
Summary. Background. The expression of p53 has been
studied not only in primary human ovarian carcinomas,
but also in borderline ovarian tumors, however, the
results were discordant. Expression patterns of proteins
involved in cell proliferation and apoptosis have been
investigated in various human neoplasms, including
female genital tract neoplasms.

Objective. The aim of this investigation was to
assess the staining pattern and immunolocalization of
p53 and selected proliferative markers (Ki-67, MCM3,
PCNA, and topoisomerase IIα) in borderline ovarian
tumors (BOTs). 

Design. The study group consisted of 42 women
who underwent pelvic surgery between 2006-2015. The
median patients’ age was 46 years. The immuno-
peroxidase technique was employed using antibodies
against p53, Ki-67, MCM3, PCNA, and topoisomerase
IIα. 

Results. For p53, nuclear expression was observed in
BOTs, however, cytoplasmatic immunoreactivity was
also detected. Altogether, 25 (60%) tumors demonstrated
positive p53 immunostaining, including overexpression
found in 6 (14%). There were no significant differences
in p53 expression between subgroups of clinico-
pathological variables. Immunoexpression of Ki-67,
MCM3, PCNA, and topoisomerase IIα was nuclear. Ki-
67 expression was positive in 12 (29%) cases and there

was a trend towards a relationship between patients’ age
and Ki-67 staining (P=0.08). Interestingly, a
significantly higher Ki-67 expression was found in
tumors of ≥10 cm in diameter compared to smaller
tumors (P=0.008). MCM3 expression was detected in 38
(90%) tumors, and PCNA expression in 28 (67%), yet
none of clinico-pathological factors was related to them.
Topoisomerase IIα expression was present in 14 (33%)
cases and, interestingly, its significantly higher
expression was observed in BOTs of ≥10 cm in diameter
compared to smaller tumors (P=0.008). Moreover,
Spearman’s correlation revealed highly significant
positive associations between Ki-67 and topoisomerase
IIα (R=0.403, P=0.008) and Ki-67 and MCM3
(R=0.469, P=0.001). 

Conclusions. We report a high positive
immunostaining rate for p53, suggesting a role of TP53
alterations in the development of BOTs in humans. The
new finding of higher topoisomerase IIα immuno-
staining positivity in BOTs of ≥10 cm may be clinically
relevant and requires further studies on larger patient
groups.
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Introduction

Borderline ovarian tumors (BOTs) were first
described by Taylor in 1929 and were named
“semimalignant tumors of the ovary” or ovarian tumors
of low malignant potential (Taylor, 1929; Prat, 1999;
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Morice et al., 2012). In general, approximately 15-20%
of all primary ovarian malignancies are BOTs and, based
on literature review, their incidence has been gradually
increasing during the last decades compared with a
slightly decreasing incidence of primary human ovarian
carcinomas (Bjørge et al., 1997; Skirmisdottir et al.,
2008). BOTs markedly differ from ovarian carcinomas
in several clinico-pathological variables, including
proportional distribution of different histological
subtypes, patients’ age, rate of implicated infertility, as
well as frequency of BRCA mutations (Fischerova et al.,
2012; Seong et al., 2015). Although the overall survival
of women affected by BOTs is excellent, there is a
limited number of patients suffering from more
aggressive forms of the disease (with invasive implants)
whose outcome has not been satisfactory yet (Hart,
2005; McCluggage, 2010; Fischerova et al., 2012).

The tumor suppressor gene TP53, named “the
guardian of the genome”, is located on the short arm of
human chromosome 17 in region 17p13.1 and encodes a
53 kDa protein, known as p53 (Balint and Vousden,
2001; Hayat, 2002). This gene has been extensively
studied in a variety of female genital tract neoplasms,
and its prognostic impact on patients’ survival has been
reported (Skirmisdottir and Seidal, 2001; Matias-Guiu
and Davidson, 2014; Semczuk et al., 2014). Mutations of
TP53 as well as p53 expression have been previously
investigated in primary human BOTs, but the results are
inconsistent (Kupryjanczyk et al., 1995; Lee et al., 1995;
Gershenson et al., 1999; Miliaras, 1999; Nielsen et al.,
2004; Vereczkey et al. 2011; Giurgea et al., 2012; Ozer
et al., 2012; Sylvia et al., 2012; Gajewska et al., 2014).
For example, Gershenson et al. (1999) reported that p53
overexpression was significantly associated with an
increased probability of progression/recurrence and a
decreased overall survival of patients affected by the
advanced-stage serous BOTs. On the contrary, in another
study, p53 overexpression was not associated with
decreased survival of BOT patients (Nielsen et al.,
2004).

