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Polymorphisms in the p63 and p73 genes are
associated with ovarian cancer risk and
clinicopathological variables
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Abstract

Objective: p73 and p63 are two structural and functional homologs of p53, and their biological functions in cancer
progression have attracted attention due to the presence of variants generated by genetic polymorphisms.
Recently, three single nucleotide polymorphisms (SNPs) in the p63 and p73 genes have been associated with
female reproduction. In the present study, we aimed to evaluate the relationship between these SNPs and ovarian
cancer susceptibility and clinical pathology.

Methods: We genotyped the p63 (rs873330 [Genbank, refSNP ID] T > C [T: original base, C: mutant base]) and p73
(rs4648551 G > A and rs6695978 G > A) SNPs in ovarian cancers and healthy controls and analyzed the distributions
of genotype frequencies to evaluate the association of the genotypes with the risk of ovarian cancer and the
clinicopathological characteristics. Logistic regression models were applied in statistical analyses.

Results: Our research revealed that p73 rs6695978 G > A was significantly associated with ovarian cancer patients.
Women with the A allele were at increased risk of ovarian cancer compared to carriers of the G allele (OR = 1.55;
95% CI:1.07–2.19; P = 0.003). Meanwhile, the at-risk A allele was positively related with the occurrence of mucinous
ovarian cancer (OR = 3.48; 95% CI:1.15-6.83; P = 0.001), low degree of differentiation (OR = 1.87; 95% CI:1.03-3.47;
P = 0.003), lymph node metastasis (OR = 1.69; 95% CI: 1.14-2.75; P = 0.010) and estrogen receptor positive (OR = 2.72;
95% CI: 1.38-4.81; P = 0.002). However, we were unable to find any associations of the polymorphisms in another
two SNPs (rs4648551 G > A, rs873330 T > C) with ovarian cancer risk and clinicopathological parameters.

Conclusions: The p73 rs6695978 G > A polymorphism will serve as a modifier of ovarian cancer susceptibility and
prognosis. Further investigations with large sample sizes and of the mechanistic relevance of p73 polymorphism
will be warranted.
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Introduction
Ovarian cancer is a serious threat to the lives and health
of women around the world. The incidence rate of ovar-
ian cancer, which varies among ethnic groups and geo-
graphic regions, has increased dramatically in recent
years. In China, there are more than 192,000 women
diagnosed with ovarian cancer, with approximately
114,000 deaths annually. Ovarian cancer has become the
second most common malignancy in Chinese women.
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Despite major advances made in its treatment, ovarian
cancer continues to have the highest fatality of all gyne-
cologic malignancies [1]. Approximately 70% of all ovar-
ian cancers were diagnosed at an advanced stage due to
the difficulty of early diagnosis and widespread intra-
abdominal metastasis. Gene susceptibility has been
reported to potentially play a significant role in ovarian
carcinogenesis [2]. Therefore, identifying predisposing
genes to establish high-risk groups and achieve early
diagnosis may be beneficial to improve the survival rate
of ovarian cancer.
The process of tumor formation and regulation appears

to entail a complex combination of genetic, environmental
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and lifestyle factors. Complex diseases such as cancer, in-
cluding ovarian cancer, have been hypothesized to arise
due to the effect of many low-risk gene variants that col-
lectively increase disease risk [3]. Single nucleotide poly-
morphisms (SNPs) are the most common sequence
variations in the human genome, and they involve only a
single base mutation and can affect coding sequences,
splicing and transcription regulation. SNPs can compre-
hensively reflect genomic hereditary and variation with
large quantity, high density, wide distribution and typical
representation. Therefore, SNPs may play increasingly im-
portant roles in screening for the gene mutations and the
susceptibility to oncogenic factors [4].
The p63 and p73 genes belong to the p53 superfamily

of transcription factors, which contribute to cell cycle
regulation, transactivation and apoptosis in response to
DNA damage [5]. Despite sharing a similar structure
and function, each p53 family member appears to play a
distinct role in tumor suppression and progression.
Interestingly, high levels of certain p63 and p73 isoforms
have been observed in some tumors, suggesting that
these proteins may act as oncogenes rather than classic
tumor suppressor proteins [6-9]. Furthermore, p63 and
p73 genes regulate ovary functions and female germ cell
integrity in humans. The two genes overexpression may
play catalytic roles in ovarian epithelial tumor develop-
ment because both of them can produce synergistic
effects on ovarian tissue malignant transformation and
enhance the tumor invasion ability. The relatively new
Genome-wide association study (GWAS) approach has
investigated hundreds of thousands of genetic variants
across the whole human genome for associations with
cancer [10]. Recently, there has also been mounting evi-
dence that both the p63 and p73 genes play important
roles in human cancer, and their biological behaviors in
cancer progression have been revisited in light of var-
iants generated by genetic polymorphisms. However, lit-
tle is known about how the p63 and p73 polymorphisms
are involved in ovarian cancer susceptibility and clinical
pathology. In particular, three SNPs (rs873330 T > C,
rs4648551 G > A, rs6695978 G > A) located in p63 and
p73 have been confirmed to have a clear enrichment of
specific alleles in infertility and in vitro fertilization
(IVF) patients [11]. Infertility, controlled ovarian hyper-
stimulationmay (COH) may be factors predisposing to
ovarian cancer diseases [12]. Infertility therapies utilize
products, such as IVF, that alter the hormonal balance
and may in theory increase the risk of ovarian tumors.
Children born after IVF therapies seem to have a statisti-
cally elevated risk of cancer [12,13].
Based on these observations between infertility and

ovarian cancer risk, we sought to investigate whether the
p63 and p73 polymorphisms could serve as susceptible
and/or progressive factors in ovarian cancer. To analyze
whether the distributions of their genotype frequencies
are associated with clinicopathological characteristics, we
performed genotyping analyses of p63 (rs873330 T > C)
and p73 (rs4648551 G > A, rs6695978 G > A) in a case–
control study of 308 ovarian cancer cases and 324
healthy controls in a Chinese population.

