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Abstract

Ovarian cancer is the fourth cause of death by cancer among women and the first mortality cause in gynecological neoplasia. Our goal
was to evaluate p53 and Ki67 immunoexpression and also the correlations with tumor stage and type. The study included 45 primary
ovarian malignant mucinous tumors, diagnosed in patients in the IV and VI decade. From the standpoint of histopathology, there were
28 cases of borderline mucinous tumors and 17 mucinous carcinomas, predominantly stage I of the disease. The immunostaining for Ki67
was positive in all the cases, the highest levels being recorded in mucinous carcinomas (22.2% medium index) compared to the borderline
tumors (9.5% medium index). Opposed to Ki67, the immunoreaction for p53 was present in 37.7% of all the tumors, predominantly in
mucinous carcinomas where the stain has high values (52.3% medium index) in contrast with borderline lesions (15.5% medium index).
The study indicated significant differences in p53 and Ki67 immunostain in relation to the tumor stage and histological type, there being a
direct correlation of the expression of both proteins, in the studied tumors. P53 and Ki67 are useful markers for evaluating aggressive
tumoral behavior and differentiating between mucinous carcinomas and borderline mucinous tumors.
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 Introduction
Ovarian cancer represents cca. 30% of all cancer
cases of the female genital tract [1]. In approximately
70–75% of patients with ovarian cancer at the moment
of diagnosis, the disease is extended beyond the
structures of the pelvis [2].
Ovarian carcinomas are rarely the consequence of
only one event so a singular biologic factor cannot offer
concise information on the prognosis of these patients.
The combination of two or more independent factors
can generate an improved general prognosis index.
Recent morphology, immunohistochemistry, and
molecular genetics studies have led to the development
of a new paradigm regarding the pathogenesis and the
origin of these tumors, based on the dualist model of
carcinogenesis which divides ovarian carcinoma into
two categories named type I and II tumors [3, 4].
Mucinous carcinomas are included in type I tumors
which rarely develop p53 mutations and are relatively
genetically stable [4, 5].
We proposed to evaluate the p53 and Ki67 expression
for malignant primary mucinous ovarian tumors and
identifying the statistical significant correlations with
tumor stage and type.
 Materials and Methods
The study included 45 cases of primary mucinous
malignant ovarian tumors, diagnosed in the Pathology
Department of the Emergency County Hospital of
ISSN (print) 1220–0522

Craiova, from which 28 of them were borderline tumors
(BL) and 17 mucinous carcinomas (MC).
The biologic material was comprised of ovaries
obtained after hysterectomy and salpingectomy surgery,
which were processed by common histopathological
technique using 10% formalin fixation, paraffin embedding and Hematoxylin–Eosin stain.
For the staging of the disease, we used the WHO
2004 classification [1].
The immunochemical processing was made on serial
sections using the LSAB+ System-HRP (DAKO, code
K0690) technique in the Pathology Laboratory of the
University of Medicine and Pharmacy of Craiova.
The antibodies, clone, dilution, antigenic retrieval
and external control are presented in Table 1.
Table 1 – Antibodies used panel
Antibody Clone

Dilution

P53

DO-7

1:50

Ki67

MIB1

1:100

External
positive
control
Citrate buffer, pH 6
Tonsil
Mammary
Citrate buffer, pH 6
gland
Antigenic
recuperation

For quantifying the immunoexpression of Ki67, we
calculated the proliferation index (PI) for Ki67 and the
positivity index (PoI) for p53, by referring the number
of positive cells to the total number of cells counted
with a 40× microscopic field [6].
In order to appreciate the immunostaining for p53
and Ki67 we used a quantitative score: score 0 – negative;
score 1 – under 10%; score 2 – 10–50%; score 3 – over
50% marked cells.
ISSN (on-line) 2066–8279
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The statistical analysis of the results was performed
using the ANOVA test and the Pearson correlation
coefficient in the SPSS 10 software.
The acquisition of the images was done with Nikon
Eclipse E600 and software program Lucia 5.
 Results
General clinico-pathological data
Our study included 45 cases of mucinous malignant
ovarian tumors with primary localization out of which
28 borderline mucinous tumors and 17 mucinous carcinomas. The tumors were diagnosed in patients with ages
between the IV and VI decade.
Histopathologically, the 28 cases of borderline
mucinous tumors were intestinal type in 23 cases and
endocervical in five cases. The association of borderline
mucinous tumors with areas of mucinous cystadenoma

