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Abstract Background. Ovarian cancer is one of the most
frequently fatal gynecological cancers because most
cases are diagnosed at an advanced stage. Loss of
growth control and a marked resistance to apoptosis are
considered major mechanisms driving tumor progres-
sion. Little is known about the effect of various treat-
ment regimens on the distribution of molecular markers
of apoptosis in epithelial ovarian cancer. The objective
of this study was to compare the expression levels of
both proapoptotic and antiapoptotic proteins p53, p73,
Bcl-2, Bel-XL and survivin in the ascitic cells and tumor
samples of patients undergoing treatment with two dif-
ferent regimens. Methods: A total of 24 patients with
untreated epithelial ovarian cancer were randomized
into two groups of 12 each. Group | patients received
three cycles of chemotherapy prior to surgery and three
cycles after surgery and group 2 patients received six
cycles of chemotherapy prior to surgery. The expression
of apoptosis-related proteins was analyzed in ascitic
fluid and tumor samples by Western blotting and
immunohistochemistry. The apoptotic index was also
determined in these samples by the TUNEL assay.
Results: Significant decreases in antiapoptotic bcl-2 and
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survivin were seen, accompanied by increases in apop-
totic index in tumors that had undergone chemotherapy
as compared to the baseline ascites samples. No signifi-
cant change in bcl-XL was observed. A significant de-
crease in proapoptotic p53 was also seen. No expression
of p73 was observed in tumors or ascites. The findings
were similar in groups 1 and 2 patients and were not
statistically significantly different, perhaps due to the
small sample size (n=12) of each group. Conclusions:
The above findings indicate that chemotherapy in
ovarian carcinoma leads to an increase in apoptosis by a
p53-independent pathway, which involves the downre-
gulation of antiapoptotic Bcl-2 and survivin but not Bcl-
XL. Furthermore, administering neoadjuvant chemo-
therapy (six cycles) as an alternative form of therapy for
advanced epithelial ovarian cancer is more effective in
inducing apoptosis than three cycles. However, the
findings of this study need to be corroborated using a
larger sample.
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Introduction

Ovarian cancer is one of the most frequently fatal
gynecological cancers. The symptoms usually do not
become apparent until the tumor compresses or invades
adjacent structures, ascites develops, or metastases be-
come clinically evident. As a result, two-thirds of women
with ovarian cancer have advanced disease (stage III or
IV) at the time of diagnosis [1, 2]. Conventional treat-
ment for advanced epithelial ovarian cancer (EOC) is
surgery and postoperative combination chemotherapy,
usually consisting of a platinum-based drug and a tax-
ane to achieve prolonged progression-free and overall
survival [3, 4]. Alternative strategies for the initial
management of advanced EOC started in the late 1970s.
One approach is known as “interval cytoreduction
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surgery” in which surgery is carried out after the patient
has received three cycles of chemotherapy, and an
additional three cycles of chemotherapy are adminis-
tered after surgery [5]. Another approach is “‘neoadju-
vant chemotherapy” in which six cycles of
chemotherapy are given prior to surgery [5]. Since the
chemotherapeutic drugs used in the treatment of EOC
exert their action by inducing apoptosis, we looked at
apoptosis and its related proteins in material from pa-
tients receiving these two treatment modalities.

A balance between pro- and antiapoptotic proteins
regulates entry into apoptosis [6, 7]. A number of
these have been identified such as the proapoptotic
p53 and p73, and the antiapoptotic Bcl-2, Bel-XL and
survivin, a member of the inhibitor of apoptosis pro-
tein (IAP) family, which is altered in many cancers,
including EOC. Hence, in this study we essentially
investigated these apoptosis-related proteins as they
are involved in DNA damage/chemotherapy-induced
apoptosis through the mitochondria-mediated path-
way.

p53 is often mutated in many cancers and is thus
responsible for resistance to many chemotherapeutic
drugs [8]. Previous reports suggest that ovarian cancer
patients whose tumors have p53 mutations experience
a lower chance of achieving a complete response fol-
lowing treatment with a platinum-based regimen when
compared to patients without p53 mutations. Con-
versely, experimental and clinical data seem to show
that paclitaxel enhances apoptosis through a p53-
independent pathway that probably involves the Bax
gene, whereas patients with wild-type p53 tumors have
a good chance of responding to platinum-based drugs
[6]. The p73 gene has sequence and functional simi-
larities with its homologue p53. Therefore determining
p53 and p73 status can be useful in predicting thera-
peutic response to specific drugs.