Materials and methods
Patients and samples
This study involved 308 patients diagnosed with ovarian
cancer in Qilu Hospital (Shandong, China) between
January 2008 and September 2011. All ovarian cancer
cases were classified and assessed according to the
American Joint Committee on Cancer (AJCC) and Inter-
national Federation of Gynecology and Obstetrics (FIGO)
classification, and the pathological types were diagnosed
with epithelial ovarian cancer, germ cell tumor, and sex
gonad stromal tumor using conventional pathological
examination or immunohistochemistry after surgical exci-
sion. The histologic subtypes were classified into serous,
mucinous, endometrioid and mixed/other roughly due to
the detailed ovarian tumor histology data were not avail-
able. The exclusion criteria included reported previous
cancer history and metastasized cancer from other organs.
To illustrate whether the three SNPs in p63 and p73 are
susceptible biomarkers, 324 women from a screening pro-
gram for non-infectious and major diseases conducted
from 2009 to 2010 in the same hospital were included as
the control group in this study. The matching criterions
between the cases and the controls include age, BMI
(body mass index), number liveborn, oral contraceptive
use, cigarette smoking, ovarian cancer family history. For
these two groups, a 1.5 ml whole blood sample was
extracted from each participant and stored at −80°C. Writ-
ten informed consent was signed by each subject, and the
study design was approved by the Ethical Committee of
Shandong University.

DNA extraction
Genomic DNA for all subjects was extracted from whole
blood using the Qiagen blood kit (Chatsworth, CA, USA)
following the manufacturer’s instructions. The DNA con-
centration and purity of each sample were measured
using an ultraviolet spectrophotometer (GE Healthcare,
Piscataway, NJ, USA). The genomic DNA samples were
marked with a specimen No. and stored at −80°C.

SNP genotyping analyses
TaqMan allelic discrimination analyses were performed
according to Applied Biosystems standard protocols
(Applied Biosystems, Carlsbad, CA, USA). The SNPs were
as follows: rs4648551 (C_26892242_10), rs6695978
(C_1210727_10), and rs873330 (C_3208788_10) (Applied
Biosystems Inc. ABI). Each 10 μl reaction was composed
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of 1 μl of genomic DNA (100 ng/μl), 5 μl of UMM (Taq-
Man Genotyping Master Mix, ABI, Part No. 4371355),
0.5 μl of probes (rs4648551/ rs6695978/ rs873330, ABI),
and 3.5 μl of DNase-free water. The PCR was performed
according to the following amplification protocol: denatur-
ation at 95°C for 10 min, followed by 50 cycles of 92°C for
15 s and 60°C for 1 min and final annealing and extension
at 60°C for 30 s. The PCR products were analyzed by the
5’ nuclease assay (TaqManW) on the Applied Biosystems
Prism 7900HT Fast-Real-time PCR system using the Ste-
pOne Software Version 2.2 (ABI).

Statistical analyses
As quality control, the genotype and allele frequencies of
rs4648551 G >A, rs6695978 G >A and rs873330 T > C
were calculated using a public statistical Web-tool, http://
www.oege.org/software/hwe-mr-calc.shtml, for Hardy-
Weinberg equilibrium (HWE). A P value > 0.05 was con-
sidered as not deviating from equilibrium according to
population genotype frequencies. Logistic regression mod-
els were established to analyze the distributions of the
Table 1 Distributions of select variables (covariate data) in th
equilibrium for the SNPs

Variables Cases, n = 308

Age, year (mean ± SD) 52.90 ± 13.26

Body mass index, kg/m2

< 23 85 (27.6)

23-29 157 (51.0))

≥ 29 66 (21.4)

Number liveborn, n (%)

0 19 (6.2)

1-2 227 (73.7)

≥ 3 62 (20.1)

Oral contraceptive use, n (%)

never 184 (59.7)

1-48 months 55 (17.9)

≥ 48 months 69 (22.4)

Cigarette smoking

Yes 6 (1.9)

No 302 (98.1)

Ovarian caner family history

Yes 29 (9.4)

No 279 (90.6)

Hardy-Weinberg equilibrium

rs 4648551 χ2 = 22.3; P =0.98

rs 6695978 χ2 = 0.04; P =0.81

rs 873330 χ2 = 0.16; P =0.72

a. There are no statistically significant differences between the two groups in the se
b. P >0.05 indicate genotype distributed frequencies in the cases and controls conf
three SNP polymorphisms between the case and control
groups and the clinicopathological characteristics of ovar-
ian cancer. P values and Odds Ratios (ORs) were adjusted
for age, BMI, number liveborn, oral contraceptive use,
cigarette smoking, ovarian cancer family history. All statis-
tical tests were considered significant at a level of P ≤ 0.05.
All statistical analyses in our study were conducted using
SPSS Statistics 16.0 (SPSS Inc. Chicago, IL, USA).

