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Loss of autophagy-related protein Beclin 1 may define
poor prognosis in ovarian clear cell carcinomas
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Abstract. The aim of the present study was to clarify the role
of autophagy in cisplatin (CDDP) sensitivity in OCCCs and
the role of Beclin 1 in OCCC progression. Autophagy was
measured using: i) western blot analysis of LC3 and p62 and ii)
microscopic observation of GFP-LC3 puncta. Autophagy was
suppressed using chloroquine and Beclin 1 siRNA. Surgical
specimens were examined for Beclin 1 protein expression by
immunohistochemistry. The correlations between the loss of
Beclin 1 expression and clinicopathological characteristics,
prognosis and chemosensitivity were investigated. Inhibition
of autophagy by chloroquine or Beclin 1 siRNA did not
enhance the sensitivity of the ES2 and TOV-21G OCCC cell
lines to CDDP. Loss of Beclin 1 expression was observed in
38.3% (23/60) of the analyzed tumors. There was no signifi-
cant correlation between loss of Beclin 1 expression and FIGO
stage, CA125 levels, patient age, status of endometriosis, Ki-67
labeling index, chemotherapy regimen or status of residual
tumor. However, negative expression of Beclin 1 was associated
with a shorter progression-free survival in comparison to posi-
tive Beclin 1 expression in OCCC who received cytoreductive
surgery, followed by a standard platinum-based chemotherapy
regimen (P=0.027, log-rank test). Beclin 1-negative tumors
were no more resistant to primary adjuvant chemotherapy
than were Beclin 1-positive tumors (50.0 vs. 66.7%, P=0.937).
Beclin 1 knockdown using siRNA increased cell growth but
not cell migration and invasion in ES2 and TOV-21G OCCC
cell lines. Autophagy defects caused by loss of Beclin 1 are not
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related to chemoresistance and metastasis, but may be associ-
ated with malignant phenotype and poor prognosis of OCCC.

Introduction

Ovarian carcinoma is the most lethal gynecological malignancy
in American and Japanese women (1). Despite aggressive treat-
ment, most patients eventually experience a recurrence of a
chemoresistant form of the disease. Ovarian carcinoma is clas-
sified into four molecularly distinct histological types: serous,
mucinous, endometrioid, and clear cell (2). Ovarian clear cell
carcinoma (OCCC), which constitutes approximately 25% of
ovarian carcinoma in Japan, is highly resistant to conventional
platinum based chemotherapy (3). As such, OCCC carries a
poor prognosis, despite early-stage diagnosis in 60% of cases.
The evasion of apoptosis is a hallmark of cancer cells (4), and
the failure of anticancer treatments to induce apoptosis leads
to chemotherapeutic failure and tumor progression. However,
the role of autophagy, an alternative caspase-independent cell
death program (5,6), and its underlying molecular mechanism
in OCCC chemoresistance and tumor progression remain
unclear. Autophagy is a process of degradation and recycling
of cytoplasmic components for energy utilization. Autophagy
also occurs in response to certain forms of therapeutic stress,
including cytotoxic chemotherapy (7,8). Approximately 30
yeast genes and 16 human homologues have been identified as
autophagy-related genes. Among these genes, Beclin 1 plays
key roles in mammalian autophagy (9,10).

To the best of our knowledge, the role of autophagy in
chemoresistance and the clinocopahological siginificance of
Beclin 1, a key molecule for autophagy induction in OCCCs,
have not been examined. The goal of the present study was to
clarify the role of autophagy in cisplatin sensitivity in OCCCs
and the role of Beclin 1 in OCCC progression.

Materials and methods

Tissue samples. Formalin-fixed, paraffin-embedded tissue
samples of 60 ovarian clear cell carcinomas were used in the



