
OR I G I N A L R E S E A R C H

Variations in the Wnt/β-Catenin Pathway Key

Genes as Predictors of Cervical Cancer

Susceptibility
This article was published in the following Dove Press journal:

Pharmacogenomics and Personalized Medicine

Bingqi Wang

Min Wang

Xianping Li

Min Yang

Lei Liu

Department of Laboratory Medicine, The

Second Xiangya Hospital, Central South

University, Changsha 410011, Hunan,

People’s Republic of China

Background: Cervical cancer is the fourth most common and fatal tumor among women

worldwide. The Wnt/β-catenin signaling pathway was etiologically involved in the cervical

cancer model. Herein, we aimed to investigate whether germline genetic variations within the

Wnt/β-catenin pathway can be genetic risk factors of cervical cancer.

Patients and Methods: A total of 305 samples (147 patients, 158 controls) were included.

Eight genetic variations located in APC (rs454886), GSK3β (rs3755557), CTNNB1 (rs11564475,

rs1798802, rs3864004, rs2293303, and rs4135385), and TCF7L2 (rs7903146) were genotyped via

Sanger sequencing. The χ2 test and non-conditional logistic regression were used in the single-

locus analysis. Gene–gene interactions and haplotype construction in case–control samples were

performed by the GMDR method and Haploview software, respectively.

Results: The frequency of CTNNB1 rs1798802 GA+AA genotype was significantly lower in

cervical cancer patients adjusted for age (OR=0.626, 95% CI=0.398–0.984). The mutant alleles of

rs3864004 (A) and rs2293303 (T) located in CTNNB1 showed 1.513 (1.038–2.207), and 1.654

(1.020–2.683) fold increased risk of cervical cancer, respectively. Haplotype analysis showed no

association between haplotypes of the CTNNB1 gene and cervical cancer risk. No significant

contribution of interactions among genes in the Wnt pathway was identified.

Conclusion: We concluded that the genetic variants in the CTNNB1 gene might contribute

to the development of cervical cancer.

Keywords: cervical cancer, Wnt/β-catenin signaling pathway, single nucleotide

polymorphism, APC, GSK3β, CTNNB1, TCF7L2

Introduction
Cervical cancer is a common and fatal malignancy among women. In 2018, cervical

cancer ranked as the fourth female diagnosed cancer and the fourth leading cause of

cancer worldwide.1 In China, the incidence and mortality of cervical cancer were

12.0 and 3.4 per 100,000 women, respectively.2 Refractory infection with human

papillomavirus (HPV) is the primary cause of cervical cancer. The viral E6 and E7

gene products can bind and inhibit tumor suppressor proteins p53 and pRb,

respectively, which interrupt cell-cycle control and induce malignant

transformation.3 According to the epidemiological investigation, the HPV infection

rate might be as high as 90% in sexually active women. However, most of the viral

infections are self-limited and cleared within several months; only a very few

persist and ultimately contribute to cancer.4 Hence, HPV infection could merely

be regarded as a fundamental step in cellular transformation, while an active
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contribution of other host or environmental alterations that

are needed at the molecular level to represent as a “second

hit” in the progression to malignancy.5

Multiple signaling pathways play an essential role in tumor

development, such as the MAPK signaling pathway,6 JAK-

STAT signaling pathway,7 Mitochondrial and PI3K/AKT sig-

naling pathways,8,9 etc. One of the candidate molecular

mechanisms involved in the cervical cancer model is the

Wnt signaling pathway. Three Wnt signaling pathways have

been characterized, and the heavily studied is the Wnt/β-
catenin signaling pathway (also named the canonical Wnt

signaling pathway). In mammals, the canonical Wnt signaling

pathway mainly includes three steps: Wnt signals transduction

in the membrane, stability of β-catenin in the cytoplasm, and

Wnt target genes activation in the nucleus.10 The core of the

Wnt/β-catenin pathway is the cytoplasm-nucleus translocation

of β-catenin protein. Its stability is controlled by the so-called
β-catenin destruction complex, composed of the scaffold pro-

tein Axin, the tumor suppressor adenomatous polyposis coli

(APC), and two kinases casein kinase 1 (CK1) and glycogen

synthase kinase 3β (GSK3β). In the Wnt “off” state, β-catenin
is maintained at low levels in the cytoplasm. Mechanistically,

free β-catenin is efficiently phosphorylated by GSK3β, recog-
nized by β-TrCP, and targeted for proteasomal degradation.11