The antiapoptotic proteins Bcl-2 and Bcl-XL are
overexpressed in most cancers conferring a selective
growth advantage to tumors and providing protection
against a number of chemotherapeutic drugs [9]. In
vitro study on cell lines has shown that Bcl-2 protein
has a strong influence on the response of ovarian
cancer to cisplatin-based chemotherapy [10]. However,
such associations have not been demonstrated clini-
cally. We have evaluated the prognostic/predictive
significance of these antiapoptotic proteins in ovarian
cancer tissue. Survivin is undetectable in terminally
differentiated adult tissues but is markedly expressed
in most human cancers [11]. A previous report sug-
gests that expression of survivin is associated with
resistance to paclitaxel in human ovarian cancer [12].

Since dysregulation of apoptosis involves altered
response or resistance to apoptosis-inducing stimuli,
many antineoplastic therapies are directed towards
induction of apoptosis. We therefore compared the
expression levels of these apoptosis-related proteins in
the ascitic cells and tumor samples of the patients
undergoing two different treatment regimens.

Materials and methods
Sample collection

Ascitic fluid (200 ml) was collected from 24 untreated
patients with newly diagnosed stage T3aNOMO to
T4NIMO EOC from the Institute Rotary Cancer Hos-
pital, AIIMS. The clinicopathological characteristics of
the patients are listed in Table 1. Cells isolated from the
ascitic fluid by differential centrifugation were stored at
—70°C until further processing. The patients were then
randomly allocated to two groups of 12 patients each.
Since all the patients had stages III or IV disease and
had ascites, they did not have up-front surgery. More-
over, the size of the tumor was large and inoperable.
Hence, they were first given chemotherapy to debulk the
tumor, after obtaining informed consent. Patients in
group 1 were given three cycles of chemotherapy, were
operated upon, and given another three cycles of che-
motherapy after surgery. Patients in group 2 were given
six cycles of chemotherapy after ascitic fluid tapping and
were then operated upon. Chemotherapy included car-
boplatin (day 1) and paclitaxel (day 2) given intrave-
nously. This was repeated after 3 weeks, and this
constituted one cycle.

Table 1 Clinicopathological characteristics of patients and their
apoptotic index (Scac serous cystadenocarcinoma, ND not deter-
mined)

Patient Age Stage Histopathology Apoptotic index
no.* (years) (AU)
Baseline  After
(ascites) treatment
(tumor)

Group 1

1 54 IIlc Scac 3.2 4

2 43 IIlc Scac 2 2.2

3 56 v Scac 3 2.6

4 43 Ilc Scac 2.4 3

5 47 IIc Scac 4.2 5

6 43 IIlc Scac 1.8 2.4

7 65 IIlc Scac 2.8 3.9

8 57 IIc Scac ND ND
9 50 Ilc Scac 1.2 3.2
10 50 IIlc Scac 0.8 1

11 48 IIlc Scac 1.4 0.9
12 50 Ilc Scac ND ND
Group 2

13 42 v Scac 1.1 2.1
14 50 IIlc Scac 1.7 4.4
15 65 IlIc Scac ND ND
16 53 IIlc Scac 3.2 6

17 50 v Scac 1.9 3.6
18 50 v Scac ND ND
19 54 IIlc Scac 2.8 3.7
20 40 IlIc Scac 1.1 4.2
21 42 IIlc Scac ND ND
22 56 IIlc Scac 1.1 3.2
23 65 IIc Scac ND ND
24 42 IIlc Scac ND ND

aGroup 1 received three cycles of chemotherapy; group 2 received
six cycles of chemotherapy



Samples of EOC obtained from patients after surgery
were snap-frozen and stored at —70°C until further
processing. Concurrent tumor sections were cut at 8 um
in a cryostat. These were used for histopathology,
immunohistochemistry, Western blotting and the
TUNEL assay. Histopathologically confirmed tumor
tissue and ascites were taken for the study.

