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ABSTRACT

Cyclin E is a key regulator of the G1-S transition. Abnormalities in
cyclin E expression have been related to survival in a variety of cancers.
This study evaluated the prognostic relevance of cyclin E in human
ovarian cancer. Immunohistochemical expression of cyclin E was evalu-
ated in 139 advanced, suboptimally debulked epithelial ovarian cancer
specimens from patients treated on Gynecologic Oncology Group protocol
111. High cyclin E protein expression (>40% cyclin E positive tumor cells)
was seen in 62 (45%) of the advanced, suboptimally debulked ovarian
cancer patients. Expression of cyclin E was not associated with age, race,
stage, grade, cell type, or amount of residual disease. High verses low
cyclin E expression was associated with a shorter median survival (29 � 2
versus 35 � 3 months) and worse overall survival (P < 0.05). Univariate
and multivariate regression analyses revealed that high relative to low
cyclin E was associated with a 40–50% increase in the risk of death
(hazard rate, P < 0.05). Fluorescence in situ hybridization was used in a
subset of 20 cases to examine cyclin E gene amplification. Eight of 10 cases
with high cyclin E expression exhibited amplification of the cyclin E gene,
whereas only 1 of 10 cases with low expression displayed gene amplifica-
tion (P < 0.006). High cyclin E expression was an independent poor
prognostic factor for patients with advanced ovarian cancer, and it was
associated with amplification of the cyclin E gene.

INTRODUCTION

In the United States, ovarian cancer is the fifth most common cause
of cancer death among women and the leading cause of death from
gynecologic malignancy (1, 2). It is estimated that 23,300 new cases
of ovarian cancer will be diagnosed in the United States in 2002 and
that 13,900 women will die from disease (1, 2). Ovarian cancer has
been associated with a high lethality because it is most frequently
diagnosed at an advanced stage when the potential for cure is often

remote (1, 2). Despite improvements in the treatment of advanced
disease, survival has not changed appreciably since the inception of
platinum-based chemotherapy (1, 2). Thus, new and novel agents are
needed for the treatment and prevention of this disease. Identification
of such agents will require an understanding of ovarian cancer’s
molecular origins and abnormalities.

All dividing cells proceed orderly through the cell cycle (3). The
central regulators of the cell cycle progression include the CDKs4 (3)
and the small inhibitory proteins called CDK inhibitors. During the
G1-S transition, the cyclin E/CDK2 and cyclin D/CDK4 complexes
promote progression and are each inhibited by the associated CDK
inhibitor p27 (Kip1; Refs. 3–9). Alterations in the levels and activity
of the components of these complexes regulate the G1-S transition.
Cyclin E is a key player in this process and is therefore an ideal target
for evaluation of altered expression in a variety of cancers. Normal
cell cycle regulation of cyclin E has been found to be altered in breast
cancer cells (10, 11). In non-small cell lung cancers, increased cyclin
E expression was found to be an independent prognostic factor for
survival along with tumor size, node status, and stage (12).

To determine whether cyclin E expression has prognostic significance
in ovarian cancer, we analyzed by immunohistochemical staining the
expression of cyclin E in 139 suboptimally debulked AOC specimens.

MATERIALS AND METHODS

Tissue Preparation and Histological Evaluation. Archived, paraffin em-
bedded tissue blocks were obtained from GOG participating institutions under
active institutional review board approved protocols. Appropriate pathology
blocks were provided from 139 cases of primary AOC from women who
participated on GOG experimental medicine protocol 9404 along with treat-
ment protocol 111 (13). Samples were collected at the time of primary
cytoreductive surgery and before initiation of first-line chemotherapy and were
linked to clinical data as part of their treatment protocol; however, analyses of
cyclin E expression was performed without knowledge of the clinical data.
Serial 5-�m sections of the tumor were obtained from each tissue block, with
the first slide being stained for H&E to confirm pathologic diagnosis and
subsequent slides stained for cyclin E or control antibody. All operative and
pathologic reports were reviewed to confirm histology and International Fed-
eration of Gynecology and Obstetrics stage of ovarian adenocarcinoma.