Assessment of tumor proliferative activity is widely
applied to determine growth fraction of investigated cell
populations (Yaziji and Gown, 2001; McCluggage,
2006; Deavers, 2008). In gynecologic pathology, Ki-67
protein and Proliferative Nuclear Cell Antigen (PCNA)
are harnessed most frequently for this purpose (Hayat,
2002; McCluggage, 2006). Generally, employment of
immunohistochemical methods is a simple and reliable
procedure for studying cell proliferation, especially in
archival, paraffin-embedded slides. Few reports
evaluated the expression of various proliferative
markers, especially Ki-67, in BOTs (Kohlberger et al.,
1997; Kuhn et al., 1998; Liu et al., 2002; Gursan et al.,
2009; Giurgea et al., 2012; Sylvia et al., 2012). 

This situation prompted us to evaluate the
immunostaining pattern of p53 and selected proliferative
markers /Ki-67, DNA replication licensing factor:
minichromosome maintenance 3 (MCM3), PCNA, and
topoisomerase IIα/ in a group of women affected by

BOT, and to relate their expression to clinical and
pathological variables. Our working hypothesis was that
proliferative markers other than Ki-67 may also be
applied in the histochemical evaluation of primary
human BOTs. 
Materials and methods

Patients

The study group consisted of a retrospective cohort
of 42 unselected Caucasian women undergoing pelvic
surgery for ovarian mass at the Lublin Medical
University, Lublin, Poland in years 2006-2015, whose
postoperative anatomopathological result was BOT. The
median patient age was 46 years (range: 27-80 years).
Thirty (71%) patients were premenopausal and 12 (29%)
were postmenopausal. Three women (7%) were pregnant
at the time of surgery (their median age: 30 years; range
28-37 years). Premenopausal patients with unilateral
tumors wishing to preserve their fertility underwent
salpingo-oophorectomy. Other patients underwent
explorative laparotomy with the goal of maximum
surgical debulking. The clinical stage of the disease was
determined based on modified FIGO classification
(Berek et al., 2015). The clinico-pathological
characteristic of the study group is presented in Table 1.
None of these patients received chemotherapy,
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Table 1. Clinico-pathological characteristics of 42 women with BOTs. 

Characteristics n %

Age (years) 
< 30 6 14
30-50 24 57
> 50 12 29

Hormonal status
Premenopausal 30 71 
Postmenopausal 12 29

FIGO stage 
I 40 95
II-IV 2 5

Histopathologic type
Serous 22 52
Mucinous 18 43
Endometrioid 2 5

Tumor structure
Unilocular cystic 23 55
Multilocular septate 19 45

Tumor size (cm)
<10 27 64
≥10 15 36

Coexistence of cancer
No 35 83
Yes 7 17

Tumor infiltration
No 31 74
Yes 11 26



radiotherapy or any hormonal treatment before surgery.
The histologic type of the tumor was confirmed by
reviewing the hematoxylin/eosin stained slides by a
highly-experienced pathologist (D.L.) and the diagnosis
criteria of the World Health Organization classification
were applied (Tavassoli and Devilee, 2003). 
Immunohistochemistry

