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Bcl-2 and p53 gene products have been both linked to
cell death by apoptosis. In the present study, we ex-
amined the relationship of Bcl-2 and p53 protein ex-
pression, p53 mutation and apoptosis in normal hu-
man ovaries and different types of human ovarian
epithelial tumors by immunohistochemical localiza-
tion, in situ terminal transferase-mediated dUTP nick
end labeling and polymerase chain reaction-single
strand conformation polymorphism. It was found
that Bcl-2 expressed strongly in the surface epithe-
lium of normal ovaries and benign and borderline
ovarian tumors but weakly in the malignant tumors.
On the contrary, strong protein expression of p53
was found in 54% (25/46) of the malignant epithelial
tumors examined but similar expression of p53 was
not observed in borderline and benign tumors and
normal ovarian surface epithelium. A significant in-
verse correlation between Bcl-2 and p53 expression
was found in the malignant ovarian tumors exam-
ined. p53 gene mutation at exons 5–11 was however
not a pre-requisite for p53 expression in both border-
line and malignant tumors. Apoptotic activities, as
reflected by apoptotic indices, were low in normal
ovarian surface epithelium and benign tumors but
were increased in borderline and malignant tumors,
with the highest average apoptotic index found in
grade III malignant tumors. Statistical analyses
showed a positive correlation between apoptosis and
p53 expression, but similar correlation was not found
between apoptosis and Bcl-2 expression. Our results

also indicate that although expression of Bcl-2 is im-
portant during ovarian carcinogenesis, the Bcl-2 pro-
tein may have other roles to play apart from being a
modulator of apoptosis in human ovarian epithelial
cancers. (Am J Pathol 2000, 156:409–417)

Ovarian cancer is the most common cause of death
among all gynecologic malignancies.1 The overall 5-year
survival rate of patients with ovarian cancer is only about
30%, partly due to absence of symptoms at early stages
and poor prognosis.2,3 More than 90% of ovarian cancers
are of epithelial cell origin and multiple genetic alterations
are believed to occur during malignant transformation of
ovarian epithelial cells.4 Several oncogenes and tumor
suppressor genes including HER-2/neu,5,6 K-ras,7,8

SPARC,9 BRCA1,10 and DOC-211 have been found to be
involved in ovarian carcinogenesis. It has also been dem-
onstrated that deregulation of the genes involved in ap-
optosis, such as Bcl-2 and p53, plays a crucial role in
tumor formation.12 Bcl-2 has been proposed to be able to
inhibit apoptosis.13 High levels and aberrant patterns of
Bcl-2 expression have been found in a wide variety of
human cancers,14–20 and have been shown to alter drug
resistance in cancers.21 On the other hand, p53 functions
as a tumor suppressor by arresting cell cycle at G1
phase22,23 and by triggering apoptosis.24 Overexpres-
sion of p53 induces apoptosis in human colon tumor and
leukemic cells.24,25 Conversely, the absence of functional
p53 is associated with the inability of cells to undergo
apoptosis leading to the development of a variety of
malignancies.26 Mutation of p53 gene is the most com-
mon molecular genetic change associated with many
cancers27 including ovarian cancers.28–30

Many recent studies have focused on the interaction
between these two apoptosis regulatory genes in carci-
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nogenesis. Immunohistochemical studies on human can-
cer tissues had demonstrated a significant inverse rela-
tionship between Bcl-2 and p53 protein expression in
non-small-cell lung cancers,31,32 follicular lymphomas,33

