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a b s t r a c t 

Esophageal cancer (EC) is a frequent malignant tumor in our world, and has a highly morbidity and mor- 

tality. It was reported that genetic factors play vital roles in its pathogenesis. Here, we performed a case 

- control study to evaluate the COL6A3 genetic variants and EC risk in a Chinese Han cohort. All subjects 

were genotyped with the Agena MassARRAY platform. Odds ratios (ORs) and 95% confidence intervals 

(CIs) were calculated by logistic regression after adjusting age and gender. We found that rs6720283 ( G 

> A ) allele had significantly enhanced EC risk (OR = 1.32, 95% CI = 1.11 alculate p = 0.002). Stratified anal- 

ysis was performed by gender, age, alcohol drinking, BMI, TNM stage and lymph node metastasis, the 

results showed that rs7436, rs115510139 and rs6720283 were significantly associated with the risk of EC 

in different groups (all p < 0.05). Besides, no statistical significant was found between the COL6A3 gene 

polymorphisms and clinicopathological parameters such as TNM stage and lymph node metastasis among 

EC patients ( p > 0.05). In conclusions, our study found that COL6A3 variants were associated with risk of 

EC in the Chinese population. 

© 2019 Published by Elsevier Inc. 
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nstruction 

Esophageal cancer (EC) is considered a most common gas-

rointestinal malignant cancer in our world [1] . It has a highly

orbidity and mortality, more than 450,0 0 0 new cases of EC were

iagnosed, and about 40 0,0 0 0 patients were died in each year

2] . According to histological type, EC was classified two different

orms, esophageal squamous cell carcinoma (ESCC) and esophageal

denocarcinoma (EAC) [3] . Several reports revealed that ESCC is

he main histological subtype of EC in developing countries [4] .

pidemiological and etiological researches suggested that various

nvironment and cultural factors, including smoking, heavy al-

ohol drinking, infection of bacteria or virus, dietary habits and

utritional deficiencies were associated with EC risk [5–7] . Re-

ently, more and more researches showed that genetic variations,
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specially gene polymorphisms were significantly contributed to

C risk [8–10] . 

In China, esophageal cancer was the third common diagnosed

ancer and the fourth contributing to cancer death [11] . Currently,

everal Genome Wide Association Studies (GWAS) have demon-

trated that genetic variations were correlated with EC risk in Chi-

ese population [7,12,13] . Hou et al. identified three SNPs includ-

ng rs132131, rs4 4 4 4235 and rs6687758 were associated with an

mproved esophageal cancer in Chinese population [6] . Liu et.al

ound that Flap endonuclease-1 ( FEN1 ) rs174538 G > A might in-

uence personal susceptibility to esophageal cancer in China [14] .

iu et.al also suggested that TT + CT genotype of XIAP rs8371 and

s9856 were significantly reduced the risk of esophageal cancer in

 Chinese population [15] . COL6A3 (alpha3), which located in chro-

osome 2q37, confirmed that the variation of COL6A3 was corre-

ated with obesity in human [16] . In the current study, six SNPs

ncluding rs1050785, rs7436, rs13032404, rs115510139, rs2645765

nd rs6720283 were selected from COL6A3 gene. To our knowl-

dge, this was the first time to demonstrate the role of these SNPs

mong COL6A3 gene in Chinese population esophageal cancer. 

In the present case-control study, we investigated the relation-

hip between COL6A3 variations and the risk of esophageal cancer

https://doi.org/10.1016/j.cancergen.2019.07.003
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Table 1 

Characteristics of EC patients and healthy controls. 

Variables Cases ( n = 508) No. (%) Controls ( n = 497) No. (%) p 

Age, year (mean ± SD) 63.94 ± 9.25 64.05 ± 7.89 0.837 

Age, years 

≤ 63 239 (47.05) 250 (50.30) 

> 63 269 (52.95) 247 (49.70) 

Gender 0.990 

Male 377 (74.21) 369 (74.25) 

Female 131 (25.79) 128 (25.75) 

Smoking status 

Yes / 123 (24.75) 

No 458 (90.16) 109 (21.93) 

Information loss 50 (9.84) 265 (53.32) 

Alcohol drinking 

Yes 233 (45.87) 101 (20.32) 

No 265 (52.17) 106 (21.33) 

Information loss 10 (1.97) 290 (58.35) 

BMI 

< 24 415 (81.69) 109 (21.93) 

≥ 24 73 (14.37) 123 (24.75) 

Information loss 20 (3.94) 265 (53.32) 

TNM stage 

I + II 225 (44.29) 

III + IV 142 (27.95) 

Lymph node metastasis 

No 181 (35.63) 

Yes 175 (34.45) 

p values were calculated from χ2 test/Fisher’s exact test. 
∗p < 0.05 indicates statistical significance. 
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in the Chinese population, which can provide a theoretical basis

for early diagnosis with esophageal cancer patients. 

Materials and methods 

Study subjects 

A total of 1015 subjects including 508 patients and 497 healthy

controls were recruited from Shaanxi Provincial Cancer Hospi-

tal, Xi’an, Shaanxi Province. All participators were unrelated Chi-

nese Han population. Among them, 508 patients were newly

histopathological confirmed and diagnosed with esophageal cancer.

Patients who suffered from any vital organ dysfunction, a history

of another tumor cancer or received radiotherapy and chemother-

apy treatment were excluded. The 497 healthy controls who took

part in health check in the hospital were randomly selected. The

inclusion criteria included a lack of history of cancer, infectious

disease, and healthy controls were matched to the cases by gen-

der and age. According to the American Joint Committee (AJCC) on

cancer classification and the Union for International Cancer Con-

trol (UICC), the tumor node metastasis (TNM) system was used to

classify tumors. 225 patients were between stage I-II and 142 pa-

tients were between stages III-IV. At the same time, we observed

175 patients with lymph node metastasis and 181 patients with

negative lymph node metastasis ( Table 1 ). We collected 5 ml blood

samples from each subject, and stored at −80 °C until used for DNA

extraction. The protocol of the present study was approved by the

clinical investigate ethical committee of the same hospital and all

procedures were performed in compliance with the ethical stan-

dards of the 1964 Helsinki Declaration and its later amendments

or comparable ethical standards. 