In the Wnt “on” state, the interactions between Wnt ligands

and the receptors recruit Dishevelled (Dvl) proteins to the

plasma membrane, subsequently inducing the docking of

Axin and thereby deconstructing the destruction complex.

Without the destruction complex, β-catenin enters the nucleus.
There, it displaces Groucho from the T cell factor/lymphoid

enhancer factor, upregulates Wnt target genes expression, and

induces a change of multiple cellular processes.12

The Wnt/β-catenin pathway is a highly conserved cas-

cade regulating embryonic development, tissue regenera-

tion, stem cell maintenance, and adult homeostasis.13

Mutated Wnt pathway key components are tightly asso-

ciated with multiple growth-related pathologies and with

cancer. In more than half of all cancer cases, such as

colorectal cancer,14 breast cancer,15 melanoma,16 and

leukemia,17 aberrant Wnt signaling pathway has been

reported. Also, a large number of studies have suggested

that variants of Wnt signaling pathway genes contributed

to cancer susceptibility.18–20 Genetic variants of CTNNB1

could be used as indicators of gastric cancer risk and

prognosis.21 The APC polymorphism was a significant

risk factor for colon cancer.20 In recent years, some studies

have verified that Wnt signaling attribute to cervical can-

cer pathology at multiple levels, including tumor

proliferation, invasion, metastasis, angiogenesis, and ther-

apeutic resistance.22 Nevertheless, insufficient evidence

suggests how various Wnt pathway genetic polymorph-

isms affect the risk of cervical cancer. Stated thus, we

hypothesized that Wnt pathway gene polymorphisms

were equally associated with cervical cancer risk. We

conducted a case–control study and screened potentially

functional variants within APC, GSK3β, CTNNB1, and
TCF7L2 genes to determine whether they can be genetic

risk factors of cervical cancer.

Patients and Methods
Study Population
A total of 305 people was enrolled from the Second Xiangya

Hospital and then categorized into two groups. The inclusion

criteria for the case group were: (a) histopathological biopsy

and imaging examination to determine cervical cancer; (b) no

other malignant tumors; (c) no family history of cancer; (d) no

clear occupational carcinogenic factors exposure history. The

clinical criterion of the International Federation ofGynecology

and Obstetrics (FIGO) was carried out for tumor staging. We

recorded the clinic-pathological parameters of all patients,

consisting of age, menopause age, HPV status, and menopau-

sal status. All the control participants were included in the

study when they satisfied the following inclusion criteria: (a)

no history of cancer or cancer-related diseases; (b) typical

physical examination results after diagnostic exclusion of can-

cer; (c) no cervical intraepithelial neoplasia. All participants

were genetically unrelated Han Chinese.

SNP Selection, DNA Extraction and

Genotyping
SNPs in theWnt/β-catenin pathway genes were selected based
on the following standards: (a) located in the core genes of the

Wnt/β-catenin pathway; (b) which have been reported in pre-

vious literature; (c) the minor allele frequency was higher than

0.05. We first chosen 102 SNP loci based on the above

principles. Finally, a total of eight widely studied SNP candi-

dates were included in our study (APC rs454886, GSK3β rs

3755557, CTNNB1 rs11564475, rs1798802, rs3864004,

rs4135385, rs2293303, and TCF7L2 rs7903146).

