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Summary

Purpose: Ovarian cancer is the leading cause of death 
from gynecological malignancies. The early stages of this dis-
ease are asymptomatic and more than 75% of the cases are di-
agnosed with regional or distant metastases. p53 gene is fre-
quently mutated in some histological subtypes of ovarian car-
cinomas. The role of p53 mutations and polymorphic variant 
of codon 72 in the prognosis of disease is still unclear. The aim 
of this study was to determine the frequency of p53 mutations 
and polymorphic variants of codon 72 among ovarian carci-
noma patients and to correlate them with clinicopathological 
characteristics of disease.

Methods: 54 ovarian carcinoma patients were included 
in the study. DNA was isolated from tumor tissue by the salt-
ing-out method. p53 mutations in exons 4-8 were detected by 
PCR-SSCP (polymerase chain reaction – single-stranded con-
formational polymorphism) electrophoresis. Codon 72 poly-
morphism was assessed by RFLP (restriction fragment-length 

polymorphism) method.
Results: p53 mutations were present in 11 out of 54 pa-

tients (20.4%). Twenty-four patients (44.4%) exhibited Arg/
Arg, 24 patients (44.4%) Arg/Pro and 6 patients (11.2%) Pro/
Pro genotype of 72 codon polymorphism. Correlations be-
tween p53 mutations and various clinicopathological char-
acteristics were not found. However, we observed that the fre-
quency of Pro/Pro genotype was increasing with higher his-
tological grade as well as in advanced compared to localized 
disease, but without statistical significance. Distribution of 
p53 gene mutations between Pro/Pro genotype and Arg/Pro 
plus Arg/Arg genotypes was not statistically significant.

Conclusion: Our study suggests that Pro/Pro genotype 
of 72 codon polymorphism could be an independent prognos-
tic marker in ovarian carcinomas.

Key words: codon 72 polymorphism, ovarian carcinoma, 
p53 mutations

Introduction

Ovarian cancer is the leading cause of death from 
gynecological malignancies. The overall 5-year sur-
vival rate is about 50%. The early stages of this disease 
are asymptomatic and more than two-thirds of cases are 
diagnosed with regional or distant metastases [1].

Over 90% of these cancers are of epithelial ori-
gin. It is very a heterogeneous disease with variability 
of clinical characteristics such as histological subtypes, 
differentiation, potential for invasion and metastasis, 
response to therapy and outcome. Malignant transfor-

mation of epithelial ovarian cells is caused by genetic 
alteration that disrupt the regulation of proliferation, 
apoptosis and DNA repair [2].

One of the most studied genes in human malignan-
cies is p53. The gene is located on the short arm of chro-
mosome 17 at 17p13.1 position, and encodes a 53 kDa 
nuclear phosphoprotein that is involved in cell cycle 
control, DNA repair, genome stability, apoptosis, differ-
entiation, senescence and angiogenesis [3].

p53 gene is mutated in over of 50% of all malignan-
cies and often with high frequency. p53 gene is inactivat-
ed in ovarian carcinomas by point mutations, deletions, 
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codon 72 and examine the possible correlation with the 
clinicopathological characteristics of disease.

Methods

Patients

54 patients with ovarian carcinoma were included 
in our study. The age of patients ranged from 25 to 81 
years (median 56). The clinicopathological character-
istics of patients are summarized in Table 1.

DNA isolation

Genomic DNA was isolated by the salting-out 
method from ovarian carcinoma tumor tissue samples 
collected in liquid nitrogen (–197o C) after surgical 
treat ment.

PCR-SSCP analysis

p53 exons 4-8 were amplified by PCR in auto-
mated thermocycler. Genomic DNA (400 ng) was am-
plified in 25 µl reaction volume (12.5 µl 2X AmliTaq 
Gold PCR Master Mix, 0.75 µl 10 µM sense primer and 
0.75 µl 10 µM antisense primer).

