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Abstract: The identification of new proliferation markers could have clinical implications in ovarian carcinoma by
stratifying patients for treatment and follow-up. The aim of this study was to evaluate the diagnostic and prognostic
value of the proliferation markers Ki-67/MIB-1, phosphorylated histone H3 (PHH3), and survivin in epithelial ovarian
tumors. Ninety women with a pelvic mass who underwent surgery at the Department of Gynecological Oncology were
included: 68 ovarian carcinomas, 11 borderline tumors, and 11 ovarian cystadenomas. We performed mitotic count
and immunohistochemical analyses of Ki-67/MIB-1, PHH3, and survivin, related to clinicopathological parameters.
Uni- and multivariate analyses of five-year overall survival were performed. We found statistically significant correla-
tions between mitotic count, Ki-67/MIB-1, PHH3, and survivin. The expression of all proliferation markers was signifi-
cantly higher in the carcinomas than in the borderline and benign tumors (p<0.05). There was, however an overlap of
indices between the different malignancy groups. Women with advanced stage cancers (FIGO stage lll and IV) had
significantly higher tumor expression of all markers compared to patients with early stage cancers (FIGO stage | and
II). Women with advanced disease and complete chemotherapy response had higher Ki67/MIB-1 expression than
women without complete chemotherapy response. All markers had an impact on survival in the univariate analyses.
In the multivariate analysis, however, only age and stage of disease reached statistical significance as prognostic
factors. In conclusion, the proliferation markers Ki-67/MIB-1, PHH3, and survivin are positively correlated with each
other and with tumor grade, and may contribute in the identification of aggressive ovarian carcinomas.
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Introduction

Ovarian cancer is the leading cause of death
from gynecological malignancies in the Western
world, and the highest incidence rates are
found in North America and in Northern and
Western Europe [1, 2]. The prognosis is poor,
with an overall survival rate of about 40% in 5
years [3]. Over 70% of the women diagnosed
with ovarian carcinoma have advanced disease
at the time of diagnosis [4]. Important prognos-
tic factors include stage of disease, age at diag-
nosis, histological type and grade, ploidity, and
the amount of residual disease after primary

surgery [5, 6]. Furthermore, high proliferative
activity in the ovarian tumor has been shown to
imply a poor prognosis [7, 8].

Until now, the heterogeneous group of ovarian
carcinomas has been treated with the same
chemotherapy regimens [9]. In the future, sub-
classification of ovarian carcinomas will be im-
portant in order to provide a more tailored ther-
apy for this malignancy. Thus, the cellular prolif-
eration status of a tumor may be a diagnostic,
as well as a prognostic tool [8].

Mitotic count is a traditional and practical
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method to determine proliferative activity, but is
hampered by several disturbing factors [10].
Immunohistochemical detection of proliferating
cells is an alternative way to determine the pro-
liferative potential of a tumor, and the expres-
sion of Ki-67 antigen has become a widely used
marker. This antigen is expressed during all
active phases of the cell cycle (G1, S, G2, and
mitosis), and the monoclonal Ki-67 antibody
(MIB-1) reacts with the nuclear Ki-67 antigen
expressed in cycling cells [11]. High expression
of Ki-67/MIB-1 has been found to indicate a
poor prognosis in several cancers, including
ovarian cancer [7, 12-17]. On the other hand,
due to a wide range in Ki-67 expression be-
tween ovarian tumors of the same tumor grade,
there is a need for novel proliferation markers.

Histone H3 is one of the five main histone pro-
teins, which together form the major protein
constituents of the chromatin in eukaryotic
cells. The expression of phosphorylated histone
H3 (PHH3) reaches a maximum during mitosis,
and PHH3 can therefore be used as a specific
mitotic marker [18-22]. High expression of
PHH3 implies a poor prognosis in various hu-
man malignancies [19, 22]. There are few stud-
ies on the diagnostic and prognostic value of
PHH3 in ovarian carcinoma. Scott et al. found
higher PHH3 expression in serous carcinomas
than in serous borderline tumors and cystade-
nomas [23]. Chen et al. reported higher expres-
sion of PHH3 in ovarian carcinomas compared
to healthy controls, but did not demonstrate any
prognostic value of PHH3 [24].