2038

present study. Samples were obtained from the Department
of Obstetrics and Gynecology at the Shimane University
Hospital and the Department of Obstetrics and Gynecology at
Seirei Hamamatsu General Hospital. Diagnosis was based on
conventional morphological examination of sections stained
with hematoxylin and eosin (H&E), and tumors were classi-
fied according to the WHO guidelines. Tumor staging was
performed using the International Federation of Gynecology
and Obstetrics (FIGO) classification system. All patients were
primarily treated with cytoreductive surgery and adjuvant
platinum and taxane or CPT-11 chemotherapy (CBDCA AUC 5
with paclitaxel 175 mg/m? or docetaxel 70 mg/m? or CDDP
60 mg/m? with CPT-11 180 mg/m?). All patients received
6-12 courses of this combination regimen. Acquisition of
tissue specimens and clinical information was approved by
the institutional review board of Shimane University & Serrei
Hamamatsu General Hospital. The paraffin tissue blocks were
organized into tissue microarrays, each made by removing
3-mm diameter cores of tumor from the block. Selection of
the area to core was made by a gynecologic oncologist (K.N)
and pathology technician (K.I) and was based on review of the
H&E slides.

Immunohistochemistry. For immunohistochemistry, paraffin
sections were deparaffinized and incubated with a primary
mouse Beclin 1 antibody (Cell Signaling Technology, Danvers,
MA, USA) at a dilution of 1:100 in a 4°C moist chamber
overnight. Two independent observers scored Beclin 1
immunoreactivity using a categorical scoring system from 0
(not detectable) to 3 (intense) with the mean score recorded
from triplicate samples. Immunostaining and evaluation of
ARIDIA (a dilution 1:100; Santa Cruz Biotechnology, Santa
Cruz, CA, USA) was previously performed (11).

Mutation analysis. Of the 60 OCCCs, 37 or 56 samples were
available for Kras or PIK3CA DNA sequencing respectively,
and had been previously evaluated (12). Exons 9 and 20 of the
PIK3CA gene and exon 1 of the KRAS gene (including codons
12 and 13) were amplified by polymerase chain reaction (PCR)
using primer sets previously described (12). Polymerase chain
reaction products were purified using the Qiagen PCR puri-
fication kit (Qiagen, Valencia, CA, USA) and used for direct
sequencing.

Gene amplification analysis. ZNF217 gene amplifica-
tion analysis was performed and evaluated as previously
described (13). Briefly, BAC clones (RP5-823G15 and
RP4-724E16) containing the genomic sequences of the 20q13.2
amplicon for ZNF217 locus were purchased from BACPAC
Resource Center (Children's Hospital, Oakland, CA, USA) and
Invitrogen (Carlsbad, CA, USA). BAC clones corresponding
to the Ch20P centromere (RP5-1025A1 and RP4-738P15)
were used to generate reference probes. The method used for
fluorescence in situ hybridization (FISH) was described by
Nakayama et al (14).

Cell culture and cell lines. ES2 (clear cell carcinoma) and
TOV-21G (clear cell carcinoma) human ovarian cancer
cell lines were obtained from the American Type Culture
Collection (ATCC; Rockville, MD, USA).
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Western blot analysis. Western blot analysis was performed on
ovarian cancer cell lines ES2 and TOV-21G. Cell lysates were
prepared by dissolving cell pellets in Laemmli sample buffer
(Bio-Rad Laboratories, Hercules, CA, USA) supplemented
with 5% beta-mercaptoethanol (Sigma, St. Louis, MO, USA).
Similar amounts of total protein from each lysate were loaded
and separated on 10% Tris-glycine SDS-polyacrylamide
gels (Novex, San Diego, CA, USA) and electroblotted to
Millipore Immobilon-P polyvinylidene difluoride membranes.
The membranes were probed with Beclin 1 antibody (1:100;
Cell Signaling Technology), LC-IIT (1:1,000; Santa Cruz
Biotechnology), or p62 (1:100; Enzo Life Sciences, Inc.,
Plymouth Meeting, PA, USA) followed by peroxidase conju-
gated anti-mouse or anti-rabbit immunoglobulin (1:20,000).
The same membrane was probed with a GAPDH antibody
(1:10,000) (Cell Signaling Technology) for loading controls.
Western blots were developed using a chemiluminescence kit
(Pierce, Rockford, IL, USA).

Silencing RNA knockdown of Beclin 1 gene expression.Beclin 1
and control siRNA (luciferase siRNA) were purchased from
Cell Signaling Technology. Cells were seeded into 96-well
plates and transfected with siRNAs using Oligofectamine
(Invitrogen). Following transfection, cells were collected at
48 h for western blotting of Beclin 1 protein.