Approximately 5 mL of venous blood were collected in

vacutainers containing ethylene diamine tetraacetic acid

(EDTA) from all subjects enrolled in the study. Genomic

DNAwas extracted from peripheral blood leukocytes using

the phenol-chloroform method and then stored at −80°C
before genotyping. The A260/A280 of the purified DNA
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was tested between 1.8 and 2.0, which indicated that no

external DNA contamination. The isolated samples were

sent to the Huada Gene Corporation for genotyping. The

polymorphic regions of rs11564475 A/G, rs1798802 G/A,

rs3864004 G/A, rs4135385 G/A, rs2293303 C/T, rs454886

G/A, rs3755557 T/A and rs7903146 C/T were amplified by

PCR. SNPs genotyping was conducted using Sanger sequen-

cing. Around 10% of the samples were randomly used to

reconfirm the results.

Statistical Analysis
In the case–control study, differences in age between cases

and control subjects were compared by the Student’s t-test.

The Stata software (version 14.0) was used to check gen-

otype and allelic frequencies for deviation from Hardy–

Weinberg equilibrium (HWE). SNPs were excluded from

the analysis if they did not obey HWE (P<0.05). Linkage

disequilibrium (LD) analysis and haplotype construction

was performed using Haploview software (version 4.2).

The extent of LD was calculated by the standardized D’.

Those haplotypes with a frequency under 3% were

ignored. Genetic models used in association testing were

the co-dominant, dominant, and recessive models. The

reference variant was the homozygous form of the most

frequent allele. χ2 or Fishers’ exact test was performed to

compare genotype and allele distributions between two

groups. We conducted the non-conditional logistic regres-

sion to assess the effect of individual SNP in different

groups with adjustment for age. Chi-square (χ2) values,

odds ratios (OR), 95% confidence intervals (95% CI), and

P-value were carried out using SPSS software (version

24.0). All P-value were two-sided, and we considered a

P-value of 0.05 as significant. The GMDR v0.9 program

estimated all possible SNP interactions, cross-validation

consistency, testing balance accuracy, and permutation

testing with 1000 replications.

Results
Clinical Characteristics of Subjects
The age of patients ranged from 21 to 67 years, while the

control group was between 21 and 71 years. The mean age

of cases and controls was 46.0±9.0 and 45.6±9.8, respec-

tively. No statistical difference was found between patients

and controls in terms of age. The relevant experimental

information, including histology, staging, HPV status of

the cervical cancer subjects, has also been described.

Menopause age, first birth age, menopausal status, family

cancer history, and early symptoms were documented as

medical history. The early stages of cervical cancer may be

completely free of symptoms. Abnormal vaginal bleeding,

contact bleeding (one most common form being bleeding

after sexual intercourse), or (rarely) a vaginal mass was

common in the case group. Most of the patients were HPV

positive, and the dominant common high-risk HPV type

was HPV-16. Also, it was observed HPV co-infection.

HWE Analysis
Table 1 presented the genomic information about the SNPs

we studied and the results of HWE tests. The distributions

of all eight SNPs in our study were consistent with the

HWE (P>0.05), suggesting these study groups were from

the same Mendelian population.

Association Analysis of Eight

Polymorphisms with Cervical Cancer
The independent correlations of all selected SNPs with

risk of cervical cancer are concluded in Tables 2 and 3.

Non-conditional logistic regression analysis with adjust-

ment for age was used to determine the link between SNPs

and cancer risk under three genetic models. As shown in

Table 2, the risk of cervical cancer for people carrying GA

+AA genotype in the CTNNB1 rs1798802 locus was

0.626 times than that of the GG genotype after adjustment

Table 1 SNP Information of Genes Analyzed in This Study

Gene SNP ID Chromosome Major/Minor Alleles Position HWE Test for Controls (P)

APC rs454886 5:112810420 G/A Intron variant 0.917

GSK3β rs3755557 3:120096110 T/A 2KB Upstream variant 0.242

CTNNB1 rs11564475 3:41238542 A/G Intron variant 0.663

CTNNB1 rs1798802 3:41220488 G/A Intron variant 0.845

CTNNB1 rs3864004 3:41198686 G/A Intron variant 0.683

CTNNB1 rs4135385 3:4123794 G/A Intron variant 0.888

CTNNB1 rs2293303 3:41239336 C/T Intron variant 0.069

TCF7L2 rs7903146 10:112998590 C/T Intron variant 0.396

Abbreviations: SNP, single nucleotide polymorphism; HWE, Hardy–Weinberg equilibrium.
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with age (OR=0.626, 95% CI=0.398–0.984, P=0.042).

