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Abstract

Background: Cervical cancer is the 4th highest cause of female reproductive tract malignancies. Multiple loci have
been identified as important determinant factors for tumor susceptibility. In this report, we aimed to explore the
roles of gene polymorphisms affecting x-ray repair cross complementing 1 (XRCC1), the tumor protein p53 (TP53),
and fibroblast growth factor receptor 3 (FGFR3) in the context of susceptibility to cervical cancer. Additionally, we
assessed the impact of single nucleotide polymorphism-single nucleotide polymorphism (SNP-SNP) interaction of

samples obtained from peripheral blood.

group: OR=17.61, 95% Cl=4.34-71.50).

these three genes in the context of cervical cancer risk in Chinese women.

Methods: A case-control study consisted of 340 women located in Chongging. Of these women, 121 were
diagnosed with cervical cancer, 118 served as healthy controls, and 101 were specifically recruited elderly patients
above the age of 80 who showed no history of cervical cancer. Three SNPs (XRCCT rs25487, TP53 rs1042522, and
FGFR3 rs121913483) were examined using mutation analysis of mismatch amplification PCR (MAMA-PCR) on

Results: Our results indicated that females from southwestern China all exhibited a wild-type phenotype at
FGFR3 rs121913483. We also observed that the rs25487 mutation was significantly increased within the
cervical cancer population. A 2-locus SNP-SNP interaction pattern (rs25487 and rs1042522) was significantly
associated with cervical cancer risk (cases vs. negative controls: OR=4.63, 95% Cl = 1.83-11.75; cases vs. elderly

Conclusions: This is the first study to identify a novel interaction between the XRCCT and TP53 genes that is
highly associated with susceptibility to cervical cancer risk in a female population in southwestern China.
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Background

Cervical cancer is the fourth most common malignant
tumor of the female reproductive tract, with an esti-
mated 528,000 new cases and 266,000 deaths occurring
annually worldwide [1]. Among the less-developed na-
tions, this disease accounts for 85% of the prevalence
and 87% of the mortality [2]. Infection by Human papil-
lomavirus (HPV) is the primary cause of the vast major-
ity of cervical tumors [3, 4]; however, most HPV
infections are temporary, and more than 90% of
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infections are cleared by hosts within 3 years. Addition-
ally, only a small portion of HPV-infected women de-
velop cervical cancer [5, 6]. A number of studies have
shown that HPV infection alone is insufficient to cause
tumorigenesis and that tumor development is triggered
by the combined effects of environmental stimuli and in-
dividual genetic factors [7, 8]. SNPs are considered to be
the most widespread type of genetic variation (approxi-
mately 90%) in the human genome [9]. Examining SNP
loci in the context of patients is essential for developing
effective personalized medicine [10].

Recently, numerous studies have been performed to
assess the effect of SNPs on cervical cancer susceptibility
[11-13]. Based on these reports and findings from
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bioinformatics studies exploring high risk factors within
the Chinese population for cervical cancer, we focused
our current study on crucial genes within the DNA re-
pair and recombination pathways. Base excision repair
(BER) is an important pathway that has been suggested
to be crucial for the prevention of cervical cancer [14];
however, the effects of SNP-SNP interaction between
genetic polymorphisms within the BER pathway on cer-
vical cancer susceptibility remain unknown. XRCC1 is
an important regulator of the BER pathway and TP53
also participates in DNA repair progression. The exact
role of TP53 in the formation of cervical cancer, how-
ever, remains largely controversial [15-17]. No studies
have previously reported a correlation between FGFR3
polymorphisms within the Chinese population and a
genetic predisposition to cervical cancer. Also, data de-
scribing the relationships between FGFR3 polymor-
phisms and a genetic predisposition to cervical cancer
have not been reported in China [18, 19]. Here, the
genes encoding XRCC1, TP53, and FGFR3 were chosen
for our analysis.

In our current study, we aimed to integrate bioinfor-
matics methods with samples exhibiting diverse clinical
features in an effort to explore the roles of various SNPs
in the pathogenesis of cervical cancer within the south-
western population of China.