Survivin is an inhibitor of apoptosis, participat-
ing in the regulation of apoptosis and cell divi-
sion, and is expressed in the G2/M phase of the
cell cycle [25]. Higher expression of survivin is
described in malignant and borderline ovarian
tumors than in benign ovarian tumors [26]. Ele-
vated serum survivin levels have also been de-
scribed in ovarian carcinomas as compared to
benign ovarian tumors [27]. Studies of the prog-
nostic significance of survivin have however,
shown conflicting results [25, 26, 28, 29].

The aim of the present study was to compare
the proliferation markers Ki-67/MIB-1, PHH3,
and survivin in ovarian tumors and to investi-
gate their diagnostic and prognostic value.
Materials and methods

In the period from May 1st 2001 to April 30t
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2005, 90 women with a pelvic mass operated
on at the Gynecological oncology unit at
St.Olavs Hospital, Trondheim University Hospi-
tal, Norway, were enrolled. An informed consent
was obtained from all participants. Patient
charts were reviewed to collect data regarding
age at diagnosis, histology, stage of disease
according to the guidelines of the International
Federation of Gynecology and Obstetrics (FIGO)
[30], lymph node status, and follow-up. The
amount of residual disease after primary sur-
gery was registered as <1 cm or 21 cm. Com-
pleteness of staging was evaluated according to
the FIGO guidelines, where optimal staging re-
quires infracolic omentectomy, total abdominal
hysterectomy, bilateral salpingo-oophorectomy,
selected lymphadenectomy of the pelvis and
para-aortic lymph nodes, and appendectomy for
mucinous tumors [30]. Completed chemother-
apy was defined as =5 courses of a combination
of carboplatine and paclitaxel or carboplatine
alone. Response to chemotherapy was regis-
tered according to the RECIST criteria
(Response Evaluation Criteria in Solid Tumours)
[31]. All histological slides were reviewed by one
pathologist (S.H.T), and classified according to
the World Health Organization guidelines by
histological type and tumor grade [1]. The study
was approved by the Regional Committee for
Medical and Health Research Ethics.

Immunohistochemistry

Formalin-fixed and paraffin-embedded sections
were reviewed with selection of representative
sections for immunohistochemistry. Briefly, 4-
mm-thick sections were mounted on Superfrost
microscopic slides, de-paraffinized, and dehy-
drated. Antigen retrieval was performed by pres-
sure cooking. The slides were incubated with
the following antibodies:  MIB-lantibody
(monoclonal Ki-67 antibody, dilution 1:100, 40
min. at room temperature, Dako, Glostrup, DK),
PHH3 antibody (rabbit polyclonal Phosphohis-
tone H3 antibody (serl10), dilution 1:2000, 60
min. at room temperature, Millipore, Billerica,
MA, USA), and survivin antibody (rabbit mono-
clonal survivin antibody, dilution 1:250, 40 min.
at room temperature, Abcam, Cambridge, UK).
An automatized immunohistostainer was ap-
plied for the analyses (Dako Techmate 500).
Diaminobenzidine was used as chromogene
and hematoxylin as counterstain. Tissue sam-
ples of tonsils and medulloblastoma were used
as positive controls. In the negative controls the
primary antibody was omitted.
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Evaluation of staining

Mitotic figures were counted on hematoxylin
and eosin-stained slides. The number of mitosis
was counted in 10 high-power fields (x 400) in
the areas with highest mitotic activity.

Determination of proliferative activity by imuno-
histochemistry was performed quantitatively by
counting immunoreactive tumor cells in the
most intense staining areas. At least 1000 tu-
mor cells at x400 magnification were counted.
The Ki-67/MIB-1 labeling index (LI) and survivin
immunopositivity were defined as the percent-
age of immunoreactive tumor cells out of the
total number of tumor cells. Evaluation of the
survivin staining was based on nuclear positivity
only. PHH3 immunopositivity was calculated as
the number of positive mitotic figures in 10 high
-power fields (x 400) in the areas with highest
mitotic activity. Only distinct immunoreacitve
tumor cell nuclei were counted.

In order to control for inter-observer variation,
randomly selected cases were evaluated by two
observers (GA, SHT).