was fairly common, in 14 (50%) cases out of the total
of 28 borderline tumors analyzed. Mucinous carcinomas
were present in 17 cases out of which 11 cases were
low grade and six of them high-grade. In 14 of the
cases with mucinous carcinomas, there were areas
of borderline tumor associated and in 11 cases out of
the 14, aspects of benign mucinous tumor were present
(Figure 1).
TNM staging revealed that most of the cases were
diagnosed in stage I with 43 cases (95.6%) out of which
28 borderline mucinous tumors (62.2%) and 17 malignant tumors (37.8%). Only two cases (4.4%) were
diagnosed in stage II, both of them being mucinous
carcinomas (Table 2).
The immunochemical study followed the immunoexpression of Ki67 and p53 and also the relation with
tumor stage (Table 3).

Figure 1 – Ovarian malignant tumors (HE stain): (A) Borderline mucinous tumor, intestinal-type, ×100; (B) Mucinous
carcinoma, ×40.
Table 2 – Distribution of malignant mucinous tumors
depending on tumor grade
Tumor stage

Tumor type No. of cases
BL
MC
BL
MC
BL
MC
BL
MC

IA (T1aN0M0)
Stage I

IB (T1bN0M0)
IC (T1cN0M0)

Stage II

IIC (T2cN0M0)

24
13
2
0
2
2
0
2

Table 3 – P53 and Ki67 immunoexpression
mucinous malignant tumors
Immunoreaction Stage

P53 (17/45)

Ki67 (45/45)

%
53.2
28.8
4.5
0
4.5
4.5
0
4.5

in

Score 1

Score 2

Score 3

BL

MC

BL

MC

BL

MC

IA

4

–

–

2

–

3

IB

–

–

2

–

–

–
1

IC

–

–

2

1

–

IIC

–

–

–

–

–

2

IA

18

2

6

11

–

–

IB

2

–

–

–

–

–

IC

1

–

1

2

–

–

IIC

–

–

–

2

–

–

The immunoexpression study indicated nuclear
positivity in 17 cases representing 37.7% of the analyzed
cases. Negative cases belonged to both tumor categories
but predominantly in the borderline tumor compared to
the mucinous carcinomas. We observed positivity for
eight (28.5%) of the borderline mucinous tumors and
for nine (52.9%) of the mucinous carcinomas.
In borderline tumors, the p53 stain had a mean PoI
of 15.5% with values between 5 and 30%, presenting a
score of 1 respectively score 2 in each four cases (50%).
For studied mucinous carcinomas, PoI had a mean value
of 52.3% with limits between 35 and 78%. In these
cases, p53 reactions presented a score of 2 in three cases
(33.3%) and a score of three in six cases (66.6%). The
p53 score analysis indicated a maximum value (score 3)
only in mucinous carcinomas, this score being present
in 75% of the carcinomas in stages IC and IIC. In
addition, in five of the mucinous carcinomas investigated
we observed positivity not only in the malignant
component of the tumor but in the borderline or benign
areas of the tumor as well, with a much lower
score conferring the tumors heterogeneity as a whole
(Figure 2).
The immunostain for Ki67 was identified in all
cases, present at the nuclear level. Borderline tumors
presented a mean PI Ki67 of 9.5%, with values between
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3–18%, the reactions indicating a score of 1 in 21 cases
(75%) and a score of 2 in seven cases (25%). The
mucinous carcinomas had a mean PI Ki67 of 22.2 %
with values between 8 and 45%, a score of 1 being
found in two cases (11.8%) and a score of 2 in 15 cases
(88.2%) (Figure 3).
In reference to the tumor stage, the immunoreactions
presented a maximum score in 45.9% of the analyzed
stages IA–IB tumors and 83.3% in stages IC–IIC.
The ANOVA test indicated significant differences of
p53 immunoexpression in relation to the tumor type
[F(1.43)=16.27, p=0.000] and as well for the tumor
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stage [F(3.41)=5.72, p=0.002], a high expression being
associated with carcinomas in an advanced stage. Also,
the ANOVA test showed significant differences in the
values of the proliferation index of Ki67 in relation to
the tumor type [F(3.41)=10.82, p=0.000] and also for
tumor stage [F(1.43)=39.67, p=0.000]. The immunostain
has high values in advanced stages carcinomas. The
Pearson test indicated a positive direct correlation
between the expression of p53 and Ki67 in malignant
mucinous tumors of the ovary [r(43)=0.396, p=0.007]
(Figure 4).