Methods

Subjects

Biological specimens were collected from women of
similar ethnic and geographical backgrounds in
Chonggqing, China. A total of 121 women (age: 42.01 +
9.4) with a history of cervical cancer were recruited from
the first affiliated hospital of Chongqing Medical Univer-
sity. The control group consisted of 118 healthy women
(age: 35.43 +£10.41) who were selected following a regu-
lar gynecological examination. Another control group
was comprised of 101 healthy elderly women with a life-
long proven absence of cervical cancer (aged: 84.5 +
2.37) (Additional file 1). The number of HPV-positive
women was 140 (mean +SD, 60.68 + 1.81). No more
than 8 (6%) patients had prior screening and 11(8%) pa-
tients in the HPV-positive group reported a history of
sexually transmitted disease (STD). The number of
HPV-negative controls was 197 (mean +SD, 41.58 +
0.94), and 8 of these reported a previous history of other
undetermined cervical infections (Additional file 2).
Samples of 2 ml peripheral blood were obtained from all
subjects. The local ethics committee of the Chongging
Medical University approved the experimental design,
clinical data collection methods, and data evaluation
strategies. These procedures were carried out in accord-
ance with the approved guidelines. Written informed
consent was obtained from all participants.
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Gene selection

All published literature through 31 October 2015 detail-
ing susceptibility to cervical cancer was retrieved by text
mining and obtained from the NCBI database. The key-
words ‘cervical cancer’ and ‘gene; ‘single nucleotide poly-
morphism; ‘DNA polymorphism); ‘genetic polymorphism),
or ‘genetic variation’ were used in combination to re-
trieve the relevant literature. Genes reported by three or
more articles with enrolled sample numbers greater than
200 were considered. We e-mailed authors to obtain full
text articles if these could not be downloaded from
PubMed and Web of Science. According to the litera-
ture, there were 62 gene polymorphisms associated with
cervical cancer risk. A protein molecular network based
on these 62 genes was built by String [20]. AmiGo 2 [21]
and ClusterProfiler packages were used to determine
enriched GO terms (Fig. 1) [22].

Isolation of genomic DNA

MAMA-PCR was performed for genotype identifica-
tion. Genomic DNA was extracted from peripheral
blood samples using a Rapid Blood Genomic DNA
Isolation Kit (Sangon Biotech, Shanghai, China), and
extracts were stored at —20°C until use. DNA quan-
tity was measured using an ultraviolet spectrophotom-
eter at 260 nm, and the DNA quality was assessed by
agarose gel electrophoresis. The rs121913483 (C > G),
rs25487 (G>A), and rs1042522 (G>C) genotypes
were identified separately by MAMA-PCR and then
validated by Sanger sequencing (Sangon Biotech,
Shanghai, China) as described in Additional file 3:
Figure S1. The PCR primers (Invitrogen, Shanghai,
China) used to amplify the genes are as follows:

Genes Items nucleotide sequence
FGFR3 F1 5-CCCCCACAGAGCGCTC-3'
F2 5’-CCCCCACAGAGCGCTG-3’
R 5'-TAGACCCAAATCCTCACGCA-3’
TP53 F1 5’-CAGAGGCTGCTCCCCG-3’
F2 5’-CAGAGGCTGCTCCCCC-3'
R 5’-AGCCAAGGAATACACGTGGA-3’
XRCC1 F 5-CTCTGTCTGTCTCCCCTGTCT-3’
R1 5-CGTGTGAGGCCTTACCTCC-3’
R2 5'-CGTGTGAGGCCTTACCTCT-3’

The final reaction mixture contained 50 ng template
DNA, 0.2 pL Taq polymerase, 2.4 pL dNTPs, 2 uL 10X
PCR Buffer (Takara, Japan), 50 nmol each reverse and
forward primers, MgCl, (Takara, Japan; FGFR3, 1 uL;
XRCC1, 1.5puL; TP53, 2 uL), and double-distilled H,O
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Keywords search in Text Mining |

| Curator reads abstrcts |

1.Studies on blood from human

2. Cases and controls designed research

3. Enrolled participants >200

4. The number of literatures focusing on targeted genes>3

Acquire full text PDFs and extract the evidence between
genes and diseases

Gene molecular network
is built

-

62 genes are obtained

AmiGo 2
ClusterProfiler

The pathway of positive regulation of
single strand break repair is selected

XRCC1, TP53 and FGFR3 are studied

Fig. 1 schematic illustration for text mining of dominant SNPs related to pathogenesis of cervical cancer, and identified XRCC1, TP53, as well as FGFR3