Statistical analyses

Statistical analyses were performed in the SPSS
statistical software program, version 17.0
(SPSS Inc, Chicago, IL). Figures were made in
Graph Pad Prism 5. Correlations between the
proliferation markers were analyzed with the
Spearman correlation test. Comparison of prolif-
eration marker positivity between carcinomas,
borderline and benign ovarian tumors was per-
formed with the Kruskal-Wallis test. Subgroup
analyses were performed with the Mann-
Whitney U test. In the analysis of histology, only
analysis of serous versus non-serous tumors
was performed. Analyses related to residual
tumor volume were only calculated for stage IlIC
-IV cancers (N=39).

The Cox proportional hazard regression model
was used to evaluate the effect of explanatory
variables on overall survival. Five-year overall
survival was calculated from the date of primary
surgery, to the date of death or status after five
years. Univariate analysis of the prognostic sig-
nificance of chemotherapy response was only
calculated for advanced stage cases with com-
plete chemotherapy, where women with com-
plete response were compared to women with-
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out complete response. P<0.05 were consid-
ered statistically significant.

Results

Sixty-eight women had ovarian carcinoma, 11
women had ovarian borderline tumor, and 11
women had benign cystadenoma. Mean age at
diagnosis was 64 years (11 years) in the carci-
noma group, 55 years (+16 years) in the border-
line group, and 60 years (+16 years) in the be-
nign group. The borderline group comprised 6
serous, 4 mucinous, and 1 mixed serous/
endometroid tumor. The benign group com-
prised 6 serous and 5 mucinous cystadenomas.
The group of carcinomas comprised 34 serous,
4 mucinous, 13 endometroid, 8 clear cell, 7
mixed, and 2 undifferentiated tumors.

Overview over FIGO stage, tumor grade, histo-
logical type of the carcinomas, and the results
of the immunohistochemical analyses related to
clinicopathological parameters are presented in
Table 1. The carcinomas comprised 26 early
stage cases (23 stage | and 3 stage Il) and 42
advanced stage cases (35 stage Ill and 7 stage
IV cases). Of the advanced cases, thirty-nine
women had stage llic-IV disease. In the malig-
nant cases, standard surgical procedures in-
cluded total hysterectomy, bilateral adnexec-
tomy, omentectomy, and lymph node sampling.
At the end of primary surgery, 57 women had
residual tumor volume < 1cm and 11 women
had residual tumor volume > 1cm. In total, 46
women (68%) completed first line chemother-
apy, in advanced stage 36 (86%). Six women
with advanced disease did not complete adju-
vant chemotherapy as they died shortly after
diagnosis. Of the women with advanced stage
disease who completed chemotherapy, 26
(72%) had complete response, six (17%) had
partial response, and three (8%) had stable dis-
ease after first line chemotherapy. One woman
died before response to treatment could be
evaluated.

Mitotic count

There was a statistically significant difference in
the median number of mitosis between carcino-
mas, borderline tumors, and benign tumors
(median (+) cells/10 HPF; 21, 2, and 1, respec-
tively, p<0.001) (Figure 1A).

We found a significant positive correlation be-
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Table 1. Differences in median mitotic count, Ki-67/MIB-1, PHH3, and survivin immunostaining in
ovarian carcinomas related to clinicopathological parameters (N=68)