Genotype analysis 

Genomic DNA of all subjects were extracted from peripheral

blood samples using GoldMag Genomic DNA purification kit (Gold-

Mag Co. Ltd. Xi’an city, China), following the manufacturer’s in-

structions. DNA concentration and purity were assessed with a
anoDrop 20 0 0 platform (Thermo Fisher Scientific, Waltham, MA,

SA). Six candidate SNPs in the COL6A3 gene were selected from

he 10 0 0 Genomes Project data ( http://www.internationalgenome.

rg/ ) with minor allele frequency > 0.05. In order to determine

he candidate SNP genotype polymorphism, the PCR amplification

nd extension primers were designed by Agena Bioscience Assay

esign Suite V2.0 software ( https://agenacx.com/online –tools/ ). Ac-

ording to the manufacturer’s protocol, the MassARRAY Nanodis-

enser and MassARRAY iPLEX platform (both from Agena Bios 95%

Ience, San Diego, CA, USA) were used to genotype the SNPs. Data

nalysis were further performed by Agena Bioscience TYPER ver-

ion 4.0 software. 

tatistical analysis 

Statistical analysis was conducted using SPSS 20.0 software

SPSS Inc., Chicago, IL, USA). We applied Chi–square test to evaluate

hether the genotype frequency of healthy controls were in con-

ormity with the Hardy-Weinberg equilibrium (HWE). Odds ratios

ORs) and 95% confidence intervals (CIs) were implemented in or-

er to evaluate the correlation between COL6A3 polymorphism and

C risk using multivariate logistic regression analysis and adjusting

y gender and age. We also used four different genetic models

o consider the susceptibility of EC. Moreover, we calculated the

tratification analysis to assess the correlation between COL6A3

olymorphisms and the risk of EC. Haploview 4.2 software was

erformed to construct the haplotypes of COL6A3 gene. For all sta-

istical tests, p value < 0.05 was considered statistically significant.

esults 

aseline characteristics 

In this study, 508 EC patients including 377 males and 131 fe-

ales were recruited. The mean age was 63.94 ± 9.25 years old.

uring the same time, we recruited 497 healthy control subjects

ncluding 250 meals and 247 females. The mean age of controls

ere 64.05 ± 7.89 years old. No significant statistical difference

http://www.internationalgenome.org/
https://agenacx.com/online-tools/
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Table 2 

Basic characteristics and allele frequencies among COL6A3 SNPs. 

SNP Chr Allele MAF HWE p –Value OR (95% CI) P a 

Case Control 

rs1050785 2 G/T 0.51 0.49 0.858 1.06 (0.89–1.26) 0.533 

rs7436 2 A/T 0.17 0.18 1.000 0.96 (0.76–1.21) 0.731 

rs13032404 2 A/G 0.38 0.36 0.119 1.08 (0.90–1.29) 0.415 

rs115510139 2 A/T 0.52 0.49 0.472 1.12 (0.94–1.33) 0.211 

rs2645765 2 A/G 0.28 0.30 0.451 0.93 (0.77–1.13) 0.476 

rs6720283 2 A/G 0.52 0.45 0.650 1.32 (1.11–1.57) 0.002 ∗

CI, confidence interval; HWE, Hardy–Weinberg equilibrium; MAF, minor allele frequency, OR, odds 

ratio; SNP, single nucleotide polymorphism. 
∗Sites with HWE, p < 0.05, are excluded. 

P a values calculated with two–sided χ2. 
∗p a < 0.05 indicates statistical significance. 

Table 3 

The association between six SNPs within the COL6A3 gene and the risk of esophageal cancer. 

SNP Model Genotype Cases Controls OR (95%CI) p a 

rs1050785 Co–dominant G/G 124 126 1 

G/T 252 251 1.02 (0.75–1.38) 0.892 

T/T 132 120 1.12 (0.79–1.59) 0.537 

Dominant G/G 124 126 1 

G/T – T/T 384 371 1.05 (0.79–1.40) 0.727 

Recessive G/G – G/T 376 377 1 

T/T 132 120 1.10 (0.83–1.47) 0.510 

Log–additive – – – 1.06 (0.89–1.26) 0.537 

rs7436 Co–dominant T/T 347 335 1 

T/A 147 147 0.97 (0.73–1.27) 0.805 

A/A 14 14 0.90 (0.43–1.89) 0.777 

Dominant T/T 347 335 1 

T/A– A/A 161 162 0.96 (0.74–1.25) 0.761 

Recessive T/T – T/A 494 482 1 

A/A 14 15 0.91 (0.43–1.90) 0.797 

Log–additive – – – 0.96 (0.76–1.21) 0.729 

rs13032404 Co–dominant G/G 203 195 1 

G/A 225 246 0.88 (0.67–1.15) 0.345 

A/A 79 56 1.36 (0.91–2.01) 0.131 

Dominant G/G 203 195 1 

G/A – A/A 304 302 0.97 (0.75–1.25) 0.798 

Recessive G/G – G/A 428 441 1 

A/A 79 56 1.46 (1.01–2.10) 0.046 ∗

Log–additive – – – 1.08 (0.90–1.30) 0.410 

rs115510139 Co–dominant T/T 117 134 1 

T/A 254 239 1.22 (0.90–1.65) 0.203 

A/A 133 122 1.25 (0.88–1.78) 0.208 

Dominant T/T 117 134 1 

T/A– A/A 387 361 1.23 (0.92–1.64) 0.157 

Recessive T/T – T/A 371 373 1 

A/A 133 122 1.10 (0.83–1.46) 0.521 

Log–additive – – – 1.12 (0.94–1.33) 0.209 

rs2645765 Co–dominant G/G 254 244 1 

G/A 208 198 1.01 (0.78–1.31) 0.945 

A/A 38 47 0.78 (0.49–1.23) 0.282 

Dominant G/G 254 244 1 

G/A – A/A 246 245 0.96 (0.75–1.24) 0.775 

Recessive G/G – G/A 462 442 1 

A/A 38 47 0.77 (0.49–1.21) 0.258 

Log–additive – – – 0.93 (0.77–1.13) 0.475 

rs6720283 Co–dominant G/G 121 149 1 

G/A 249 250 1.23 (0.91–1.65) 0.178 

A/A 137 96 1.76 (1.23–2.51) 0.002 ∗

Dominant G/G 121 149 1 

G/A – A/A 386 346 1.37 (1.04–1.82) 0.027 ∗

Recessive G/G – G/A 370 399 1 

A/A 137 96 1.54 (1.14–2.07) 0.004 ∗

Log–additive – – – 1.32 (1.11–1.58) 0.002 ∗

CI, confidence interval; OR, odds ratio; SNP: single nucleotide polymorphism. 
∗p a < 0.05 indicates statistical significance. 
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Table 4 

The association between the COL6A3 gene polymorphisms and the risk of esophageal cancer stratified by age. 

