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Association between the p73 gene G4C14-to-A4T14 single
nucleotide polymorphism and risk of cervical cancer by high
resolution melting and PCR with confronting two-pair primers
in a Chinese population
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Abstract. As a member of the p53 gene family, the p73 gene
can affect an individual's susceptibility to cancer through
a p53-like manner. DNA sequence variation in the p73
gene has been reported to be associated with cancer risk.
The present study aimed to identify whether the p73 gene
G4Cl14-to-A4T14 single nucleotide polymorphism (SNP) is
associated with risk of cervical cancer in a Chinese popula-
tion. The p73 G4C14-to-A4T14 polymorphism was genotyped
in 175 cervical cancer and 189 healthy control peripheral
blood DNA samples using high resolution melting, polymerase
chain reaction with confronting two-pair primers and direct
DNA sequencing. The results demonstrated that carriers of the
AT/AT genotype were associated with a significantly increased
risk of cervical cancer (P=0.042; y*=4.122; odds ratio = 2.241;
95% confidence interval = 1.013-4.956) compared with the
GC/GC genotype carriers. In addition, there was a significant
association between p73 genotypes and tumor size in patients
with cervical cancer (P=0.014; ¥*=8.607). However, no
association was identified between p73 genotypes and tumor
stage, histological type or lymph node metastasis in patients
with cervical cancer. These results suggest that the p73
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G4Cl14-to-A4T14 SNP may function as a marker of genetic
susceptibility to cervical cancer in the Chinese population.

Introduction

Cervical cancer is the third most prevalent malignancy in women
worldwide, and is a predominant cause of cancer-associated
mortality in women in developing countries; with an estimated
527,600 novel cases and 265,700 mortalities worldwide in
2012 (1-5). In addition, cervical cancer accounts for 45% of
the total number of cancer incidence in the south of China (6).
Epidemiological studies have identified major risk factors of
the disease, and include human papilloma virus (HPV), sexual
behavior, diet, smoking and genetic factors (7-10). In the majority
of cases, cervical cancer results from genital infection with the
human carcinogen, HPV, with ~90% of HPV infections clearing
within a few months to a few years with no complications (11).
Only a small proportion of HPV infections advance to cancer,
thus indicating that genetic susceptibility may be important in
cervical carcinogenesis (12). Identification of a genetic variant
associated with cervical cancer may aid the elucidation of
fundamental mechanisms underlying its formation and develop-
ment, and also identify possible therapeutic targets.

p73 is located on chromosome 1p36.33, and encodes a
member of the p53 transcription factor family involved in
development and cellular responses to stress (13-16). p73
activates various p53-responsive gene promoters, including
that of p21, which participates in DNA repair, cell-cycle arrest
and apoptosis, and inhibits cell growth in a p53-like manner
by inducing G, cell-cycle arrest or apoptosis (17). Although
p73 gene mutations occur in <2% of all cancer cases, loss of
heterozygosity at the p73 locus has been reported at varying
frequencies for different tumors (18-20). For example, the loss
of heterozygosity, allele silencing and the decreased expres-
sion of the p73 gene can lead to changes in the prevalence of
alterations in breast cancer (21).
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At present, >19 single nucleotide polymorphisms (SNPs)
have been identified in the p73 gene, either in exons or
introns (22). However, only two SNPs located in exons have
been determined to cause amino acid changes; these SNPs
are naturally-linked at positions 4 (G to A) and 14 (C to T) in
the 5'-untranslated region of exon 2 of the p73 gene, and are
known as G4C14-to-A4T14 (rs2273953, rs1801173) (23). The
G4C14-t0-A4T14 SNP forms a stem-loop structure, which may
affect gene expression by altering the efficiency of translation
initiation; thus, this polymorphism may lead to functional
consequences (24). The p73 gene G4Cl14-to-A4T14 SNP has
been reported to correlate with various forms of cancer (25),
including breast, lung and epithelial ovarian cancer (26-29).
However, genetic studies have not yet attempted to identify the
role of the p73 G4Cl4-to-A4T14 polymorphism, which may
be associated with cervical cancer in the Chinese population.

The present study aimed to investigate whether this SNP
was associated with risk of cervical cancer in a Chinese
population using high-resolution melting (HRM) and poly-
merase chain reaction with confronting two-pair primers
(PCR-CTPP), in addition to direct DNA sequencing.

Materials and methods

Study subjects and samples. Peripheral blood samples were
obtained between January 2013 and October 2014 from
175 newly diagnosed patients with cervical cancer and
189 healthy controls at Xi'an No. 4 Hospital (Xi'an, China).
Once collected, the samples were stored at -80°C. Final
diagnoses were confirmed by routine histopathological
examination. The selection criteria for the healthy controls
included no individual history of cancer, and the frequency
of cervical cancer cases was matched on age. All subjects
were unrelated, ethnic Han Chinese. At recruitment, written
informed consent was obtained from all participants, and each
individual was interviewed to obtain information regarding
demographic characteristics. The research protocol was
approved by the Institutional Review Board of Xi'an No. 4
Hospital.