Compared with the healthy control group, the rs3864004

A allele (OR=1.513, 95% CI=1.038–2.207, P=0.031) of

the CTNNB1 gene showed significant differences in the

cervical cancer group. The minor allele (T) for rs2293303

was positively associated with a higher risk for cervical

cancer development (OR=1.654, 95% CI=1.020–2.683,

P=0.040, Table 3). We did not find any statistical

Table 2 Association Between Genotypes Frequencies and Cervical Cancer Risk

Gene SNP ID Model Frequency, No. (%) P OR (95% CI)a

Cases (n=147) Controls (n=158)

APC rs454886 GG 51 (34.7) 58 (36.7) Ref. Ref.

GA 73 (49.7) 76 (48.1) 0.726 1.129 (0.684–1.863)

AA 23 (15.6) 24 (15.2) 0.805 1.132 (0.566–2.266)

Dominant model / / 0.714 1.052 (0.564–1.962)

Recessive model / / 0.912 1.129 (0.702–1.814)

GSK3β rs3755557 TT 114 (77.6) 118 (74.7) Ref. Ref.

TA 31 (21.0) 39 (24.7) 0.476 1.205 (0.704–2.065)

AA 2 (1.4) 1 (0.6) 0.543 2.090 (0.187–23.382)

Dominant model / / 0.558 0.861 (0.507–1.461)

Recessive model / / 0.950 2.147 (0.193–23.932)

CTNNB1 rs11564475 AA 112 (76.2) 122 (77.2) Ref. Ref.

AG 33 (22.4) 33 (20.9) 0.759 0.910 (0.526–1.574)

GG 2 (1.4) 3 (1.9) 1.000b 1.199 (0.194–7.403)

Dominant model / / 0.784 0.930 (0.546–1.585)

Recessive model / / 1.000b 1.305 (0.213–7.987)

rs1798802 GG 85 (57.8) 73 (46.2) Ref. Ref.

GA 50 (34.0) 68 (43.0) 0.060 1.583 (0.978–2.563)

AA 12 (8.2) 17 (10.8) 0.219 0.595 (0.266–1.334)

Dominant model / / 0.042 0.626 (0.398–0.984)

Recessive model / / 0.440 0.730 (0.336–1.589)

rs3864004 GG 94 (63.9) 84 (53.2) Ref. Ref.

GA 47 (32.0) 61 (38.6) 0.128 1.471 (0.908–2.383)

AA 6 (4.1) 13 (8.2) 0.078 0.402 (0.145–1.110)

Dominant model / / 0.056 0.632 (0.399–1.002)

Recessive model / / 0.134 0.471 (0.174–1.275)

rs4135385 GG 46 (31.3) 43 (27.2) Ref. Ref.

GA 78 (53.1) 78 (49.4) 0.800 1.059 (0.628–1.787)

AA 23 (15.6) 37 (23.4) 0.109 0.580 (0.297–1.129)

Dominant model / / 0.434 0.822 (0.501–1.349)

Recessive model / / 0.088 0.597 (0.334–1.065)

rs2293303 CC 120 (81.6) 115 (72.8) Ref. Ref.

CT 24 (16.4) 36 (22.8) 0.126 1.552 (0.871–2.764)

TT 3 (2.0) 7 (4.4) 0.192 2.495 (0.628–9.921)

Dominant model / / 0.066 1.655 (0.959–2.855)

Recessive model / / 0.396 2.276 (0.576–9.000)

TCF7L2 rs7903146 CC 140 (0.952) 142 (0.899) Ref. Ref.