Cell proliferation assay. CDDP was purchased from Enzo
Life Sciences. Chloroquine disphosphate was purchased
from Sigma. Cytotoxicity of CDDP was measured using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) colorimetric assay (Sigma). Cells were seeded into
96-well plates at a density of 3,000 cells/well. Cell number
was determined indirectly with an MTT assay (15). Data were
expressed as the mean + 1 SD of triplicate determinations. An
MTT cell growth assay was performed 96 h after treating the
cells with Beclin 1 siRNA or control siRNA. The data were
expressed as a percentage of the DMSO control. The mean
and standard deviation were obtained from three experiments.

Autophagy assays. Autophagy was measured using: i) western
blot analysis of LC3 and p62 and ii) microscopic observation
of GFP-LC3 puncta (16,17).

Statistical methods for clinical correlation. Progression-free
and overall survivals were calculated from the date of diag-
nosis to the date of first relapse or the last follow-up. Age
and performance status distributions were similar between
patients who did and did not express Beclin 1. The data were
plotted as Kaplan-Meier curves, and the statistical significance
was determined by the log-rank test. Data were censored when
patients were lost to follow-up. Student's t-test (comparison
of two groups) or one-way analysis of variance (ANOVA;
comparison of more than two groups) were used to evaluate
numerical data.

Results
CDDP induces cytoprotective autophagy in OCCC cell lines.

To determine the effect of CDDP on autophagy and the role of
autophagy in determining the sensitivity of cancer cells to the
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Figure 1. CDDP induces autophagy in OCCC cells. (A) ES-2 cells were
treated with the indicated concentrations of cisplatin for 24 h in the absence
or presence of 5 uM of chloroquine. At the end of treatment, cell lysates were
prepared, resolved by SDS-polyacrylamide gel electrophoresis and subjected
to western blot analysis using anti-LC3, anti-p62 or anti-GAPDH antibodies,
respectively. GAPDH was used as a loading control. (B) ES-2 and TOV-21G
cells were transfected with a GFP-LC3 plasmid, followed by treatment with
the indicated concentrations of CDDP for 24 h. At the end of treatment, the
cells were inspected under a fluorescence microscope. (C) Quantitation of the
GFP-LC3 puncta was performed by counting 20 cells for each sample, and
average numbers of puncta per cell are shown. The bars are the mean + SD
of triplicate determinations; results shown are the representative of three
identical experiments. “"P<0.01, t-test, CDDP vs. vehicle.
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drug, we first examined the activity of autophagy in OCCC
cell lines. As shown in Fig. 1A, treatment of the human OCCC
cell lines ES-2 and TOV-21G with CDDP produced a dose-
dependent activation of autophagy, as evidenced by increases
in the amount of LC3 II and decreases in the amount of p62,
two selective markers of autophagy. Fig. 1A also shows that
LC3 II levels were further elevated in the presence of chlo-
roquine, an inhibitor of autophagosome-lysosome fusion and
LC3 II degradation, which is indicative of increased autoph-
agic flux in the CDDP-treated cells. The stimulative effect of
CDDP on autophagy was verified using a green fluorescent
protein (GFP)-LC3 puncta-formation assay, which revealed
an increase in the number of GFP-LC3 puncta in tumor cells
treated with CDDP (Fig. 1B and C).

Inhibition of autophagy by chloroquine or Beclin 1 siRNA
does not enhance sensitivity of OCCC cell lines to CDDP. To
address the question of whether CDDP-stimulated autophagy
has a protective or sensitizing role in CDDP-treated tumors,
we compared cytotoxicity under a variety of drug treatment
conditions. Concomitant treatment of OCCC cells with CDDP
and inhibitors of autophagy, chloroquine did not enhance the
cytotoxicity (Fig. 2A and B) induced by CDDP. The effect of
autophagy on the CDDP-sensitivity of tumor cells was further
explored by suppressing the expression of autophagy-related
gene Beclin 1 and measuring the effect on tumor cell clono-
genicity. Fig. 2C and D shows that knockdown of Beclin 1 in
ES-2 and TOV-21G cells did not enhance CDDP-induced cyto-
toxicity. These results suggest that CDDP induces canonical
autophagy. However, induction of CDDP-induced autophagy
does not have a protective role in OCCC cell lines subjected to
CDDP cytotoxicity.