Immunohistochemistry. Detection of cyclin E was performed using a
mouse monoclonal antibody, antiserum HE-111 (Santa Cruz Biotechnology,
Santa Cruz, CA). Briefly, before immunostaining, the deparaffinized tissue
sections were microwaved in 0.01 M citrate buffer (pH 6.0) for a total of 15
min. The specimens were incubated overnight at 4°C with primary antibody
(1:1000) or control antibody (MOPC 21, mouse IgG1 �, Sigma Company, St.
Louis, MO) at a dilution of 1:1000. Detection of primary antibody was
performed using the appropriate biotin-streptavidin-peroxidase detection sys-
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tem (Vectastain Elite ABC kit; Vector Laboratories, Burlingame, CA) and
3,3�-diaminobenzidine as a substrate. Background staining was evaluated
using the control antibody in place of primary antisera and found to be
negligible (data not shown). Stromal cells were used as internal controls for
positive staining. Immunohistochemical staining was evaluated by visual
counting of the cells from at least 10 random high-powered fields (�100) with
a minimum requirement of 1000 cells counted. The immunohistochemical
results for cyclin E were expressed as a percentage of tumor cells that exhibited
any staining using the HE-111 antibody, regardless of intensity. The reviewer
(J. F.) was blinded as to stage, grade, and histology of tumor. Random
specimens were selected for confirmation of analysis by a second blinded
observer (L. S.).

FISH Procedure. FISH was performed on 4–5-�m thick sections of
formalin-fixed paraffin-embedded ovarian specimens mounted on glass micro-
scope slides. Before hybridization, the slides were baked overnight at 56°C and
then deparaffinized by soaking in Hemo-De Solvent and Clearing Agent
(Fisher Scientific, Pittsburgh, PA) three times, for 5 min each, followed by
absolute ethanol two times for 1 min each. After drying, the slides were placed
in Vysis Pretreatment Solution at 80°C for 10 min, rinsed in water for 5 min,
immersed in a solution of 2 mg of pepsin (2500–3000 units/mg) per ml 0.2 N

HCl at 37°C for 15 min, rinsed in water for 3 min, and dehydrated in 70, 85,
and 100% ethanol 1 min each. After drying, 10 �l of probe mixture was placed
on the slide over the tissue, a coverslip applied, and the coverslip sealed with
rubber cement. The specimen and probe were codenatured in a HYBrite oven
(Vysis, Inc.) set for denaturation at 73°C for 5 min and hybridization at 37°C
for 16 h. After hybridization, the rubber cement was removed and the slide
soaked in 2� SSC/0.3% NP40 at room temperature for several minutes until
the coverslip fell off. The slides were then washed in 2� SSC/0.3% NP40 at
73°C for 2 min and rinsed in 2� SSC/0.3% NP40 at room temperature. After
drying, 10 �l of 4�,6-diamidino-2-phenylindole I counterstain/antifade solution
(Vysis, Inc.) were applied, the coverslip added, and the specimen stored at
�20°C or viewed immediately on a fluorescence microscope. Specimens were
viewed using 4�,6-diamidino-2-phenylindole, SpectrumOrange, and Spec-
trumGreen filter sets (Vysis, Inc.). A FISH probe for the cyclin E gene
(CCNE1) was prepared from a single BAC clone containing the CCNE1 gene
at 19q12 and labeled with SpectrumOrange. To control for aneusomy, a probe
on the opposite arm of chromosome 19 was also prepared from a single BAC
clone containing the insulin receptor gene (INSR) at 19p13.2 and labeled with
SpectrumGreen. For each specimen, the number of CCNE1 signals and chro-
mosome 19 (INSR signals) were counted using a fluorescence microscope, in
each of 30 randomly selected nonoverlapping nuclei. A ratio of the number of
copies of the cyclin E gene/copy of chromosome 19 (ratio of CCNE1-to-INSR
signals per cell) �0.5 but �1.5 was considered nonamplified for the cyclin E
gene, whereas a ratio �1.5 indicated amplification and a ratio �0.5 indicated
a deletion of the cyclin E gene.

