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ABSTRACT
Purpose: Individual genetic background can play an essential role in determining the development 
of esophageal squamous cell carcinoma (ESCC). PTPN13 and CHEK2 play important roles in the 
pathogenesis of ESCC. This case-control study aimed to analyze the association between gene 
polymorphisms and ESCC susceptibility.
Methods:  DNA was extracted from the peripheral blood of patients. The Agena MassARRAY 
platform was used for the genotyping. Statistical analysis was conducted using the chi-squared 
test or Fisher’s exact test, logistic regression analysis, and stratification analysis.
Results:  The ‘G’ allele of rs989902 (PTPN13) and the ‘T’ allele of rs738722 (CHEK2) were both 
associated with an increased risk of ESCC (rs989902: OR = 1.23, 95% CI = 1.02–1.47, p = 0.028; 
rs738722: OR = 1.28, 95% CI = 1.06–1.55, p = 0.011). Stratification analysis showed that SNPs 
(rs989902 and rs738722) were notably correlated with an increased risk of ESCC after stratification 
for age, sex, smoking, and drinking status. In addition, rs738722 might be associated with lower 
stage, while rs989902 had a lower risk of metastasis.
Conclusion:  Our findings display that PTPN13 rs989902 and CHEK2 rs738722 are associated with 
an increased risk of ESCC in the Chinese Han population.

1.  Introduction

Esophageal cancer (EC) is a common malignant tumor 
of the digestive system. The incidence and mortality of 
EC in China account for about half of the world [1]. EC 
mainly includes two subtypes: esophageal squamous 
cell carcinoma (ESCC) and esophageal adenocarcinoma 
(EAC) [2]. Squamous cell carcinoma is the most com-
mon pathological type of esophageal cancer in China 
[3]. At present, the international treatment methods for 
esophageal cancer are mainly for ECA [1], while the 
treatment and prognosis of ESCC patients are still poor. 
Studies have shown that the formation of ESCC is a 
multi-factor and multi-stage process, which is the result 
of the interaction of environmental risk factors and 
individual genetic factors [4,5]. Different individuals 

have different genetic susceptibility to esophageal can-
cer, and a family history of ESCC has a higher incidence 
[6]. There are differences in the incidence of ESCC even 
when exposed to the same risk factors [7]. The above 
studies indicate that genetic factors play a crucial role 
in the occurrence and development of ESCC [8]. Some 
single nucleotide polymorphisms (SNPs) have been 
reported to play an important role in the progression 
and prognosis of ESCC, but the pathogenesis of ESCC 
is still not fully understood [9–11]. Screening for genetic 
polymorphisms significantly associated with ESCC sus-
ceptibility in a specific population will help to screen 
high-risk individuals with genetic susceptibility in the 
clinic, and then take targeted preventive measures.

Protein tyrosine phosphatase non-receptor type 13 
(PTPN13), located on chromosome 4q21.3, encodes a 
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non-receptor protein phosphate with the highest 
molecular weight (270 kDa; 2466 amino acids) [12]. 
PTPN13 is not only a carcinogenic protein but also a 
tumor suppressor [13]. Most PTPN family members are 
associated with digestive tract cancers. Aberrant acti-
vation of the protein tyrosine kinase (PTK) receptor 
signaling can contribute to various types of human 
cancers, including ESCC [14]. Inhibiting the expression 
of PTPN13 in esophageal adenocarcinoma cell lines 
might promote proliferation and migration and 
increase phosphorylation of the EGFR/Src pathway 
[15]. Previous studies have shown that rs989902 in 
PTPN1 is significantly associated with the risk of col-
orectal cancer (CRC) [16], breast cancer (BC) [17], and 
squamous cell carcinoma of the head and neck [18]. 
However, an association between PTPN13-rs989902 
and susceptibility to ESCC has not yet been reported.

Cell cycle checkpoint kinase 2 (CHEK2) is an estab-
lished BC susceptibility gene. Its protein plays an 
important role in cell cycle regulation and DNA dam-
age repair [19]. Studies have shown that women carry-
ing the pathogenic CHEK2 variant are approximately 
three times more likely to develop BC [20]. CHEK2 is a 
predisposing factor for many types of cancers [21]. The 
results of whole-genome sequencing showed that 
there was a mutation in the CHEK2 gene in esopha-
geal squamous cell carcinoma [22]. Previous results 
regarding the correlation between CHEK2 rs738722 
and ESCC risk were inconsistent; one relevant study 
reported a risk-increasing association, whereas another 
showed no correlation [23,24].

