
Summary. Decreased expression of p16 may result from
hypermethylation of the promoter or from deletion of the
gene. It can lead to intensified proliferation of neoplastic
cells and to cytostatic drug resistance. The study was
aimed at the examination of prognostic value of p16
expression in relation to Ki67 and caspase-3 in ovarian
cancers using immunohistochemistry. The immuno-
histochemical studies were performed on 73 paraffin-
embedded samples of ovarian cancers from 43 patients
and samples from 6 healthy ovaries. We have used
monoclonal antibodies against p16. ABC method and
DAB were used for antigens visualisation. The intensity
of the immunohistochemical reactions was appraised
using the semi-quantitative IRS scale. In healthy ovaries
we have shown strong reaction in the nuclei of surface
epithelium. In the case of studied ovarian cancers, the
reaction of a nuclear and cytoplasmic localization was
obtained. The mean overall immunoreactivity score of
nuclear p16 expression amounted to 5.30±3.44 SD in
primary laparotomy material and 6.61±4.34 SD in
secondary cytoreduction material. Statistical analysis
demonstrated that lower p16 expression was typical of
the younger patients and the patients who died. Kaplan-
Meier’s analysis proved that lower expression of p16
was characteristic of cases with shorter overall survival.
In the present study we have demonstrated that lowered
p16 expression represented an unfavourable prognostic
index in ovarian cancer. Lowered p16 expression was
also typical for chemotherapy-resistant ceases (cases of
lower caspase-3 and higher Ki67 at secondary
cytoreduction expression).
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Introduction

Malignant tumors of the ovary present one of the
most difficult problems in gynaecologic oncology. In
West and North Europe as well as in the United States
ovarian cancer ranks fifth in incidence of all malignant
tumors in females. Incidence of ovarian cancer in
European Union is estimated at 12 to 17 new cases per
100.000 inhabitants annually, which corresponds to
27.000 to 30.000 new cases annually. Throughout the
world, and in highly industrialized countries in
particular, a continuous increase is observed in incidence
of the tumor (Holschneider and Berek, 2000; Stewart
and Kleihues, 2003; Cannistra, 2004).

Only around 35% patients with ovarian cancer
survive 5 years without signs of the disease and the
results of treatment have not clearly improved in the last
30 years. The poor results of therapy reflect first of all
the low proportion of cancers diagnosed in I stage of
advancement according to FIGO, due to location of the
tumor and, hence, late development of clinical signs.
Around 75% of cases are diagnosed at III and IV stages
of clinical advancement according to FIGO. In such
advanced cases only around 20% patients survive 5
years. Despite introduction of new cytostatic drugs, such
as paclitaxel or topotecan, the proportion of patients
surviving 5 years has not changed in the last 20 years
(Holschneider and Berek, 2000; Stewart and Kleihues,
2003; Cannistra, 2004). The principal cause of failure in
treatment of ovarian cancer involves resistance of
neoplastic cells to chemotherapy (Gottesman, 2002).

For several years in centres all over the world
studies have continued aimed at the discovery of new
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prognostic and predictive indices in ovarian cancer. Until
now, however, only such classical prognostic indices as
degree of clinical advancement according to FIGO or
radical character of cytoreduction during the operative
procedure carry practical significance and high
prognostic value. However, cases of the same
advancement are frequently noted to demonstrate
distinct clinical courses and to manifest different
sensitivity to chemotherapy. Therefore, studies on
ovarian cancer are focused on two principal problems:
the search for new markers which would permit
screening studies for early detection of the disease, and
the search for new prognostic and predictive parameters
in order to select cases of a more aggressive course
among cases of similar clinical traits and/or cases with
exponents of resistance or sensitivity to individual
cytostatic drugs, which would permit individualised
approach to the chemotherapy. 

In either of the contexts, studies on the p16-
cyclinD1/CDK4-pRb pathway (G1 pathway) seem
particularly interesting. In ovarian cancers disturbances
in the system remain poorly recognised. Decreased
expression of p16 may be typical for ovarian cancers of
a more aggressive course (Kudoh et al., 2002;
Hashiguchi et al., 2004; Katsaros et al., 2004). However,
other authors failed to confirm it (Sui et al., 2000).
Decreased expression of p16 is typical of ovarian cancer
cells with higher proliferative potential (Ohtani et al.,
2004). A few reports have described the relationship
between disturbances in the G1 pathway and resistance
of ovarian cancer to chemotherapy (Kusume et al., 1999;
Kudoh et al., 2002). Another important aspect involves
the fact that expression of p16 in ovarian cancers is
lowered, i.a., under effect of methylation of p16 gene
promoter (Ryan et al., 1998; Katsaros et al., 2004;
Makaria et al., 2005). Considering the fact that
hypermethylation of p16 gene promoter plays a
significant role in pathogenesis of numerous tumors
(Esteller, 2005), it could also be typical for a proportion
of ovarian cancers. A potential exists for detection of
hypermethylation of gene promoters patients’ blood
(Fiegl et al., 2005), in order to detect the early presence
of tumors or to monitor the course of the disease, the
latter being particularly significant in ovarian cancers.