Results
The genotype distribution satisfied the hardy-Weinberg
equilibrium
All ovarian cancer patients and healthy controls were
local women in Shandong Province, China. The average
age of cases and controls were 52.90 ± 13.26 and 49.89 ±
13.48 years, respectively, and the Student’s t test did not
show significant differences between the two groups
(P = 0.082). Furthermore, we did not find statistically sig-
nificant differences between the two groups in other
matching characteristics except ovarian cancer family
history (P = 0.003) (Table 1). A chi-squared test was used
e cases and controls and test of the Hardy-Weinberg

Controls, n = 324 P

49.89 ± 13.48 0.082

0.23

92 (28.4)

178 (54.9))

54 (16.7)

0.064

17 (5.2)

258 (79.6)

49 (15.1)

0.49

201 (62.0)

47 (14.5)

76 (23.5)

0.76

4 (1.2)

320 (98.8)

0.003a

7 (2.2)

317 (97.8)

> 0.05b

χ2 = 0.05; P =0.99

χ2 = 10.19; P =0.85

χ2 = 0.10; P =0.75

lect variables (covariate data) except ovarian cancer family history.
ormed with Hardy-Weinberg genetic equilibrium.

http://www.oege.org/software/hwe-mr-calc.shtml
http://www.oege.org/software/hwe-mr-calc.shtml
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to determine whether the subjects were in Hardy-
Weinberg equilibrium. The distributed genotype fre-
quencies of these three SNPs (rs4648551 G>A,
rs6695978 G>A, rs873330 T>C) conformed with Hardy-
Weinberg equilibrium in both the case and control
groups (Table 1), which demonstrated that the popula-
tion in this study reached genetic equilibrium with typ-
ical group representation.

The p73 rs6695978 G > A SNP can enhance susceptibility
to ovarian cancer.
This case–control study included 308 ovarian cancer
cases and 324 cancer-free controls. The genotype distri-
butions of the p73 (rs4648551 G > A, rs6695978 G > A)
and p63 (rs873330 T > C) polymorphisms between the
case and control groups are shown in Table 2. We con-
cluded that the frequency of the A allele in p73
rs6695978 G > A was statistically higher in the case
group compared with the control group. Women with
the A allele were at increased risk of ovarian cancer
compared to carriers of the G allele (OR = 1.55; 95% CI:
1.07-2.19; P = 0.003). Of interesting, we found that the
at-risk A allele in rs6695978 G > A was significantly
associated with ovarian cancer in the allele dose–
response manner. That is, carrying the GA and AA gen-
otypes may increase ovarian cancer susceptibility by
1.64-fold (95% CI: 1.37-1.95; P = 0.004) and 1.81-fold
Table 2 Logistic regression analyses on associations between
ovarian cancer

Gene and SNP Genotype
of SNP

No. of s

Controls

p63

rs873330 T > C TT 182 (56.7)

TC 118 (36.8)

CC 21 (6.5)

T allele 482 (75.1)

C allele 160 (24.9)

p73

rs4648551 G > A GG 316 (97.5)

GA 8 (2.5)

AA 0 (0.0)

G allele 640 (98.8)

A allele 8 (1.2)

rs6695978 G > A GG 240 (74.1)

GA 73 (22.5)

AA 11 (3.4)

G allele 553 (85.3)

A allele 95 (14.7)

a. OR and 95% CI represent odds ratios and 95% confidence intervals from logistic
use, cigarette smoking, ovarian cancer family history.
All statistical tests were two-sided with a significance level of P ≤ 0.05.
(95% CI: 1.56-2.14; P = 0.004) compared with the GG
genotype respectively. The data in Table 2 indicated that
no associations of p63 rs873330 T > C and p73
rs4648551 G > A with ovarian cancer pathogenesis were
found. In summary, we determined that the rs6695978
A allele may be the at-risk allele for ovarian cancer, sug-
gesting that carriers of the A allele may be more suscep-
tible to ovarian cancer among Chinese women.

The p73 rs6695978 G > A SNP was positively associated
with known clinicopathological variables.
Considering that none of the investigated SNPs except
the p73 rs6695978 G > A had shown an association be-
tween the case group and the control group, we merely
listed the data between the rs6695978 G > A genotype
frequencies and the clinicopathological characteristics,
including age at diagnosis, tumor histology, degree of
differentiation, clinical stage , tumor behavior, lymph
node status, estrogen receptor (ER) and progesterone re-
ceptor (PR) status (Table 3). The results from the logistic
regression models revealed that the A allele was posi-
tively associated with the occurrence of mucinous ovar-
ian cancer (OR = 3.48; 95% CI:1.15-6.83; P = 0.001), low
degree of differentiation (OR = 1.87; 95% CI:1.03-3.47;
P = 0.003), lymph node metastasis (OR = 1.69; 95% CI:
1.14-2.75; P = 0.010) and ER positive (OR = 2.72; 95% CI:
1.38-4.81; P = 0.002), which can be used to predict
p63 rs873330, p73 rs4648551, rs6695978 and risk of

ubjects (%) Adjusteda

Cases P OR (95 % CI)

160 (52.0) 0.142 1.00 (ref)

122 (39.6) 1.15 (0.88-1.52)