Figure 2 – Ovarian malignant tumors, p53 immunostain, ×100: (A) Borderline mucinous tumor; (B) Mucinous
carcinoma.

Figure 3 – Ovarian malignant tumors, Ki67 immunostain, ×100: (A) Borderline mucinous tumor; (B) Mucinous
carcinoma.

 Discussion

Figure 4 – The distribution of p53 and Ki67 values in
ovarian mucinous malignant tumors.

In mucinous ovarian tumors, there were many biologic
markers evaluated in order to better understand the
molecular events that lead to the disease’s progression
and to study the correlation of those events with tumor
stage or behavior. Uncontrolled cellular proliferation
is one of the most important biological mechanisms
involved in oncogenesis [7], p53 and Ki67 being two of
the most researched markers in this matter.
In our study, we observed the positivity of p53 and
Ki67 in both malignant mucinous tumors categories that
we investigated (borderline and carcinomas) but in
different ratios. P53 immunoexpression was identified
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in 17 of all the 45 cases while Ki67 was present in all
the investigated cases.
TP53 is a tumor-suppressing gene situated on the
short arm of chromosome 17. This acts by suppressing
cell growth control in the beginning of the S-phase of the
cellular cycle [8]. The mutation and/or overexpression
of the p53 are the most frequent anomalies described
in human cancers [9]. Studies have shown a correlation
between the mutation/overexpression of p53 and the
patient prognosis with different types of tumors like
breast cancer [10], rectal and intestinal cancer [11], lung
cancer [12] and also ovarian cancer [13].
In ovarian tumors, the mutation and/or overexpression
of p53 were reported variably. In 62 studies that included
75 to 9448 patients, the mean percentage of p53 positive
tumors was 50% (13.7–82% interval) [13]. Literature
data regarding p53 positivity in mucinous ovarian tumors
varies from 22% [14] to 6.3% [15]. Other studies indicate
mutations of the p53 gene in 52% of carcinomas but also
their absence in borderline tumors or cystadenoma [16].
Studies that have investigated comparative immunoexpression of p53 in mucinous benign tumors, borderline
and malignant ones report that the accumulation of p53
protein is associated with a similar level in mucinous
cystadenoma and borderline tumors [17]. This fact
suggested that p53 mutations can play an important role
in the debut of malignancy in ovarian mucinous tumors.
Similar to the aspects observed in cases, other studies
reported that immunostaining for borderline tumors was
also present in the benign morphology areas indicating
that despite their aspect they have made an important
step forward in the evolution of malignancy [17].
Our study reported that the immunoexpression
analysis for p53 indicated positivity for 28.5% of
borderline tumors and 52.9% of the investigated
carcinomas regardless of their degree of differentiation.
Advanced stage mucinous carcinomas have presented
the highest scores, the immunostain being heterogonous
in different areas of the same tumor (benign, borderline,
malignant).
The prognostic significance of p53 expression is
controversial [15, 18]. A significant association of p53
expression with general survival in a univaried analysis
was reported in 38.6% of cases [13]. While some studies
report that the mutation/overexpression of p53 is an
important prognosis factor [19–21], others have not
confirmed such results [22, 23]. The importance of
accumulating p53 as a negative prognosis marker in
ovarian cancer has been demonstrated by many studies
[18–21]. The expression of p53 was associated with other
inauspicious prognostic factors like FIGO advanced
stage, suboptimal cytoreduction, serous histological
subtype and tumor grade [18–21].
Ki67 is a nuclear protein expressed in cells during
the phases of the cellular cycle (G1, S, G2 and M) and is
absent during the G0 phase. The expression of Ki67 was
associated with tumor aggression, reserved prognosis,
vascular invasion and tumor metastasis [24]. Ki67 is
overexpressed in malignant tumors compared to benign
or borderline tumors [24]. In a study of Köbel M et al.
(2008), it has been indicated that the Ki67 index has a
greater value in high-grade serous carcinomas while the