DNA extraction. The primary reagents used for DNA extraction
included potassium iodide, 0.9% NacCl, chloroform/isoamyl
alcohol (dilution, 24:1), isopropanol and 70% ethanol, which
were all obtained from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China). Genomic DNA was extracted from ethyl-
enediaminetetraacetic acid anticoagulated peripheral blood
samples by phenol-chloroform extraction (30). Extracted DNA
was stored at -80°C until use.

Genotyping of polymorphisms by HRM. Firstly, samples were
genotyped by HRM (31). The sequences of the p73 primers
used were as follows: Forward, 5-CAGGAGGACAGAGCA
CGAG-3' and reverse, 5-CGAAGGTGGCTGAGGCTAG-3".
Quantitative PCR was performed with a 25 pl reaction mixture
containing 12.5 ul SGExcel FastSYBR Mixture (Sangon
Biotech, Shanghai, China), 10.5 ul sterilized water, 0.5 ul each
primer and 1 1 DNA template. The PCR conditions consisted
of an initial denaturation step of 94°C for 5 min, followed by
30 cycles of 94°C for 30 sec, 65°C for 30 sec and 72°C for
30 sec, and a final extension step of 72°C for 10 min. Melting
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Figure 1. Melting curve of p73 G4Cl4-to-A4T14 polymorphism.
Curve 1, blank; curve 2, GC/AT genotype; curve 3, GC/GC genotype; and
curve 4, AT/AT genotype.

curves were obtained following a denaturation period for
60 sec at 95°C and a holding period of 60 sec at 40°C; the start
temperature was 75°C and the final temperature was 85°C,
with a temperature gradient of 0.05°C/sec. PCR and melting
procedures were analyzed using a LightCycler® Nano Instru-
ment (Roche Diagnostics, Shanghai, China), and the melting
curve (Fig. 1) and accuracy of genotyping data was validated
by direct sequencing (Fig. 2).

Genotyping of polymorphism by PCR-CTPP. Secondly, the
samples were analyzed for the p73 G4Cl4-t0o-A4T14 SNP
genotype by PCR-CTPP. The PCR assay was performed using
the GeneAmp™ PCR system 9700 (Applied Biosystems;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The
two-pair primers were purchased from Sangon Biotech Co.,
Ltd. (Shanghai, China) and the sequences were as follows:
Forward 1,5-CCACGGATGGGTCTGATCC-3";and reverse 1,
5'-GGCCTCCAAGGGCAGCTT-3' forward 2, 5-CCTTCC
TTCCTGCAGAGCG-3'; and reverse 2, 5"TTAGCCCAGC-
GAAGGTGG-3'". The melting temperature values of the
forward 1, forward 2, reverse 1 and reverse 2 primers were
61.88°C, 61.88°C, 61.86°C and 59.54°C, respectively. PCR
was performed in a 25 pl reaction mixture containing 12.5 ul
DreamTaq Green PCR master mixture (Sangon Biotech),
7.5 pl double-distilled water, 1 ul each primer and 1 yl DNA
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Table I. Demographic characteristics of cervical cancer cases and controls.
Patients with
Characteristics cancer, n (%) Controls, n (%) P-value $
Total 175 189
Age, years 0.212 1.555
<45 83 (474) 102 (54.0)
>45 92 (52.6) 87 (46.0)
Cigarette smoking 0.001 11.266
No 144 (82.3) 177 (93.7)
Yes 31 (17.7) 12 (6.3)
Alcohol consumption 0.625 0.239
No 140 (80.0) 155 (82.0)
Yes 35 (20.0) 34 (18.0)
Family history 0.216 1.529
No 160 (91.4) 179 (94.7)
Yes 15 (8.6) 10 (5.3)
Histology
Adenocarcinoma 158 (90.3)
Squamous cell 14 (8.0)
Other 3(1.7)

“Two-sided test.
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Figure 2. Direct-sequencing analysis for genotypes of p73 G4Cl14-to-A4T14
polymorphism. (A) GC/GC genotype; (B) GC/AT genotype; and (C) AT/AT
genotype.
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template. PCR conditions consisted of an initial denaturation
step of 95°C for 5 min, followed by 35 cycles of 95°C for
40 sec, 60°C for 40 sec and 72°C for 40 sec, and a final exten-
sion step of 72°C for 10 min. An aliquot (9 ul) of PCR product

was visualized on 2% agarose gel. GC/GC yields 2 bands of
428 and 193 bp, AT/AT yields 2 bands of 428 and 270 bp, and
GC/AT heterozygosity yields 3 bands of 428, 270 and 193 bp.
Genotyping by PCR-CTPP (Fig. 3) was confirmed by DNA
sequencing. The results of PCR-CTPP genotyping and
sequencing analysis were consistent.