Characteristics N Mitotic count Ki-67/MIB PHH3 Survivin
(+) cells/10 HPF LI (+) cells/10 HPF (+) cells %
Carcinoma 68 21(2-108) 36.7 (3.6-70.3) 48.5 (0-198) 13.7 (0-34.6)
FIGO stage
1 &1l 26 9.5 (2-108)* 27.2 (7.7-68.1)* 35 (0-198)* 7.0 (1.8-27.4)*
&IV 42 28.0 (5-81) 42.1(3.6-70.3) 63.5 (0-125) 15.3 (0-34.6)
Gradet
G1 8 10 (3-27)* 30.7 (7.0-58.1)* 24 (0-43)* 8.2 (2.3-18.7)*
G2 &G3 52 27 (4-108) 41.6 (3.6-70.3) 63 (0-198) 14.5 (0-34.6)
Histology
Serous 34 15.5 (2-108)* 41.6 (3.6-70.3) 65 (0-198)* 15.5 (0-30.9)*
Mucinous 4 13.5 (9-18) 41.7 (16.2-58.1) 30.5 (4-38) 8.6 (3.6-18.7)
Endometroid 13 22 (4-56) 33.0(10.6-67.5) 49 (4-96) 10.5 (3.6-34.6)
Clear cell 8 8.5 (2-16) 24.1 (15.5-45.1) 9.5 (0-44) 6.1(1.8-15.3)
Mixed 7 28 (5-108) 29.6 (7.8-47.8) 41(0-110) 7.5 (1.8-19.9)
Undiff. 2 76 (71-81) 53.3 (50.8-55.8) 85.5 (56-115) 21.7 (15.3-28.2)
Ll:Labeling Index; HPF:High Power Fields; t: Clear cell tumors are not graded; : Computed for
stage IIIC-IV; *: Statistically significant differences (p<0.05)
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tween mitotic count and tumor grade (r=0.622,
p<0.001), and between mitotic count and FIGO
stage (r=0.590, p<0.001). Serous carcinomas
had higher mitotic count than non-serous carci-
nomas (median (+) cells/10 HPF; 28 and 15.5,
respectively, p=0.043) (Table 1).

In advanced disease, women with complete
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response to first-line chemotherapy had a sig-
nificantly higher mitotic count as compared to
women with only partial response or stable dis-
ease after first line chemotherapy (p=0.050).
Immunohistochemistry

Images of the immunohistochemical stainings
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are presented in Figure 2. Differences in mitotic
count, Ki-67/MIB-1, PHH3, and survivin immu-
nostaining in ovarian carcinomas related to
clinicopathological parameters are presented in
Table 1.

Ki-67/MIB-1

The Ki-67/MIB-1 immunostaining was confined
to the nucleus. The positive tumor cell nuclei
were heterogeneously distributed. There was a
statistically significant difference in the expres-
sion of Ki-67/MIB-1 between carcinomas, bor-
derline tumors, and benign tumors (median LI,
36.7, 20, and 1.8, respectively, p<0.001),
(Figure 1B).

Ki-67/MIB-1 expression was positively corre-
lated with mitotic count (r=0.771, p<0.001),
PHH3 (r=0.632, p<0.001), survivin (r=0.654,
p<0.001), tumor grade (r=0.366, p<0.001), and
stage of disease (r=0.427, p<0.001). There was
no difference in the expression of Ki-67/MIB-1
between serous and non-serous carcinomas
(median (+) cells/10 HPF; 42 and 32, respec-
tively, p=0.141)

In advanced disease, women with complete
response to first-line chemotherapy had signifi-
cantly higher Ki-67/MIB-1 expression as com-
pared to women with only partial response or
stable disease after first line chemotherapy
(p=0.003).

PHH3

The PHH3 immunostaining made it easy to lo-
calize mitotic figures. We found a higher amount
of mitotic figures with the PHH3 staining
method than by the mitotic count (median 35
vs. 15 MF/10 HPF, respectively). PHH3-positive
non-mitotic nuclei in both low and high graded
tumors were also observed. There was a statisti-
cally significant difference in the expression of
PHH3 between carcinomas, borderline tumors,
and benign tumors (median (+) cells/10 HPF;
48.5, 3, and O, respectively, p<0.001), (Figure
1C). Serous carcinomas had higher PHH3 ex-
pression than non-serous carcinomas (median
(+) cells/10 HPF; 65 and 35, respectively,
p=0.003) (Table 1).

There were positive correlations between PHH3
and mitotic count (r=0.794, p<0.001), and be-
tween PHH3 and survivin expression (r=0.610,
p<0.001). PHH3 expression was also positively
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Figure 2. Images of the MIB-1/Ki-67, PHH3, and
survivin immunohistochemical stainings in ovarian
serous carcinoma: Expression of MIB-1/Ki-67, PHH3,
and survivin, (a), (b) and (c), respectively. The images
are from representative specimen.

correlated to tumor grade (r=0.515, p<0.001),
and FIGO stage (r=0.475, p<0.001).