The present study was aimed at immunohisto-
chemical examination of p16 expression in relation to
Ki67, caspase-3 and clinical and pathological variables
in 73 samples of ovarian cancers, originating from
patients post-operatively treated with chemotherapy
protocols based on platinum analogues. 

Material and methods

Patients

Immunohistochemical examination was performed
retrospectively on tissue samples taken for routine
diagnostic purposes. Forty three patients operated in
1999-2002 due to ovarian carcinoma in the Department

of Gynaecology and Obstetrics, University School of
Medicine in Poznan, Poland were qualified to the
studies. The cases were selected based on availability of
tissue and were not stratified for known preoperative or
pathological prognostic factors. The study was approved
by an Institutional Review Board (IRB) and the patients
gave their informed consent before their inclusion in the
study. Following the first surgery (primary laparotomy –
PL) all the patients were subjected to chemotherapy
using platinum-based schemes (Table 1). Because
merely two patients achieved optimal cytoreduction
during PL, 36 patients from the same group were
subjected also to the secondary cytoreduction (SCR). In
6 cases no tumor cells were detected in the material
originating from the SCR. The patients were monitored
by periodic medical check-ups, CA-125 serum levels,
ultrasonographic and radiological examinations. During
the follow-up period, 22 patients (51%) had a recurrent
disease and 13 patients (30%) died of the disease. The
mean progression-free survival time was 16.9 months
(range 0 to 52 months), while the mean overall-free
survival time was 24.6 months (range 6 to 52 months).

Fragments sampled from studied tumors were fixed
in 10% buffered formalin and, then, embedded in
paraffin. In each case, hematoxylin and eosin stained
preparations were subjected to histopathological
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Table 1. Patient and tumor characteristics.

Characteristics No. (%)3

All patients 43 (100)
Age (mean 51.0)1

≤ 50 20 (47)
50-60 16 (37)
>60 7 (16)

Grade1

1 7 (16)
2 18 (42)
3 18 (42)

FIGO1

I 1 (2)
II 1 (2)
III 41 (95)

Histology1

Serous 37 (86)
Endometrioid 3 (7)
Other 3 (7)

Clinical response2

Complete response 16 (37)
Stable disease 5 (12)
Progressive disease 22 (51)

Chemotherapy (in total)
Cisplatin/Paclitaxel 31 (72)
Cisplatin/Cyclophosphamide/Adriblastin 6 (14)
Cisplatin/Cyclophosphamide/Paclitaxel 3 (7)
Cisplatin/Cyclophosphamide/Paclitaxel/Adriblastin 2 (5)
Carboplatin/Paclitaxel 1 (2)

1: Data are given for the first operation/diagnosis implemented; 
2: According to RECIST (Response Evaluation Criteria in Solid Tumors)
(Therasse et al., 2000); 3: Differences in the sum to 100 % in groups are
due to rounding.



evaluation by two independent pathologists. The stage of
the tumors was assessed according to the International
Federation of Gynaecology and Obstetrics (Sobin and
Wittekind, 2002). Tumors were graded according to the
Silverberg grading system (Shimizu et al., 1998).

Immunohistochemistry

Formalin-fixed paraffin embedded tissue was freshly
cut (4 µm). The sections were mounted on Superfrost
slides (Menzel Gläser, Germany), dewaxed with xylene,
and gradually rehydrated. The activity of endogenous
peroxidase was blocked by 30 min incubation in 1%
H2O2. The sections were boiled for 10 min in a
microwave oven, in Antigen Retrieval Solution
(DakoCytomation, Denmark) at 500W. This was
followed by immunohistochemical reactions using
monoclonal (ZJ11) mouse antibodies directed against
p16 (Chemicon International, Temecula, CA, USA). The
antibodies were diluted 1:100 in the Antibody Diluent,
Background Reducing (DakoCytomation, Denmark).
The sections were incubated with an antibody for 1 hour
at room temperature. Subsequently, they were incubated
with biotinylated antibodies (15 min, room temperature)
and with the streptavidin-biotinylated peroxidase
complex (15 min, room temperature) (LSAB+, HRP,
DakoCytomation, Denmark). DAB (DakoCytomation,
Denmark) was used as a chromogen, employing 7 min
incubation at room temperature. All the sections were
counterstained using Meyer’s hematoxylin. Every
reaction was accompanied by the negative control in
which specific antibody was substituted by the Primary
Mouse Negative Control (DakoCytomation, Denmark).