Primers sequences were: exon 4 S: 5΄-ATCTA-

loss of part of 17p chromosome and hypermethylation 
of the promotor region [4]. The primary mechanism of 
p53 dysfunction is the occurrence of point mutations in 
the evolutionary conserved DNA binding domain (exons 
5-8) of the gene. The percentage of p53 mutations vary 
from 0 to 80%, depending on histological subtypes, stage 
of disease and pathways of ovarian tumorigenesis [5].

About 95% of all p53 mutations are located in the 
DNA binding domain [6]. Because of that, we analyzed 
mutations in exons 5-8. Exon 4 was also included in 
this study because of the impact of this region on p53 
protein function in apoptosis [7].

p53 mutations are associated with worse progno-
sis in many human cancers. The role of p53 alterations 
as prognostic factors in ovarian carcinomas remains 
controversial. The impact of p53 alterations on prog-
nosis in patients with ovarian cancer has been studied, 
but has been mainly focused in advanced disease. The 
majority of studies demonstrated that p53 alterations 
have failed to influence the prognosis in multivariate 
analysis including known prognostic factors [8].

While p53 mutations are the most frequently stud-
ied alterations in human cancer, p53 polymorphisms are 
poorly investigated. The common polymorphism in p53 
gene is at codon 72 with single-base change that codes 
either arginine (CGC) or proline (CCC) in proline- rich 
region of the transactivation domain of the protein. These 
two allelic variants are structurally and functionally dif-
ferent. These differences between the p53 variants are 
based on the ability to bind components of the transcrip-
tional machinery, activate transcription, induce apopto-
sis, and suppress the transformation of primary cells [9]. 
Arg allele is more efficient in inducing apoptosis than 
the Pro allele which appears to induce higher level of G1 
arrest [10]. Data about the role of this polymorphism in 
ovarian carcinoma development, prognosis and response 
to chemotherapy are insufficient and controversial.

In the last decade, p53 polymorphism at codon 
72 has been associated with risk of developing various 
neoplasms [11]. A connection between this polymor-
phism and ovarian cancer has been suggested [12,13], 
but has not been extensively studied.

Concerning the prognosis and response to cisplati-
num/paclitaxel-based chemotherapy some authors re-
ported that Arg/Arg genotype is associated with better 
prognosis than Arg/Pro or Pro/Pro genotype, probably 
due to higher induction of apoptosis [14]. In another 
study women with the codon 72 Pro/Pro had a decreased 
overall survival compared with women with one or two 
arginine alleles [15]. The prognostic value of codon 72 
polymorphism in ovarian cancer is unclear.

The aim of this study was to determine the fre-
quency of p53 mutations and polymorphic variants of 

Table 1. Clinicopathological characteristics of ovarian carcinoma 
patients and number of p53 gene mutation detected

Characteristics Number of Number p-value
 patients of p53
 (n=54) mutations

Menopausal status
Premenopausal 18 4 0.014*
Postmenopausal 36 7

Histological subtype
Serous 35 7 0.069*
Mucinous 2 1
Endometrioid 7 0
Clear-cell 4 1
Undifferentiated 2 1
Adenocarcinoma NOS 3 1
Mixed (serous/mucinous) 1 0

Histological grade
G1 19 2 0.121**
G2 21 6 0.337**
G3 6 1 0.446**
Unclassified 8 2

FIGO stage
I 12 0 0.024*
II 9 4
III 29 6
IV 4 1

*chi-square test with Yates correction; ** Fisher’s exact test
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and II) and the advanced disease (FIGO stages III and 
IV) (x2=0.022, p >0.05).

The distribution of p53 gene mutations between 
Arg/Arg plus Arg/Pro vs. Pro/Pro variant was similar 
(x2=1.887, p >0.05).

Fisher’s exact test p=0.525, p >0.05; G2 vs. G3: Fish-
er’s exact test p=0.108, p >0.05; and G1 vs. G3: Fish-
er’s exact test p=0.050).