CT 6 (0.041) 15 (0.095) 0.062 2.453 (0.924–6.511)

TT 1 (0.007) 1 (0.006) 1.000c 1.087 (0.067–17.679)

Dominant model / / 0.076 2.260 (0.901–5.669)

Recessive model / / 1.000c 1.015 (0.063–16.483)

Notes: aAdjusted ORs. bP from continuous correction χ2 test. cP from Fisher’s exact test. P≤0.05 is considered as significant. Bold values indicate significant differences.

Abbreviations: OR, odds ratio; CI, confidence interval.
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significance in the distributions of genetic models or

alleles between the two groups for other individual SNPs.

Haploview Analysis
The presence of a LD structure was analyzed for the

tested CTNNB1 SNPs, and their haplotypes were con-

structed (Table 4, Figure 1). There was linkage dise-

quilibrium between five SNPs, and the LD coefficient

(D’) values ranged from 0.980 to 1.000. Only one LD

block was identified, yielding six haplotypes with an

estimated frequency >3%. No significant association

between the haplotypes from rs3864004-rs1798802-

rs4135385-rs11564475-rs2293303 in cases and controls

was observed (P>0.05, Pc>0.05, Table 5).

SNP–SNP Interaction
We employed the GMDR analysis to evaluate the effect of

SNP–SNP interaction among all enrolled SNPs on cervical

cancer susceptibility, and age was selected as the covari-

ate. Table 6 and Figure 2 summarize the results from

GMDR analysis for each number of loci. One-locus

model CTNNB1 rs1798802 had a maximum cross-valida-

tion consistency (8/10) and a maximum testing accuracy

(0.5464). While all the models about gene–gene interac-

tion among the eight loci on cervical cancer risk were no

significant (P>0.05).

Discussion
The Wnt/β-catenin signaling pathway is a critical regula-

tory system in the control of cell proliferation, migration,

cell adhesion, and organogenesis.13 In the present study,

eight SNPs from the APC, GSK3β, CTNNB1, and

TCF7L2 were genotyped in a Chinese Han population.

Three of them in the CTNNB1 gene (rs1798802,

rs3864004, rs2293303) were observed statistically signifi-

cant differences. There was no association between cervi-

cal cancer and either common haplotypes or SNP–SNP

interactions among any of the genes associated with the

Wnt/β-catenin signaling pathway. Altogether, our results

Table 3 Association Between Alleles Frequencies and Cervical Cancer Risk

Gene SNP ID Allele Frequency, No. (%) P OR (95% CI)

Cases (n=147) Controls (n=158)

APC rs454886 G 175 (59.5) 192 (60.8) Ref. Ref.

A 119 (40.5) 124 (39.2) 0.755 0.950 (0.687–1.314)

GSK3β rs3755557 T 259 (88.1) 275 (87.0) Ref. Ref.

A 35 (11.9) 41 (13.0) 0.689 1.103 (0.681–1.786)

CTNNB1 rs11564475 A 257 (87.4) 277 (87.7) Ref. Ref.

G 37 (12.6) 39 (12.3) 0.928 0.978 (0.605–1.582)

rs1798802 G 220 (74.8) 214 (67.7) Ref. Ref.

A 74 (25.2) 102 (32.3) 0.053 1.417 (0.995–2.018)

rs3864004 G 235 (79.9) 229 (72.5) Ref. Ref.

A 59 (20.1) 87 (27.5) 0.031 1.513 (1.038–2.207)

rs4135385 G 170 (57.8) 164 (51.9) Ref. Ref.

A 124 (42.2) 152 (48.1) 0.142 1.271 (0.923–1.750)

rs2293303 C 264 (89.8) 266 (84.2) Ref. Ref.