The procedures of immunohistochemical detection
of Ki67 (Surowiak et al., 2006) and caspase-3 (Materna
et al., 2007) expressions were described previously.

Control reactions

We also performed control reactions on six samples
of healthy human ovaries (from the archive of Dept. of
Histology and Embryology, University School of
Medicine, Wroclaw, Poland).

Scoring of immunostaining results

The intensity of the immunohistochemical reactions

was appraised using the semi-quantitative Immuno-
Reactive Score (IRS) scale, in which intensity of the
reaction and percentage of positive cells was scored
(Table 2). The final result represented a product of
scores given for individual traits and ranged between 0
and 12 (Remmele and Stegner, 1987). The intensity of
immunohistochemical reactions was evaluated
independently by two pathologists. In cases of
divergencies, the evaluation was repeated using a
double-headed microscope.

Statistical analysis

Statistical analysis of the results took advantage of
Statistica 98 PL software (Statsoft, Poland). The
employed tests included U Mann-Whitney’s, Spearman’s
rank correlation and Chi2 tests. Kaplan-Meier’s statistics
and log-rank tests were performed using SPSS software
(release 10.0; SPSS Inc., Chicago, IL, USA) to estimate
the significance of differences in survival times. The
length of progression-free survival was defined as the
time between the primary surgical treatment and
diagnosis of a recurrent tumor or death. Since using an
univariate analysis no significant relationships were
disclosed between studied clinicopathological
parameters (age, histology, grade, CA-125 at PL level)
and overall survival and progression free time of studied
patients (P>0.05), no multivariate analysis was
performed. Since 95% of the studied patients were at the
stage FIGO III, we did not investigate relationships
between stage and survival data. 

We have also performed Kaplan-Meier’s statistics
and log-rank tests on the subgroup of 35 FIGO III
patients receiving post-surgical platinum and paclitaxel
containing combination therapy.

Results

p16 immunostaining in control preparations and in
ovarian cancers

In healthy ovaries we have shown a strong reaction
in the nuclei of surface epithelium (Fig. 1A). In the case
of studied ovarian cancers, the reaction of a nuclear and
cytoplasmic localization was obtained, of variable
intensity in individual cases (Fig. 1B). The mean overall
immunoreactivity score of nuclear p16 expression
amounted to 5.30±3.44 SD (min. 0, max. 12) in PL
material and 6.61±4.34 SD (min. 0, max. 12) in SCR
material.

At the first stage of statistical analysis the Mann-
Whitney’s U test was employed to compare the overall
immunoreactivity score of p16 expression at PL and
SCR. The test demonstrated no significant differences
(P=0.21).

Using the Chi2 test, relationships were examined
between the overall immunoreactivity score of p16
expression on one hand and histological type of the
tumor and grade on the other. No significant
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Table 2. Evaluation criteria of nuclear p16 expression using the
immunoreactive score (10).

Percentage of positive cells Points Intensity of reaction Points

No positive cells 0 No reaction 0
<10% of positive cells 1 Weak reaction 1
10–50% of positive cells 2 Moderate reaction 2
51–80% of positive cells 3 Intense reaction 3
>80 of positive cells 4



relationships were detected (Table 3). Using the
Spearman’s rank correlation, relationships were
examined between the overall immunoreactivity score of
p16 expression on one hand and patient age and CA-125
concentrations on the other (Table 3). We have shown a
positive correlation between overall immunoreactivity
score of p16 at SCR expression and patients age
(P=0.03) (Table 3).

p16 expression in relation to Ki67 and caspase-3

Intensity of the Ki67 and caspase-3 expression in the
sections from the studied cases have been described in
our previous studies (Surowiak et al., 2006; Materna et
al., 2007). We have also described the prognostic
predictive value of Ki67 and caspase-3 expression. In
this study we have analysed relationships between p16
on the one hand and Ki67 and caspase-3 on the other.
The computations have shown the following
relationships: negative correlation between p16 at PL
and caspase-3 at PL, negative correlation between p16 at
PL and Ki67 at SCR, positive correlation between p16 at
PL and caspase-3 at SCR and a positive correlation
between p16 at SCR and caspase-3 at SCR (Table 4).

p16 expression and patients survival

At the first stage of statistical analysis of
relationships between p16 expression and survival of the
patients, Chi2 test was used. The relationships were
examined between the overall immunoreactivity score of
p16 expression on one hand and clinical response to
chemotherapy, relapses and patient deaths on the other.