gastric carcinomas,34 esophageal squamous cancers,35

non-melanoma skin cancers,36 and breast carcino-
mas.37,38 In prostatic carcinomas39 and colorectal ade-
nomas and carcinomas,40 the expressions of Bcl-2 and
p53 proteins in the same tissue section were almost
reciprocal. It appeared that alteration of both Bcl-2 and
p53 proteins may be involved in a common genetic path-
way that is shared by a number of different human can-
cers. It has also been suggested that in human ovarian
cancers, protein expression patterns of Bcl-2 and p53
are inversely related.41 In the present study, we aimed to
examine thoroughly the relationship among Bcl-2 and
p53 expression, apoptosis, and p53 gene mutation. The
protein expression patterns of Bcl-2 and p53 were firstly
examined by immunohistochemical staining in normal
human ovaries, benign ovarian tumors, ovarian tumors of
low malignancy (borderline tumors), and malignant ovar-
ian epithelial tumors of different histological grades to see
whether their expression patterns were related to malig-
nancy of the tumors. Correlation between Bcl-2 and p53
protein expression was also made. Polymerase chain
reaction-single strand conformation polymorphism (PCR-
SSCP) was used to investigate p53 gene mutation. Apo-
ptotic activities as reflected by the apoptotic index were
then analyzed by means of an in situ terminal transferase-
mediated dUTP nick end labeling (TUNEL) technique in
normal ovarian epithelial and tumor tissues.

Materials and Methods

Patient Samples

A total of 127 fresh human ovarian tissues including 14
normal ovaries, 11 benign ovarian tumors, 37 borderline
ovarian tumors, and 65 malignant epithelial ovarian tu-
mors were obtained from the Brigham and Women’s Hos-
pital, Harvard Medical School, with patient consent be-
fore the patient received treatments. All tissues were
fixed in 10% buffered formalin for paraffin histology. The
tumors were histopathologically diagnosed and classi-
fied according to International Federation of Gynecology
and Obstetrics42 criteria by two gynecology pathologists
(W. R. W. and D. A. B.). Of the samples obtained, all
normal ovaries and benign ovarian tumors, 27 borderline,
and 46 malignant ovarian tumors, which were all well-
preserved histologically, were used for immunohisto-
chemistry, and 19 borderline and 31 malignant ovarian
tumors with DNA samples available were used for PCR-
SSCP analysis.

Immunohistochemistry

For identification of Bcl-2 or p53 protein expression, the
avidin-biotin peroxidase complex (ABC) method with di-
aminobenzidine as the chromogen was used. Bcl-2 and
p53 antigens were retrieved by microwave in 0.01 mol/L

citric acid buffer, pH 6.0, for 10 minutes. Two monoclonal
antibodies, clone 124 mouse anti-human Bcl-2 primary
antibody (DAKO, Glostrup, Denmark, 1:20) and p53 pan-
tropic (Ab-6, Calbiochem, MA; 1:25), both in 1% bovine
serum albumin-phosphate buffered saline (BSA-PBS),
were used. Negative control for every experiment was done
by replacing the primary antibodies with 1% BSA-PBS.

Semiquantitation of Bcl-2 and p53
Immunoreactivities

Five to seven sections were randomly selected from each
specimen. The total cell number and the number of pos-
itive cells were counted with a Metamorph software under
a microscope by two independent observers. Immunore-
activities were quantified with a 12-point weighted score:
11,43,44 First, the percentage of positive cells in each
section was scored with a 5-point scale: 0 for ,5%, 1 for
5 to 25%, 2 for 25 to 50%, 3 for 50 to 75%, and 4 for over
75%. Second, the intensity of positive signal was scored
with a 3-point scale: 1 for weak, 2 for medium, and 3 for
intense. Then, the weighted score for each section was
obtained by multiplying the percentage score by the
intensity score. The bcl-2 staining intensity was com-
pared to the staining intensity of the section taken from a
follicular lymphoma, which served as the positive control
and was scored as 3.

PCR-SSCP

The oligonucleotide primers were synthesized by Geno-
sys Biotechnologies, Inc. (Woodlands, TX). Exons 5–11 of
p53 gene were amplified by PCR, and SSCP analysis was
performed according to procedures described by Mok et
al.45 DNA with an altered mobility demonstrated by SSCP
was reamplified using the same primers and PCR condi-
tions. The PCR product was then purified and sequenc-
ing of sense and anti-sense complimentary DNA strands
was performed using a commercial PCR gene sequenc-
ing kit (U.S. Biochemical Corp., Cleveland, OH).