Therefore, we analyzed the relationship between 
PTPN1 rs989902 (G/T) and CHEK2 rs738722 (T/C) and 
ESCC risk in the Chinese Han population. We further 
performed stratification analysis by age, sex, BMI, smok-
ing, and drinking to evaluate the impact of epidemio-
logical features on genetic association. In addition, the 
relationship between candidate SNPs and stage and 
metastasis in patients with ESCC was explored.

2.  Materials and methods

2.1.  Subject recruitment and ethics committee 
statement

A total of 506 primary ESCC patients and 507 healthy 
controls were enrolled in this study (Table 1). All par-
ticipants were recruited from Hainan Cancer Hospital. 
Patients with ESCC are diagnosed and histologically 
confirmed by ultrasound, magnetic resonance imaging 
(MRI), or computed tomography (CT) according to  
specific histopathological or morphological criteria. 
Patients with distant esophageal tumor metastasis, 

history of other malignant tumors, and receiving radio-
therapy or chemotherapy were also excluded. Healthy 
controls had no history of chronic or severe endocrine, 
nutritional, metabolic, cancer, or other diseases.

Both the control and case groups were informed of 
the procedures and objectives of this study, both writ-
ten and oral, and informed consent was obtained. The 
use and protocol of human tissue in this study strictly 
followed the principles of the Declaration of Helsinki 
and was approved by the Ethics Committee of Hainan 
Cancer Hospital. All subsequent research analyses were 
conducted by the approved guidelines.

2.2.  SNP selection and genotyping

Peripheral blood (5 mL) was collected in ethylenedi-
aminetetraacetic acid (EDTA)-coated tubes. Genomic 
DNA was extracted using a Goldmag-Mini Purification 
Kit (GoldMag Co. Ltd., Xi’an, China) according to the 
manufacturer’s instructions. A NanoDrop 2000 (Thermo 
Fisher Scientific, Waltham, Massachusetts, USA) was 
used to measure the concentration and purity of  
DNA. In the 1000 Genomes Project (http://www.
internationalgenome.org/), two SNPs (rs989902 G/T and 
rs738722 T/C) with a minor allele frequency (MAF) > 
5% were selected. Genotyping was performed using 
the MassARRAY platform (Agena Bioscience, San Diego, 
CA). USA). It is mainly completed using matrix-assisted 

Table 1.  The characteristics of case and control.
Variable Case % Control % p
Total 506 507
Gender 0.521a

  Male 374 73.9% 375 73.96%
 F emale 132 26.1% 132 26.04%
Age (years) 63.69 ± 9.26 63.51 ± 7.76 0.448b

  < 64 237 46.8% 266 52.50%
  ≥ 64 269 53.2% 241 47.50%
BMI (kg/m2)
  ≥ 24 72 14.2% 123 24.3%
  < 24 418 82.6% 108 21.3%
  Missing 16 3.2% 276 54.4%
Smoking
  Yes 233 46.0% 243 47.9%
 N o 267 52.8% 264 52.1%
  Missing 6 1.2%
Drinking
  Yes 119 23.5% 243 47.9%
 N o 345 68.2% 264 52.1%
  Missing 42 8.3%
Stage
 I  & II 225 44.5%
 III  & IV 141 27.9%
  Missing 140 27.7%
LNM
  Yes 174 34.4%
 N o 181 35.8%
  Missing 151 29.8%

BMI, body mass index; LNM, lymph node metastasis.
ap values was calculated by chi-square tests;.
bp value was calculated by Student’s t tests.

http://www.internationalgenome.org/
http://www.internationalgenome.org/
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laser desorption/ionization time-of-flight (MALDI-TOF), 
measuring the quality of the extension primers, and 
then identifying the SNP alleles. The genotyping step 
and PCR conditions can be found in the MassARRAY ® 
-IPLEX SNP Genotyping System Guide (http://www.
agenabio.com) [25]. Specific amplification and exten-
sion primers were designed using MassARRAY Assay 
Design software (https://support.agenabio.com/s/
online-tools). The primer sequences are displayed in 
Supplemental Table 1.