Serial 4-µm sections were cut from paraffin-
embedded slides. Formalin-fixed, paraffin-embedded
slides were dewaxed and rehydrated through a graded
series of ethanol solutions, followed by antigen retrieval
in EnVision® Target Retrieval Solution (DAKO, North
America Inc., CA, USA) at low (p53, Ki-67, PCNA, and
topoisomerase IIα) or high (MCM3) pH. To block the

endogenous peroxidase activity, the sections were
incubated with 0.3% hydrogen peroxide for 5 min at
room temperature. After washing in a DAKO buffer, the
sections were immunostained with monoclonal
antibodies, applying the conditions given in Table 2. The
immunoperoxidase technique was employed based on
the DAKO procedure (DAKO, North America Inc., CA,
USA). Binding was visualized by incubating sections
with DAB (3,3’’-diaminobenzidine) (DAKO, Glostrup,
Denmark). A hematoxylin counterstain was used, and
coverslips were applied. Appropriate controls were
included in each experiment. 
Evaluation of immunostaining

All the slides were independently evaluated as a
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Table 2. Immunostaining procedures applied. 

Antibody Clone Antibody retrieval Dilution Incubation

p53 DO-7 EnVision Target Retrieval Solution, low Ph 1:25 room temperature
Ki-67 MIB-1 EnVision Target Retrieval Solution, low pH 1:50 room temperature
MCM3 101 EnVision Target Retrieval Solution, high pH 1:25 room temperature
PCNA PC10 EnVision Target Retrieval Solution, low pH 1:1000 room temperature
Topoizomerase IIα Ki-S1 EnVision Target Retrieval Solution, low pH 1:50 room temperature

Table 3. Ki-67 expression pattern in BOTs. 

Characteristics n Ki-67 expression P-value
Negative n (%) Positive n (%)

Age (years) 
< 30 6 2 (33) 4 (67)
30–50 24 19 (79) 5 (21) P=0.08 
> 50 12 6 (75) 3 (25)

Hormonal status 
Premenopausal 30 21 (70) 9 (30)
Postmenopausal 12 9 (75) 3 (25) P=1.0 

FIGO stage 
I 40 28 (70) 12 (30)
II-IV 2 0 2 (100) P=1.0 

Histopathologic type 
Serous 22 19 (86) 3 (14) 
Mucinous 18 10 (56) 8 (44) P=0.079 
Endometrioid 2 1 (50) 1 (50) 

Tumor structure 
Unilocular cystic 23 16 (69.5) 7 (30.5)
Multilocular septate 19 14 (74) 5 (26) P=1.0 

Tumor size (cm) 
< 10 27 22 (81) 5 (19)
≥ 10 15 8 (53) 7 (47) P=0.008 

Coexistence of cancer with BOT 
No 35 25 (71) 10 (29)
Yes 7 5 (71) 2 (29) P=1.0 

Tumor infiltration 
No 31 21 (68) 10 (32)
Yes 11 9 (82) 2 (18) P=0.464 

Table 4. Topoizomerase IIα expression pattern in BOTs. 

Characteristics n Topoizomerase IIα P-value
expression n (%)

Age (years) 
< 30 6 1 (17)
30-50 24 7 (29) P=0.047 
>50 12 8 (67)

Hormonal status 
Premenopausal 30 8 (27)
Postmenopausal 12 8 (67) P=0.032 

FIGO stage 
I 40 15 (37)
II-IV 2 1 (50) P=1.0 

Histopathologic type 
Serous 22 6 (27)
Mucinous 18 9 (50) P=0.318 
Endometrioid 2 1 (50)

Tumor structure 
Unilocular cystic 23 11 (48)
Multilocular septate 19 5 (26) P=0.208 

Tumor size (cm) 
<10 27 6 (22)
≥10 15 10 (67) P=0.008 

Coexistence of cancer with BOT 
No 35 9 (26)
Yes 7 2 (29) P=1.0 

Tumor infiltration 
No 31 11 (35)
Yes 11 5 (45) P=0.720 



consensus score by two scientists (D.L. and A.S.), who
were blinded to the clinical data during scoring. For p53
immunoreactivity, the interpretation of the staining was
based on the score by Gershenson et al. (1999) where
sections were considered negative when the percentage
of tumor cell nuclei staining was ≤5%. Ki-67 was
analyzed independently in each tumor slide as
previously reported by Semczuk et al. (2001). A given
case was considered positive when tumor cells showed
nuclear immunoreactivity of >10%. For the other
proliferative markers, we applied previously introduced
staining scores: by Nodin et al. (2012) for MCM3, by
Guo et al. (1993) for PCNA, and by Bar et al. (2012) for
topoisomerase IIα. 
Statistical analysis