In Situ Terminal Transferase-Mediated dUTP
Nick End Labeling (TUNEL)

Apoptotic activity in the epithelial cells of the ovarian
tissue sections was detected with an In situ Apoptosis
Detection Kit (Oncor, Gaithersburg, MD) with TUNEL. The
peroxidase activity was then visualized by the reaction
with the chromogen diaminobenzidine. Negative control
was performed using PBS instead of the enzyme TdT.
Apoptotic activity was quantified by the apoptotic index
which represented the percentage of apoptotic epithelial
cells in each tissue sample. A total of 10 fields from each
tissue section were randomly chosen, and 100 epithelial
cells from each field were counted. Five to seven sections
were randomly taken from each specimen for scoring.
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Statistics

Bivariate comparisons between the apoptotic indices
and weighted scores were made using the Pearson’s
product moment correlation coefficient. Significance was
defined at P , 0.05.

Results

Expression of Bcl-2 and p53 Proteins in Human
Ovarian Tissues

Bcl-2-immunoreactive products appeared as brown
granules localized mainly in the perinuclear locations and
cytoplasmic regions of epithelial cells (Figure 1, a, b, f,
and g), which presumably are locations for mitochondria
and endoplasmic reticulum.46 Most of the normal ovaries
(79%, 11/14; Figure 1a), benign tumors (100%, 11/11),
and borderline tumors (78%, 21/27) showed positive

Bcl-2 immunoreactivity. Their average weighted scores,
which reflected both the staining intensity and the per-
centage of positive cells, were 4.2 6 1.2, 8.7 6 1.1, and
2.6 6 0.6, respectively (Table 1). However, Bcl-2 immu-
noreactivity was observed in only one-third (33%, 15/46)
of the malignant tumors examined and their average
weighted score was significantly decreased to 0.9 6 0.3.
Of the 20 grade I tumors examined, only 11 (30%)
showed Bcl-2 immunoreactivity (Figure 1f), and their av-
erage weighted score was 1.6 6 0.6. The expression of
Bcl-2 proteins was detected in only 3 (27%) of the 11
grade II tumors examined, and their weighted score was
reduced to 0.9 6 0.5. Only 1 of 15 grade III tumors (1/15,
7%) examined showed weak Bcl-2 immunoreactivity
(weighted score 5 1.3), and the remaining grade III
tumors (93%, 14/15) did not show any positive Bcl-2
immunoreactivity.

In contrast, fewer than half of the normal ovaries (43%,
6/14), benign tumors (18%, 2/11), and borderline tumors