There was no difference in the frequency of Pro/
Pro genotype comparing the localized (FIGO stages I 

Table 2. Clinicopathological characteristics of ovarian carcinoma patients and distribution of p53 gene 
codon 72 genotypes

Characteristics Number of Number of Number of p-value
 patients Arg/Arg plus Pro/Pro
 (n=54) Arg/Pro genotype
  genotypes 

Menopausal status   
Premenopausal 18 17 1 0.211*
Postmenopausal 36 31 5

Histological subtype   
Serous 35 34 1 4.692*
Mucinous 2 1 1
Endometrioid 7 5 2
Clear-cell 4 4 0
Undifferentiated 2 1 1
Adenocarcinoma NOS 3 2 1
Mixed (serous/mucinous) 1 1 0

Histological grade   
G1 19 19 0 0.525**
G2 21 20 1 0.108**
G3 6 4 2 0.050**
Unclassified 8 5 3

FIGO stage   
I 12 11 1 0.022*
II 9 8 1
III 29 27 2
IV 4 2 2

*chi-square test with Yates correction; **Fisher’s exact test

Figure 2. The frequency of genotypes at codon 72 of p53 gene in 
different histological grades (G) in ovarian carcinomas (n=54).

Figure 3. The frequency of genotypes at codon 72 of p53 gene in 
different FIGO stages (I-IV) in ovarian carcinomas (n=54).
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II tumors are characterized by frequent mutation of p53 
gene and with high level of genetic instability [23].

In our patient population, we theoretically should 
expect mutations in p53 gene in less than half of the ex-
amined tumors (19 high grade serous subtype and 2 un-
differented carcinomas).

We examined the distribution of p53 gene muta-
tion among clinicopathological characteristics such as 
menopausal status, histological subtype, histological 
grade and FIGO stage, but significant differences were 
not revealed.

The frequency of p53 gene mutations among pre 
and postmenopausal women was nearly equal (22.2% 
compared to 19.4%), as well as for serous and non- se-
rous tumors (20.0% compared to 21.0%). The highest 
frequency (28.6%) of mutations was found in G2 tu-
mors comparing to G1 (10.5%) and G3 (16.7%).

Similar frequency of mutations was found in tu-
mors from patients diagnosed with FIGO stages III/IV 
(21.2%) compared to stages I/II (19.0%). Some authors 
also indicate the prevalence of p53 mutations in FIGO 
stages III/IV tumors (49%) compared with stages I/II 
tumors (31%) [21].

The role of p53 mutations as a prognostic factor 
is still unclear. There are very few data about a correla-
tion of p53 mutations and menopausal status, as well 
as tumor grade. For histological subtypes, significant 
difference in the distribution of mutations among se-
rous vs. non-serous carcinomas has been observed, 
but only in early disease stages [24]. Another study did 
not confirm this [25]. p53 mutations were more com-
mon in late-stage (III or IV) than in early-stage disease 
(I or II) [25]. Yet, another study found no relationship 
between the mutation of p53 gene and FIGO stage in 
ovarian carcinomas [26].

In our study, we found an equal frequency of Arg/
Arg and Arg/Pro genotypes at codon 72 of p53 gene. 
We found significantly higher distribution of Pro/Pro 
genotype in non-serous comparing to serous tumors. It 
was observed that the frequency of Pro/Pro genotype 
was increasing with higher histological grade (from 
0% in G1, 4.8% in G2 to 33.3% in G3) and in advanced 
stages (FIGO III and IV) compared with localized dis-
ease (FIGO I and II).

According to the distribution of the polymorphic 
variant at codon 72 of p53 gene, there was no correla-
tion between the frequency of the 3 genotypes (Pro/
Pro, Arg/Arg and Arg/Pro) and histological subtype or 
stage of the tumor [27].