Immunohistochemical analysis

The expression of apoptosis-related proteins was deter-
mined by immunohistochemistry using appropriate
antibodies as described previously [13]. Briefly, the
endogenous peroxidases were first blocked with hydro-
gen peroxide in phosphate-buffered saline (PBS)
(pH 7.4) containing 70% methanol and nonspecific
binding blocked using 5% bovine serum albumin (BSA).
The tumor tissue sections were then incubated with
antibodies against Bcl-2, Bcl-XL and survivin (Santa
Cruz Biotechnology, Santa Cruz, Calif.) at a dilution of
1:100 in 5% BSA for 48 h at 4°C. Immunodetection was
done using 3,3’-diaminobenzidine (DAB) as chromogen
and H,O, as substrate, followed by light counterstaining
with hematoxylin and examination under a microscope.
Tonsil tissue served as a positive control for Bel-2 and

Fig. 1 TUNEL staining for
apoptotic index: / positive
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Bcl-XL and placental tissue was used as a positive
control for survivin. The negative controls lacked the
primary antibody. Protein expression was determined
semiquantitatively. Scoring was done by microscopic
examination of randomly selected fields containing at
least 300 cells and expressed in arbitrary units (AU).
Scoring of immunopositivity was done on the basis of
percentage as well as intensity of staining as follows: (a)
1 AU, 5-10%: (b) 2 AU, 11-25%:; (c) 3 AU, 26-50%;
(d) 4 AU, >50%. Intensity of staining was scored as
follows: (a) 1 AU, weak; (b) 2 AU, moderate; (c) 3 AU,
intense. The final score was determined by adding up the
scores of percentage and intensity of staining.

Western blot analysis

The samples were lysed in RIPA buffer containing
protease and phosphatase inhibitors. Equal amounts of
protein extracts were electrophoresed on 10-18% SDS-
polyacrylamide gels and electrotransferred to nitrocel-
lulose membrane, which was then incubated in 5% BSA
for 3 h followed by overnight incubation with antibodies
against rabbit Bcl-2, Bcl-XL and survivin, and mouse
p53 and p73. The membrane was then washed twice with

control, /7 negative control, /17
ascitic cells (group 1), IV tumor
(group 1), V ascitic cells (group
2), VI tumor (group 2)
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Table 2 Expression of apoptosis-related proteins in ascites (baseline) and in tumors (after treatment) as assessed by Western blotting. The
values shown are relative units (RU)

Patient no.*  Bcl-2 Bcel-XL pS3 Survivin p73
Baseline  After Baseline  After Baseline  After Baseline  After Baseline  After
(ascites)  treatment (ascites) treatment (ascites) treatment (ascites) treatment (ascites) treatment
(tumor) (tumor) (tumor) (tumor) (tumor)

Group 1

1 0 0 2.74 0 0.443 0 4 3 0 0

2 4.32 4 1 1.73 0 0 0 0 0 0

3 9.86 9.9 4 5.6 9.8 0 4 3 0 0

4 0 0 0 0 0 0 2 1 0 0

5 2.1 1.47 2 1.78 3.77 2 3 3 0 0

6 5.96 6.25 4 2.96 0.44 2 4 0 0 0

7 9.6 0 3 0 9.21 4 3 0 0 0

8 3.8 4.5 2 1.72 0 0 0 0 0 0

9 0 0 1 2.27 6.4 5.7 1 0 0 0

10 1.65 1.5 0 0 0 0 4 2 0 0

11 7.97 6.25 4 5.6 0 0 1 0 0 0

12 0 0 3.2 0.76 0.44 0.32 3 2 0 0
Group 2

13 8.4 6.25 2 0.72 0 4 4 4 0 0

14 2.4 1.12 0 0 8.4 9.2 4 1 0 0

15 4.1 2.3 4 1.73 32 0 2 1 0 0

16 3 0 2 5.6 4.2 2.1 0 0 0 0

17 7.46 6.53 9.91 1.6 1.54 0 0 0 0 0

18 5.1 4.17 4 2.85 4.2 0.67 4 2 0 0

19 9.44 7.56 4 33 2.92 0.78 0 0 0 0

20 2.26 0 3 1.92 6.3 3.7 2 0 0 0

21 1.8 0 3 2 1.7 0 4 1 0 0

22 0 0 3 3 1.9 0 2 1 1 0

23 1 0 2 2 1.4 1.2 0 0 0 0

24 3 2 3 3 3 4 4 3 0 0

4Group 1 received three cycles of chemotherapy; group 2 received six cycles of chemotherapy

Tris-buffered saline (TBS) containing Tween-20 and
then with TBS alone for 10 min each time. Anti-rabbit
and anti-mouse alkaline phosphatase-conjugated anti-
bodies were then added to the blot and incubated for
2 h. After washing the membrane, color was developed
using 5-bromo-4-chloro-3-indolyl phosphate/nitroblue
tetrazolium (BCIP/NBT) substrate from Promega
(Madison, Wis.). The bands were analyzed and quanti-
tated using a BioRad scanning densitometer. Positive
controls used for immunohistochemistry were also in-
cluded. Protein expression was expressed as relative
units (RU). One relative unit is the ratio of the density of
a positive control to that of a negative control [13].