26 (8.4) 1.21 (0.78-1.89)

442 (71.8)

174 (28.2) 0.098 1.16 (0.79-1.68)

296 (96.1) 0.936 1.00 (ref)

10 (3.3) 1.05 (0.91-1.22)

2 (0.6)

602 (97.7)

14 (2.3) 0.558 1.41 (0.99-1.93)

198 (64.3) 0.004 1.00 (ref)

94 (30.5) 1.64 (1.37-1.95)

16 (5.2) 1.81 (1.56-2.14)

490 (79.5)

126 (20.5) 0.003 1.55 (1.07-2.19)

regression analysis, adjusted for age, BMI, number liveborn, oral contraceptive



Table 3 Relationship between the p73 (rs6695978 G > A) polymorphism and known clinicopathological variables of
ovarian cancer

Clinicopathological
Variables

All Genotype(%) A allele
frequency

Adjusteda

GG GA+AA P OR (95 % CI)

Age 308 0.948

< 52 118 88 (74.6) 30 (25.4) 0.136 1.00 (ref)

≥52 190 146 (76.8) 44 (23.2) 0.137 2.87 (0.93-5.84)

Clinical stage 300 0.474

I-II 92 69 (75.0) 23 (25.0) 0.131 1.00 (ref)

III-IV 208 158 (76.0) 50 (24.0) 0.142 1.30 (0.89-1.93)

Tumor histology 308 0.003

Serous 196 150 (76.5) 46 (23.5) 0.128 1.00 (ref)

Mucinous 24 15 (62.5) 9 (37.5) 0.250 0.001 3.48 (1.15-6.83)

Endometrioid 22 17 (77.3) 5 (22.7) 0.114 0.337 2.25 (0.96-4.44)

Mixed/other 66 52 (78.8) 14 (21.2) 0.136 0.597 0.93 (0.76-1.19)

Degree of differentiation 246 0.005

High 28 22 (78.6) 6 (21.4) 0.107 1.00 (ref)

Medium 82 65 (79.3) 17 (20.7) 0.104 0.827 1.15 (0.86-1.69)

Low 136 98 (72.1) 38 (27.9) 0.162 0.003 1.87 (1.03-3.47)

Tumor behavior 294 0.838

Borderline 48 37 (77.1) 11 (22.9) 0.125 1.00 (ref)

Invasive 246 191 (77.6) 55 (22.4) 0.122 0.91 (0.79-1.03)

Lymph node statusb 176 0.010

Negative 62 50 (80.6) 12 (19.4) 0.105 1.00 (ref)

Positive 114 83 (72.8) 31 (27.2) 0.154 1.69 (1.14-2.75)

ERc 183 0.002

Negative 42 36 (85.7) 6 (14.3) 0.095 1.00 (ref)

Positive 141 100 (70.9) 41 (29.1) 0.163 2.72 (1.38-4.81)

PRc 171 0.329

Negative 66 49 (74.2) 17 (25.8) 0.144 1.00 (ref)

Positive 105 81 (77.1) 24 (22.9) 0.129 1.43 (0.76-2.32)

a Logistic regression model adjusted for age, BMI, number liveborn, oral contraceptive use, cigarette smoking, ovarian cancer family history.
b For advanced ovarian cancer patients, in terms of primary cytoreductive surgery, whether to simultaneously apply pelvic and para-aortic lymph node dissection
is controversial. The general consensus that pelvic and para-aortic lymph node dissection does not increase the 5-year survival rate and improve prognosis has
been widely accepted. Thus, some patients involved in our study only underwent primary cytoreductive surgery without pelvic and para-aortic lymph node
dissection. The data regarding lymph node status in patients were partially missing.
c Unlike breast cancer and endometrial cancer, the significance of ER and PR in the clinical treatment and prognosis of ovarian cancer is also valuable and
disputed. Meanwhile, combined with the economic condition of the patients, some cases did not undergo ER and PR immunohistochemical analyses.
All statistical tests were two-sided with a significance level of P ≤ 0.05.
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disease prognosis and treatment outcomes. However,
our analysis did not show significant associations of the
polymorphism with age at diagnosis, clinical stage,
tumor behavior and PR status. Therefore, the p73
rs6695978 G > A polymorphism may be a potential indi-
cator of clinical prognosis in Chinese female ovarian
cancer patients.

Discussion
Recent studies have revealed that several genetic poly-
morphisms may play important roles in the pathogenesis
of ovarian cancer [14,15], and women who carried the
gene mutation (BRCA1 mutation) had an increased risk
(by up to 50%) of developing ovarian cancer in a lifetime
[16]. In one of the most recent genome-wide association
study (GWAS) conducted in ovarian cancer, a strong asso-
ciation with 12 single-nucleotide polymorphisms (SNPs)
in the Basonuclin 2 (BNC2) gene was found, where the
minor allele of the associated SNPs were protective against
disease[17,18]. Moreover, a meta-analysis showed that
patients with one of single nuclear polymorphisms vitamin
D receptor (VDR), the FokI rs2228570 TT genotype, had a
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significantly higher risk for developing ovarian cancer as
well as prostate, breast, skin, non-Hodgkin lymphoma,
and colorectal cancer compared with its CC genotype
[19,20]. By seeking susceptibility genes and establishing
high-risk populations, early diagnosis may be beneficial to
improve ovarian cancer survival.
As tumor candidate genes, p63 and p73 are involved in