Statistical Methods. Biomarker and clinical data were analyzed using
SPSS version 10.0 (SPSS, Inc., Chicago, IL). SigmaPlot 2000 (SPSS, Inc.) was
used for graphing. All biomarker data used for the statistical analyses reflected
immunohistochemical results expressed as a percentage of tumor cells express-
ing any staining with the antiserum against cyclin E regardless of intensity. The
hypothesis of independence between biomarker expression and a categorical
covariate such as race, initial performance status, amount of residual disease
after primary debulking surgery, or type of chemotherapy was tested using
Fisher’s exact test (14). The association between biomarker expression and a
variable with more than two categories such as tumor cell type was estimated
using Pearson’s �2 test (14). Ranked covariates such as patient age, tumor
stage, and histological grade were evaluated using the Kruskal-Wallis non-
parametric rank test (15). All tests were two-sided and the level of significance
was set at 0.05.

Overall survival time was calculated as the time in months from enrollment
in GOG 111 to death for noncensored events or to the date of last contact for
censored events when the woman was still alive. Estimates of the cumulative
proportion surviving were calculated using the Kaplan-Meier method, and the
log rank test was used to assess the null hypothesis of equality in survival
distributions among patient subgroups (16, 17). RR (hazard ratio) was esti-
mated using Cox proportional hazard regression analyses (18). All covariates
were evaluated for their association with survival using the Wald Test (19).
Two methods were used to adjust for appropriate clinical characteristics (19,
20). The all-inclusive enter method adjusted for patient age, race, initial

performance status, tumor stage, histological grade, tumor cell type, amount of
residual disease after primary debulking surgery, and/or type of chemotherapy.
The forward stepwise inclusion method with variable entry set at 0.1 was also
used to assess the independent prognostic relevance of cyclin E.

RESULTS

Increased Cyclin E Expression Is Prognostic of a Poor Outcome
in AOCs. The specimens used for this study were obtained at the time
of primary cytoreductive surgery and before the initiation of frontline
chemotherapy, from women participating in GOG protocol no. 111.
This prospective randomized Phase III trial evaluated the use of
cisplatin and cyclophosphamide compared with cisplatin and taxol for
the treatment of women with suboptimally debulked primary ad-
vanced epithelial ovarian cancer. As shown in Table 1, of 139 cases,
62% were stage III and 38% were stage IV ovarian cancers. In
addition, 4% were well differentiated, 44% were moderately differ-
entiated, and 52% were poorly differentiated tumors. The distribution
by tumor cell type was: 72% serous; 9% endometrioid; 7% mixed
epithelial; 4% mucinous; 2% clear cell; and 7% other. Only 59% of
the cases had clinically measurable residual disease after primary
cytoreductive surgery. Fifty percent of the women were randomized to
receive six courses of cisplatin (75 mg/m2) and cyclophosphamide
(750 mg/m2), whereas the other 50% were randomized to receive six
courses of cisplatin (75 mg/m2) and taxol (135 mg/m2).

Immunohistochemical analysis of cyclin E expression in the 139
cases of AOC from women with suboptimal disease revealed that the
mean percentage of cyclin E positive staining tumor cells was 40%.

Table 1 The association between cyclin E expression and clinical characteristics in
women with suboptimally debulked advanced epithelial ovarian cancer

Row total

Stratified cyclin E-positive tumor cellsa

Low High

Pc# %b # %b

Patient age NS
�50 39 25 64.1 14 35.9
50–59.99 34 20 58.8 14 41.2
60–69.99 47 21 44.7 26 55.3
70–79.99 19 11 57.9 8 42.1

Race NS
White 124 69 55.6 55 44.4
Otherd 15 8 53.3 7 46.7

Initial performance status NS
Asymptomaticscore�0 43 26 60.5 17 39.5
Symptomaticscore�1 or 2 96 51 53.1 45 46.9