Relationship between Beclin 1 protein expression and clini-
copathological factors in OCCCs. Because Beclin 1 is a key
regulator of autophagy, we focused on the relationship between
Beclin 1 expression and clinicopathological factors in OCCCs.
Loss of Beclin 1 expression (Beclin 1 immunointensity 0+) was
observed in 38.3% (23/60) of analyzed tumors (Fig. 3A and B).
Patients were stratified into one of two groups depending on
their status as determined by Beclin 1 immunostaining. The
relationships between Beclin 1 protein expression and clini-
copathological factors are shown in Table I. There were no
significant correlations between loss of Beclin 1 expression
and FIGO stage, CA125 levels, patient age, status of endome-
triosis, Ki-67 labeling index, chemotherapy regimen, or status
of residual tumor. There was a marginally significant corre-
lation between loss of Beclin 1 expression and lymph node
metastasis (P=0.0579).

Relationship between loss of Beclin 1 expression and status of
Kras and PIK3CA mutation, status of ZNF217 amplification,
and status of ARIDIA expression in OCCCs. The 60 tumor
samples in the present study had been characterized previously
to determine mutational (Kras and PIK3CA) amplification
(ZNF217) and immunohistochemical (ARID1A) status (11-13).
Statistical analysis showed no correlations between loss of
Beclin 1 expression and Kras and PIK3CA mutation status in
OCCCs (Table II). In contrast, loss of Beclin 1 expression was
significantly correlated with ZNF217 amplification (P=0.024),
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Figure 2. Inhibition of autophagy by chloroquine or Beclin 1 siRNA did not
enhance sensitivity of OCCC cells to CDDP. (A-D) ES-2 and Tov-21G cells
were treated with the indicated concentrations of cisplatin for 48 h in the
presence or absence of chloroquine (5 #M) or Beclin 1 siRNA. At the end of
the treatment, cell viability was measured using an MTT assay.

and tended to correlate with loss of ARIDIA expression in
OCCCs (P=0.057) (Table 1I).

Effect of loss of Beclin 1 protein expression on progression-
free survival. We examined the effect of loss of Beclin 1 protein
expression on the prognosis for progression-free survival.
Kaplan-Meier estimates of progression-free/overall survival
are plotted in Fig. 2. Of the 60 patients diagnosed at stages
I-1V, 23 patients with loss of Beclin 1 expression had a shorter
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Table I. Association between Beclin 1 expression and
clinicopathological factors in patients with ovarian clear cell
carcinoma.

Beclin 1
immunostaining
Factors Patients Negative Positive P-value
FIGO stage
LI 45 14 30  0.0852
11, IV 15 9 7
CA125 U/ml
<90 30 9 21 0.1843
=90 30 14 16
Age (years)
<54 30 12 18 0.7906
=54 30 11 19
Endometriosis
Without 32 15 17 0.8848
With 28 8 20
Ki-67
Low 30 14 16  0.1843
High 30 9 21
Residual tumor (cm)
<2 48 6 42 0.2781
=2 12 3 9
Lymph node metastasis
Negative 51 17 34 0.0579
Positive 9 6 3

Table II. Association between Beclin 1 expression and status
of ARIDIA, K-ras, PIK3CA and ZNF217 in patients with
ovarian clear cell carcinoma.

Beclin 1 expression

Factors Patients Negative  Positive  P-value
ARIDI1A
Negative 9 6 3 0.0579
Positive 51 17 34
K-ras
Wild-type 35 11 24 0.3443
Mutant 2 0 2
PIK3CA
Wild-type 40 14 26 0.5412
Mutant 16 7 9
ZNF217
Normal 48 15 33 0.024
Amplification 12 8 4

progression-free survival than those with positive Beclin 1
expression (P=0.027; log-rank test) (Fig. 3C). Univariate
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Figure 3. Immunoreactivity of Beclin 1 in OCCC tissues. (A) Intense Beclin 1 immunoreactivity in the cytoplasm of OCCC cells (Upper left panel). (B) An
OCCC case with negative staining of Beclin 1. (C) Kaplan-Meier survival analysis showing that negative expression of Beclin 1 was associated with a shorter
progression-free survival in comparison to positive Beclin 1 expression in OCCC who received cytoreductive surgery, followed by a standard platinum-based
chemotherapy regimen (P=0.027, log-rank test). (D) Loss of Beclin 1 expression tended to correlate with shorter overall survival in patients with OCCC who
received cytoreductive surgery, followed by a standard platinum-based chemotherapy regimen (P=0.161, log-rank test).