mucinous type has an intermediate proliferative capacity
with a mean Ki67 index of 12.9% [25]. A study focused
on evaluating the Ki67 index in mucinous ovarian tumors
reported a value of 12.2±10.9% while well differentiated
mucinous carcinomas had a value of 16.8±10.2% [26].
In our study, the mean proliferation index for Ki6
was 9.5% for borderline tumors and 22.2% for mucinous
carcinomas, the highest values being recorded in patients
with advanced stages of the disease.
Studies involving Ki67 index and its prognostic
value in ovarian cancer have posted controversial results
[24, 27, 28]. Some studies consider that the Ki67 index
is an independent prediction tool for stage III ovarian
cancer prognosis [28], while others have suggested that
the Ki67 index cannot be used a sensitive indicator of
proliferation in mucinous and serous ovarian carcinomas
[29]. Other studies appreciate that MIB1 can be an
additional instrument for the adjuvant treatment in early
stage carcinoma patients but which should be tested in
prospective studies [27].
Min KW et al., in 2007 [30], were analyzing Ki67 and
p53 expression and they reported that the expression of
Ki67 and p53 (>50%) correlates with the type and grade
of the tumor in ovarian cancer, the overexpression being
absent in borderline tumors and present in ovarian
carcinomas.
 Conclusions
Our study demonstrated a correlation between the
expression of p53 and Ki67 markers in ovarian mucinous
carcinomas and borderline tumors. While the expression
of p53 was present in some of the tumors, the expression
of Ki67 was observed in all the studied tumors. The
immunochemistry study of the mucinous malignant
ovarian tumors indicated significant differences of the
Ki67 and p53 expression in relation to the type and stage
of the tumor which demonstrates that these markers
can be useful in evaluating aggressive tumor behavior
but also for differentiating between carcinomas and
borderline tumors.
Acknowledgments
Constantin Kamal Kamal acknowledges the support
received through the project entitled “Doctorate an
Attractive Research Career”, contract number POSDRU/
ID/88/1.5/S/52826 co-financed by European Social Fund
through Sectoral Operational Programme for Human
Resources Development 2007–2013.
References
[1] Lee KR, Russell P, Tavassoli FA, Buckley CH, Prat J,
Surface epithelial-stromal tumours. In: Tavassoli FA,
Devilee P (eds), Pathology and genetics of tumours of the
breast and female genital organs, World Health Organization
Classification of Tumours, IARC Press, Lyon, 2003, 115–
129.
[2] Marsden DE, Friedlander M, Hacker NF, Current management of epithelial ovarian carcinoma: a review, Semin Surg
Oncol, 2000, 19(1):11–19.
[3] Cho KR, Shih IeM, Ovarian cancer, Annu Rev Pathol, 2009,
4:287–313.
[4] Shih IeM, Kurman RJ, Ovarian tumorigenesis: a proposed
model based on morphological and molecular genetic
analysis, Am J Pathol, 2004, 164(5):1511–1518.