2.3.  Statistical analyses

Pearson’s χ2 test and independent sample Student’s 
t-test were used to assess differences in the distribu-
tion of demographic characteristics. The Hardy-Weinberg 
equilibrium (HWE) test in controls was performed by 
comparing the observed and expected genotype fre-
quencies. All statistical analyses were performed using 
the SPSS software (version 19.0; SPSS, Chicago, IL) and 
PLINK software. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were calculated to estimate the associa-
tion between candidate SNPs and ESCC risk using 
unconditional logistic regression analysis [26]. The gen-
otype model (co-dominant, dominant, recessive, and 
log-additive) was used to evaluate the genetic rela-
tionship between the candidate SNPs and ESCC sus-
ceptibility. In addition, we used FPRP (positive report 
probability (FPRP) analysis to detect whether the posi-
tive result observed in this association study is a note-
worthy finding (FPRP threshold is 0.2, prior probability 
level is 0.25) [27]. All p values of the statistical tests 
were two-sided, and p < 0.05.

2.4.  Functional annotation based on the GTEx 
databases

The Genotype-Tissue Expression (GTEx) database 
(https://www.gtexportal.org) was used to predict the 
difference in candidate gene expression in esophageal 
tissues under different genotypes of candidate SNPs, 
and then evaluate whether SNP can affect gene 
expression.

3.  Results

3.1.  Characteristics of the participants

A total of 1013 subjects were interviewed, including 
506 patients (374 males and 132 females; mean 
age:63.69 ± 9.26 years) and 507 healthy control subjects 
(375 males and 132 females; mean age:63.51 ± 
7.76 years). The clinical characteristics of the patients 
and controls are shown in Table 1. There were no sig-
nificant differences in sex or age distribution between 
patients with ESCC and healthy controls (p = 0.521 and 
p = 0.448, respectively).

3.2.  Associations between candidate SNPs and 
ESCC risk

The allele frequencies and basic information for these 
SNPs are shown in Table 2. All SNPs were in the HWE 
in the control group (p = 0.693 and p = 0.396, respec-
tively). The chi-squared test was used to estimate the 
genetic association of candidate SNPs with ESCC risk 
in the allele model. The frequency of the ‘G’ allele of 
rs989902 was significantly higher in ESCC cases than in 
controls (39.0% vs 34.3%), which suggested that the ‘G’ 
allele of rs989902 could contribute to an increased 
ESCC risk (OR = 1.23, 95% CI = 1.02–1.47, p = 0.028). 
The frequency of the ‘T’ allele of rs738722 was also 
significantly much higher in ESCC cases than in con-
trols (33.4% vs 28.1%), which suggested that the  
‘T’ allele of rs738722 was a risk factor for increased 
ESCC risk (OR = 1.28, 95% CI = 1.06–1.55, p = 0.011).

Next, we examined the genetic relationship between 
candidate SNPs and ESCC susceptibility in the genetic 
model (Table 3.). Our analyses showed that rs989902 
was associated with a 1.34-fold risk in the genotype 
model (95% CI = 1.02-1.74, p = 0.033), a 1.35-fold risk in 
the dominant model (95% CI = 1.05–1.74, p = 0.019), 
and a 1.23-fold risk in the log-additive model (95%  
CI = 1.02–1.48, p = 0.026). Furthermore, rs738722 was 
associated with a 1.33-fold and 1.56-fold risk in the 
genotype model (95% CI = 1.02–1.72 for ‘C/T’ geno-
type; 95% CI = 1.01–2.43, p = 0.034 for ‘TT’ genotype), 1.37- 
fold risk in the dominant model (95% CI = 1.07–1.75, 

Table 2.  Basic information of candidate SNPs and minor allele frequency between cases and controls.