analysis demonstrated that FIGO stage III, IV (P<0.01;
log-rank test), CA125 levels (P=0.01; log-rank test), residual
tumor (=2 cm) (P<0.01; log-rank test), and loss of Beclin 1
expression (P=0.027; log-rank test) correlated with shorter
progression-free survival. When the data were stratified for
multivariate analysis, only residual tumor (=2 cm) remained
a significant (P=0.03) factor for shorter disease-free survival
(data not shown).

Effect of loss of Beclin I protein expression on overall
survival. Loss of Beclin 1 expression also tended to corre-
late with shorter overall survival in OCCC patients treated
with platinum-based chemotherapy (P=0.161; log-rank test)
(Fig. 3D). Univariate analysis demonstrated that FIGO stage
IIL, IV (P<0.01; log-rank test), CA125 levels (P=0.01; log-rank
test), and residual tumor (=2 cm) (P<0.01; log-rank test) signif-
icantly correlated with shorter overall survival. When these
data were stratified for multivariate analysis, only residual
tumor (=2 cm) remained a significant (P=0.04) predictor for
shorter overall survival (data not shown).

Relationship between Beclin 1 expression and chemo-
therapeutic response. Of the 60 OCCC patients, 14 had
measurable residual disease following primary cytoreductive

Table III. The relationship between Becin 1 expression and
platinum-based chemotherapeutic response.

Responder n (%) Non-responder n (%) P-value

Negative 0.937

Positive

4 (50.0)
2(33.3)

4 (50.0)
4 (66.7)

surgery. Of these 14 patients, 6 (42.8%) responded to chemo-
therapy and 8 (57.2%) did not. Beclin 1-negative tumors
were not more resistant to primary adjuvant chemotherapy
than the Beclin 1-positive tumors (50.0 vs. 66.7%, P=0.937)
(Table III).

Beclin 1 knockdown increases growth, but not cell migra-
tion and invasion in OCCC cells. The findings of the present
study suggest that Beclin 1 is a potential tumor suppressor in
OCCCs. To assess the contribution of Beclin 1 expression to
OCCC cell growth and survival, OCCC cell lines were treated
with Beclin 1 siRNA and Beclin 1 levels and cell growth
were assessed. Following Beclin 1 knockdown (Fig. 4A), cell
growth increased in ES-2 and TOV-21G OCCC cell lines with
positive Beclin 1 expression (Fig. 4B and C). However, there
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Figure 4. Effects of Beclin 1 knockdown on cell proliferation in OCCC cell lines. (A) Western blot analysis showing a significant reduction of Beclin 1 protein
in Beclin 1 siRNA-treated cells compared with control siRNA-treated cells. (B and C) Effects of Beclin 1 gene knockdown. Beclin 1 knockdown significantly
increased cell number in TOV-21G and ES-2 cells that harbor Beclin 1 expression.

was no profound inhibition or activation of cell migration and
invasion observed in Beclin 1 siRNA-treated OCCC cells
(data not shown).

Discussion

OCCCs, which comprise approximately 25% of all ovarian
carcinomas in Japan, display a distinct gene expression profile
relative to other histological types (18,19). They are more
aggressive and carry a worse prognosis than stage-matched
serous adenocarcinomas (20,21), possibly because OCCC is
frequently refractory to platinum-based chemotherapy (20,21).
The mechanism of CDDP resistance in OCCC is still unclear.
Therefore, in the present study, we first investigated whether
autophagy is related to CDDP sensitivity in OCCC cell lines
using autophagy inhibitors chloroquine or Beclin 1 siRNA.
However, we did not find a relationship between autophagy
and CDDP sensitivity, although several recent reports state
that autophagy is related to chemoresistance in several types
of cancer (7,8). This discrepancy may be due to differences in
organ-specific oncogenic pathways. Consequently, autophagy
may not be an important factor in the OCCC carcinogenesis
pathway.