Survivin

Survivin immunoreactivity was demonstrated in
both nucleus and cytoplasm. There was a statis-

Int J Clin Exp Pathol 2011;4(5):444-453



Ki-67/MIB-1, phosphohistone H3, survivin and ovarian carcinomas

Table 2. Univariate analyses of potential prognostic factors for survival in women with ovarian

carcinomas (N=68)

Variable

Overall survival

Advanced stage
Residual tumor >21cm
Serous histology
High grade tumor
Not CR chemot

Age

Survivin

Ki-67/MIB-1

Mitotic count

PHH3

HR
9.008
3.494
3.329
2.118
1.309
1.032
1.066
1.024
1.009
1.007

95% Cl for HR p-value
3.168-25.611 <0.001
1.628-7.490 0.004
1.634-6.783 0.001
0.648-6.292 0.214
0.558-3.071 0.536
1.001-1.063 0.040
1.028-1.106 <0.001
1.004-1.045 0.018
0.998-1.02 0.113
1.0-1.014 0.047

HR: Hazard Ratio; Cl: Confidence Interval; CR: Complete Responders; 1: computed for cases with completed chemo-

therapy

Table 3. Multivariate analysis of potential prognostic factors for survival in women with ovarian

carcinomas (N=68)

Variable Overall survival
Multivariate analysis

HR 95% Cl for HR p-value
Advanced stage 6.883 2.190-21.634 0.001
Residual tumor >1cm 1.879 0.753-4.687 0.176
Serous histology 1.080 0.459-2.543 0.860
Age 1.051 1.013-1.090 0.007
Survivin 1.021 0.973-1.072 0.395
Ki-67/MIB-1 1.009 0.982-1.036 0.517
Mitotic count 0.997 0.976-1.019 0.812
PHH3 1.002 0.990-1.014 0.782

HR: Hazard Ratio; Cl:Confidence Interval

tically significant difference in the expression of
survivin between carcinomas, borderline tu-
mors, and benign tumors (median (+) cells %;
13.7, 4.0, and 0.4, respectively, p<0.001)
(Figure 1D). Serous carcinomas had higher sur-
vivin expression than non-serous carcinomas
(median (+) cells/10 HPF; 15.5 and 8.2, respec-
tively, p=0.006) (Table 1). Survivin expression
was significantly correlated to mitotic count
(r=0.688, p<0.001), tumor grade (r=0.433,

p<0.001), and stage of disease (r=0.507,
p<0.001).
Survival analyses

In univariate analyses of five-year overall sur-
vival advanced stage disease, residual tumor
volume =1 cm, serous histology, age, and high
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expression of Ki-67/MIB-1, PHH3, and survivin
implied a poor prognosis (Table 2). Mitotic
count, tumor grade, and response to first line
chemotherapy were not statistically significant
parameters in the univariate analysis of sur-
vival.

Parameters with p-values <0.2 in the univariate
analyses were included in the multivariate
analysis of survival. In the multivariate analysis
of survival only advanced stage disease and age
turned out to be statistically significant parame-
ters (Table 3).

Discussion

The introduction of new biomarkers could facili-
tate a simpler and more consistent method to
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determine the proliferation potential of a tumor.
This could have clinical implications, both in
indicating prognosis and tailoring chemother-
apy. In the present study we found that the pro-
liferation markers Ki-67/MIB-1, PHH3, and sur-
vivin were positively correlated with histological
malignancy grade.

Ki-67/MIB-1 expression is an established
method for evaluation of proliferation in ovarian
tumors. In accordance with previous studies, we
found higher expression of Ki-67/MIB-1 in carci-
nomas than in borderline and benign ovarian
tumors [32-34]. Furthermore, the expression of
Ki-67/MIB-1 was positively correlated to stage
of disease and tumor grade in the group of car-
cinomas. This has also been reported by others
[17]. There was, however, a considerable over-
lap of indices between the different malignancy
groups, which represent a serious drawback of
Ki67/MIB-1 immunostaining. This has been
experienced in other human neoplasms as well
[35]. Thus, in an individual case, a low index
does not necessarily imply a biologically benign
tumor, and vice versa. Other troublesome as-
pects of this immunostaining are the lack of
standardization of the procedure and the pro-
nounced inter-laboratory variation of indices.
These factors make it difficult to establish cut-
off values for identification of more aggressive
ovarian tumors.