SNP rs# Chromosome Position Alleles A/B Gene (s)

MAF

p-HWE OR (95%CI) paCase Control

rs989902 4 86785353 G/T PTPN13 0.390 0.343 0.693 1.23 (1.02-1.47) 0.028*
rs738722 22 28734024 T/C CHEK2 0.334 0.281 0.396 1.28 (1.06 − 1.55) 0.011*

SNP: single nucleotide polymorphism; Alleles A/B: minor/major alleles; MAF, minor allele frequency; OR: odds ratio; CI: confidence interval; HWE: Hardy–
Weinberg equilibrium.
ap values were calculated using Chi-squared test (the major allele of each SNP was a reference allele);.
*p ≤ 0.05 indicates statistical significance.

http://www.agenabio.com
http://www.agenabio.com
https://support.agenabio.com/s/online-tools
https://support.agenabio.com/s/online-tools
https://doi.org/10.1080/07853890.2023.2281659
https://www.gtexportal.org
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p = 0.013), and 1.28-fold risk in the log-additive model 
(95% CI = 1.06–1.55, p = 0.011).

3.3.  Associations between candidate SNPs and 
ESCC risk in stratified analysis

Sex: The results of the stratified analysis showed that 
rs989902 (GT vs. TT: OR = 1.90, p = 0.017; GT-GG vs. TT: 
OR = 1.85, p = 0.017) and rs738722 (OR = 1.46, p = 0.046) 
were associated with an increased risk of ESCC in 
females. There was no candidate genetic locus that 
had an association with susceptibility to ESCC in males. 
The details can be seen in Table 4.

Age: A significant association was observed between 
rs738722 and increased risk of ESCC in subjects aged 
< 64 years (CT vs. CC: OR = 1.50, p = 0.037; TC-TT vs. CC: 
OR = 1.51, p = 0.025; and log-additive: OR = 1.33, 
p = 0.040), whereas rs989902 (OR = 1.44, p = 0.045) was 
associated with an increased risk of ESCC in subjects 
aged ≥ 64 years (Table 4.).

BMI: There was a significant association between 
rs738722 and an increased risk of ESCC in the subjects 
with BMI ≥ 24 kg/m2 (allele: OR = 1.71, p = 0.017; gen-
otype: OR = 1.98, p = 0.045, and OR = 2.02, p = 0.032; 
dominant: OR = 2.14, p = 0.018; log-additive: OR = 1.98, 
p = 0.009). Table 4. showed that there was no candi-
date genetic locus associated with susceptibility to 
ESCC among subjects with BMI < 24 kg/m2.

Smoking status: Rs738722 may confer an increased 
risk of ESCC among non-smokers under the allele (OR 
= 1.51, p = 0.002), genotype (OR = 1.69, p = 0.006; OR = 
1.88, p = 0.036), dominant (OR = 1.72, p = 0.002), and 
log-additive (OR = 1.47, p = 0.004) models. Rs989902 

had no association with susceptibility to ESCC whether 
in smoking or non-smoking subjects. The details can 
be found in Table 5.

Drinking status: An association between rs738722 
and increased risk of ESCC among drinking subjects 
has been found (T vs. C: OR = 1.40, p = 0.016; TT vs. 
CC: OR = 2.17, p = 0.023; log-additive: OR = 1.41, 
p = 0.016). There was no evidence indicating that 
rs989902 was associated with susceptibility to ESCC 
among drinking or non-drinking subjects (Table 5).

Stage: We divided case groups according to the 
stage of ESCC patients for association analysis (Table 
5). The results showed that rs738722 was associated 
with higher-stage ESCC patients (OR = 0.58, p = 0.019). 
We found no evidence that rs989902 was associated 
with ESCC susceptibility in stratified analysis by stage.

Metastasis: We also divided case groups accord-
ing to whether ESCC patients developed metastasis 
or not for stratified analysis (Table 5). We found evi-
dence that rs989902 was strongly associated with 
ESCC patients with metastasis (GT vs. TT: OR = 0.61, 
p = 0.036; GT-GG vs. TT: OR = 0.64, p = 0.046). 
Rs738722 had no association with metastasis 
of ESCC.

3.5.  FPRP analysis

FPRP analysis showed that (Supplemental Table 2) the 
association between CHEK2-rs738722 and ESCC in par-
ticipants with BMI ≥24 kg/m2 may be not noteworthy 
at the prior probability level of 0.25 and FPRP thresh-
old of 0.2. However, the positive results observed in 
this study are noteworthy.

Table 3.  Association between candidate SNPs and the risk of ESCC.