In the analysis for statistical differences, Pearson’s
χ2 and Fisher’s exact tests were applied. Moreover,
Kolmogorow-Smirnow and Shapiro-Wilk tests were
used to test for the normalcy of distribution of the
variables. The majority of them demonstrated
distributions different from a normal distribution.
Consequently, to verify possible relationships,
Spearman’s rank correlation coefficient was used. Data
were analyzed using the software package SPSS,
version 12.0 for Windows (StatSoft Inc., Tulsa, OK,
USA). P-values <0.05 were considered statistically
significant. 
Results

In the current study, 42 cases of BOTs were analyzed
for the relationships between clinico-pathological
features and protein (p53, Ki-67, MCM3, PCNA, and
topoisomerase IIα) immunoreactivity. 
p53 expression in BOTs

Most of the time, nuclear p53 expression was
observed (Fig. 1A,B), however, cytoplasmatic

immunoreactivity was also detected in some cases (data
not shown). Altogether, 25 (60%) cases showed positive
(>5% of positively-stained tumor cell nuclei)
immunostaining for p53, including 6 (14%) cases
demonstrating protein overexpression (>75% of
positively-stained tumor cell nuclei). There were no
significant correlations between the p53 expression and
clinico-pathological variables, including patients’ age,
clinical stage, histological type, or tumor size. There was
no difference in BOT p53 expression between pregnant
and non-pregnant women (P>0.05). 
Expression of selected proliferative markers in BOTs

Nuclear Ki-67 expression was present in 12 (29%)
cases. Examples of the staining pattern of Ki-67 antigen
are shown in Fig. 1C,D. A negative correlation was
found between Ki-67 immunoreactivity and patients’ age
(P=0.048, R=-0.307). Interestingly, a significantly higher
Ki-67 expression was found in tumors of ≥10 cm in
diameter compared to smaller tumors (P=0.008). Nuclear
MCM3 expression was detected in 38 (90%) cases (Fig.
1E,F). There was a trend towards a higher MCM3
expression in women of ≤50 years of age when
compared to older patients (P=0.063). No significant
correlation between MCM3 expression and other
clinico-pathological features of BOTs was found. PCNA
expression was demonstrated in 28 (67%) tumors and
the immunostaining was solely nuclear; examples of the
PCNA expression in BOTs are shown in Fig. 1G,H.
None of clinico-pathological parameters were related to
the expression of this marker. Nuclear topoisomerase IIα
immunoreactivity was analyzed according to the criteria
by Bar et al. (2012), where expression present in >10%
of the cells was considered positive. Sixteen cases (38%)
showed such increased immunoreactivity (Fig. 1I,J).
Numerical relationships between the protein’s reactivity
and clinico-pathological parameters are summarized in
Table 4. Interestingly, a significant association existed
between the marker’s expression and patients’ age and
hormonal status. Moreover, a significantly higher
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Table 5. Correlations between p53 expression and selected proliferative markers immunoreactivity in 42 cases of BOTs.

p53 Topoizomerase Iiα MCM3 Ki-67 PCNA

p53 R=0.046 R=-0.066 R=-0.087 R=0.082
P=0.772 P=0.676 P=0.579 P=0.605

Topoizomerase IIα R=0.046 R=0.295 R=0.403 R=-0.259
P=0.772 P=0.058 P=0.008 P=0.098

MCM3 R=-0.066 R=0.295 R=0.469 R=0.117 
P=0.676 P=0.058 P=0.002 P=0.461 

Ki-67 R=-0.087 R=0.403 R=0.469 R=0.203 
P=0.579 P=0.008 P=0.002 P=0.197 

PCNA R=0.082 R=-0.259 R=0.117 R=0.203 
P=0.605 P=0.098 P=0.461 P=0.197 

Spearman’s rank correlation coefficient.
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Fig. 1. Examples of the expression patterns of p53 (A, positive staining; B, negative staining) and proliferative markers: Ki-67 (C, positive staining; D,
negative staining), MCM3 (E, positive staining; F, negative staining). A, C, E, x 200; B, D, F, x 100.