Our results indicate that the distribution of p53 
mutations among the Pro/Pro variant vs. Arg/Arg plus 
Arg/Pro did not reach statistical significance. It could 
mean that the altered p53 protein does not additionally 

Discussion

Ovarian carcinoma is often described as the silent 
killer or the disease that expands without symptoms 
[16]. In more than 75% of the patients, lack of specific/
sensitive markers and/or techniques of screening, leads 
to delayed diagnosis at advanced stages of the disease. 
Unfortunately, the 5-year survival rate at this point is 
less than 25% compared to 80-90% for patients diag-
nosed in early stages [17].

CA125 (Cancer Antigen 125) is the only recog-
nized serum marker for ovarian cancer detection in 
combination with ultrasound. CA125 is a glycopro-
tein that is secreted by the ovarian cancer cell. CA125 
is elevated (more than 35 U/ml) in over 80% of women 
with advanced ovarian cancer, but only in 50% of pa-
tients with stage I disease [18]. CA125 is also associat-
ed with inflammatory cells of the pleura, pericardium, 
and peritoneum [19], certain benign gynecologic con-
ditions (including endometriosis, uterine leiomyoma, 
pelvic inflammatory disease, early pregnancy, and be-
nign ovarian cysts) [20] and in some others malignant 
conditions.

Therefore, finding new markers for early detec-
tion and/or prognosis of ovarian carcinomas is very im-
portant. p53 gene mutations and codon 72 polymorphic 
variant are possible candidates.

p53 was found mutated in approximately 40-80% 
of ovarian carcinomas [21]. In our study p53 gene was 
mutated in 20.4% of tumors only. This discrepancy could 
partly be explained with the existing model of ovarian 
tumorigenesis. Ovarian carcinomas show more mor-
phological heterogeneity than adenocarcinomas of any 
other body site. The morphologically defined subtypes 
of ovarian carcinoma are distinct diseases, with different 
risk factors, different oncogenesis, metastatic potential, 
responses to chemotherapy, and prognosis [22].

According to the model of ovarian tumorigenesis, 
ovarian cancer is divided into two groups, designated 
as Type I and Type II. Type I tumors are slow-growing, 
generally limited to the ovary at diagnosis and develop 
from well established precursor lesions, called “border-
line” tumors. Type I tumors include low-grade micro-
papillary serous carcinoma, mucinous, endometrioid, 
and clear cell carcinomas. They are genetically stable 
and are characterized by mutations in a number of dif-
ferent genes including KRAS, BRAF, PTEN, and beta-
catenin. Type II tumors are fast-growing, highly aggres-
sive neoplasms without well defined precursor lesions; at 
the time of diagnosis, the majority of tumors are already 
in advanced stage. Those include high-grade serous car-
cinoma, malignant mixed mesodermal tumors (carcino-
sarcomas) and undifferentiated carcinomas. The Type 
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Rev Mol Med 2008; 10: e22.
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93: 301-306.
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thelial malignancies. J Pathol 2001; 194: 68-75.
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Fu Chan Ke Za Zhi 1998; 33: 165-167.
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cancer Res 2002; 22: 1859-1864.
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confer to Pro/Pro variant for aggressive disease. An in-
verse correlation was evident between the p53 codon 
72 polymorphism and mutations at exons 5 to 9, with 
the latter more frequently found in Arg/Arg cases in se-
rous ovarian carcinomas [28].

In conclusion, our study did not show any correla-
tion between p53 gene mutations and the clinicopatho-
logical characteristics in ovarian carcinomas. However, 
we found an increasing tendency of the Pro/Pro geno-
type in higher histological grade and in advanced stag-
es of disease. Since, the distribution of p53 mutations 
between Pro/Pro and Arg/Pro plus Arg/Arg genotypes 
was not significantly different, we suggest that the Pro/
Pro variant of codon 72 could be an independent prog-
nostic marker in ovarian carcinomas.
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