TUNEL assay

Apoptotic cells were visualized by the terminal deoxy-
nucleotidyl transferase mediated dUTP nick end labeling
(TUNEL) technique [13] using a Dead End colorimetric
cell death detection kit (Promega). The tumor sections/
ascitic cells fixed on glass slides were incubated with
Proteinase K/Triton X-100 for 20 min at room temper-
ature. TdT was used to catalyze the addition of biotin-
conjugated dUTP to the 3-OH ends of DNA fragments.
The incorporated biotin was detected by streptavidin
conjugated to horseradish peroxidase. The staining was
done using DAB as chromogen and H,O, as substrate.

The sections were counterstained with hematoxylin. The
apoptotic index was determined by microscopic exami-
nation of randomly selected fields containing at least 500
cells. The results are expressed as the percentage of
apoptosis-positive cells in 500 cells.

Statistical analysis

Statistical analysis of the samples was done using SPSS
version 10.0 software. A paired t-test was used for
comparison of ascites and tumors. An unpaired z-test
was used to compare the effect of three cycles of che-
motherapy versus six cycles. Correlation was determined
using Spearman’s correlation coefficient.

Results

Effect of chemotherapy on apoptosis and its related
proteins

To investigate the effect of chemotherapy on apoptosis
and its related proapoptotic and antiapoptotic proteins,
baseline samples (ascites, 24 samples) were compared
with tumors surgically resected after treatment, includ-
ing both groups of patients (n=24). The mean baseline
apoptotic index was 2.1 £0.23 AU whereas in tumors it



Fig. 2 Immunostaining for
Bcl-2 protein expression: /
positive control, /I negative
control, 11T ascitic cells (group
1), IV tumor (group 1),

V ascitic cells (group 2), VI
tumor (group 2)
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was 3.26 £0.32 AU. This increase was statistically sig-
nificant (r=—4.417, P<0.001; Table 1 and Fig. 1).

The baseline Bcl-2 expression was 3.88£0.68 RU,
and in the tumor group it was 2.65+0.62 RU (Table 2
and Fig. 2). This decrease was statistically significant
(¢=2.966, P=0.007). Similarly, survivin also showed a
significant decrease in the chemotherapy-treated tumor
(1.12+0.26 RU) as compared to baseline
(2.3+0.34 RU; t= 4.897, P<0.001; Table 2 and
Fig. 3). However, there was no significant difference
between baseline Bcl-XL expression (2.78+0.41 RU)
and tumor expression (2.08+£0.35 RU) (Table 2 and
Fig. 4). There was a statistically significant decrease in
p53 expression in tumor (1.65+0.48 RU) as compared
to baseline (2.88+£0.63 RU; r=2.305, P=0.031; Table 2
and Fig. 5). No expression of p73 was observed gener-
ally in either baseline samples or tumors.

Comparison between three cycles (group 1) versus six
cycles (group 2) of chemotherapy

The mean apoptotic index was 2.82+0.41 AU in tumors
which had undergone three cycles of chemotherapy, but
was 3.88+0.45 AU in tumors that had undergone six
cycles of chemotherapy (Table 3 and Fig. 1).

The tumor group which had undergone three cycles
of chemotherapy showed a mean Bcl-2 expression of
2.82+0.96 RU whereas the group which had undergone
six cycles showed a value of 2.49+0.83 RU (Table 3 and
Fig. 2). The Survivin expression was 1.17+0.39 RU in
tumors that had undergone three cycles of chemother-
apy and 1.08 £0.38 RU in those that had undergone six
cycles of chemotherapy (Table 3 and Fig. 3). The mean
Bcl-XL expression was 1.87+0.58 RU in tumors that
had undergone three cycles of chemotherapy and
2.3£0.41 RU in tumors that had undergone six cycles
of chemotherapy (Table 3 and Fig. 4). The mean p53
expression was 1.17+£0.55 RU in tumors that had
undergone three cycles of chemotherapy and
2.1£0.79 RU in tumors that had undergone six cycles
of chemotherapy (Table 3 and Fig. 5). However, none
of the above differences was found to be statistically
significant perhaps due to the small sample size of 12
samples in each group.