Figure 1. Photomicrographs of sections taken from normal ovaries (a, c), grade III malignant ovarian tumors (d, e), and a grade I malignant ovarian tumor (f,
h), showing reciprocal immunoreactivities of Bcl-2 (a, d, f) and p53 (c, e, h). a: In the normal ovary, Bcl-2 is mainly localized in the surface epithelial cells (E)
with occasional staining in the stroma (S). b: Higher magnification of the box in a, showing that Bcl-2-immunoreactive products appear as orange to brown
granules in the cytoplasm of the surface epithelial cells. c: p53 immunoreactivity is not observed in both the surface epithelium and stroma of the normal ovary.
d: Bcl-2 immunoreactivity is not found in the invading epithelial cells (E) and the stroma (S) of a grade III malignant tumor, but (e) strong p53 immunoreactivity
is observed in the epithelial cells (E) of the grade III malignant tumor. f: In a section taken from a serous grade I malignant tumor, Bcl-2-positive cells are located
only in the histologically benign appearing epithelium (BN) but not in the epithelial cells of the borderline appearing (BOT) and malignant appearing (INV)
components or other epithelial regions of the tumor, whereas in a successive section (h), p53 immunoreactivity is observed in the epithelial cells of the malignant
(INV) and borderline (BOT) appearing components but not in the histologically benign epithelium (BN). g: Higher magnification of the box in f showing the Bcl-2
staining is mainly cytoplasmic. Stroma (S) is negative for both Bcl-2 and p53 staining in f and h. Counterstained with Mayer’s hematoxylin. Scale bars, 100 mm
(a, c-f, h), 30 mm (b), 12 mm (g).
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(19%, 5/27) examined showed positive p53 immunoreac-
tivity. Their staining was weak and their average weighted
scores were 0.3 6 0.1, 0.3 6 0.2, and 0.8 6 0.5, respec-
tively (Table 1). However, strong expression of p53 pro-
teins, which was found exclusively in the nucleus of the
epithelial cells (Figure 1, g and h), was found frequently in
54% (25/46) of the malignant ovarian tumors. More high
grade tumors, eg, grade III (60%, 9/15) and grade II
(64%, 7/11) tumors, exhibited positively (Figure 2d) than
low grade tumors (grade I: 45%, 9/20) tumors. Grade III
tumors had the highest average weighted score, ie, 6.3 6
1.5, followed by grade II tumors (5.0 6 01.7), whereas
grade I tumors had the lowest weighted score (2.4 6 0.8)
among the malignant tumors.

Correlation between Bcl-2 and p53 Expression
in Ovarian Tissues

The average weighted scores for Bcl-2 immunoreactivity
in normal ovaries and different types of ovarian tumors
were decreasing in the following order: benign . nor-
mal . borderline . grade I malignant . grade II malig-
nant . grade III malignant, while p53 nuclear staining
was increasing in almost the same order, ie, normal ,
benign , borderline , grade I malignant , grade II
malignant , grade III malignant, except that p53 expres-
sion in normal ovaries is weaker than that in benign
tumors (Figure 2). Statistical analyses did not reveal any
correlation between Bcl-2 and p53 expression in normal

Table 1. Correlation of Bcl-2 Expression, p53 Expression, and Apoptosis in Various Types of Human Ovarian Tissue

Ovarian
tissues

Sample
size

Bcl-2 average
weighted

score 6 SEM

p53 average
weighted

score 6 SEM

Average
apoptotic

index 6 SEM

Pearson correlation coefficient r
and P values

p53 vs. bcl-2
p53 vs.

apoptosis
bcl-2 vs.

apoptosis

Normal 14 4.2 6 1.2 0.3 6 0.1 0.2 6 0.1 r 5 20.026 r 5 0.441 r 5 0.191
P 5 0.940 P 5 0.174 P 5 0.573

Benign 11 8.7 6 1.1 0.3 6 0.2 0.1 6 0.0 r 5 0.044 r 5 0.413 r 5 0.358
P 5 0.897 P 5 0.207 P 5 0.280

Borderline 21 2.6 6 0.6 0.8 6 0.5 0.5 6 0.1 r 5 20.104 r 5 0.130 r 5 0.013
P 5 0.655 P 5 0.574 P 5 0.957

Malignant 46 0.9 6 0.3 4.3 6 0.8 0.6 6 0.1 r 5 20.320 r 5 0.511 r 5 20.227
*P 5 0.030 †P 5 0.0003 P 5 0.129

Grade I 20 1.6 6 0.6 2.4 6 0.8 0.3 6 0.1 r 5 20.343 r 5 0.400 r 5 20.159
P 5 0.139 P 5 0.080 P 5 0.504

Grade II 11 0.9 6 0.5 5.0 6 1.7 0.6 6 0.2 r 5 20.479 r 5 0.533 r 5 20.068
P 5 0.136 P 5 0.092 P 5 0.842

Grade III 15 0.1 6 0.1 6.3 6 1.5 0.9 6 0.2 r 5 0.274 r 5 0.529 r 5 0.0006
P 5 0.323 *P 5 0.043 P 5 0.998

All ovarian tissues were collected before the patients received treatments. The age of patients at diagnosis of malignant tumors ranged from 22 to
79 years (average, 52.84), and their average survival period was 20.98 months.