Tumor stage NS
IIItype A, B or C 86 47 54.7 39 45.3
IVtype A or B 53 30 56.6 23 43.4

Histologic grade NS
1well differentiated 6 5 83.3 1 16.7
2moderately differentiated 61 34 55.7 27 44.3
3poorly differentiated 72 38 52.8 34 47.2

Tumor cell type NS
Serous adenocarcinoma 100 55 55.0 45 45.0
Clear cell or mucinous 8 3 37.5 5 62.5
Othere 31 19 61.3 12 38.7

Amount of residual disease NS
Measurable 82 46 56.1 36 43.9
Nonmeasurable 57 31 54.4 26 45.6

Therapy NS
Cyclophosphamide � cisplatin 69 38 55.1 31 44.9
Taxol � cisplatin 70 39 55.7 31 44.3

Total 139 77 55.4 62 44.6
a Immunohistochemical staining for cyclin E: low �40% (mean) and high �40%

(mean) cyclin E-positive tumor cells.
b Represents percents relative to the row total.
c NS, not significant. All Ps were �0.05.
d Category includes 9 Blacks, 3 Hispanics, 1 American Indian, and 2 Asian/Pacific

Islanders.
e Category includes 4 unspecified adenocarcinomas, 12 endometrioid adenocarcino-

mas, 9 mixed epithelial carcinomas, 5 undifferentiated carcinomas, and 1 transitional cell
carcinoma.
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High cyclin E staining (�40% cells staining positive) was observed in
62 (45%) suboptimally debulked AOC patients (Table 1). High cyclin
E protein expression was not correlated with clinical prognostic
factors such as age, race, performance status, tumor stage, histological

Fig. 1. Kaplan-Meier survival analysis for cyclin E expression positive tumor cells in
women with suboptimally debulked AOC. Low cyclin E expression represents �40%
(mean) cyclin E-positive tumor cells and high cyclin E expression indicates �40% (mean)
cyclin E-positive tumor cells. The survival distribution, mean survival time in
months � the SE, and significance of the log rank test to evaluate the equality of survival
distributions are provided.

Fig. 2. Kaplan-Meier survival analysis for cyclin E expression in women with subop-
timally debulked ovarian cancer by tumor stage and cell type. Low cyclin E expression
represents �40% (mean) cyclin E positive tumor cells and high cyclin E expression
indicates �40% (mean) cyclin E-positive tumor cells. The survival distribution, median
survival time in months � the SE, and the significance of the log rank test to evaluate the
equality of survival distributions are provided for stage III ovarian cancers (A) and
advanced serous adenocarcinomas of the ovary (B).

Table 2 Cox regression analyses for cyclin E expression in suboptimally debulked advanced epithelial ovarian cancer

Cases

Univariate model Multivariate model

HRa 95% CI P

All inclusive Forward-stepwiseb

HR 95% CI P HR 95% CI P

Cyclin E expression 139
Low 77 1.0 1.0 1.0
High 62 1.4 1.0–2.1 0.05 1.4 1.0–2.1 0.05c 1.5 1.1–2.2 0.02d

Cyclin E in subgroupse

Stage III 86
Low 47 1.0 1.0 1.0
High 39 1.7 1.1–2.6 0.03 1.8 1.1–3.0 0.02f 1.9 1.2–3.1 0.01g

Serous Cells 100
Low 55 1.0 1.0 1.0
High 45 1.8 1.2–2.8 0.01 1.9 1.2–3.0 0.01h 1.9 1.2–2.9 �0.01i

Nonmeasurable 57
Low 31 1.0 1.0 1.0
High 26 2.4 1.4–4.3 �0.01 2.1 1.2–3.9 0.02j 2.3 1.3–4.2 0.01k