the regulation of the cell cycle, apoptosis, differentiation
and other critical cellular processes. The abnormal expres-
sion of the two genes can play catalytic roles in the devel-
opment of ovarian tumors and achieve synergy in terms of
early malignant transformation and enhanced tumor inva-
sion. In recent years, there has been an increased interest
in research into the connection between p63 and p73 var-
iants generated by genetic polymorphisms and cancer pro-
gression. Meanwhile, several genetic polymorphisms have
been implicated in the pathogenesis of ovarian cancer
[14-20]. However, little is known about how the p63 and
p73 polymorphisms are involved in ovarian cancer suscep-
tibility and clinical pathology. Therefore, we conducted
this study to genotype three SNPs in the p63 and p73
genes to determine whether this polymorphism func-
tioned as a modifier of ovarian cancer development.
Prior studies have demonstrated that p63 and p73

were highly expressed in female germ cells during
meiotic arrest and play an important role in DNA
damage-induced apoptosis in female germ cells [21,22].
Recently, three SNPs (rs873330 T > C, rs4648551 G > A,
rs6695978 G > A) located in p63 and p73 were identified,
and they appear to be under evolutionary selection pres-
sures using the criteria of Atwal[23,24] and information
theory. That study showed a clear enrichment of the
SNPs in infertility and IVF patients and revealed that
polymorphisms in the human p63 and p73 genes could
be involved in reproductive deficits [11,25]. In theory,
the factors including non-pregnancy, infertility and ap-
plication of ovulation induction drugs that lead to con-
tinued ovulation can increase the incidence of ovarian
cancer [26]. Infertility therapies utilize products, such as
IVF, that alter the hormonal balance and may also in-
crease the risk of ovarian tumors [12]. Based on the
close relationship between infertility and ovarian cancer
susceptibility, we genotyped these SNPs in ovarian can-
cer patients and normal individuals using a case–control
study. Our results indicated that the A allele frequency
in p73 rs6695978 G > A was statistically higher in the
case group compared with the control group. Women
with the A allele were at increased risk of ovarian cancer
compared to carriers of the G allele, which also con-
firmed that this polymorphism may serve as a predictor
of ovarian cancer susceptibility.
Ovarian cancers comprise a broad spectrum of malig-

nancies, ranging from serous to mucinous, endometrioid,
clear cell and other histologic subtypes. These histotypes
have been recently associated with distinct molecular pro-
files and polymorphisms, supporting the idea that the dis-
tinct molecular pathways and genotype may strongly
affect germinal histotypes in ovarian cancer [27-30]. As
demonstrated in our research, the frequencies of A allele
and combined GA+AA genotypes in p73 rs6695978 G >A
were statistically elevated in mucinous ovarian cancer com-
pared with other subtypes. In all histologic types, the prog-
nosis of mucinous ovarian cancer is unsatisfactory and
prone to metastasis and drug resistance [31], which intro-
duces difficulties and challenges into clinical treatment.
The median survival (MS) of mucinous adenocarcinomas
did not differ significantly between the groups interpreted
as primary or metastatic, but the overall survival (OS) of
mucinous adenocarcinomas is significantly less than that
for women with serous carcinoma [32]. Mucinous carcin-
omas are independent predictors of poor prognosis in stage
III/IV ovarian cancer [33]. Consequently, our study indi-
cates that the rs6695978 A allele may be more closely
related to the occurrence of mucinous ovarian cancer and
individuals carrying the AA and GA genotypes may suffer
from poorer prognoses.
With respect to the clinical stage, differentiation de-

gree and lymph node status in ovarian cancer, which can
guide clinical treatment and outcomes, there is also
mounting evidence that p73 protein expression may play
a vital role in malignant transformation, clinical stage,
differentiation degree and metastasis of ovarian cancer
[34]. The lower the differentiation degree, the higher the
level of p73 expression. Increasing the expression of the
p73 protein in tumor cells may strengthen the suppres-
sion of cellular apoptosis; the survivability and malig-
nancy of the tumor are enhanced accordingly. Thus,
tumor cells may have an easier time to invade the sur-
rounding tissues and metastasize to the lymph nodes,
which shorten the survival of ovarian cancer patients. In
this study, we clarified the association of the A allele fre-
quency in the p73 rs6695978 G > A with a low degree of
differentiation and lymph node metastasis, which is simi-
lar to what was seen in previous studies on the status of
p73 expression in ovarian cancer. However, the biological
relevance for an association between rs6695978 A allele
and ovarian cancer remains unclear. Therefore, we will
sought to assess whether there was a necessary link be-
tween p73 expression status and the p73 rs6695978 G >
A polymorphism in the next step. Further investigation
in a larger sample size involved molecular mechanisms
are indispensable.
Ovarian cancer is a hormone-dependent malignancy,