P53 and Ki67 immunoexpression in mucinous malignant ovarian tumors
[5] Wiegand KC, Shah SP, Al-Agha OM, Zhao Y, Tse K, Zeng T,
Senz J, McConechy MK, Anglesio MS, Kalloger SE, Yang W,
Heravi-Moussavi A, Giuliany R, Chow C, Fee J, Zayed A,
Prentice L, Melnyk N, Turashvili G, Delaney AD, Madore J,
Yip S, McPherson AW, Ha G, Bell L, Fereday S, Tam A,
Galletta L, Tonin PN, Provencher D, Miller D, Jones SJ,
Moore RA, Morin GB, Oloumi A, Boyd N, Aparicio SA,
Shih IeM, Mes-Masson AM, Bowtell DD, Hirst M, Gilks B,
Marra MA, Huntsman DG, ARID1A mutations in endometriosis-associated ovarian carcinomas, N Engl J Med, 2010,
363(16):1532–1543.
[6] Compérat E, Camparo P, Haus R, Chartier-Kastler E,
Bart S, Delcourt A, Houlgatte A, François R, Capron F,
Vieillefond A, Immunohistochemical expression of p63, p53
and MIB-1 in urinary bladder carcinoma. A tissue microarray
study of 158 cases, Virchows Arch, 2006, 448(3):319–324.
[7] van Diest PJ, Brugal G, Baak JP, Proliferation markers in
tumours: interpretation and clinical value, J Clin Pathol,
1998, 51(10):716–724.
[8] Finlay CA, Hinds PW, Levine AJ, The p53 proto-oncogene
can act as a suppressor of transformation, Cell, 1989,
57(7):1083–1093.
[9] Levine AJ, Momand J, Finlay CA, The p53 tumour suppressor
gene, Nature, 1991, 351(6326):453–456.
[10] Thor AD, Moore DH II, Edgerton SM, Kawasaki ES,
Reihsaus E, Lynch HT, Marcus JN, Schwartz L, Chen LC,
Mayall BH et al., Accumulation of p53 tumor suppressor
gene protein: an independent marker of prognosis in breast
cancers, J Natl Cancer Inst, 1992, 84(11):845–855.
[11] Yamaguchi A, Kurosaka Y, Fushida S, Kanno M,
Yonemura Y, Miwa K, Miyazaki I, Expression of p53 protein
in colorectal cancer and its relationship to short-term
prognosis, Cancer, 1992, 70(12):2778–2784.
[12] Horio Y, Takahashi T, Kuroishi T, Hibi K, Suyama M, Niimi T,
Shimokata K, Yamakawa K, Nakamura Y, Ueda R et al.,
Prognostic significance of p53 mutations and 3p deletions
in primary resected non-small cell lung cancer, Cancer Res,
1993, 53(1):1–4.
[13] de Graeff P, Crijns AP, de Jong S, Boezen M, Post WJ,
de Vries EG, van der Zee AG, de Bock GH, Modest effect
of p53, EGFR and HER-2/neu on prognosis in epithelial
ovarian cancer: a meta-analysis, Br J Cancer, 2009, 101(1):
149–159.
[14] Morita K, Ono Y, Fukui H, Tomita S, Ueda Y, Terano A,
Fujimori T, Incidence of P53 and K-ras alterations in ovarian
mucinous and serous tumors, Pathol Int, 2000, 50(3):219–
223.
[15] Eltabbakh GH, Belinson JL, Kennedy AW, Biscotti CV,
Casey G, Tubbs RR, Blumenson LE, p53 overexpression
is not an independent prognostic factor for patients with
primary ovarian epithelial cancer, Cancer, 1997, 80(5):892–
898.
[16] Zheng J, Benedict WF, Xu HJ, Hu SX, Kim TM, Velicescu M,
Wan M, Cofer KF, Dubeau L, Genetic disparity between
morphologically benign cysts contiguous to ovarian
carcinomas and solitary cystadenomas, J Natl Cancer Inst,
1995, 87(15):1146–1153.
[17] Teh M, Lee YS, An immunohistochemical study of p53
protein in ovarian mucinous neoplasms, Pathology, 1996,
28(3):217–219.