expression was observed in BOTs of ≥10 cm in diameter
compared to smaller tumors. There was no difference
observed in immunoreactivity of the proliferative
markers between pregnant and non-pregnant women
(P>0.05). 
Correlation between p53 and selected proliferative
markers in BOTs

Table 5 presents the correlation study between p53
and selected proliferative markers in the whole group of
42 patients. Highly significant positive correlations
between Ki-67 and topoisomerase IIα and Ki-67 and
MCM3 were established. The association between
topoisomerase IIα and MCM3 was of marginal
significance (P=0.058). 

Discussion 

Expression patterns of proteins involved in cell
proliferation and apoptosis have been widely studied in
various human neoplasms, including female genital tract
carcinomas (McCluggage and Young, 2005; Deavers,
2008). The expression of p53 has been studied not only
in ovarian carcinomas, but also in BOTs, however, the
results were discordant. Furthermore, it is commonly
accepted that BOTs exhibit an intermediate p53
expression pattern between benign and malignant
ovarian tumors (Klemi et al., 1994; Halperin et al., 2001;
Giordano et al., 2008; Gursan et al., 2009; Marinas et al.,
2012; Sylvia et al., 2012). 

In the current work, we aimed at investigating the
simultaneous expressions of p53 and selected
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Fig. 1. Examples of the expression patterns of p53. PCNA (G, positive staining; H, negative staining) and topoisomerase IIα (I, positive staining; J,
negative staining) in BOTs. G-I, x 200; J, x 100.



proliferative markers /Ki-67, MCM3, PCNA, and
topoisomerase IIα/ in a cohort of women affected by
BOTs. Our data revealed a high (60%) expression
pattern of p53 in BOTs, although only 14% of cases
showed overexpression. In the literature, divergent
results are reported (Table 6). Due to their relative rarity,
research on BOTs suffers from a limited number of
observations, the largest one consisting of 85 cases
(Nielsen et al., 2004). On the one hand, several papers
reported on the lack of p53 expression in BOTs
(Kohlberger et al., 1997; Halperin et al., 2001; Gursan et
al., 2009). p53 expression has not been considered a
prominent feature of early-stage BOTs (Berchuck et al.,
1994). In the Nielsen study (2004), 20% of BOT
samples expressed p53, and similar percentages were
also published by Gershenson et al. (1999), Fauvet et al.
(2005), and by Sylvia et al. (2012). On the other hand,
results in line with ours were previously published by
Turkish authors who reported a p53-positive staining
ratio of 68% (Aktas et al., 2012). In one study, as many
as 94% of cases investigated were reported as p53-
positive (Gajewska et al., 2014). These apparent
divergences may be attributed to tumor heterogeneity,
marked differences in immunohistochemistry methods,
as well as interpretative data. Moreover, as suggested by
Nielsen et al. (2004), prolonged storage of paraffin-
embedded slides may result in obtaining different scores
compared to slides evaluated immediately after
preparation. Finally, differences in semi-quantification of
p53 expression (assessment of both percentage of
positive cells and signal intensity, or only one of the
two) may explain varied outcomes. 

Presently, no significant differences between
subgroups of clinico-pathological parameters with
regard to the p53 immunostaining were observed, in

agreement with other authors (Kupryjanczyk et al.,
1995; Darai et al., 1998; Marinas et al., 2012). Similarly
to our results, no substantial difference in p53 expression
between serous and mucinous BOTs was observed by
Fauvet et al. (2005). Interestingly, these investigators
finally suggested that “p53 could be a common feature
of both mucinous and serous borderline ovarian
tumours” (Fauvet et al., 2005). 