SNP Model Genotype ≤63 > 63 

OR (95% CI) P a OR (95% CI) P a 

rs1050785 Co–dominant G/G 1 1 

G/T 1.01 (0.65–1.56) 0.965 1.07 (0.70–1.64) 0.741 

T/T 1.01 (0.62–1.67) 0.956 1.27 (0.77–2.11) 0.352 

Dominant G/G 1 1 

G/T – T/T 1.01 (0.67–1.52) 0.956 1.13 (0.75–1.69) 0.554 

Recessive G/G – G/T 1 1 

T/T 1.01 (0.66–1.53) 0.970 1.21 (0.80–1.84) 0.366 

Log–additive – 1.01 (0.78–1.29) 0.955 1.13 (0.87–1.45) 0.356 

rs7436 Co–dominant T/T 1 1 

T/A 1.10 (0.73–1.65) 0.646 0.91 (0.62–1.33) 0.616 

A/A 0.59 (0.22–1.56) 0.283 2.03 (0.51–7.99) 0.313 

Dominant T/T 1 1 

T/A– A/A 1.02 (0.69–1.50) 0.917 0.95 (0.66–1.38) 0.787 

Recessive T/T – T/A 1 1 

A/A 0.57 (0.22–1.50) 0.255 2.09 (0.53–8.19) 0.291 

Log–additive – 0.95 (0.69–1.32) 0.755 1.01 (0.72–1.41) 0.966 

rs13032404 Co–dominant G/G 1 1 

G/A 1.07 (0.73–1.59) 0.719 0.760 (0.52–1.10) 0.148 

A/A 1.34 (0.74–2.40) 0.331 1.34 (0.77–2.32) 0.296 

Dominant G/G 1 1 

G/A – A/A 1.13 (0.78–1.63) 0.533 0.86 (0.60–1.23) 0.415 

Recessive G/G – G/A 1 1 

A/A 1.29 (0.75–2.22) 0.367 1.56 (0.94–2.60) 0.086 

Log–additive – 1.13 (0.86–1.48) 0.368 1.04 (0.81–1.34) 0.766 

rs115510139 Co–dominant T/T 1 1 

T/A 1.51 (0.98–2.34) 0.064 0.84 (0.56–1.28) 0.417 

A/A 1.26 (0.76–2.11) 0.373 0.82 (0.50–1.33) 0.416 

Dominant T/T 1 1 

T/A– A/A 1.43 (0.94–2.16) 0.091 0.83 (0.56–1.23) 0.361 

Recessive T/T – T/A 1 1 

A/A 0.97 (0.63–1.48) 0.873 0.91 (0.61–1.37) 0.657 

Log–additive – 1.13 (0.88–1.46) 0.337 0.90 (0.71–1.15) 0.404 

rs2645765 Co–dominant G/G 1 1 

G/A 1.12 (0.77–1.65) 0.549 0.94 (0.65–1.36) 0.729 

A/A 0.79 (0.40–1.57) 0.502 0.68 (0.36–1.31) 0.250 

Dominant G/G 1 1 

G/A – A/A 1.06 (0.74–1.53) 0.751 0.89 (0.62–1.26) 0.495 

Recessive G/G – G/A 1 1 

A/A 0.75 (0.39–1.45) 0.390 0.70 (0.38–1.32) 0.272 

Log–additive – 0.98 (0.74–1.30) 0.898 0.87 (0.66–1.14) 0.315 

rs6720283 Co–dominant G/G 1 1 

G/A 1.06 (0.68–1.65) 0.808 1.43 (0.95–2.16) 0.085 

A/A 2.18 (1.30–3.67) 0.003 ∗ 1.44 (0.88–2.37) 0.147 

Dominant G/G 1 1 

G/A – A/A 1.34 (0.88–2.04) 0.169 1.44 (0.98–2.11) 0.065 

Recessive G/G – G/A 1 1 

A/A 2.10 (1.37–3.23) 0.001 ∗ 1.15 (0.75–1.76) 0.515 

Log–additive – 1.48 (1.14–1.91) 0.003 ∗ 1.22 (0.95–1.56) 0.119 

CI, confidence interval; OR, odds ratio; SNP: single nucleotide polymorphism. 
∗p a < 0.05 indicates statistical significance. 
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were observed ( p = 0.837 and p = 0.990), which indicated that our

two groups were adequately matched. The basic information of

subjects including age, gender, smoking status, alcohol drinking,

BMI (body mass index), TNM stage and Lymph node metastasis

were summarized in Table 1 . 

Association of COL6A3 genotypes with esophageal cancer risk 

The basic information of candidate SNPs including the position,

minor allele frequency (MAF) and Hardy– Weinberg equilibrium

(HWE) p value were displayed in Table 2 . Frequencies distribution

of all candidate SNPs were in agreement with HWE in healthy con-

trols (all p > 0.05), which indicates that the genotype frequencies

of COL6A3 SNPs in case and control groups were in equilibrium and

our samples were well representation of the population. Further-

more, we estimated the association between the allele frequencies

and the risk of EC. The results suggested that rs6720283 ( G > A )

allele had significantly enhanced EC risk (OR = 1.32, 95% CI = 1.11
1.57, p = 0.002). However, no remarkable changed risk of EC was

bserved to relate to the other SNPs genotype. 