CIS � taxol therapy 70
Low 39 1.0 1.0 1.0
High 31 1.8 1.1–2.9 0.03 1.8 1.0–3.2 0.04l 1.8 1.1–3.2 0.02k

a HR represents hazard ratio.
b Variable inclusion entry set at 0.1.
c Adjusted for age (A), race (R), performance status (P), stage (S), grade (G), cell type (C), residual disease (D), and therapy (T).
d Adjusted for R, C, and T.
e The results of the subgroup analyses cannot be considered to be conclusive. The exact Ps associated with this exploratory testing are reported as suggestive of confidence in the

results.
f Adjusted for A, R, P, G, C, D, and T.
g Adjusted for R and C.
h Adjusted for A, R, P, S, G, D, and T.
i Adjusted for R and T.
j Adjusted for A, R, P, S, G, C, and T.
k Adjusted for C.
l Adjusted for A, R, P, S, G, C, and D.
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grade, cell type, amount of residual disease, or type of chemotherapy
(Table 1). However, suboptimally debulked AOC patients with high
cyclin E staining had a significantly shorter median survival of
29.2 � 2.2 versus 35.4 � 2.9 months, respectively, and worse overall
survival (Fig. 1; P � 0.045). Univariate Cox proportional hazard
analysis found that high cyclin E expression was associated with a
40% increase in the RR of death (hazard ratio � 1.4, 95% CI: 1.0–2.1,
P � 0.05). A multivariate model was then used to adjust for the
potential influence of confounding factors. High cyclin E expression
was shown to be a significant, independent predictor of poor survival
among women with suboptimal advanced stage ovarian cancer (Table
2). Specifically, the estimated RR of death in AOC patients with high
cyclin E expression was 1.4 times greater than that estimated for AOC
patients with low cyclin E expression (hazard ratio � 1.4, 95% CI:
1.0–2.1, P � 0.05) after adjusting for age, race, performance status,
stage, grade, cell type, residual disease, and therapy. A forward-
stepwise selection method was used as an alternative approach for the
multivariate Cox regression analysis. High cyclin E expression was
associated with a 50% increase in the hazard ratio (hazard ratio � 1.5,
CI: 1.1–2.2, P � 0.02) after adjusting for race, tumor cell type, and
type of therapy, the only variables that satisfied the inclusion entry set
at P of 0.1.

Cyclin E Expression Predicts Survival in Patient Subsets. Sub-
set analysis among all stage III ovarian cancer patients revealed that
high compared with low cyclin E expression was associated with a
shorter median survival of 30 � 4 versus 36 � 4 months, respectively
(P � 0.02; Fig. 2A). Cox regression analysis then revealed high cyclin
E expression was an independent prognostic factor for women with
suboptimally debulked stage III ovarian cancer (Table 2). Cyclin E
expression among stage IV patients was not associated with survival
(P � 0.8; Table 3). Furthermore, when serous histology, the most
commonly observed ovarian adenocarcinoma in the study (72%) was
analyzed, high compared with low cyclin E expression was associated
with shorter median survival, 30 � 3 versus 41 � 7 months, respec-
tively (P � 0.01; Fig. 2B). High expression among serous tumors was
also associated with an increase in the RR of death in both univariate
and multivariate Cox regression analysis (Table 2). For nonserous
tumors, there was not a statistically significant difference in survival
based on cyclin E expression (P � 0.6; Table 3). Subset analysis of
patients with nonmeasurable disease (Fig. 3A) and those receiving the
treatment regimen containing cisplatin and taxol (Fig. 3B) demon-
strated that high cyclin E expression was associated with shorter
median survival, 29 � 2 versus 65 � 12 (P � 0.01) and 33 � 4 versus
43 � 7 (P � 0.05), respectively. Cox regression analysis demon-

strated that high cyclin E expression was an independent poor prog-
nostic factor for both of these groups (Table 2). For patients with
measurable disease and those treated with cisplatin and cyclophosph-
amide, survival time was not dependent on cyclin E expression levels
(P � 0.9 and P � 0.5, respectively; Table 3).