T 30 (10.2) 50 (15.8) 0.040 1.654 (1.020–2.683)

TCF7L2 rs7903146 C 286 (0.973) 299 (0.946) Ref. Ref.

T 8 (0.027) 17 (0.054) 0.098 2.033 (0.864–4.783)

Notes: P≤0.05 is considered as significant. Bold values indicate significant differences.

Abbreviations: OR, odds ratio; CI, confidence interval.

Table 4 The Pairwise Linkage Disequilibrium of SNPs in the

CTNNB1 Gene

rs3864004 rs1798802 rs4135385 rs11564475 rs2293303

rs3864004 / 0.980 0.984 1.000 0.982

rs1798802 / / 1.000 1.000 0.980

rs4135385 / / / 1.000 1.000

rs11564475 / / / / 1.000

rs2293303 / / / / /

Note: D’ value is shown above.
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provided pieces of evidence that Wnt pathway gene poly-

morphisms may alter gene functions or affect gene activity

in patients with cervical cancer. These variations may act

as novel genetic markers for cervical cancer screening and

diagnosis.

Aberrant activation of the Wnt/β-catenin signaling

pathway is a frequent event in human cancers. CTNNB1

is a gene coding β-catenin protein, dually functioning in

the coordination of cell adhesion and gene transcription.21

In the single-locus analysis, we identified that mutant

alleles of rs3864004 (A) and rs2293303 (T) might be

risk factors for cervical cancer. Individuals carrying

CTNNB1 rs1798802 dominant genetic model were harder

to develop cervical cancer. These findings above were

consistent with previous studies in other diseases.

However, some of the results have been contradictory. A

meta-analysis performed by Li et al mentioned that

rs1798802 and rs2293303 polymorphisms were associated

with overall cancer risk,23 as the common conclusion we

have got. Genotype GA and allele A of rs3864004 were

referred to hepatocellular carcinoma in the Chinese Han

population.24 Still, Hu et al have reported that rs3864004

A allele decreased tuberculosis risk.25 In various types of

cancers, deregulation of the Wnt/β-catenin signaling path-

way occurs almost invariably via mutations in APC, dys-

function of GSK3β, or mutations of β-catenin itself.15

Nevertheless, variations in CTNNB1 have rarely been

detected in cervical cancer. Aberrant protein level or

abnormal distribution of β-catenin were frequently found

in cervical carcinogenesis.26 It has been mentioned that all

the significantly associated SNPs in the intron region, so

we speculated that location in the intron region might

influence gene transcription, shearing, altering CTNNB1

expression level, and exert effects on the downstream-

cancer related molecules.27 Therefore, direct experiments

focused on validating the functional consequences and

exact roles of these SNPs are needed in the future.

As members of the destruction complex, APC and

GSK3β have been implicated in regulating the canonical

Wnt signaling. APC encodes a tumor suppressor protein

and acts as an antagonist of the Wnt signaling pathway.

Figure 1 The linkage disequilibrium estimates in the CTNNB1 gene.

Notes: Each square represents the LD analysis results between two SNP loci. The color ranges from white to red, representing the linkage degree from low to high.

Table 5 Haplotype Analysis of the CTNNB1 Gene

Gene Haplotype Frequency P Pc

Cases Controls

GGGAC 0.419 0.452 0.389 0.114 0.455

GGAAC 0.162 0.170 0.155 0.614 0.995

AAAAT 0.129 0.102 0.155 0.051 0.234

GGGGC 0.125 0.126 0.123 0.928 1.000

AAAAC 0.107 0.099 0.114 0.540 0.982

GAAAC 0.053 0.051 0.054 0.878 1.000

Notes: The order of haplotype construction: rs3864004, rs1798802, rs4135385,

rs11564475 and rs2293303. Only haplotypes with frequency >3% were included in

the analysis. Pc: permutation testing with 1000 replications.