Discussion

Apoptosis is a genetically regulated biological process
that plays a major role in chemotherapy-induced tumor
cell killing. There is a significant increase in apoptotic
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Fig. 3 Immunostaining for
survivin protein expression:

I positive control, /7 negative
control, 71T ascitic cells (group
1), IV tumor (group 1), V ascitic
cells (group 2), VI tumor (group
2)

Survivin

index after chemotherapy, indicating that chemothera-
peutic drugs induce cell killing in ovarian cancer by
inducing apoptosis. The p53 gene is involved in the
regulation of apoptosis. Missense point mutations in p53
are most common in EOC. p53 plays a critical role in
cellular response to DNA damage and has been sug-
gested to be a strong predictor of response to platinum-
based chemotherapy in EOC [6]. Because taxanes can
induce p53-independent apoptosis [14], we assessed the
p53 status in ovarian carcinoma patients receiving pac-
litaxel and platinum-containing chemotherapy. Though
a decrease in p53 was observed after treatment, there
was no significant change in its expression in relation to
the number of cycles of chemotherapy that were given.
These results indicate that the chemotherapeutic drugs
induced apoptosis by perhaps a p53-independent path-
way and corroborate the results of an earlier study
showing that paclitaxel cytotoxicity in ovarian cancer is
mediated by a p53-independent pathway [15]. Similarly,
p73 has been found to enhance the sensitivity of human
lung and head and neck cancer cells to cisplatin-based
therapy [16]. However, we did not observe p73 expres-
sion in any of the samples of EOC. Allelic loss on
chromosome 1p36 is common in EOC and could be a
reason for the absence of this protein [17]. Furthermore,

some reports suggest that aberrant methylation of CpG
islands is a major pathway leading to the inactivation of
tumor suppressor genes and the development of cancer.
DNA methylation at CpG islands in exon 1 of p73 may
contribute to lack of expression of this protein [18]. Thus
it appears that p73 protein expression may have been
lost by one of the above mechanisms. Our findings
corroborate those of a previous study in which no
expression of p73 was found in ovarian cancer [19].

It is known that bcl-2 plays a role in the pathogenesis
of ovarian cancer. Increased bcl-2 expression is associ-
ated with primary resistance to chemotherapy in human
EOC [10] and hence could be a possible predictor of
response to chemotherapy and prognosis in patients
with advanced ovarian carcinoma [20]. The observed
decrease in its expression after chemotherapy suggests
that the increase in apoptosis seen in the chemotherapy-
treated tumors could perhaps have been due to a de-
crease in antiapoptotic bcl-2 and survivin.

Bcl-XL, another antiapoptotic member of the Bcl-2
family of proteins, is overexpressed in ovarian tumors
resulting in dysregulation of cell cycle checkpoints, and
therefore inhibition of apoptosis. It has been shown that
Bcl-XL inhibits chemotherapy-induced apoptosis of
drugs such as cisplatin and paclitaxel in ovarian cancer



Fig. 4 Immunostaining for
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Bcl-XL protein expression: /
positive control, I negative
control, 11T ascitic cells (group
1), IV tumor (group 1), V ascitic
cells (group 2), VI tumor (group
2)

[9]. However, we did not find any significant decrease in
the expression of Bcl-XL after chemotherapy. A previ-
ous study has also shown similar findings to ours in
which the administration of platinum drugs led to a
reduction in Bcl-2 expression without affecting the levels
of other antiapoptotic members of this family [21].
Survivin, another antiapoptotic protein has been found
to be associated with microtubules and regulates entry
into the G,/M phase of the cell cycle. It binds to
downstream caspases and inhibits apoptosis [22]. Pac-
litaxel acts on microtubules to arrest mitosis and prevent
tumor progression [23]. It is also reported that survivin is
associated with resistance to paclitaxel in human ovarian
cancer [12]. The observed decrease in Bcl-2 and survivin
expression after chemotherapy and the inverse correla-
tion between survivin, Bcl-2 expression, and apoptotic
index suggests that paclitaxel probably sensitizes the
EOC cells by inducing apoptosis through the downre-
gulation of antiapoptotic survivin.

The above findings therefore indicate that chemo-
therapy of ovarian carcinoma leads to an increase in
apoptosis by a p53-independent pathway, which in-
volves the downregulation of antiapoptotic Bcl-2 and
survivin but not Bcl-XL. Furthermore, administering
neoadjuvant chemotherapy (six cycles) as an alternative

form of therapy for advanced epithelial ovarian cancer is
more effective in inducing apoptosis by reducing
expression of antiapoptotic genes Bcl-2 and survivin
than three cycles. However, the findings of this study
need to be corroborated using a larger sample.
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