*Significant correlation, P , 0.05.
†Significant correlation, P , 0.01.

Figure 2. Line diagram plotted against the average weighted score for the
normal ovary and different types of ovarian tumors. The number in paren-
theses represents the sample number and the error bar represents the SEM.

Figure 3. Histogram showing average apoptotic indices for different types of
ovarian tissues. The number in parentheses represents the sample number
and the error bar represents the SEM. The inset figure shows a typical
apoptotic cell (arrow) in the surface epithelium of a borderline ovarian
tumor. Counterstained with Mayer’s hematoxylin. Scale bar, 30 mm.
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Table 2. PCR-SSCP and p53 Expression in Human Borderline and Malignant Ovarian Epithelial Cancers

Block no. Tissues
Age at diagnosis

(years)
Survival period

(months) Subtype* SSCP
p53 weighted

score

B16 Borderline 34 2† S None 0
B42 Borderline NA NA S None 0
B48 Borderline NA NA S None 0
B54 Borderline NA NA S None 0
B58 Borderline NA NA S None 0
354A Borderline 31 95† S None 0
373 Borderline 49 53 S None 0
405 Borderline 65 87† S None 0
427 Borderline 64 5 S None 0
454 Borderline 28 77† S None 0
474 Borderline 34 71† S None 0
B26 Borderline 23 18† M None 1
B47 Borderline NA NA M None 0
B59 Borderline NA NA M Intron 6 G.A 0
407 Borderline 79 62 M None 0
416 Borderline 40 27 M None 0
439 Borderline 51 NA M None 0
471 Borderline 43 65† M None 0
481 Borderline 35 NA M None 0
315A Malignant M 8(266) GGA.AGA 0

Grade I 63 10 Gly.Arg
473A Grade I 34 39 M None 7.5
479B Grade I 68 NA M None 0
524 Grade I 68 53 S None 0
558 Grade I 67 25 S 11(878) Insertion of AC 2
308 Grade II 44 122† S 8(273) CGT.CAT 12

Arg.His
336 Grade II 61 12† S None 0
357 Grade II 53 21 S 7(229) TGT.TAC 0

GT deletion
377 Grade II 75 12 S 7(248) CGG.GGG 12

Arg.Gly
440 Grade II 56 NA M None 0
478A Grade II 50 53 S 10(790) G.A silent 4
490B Grade II 62 6 S None 12
504A Grade II NA NA S 11(860) GAA.AAA 12

Glu.Iys
6(285) T.C

Ile.The
312 Grade III 50 48 S None 12
316 Grade III 54 36† E 7(245) GGC.AGC 12

Gly.Ser
317 Grade III 42 107† S None 12
319 Grade III 41 33 S 6(279) A.G 12

His.Arg
321A Grade III 66 44 S 8(525) G.A 12

Cys.Arg
324 Grade III 51 55 S 10(710) C.T 12

Arg.Cys
330 Grade III 58 10 S 6(195) ATC.ATT 0

Nonsense
334 Grade III 35 8 S 5(179) CAT.CGT 12

His.Arg
341 Grade III 48 24 S None 8
344 Grade III 56 17 S 9(645-645) CT del. 8

(truncation at 700-702
in exon 10)

345 Grade III 59 17 S None 0
349 Grade III 41 65 S None 0
351 Grade III 48 90 S 7(435) G.T 12

Gly.Val
358 Grade III 50 21 S 7(466) insertion of A 0
420 Grade III 79 15 S None 12
473 Grade III 34 39 M None 2
506A Grade III 55 18 S None 0
516 Grade III 48 14 S 10(790) G.A 0

silent (Arg)