at a final reaction volume of 20pL. Amplification
conditions for XRCC1 consisted of an initial denatur-
ing step at 94 °C followed by 36 cycles at 94 °C for 10
s, 57°C for 30, s and 72°C for 1 min. MAMA-PCR of
TP53 was performed for 35cycles at 98°C for 10s,
57°C for 30s, and 72°C for 1min. PCR conditions
for FGFR3 included initial denaturation at 94.°C for 5
min followed by 35 cycles at 94°C for 30s, 56 °C for
30s, and 72°C for 1min. All PCR reactions were
followed by a final extension at 72 °C for 10 min.

Statistical analysis

The mean and standard deviation (SD) was used for
describing normally distributed continuous variables.
Deviations from the Hardy-Weinberg -equilibrium
(HWE) for three SNPs were tested using a chi-square
(x?) test. The association among TP53, XRCCI, and
FGFR3 and the effects of these associations in the
context of cervical cancer risk was studied by calcu-
lating the ORs and 95% ClIs based on x> analysis. The
SNP-SNP interaction experiments were performed by
generalized multifactor dimensionality reduction
(GMDR) [23] and logistic regression using SPSS 19.0
software (SPSS Inc., Chicago, IL, USA). A p-value of
< 0.05 was considered to indicate significance.

Results

Identification of candidate SNPs using text mining and
bioinformatics

A molecular network diagram of 62 selected genes re-
lated to increased risk of cervical cancer was constructed
using String (Fig. 2a). The top three GO items showing
the lowest p-value included regulation of DNA meta-
bolic processes, regulation of response to DNA damage
stimulus, and positive regulation of DNA metabolic
processes promoting DNA single strand break repair
(Fig. 2b). Here, we focused mainly on this repair pathway
and selected genes important for pathway function. It
has been confirmed that the XRCC1 gene plays an im-
portant role in modulating the risk for cervical cancer
[24, 25]; however, the impact of the TP53 gene on this
risk is less clear. No results have yet been reported con-
cerning the interaction between XRCC1 and TP53 in the
context of cervical cancer. Additionally, the FGFR3 gene,
which has no known role in cervical cancer, was chosen
for subsequent analysis. In summary, based on bioinfor-
matics studies were selected the XRCC1, TP53, and
FGER3 genes as candidates for this study.

Genetic analysis
We sequenced the three genes containing rs121913483
(C> @), rs1042522 (G > C), and rs25487 (G > A) from 121
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Chinese women suffering from cervical cancer and
from 219 controls. The distribution frequencies of
rs1042522 and rs25487 were found to be in HWE
(Table 1). No variation in rs121913483 was found in
any of the cancer cases, negative controls, or the eld-
erly group.

A case-control study of the three SNPs was conducted
to compare the cervical cancer group to the elderly con-
trol group. Table 2 illustrates the distribution of XRCC1
rs25487 and TP53 rs1042522 within the study groups.
Here, we found that the minor alleles of the XRCC1
gene significantly correlated to the cervical cancer
group when compared to the negative group (OR =343,
95% CI=1.50-7.85, p=0.00) or the elderly group
(OR =3.00, 95% CI=1.26-7.10, p=0.03). This geno-
type (dominant model) conveyed a nearly 2-fold
higher risk compared with that of negative controls.

Table 1 The genotype distribution and H-W of XRCC1 (rs25487),

No significant differences were observed among our
experimental groups in regard to TP53 gene status.

SNP-SNP interaction between XRCC7 and TP53
polymorphisms

To assess SNP-SNP interaction, genotypic data for the
three polymorphisms detailed in this study were ana-
lyzed by GMDR and logistic regression. The SNP-SNP
interaction data are summarized in Tables 3 and 4, and
the genetic models are presented in Table 5. When the
rs25487 and rs1042522 status of both control groups
was combined into a single analysis, logistic regression
showed a clear relationship between heterogeneity in the
ORs among heterozygotes (p < 0.05). Examining rs25487
and rs1042522 provided the best two-factor model (test-
ing accuracy (TA)=0.63, p=0.00, cross-validation
consistency (CVC) =10/10), and this model was as