and estrogen/ progesterone and its receptors may play
important roles in the pathogenesis of ovarian cancer.
For a long time, progesterone has been considered to be
a protective factor for ovarian cancer. Approximately
26% to 49% of ovarian cancers have PR expression [35],
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and patients with a high expression of PR often have a
good prognosis [36]. In contrast, estrogen has been con-
sidered as a risk factor for epithelial ovarian cancer. The
proliferation of ovarian tissue with estrogenic stimula-
tion and estrogen/hormone replacement therapy (HRT)
may possibly increase the risk of ovarian cancer [37,38].
Approximately 61% to 79% of ovarian cancers express
the ER [35]. From the pathological standpoint, estrogen
and ER expression can accelerate the mitosis of ovarian
cancer cells, which rely on inhibiting apoptosis and pro-
moting cell proliferation to participate in the develop-
ment of tumors. Hence, ER-positive ovarian cancer
patients often suffer from a poor prognosis. The data in
our research illustrated that ER-positive patients tend to
carry the AA and GA genotypes in p73 rs6695978 com-
pared with the GG genotypes. In contrast with ER-
negative, the A allele frequency in rs6695978 were also
statistically increased in ER-positive patients. There
appears to be a potential connection between rs6695978
A allele and bad clinical outcomes.
In conclusion, this is the first study to indicate the p73

rs6695978 G > A A allele as the at-risk allele may en-
hance susceptibility to ovarian cancer in Chinese
women. The individuals with the A allele were at
increased risk of ovarian cancer compared to carriers of
the G allele, and positively associated with the occur-
rence of mucinous ovarian cancer, poor differentiation,
lymph node metastasis and estrogen receptor status,
which all indicate a poor prognosis for ovarian cancer.
However, detailed ovarian tumor histology data were not
available, and the biological and mechanistic relevances
between rs6695978 A allele and ovarian cancer remain
unclear. Meanwhile, the process of ovarian cancer devel-
opment in women is probably mediated by other candi-
date genotypes and different pathways; this analysis
leads to future work in the following directions (a) with
large samples and detailed surveys focusing on the func-
tional pattern of this polymorphism (b) examination of
p73 expression levels by genotype among the current
population. (c) analysis of genotypic interactions with
closely-related genes. Further research of this critical
gene and those which are biologically related may lead
to a better informed biological understanding of ovarian
cancers. Substantiating its independent prognostic value
for clinical diagnosis and outcome is of great signifi-
cance. In addition, findings such as these will lead to the
development of genetic risk prediction panels for even-
tual classification of women who may most benefit from
targeted surveillance or prevention strategies.

Abbreviations
SNP: Single nucleotide polymorphisms; GWAS: Genome-Wide Association
Study; IVF: In vitro fertilization; AJCC: American Joint Committee on Cancer;
FIGO: International Federation of Gynecology and Obstetrics; BMI: Body mass
index; ABI: Applied Biosystems Inc.; HWE: Hardy-Weinberg equilibrium;
OR: Odds Ratios; MS: Median Survival; OS: Overall Survival; ER: Estrogen
receptor; PR: Progesterone receptor; HRT: Hormone replacement therapy.

Competing interests
All authors declare that we have no financial and non-financial competing
interests after the publication of the manuscript.

Authors' contributions
Xiao Guan carried out the molecular genetic studies inciuding DNA
extraction and SNP genotyping analyses, and drafted the manuscript. Ning
Zhang participated in analyzing the distribution of genotype frequency.
Yongshuo Yin carried out the collection of clinicopathological characteristics.
Beihua Kong and Qifeng Yang took part in the design of the study. Zhiyan
Han performed the statistical analysis. Xingsheng Yang conceived of the
study, and participated in its design and coordination and helped to draft
the manuscript. “All authors read and approved the final manuscript”.

Acknowledgements
This project was supported by grants from the Doctoral Foundation of
Shandong Province (No.03BS021) and the Shandong Province Science and
Technology Project Foundation (No.2011GSF12121) to Prof. Yang X. We
thank Ning Yang for collecting the data for this study and Hongmei Xu,
Yingjie Li, Ying Zhao, Xiaoyan Li, and Zeng Yuan for their technical support
and critical discussions.

Author details
1Department of Obstetrics and Gynecology, Qilu Hospital, Shandong
University, 107#, Wenhua Xi Road, Jinan, P.R. China. 2Department of Breast
Surgery, Qilu Hospital, Shandong University, 107#, Wenhua Xi Road, Jinan, P.
R. China. 3Department of Surgical Oncology, Dongguan People's Hospital of
Guangdong Province, 3#, New Guchong Road, Dongguan, P.R. China.
4School of Public Health, Shandong University, 44#, Wenhua Xi Road, Jinan,
P.R. China.

Received: 25 May 2012 Accepted: 19 September 2012
Published: 24 October 2012

References
1. Hu J, Zhu LR, Liao QP: Clinical analysis for death in gynecological

patients. Beijing Da Xue Xue Bao 2010, 42:155–158.
2. Ozaki T, Nakagawara A: p73, a sophisticated p53 family member in the

cancer world. Cancer Sci 2005, 96:729–737.
3. Risch N, Merikangas K: The future of genetic studies of complex human

diseases. Science 1996, 273:1516–1517.
4. Erichsen HC, Chanock SJ: SNPs in cancer research and treatment.

Br J Cancer 2004, 90:747–751.
5. Melino G, Bernassola F, Ranalli M, Yee K, Zong WX, Corazzari M, Knight RA,

Green DR, Thompson C, Vousden KH: p73 induces apoptosis via PUMA
transactivation and Bax mitochondrial translocation. J Biol Chem 2004,
279:8076–8083.

6. Barbieri CE, Barton CE, Pietenpol JA: ΔNp63α expression is regulated by the
phosphoinositide 3-Kinase pathway. J Biol Chem 2003, 278:51408–51414.