We have shown that patients who died had a
significantly lower overall immunoreactivity score of
p16 at PL expression (P<0.001) (Table 3) (Fig. 2).

In Kaplan-Meier’s analysis overall survival time and
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Fig. 1. Immunohistochemical p16 localization in: (A) healthy human
ovarian surface epithelium (hematoxylin, x 400), (B) ovarian carcinoma
(hematoxylin, x 400).

Table 3. Correlation between p16 expression and various clinicopathological factors.

Characteristics p16 at PL expression p16 at SCR expression 
P value / test P value / test

Histologic typea 0.6289 -
Chi2 test

Gradea 0.7198 -
Chi2 test

Age 0.6268 0.0325, R=0.38
Spearman’s rank correlation Spearman’s rank correlation

CA-125 serum levels at PL 0.7139 0.2646
Spearman’s rank correlation Spearman’s rank correlation

CA-125 serum levels at SCR 0.5194 0.3204
Spearman’s rank correlation Spearman’s rank correlation

Clinical response 0.2126 0.7149
Chi2 test Chi2 test

Relapses 0.1321 0.4197
Chi2 test Chi2 test

Deaths 0.0008 0.1363
Chi2 test Chi2 test

PL: primary laparotomy; SCR: secondary cytoreduction; a: Relationships between p16 expression at SCR on one hand and histological type and grade
on the other were not examined.



progression-free time were compared between groups
showing lower (IRS 0-4) and higher (IRS 6-12) overall
immunoreactivity score of p16 expression at PL and
SCR. The computations demonstrated that lower
expression of p16 at PL was typical for cases of a shorter
overall survival time (P=0.015) (Fig. 3).

In the subgroup of 35 FIGO III patients receiving
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Fig. 2. Expression of p16 (A)
at primary laparotomy and (B)
at secondary cytoreduction
and clinical and pathological
data on the patients. CR:
complete response, SD:
stable disease, PD:
progressive disease.

Table 4. Realationships between p16 and Ki67 and caspase-3
expression (Spearman’s rank correlation).

p16 at PL p16 at SCR

p16 at PL - P=0.267403
R=0.205503

Ki67 at PL P=0.498075 P=0.783796
R=-0.106157 R=0.051357

caspase-3 at PL P=0.001878 P=0.685310
R=-0.460706 R=-0.088608

p16 at SCR P=0.267403 -
R=0.205503

Ki67 at SCR P=0.000102 P=0.756220
R=-0.649852 R=-0.059143

caspase-3 at SCR P=0.020004 P=0.018606
R=0.422559 R=0.437176

PL: primary laparotomy; SCR: secondary cytoreduction.

Table 5. Relationships between overall survival time (OS) and
progression-free survival (PFS) and expression of p16 in the subgroup
of FIGO stage III patients treated with platinum-based drugs and
paclitaxel.

PL n=35 SCR n=24

Score 0-4 n=16 Score 0-4 n=10
Score 6-12 n=19 Score 6-12 n=14

Overall survival P=0.1002 P=0.1801

Progression-free survival P=0.9793 P=0.6006



post-surgical platinum and paclitaxel containing
combination therapy the analysis has shown no
significant relationships between p16 expression and
overall survival time and progression-free time (Table
5).

Discussion

In this study we have described the expression of
p16, detected by immunohistochemistry in malignant
epithelial ovarian tumors, in the samples from primary
laparotomies (PL) and secondary cytoreductions (SCR)
in the group of Polish patients. We have demonstrated
that normal surface epithelium of ovaries manifests
strong nuclear expression of p16 (Fig. 1A). In primary
tumors of ovaries in four cases no p16 expression was
detected, similarly to tumor samples originating from
SCR. In samples originating either from PL or from SCR
a decreased (smaller than mean) p16 expression has been
observed in around 50% of cases (Fig. 2A,B). Thus,
ovarian cancers have been shown to manifest inhibited
expression of p16. We have shown no significant
relationships between p16 expression at PL and at SCR.

In the present study, expression of p16 was examined by
immunohistochemistry. Thus, decreased expression of
the marker in the studied cases could be linked either
with hypermethylation or, as described by Kudoh et al.
(2002), with deletion of the gene.