TP53 (rs1042522) and FGFR3 (rs121913483)

Variable Alleles  Phenotype N HWE  MAF  M/M (%) M/m @) m/m @) MM+M/m  M/m+m/m  Allele M Allele m
1525487 G>A Cases 121018 040  47(389) 51(42.1) 23(19) 98 74 145(59.9)  97(40.1)
NC 118 015 025 70(593) 38(322)  10(85) 108 48 178(754)  58(24.6)
0oC 101 045 027 55(544) 37(36.6) 909) 92 46 147(72.8)  55(27.2)
rs1042522 G>C  Cases 121 018 038 50(413)  50(413)  21(174) 100 71 150(62) 92(38)
NC 108 074 042 37(343) 51(47.2) 20(18.5) 88 71 125(57.9)  91(42.1)
0oC 99° 007 044  35(354) 40(404) 24(24.2) 75 64 110(55.6)  88(44.4)
rs121913483  G>C  Cases 117 117 0 0
NC 113 113 0 0
oC 89 89 0 0

N Number, HWE Hardy-Weinberg equilibrium, MAF Minor allele frequency, NC Negative controls, OC Old controls
“The number of subjects in each group at different sites may be different due to insufficient DNA
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Table 2 The association between gene polymorphism of XRCC1 (rs25487), TP53(rs1042522) and cervical cancer
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Variable Groups Co-dominate model
P-value
rs25487 Cases vs NC G/A 000
A/A
Cases vs OC G/A 003"
A/A
NC vs OC G/A 0.76
A/A
151042522 Cases vs NC G/C 0.54
c/C
Cases vs OC G/C 041
c/C
NC vs OC G/C 0.51
c/C
Variable Groups Dominant model
P-value OR
rs25487 Cases vs NC 000" 230
Cases vs OC 002" 1.88
NC vs OC 047 0.82
rs1042522 Cases vs NC 0.27 0.74
Cases vs OC 037 0.78
NC vs OC 087 1.05

Recessive model

OR 95%(Cl P-value OR 95%(Cl
200 1.14-350 002 2.54 1.15-559
343 150-7.85
161 091-287 003 240 1.06-5.46
3.00 126-7.10
081 045-143 091 0.95 0.37-243
087 0.33-230
073 041-1.29 082 092 047-182
078 037-164
088 0.48-1.59 0.21 066 034-127
061 0.30-1.27
1.21 065-2.24 032 071 0.36-1.39
0.79 037-167
Allele model
95%(Cl P-value OR 95%C|
137~ 0.00" 205 139-3.04
3.86
1.10- 0.00" 1.79 120-267
322
048- 053 087 057-134
140
043- 037 084 058-1.23
127
045- 017 077 052-1.12
134
0.59- 0.64 091 062-134
186

OR 0Odd ratio, CI Confidence interval, NC Negative controls, OC Elderly patients above the age of 80

*indicated p-value< 0.05

effective as the three-factor model that included
rs121913483. Given this, we determined that the XRCCI
rs25487 heterozygote genotype combined with the
TP53 rs1042522 heterozygote genotype was associated
with an almost 4-fold (cases vs. negative controls) or
17-fold (cases vs. elderly group) increase in cervical
cancer risk (cases vs. negative controls: OR =4.63,
95% CI=1.83-11.75, p=0.00; cases vs. elderly group:
OR =17.61, 95% CI =4.34-71.50, p = 0.00).

Discussion

Three SNPs were selected using text mining and
bioinformatics, and they included FGFR3 rs121913483,
TP53 rs1042522, and XRCCI rs25487. In our current
study, we found that no “C” allele of FGFR3
rs121913483 exists in any of our experimental groups.
The genotype frequency of the TP53 rs1042522 poly-
morphism exhibited no obvious relationship to cervical
cancer risk based on the frequency distribution of geno-
types as indicated by the results from our logistic

regression analysis. The “A” allele of rs25487 was con-

sidered as a leading allele for an increased risk of cer-
vical cancer, as there is a significant association of
XRCC1 gene polymorphism with cervical cancer. Add-
itionally, the risk for cervical cancer was particularly
high when TP53 and XRCCI heterozygotes existed sim-
ultaneously. The risk of cervical cancer was 17-fold com-
pared with that of our elderly group.