PHH3 immunostaining has gained much inter-
est as a more distinct proliferation marker, and
we found that this marker easily displayed mi-
totic figures in the tumor tissue. The expression
of PHH3 was higher in carcinomas than in ovar-
ian borderline tumors and cystadenomas, which
is in accordance with a previous study in serous
tumors [23]. Furthermore, PHH3 was positively
correlated with mitotic count, Ki-67/MIB-1, and
survivin-expression, tumor grade, and stage of
disease. We were also able to locate a larger
number of mitotic figures in the PHH3 stained
slides than by traditional mitotic count on hema-
toxylin and eosin-stained slides. These results
indicate that PHH3 is a reliable marker of prolif-
erative activity in ovarian tumors. We observed,
however, PHH3 positive non-mitotic nuclei in
both low and high graded tumors. This phe-
nomenon has also been described by others
[23], and may constitute a weakness of this
marker. Further, PHH3 immunostaining can not
simply replace mitotic count, as PHH3 values
related to clinical parameters have to be estab-
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lished. Finally, PHH3 also revealed overlap of
indices between the different grades of ovarian
carcinomas, and larger studies are required to
establish any threshold value.

Regarding the survivin immunostaining, we
demonstrated a higher percentage of survivin-
expressing cells in the ovarian carcinomas and
borderline tumors as compared to the benign
cases [36]. In contrast to previous studies, we
found that the expression of survivin was posi-
tively correlated to stage of disease [25, 36,
37]. We experienced disturbing background
staining with the survivin antibody, despite opti-
malization of the staining method. Further, we
observed both nuclear and cytoplasmic immu-
noreactivity, and the clinical significance of this
phenomenon is not fully clarified [25, 28, 36,
37]. Only the nuclear staining was recorded, as
this pattern is obviously related to proliferation,
whereas the role of the cytoplasmatic immuno-
reactivity is not fully clarified [38, 39]. Further-
more, the survivin indices paralleled those of Ki-
67/MIB-1 and PHH3, with considerable overlap
between the malignancy groups. Additional
studies are necessary to optimalize this immu-
nostaining and define its definite role in the
histopathological diagnosis of ovarian carcino-
mas.

In univariate analyses of five year overall sur-
vival, age, stage of disease, residual tumor vol-
ume, histological type, and proliferation marker
status seemed to have an impact on prognosis.
However, in a multivariate analysis, the impact
of residual tumor volume, histological type, and
proliferation marker status was not statistically
significant. Age, stage of disease, and residual
tumor volume are well documented prognostic
factors in ovarian cancer [2]. Surprisingly, resid-
ual tumor volume was not found to have an im-
pact on prognosis in the multivariate analysis of
survival in the present study. This may be due to
a relatively small number of patients. Alto-
gether, stage of disease was the strongest prog-
nostic factor in the present study.

Previous studies have reported conflicting re-
sults regarding the association between prolif-
eration status and prognosis in ovarian cancer.
Many studies have reported a worse outcome
for patients with highly proliferative tumors [34,
40, 41]. It has been argued that some of these
studies were limited by a small number of pa-
tients, and little information about chemother-
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apy. On the other hand, Kommoss et al. re-
ported a longer survival for women with highly
proliferative tumors, explained by a better re-
sponse to chemotherapy [42]. In the present
study, we found that highly proliferative tumors
seemed to respond better to first line chemo-
therapy. Unlike Kommoss et al. we did not find
prolonged survival in women with high prolifera-
tive tumors, probably because stage of disease
is such a powerful prognostic factor. It seems
likely that women with highly proliferative tu-
mors have an increased chemosensitivity, and
the clinical value of this observation should be
further investigated.

In conclusion, we found that Ki-67/MIB-1,
PHH3, and survivin can serve as reliable mark-
ers of proliferation in ovarian tumors. However,
because of the overlap of proliferation indices
between the different malignancy groups, fur-
ther studies are needed to clarify their role in
the histopatholigical diagnosis of ovarian neo-
plasms. It is possible that a proliferative profile
composed of several markers can be useful.
Further, the positive associations between
these proliferation markers and survival and
chemotherapy response are intriguing, pointing
to a prognostic role of these markers for women
with ovarian tumors.
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