7. De Laurenzi V, Melino G: Evolution of functions within the p53/p63/p73
family. Ann N Y Acad Sci 2000, 926:90–100.

8. Pozniak CD, Radinovic S, Yang A, McKeon F, Kaplan DR, Miller FD: An
antiapoptotic role for the p53 family member, p73, during
developmental neuron death. Science 2000, 289:304–306.

9. Barlev NA, Liu L, Chehab NH, Mansfield K, Harris KG, Halazonetis TD, Berger
SL: Acetylation of p53 activates transcription through recruitment of
coactivators/histone acetyltransferases. Mol Cell 2001, 8:1243–1254.

10. Kronenberg F: Genome-wide association studies in aging-related
processes such as diabetes mellitus, atherosclerosis and cancer. Exp
Gerontol 2008, 43:39–43.

11. Feng Z, Zhang C, Kang HJ, Sun Y, Wang H, Naqvi A, Frank AK, Rosenwaks Z,
Murphy ME, Levine AJ, Hu W: Regulation of female reproduction by p53
and its family members. FASEB J 2011, 25:2245–2255.

12. Hippeläinen M: Infertility and risk of cancer. Duodecim 2012, 128:851–857.
13. Vlahos NF, Economopoulos KP, Fotiou S: Endometriosis, in vitro fertilisation

and the risk of gynaecologicalmalignancies, including ovarian and breast
cancer. Best Pract Res Clin Obstet Gynaecol 2010, 24:39–50.



Guan et al. Journal of Experimental & Clinical Cancer Research 2012, 31:89 Page 8 of 8
http://www.jeccr.com/content/31/1/89
14. Goode EL, Fridley BL, Vierkant RA, Cunningham JM, Phelan CM, Anderson S,
Rider DN, White KL, Pankratz VS, Song H, Hogdall E, Kjaer SK, Whittemore
AS, DiCioccio R, Ramus SJ, Gayther SA, Schildkraut JM, Pharaoh PP, Sellers
TA: Candidate gene analysis using imputed genotypes: cell cycle single-
nucleotide polymorphisms and ovarian cancer risk. Cancer Epidemiol
Biomarkers Prev 2009, 18:935–944.

15. Notaridou M, Quaye L, Dafou D, Jones C, Song H, Høgdall E, Kjaer SK,
Christensen L, Høgdall C, Blaakaer J, McGuire V, Wu AH, Van Den Berg DJ,
Pike MC, Gentry-Maharaj A, Wozniak E, Sher T, Jacobs IJ, Tyrer J, Schildkraut
JM, Moorman PG, Iversen ES, Jakubowska A, Mędrek K, Lubiński J, Ness RB,
Moysich KB, Lurie G, Wilkens LR, Carney ME, et al: Common alleles in
candidate susceptibility genes associated with risk and development of
epithelial ovarian cancer. Int J Cancer 2011, 128:2063–2074.

16. Clark SL, Rodriguez AM, Snyder RR, Hankins GD, Boehning D: Structure-function
Of the tumor suppressor BRCA1. Comput Struct Biotechnol J 2012, 1(1):1–16.

17. Song H, Ramus SJ, Tyrer J, Bolton KL, Gentry-Maharaj A, Wozniak E, Anton-
Culver H, Chang-Claude J, Cramer DW, DiCioccio R, Dörk T, Goode EL,
Goodman MT, Schildkraut JM, Sellers T, Baglietto L, Beckmann MW, Beesley
J, Blaakaer J, Carney ME, Chanock S, Chen Z, Cunningham JM, Dicks E,
Doherty JA, Dürst M, Ekici AB, Fenstermacher D, Fridley BL, Giles G: A
genome-wide association study identifies a new ovarian cancer
susceptibility locus on 9p22.2. Nat Genet 2009, 41:996–1000.

18. Goode EL, Chenevix-Trench G, Song H, Ramus SJ, Notaridou M, Lawrenson
K, Vierkant RA, Larson MC, Kjaer SK, Birrer MJ, Berchuck A, Schildkraut J,
Tomlinson I, Kiemeney LA, Cook LS, Gronwald J, Garcia-Closas M, Gore ME,
Campbell I, Whittemore AS, Sutphen R, Phelan C, Anton-Culver H, Pearce
CL, Lambrechts D, Rossing MA, Chang-Claude J, Moysich KB, Goodman MT,
Dörk T: A genome-wide association study identifies susceptibility loci for
ovarian cancer at 2q31 and 8q24. Nat Genet 2010, 42:874–879.

19. Raimondi S, Johansson H, Maisonneuve P, Gandini S: Review and meta-
analysis on vitamin D receptor polymorphisms and cancer risk.
Carcinogenesis 2009, 30:1170–1180.

20. Tworoger SS, Gates MA, Lee IM, Buring JE, Titus-Ernstoff L, Cramer D,
Hankinson SE: Polymorphisms in the vitamin D receptor and risk of
ovarian cancer in four studies. Cancer Res 2009, 69:1885–1891.

21. Suh EK, Yang A, Kettenbach A, Bamberger C, Michaelis AH, Zhu Z, Elvin JA,
Bronson RT, Crum CP, McKeon F: p63 protects the female germ line
during meiotic arrest. Nature 2006, 444:624–628.

22. Kurita T, Cunha GR, Robboy SJ, Mills AA, Medina RT: Differential
expression of p63 isoforms in female reproductive organs. Mech Dev
2005, 122:1043–1055.