The significance of disturbances in the p16-cyclin
D1/CDK4-pRb pathway (G1 pathway) in ovarian
cancers has already been described in several studies.
Cyclin D1 is regulated by p16, whereas the cyclin D1-
activated CDK4 phosphorylates pRb. As a sequel, this
leads to the release of proteins such as E2F, which show
the potential to activate genes indispensable for cell
cycle progression through the G1 phase. p16 controls
cell cycle at the G1 phase, inhibiting the capacity of
complexes consisting of D/CDK4 cyclins and D/CDK6
cyclins to phosphorylate pRb. Thus, decreased
expression of p16 leads to intensified proliferation of
tumor cells (Ohtani et al., 2004). In this work we have
studied the relationship between p16 expression and
proliferation markers Ki67. We have show (in the PL
and SCR material), that there is no correlation between
p16 and Ki67 expression. It suggests that in the case of
ovarian cancers, p16-dependent influence on the cell
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Fig. 3. Kaplan-Meier curves
for survival and expression of
p16 in the studied group of 43
ovarian cancer patients: p16
expression at primary
laparotomy and (A) overall
survival and (B) progression-
free survival. p16 expression
at secondary cytoreduction
and (C) overall survival and
(D) progression-free survival.



cycle can be compensated by other cell cycle regulators.
The negative correlation between p16 at PL expression
and Ki67 at SCR shows that in the cases of lower p16 at
PL expression, proliferation of tumor cells after
chemotherapy is more pronounced as compared to the
cases of higher p16 at PL expression. It suggests that a
decrease in p16 expression can be typical for
chemotherapy-resistant ovarian cancer cases. Kusume et
al. (1999) demonstrated that patients with ovarian cancer
who showed no disturbances in the G1 pathway tended
to achieve a higher complete response rate to
chemotherapy. The patients also manifested longer
overall survival time. Similarly, Kudoh et al. (2002)
examined disturbances in the G1 pathway in ovarian
cancer. They showed that homozygous deletion of
P16/CDKN2 was characteristic of patients who did not
respond to chemotherapy by remission, and of patients
with shorter overall survival. In this work we have also
shown that lowered p16 at PL expression is typical for
the cases of higher at PL and of lower at SCR caspase-3
expression. The above mentioned patients are known to
be chemotherapy-resistant (Materna et al., 2007). So, the
data confirm suggestions that lowered p16 at PL
expression can be typical for chemotherapy-resistant
ovarian cancer cases.

There are a lot of discrepancies regarding p16
expression and its relation to histological type and grade
of the tumor. Milde-Langosch et al. (1998) have shown
that loss of p16 expression is typical for endometroid
and mucinous ovarian cancer. Armes et al. (2005) have
shown similar p16 expression intensity in serous and
endometroid tumors. Also, other authors (Fujita et al.,
1997; Kommos et al., 2007) have shown no significant
differences in p16 expression between different
histological types. O’Neill et al. (2007) have shown that
high-grade ovarian serous carcinoma exhibit
significantly higher p16 expression than low-grade
serous carcinoma. In our study we have shown, that p16
expression intensity is independent of histological type
or grade of the tumor.

The present study has shown that patients who
deceased manifested a significantly lower expression of
p16 in samples from primary laparotomies. Analysis of
Kaplan-Meier demonstrated that lowered expression of
p16 in samples from primary laparotomies characterized
cases of a shorter overall survival time. Hashiguchi et al.
(2004) documented that the status of the G1 pathway
was an independent prognostic factor in ovarian
carcinomas. Sui et al. (2000) examined expression of
CDK4 and p16 in samples of ovarian cancer. They found
no relationship between expression of the proteins and
duration of the patients’ survival. Kommoss et al. (2007)
have shown that among p16 positive ovarian cancer
cases, survival was better for patients with intermediate
expression as compared to low or high expression levels.

In conclusion, the present study demonstrated that
lowered expression of p16 was typical of ovarian cancer
patients with shorter survival. Lowered p16 expression
was also typical of tumors resistant to cytostatic drugs.

Thus, immunohistochemical estimation of a decreased
p16 expression, linked to promoter hypermethylation or
deletion of the gene, was shown to exhibit a real
prognostic significance and to be more universal than
analysis of several genetic disturbances (methylation,
deletion, polymorphism etc.). Further studies on
disturbances in the G1 pathway may allow development
of a new prognostic panel and better understanding of
pathogenesis in ovarian cancers.
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