this study, we found
that clear cell carcinomas with either overexpression
of CCNE1 or CCNE1 copy-number gain tend to not
harbor hTERT promoter (activating) mutations. Why
this occurs is not known, but one explanation is that
cyclin E1 upregulation that is due to either increased
gene copy number or transcriptional activation may
participate in the maintenance of telomere length
through hTERT promoter activation. This is because
hTERT expression can be reactivated in tumors that
harbor hTERT promoter activating mutations.28,29
Indeed, it has been reported that, in breast cancer,
the highest telomerase activity was found in carci-
nomas with cyclin E1 overexpression.30 Further
studies are required to determine whether cyclin
E1 also contributes to the maintenance of telomeres
in ovarian clear cell carcinomas and to determine the
mechanisms involved.

In summary, we found that CCNE1 copy-number
gain and overexpression occurred in ovarian clear
cell carcinoma, but not in ovarian endometrioid or
seromucinous carcinomas. CCNE1 copy-number
gain and overexpression showed a high tendency
towards mutual exclusivity with hTERT promoter
mutations, but not with the loss of ARID1A expres-
sion. CCNE1 copy-number gain and overexpression
confer a poor prognosis, especially in the subset with
ARID1A retention. These results suggest the impor-
tance of CCNE1 in the progression of ovarian clear
cell carcinoma and support cyclin E1 as a possible
therapeutic target in ovarian clear cell carcinoma.
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