NA, Data not available.
*S, serous; M, mucinous; E, endometrioid.
†Patient still alive.
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ovaries and in benign and borderline tumors (Table 1).
However, a significant inverse correlation (Table 1: two-
tailed, r 5 20.32, P 5 0.03, n 5 46) between bcl-2 and
p53 expression in malignant ovarian tumors was found,
indicating that high grade malignant ovarian tumors were
always associated with a weak bcl-2 and a strong p53
expression but in low grade tumors the reverse was
observed. Interestingly, of the 46 malignant tumors ex-
amined, only 6 (13%) exhibited both bcl-2 and p53 ex-
pression. In the tumors which showed both bcl-2 and p53
expression, the surface epithelial cells where bcl-2 ex-
pression was found did not have p53 expression,
whereas the invading epithelial cells expressing p53 did
not show bcl-2 expression (Figure 2), demonstrating the
reciprocity of these two types of protein expression in
malignant ovarian tumors.

PCR-SSCP Analysis

A total of 19 borderline ovarian tumors and 31 malignant
ovarian tumors (5 grade I, 8 grade II, and 18 grade III)
were used to analyze p53 mutation at exons 5–11 using
PCR-SSCP (Table 2). Only one (5%, 1/19) of the border-
line ovarian tumors examined showed p53 mutation,
whereas 17 of 31 malignant ovarian tumors (55%)
showed p53 gene mutation. The mutations were found in
2 of 5 (40%) grade I tumors, 5 of 8 (63%) grade II tumors,
and 10 of 18 (56%) grade III tumors examined (Table 2).
Of the 17 mutations detected in the malignant tumors, ten
mutations (59%) were missense, two (12%) were dele-
tion, two (12%) were insertion, two (12%) were silent, and
one (6%) was nonsense. However, 6 (37%, 7/19) tumor
samples which expressed p53 proteins did not show p53
mutation and of the 17 samples which showed p53 mu-
tation, 5 (29%) did not exhibit p53 expression (Table 2).
In other words, p53 expression was not necessarily
linked to p53 mutation.

Apoptosis in Human Ovarian Tissues

Positive cells for TUNEL were assessed according to
their staining and their cellular morphology characteristic
of apoptosis.43,47 The morphological features which were
considered to be typical to apoptosis were chromatin
condensation on the periphery of the nucleus, and a
heavily stained nucleus (Figure 3). The apoptotic indices,
which were defined as the mean percentage of apoptotic
cells, were low for the epithelial cells of normal ovaries
(0.2 6 0.1) and benign ovarian tumors (0.1 6 0.0; Table
1). Many of normal ovaries (57%, 8/14) and benign ovar-
ian tumors (73%, 8/11) did not even show any apoptotic
epithelial cells.

Specimens with apoptotic indices .1.0 were found
only in borderline and malignant tumors. The average
apoptotic indices for borderline and malignant tumors
increased to 0.5 6 0.1 and 0.6 6 0.1, respectively (Table
1). For all of the malignant ovarian tumors examined, high
grade tumors were associated with high average apopto-
tic indices (Figure 3). The average apoptotic index for
grade III tumors (0.9 6 0.2) was the highest, whereas the

apoptotic index was lowest for grade I tumors (0.3 6 0.1),
with that for grade II tumors having the intermediate index
value (0.6 6 0.2) among the malignant ovarian tumors
examined. Such a trend seemed to be similar to the
protein expression pattern of p53 found in malignant
ovarian tumors. Statistical analyses showed a significant
positive correlation between p53 expression and apopto-
sis (Table 1: two-tailed, r 5 0.511, P 5 0.0003, n 5 46),
suggesting that p53 expression may be important to
apoptosis during ovarian carcinogenesis. However, no
correlation was found between the apoptotic index and
Bcl-2 protein expression in any of the malignant ovarian
tumors examined.