Statistical analysis. Comparisons of clinical variables
between patients with cancer and healthy controls and
the distribution differences of genotypes and alleles were
analyzed by the ¥ test. The association between p73 gene
polymorphism and genetic susceptibility to cervical cancer
was examined by multiple logistic regression analyses, and
the P-values, odds ratio (OR) and 95% confidence inter-
vals (CI) were calculated. > tests were used to assess the
association between p73 genotypes and clinicopathological
characteristics of patients with cervical cancer. All statis-
tical tests were two-sided, and P<0.05 was considered to
indicate a statistically significant difference. SPSS software
version 13.0 (SPSS, Inc., Chicago, IL, USA) was used to
perform all statistical analyses.

Results

Characteristics of study subjects. The frequency distribution
of selected characteristics of patients with cancer and healthy
controls are presented in Table I. There was no significant
difference in the frequency distributions of age (P=0.212),
alcohol consumption (P=0.625) or family history (P=0.216)
in the patients with cancer and the healthy controls. However,
the frequency of smoking was higher in the patients with
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Table II. Genotype and allele frequencies of p73 among patients with cancer and controls and their association with the risk of

cervical cancer.

Patients with Controls®,
Genotype cancer®, n (%) n (%) P-value ¥ OR?(95% CI)
GC/GC 107 (61.1) 109 (57.7) - - 1 (reference)
GC/AT 46 (26.3) 70 (37.0) 0.085 2.966 0.669 (0.424-1.058)
AT/AT 22 (12.6) 10 (5.3) 0.042¢ 4122 2241 (1.013-4.956)
GC allele 260 (74.3) 288 (76.2) - - 1 (reference)
AT allele 90 (25.7) 90 (23.8) 0.552 0.354 1.108 (0.791-1.551)

n=175; *n=189; “P<0.05; “ORs were adjusted for age, cigarette smoking, alcohol consumption and family history. OR, odds ratio; CI, confi-

dence interval.

Table III. Association between p73 gene polymorphisms and clinicopathological parameters of patients with cervical cancer.

GC/GC, GC/AT, AT/AT,

Characteristics n n (%) n (%) n (%) P-value
Histological type 172

Squamous cell 97 (61.4) 41 (25.9) 20 (12.7) -

Adenocarcinoma 8 (57.1) 5@35.7) 1(7.2) 0.665
Tumor stage 175

I 40 (59.7) 20 (29.9) 7(104) -

1I 54 (62.1) 20 (23.0) 13 (14.9) 0.519

I 13 (61.9) 6 (28.6) 2(9.5) 0.983
Lymph node metastasis 175

Yes 35(51.5) 20 (29.4) 13 (19.1) -

No 72 (67.3) 26 (24.3) 9(8.4) 0.052
Tumor size, cm 175

<2 57 (73.1) 15 (19.2) 6(7.7) -

>2 50 (51.5) 31(32.0) 16 (16.5) 0.014

Figure 3. Polymerase chain reaction with confronting two-pair primer analyses of p73 G4Cl4-to-A4T14 polymorphism. M, 100 bp marker; lane 1 and 4,
GC/GC genotype (428 and 193 bp); lane 2 and 3, GC/AT genotype (428, 270 and 193 bp); lane 5, AT/AT genotype (428 and 270 bp).

cancer (17.7%) compared with the controls (6.3%) (P=0.001;
¥*=11.266; OR = 3.175,95% CI = 1.574-6.405), which indicated
that smoking is a significant risk factor for cervical cancer.

Distribution of polymorphisms. As is shown in Figs. 1 and 3,
the allele and genotype frequencies of the p73 G4C14-to-A4T14
were obtained by HRM and PCR-CTPP. The results of these
two methods, which are proved consistently by the DNA
direct sequencing company (Sangon Biotech), are presented

in Fig. 2. Furthermore, the HRM requires a short test time,
but PCR-CTPP is low-cost. Allele and genotype frequen-
cies of the p73 G4Cl4-to-A4T14 SNP are presented in
Table II. The observed genotype frequencies of the p73 gene
G4Cl14-t0-A4T14 SNP in healthy controls did not signifi-
cantly deviate from those predicted by the Hardy-Weinberg
equilibrium. The frequencies of the p73 GC allele and
AT allele were 74.3 and 25.7% among patients with cancer
and 76.2 and 23.8% among controls, respectively. There was
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no significant association between carriers of the AT allele
and risk of cervical cancer compared with GC allele carriers
(P=0.552). The frequencies of the p73 GC/GC, GC/AT and
AT/AT genotypes were 61.1, 26.3 and 12.6% in patients with
cancer, and 57.7, 37.0 and 5.3% in controls, respectively. A
significant association was observed between the AT/AT geno-
type and an increased risk of cervical cancer (P=0.042;
¥*=4.122; OR = 2.241; 95% CI = 1.013-4.956) when the p73
GC/GC genotype was applied as a reference group.