The FGFR3 gene, a member of the tyrosine protein
kinase family, is located on chromosome 4p16.3. This
gene is primarily involved in bone development and
osteogenesis [26]. Mutations of FGFR3 were reported in
3 out of 12 primary French cervical carcinomas [18]. In
contrast, these mutations were not found in samples
taken from Norwegian patients [19]. The genetic contri-
bution of FGFR3 to cervical cancer risk was further in-
vestigated in the Chinese population. We found no
mutation of FGFR3 in any groups used for our study. It
is likely that these discrepancies are a result of racial dif-
ferences and genetic background diversity.
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Table 3 The gene - gene interaction of XRCC1 and TP53 in the cervical cancer group and the negative control group
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B SE Wald p OR 95% C|

Recessive model
XRCC1 -0.15 088 003 0.86 086 0.15 479
Tp53 0.29 0.89 0.11 075 133 0.24 7.56
Tp53-GG/GC by XRCC1-GG/GA —-0.06 0.96 0.00 095 0.95 0.15 6.16
WAL 0 082 0 1 1

Additive model
Tp53 7.71 0.02*
Tp53-GC -1.10 040 7.69 001* 033 0.15 072
Tp53-CC 041 051 0.64 042 067 0.25 1.80
Tp53 * XRCC1 1049 0.03*
Tp53-GC by XRCC1-GA 153 048 1043 0.00* 463 183 11.75
Tp53-GC by XRCC1-AA 0.80 058 193 017 223 072 692
Tp53-CC by XRCC1-GA -0.10 0.64 002 088 091 0.26 320
Tp53-CC by XRCC1-AA 0.11 0.94 001 091 1 0.18 6.97
WAL 030 022 193 0.17 135

Dominant model
XRCC1-GA/AA 071 027 6.84 001* 203 1.20 346
Tp53-GC/CC —046 028 269 0.10 063 037 1.09
ik -0.02 0.25 0.01 093 098

*indicated p-value< 0.05

XRCCI is a 33kb gene located at chromosome
19q13.2-13.3. The encoded protein acts as a scaffolding
protein for a number of repair enzymes and functions in
enzymatic follow-up steps during DNA repair [27, 28].
The XRCCI1 protein has been reported to be involved in
single-strand break repair, base excision repair, and nu-
cleotide excision repair [29]. A polymorphic marker
(rs25487) is located in exon 10 of this gene and has been
examined for possible association with several malignan-
cies, including cervical cancer [30, 31]. Our findings
confirm the association of XRCCI rs25487 with an ele-
vated risk for cervical cancer.

The TP53 gene, located on chromosome 17p13.1, en-
codes a known tumor suppressor [32]. This gene prod-
uct prevents genomic mutations and functions to
conserve gene stability [33]. The relationship between
TP53 and susceptibility to cervical cancer has been
contradictory in previous studies. A study by Storey
suggested that rs1042522 significantly enhanced the risk
for cervical cancer (OR=7.4, 95% CI=2.1-29.4) [15],
which was consistent with results from a study by Klug
(OR=2.2, 95% CI=0.6-7.6) [34]. Contrary to these ob-
servations, the results of a study by Rosenthal did not
find positive correlation between rs1042522 and cervical
cancer risk [35]. Our study uses a larger samples size to
support the findings of Rosenthal and also clarifies the
interaction between XRCCI and 7TP53 in influencing

cervical cancer risk in China. It is likely that the incon-
sistency in population molecular genetics studies on the
association between TP53 and cervical carcinoma is due
in part to differences in the status and intensity of HPV
infection and mutation rates of this virus in diverse re-
gions. HPV infection and TP53 mutation are not inde-
pendent high-risk factors for cervical cancer, but TP53
does promote CIN progression to cervical cancer. The
interaction of genetic, intrinsic, and environmental fac-
tors is causally linked to the occurrence and develop-
ment of cervical cancer.