Table 3 Kaplan-Meier survival analysis of cyclin E expressiona in women with suboptimally debulked advanced ovarian cancer

Survival Time in months Survival distribution
Log rank test

within subgroupsbMedian � SE 95% CI Deaths Alive Total

Cyclin E by stagec

Low in stage IV 34.8 � 2.9 29.1–40.4 26 4 30 0.85
High in stage IV 29.2 � 1.3 26.7–31.7 19 4 23

Cyclin E by cell typec

Low in nonserous 24.8 � 3.5 17.9–31.6 21 1 22 0.62
High in nonserous 29.1 � 5.9 17.7–40.6 13 4 17

Cyclin E by amount of residual diseasec

Low in measurable 34.1 � 4.5 25.6–43.0 42 4 46 0.94
High in measurable 33.0 � 4.9 23.4–42.6 32 4 36

Cyclin E by therapyc,d

Low with CTX � CIS 28.5 � 6.2 16.4–40.6 34 4 38 0.51
High with CTX � CIS 26.0 � 4.3 17.6–34.5 27 4 31

a Immunohistochemical staining for cyclin E: low �40% (mean) and high �40% (mean) percentage cyclin E-positive tumor cells.
b The results of the subgroup analyses cannot be considered to be conclusive, and the exact Ps associated with this exploratory testing are reported as suggestive of confidence in

the results.
c The survival time in months, survival distribution, and the result of the log rank test for the Kaplan-Meier analysis of cyclin E expression in women with stage III ovarian cancer,

with serous adenocarcinoma of the ovary, with nonmeasurable disease or receiving the cisplatin and taxol regimen are provided within the insets provided in Figs. 2 and 3.
d CTX � CIS represents the cyclophosphamide and cisplatin combination.

Fig. 3. Kaplan-Meier survival analysis for cyclin E expression in women with subop-
timally debulked ovarian cancer by residual disease and treatment. Low cyclin E expres-
sion represents �40% (mean) cyclin E-positive tumor cells and high cyclin E expression
indicates �40% (mean) cyclin E-positive tumor cells. The survival distribution, median
survival time in months � the SE, and the significance of the log rank test to evaluate the
equality of survival distributions are provided for patients with nonmeasurable disease (A)
or who were treated with cisplatin and taxol therapy (B).

1238

CYCLIN E EXPRESSION IN OVARIAN CANCERS
D

ow
nloaded from

 http://aacrjournals.org/cancerres/article-pdf/2512992/ch0603001235.pdf by guest on 19 M
ay 2023



FISH Analysis Demonstrates Amplification of the Cyclin E
Gene. To determine the mechanism of increased cyclin E expression,
we analyzed the genomic status of the cyclin E in 20 ovarian cancers
(10 high- and 10 low-expressing tumors) by FISH. A FISH probe was
prepared from a single BAC clone containing the CCNE1 (cyclin E)
gene at 19q12 and labeled with SpectrumOrange. To control for
aneusomy, a probe on the opposite arm of chromosome 19 was also
prepared from a single BAC clone containing the INSR gene located
at 19p13.2 and labeled with SpectrumGreen. Ratios of cyclin E to
chromosome 19 (CCNE1 to INSR) signals/cell close to 1 (�1.5)
were considered nonamplified for cyclin E relative to chromosome

19, whereas ratios significantly greater than 1 (�1.5) were con-
sidered amplified for cyclin E, and ratios significantly �1 repre-
sented deletion of cyclin E gene relative to the chromosome 19
copy number.

FISH analysis revealed that 8 of 10 randomly selected cases with
high immunohistochemical expression of cyclin E exhibited amplifi-
cation of the cyclin E gene, whereas only 1 of 10 randomly selected
cases with low immunohistochemical expression of cyclin E exhibited
amplification (Fig. 4; Table 4). High immunohistochemical expres-
sion of cyclin E was associated with amplification of the cyclin E gene
(P � 0.006).