We next focused on the relationship between Beclin 1
expression and clinicopathological, prognostic significance in
OCCCs. Our most notable finding is that loss of Beclin 1 in
OCCCs predicted a shorter progression-free interval. To date,
there are only few molecular markers that predict the risk of
early tumor recurrence in OCCCs (22,23). Therefore, loss of
Beclin 1 expression may be useful, alone or in combination
with other markers, in identifying OCCC patients who are more
susceptible to early recurrence. This is important because at
least 60% of advanced-stage OCCC patients with a complete
response to primary therapy ultimately develop recurrent
disease (24). These observations could have an impact on clin-
ical management. Patients with recurrent OCCCs derive the

most benefit from secondary cytoreduction if recurrent tumors
are small and localized (24-28). Therefore, patients who lack
Beclin 1 expression could then be followed more frequently in
order to detect recurrences early enough to benefit from either
secondary cytoreductive surgery or second line chemotherapy.
This indicates that the immunohistochemical analysis of
Beclin 1 may be a useful predictor to find OCCC patients who
tend to recur in the clinical setting.

In the present study, all patients were treated with either
platinum and taxane combination or platinum and CPT-11
combination as the primary adjuvant regimen. Patients whose
disease recurred after primary platinum-based chemotherapy
were then treated with various second line chemotherapy
agents, including liposomal doxorubicin, gemcitabine and
docetaxel. Differing responses to these agents may have
masked the effect of loss of Beclin 1 expression on overall
survival in OCCC patients. In the present study, patients with
Beclin 1-negative tumors did not have a significantly inferior
response to chemotherapy when compared with patients who
had Beclin 1-positive tumors. This clinical finding is consis-
tent with current in vitro results showing that autophagy is
not related to CDDP resistance. Furthermore, our in vitro
Beclin 1 knockdown experiment also showed that loss of
Beclin 1 expression was not related to OCCC metastasis.
Therefore, the loss of Beclin 1 expression may be masking
another mechanism related to shorter progression-free
survival in OCCC.

Our in vitro data showed that silencing Beclin 1 using
siRNA enhances cell growth in OCCC cell lines. Previous
reports showed that autophagy also plays a role in tumorigen-
esis. For example, the essential autophagy regulator Beclin 1 is
monoallelically deleted in human ovarian, breast and prostate
cancers (29,30). In addition, Beclin 1" or AtgdC”’mice are
prone to tumors (31-33). Paradoxically, these findings suggest
that the loss of a survival pathway enhances tumor growth.
Recent studies have shown that simultaneous defects in
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autophagy and apoptosis activate the DNA damage response
in vitro, promote gene amplification and aneuploidy, and
accelerate mammary tumorigenesis (34,35). Thus, loss of the
prosurvival role of autophagy caused by a defect in Beclin 1
expression is likely to contribute to tumor progression by
promoting genome damage and instability in OCCC develop-
ment.

Molecular genetic evidence suggests that OCCCs develop
as the result of a multistep process of oncogenic activation and
tumor suppressor inactivation (36,37). In this study, we focused
on some of the important genetic events of OCCCs: inactiva-
tion of the tumor suppressor gene ARIDIA, gene amplification
of the potential oncogene ZNF217, and oncogenic mutation of
Kras and PIK3CA (11-13). In addition, we also analyzed the
association between these genetic events and loss of Beclin 1
expression. No significant relationship was observed between
oncogenic mutation of Kras/PIK3CA and loss of Beclin 1
expression, which indicates that the loss of autophagy caused
by loss of Beclin 1 expression is independent of these carcino-
genesis events in OCCCs. Also, loss of Beclin 1 expression was
significantly correlated with ZNF217 amplification and tended
to be correlated with loss of ARIDIA expression. However, the
significance of these relationships during OCCC development
remains unclear. Thus, further studies are required to fully
explore the relationship between the loss of Beclin 1 expres-
sion and these genetic events in vitro.

To the best of our knowledge, this is the first report
suggesting that loss of Beclin 1 expression is a marker of poor
progression-free survival in OCCCs. This study is limited
by its small size given the relative rarity of OCCC. Larger
prospective trials are needed to confirm our findings and to
more fully explore the role of Beclin 1 in OCCC behavior.

In conclusion, the present study shows that autophagy
defects caused by loss of Beclin 1 may be associated with
malignant phenotype and poor prognosis of OCCC.
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