Association of p73 gene G4CI14-to-A4T14 SNP with clinico-
pathological characteristics of patients with cervical cancer.
Associations between p73 G4Cl4-to-A4T14 genotypes and
clinicopathological characteristics of patients with cervical
cancer are presented in Table III. No correlation was identified
between p73 G4Cl4-to-A4T14 genotype and tumor histo-
logical type, tumor grade or lymph node metastasis (P>0.05).
However, a significant association was observed between p73
genotypes and tumor size in patients with cervical cancer
(P=0.014; %*=8.607).

Discussion

In the present case-control study, the effect of the p73 gene
G4C14-to-A4T14 SNP on the risk of cervical cancer was
investigated in a Chinese population. Genotype distribution
was significantly different between 175 patients with cervical
cancer and 189 healthy controls, and indicated that the p73
G4Cl14-t0-A4T14 AT/AT genotype was associated with an
increased risk of cervical cancer.

The p73 gene, located in chromosome 1p36.33, is a novel
member of the p53 family. The gene is frequently deleted
in tumors, and is considered to possess multiple tumor
suppressor properties (23). The gene has two naturally-linked
SNPs in exon 2, consisting of a double-nucleotide substitution
of G4C14 to A4T14 that form a stem-loop structure, which
subsequently affects gene expression (31). Recently, several
studies have demonstrated that the p73 G4Cl14-to-A4T14
SNP was significantly associated with different tumors
and susceptibility of cancer (32-34). However, the number
of these studies is limited. It has been demonstrated that
patients with cervical cancer carrying the p73 AT allele in a
southwestern European population have a two-fold increased
susceptibility of developing high-grade squamous intraepi-
thelial lesions (35). By contrast, an unconditional logistic
model performed risk estimation for each p73 genotype and
identified a possible association between the p73 A4T14
variant and risk of cervical cancer in a Japanese population
(P=0.053; OR = 1.57; 95% CI = 0.99-2.48) (36). Furthermore,
a previous study observed that the AT variant was associated
with significantly decreased risk of cervical cancer compared
with p73 GC homozygotes (37). The results of the present
study are consistent with Craveiro et al (35) and demon-
strated that individuals carrying the p73 G4Cl4-to-A4T14
AT/AT genotype are associated with a higher risk of cervical
cancer than individuals with the GC/GC genotype in a
Chinese population. In addition, a significant association
was observed between p73 G4Cl14-to-A4T14 SNP genotypes
and tumor size in patients with cervical cancer (P=0.014;
%*=8.607). No association was identified between the p73
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G4Cl14-t0-A4T14 SNP and tumor histological type, tumor
grade or lymph node metastasis in patients with cervical
cancer. According to these results, there are conflicting
consequences of the p73 gene G4C14-to-A4T14 SNP on the
risk of cervical cancer. Therefore, further studies with an
increased number of samples from different ethnic popula-
tions are required to identify the mechanisms underlying this
varying risk of cancer.

There are a number of available SNP detection methods,
which include PCR-CTPP, PCR-restriction fragment length
polymorphism, HRM, PCR-single strand conformational
polymorphism and direct DNA sequencing. HRM analysis
is a relatively new method of post-PCR examination that
allows direct characterization of PCR amplicons in a closed
system (38). Probe-free HRM quantitative PCR is performed
in a closed-tube system, has no manual post-PCR processing,
does not require the multiplex method and has a low reaction
cost relative to other methods for rapid screening and detection
of closely-related species in a laboratory. Therefore, the present
study investigated the p73 G4Cl14-to-A4T14 SNP genotypes
according to the difference in melting curves established by
HRM.

In conclusion, the current study detected the genotypes
of 175 patients with cervical cancer and 189 healthy controls
in a Chinese population using HRM and PCR-CTPP, and
a significant association was observed between the p73
G4C14-to-A4T14 SNP and risk of cervical cancer. These
results suggest that the p73 G4Cl4-to-A4T14 SNP may func-
tion as a marker of genetic susceptibility to cervical cancer in
the Chinese population. If confirmed by additional studies, the
underlying mechanisms of genetic variations in the p73 gene
G4C14-to-A4T14 SNP as presented here may be valuable for
the treatment and diagnosis of this disease.
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