23. Atwal GS, Bond GL, Metsuyanim S, Papa M, Friedman E, Distelman-
Menachem T, Ben Asher E, Lancet D, Ross DA, Sninsky J, White TJ, Levine
AJ, Yarden R: Haplotype structure and selection of the MDM2 oncogene
in humans. Proc Natl Acad Sci U S A 2007, 104:4524–4529.

24. Atwal GS, Kirchhoff T, Bond EE, Montagna M, Menin C, Bertorelle R, Scaini
MC, Bartel F, Böhnke A, Pempe C, Gradhand E, Hauptmann S, Offit K, Levine
AJ, Bond GL: Altered tumor formation and evolutionary selection of
genetic variants in the human MDM4 oncogene. Proc Natl Acad Sci U S A
2009, 106:10236–10241.

25. Hu W, Zheng T, Wang J: Regulation of Fertility by the p53 Family
Members. Genes Cancer 2011, 2:420–430.

26. Vlahos NF, Economopoulos KP, Fotiou S: Endometriosis, in vitro fertilisation
and the risk of gynaecological malignancies, including ovarian and breast
cancer. Best Pract Res Clin Obstet Gynaecol 2010, 24:39–50.

27. IeM S, Kurman RJ: Ovarian tumorigenesis: a proposed model based on
morphological and molecular genetic analysis. Am J Pathol 2004,
164:1511–1518.

28. Ho CL, Kurman RJ, Dehari R, Wang TL, Shih IM: Mutations of BRAF and
KRAS precede the development of ovarian serous borderline tumors.
Cancer Res 2004, 64:6915–6918.

29. Gorringe KL, Jacobs S, Thompson ER, Sridhar A, Qiu W, Choong DY,
Campbell IG: High-Resolution single nucleotide polymorphism array
analysis of epithelial ovarian cancer reveals numerous microdeletions
and amplifications. Clin Cancer Res 2007, 13:4731–4739.

30. Feltmate CM, Lee KR, Johnson M, Schorge JO, Wong KK, Hao K, Welch WR,
Bell DA, Berkowitz RS, Mok SC: Whole-genome allelotyping identified
distinct loss-of-heterozygosity patterns inmucinous ovarian and
appendiceal carcinomas. Clin Cancer Res 2005, 11:7651–7657.

31. Matsuo K, Nishimura M, Bottsford-Miller JN, Huang J, Komurov K, Armaiz-
Pena GN, Shahzad MM, Stone RL, Roh JW, Sanguino AM, Lu C, Im DD,
Rosenshien NB, Sakakibara A, Nagano T, Yamasaki M, Enomoto T, Kimura T,
Ram PT, Schmeler KM, Gallick GE, Wong KK, Frumovitz M, Sood AK:
Targeting SRC in mucinous ovarian carcinoma. Clin Cancer Res 2011,
17:5367–5378.

32. Zaino RJ, Brady MF, Lele SM, Michael H, Greer B, Bookman MA: Advanced
stage mucinous adenocarcinoma of the ovary is both rare and highly
lethal: a Gynecologic Oncology Group study. Cancer 2011, 117:554–562.

33. Mackay HJ, Brady MF, Oza AM, Reuss A, Pujade-Lauraine E, Swart AM,
Siddiqui N, Colombo N, Bookman MA, Pfisterer J, du Bois A: Gynecologic
Cancer InterGroup: Prognostic relevance of uncommon ovarian
histology in women with stage III/IV epithelial ovarian cancer.
Int J Gynecol Cancer 2010, 20:945–952.

34. Niyazi M, Ghazizadeh M, Konishi H, Kawanami O, Sugisaki Y, Araki T:
Expression of p73 and c-Abl proteins in human ovarian carcinomas.
Nippon Med Sch 2003, 70:234–242.

35. Emons G, Kavanagh JJ: Hormonal interactions in ovarian cancer. Hematol
Oncol Clin North Am 1999, 13:145–161.

36. Murdoch WJ, Van Kirk EA, Isaak DD, Shen Y: Progesterone facilitates
cisplatin toxicity in epithelial ovarian cancer cells and xenografts. Gynecol
Onco 2008, 110:251–255.

37. Mørch LS, Løkkegaard E, Andreasen AH, Krüger-Kjaer S, Lidegaard O:
Hormone therapy and ovarian cancer. JAMA 2009, 302:298–305.

38. Beral V, Bull D, Green J, Reeves G, Million Women Study Collaborators:
Ovarian cancer and hormone replacement therapy in the Million
Women Study. Lancet 2007, 369:1703–1710.

doi:10.1186/1756-9966-31-89
Cite this article as: Guan et al.: Polymorphisms in the p63 and p73
genes are associated with ovarian cancer risk and clinicopathological
variables. Journal of Experimental & Clinical Cancer Research 2012 31:89.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patients and samples
	DNA extraction
	SNP genotyping analyses
	Statistical analyses

	Results
	The genotype distribution satisfied the hardy-Weinberg equilibrium
	The p73 rs6695978 G&thinsp;>&thinsp;A SNP can enhance susceptibility to ovarian cancer.
	The p73 rs6695978 G&thinsp;>&thinsp;A SNP was positively associated with known clinicopathological variables.

	Discussion
	Competing interests
	Authors' contributions
	Acknowledgements
	Author details
	References