Discussion

Immunohistochemical results of the present study
showed that an accumulation of p53 proteins was exclu-
sively found in malignant ovarian tumors, rare in border-
line ovarian tumors and absent in normal ovaries and
benign tumors. This finding was in line with previous
studies that p53 expression was common in malignant
ovarian tumors but rare in normal ovaries and benign and
borderline ovarian tumors.48,49 Among malignant ovarian
tumors, p53 expression was more prevalent in high grade
tumors than in low grade tumors, implicating a possible
association of p53 expression with malignancy of ovarian
cancers. Interestingly, the expression pattern of bcl-2
appeared to change in a direction opposite to that of p53
expression. Bcl-2 immunoreactivity was much stronger in
the epithelial cells of normal ovaries and benign and
borderline epithelial tumors than malignant ovarian epi-
thelial tumors. Among the malignant tumors, strongest
Bcl-2 immunoreactivity was detected in grade I tumors,
whereas grade II and grade III malignant tumors showed
moderate immunoreactivities. An inverse correlation was
found between the expression of Bcl-2 and p53 proteins
in malignant ovarian tumors. Similar bidirectional
changes of protein expression patterns of bcl-2 and p53
were also observed by Henriksen et al41 and Diebold et
al,49 although Diebold et al failed to reveal any correlation
between the expression of these two proteins. In addition,
our results also showed that within the same single tumor,
p53 and bcl-2 were expressed in an opposite direction in
54% (25/46) of the malignant tumors examined. For in-
stance, when p53 expression was detected, bcl-2 ex-
pression was either absent or much reduced in the same
tumor, while in other cases when bcl-2 was highly ex-
pressed, p53 expression was greatly reduced. In cases
where both bcl-2 and p53 expressions were found in the
same tumor, p53 expression was exclusively found in the
invading epithelial cells where Bcl-2 immunoreactivities
were negative or much reduced, while Bcl-2-positive
cells were found only in the surface or cystic ovarian
epithelial cells which were p53-negative. These observa-
tions clearly demonstrated that the protein expression
patterns of p53 and bcl-2 were negatively correlated
during ovarian carcinogenesis. Miyashita et al50 identi-
fied a p53-regulating domain present in the 59 untrans-
lated region of bcl-2 gene which was able to inhibit bcl-2
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expression. Moreover, Haldar et al51 showed that over-
expression of mutant p53 in breast cancer cell line
(MCF-7) could induce down-regulation of bcl-2 both at
protein and mRNA levels. Together with the findings ob-
tained in the present study, it is speculated that down-
regulation of bcl-2 expression may be a result of the
inhibitory effect of p53 expression on bcl-2 during ovarian
carcinogenesis.

Mutation of p53 during carcinogenesis may lead to an
increased stability of the originally unstable p53 proteins,
and p53 protein accumulation has been interpreted as a
result of p53 gene mutation in some studies.52–54 How-
ever, when Waggoner et al55 examined p53 expression
by immunohistochemistry and gene mutation by PCR-
SSCP in clear cell adenocarcinomas of the cervix and
vagina, they found that no tumors with positive p53 im-
munoreactivities had p53 gene mutation, indicating that
p53 mutation may not necessarily be causing accumula-
tion of p53 proteins. This finding also demonstrated the
presence of wild-type p53 protein accumulation in tumor
tissues. In the present study, both p53 expression and
mutation are rarely seen in borderline tumors, supporting
our previous observations56 that p53 gene is not impor-
tant in the pathogenesis of borderline ovarian tumors.
However, more than half of the malignant ovarian tumors
examined showed either expression of p53 proteins or
p53 mutation as detected by PCR-SSCP. Among those
malignant tumors that showed expression of p53 pro-
teins, 37% did not have p53 mutation, whereas 29% of
the malignant tumors without p53 expression however did
show p53 mutation. In other words, although p53 expres-
sion and mutation are both commonly found in malignant
ovarian tumors, the two events do not have a good cor-
relation. Because the antibody used in the present study
detected both the wild-type and mutant form of p53 pro-
teins, strong immunoreactivities in tumors without SSCP
abnormalities may indicate an accumulation of wild-type
p53 proteins in the tumor, although mutations occurring
in other coding regions of the p53 protein can still be
possible.