Fig. 4. FISH analysis. Representative FISH
analysis of low cyclin E protein expressor by IHC
(A, specimen 11) and high cyclin E protein expres-
sors by IHC (B, specimen 108). The BAC clone
containing the CCNE1 (cyclin E) gene was labeled
with spectrum orange while a BAC clone contain-
ing the INSR gene (to control for aneusomy) was
labeled with spectrum green.
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DISCUSSION

The primary objective for this study was to determine the potential
for cyclin E expression to predict survival of patients with subopti-
mally debulked advanced epithelial ovarian cancer. We conducted a
comprehensive analysis of cyclin E in specimens obtained from a
prospective randomized trial in women with suboptimally debulked
advanced epithelial ovarian cancer treated with one of two types of
platinum-based first line therapies. Tumor expression of cyclin E
protein was evaluated in 139 specimens using an immunohistochem-
istry assay. FISH analysis was then performed in a subset of cases to
determine whether the mechanism of increased cyclin E protein
expression may be amplification of the cyclin E gene. This study
demonstrates increased expression of cyclin E protein occurring in
45% of suboptimally debulked advanced epithelial ovarian cancers
tested. Multivariate analysis indicates that high cyclin E protein ex-
pression is an independent predictor of poor outcome in women with
suboptimally debulked disease.

Overexpression of cyclin E has been reported in several human
cancers (10–12), and this increased expression is thought to increase
activity of the cyclin E-CDK2 complex and progression through the
G1-S portion of the cell cycle in the affected cancer cells. In non-small
cell lung cancer, two studies have demonstrated frequent overexpres-
sion of cyclin E where it served as an independent unfavorable
prognostic factor (12). Likewise, recent studies showed that overex-
pression of cyclin E is a poor prognostic factor in gastric and breast
cancers (10, 11). Enhanced expression of cyclin E protein has also
been demonstrated in ovarian tumors (21–24). Unfortunately, these
studies examined small numbers of ovarian cancers that varied in
stage and lacked survival data (21, 22). The other studies in ovarian
cancer examined larger numbers of tumors and showed cyclin E gene
amplification and RNA overexpression in 12% of the tumors (23, 24).
However, no analysis of cyclin E protein level was performed, and no
association between cyclin E and patient survival was reported.

Our study demonstrated that high cyclin E protein expression is a
poor prognostic factor for survival for patients with AOC. Multiva-
riate modeling was used to demonstrate the independent prognostic
significance of this biomarker. Subgroup analyses revealed that the

prognostic relevance of cyclin E on survival appeared to be particu-
larly evident in specific subgroups, including patients with stage III
disease, serous adenocarcinoma of the ovary, and nonmeasurable
disease assessed after primary cytoreductive surgery. For example,
papillary serous tumors of the ovary showed an 11-month difference
in median survival when cases were classified as low versus high
cyclin E expression. Furthermore, high cyclin E was associated with
worse survival only in the subgroup of women who received the
combination of cisplatin and taxol. This may be influenced by
the superior efficacy of a taxol-containing regimen compared with
the cytoxan regimen (GOG 111). Conversely, cyclin E expression
levels may modulate the cell’s sensitivity to taxol. Finally, high cyclin
E appears to exhibit a more profound impact in patients with AOC
with low volume disease (stage III).

Our finding of overexpression of cyclin E in advanced, subopti-
mally debulked ovarian cancer patients and its prognostic impact is
important for two reasons. First, few molecular events have been
convincingly identified as important prognostic factors for epithelial
ovarian cancer. Although p53 (25–27) and angiogenesis (28) markers
have been evaluated as prognostic markers in AOC, their impact on
survival and clinical use remains unclear. Many of these studies have
arrived at differing conclusions, in part, because they have evaluated
small numbers of specimens (26, 28), heterogeneous patient popula-
tions with respect to histology (26), stage (25–27), and treatment
(25–28). This study used a group of tumors from patients who were
similarly staged and treated with a cisplatin-based combination ther-
apy. Because these suboptimally debulked AOC cases represent a
carefully characterized patient population, any marker related to sur-
vival is likely to have an underlying biological basis and be clinically
relevant. Prescreening for cyclin E expression may identify those
patients with enhanced sensitivity to cisplatin and taxol. In contrast,
patients with high cyclin E expression may be better suited to a
clinical trial evaluating the efficacy and toxicity of new agents and/or
drug combinations thought to affect G1-S transition. Cyclin E-asso-
ciated CDK activity could be an important molecular complex for
targeted therapy. Presumably, those tumors with increased cyclin E
expression are critically dependent upon the cyclin E-associated CDK