As for the data on the expression of proliferative
markers, a significant negative correlation was found
between Ki-67 immunoreactivity and patients’ age,
suggesting a higher biological potential of BOTs in
younger patients. Earlier, marked differences in Ki-67
expression were found between primary human ovarian
carcinomas and BOTs, and between BOTs and benign
ovarian tumors (Garzetti et al., 1995; Halperin et al.,
2001; Gursan et al., 2009; Giurgea et al., 2012; Sylvia et
al., 2012). Based on immunohistochemistry, Halperin et
al. (2001) suggested that BOTs had much more in
common with benign serous ovarian tumors than serous
papillary ovarian carcinomas. It is assumed that
assessment of Ki-67 and PCNA expression patterns may
be one of the immunohistochemical methods
differentiating benign/borderline tumors from malignant
ovarian neoplasms (Frigerio et al., 1997; Nakayama et
al., 2003; Zagorianakou et al., 2004).

There are also data showing that serous BOTs have a
significantly lower apoptotic index and higher
proliferative index than mucinous ones (Liu et al., 2002).
Somewhat similar results were presented for ovarian
carcinomas, where serous tumors revealed a high Ki-67
proliferation index (55%), followed by endometrioid
(50%) and mucinous histotypes (26%) (Sylvia et al.,
2012). Two of 15 (13%) BOTs expressed Ki-67, and
both of these tumors were of serous type, in the work by
Giurgea et al. (2012). In our study, however, there were
no differences in Ki-67 expression between histologic
types of BOTs. 

In the present work, topoisomerase IIα staining
increased with patients’ age and, interestingly, a higher
expression was noted for BOTs of ≥10 cm in diameter
compared to smaller tumors. These observations are
entirely new. The association of topoisomerase IIα
expression with advanced clinical stage may reflect a
highly progressive growth of platinum-resistant ovarian
cancers and unfavorable prognosis for the patient
(Ferrandina et al., 2008). Moreover, topoisomerase
IIα/p53 immunopositive ovarian carcinomas tend to be
associated with advanced stage and histologic grade (Bar
et al., 2012). In the van der Zee study (van der Zee et al.,
1991), topoisomerase IIα expression was higher in
malignant ovarian tumors compared to benign and
borderline ones. These authors suggested that “topo IIα
activity might help in the future to select the proper
treatment for the individual patient” (van der Zee et al.,
1991). Significant correlations between the expression of
proliferative markers Ki-67, topoisomerase IIα and
MCM3 found in the current study support the temporary
conclusion of interchangeable application of these
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Table 6. Expression of p53 in BOTs reported in the literature
(chronological order).

Authors No of patients No of p53-positive cases (%)

Berchuck et al., 1994 49 2 (4)
Klemi et al., 1994 10 1 (10)
Kupryjanczyk et al., 1995 12 8 (66)
Lee et al., 1995 17 3 (18)
Kohlberger et al., 1997 46 0
Kuhn et al., 1998 54 5 (9)
Gershenson et al., 1999 68 13 (19)
Miliaras, 1999 13 0
Halperin et al., 2001 20 0
Nielsen et al., 2004 85 17 (20)
Fauvet et al., 2005 34 9 (26)
Gursan et al., 2009 10 0
Aktas et al., 2012 44 30 (68)
Giurgea et al., 2012 15 1 (7)
Ozer et al., 2012 16 not reported 
Marinas et al., 2012 4 1 (25)
Sylvia et al., 2012 10 2 (20)
Gajewska et al., 2014 16 15 (94)
Present study 42 25 (60)



markers for BOT evaluation and are in line with our
working hypothesis. A question to be addressed by
future research is: which of the three markers is best
suited for this role? 

In conclusion, we report a high p53 expression in
BOTs, suggesting a role of TP53 alterations in the
development of these tumors in humans. p53 staining
was not related to clinical or pathological variables of
BOTs. Significant correlations between Ki-67 and
MCM3 and PCNA expression patterns in BOTs were
established. A substantially higher expression of
topoisomerase IIα was noted in large (>10 cm in
diameter) BOTs compared to smaller ones, an
observation which may be clinically relevant and
requires further studies on larger patient populations. 
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