Apoptosis was analyzed in the present study by in situ
terminal transferase-mediated dUTP nick end labeling
(TUNEL) and was semiquantified by the apoptotic index.
It was found that in the surface epithelium of normal
human ovaries and benign tumors, only a small number
of apoptotic cells were found to scatter among surface
epithelial cells, reflecting either the rapidity of apoptosis
or low apoptotic activity in these two types of ovarian
tissues. Borderline tumors and grade I tumors exhibited a
slightly greater average apoptotic index, and apoptotic
cells were most frequently seen in grade II and grade III
malignant tumors, as indicated by the highest apoptotic
indices among all of the ovarian samples examined.
Diebold et al49 reported similar observations that apopto-
sis was particularly prominent in high grade tumors, sug-
gesting that although malignant tumors show high prolif-
erative activity, relatively high apoptotic activity
counteracts, leading to high cellular turnover in these
tumors. When the proliferative activity of the malignant
tumors exceeds apoptotic cell death, an accumulation of
tumor cells results. Our present study showed a strong

positive correlation between apoptosis and p53 expres-
sion, indicating the apoptotic activities that occur during
ovarian carcinogenesis are mostly p53-related. Similar
p53-dependent apoptotic activities have also been ob-
served in other types of tumors.57,58 On the contrary, our
results showed no correlation between apoptosis and
protein expression of bcl-2, despite the fact that the bcl-2
oncogene was the first gene shown to be involved in
apoptosis. Many studies, however, have already sug-
gested that bcl-2 may also have other functions in tissue
differentiation and development, apart from being a re-
pressor of apoptosis. For instance, the expression of
bcl-2 in some neuronal populations beyond the recog-
nized period of cell death43,59 and its localization to a
wide spectrum of early developing tissues60,61 suggest
that bcl-2 may not be simply protecting cells from death,
but may also have other roles to play. In the present
study, it was found that Bcl-2 immunopositivity was found
frequently in the surface epithelial cells of normal human
ovaries. Other normal tissues, such as hematopoietic
progenitor cells, hormone-responsive organs,19,60 and
several epithelial tissues in which cells are self-renewing
or proliferating62 also show bcl-2 protein expression. The
exact function of bcl-2 in normal human ovarian surface
epithelial cells has yet to be revealed. It is proposed
that bcl-2 may be important in maintaining the normal
physiological functioning and integrity of the surface
epithelium in the ovulating ovary, where the epithelium
undergoes a continuous cycle of rupture and repair.
Down-regulation of Bcl-2 protein may thus disrupt the
normal physiology of the normal ovarian epithelium, re-
sulting in abnormal or even malignant changes.

To recapitulate, our observations demonstrated a sig-
nificant inverse correlation between bcl-2 expression and
p53 protein accumulation in malignant ovarian tumors. A
similar relationship has also been found in various types
of human cancer tissues, suggesting that various types of
human malignancies may share a common pathway of
carcinogenesis in which Bcl-2 and p53 proteins are in-
volved. However, p53 gene mutation was not a prereq-
uisite for the expression of p53 in the malignant ovarian
tumor tissues. Our results also showed that despite the
fact that apoptosis is regulated by both Bcl-2 and p53
proteins in some neoplastic cells,63–65 a positive corre-
lation was found only between apoptosis and p53 protein
expression, not between apoptosis and bcl-2 expression.
The Bcl-2 protein, apart from its inhibiting activity in ap-
optosis, might also play roles in normal functioning of the
normal ovaries’ surface epithelium, which is presumably
lost during ovarian carcinogenesis.
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