SNP Model Genotype

Genotype Frequency

OR (95% CI) p-valueCase Control

rs989902 Genotype T/T 184 (36.4%) 221 (43.6%) 1
G/T 249 (49.2%) 224 (44.2%) 1.34 (1.02-1.74) 0.033*
G/G 73 (14.4%) 62 (12.2%) 1.42 (0.96-2.15) 0.077

Dominant T/T 184 (36.4%) 221 (43.6%) 1
G/T-G/G 322 (63.6%) 286 (56.4%) 1.35 (1.05-1.74) 0.019*

Recessive T/T-G/T 433 (85.6%) 445 (87.8%) 1
G/G 73 (14.4%) 62 (12.2%) 1.22 (0.85-1.75) 0.288

Log-additive --- --- --- 1.23 (1.02-1.48) 0.026*
rs738722 Genotype C/C 224 (44.4%) 263 (51.9%) 1

C/T 225 (44.5%) 200 (39.4%) 1.33 (1.02-1.72) 0.034*
T/T 56 (11.1%) 42 (8.7%) 1.56 (1.01-2.43) 0.045*

Dominant C/C 224 (44.4%) 263 (51.9%) 1
T/C-T/T 281 (55.6%) 242 (48.1%) 1.37 (1.07-1.75) 0.013*

Recessive C/C-C/T 449 (88.9%) 463 (91.3%) 1
T/T 56 (11.1%) 42 (8.7%) 1.37 (0.90-2.09) 0.401

Log-additive --- --- --- 1.28 (1.06-1.55) 0.011*

ESCC: esophageal squamous cell carcinoma; SNP: single nucleotide polymorphism; OR: odds ratios; CI: confidence interval.
p values were calculated by unconditional logistic regression analysis adjusted for age, sex, BMI, smoking and drinking.
*p ≤ 0.05 indicates statistical significance.

https://doi.org/10.1080/07853890.2023.2281659
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3.6.  Functional annotation

We evaluated the relationship between rs989902 in 
PTPN13 and rs738722 in CHEK2 and the expression 
level of genes using the expression quantitative trait 
loci (eQTL) browser of the GTEx database. As shown  
in Figure 1, a significant association was observed 
between the expression level of PTPN13 and the differ-
ent genotypes of rs989902 (p = 8.6E-5) in normal 
esophageal tissues. Specifically, the relative expression 
of PTPN13 was significantly lower in subjects with the 
GT/GG genotype than in those with the TT genotype. 
No data on the association between the rs738722 gen-
otypes and the expression level of CHEK2 were found 
in the GTEx database.

4.  Discussion

In this study, we investigated the association between 
PTPN13 rs989902 and CHEK2 rs738722 and ESCC risk in 
the Chinese Han population. Our results showed that 
rs989902 and rs738722 are associated with an increased 
risk of ESCC. In particular, confounding factors, such as 
age, sex, smoking, and drinking status, may contribute 
to the association of these SNPs with ESCC susceptibil-
ity. These results suggest that PTPN13 and CHEK2 poly-
morphisms may play catalytic roles in the development 
of ESCC in the Chinese Han population.

PTPN13 has been mapped to the human chromo-
somal locus 4q21. Studies have suggested that PTPN13 
polymorphisms are associated with cancer susceptibil-
ity [14]. Niu et  al. hypothesized that the genetic poly-
morphisms of PTPN13 may be a biomarker for 

susceptibility to squamous cell carcinoma of the head 
and neck (SCCHN) in populations in the USA [18]. 
Laczmanska et  al. found that PTPN13 (rs989902) was 
significantly associated with an increased risk of CRC 
in the Polish population [16]. A case-control study in 
the Japanese population showed that PTPN13 SNPs 
increased the risk of cancers other than ESCC [28]. 
Currently, there are no reports on the relationship 
between PTPN13 rs989902 and ESCC risk. We are the 
first to find that PTPN13-rs989902 is associated with an 
increased risk of EC, indicating that PTPN13-rs989902 
may be a biomarker for susceptibility to EC. PTPN13 
rs989902 (c.6241 T > G Y2081D) is a functional poly-
morphism in the PTPN13 coding regions. The GTEx 
database predicted that PTPN13 has lower expression 
in normal esophageal tissues with the mutant allele 
(GG) compared to other genotypes, suggesting that 
rs989902 is associated with the level of PTPN13 mRNA. 
Combined with the results of this study, we speculated 
that PTPN13-rs989902 affected susceptibility to ESCC 
by affecting the expression level of PTPN13. Based on 
the above, it is necessary to further design a func-
tional study of PTPN13-rs989902 and explore the spe-
cific mechanism by PTPN13 rs989902 affects ESCC 
susceptibility. To our knowledge, this study is the first 
to show that PTPN13-rs989902 is associated with sus-
ceptibility to ESCC, which will provide new insights 
into the pathological mechanism of EC.