Four genetic models were used to analysis the genotype fre-

uencies of COL6A3 SNPs, and to evaluated the association be-

ween SNPs and the risk of EC. When compared with the G/G

enotype, rs6720283 A/A genotype was associated with a statisti-

ally improved risk of EC under the co-dominant model (OR = 1.76,

5% CI = 1.23 – 2.51, p = 0.002). Similarity, we also found that

s6720283 was significantly increased the risk of EC under the Log-

dditive model (OR = 1.32, 95% CI = 1.11 – 1.58, p = 0.002), the dom-

nant model (OR = 1.37, 95% CI = 1.04 – 1.82, p = 0.027) and the re-

essive model (OR = 1.54, 95% CI = 1.14 – 2.07, p = 0.004) ( Table 3 ). 

nteraction of COL6A3 gene polymorphisms and clinicopathological 

arameters of esophagus cancer 

In order to assess the contribution of demographic and clini-

opathological parameters, including gender, age, alcohol drinking,
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Table 5 

The association between the COL6A3 gene polymorphisms and the risk of esophageal cancer stratified by gender. 

SNP Model Genotype Males Females 

OR (95% CI) P a OR (95% CI) P a 

rs1050785 Co–dominant G/G 1 1 

G/T 0.86 (0.61–1.23) 0.411 1.16 (0.65–2.07) 0.621 

T/T 0.88 (0.59–1.33) 0.548 1.06 (0.54–2.11) 0.861 

Dominant G/G 1 1 

G/T – T/T 0.87 (0.63–1.21) 0.407 1.13 (0.65–1.95) 0.670 

Recessive G/G – G/T 1 1 

T/T 0.97 (0.69–1.36) 0.871 0.97 (0.54–1.73) 0.914 

Log–additive – 0.94 (0.76–1.15) 0.540 1.04 (0.74–1.46) 0.839 

rs7436 Co–dominant T/T 1 1 

T/A 0.87 (0.64–1.20) 0.405 1.29 (0.75–2.2) 0.362 

A/A 0.70 (0.29–1.69) 0.425 1.75 (0.4–7.63) 0.456 

Dominant T/T 1 1 

T/A– A/A 0.86 (0.63–1.17) 0.325 1.32 (0.78–2.23) 0.295 

Recessive T/T – T/A 1 1 

A/A 0.73 (0.30–1.75) 0.476 1.62 (0.38–6.99) 0.518 

Log–additive – 0.86 (0.66–1.13) 0.278 1.30 (0.82–2.05) 0.264 

rs13032404 Co–dominant G/G 1 1 

G/A 0.90 (0.66–1.22) 0.493 0.83 (0.48–1.41) 0.487 

A/A 1.33 (0.83–2.10) 0.233 1.43 (0.66–3.09) 0.366 

Dominant G/G 1 1 

G/A – A/A 0.98 (0.73–1.31) 0.876 0.93 (0.56–1.55) 0.794 

Recessive G/G – G/A 1 1 

A/A 1.40 (0.91–2.16) 0.124 1.59 (0.79–3.23) 0.196 

Log–additive – 1.07 (0.87–1.33) 0.515 1.09 (0.76–1.57) 0.624 

rs115510139 Co–dominant T/T 1 1 

T/A 1.33 (0.93–1.89) 0.114 1.06 (0.58–1.93) 0.856 

A/A 1.40 (0.94–2.09) 0.101 1.14 (0.56–2.32) 0.721 

Dominant T/T 1 1 

T/A– A/A 1.35 (0.97–1.88) 0.073 1.08 (0.61–1.92) 0.787 

Recessive T/T – T/A 1 1 

A/A 1.16 (0.84–1.62) 0.370 1.1 (0.61–1.96) 0.757 

Log–additive – 1.18 (0.97–1.45) 0.102 1.07 (0.75–1.52) 0.721 

rs2645765 Co–dominant G/G 1 1 

G/A 0.98 (0.72–1.32) 0.874 1.12 (0.66–1.9) 0.668 

A/A 0.61 (0.35–1.06) 0.078 1.45 (0.6–3.51) 0.410 

Dominant G/G 1 1 

G/A – A/A 0.90 (0.68–1.21) 0.488 1.18 (0.72–1.94) 0.518 

Recessive G/G – G/A 1 1 

A/A 0.62 (0.36–1.05) 0.075 1.38 (0.59–3.23) 0.461 

Log–additive – 0.86 (0.69–1.08) 0.189 1.17 (0.80–1.71) 0.411 

rs6720283 Co–dominant G/G 1 1 

G/A 1.29 (0.91–1.83) 0.150 1.07 (0.60–1.90) 0.829 

A/A 1.78 (1.18–2.69) 0.006 ∗ 1.70 (0.84–3.42) 0.139 

Dominant G/G 1 1 

G/A – A/A 1.43 (1.03–1.98) 0.032 ∗ 1.23 (0.71–2.12) 0.456 

Recessive G/G – G/A 1 1 

A/A 1.51 (1.07–2.13) 0.019 ∗ 1.63 (0.90–2.96) 0.108 

Log–additive – 1.33 (1.09–1.64) 0.006 ∗ 1.29 (0.91–1.82) 0.155 

CI, confidence interval; OR, odds ratio; SNP: single nucleotide polymorphism. 
∗p a < 0.05 indicates statistical significance. 
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B  
MI, TNM stage and lymph node metastasis to the risk of EC in

he Chinese Han population, stratification analyses were applied

o evaluate the potential effect of COL6A3 gene polymorphisms

ith EC risk. In the stratified analysis by age. The results indicated

hat the genotype frequencies of COL6A3 rs6720283 was associated

ith a significantly increased risk of EC under the co-dominant

odel (OR = 2.18, 95% CI = 1.30 – 3.67, p = 0.003) the recessive

odel (OR = 2.10, 95% CI = 1.37 – 3.23, p = 0.001) and the Log- ad-

itive model (OR = 1.48, 95% CI = 1.14 – 1.91, p = 0.003) in patients

ged ≤ 63 years old but not in those aged > 63 years old. The

esults were shown in Table 4 . 

In the stratified analysis by gender. The rs6720283 A/A geno-

ype showed a strong EC risk compared with the G/G genotype in

ale (OR = 1.78, 95% CI = 1.18 – 2.69, p = 0.006). We also observed

hat rs6720283 polymorphism presented an enhanced EC risk un-

er the dominant model (OR = 1.43, 95% CI = 1.03 – 1.98, p = 0.032)

he recessive model (OR = 1.51, 95% CI = 1.07 – 2.13, p = 0.019) and

he Log- additive model (OR = 1.33, 95% CI = 1.09 – 1.64, p = 0.006)
n males. No significant association between CLO6A3 gene polymor-

hism and EC risk were found in females ( Table 5 ). 