Our results highlight the role of heterozygote
rs25487 and rs1042522 variants in the susceptibility
to cervical cancer within the Chinese southwestern
population. It must be noted, however, that no obvi-
ous interaction between the minor alleles was de-
tected when analyzing the cervical cancer group. We
speculate that this phenomenon may result from the
high lethality rate associated with the minor allele
that may prevent significant results from being de-
rived from data analysis of small sample pools. Of
our samples, 31.71% (negative control group: 9.76,
elderly patients: 7.32, cases group: 14.63) simultan-
eously exhibit an “A” allele of XRCCI and a “C” allele
of TP53. There were only 7/328 (2.13%) subjects
exhibiting minor frequency in both the XRCCI and
TP53 genes. Additionally, differences in HPV infection
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Table 4 The gene - gene interaction of XRCC1 and TP53 in the cervical cancer group and the elderly patients above the age of 80 group

B SE Wald N p OR 95% C|

Recessive model
Tp53-GG/GC 134 055 585 1 0.02* 381 129 11.26
Tp53-GG/GC by XRCC1-GG/GA —-1.07 049 468 1 0.03* 034 0.13 090
WAL -0.13 0.30 0.20 1 066 088

Additive model
XRCC1 558 2 0.06
XRCC1-GA ~0.85 049 303 1 0.08 043 0.16 1.1
XRCC1-AA 0.69 0.74 087 1 035 1.99 047 842
Tps3 874 2 001*
TP53-GC 142 048 871 1 0.00* 0.24 0.10 062
TP53-CC -081 057 207 1 0.15 044 0.15 134
Tp53 * XRCC1 17.22 4 0.00*
TP53-GC by XRCC1-GA 287 072 16.09 1 0.00* 17.61 434 7150
TP53-GC by XRCC1-AA 122 1.05 134 1 0.25 337 043 26.29
TP53-CC by XRCC1-GA 095 081 137 1 024 257 053 1251
TP53-CC by XRCC1-AA 049 1.19 0.17 1 068 062 0.06 632
WAL 061 034 3.17 1 0.08 185

Dominant model
TP53-GC/CC —-0.96 035 7.66 1 001* 039 0.20 076
TP53-GC/CC by XRCC1-GA/AA 129 037 12.54 1 0.00* 364 178 743
WA 036 022 262 1 0.11 143

*indicated p-value< 0.05

history within our experimental group may have in-
fluenced our results. Cervical cancer risk is associated
with high-risk HPV infection, and the penetrance of
genetic high-risk factors is based on HPV infection
[36]. Given this, identical status or intensity of HPV
exposure within a given group is a prerequisite for
statistical analysis. In clinical practice, it is difficult to
meet this prerequisite as HPV infection rates and
subtype distributions in various regions are different,
with the exception of the cancer group [37, 38]. Ac-
cording to our clinical sample data, the HPV positive
infection rate of our groups is 58%. Based on the observed
high HPV infection rates in Chonggqing, we propose that
mortality rates due to cervical cancer will increase when
XRCCI and TP53 are simultaneously mutated [37].

Table 5 The best model predicted ovarian cancer risk by GMDR

Model Training  Testing  Sign test  CV consistency
bal. acc bal.acc  p value

XRCC1 0.58 0.58 7(0.17) 10/10

XRCC1 TP53 0.66 0.63 10(0.00%)  10/10

XRCC1 TP53 FGFR3  0.66 0.63 10(0.00%)  10/10

Data was analyzed by GMDR 0.9 with default settings
*indicated p-value< 0.05

Therefore, the influence of the SNP-SNP interaction be-
tween XRCCI and TP53 in the context of cervical cancer
is meaningful only when patients exhibit heterozygosity at
the XRCC1 and TP53 loci (Tables 3 and 4).

Genetic testing combined with primary high-risk HPV
testing has the potential to reduce the morbidity and mor-
tality associated with cervical cancer. Based on our data,
clinicians will gain critical insight into the mecha-
nisms underlying the development of cervical cancer
to provide novel approaches for the treatment of this
disease.

Conclusions

Our novel approach of using an elderly control group
(>80yrs) with no history of cervical cancer allowed
us to confirm a significant association between two
SNPs, XRCC1 rs25487 and TP53 rs1042522, and the
development of cervical cancer within the southwest-
ern Chinese population. Additionally, we demonstrate
the novel finding that no mutation of FGFR3 exists in
the southwestern Chinese population. Finally, we clar-
ify the inconsistent conclusions regarding the relation-
ship between TP53 and cervical cancer by using a
population molecular genetics approach.
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