Table 4 FISH analysis of cyclin E gene amplification in suboptimally debulked advanced epithelial ovarian cancers

Arbitrarily
assigned case no.

Immunohistochemical
expression of cyclin Ea

FISH Analysis of the Cyclin E Gene and Chromosome 19

Mean copies
of cyclin E
gene/cell

Mean copies of
chromosome

19/cell

Mean copies of cyclin E
gene/copy of

chromosome 19
Status of cyclin E

gene quantity

5 High 7.87 2.17 3.63 Ab

10 High 18.50 2.63 7.03 Ab

24 High 5.70 1.23 4.63 Ab

34 High 4.30 1.97 2.18 Ab

76 High 39.80 3.57 11.15 Ab

95 High 7.37 3.20 2.30 Ab

104 High 4.60 4.07 1.13 Nc

108 High 11.37 1.93 5.89 Ab

116 High 3.97 5.63 0.7 Nc

119 High 6.30 3.90 1.62 Ab

11 Low 5.13 4.10 1.25 Nc

15 Low 3.33 6.40 0.52 Nc

26 Low 5.50 3.63 1.52 Ab

30 Low 4.47 3.40 1.31 Nc

51 Low 2.93 4.53 0.65 Nc

93 Low 3.87 8.07 0.48 Ld

129 Low 3.10 3.53 0.88 Nc

142 Low 4.00 2.80 1.43 Nc

143 Low 1.43 1.97 0.73 Nc

148 Low 2.30 2.67 0.86 Nc

a Immunohistochemical expression for cyclin E: low indicates �40% (mean) and high refers to �40% (mean) cyclin E-positive tumor cells.
b A represents amplification of the cyclin E gene when the mean number of copies of the cyclin E gene/copy of chromosome 19 was �1.5.
c N refers to no change the mean number of copies of the cyclin E gene/copy of chromosome 19 was between 0.5 and 1.49.
d L indicates loss of the cyclin E gene when the mean number of copies of the cyclin E gene/copy of chromosome 19 was �0.5.
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activity and thus could be effectively targeted with molecular agents,
which affect this complex. It is interesting to hypothesize that effec-
tive inhibition of cyclin E may enhance ovarian cancer-sensitivity to
the cisplatin and taxol combination.

The mechanism of high cyclin E expression appears to involve, in
part, gene amplification. Gene amplification is a genetic event reflect-
ing a molecular process critical to the survival of the tumor cells.
However, the precise role increased expression of cyclin E plays in
AOC biology remains to be determined. Furthermore, whether this is
the only relevant gene within the amplicon on chromosome 19q12
will need to be determined. Other genes that may be located within
this amplicon include SUMO-1, CD22, POLR21, PAK4, CEBP-�,
and AKT2. The observation that two cases exhibited high expression
of cyclin E in the absence of gene amplification indicates that other
mechanisms are involved (29, 30).

This study reveals that increased immunohistochemical staining
for cyclin E, expressed as a percentage of cyclin E positive tumor
cells without consideration of staining intensity, is a significant,
independent poor prognostic factor for suboptimally debulked ad-
vanced epithelial ovarian cancer. In addition, high immunohisto-
chemical expression of cyclin E is associated with amplification of
cyclin E. Additional studies are required to determine the prog-
nostic relevance of cyclin E during earlier stages of ovarian cancer
development and to compare amplification of the cyclin E gene
with immunohistochemical expression of this protein as a prog-
nostic measure of survival in women with suboptimally debulked
advanced epithelial ovarian cancer.
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