CHEK2 is located on chromosome 22q12.1. A previ-
ous study has shown that CHEK2 mutations are asso-
ciated with an increased risk of cancer. However, the 
effects of the genetic mutations of this gene on dif-
ferent cancers are different, which shows that, to 
some extent, there is scope for dispute regarding 
these studies. For example, a study reported that 
genetic mutations in CHEK2 were not associated with 
susceptibility to BC in the Iranian population [29]. 
Lawrenson et  al. showed that CHEK2 may be the 
strongest risk factor for epithelial ovarian cancer [30]. 
Furthermore, CHEK2 has also been linked to the 
genetic susceptibilities of prostate cancer [31], thyroid 
cancer [32], and lung cancer [33]. Gu et  al. found that 
rs738722 on the CHEK2 gene was not correlated with 
the risk of ESCC based on an associated study of 380 
cases and 380 controls [34]. However, Xiaobin J et  al. 
reported that rs738722 may be used as a genetic bio-
marker for increasing ESCC susceptibility [35], which is 
inconsistent with previous results. The dissimilarity in 
these reports may be due to the complexity of gene 
and environmental interactions or the small sample 
size. The results of this study showed that CHEK2 
rs738722 was associated with increased ESCC risk in 
the Chinese Han population.

Figure 1.  PTPN13 relative expression levels according to 
rs989902 genotypes in normal esophageal tissues.
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An epidemiological study on esophageal squamous 
cell carcinoma has shown that the occurrence of ESCC 
is affected by smoking/drinking status, gender, genetic 
factors, et  al. the etiology of ESCC is multifactorial [36]. 
Previous studies have found that the occurrence of 
ESCC in many countries is attributable to the preva-
lence of smoking and alcohol abuse [37]. A gender 
difference in the prevalence of ESCC was also found 
[38]. Studies have shown that ESCC is associated with 
increased BMI [36]. Accordingly, we have also divided 
the subjects according to BMI, age, sex, smoking/
drinking status, and performed a stratified analysis. 
Stratified analysis showed that PTPN13 rs989902 was 
significantly associated with an increased risk of ESCC 
in females and subjects aged ≥ 64 years. And rs989902 
was also observed to be associated with ESCC metas-
tasis. We have also found that the risk associated with 
CHEK2 variant genotypes differed by age, sex, BMI, 
smoking and drinking status, and stage. Combined 
with the results of previous studies and this study, it 
can be further demonstrated that ESCC is the result of 
environmental and genetic interaction. To our knowl-
edge, there have been no reports on the correlation 
between PTPN13 and CHEK2 variants and ESCC suscep-
tibility in Chinese Han population. The candidate 
PTPN13 and CHEK2 variants in this study are expected 
to be new targets for individualized prevention and 
treatment of ESCC.

Taken together, our study showed that PTPN13 and 
CHEK2 variants were associated with the risk of ESCC 
in the Chinese Han population, which sheds light on 
the new candidate genes and new perspectives for 
the study of the subsequent occurrence mechanism of 
EC. Some limitations of our study should be consid-
ered when the results are interpreted. Our sample size 
was small, and the population was single; therefore, 
we needed to expand the sample size. Moreover, the 
lack of information on environmental factors is one of 
the most important limitations of this study. We can 
expand this range when we study haplotypes to 
obtain more findings. For the most basic reason of our 
current research, it is necessary to acquire further 
functional studies to understand the in-depth genetic 
factors underlying ESCC.

Conclusion

Our findings showed that PTPN13 rs989902 and CHEK2 
rs738722 are associated with an increased risk of ESCC 
in the Chinese Han population. Our study provides accu-
mulating evidence for an association between PTPN13 
and CHEK2 polymorphisms and susceptibility to EC.
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