Furthermore, when stratified analysis by alcohol drinking, our

esults confirmed that rs6720283 was significant increased the risk

f EC in alcohol drinking group under the co-dominant model

OR = 2.13, 95% CI = 1.07 – 4.22, p = 0.031) and the Log-additive

odel (OR = 1.46, 95% CI = 1.03 – 2.05, p = 0.031). For the no

lcohol drinking group, we observed that the A/A genotype of

s7436 was correlated with decreased the risk of EC under the co-

ominant model (OR = 0.32, 95% CI = 0.12 – 0.89, p = 0.029) and

he recessive model (OR = 0.33, 95% CI = 0.12 – 0.89, p = 0.029).

nterestingly, the T/A and T/A – A/A genotypes of rs115510139

ere interacted with enhanced EC risk in the no alcohol drink-

ng group under the co-dominant model (OR = 2.02, 95% CI = 1.17

3.51, p = 0.012) and the dominant model (OR = 1.95, 95% CI = 1.17

3.25, p = 0.010). The results were listed in Table 6 . 

Subsequently, the stratification analysis was performed by

MI, the results suggested that rs115510139 T/A and T/A– A/A
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Table 6 

The association between the COL6A3 gene polymorphisms and the risk of esophageal cancer stratified by alcohol drinking. 

SNP Model Genotype Yes No 

OR (95% CI) P a OR (95% CI) P a 

rs1050785 Co–dominant G/G 1 1 

G/T 0.81 (0.45–1.45) 0.473 1.58 (0.92–2.70) 0.096 

T/T 1.44 (0.72–2.89) 0.305 1.84 (0.96–3.54) 0.067 

Dominant G/G 1 1 

G/T – T/T 0.98 (0.56–1.70) 0.935 1.66 (1.00–2.75) 0.051 

Recessive G/G – G/T 1 1 

T/T 1.66 (0.93–2.95) 0.084 1.37 (0.78–2.39) 0.271 

Log–additive – 1.19 (0.85–1.67) 0.311 1.37 (0.99–1.91) 0.060 

rs7436 Co–dominant T/T 1 1 

T/A 0.88 (0.52–1.48) 0.629 0.96 (0.57–1.60) 0.863 

A/A 1.79 (0.19–16.47) 0.608 0.32 (0.12–0.89) 0.029 ∗

Dominant T/T 1 1 

T/A– A/A 0.91 (0.54–1.52) 0.712 0.81 (0.50–1.30) 0.378 

Recessive T/T – T/A 1 1 

A/A 1.86 (0.20–17.03) 0.583 0.33 (0.12–0.89) 0.029 ∗

Log–additive – 0.95 (0.59–1.53) 0.840 0.74 (0.50–1.09) 0.122 

rs13032404 Co–dominant G/G 1 1 

G/A 0.64 (0.38–1.08) 0.092 1.15 (0.70–1.89) 0.573 

A/A 1.06 (0.47–2.37) 0.892 1.83 (0.89–3.77) 0.099 

Dominant G/G 1 1 

G/A – A/A 0.71 (0.43–1.17) 0.175 1.29 (0.81–2.06) 0.278 

Recessive G/G – G/A 1 1 

A/A 1.37 (0.65–2.88) 0.408 1.70 (0.87–3.33) 0.122 

Log–additive – 0.90 (0.63–1.29) 0.572 1.30 (0.93–1.81) 0.120 

rs115510139 Co–dominant T/T 1 1 

T/A 1.35 (0.76–2.41) 0.302 2.02 (1.17–3.51) 0.012 ∗

A/A 1.09 (0.57–2.07) 0.802 1.83 (0.98–3.42) 0.056 

Dominant T/T 1 1 

T/A– A/A 1.25 (0.73–2.12) 0.413 1.95 (1.17–3.25) 0.010 ∗

Recessive T/T – T/A 1 1 

A/A 0.90 (0.52–1.55) 0.707 1.17 (0.69–1.97) 0.560 

Log–additive – 1.05 (0.75–1.45) 0.785 1.37 (0.99–1.89) 0.056 

rs2645765 Co–dominant G/G 1 1 

G/A 1.21 (0.73–2.00) 0.471 0.80 (0.49–1.30) 0.371 

A/A 0.86 (0.36–2.03) 0.725 0.51 (0.23–1.16) 0.107 

Dominant G/G 1 1 

G/A – A/A 1.14 (0.70–1.84) 0.605 0.74 (0.47–1.17) 0.196 

Recessive G/G – G/A 1 1 

A/A 0.79 (0.34–1.80) 0.569 0.56 (0.26–1.24) 0.153 

Log–additive – 1.03 (0.71–1.50) 0.879 0.75 (0.52–1.06) 0.105 

rs6720283 Co–dominant G/G 1 1 

G/A 1.40 (0.79–2.49) 0.251 0.87 (0.51–1.49) 0.612 

A/A 2.13 (1.07–4.22) 0.031 ∗ 1.40 (0.70–2.80) 0.341 

Dominant G/G 1 1 

G/A – A/A 1.61 (0.94–2.77) 0.085 0.99 (0.59–1.66) 0.970 

Recessive G/G – G/A 1 1 

A/A 1.70 (0.96–3.04) 0.070 ∗ 1.54 (0.85–2.77) 0.152 

Log–additive – 1.46 (1.03–2.05) 0.031 ∗ 1.15 (0.83–1.60) 0.405 

CI, confidence interval; OR, odds ratio; SNP: single nucleotide polymorphism. 
∗p a < 0.05 indicates statistical significance. 
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genotypes were associated with enhanced EC risk in the BMI ≥
24 group under the co-dominant model (OR = 2.31, 95% CI = 1.09 –

4.90, p = 0.030) and the dominant model (OR = 2.19, 95% CI = 1.07

– 4.47, p = 0.032), respectively. For rs6720283, the G/A – A/A geno-

type was increased the risk of EC in the BMI < 24 group under

the dominant model (OR = 1.63, 95% CI = 1.02 – 2.60, p = 0.042).