Table 6 The Best SNP–SNP Interaction Models Determined by

GMDR

Model Training

Accuracy

Testing

Accuracy

CV

Consistency

Pa

rs1798802 0.5588 0.5464 8/10 0.0547

rs1798802

rs7903146

0.5808 0.4854 5/10 0.6230

rs454886

rs3755558

rs1798802

0.6135 0.5038 6/10 0.3770

Note: aP value adjusted for age.
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GSK3β is a serine-threonine kinase phosphorylated β-cate-

nin and creating a binding site for ubiquitination and rapid

degradation. With the “Wnt” on, Wnt signals turn off β-

catenin destruction, and the resulting stabilized β-catenin

enters the nucleus and binds to TCF7L2 to modulate Wnt

target gene transcription.28 The results for the case–control

population indicated that three SNPs in APC (rs454886),

GSK3β (3755557), and TCF7L2 (rs7903146) were not sig-

nificantly associated with cervical cancer. A similar study of

breast cancer reported the minor allele of rs454886 was

related to an increased risk of breast cancer,29 which was

inconsistent with ours. Zheng et al proposed that there was no

significant association in the frequencies of alleles and geno-

types of rs3755557 polymorphic sites with gastric

carcinoma.30 In the Caucasian population, Silbernagel and

colleagues have examined rs7903146 and noted that carriers

with the risk alleles in rs7903146 increase type 2 diabetes

susceptibility.31 The difference between our studies and other

results could be attributed to various potential reasons, such

as different disease types, different tumor stages, ethnicity,

environment, sample size, and so on. Although we did not

report any associations of the above three SNPs with cervical

cancer, their functions cannot be ignored. Genotyping more

SNP sites in these genes, detecting the alterations in protein

level, exploring the epigenetic modification of gene expres-

sion still requires more research.

To date, the majority of single-locus analysis focuses

on the identification of individual SNP effects, which are

not sufficient to explain the complexity of disease causal-

ity. Haplotypes and SNP–SNP interactions are considered

more informative in the etiology of complicated diseases.

Herein, we conducted haplotypes analysis from different

combinations of CTNNB1 five SNPs. The distribution

frequency of all six haplotypes in the case group was not

Figure 2 The best three models for predicting the occurrence of cervical cancer (A) one-locus model of rs1798802. (B) Two-loci model of rs1798802-rs7903146. (C)

Three-loci model of rs454886-rs3755557-rs1798802. A grid represented an interactive combination. Dark gray and light gray grids presented the high- and low-risk factor

combinations, respectively. Left bars within each grid represented case while the right bars represented control.
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different from the control group. Conversely, Kim et al

conducted investigated the correlation between poly-

morphisms of rs3755557 with the risk of hepatocellular

carcinoma. They revealed a significantly higher frequency

of CTNNB1 A-A haplotype at rs3864004 and rs4135385

positions in patients with hepatocellular carcinoma than in

chronic HBV carriers.18 Furthermore, no significant SNP–

SNP interaction has been found in our study, while using

SNP–SNP interaction to identify potentially pathogenic

genes of cervical cancer analyze the exact etiology more

accurately.

Cervical cancer is mostly a preventable disease if early

detection is achieved. Notably, before translating molecu-

lar epidemiology findings into clinical use, there is a need

to consider inter-ethnic differences in genetic backgrounds

due to the existence of heterogeneity.32 Because of the

ethnic diversity in genetic polymorphisms, the same geno-

type may show different clinical significance in diverse

populations. The impact of environmental factors should

also be considered.

Conclusions
In summary, we took a pathway-based candidate gene

approach to verify the association between cervical cancer

predisposition with genetic variants in the pathway genes.

Our data highlighted CTNNB1 rs1798802, rs2293303, and

rs3864004 are associated with cervical cancer susceptibil-

ity. It’s significant to identify “hot spot” genetic factors

that may contribute to the development of cervical cancer.

Confirmation of our findings in multi-ethnic and multi-

region can provide definitive evidence for the use of

Wnt/β-catenin pathway gene polymorphisms as screening

biomarkers in cervical cancer early detection.
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