803

[18] Marx D, Meden H, Ziemek T, Lenthe T, Kuhn W, Schauer A,
Expression of the p53 tumour suppressor gene as a
prognostic marker in platinum-treated patients with ovarian
cancer, Eur J Cancer, 1998, 34(6):845–850.
[19] Henriksen R, Strang P, Wilander E, Bäckström T, Tribukait B,
Oberg K, p53 expression in epithelial ovarian neoplasms:
relationship to clinical and pathological parameters, Ki-67
expression and flow cytometry, Gynecol Oncol, 1994, 53(3):
301–306.
[20] Hartmann LC, Podratz KC, Keeney GL, Kamel NA,
Edmonson JH, Grill JP, Su JQ, Katzmann JA, Roche PC,
Prognostic significance of p53 immunostaining in epithelial
ovarian cancer, J Clin Oncol, 1994, 12(1):64–69.
[21] Anttila MA, Ji H, Juhola MT, Saarikoski SV, Syrjänen KJ,
The prognostic significance of p53 expression quantitated
by computerized image analysis in epithelial ovarian cancer,
Int J Gynecol Pathol, 1999, 18(1):42–51.
[22] Milner BJ, Allan LA, Eccles DM, Kitchener HC, Leonard RC,
Kelly KF, Parkin DE, Haites NE, p53 mutation is a common
genetic event in ovarian carcinoma, Cancer Res, 1993,
53(9):2128–2132.
[23] Sheridan E, Silcocks P, Smith J, Hancock BW, Goyns MH,
P53 mutation in a series of epithelial ovarian cancers from
the U.K., and its prognostic significance, Eur J Cancer, 1994,
30A(11):1701–1704.
[24] Korkolopoulou P, Vassilopoulos I, Konstantinidou AE,
Zorzos H, Patsouris E, Agapitos E, Davaris P, The combined
evaluation of p27Kip1 and Ki-67 expression provides
independent information on overall survival of ovarian
carcinoma patients, Gynecol Oncol, 2002, 85(3):404–414.
[25] Köbel M, Kalloger SE, Boyd N, McKinney S, Mehl E,
Palmer C, Leung S, Bowen NJ, Ionescu DN, Rajput A,
Prentice LM, Miller D, Santos J, Swenerton K, Gilks CB,
Huntsman D, Ovarian carcinoma subtypes are different
diseases: implications for biomarker studies, PLoS Med.
2008, 5(12):e232.
[26] Terlikowski S, Sulkowski S, Lenczewski A, Musiatowicz B,
Kulikowski M, Study of borderline and invasive mucinous
ovarian tumors using Ki-67 (MIB 1) antibodies and nucleolar
organizer region (NOR) staining, Arch Gynecol Obstet, 1999,
263(1–2):29–33.
[27] Münstedt K, von Georgi R, Franke FE, Correlation between
MIB1-determined tumor growth fraction and incidence of
tumor recurrence in early ovarian carcinomas, Cancer Invest,
2004, 22(2):185–194.
[28] Khouja MH, Baekelandt M, Nesland JM, Holm R, The clinical
importance of Ki-67, p16, p14, and p57 expression in
patients with advanced ovarian carcinoma, Int J Gynecol
Pathol, 2007, 26(4):418–425.
[29] Abike F, Zengeroğlu S, Temizkan O, Payasli A, Tapisiz ÖL,
Correlation between Ki-67 and serous-mucinous ovarian
carcinomas, Türk Hijyen ve Deneysel Biyoloji Dergisi, 2010,
67(2):79–84.
[30] Min KW, Park MH, The expression of c-erbB-2, EGFR, p53
and Ki-67 in ovarian borderline tumors and carcinomas of
the ovary, Korean J Pathol, 2007, 41(5):296–306.

Corresponding author
Cristiana Simionescu, Professor, MD, PhD, Department of Pathology, University of Medicine and Pharmacy of
Craiova, 66 1 May Avenue, 200628 Craiova, Romania; Phone/Fax +40251–599 228, e-mail: csimionescu2004@
yahoo.com

Received: June 5th, 2012
Accepted: October 26th, 2012