In addition, we also demonstrated that the A/A genotype of

rs6720283 was correlated with increased the risk of EC in the

BMI ≥ 24 group under the co-dominant model (OR = 2.42, 95%

CI = 1.03 – 5.68, p = 0.043) and the recessive model (OR = 2.67, 95%

CI = 1.32 – 5.42, p = 0.007), respectively. All results were shown in

Table 7 . 

In accordance with the stratified analyses by TNM stage and

lymph node metastasis. There was no statistical significant was

found between the COL6A3 gene polymorphisms and clinicopatho-

logical parameters such as TNM stage and lymph node metastasis

among EC patients ( p > 0.05). Supplementary Table 1 and 2 listed

the results. 
r
inkage disequilibrium and haplotype analysis of COL6A3 

Haplotype analyses of all SNPs were performed to examine the

ssociation between COL6A3 haplotype and the risk of esophageal

ancer in this study. Among the six SNPs, rs1050785 and rs7436

ere in high Linkage disequilibrium (LD) ( Fig. 1 ). Whereas, haplo-

ype results were not observed to be associated with esophageal

ancer risk (Supplementary Table 3). 

iscussion 

Esophageal cancer is a malignant tumor, and has a high inci-

ence rates in developing countries, especially in China [11] . Pre-

ious researches evidenced that genetic polymorphism and sus-

eptibility were important to EC [7,3,14] . Thus, we performed a

ase-control study to explore the interaction between COL6A3 gene

olymorphism and EC risk. Our results confirmed that the COL6A3

s6720283 ( G > A ) was related with susceptibility to EC. 
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Table 7 

The association between the COL6A3 gene polymorphisms and the risk of esophageal cancer stratified by BMI. 

SNP Model Genotype < 24 ≥ 24 

OR (95% CI) P a OR (95% CI) P a 

rs1050785 Co–dominant G/G 1 1 

G/T 1.00 (0.59–1.70) 0.996 1.06 (0.52–2.17) 0.874 

T/T 1.03 (0.57–1.88) 0.919 1.10 (0.48–2.54) 0.821 

Dominant G/G 1 1 

G/T – T/T 1.01 (0.62–1.66) 0.962 1.07 (0.55–2.11) 0.839 

Recessive G/G – G/T 1 1 

T/T 1.03 (0.63–1.68) 0.904 1.06 (0.54–2.10) 0.869 

Log–additive – 1.02 (0.75–1.37) 0.918 1.05 (0.69–1.59) 0.821 

rs7436 Co–dominant T/T 1 1 

T/A 1.11 (0.69–1.80) 0.661 0.58 (0.29–1.16) 0.124 

A/A 1.77 (0.37–8.37) 0.474 0.76 (0.13–4.38) 0.760 

Dominant T/T 1 1 

T/A– A/A 1.15 (0.72–1.84) 0.553 0.60 (0.31–1.16) 0.129 

Recessive T/T – T/A 1 1 

A/A 1.71 (0.36–8.07) 0.497 0.9 (0.16–5.12) 0.908 

Log–additive – 1.17 (0.77–1.78) 0.464 0.67 (0.37–1.2) 0.176 

rs13032404 Co–dominant G/G 1 1 

G/A 0.68 (0.42–1.08) 0.099 1.4 (0.73–2.66) 0.311 

A/A 1.19 (0.57–2.46) 0.642 1.53 (0.64–3.69) 0.341 

Dominant G/G 1 1 

G/A – A/A 0.76 (0.48–1.19) 0.228 1.43 (0.78–2.62) 0.249 

Recessive G/G – G/A 1 1 

A/A 1.49 (0.76–2.92) 0.245 1.28 (0.57–2.85) 0.550 

Log–additive – 0.96 (0.7–1.31) 0.792 1.27 (0.83–1.93) 0.266 

rs115510139 Co–dominant T/T 1 1 

T/A 1.24 (0.74–2.09) 0.422 2.31 (1.09–4.90) 0.030 ∗

A/A 1.05 (0.58–1.90) 0.872 1.98 (0.85–4.64) 0.116 

Dominant T/T 1 1 

T/A– A/A 1.17 (0.72–1.90) 0.528 2.19 (1.07–4.47) 0.032 ∗

Recessive T/T – T/A 1 1 

A/A 0.92 (0.56–1.50) 0.726 1.13 (0.58–2.20) 0.714 

Log–additive – 1.03 (0.76–1.39) 0.862 1.38 (0.92–2.08) 0.122 

rs2645765 Co–dominant G/G 1 1 

G/A 0.97 (0.62–1.53) 0.908 1.03 (0.56–1.92) 0.915 

A/A 0.83 (0.38–1.84) 0.652 0.94 (0.33–2.65) 0.908 

Dominant G/G 1 1 

G/A – A/A 0.95 (0.62–1.46) 0.812 1.02 (0.56–1.83) 0.959 

Recessive G/G – G/A 1 1 

A/A 0.84 (0.39–1.81) 0.663 0.93 (0.34–2.51) 0.881 

Log–additive – 0.94 (0.67–1.31) 0.708 0.99 (0.64–1.55) 0.978 

rs6720283 Co–dominant G/G 1 1 

G/A 1.63 (0.99–2.71) 0.056 0.86 (0.42–1.78) 0.685 

A/A 1.61 (0.89–2.90) 0.114 2.42 (1.03–5.68) 0.043 ∗

Dominant G/G 1 1 

G/A – A/A 1.63 (1.02–2.60) 0.042 ∗ 1.18 (0.6–2.32) 0.634 

Recessive G/G – G/A 1 1 

A/A 1.18 (0.71–1.96) 0.519 2.67 (1.32–5.42) 0.007 ∗

Log–additive – 1.29 (0.95–1.74) 0.102 1.54 (1.00–2.39) 0.052 

CI, confidence interval; OR, odds ratio; SNP: single nucleotide polymorphism. 
∗p a < 0.05 indicates statistical significance. 
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Type VI collagen (COL6) is a heterotrimer comprising three col-

agen chains, including the α1 (VI), α2 (VI) and α3 (VI) collagen

hains. COL6 is an important of extracellular matrix component of

ost cartilage and soft tissues [17] . Accumulating researches con-

rmed that COL6 was associated with varieties of diseases [18,19] .

OL6A3 , a member of COL6 family, which is located in chromo-

ome 2q37 and encodes collagen type VI alpha 3 chain [20] . Mu-

ations of COL6A3 gene has recently been suggest to be causative

or neoplasms and Bethlem myopathy, a childhood onset muscu-

ar dystrophy with joint contractures [16,21] . Lee et.al studies sug-

ested that the levels of COL6A3 and its product, endotrophin (ETP)

n tumor-neighboring regions are associated with poor prognosis

n hepatocellular carcinoma (HCC) patients [22] . Liu et.al demon-

trated that COL6A3 knockout studies indicated the clinical rela-

ionship of COL6A3 in the process of colorectal cancer (CRC) [23] .

ickson also found that COL6A3 was associated with breast can-

er [24] . However, to our knowledge, this is the first time to in-

estigate the interaction between COL6A3 variants and EC risk. Our
esults demonstrated that COL6A3 rs6720283 was significantly in-

reased the risk of EC under three genetic models, including the

og- additive, the dominant and the recessives models ( p = 0.002,

 = 0.027 and p = 0.004, respectively). 

The mechanisms and Pathogenesis of esophagus cancer are

ery complicated; Recent studies have revealed that the causes of

sophagus cancer mainly include environmental factors, such as

moking, dietary habit, drinking and genetic factors [25] . Yang e.al

as shown that the genotypes C/C and R/C + C/C of LMP2–60 gene

ere correlated with an increased EC risk in Kazakh patients aged

 57 years [4] . We also performed the stratified analysis by gender,

ge, alcohol drinking, BMI, TNM stage and lymph node metastasis

tatus, the increased risk were observed in males patients aged

63 years old, alcohol drinking group and BMI ≥ 24 group in

ur study. Interestingly, we also observed that rs115510139 was

ssociated with increased EC risk in no alcohol drinking group. The

etail molecular mechanism was necessary to be explore in our

uture researches. In addition, no statistical significant was found
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Fig. 1. Linkage disequilibrium patterns for six COL6A3 SNPs. 
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between the COL6A3 gene polymorphisms and TNM stage and

lymph node metastasis among EC patients ( p > 0.05) in our study.

Despite the adequate statistical power of the present study,

several limitations were necessary to be considered. First, some

clinical factors were missing, due to the hospital design. Next, we

further increased the collection of information. Second, we first

confirmed the COL6A3 gene polymorphism and EC risk. However,

the molecular mechanisms researches should be performed for

our further study. 

In conclusion, this case-control study suggested that the COL6A3

rs6720283 ( G > A ) might affect personal susceptibility to EC. Our

result provides a solid theoretical foundation for future research to

investigate whether the existence of COL6A3 genetic variants could

be useful for EC diagnosis. 

Acknowledgement 

We are grateful to all participants for providing blood samples.

We also appreciate the reviewers and editors for their efforts and

patience. 

Conflict of interest 

The authors have declared that they have no conflict of interest.

Supplementary materials 

Supplementary material associated with this article can be

found, in the online version, at doi: 10.1016/j.cancergen.2019.07.003 .

References 

[1] Huang FL, Yu SJ. Esophageal cancer: risk factors, genetic association, and treat-
ment. Asian J Surg 2018;41(3):210–15. doi: 10.1016/j.asjsur.2016.10.005 . 

[2] Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM,

Forman D, Bray F. Cancer incidence and mortality worldwide: sources, meth-
ods and major patterns in GLOBOCAN 2012. Int J Cancer 2015;136(5):E359–86.

doi: 10.1002/ijc.29210 . 
[3] Wu Y, Yan M, Li J, Li J, Chen Z, Chen P, Li B, Chen F, Jin T, Chen C. Genetic

polymorphisms in TERT are associated with increased risk of esophageal can-
cer. Oncotarget 2017;8(6):10523–30. doi: 10.18632/oncotarget.14451 . 
[4] Yang L, Ji Y, Chen L, Li M, Wu F, Hu J, Jiang J, Cui X, Chen Y, Pang L, Wei Y,
Li F. Genetic variability in LMP2 and LMP7 is associated with the risk of

esophageal squamous cell carcinoma in the Kazakh population but is not
associated with HPV infection. PLoS ONE 2017;12(10):e0186319. doi: 10.1371/

journal.pone.0186319 . 
[5] Coleman HG, Bhat S, Johnston BT, McManus D, Gavin AT, Murray LJ. Tobacco

smoking increases the risk of high-grade dysplasia and cancer among patients
with Barrett’s esophagus. Gastroenterology 2012;142(2):233–40. doi: 10.1053/

j.gastro.2011.10.034 . 

[6] Zhang T , Hou P . Research progress on etiology of esophageal cancer. Sichuan J
Anat 2015 . 

[7] Lin X , Yan C , Gao Y , Du J , Zhu X , Yu F , Huang T , Dai J , Ma H , Jiang Y . Ge-
netic variants at 9p21.3 are associated with risk of esophageal squamous cell

carcinoma in a Chinese population. Cancer Sci 2017;108(2):250–5 . 
[8] Das M, Sharma SK, Sekhon GS, Mahanta J, Phukan RK, Jalan BK. p16 gene si-

lencing along with p53 single-nucleotide polymorphism and risk of esophageal

cancer in northeast India. Tumour Biol 2017;39(5) 1010428317698384. doi: 10.
1177/1010428317698384 . 

[9] Sun L, Wei L, Wei L, Li D. Correlation between Bax gene polymorphisms and
esophagus cancer. Oncol Lett 2018;16(6):7097–101. doi: 10.3892/ol.2018.9511 . 

[10] Li Gang , Liang Hongjuan , Gao Guodong , Jin Tianbo , Tu Yanyang . Skewed
X-chromosome inactivation in patients with esophageal carcinoma. Diagn

Pathol 2013;8(1):1–8 . 

[11] Chen W , Zheng R , Baade PD , Zhang S , Zeng H , Bray F , Jemal A , Yu XQ , He J .
Cancer statistics in China, 2015. Ca Cancer J Clin 2016;66(2):115–32 . 

[12] Wu C , Hu Z , He Z , Jia W , Wang F , Zhou Y , Liu Z , Zhan Q , Liu Y ,
Yu D . Genome-wide association study identifies three new susceptibility loci

for esophageal squamous-cell carcinoma in Chinese populations. Nat Genet
2011;43(7):679–84 . 

[13] Abnet CC , Freedman ND , Nan H , Zhaoming W , Kai Y , Xiao-Ou S , Jian-Min Y ,

Wei Z , Dawsey SM , Dong LM . A shared susceptibility locus in PLCE1 at 10q23
for gastric adenocarcinoma and esophageal squamous cell carcinoma. Nat

Genet 2010;42(9):764 . 
[14] Sang Y , Bo L , Gu H , Yang W , Chen Y . Flap endonuclease-1 rs174538 G>A poly-

morphisms are associated with the risk of esophageal cancer in a Chinese pop-
ulation. Thorac Cancer 2017;8(3):192–6 . 

[15] Peng H , Wang LG , Wang XZ , Liu AJ . The correlation between XIAP gene poly-

morphisms and esophageal squamous cell carcinoma susceptibility and prog-
nosis in a Chinese population. Pathol Res Pract 2017 S034403381730362X . 

[16] Dankel SN, Svard J, Mattha S, Claussnitzer M, Kloting N, Glunk V, Fandalyuk Z,
Grytten E, Solsvik MH, Nielsen HJ, Busch C, Hauner H, Bluher M, Skurk T,

Sagen JV, Mellgren G. COL6A3 expression in adipocytes associates with in-
sulin resistance and depends on PPARgamma and adipocyte size. Obesity (Sil-

ver Spring, Md) 2014;22(8):1807–13. doi: 10.1002/oby.20758 . 

[17] Carlo K , Christian P , Munro PM , Gruber HE , Sherratt MJ , Clair B , Squire JM .
Structural correlation between collagen VI microfibrils and collagen VI banded

aggregates. J Struct Biol 2006;154(3):312–26 . 
[18] Spencer M , Yaoborengasser A , Unal R , Rasouli N , Gurley CM , Zhu B , Peter-

son CA , Kern PA . Adipose tissue macrophages in insulin-resistant subjects are
associated with collagen VI and fibrosis and demonstrate alternative activation.

Am J Physiol Endocrinol Metab 2010;299(6):E1016 . 
[19] Jiyoung P , Scherer PE . Adipocyte-derived endotrophin promotes malignant tu-

mor progression. J Clin Invest 2012;122(11):4243 . 

[20] Pepe G , Bertini E , Giusti B , Brunelli T , Comeglio P , Saitta B , Merlini L , Chu ML ,
Federici G , Abbate R . A novel de novo mutation in the triple helix of the

COL6A3 gene in a two-generation Italian family affected by Bethlem myopathy.
A diagnostic approach in the mutations’ screening of type VI collagen. Neuro-

muscul Disord 1999;9(4):264–71 . 
[21] Yan H , Gang L , Kai W , Mu Z , Xie Q , Qu H , Hang L , Hu B . Collagen type VI alpha

3 chain promotes epithelial-mesenchymal transition in bladder cancer cells via

transforming growth factor β (TGF- β)/Smad pathway. Med Sci Monit Int Med
J Exp Clin Res 2018;24:5346–54 . 

22] Lee C., Kim M., Lee J.H., Oh J., Shin H.H., Lee S.M., Scherer P.E., Kwon H.M., Choi
J.H., Park J COL6A3-derived endotrophin links reciprocal interactions among

hepatic cells in the pathology of chronic liver disease. The Journal of Patholo-
gyJ Pathol. 

23] Liu W , Liu W , Li L , Li L , Ye H , Ye H , Tao H , Tao H , He H , He H . Role of COL6A3

in colorectal cancer. Oncol Rep 2018;39(6):2527–36 . 
[24] Dickson B.C., Hornick J.L., Fletcher C.D.M., Demicco E.G., Howarth D.J., Swanson

D., Zhang L., Sung Y.S., Antonescu C.R. (2018) Dermatofibrosarcoma protuber-
ans with a novel COL6A3-PDGFD fusion gene and apparent predilection for

breast. 57 (9):437–445. doi: 10.1002/gcc.22663 . 
25] An J , Zhao J , Zhang X , Ding R , Geng T , Feng T , Jin T . Impact of multiple al-

cohol dehydrogenase gene polymorphisms on risk of laryngeal, esophageal,

gastric and colorectal cancers in Chinese Han population. Am J Cancer Res
2015;5(8):2508–15 . 

https://doi.org/10.1016/j.cancergen.2019.07.003
https://doi.org/10.1016/j.asjsur.2016.10.005
https://doi.org/10.1002/ijc.29210
https://doi.org/10.18632/oncotarget.14451
https://doi.org/10.1371/journal.pone.0186319
https://doi.org/10.1053/j.gastro.2011.10.034
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0006
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0006
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0006
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0007
https://doi.org/10.1177/1010428317698384
https://doi.org/10.3892/ol.2018.9511
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0010
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0010
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0010
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0010
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0010
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0010
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0011
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0012
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0013
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0014
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0014
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0014
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0014
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0014
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0014
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0015
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0015
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0015
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0015
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0015
https://doi.org/10.1002/oby.20758
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0017
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0017
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0017
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0017
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0017
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0017
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0017
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0017
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0018
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0019
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0019
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0019
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0020
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0021
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0022
https://doi.org/10.1002/gcc.22663
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0023
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0023
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0023
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0023
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0023
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0023
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0023
http://refhub.elsevier.com/S2210-7762(19)30226-1/sbref0023

	Variants in COL6A3 gene influence susceptibility to esophageal cancer in the Chinese population
	Instruction
	Materials and methods
	Study subjects
	Genotype analysis
	Statistical analysis

	Results
	Baseline characteristics
	Association of COL6A3 genotypes with esophageal cancer risk
	Interaction of COL6A3 gene polymorphisms and clinicopathological parameters of esophagus cancer
	Linkage disequilibrium and haplotype analysis of COL6A3

	Discussion
	Acknowledgement
	Conflict of interest
	Supplementary materials
	References


