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Purpose: The aim of this study was to screen the predisposed population and explore
possible interactions between genetic polymorphisms and risk factors involved in the tumor-
igenesis and progression of ESCC (esophageal squamous cell carcinoma), in hope of
identifying possible therapeutic targets along the way.

Patients and Methods: Cases (1043) and controls (1315) were enrolled to evaluate the
possible association between MAP3K! SNPs and ESCC risk. Subgroup analyses include
MAP3K] variants, gender, age, smoking and drinking status.

Results: Among all three single locus polymorphisms of MAP3K]I, only the heterozygote
genotype of rs702689 AG is shown to be associated with increased risk for developing ESCC
(OR=1.272, 95% confidence interval=1.061-1.525, p=0.009). Moreover, stratified analysis
results observed altered susceptibility among patients with exposure to risk factors combined
with certain genetic variant to ESCC.

Conclusion: This study reveals that MAP3K] rs702689 AG genotype might facilitate the
tumorigenesis in ESCC, particularly among women, patients who were over 63y and those
who never drink nor smoke.
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Introduction

Esophageal cancer is one of the most rapidly-growing cancer diagnoses around the
world, with it being the 7th most common cancer worldwide and 5th in China,1
among which, esophageal squamous cell carcinoma (ESCC) is the dominant patho-
logical type which accounts for more than 90% of all the cases. In the high-risk
regions, there is a strong tendency observed towards familial aggregation.” Previous
studies also reported that genetic susceptibility and other risk factors (environmen-
tal, demographic, lifestyle or dietary factors) may interact in ways to influence
ESCC risk,>” so it’s reasonable to speculate that genetic susceptibility, in conjunc-
tion with demographic and lifestyle factors (age, gender, smoking and drinking
habit), plays a role in the etiology of ESCC. In terms of treatment, the multi-
modality approach remains the first-line treatment as has been confirmed by a series
of landmark clinical trials.*® However, the prognosis and 5-year survival rate

remain poor, as well as no driver mutation has been detected, emphasizing the
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urgency to better understand the tumorigenesis and pro-
gression mechanisms of ESCC.

Mitogen-activated protein kinase (MAPK) signaling
pathway is critical for human cancer cell survival, apopto-
sis, migration, tumor-immune system interactions and resis-
tance to drug therapy.'®'" It is composed of three signaling
families: extracellular signal-regulated kinases (ERKs),
c-Jun N-terminal kinases (JNKs) and p38 MAPKs. Cross-
communications between the MAPK/ERK pathway and
parallel pathways, such as the PI3K-AKT and Wnt-Ca**
ones, are found to be critical for abnormal proliferation and
therapy resistance.'*'> Mitogen-activated protein kinases
kinase kinase 1(MAP3K1) is a 196-kDa serine-threonine
kinase that belongs to the MAP3K family.'"* MAP3K1
activates JNK and ERK pathway, respectively.'> Recently,
MAP3K1 was found to regulate both proteolytic degrada-
tion and migration of tumor cells.'® Moreover, MAP3K]I
gene was identified in several GWAS researches of

Breast 17,18

Desmoplastic  melanoma  and cancer.
Nevertheless, the contribution of MAP3K] gene variants
to ESCC is unknown.

Here, in order to explore the possible association
between MAP3KI single nucleotide polymorphisms
(SNPs) and ESCC risk, a hospital-based case—control
study was conducted in this high-risk region of China
where the incidence rate of esophageal cancer can go as
high as 1%o—1.3%o.. Meanwhile, Jiangsu province has
the second highest mortality rate related to esophageal
cancer around China.'® Moreover, we hypothesized that
there may be possible interactions between gene variations
and risk factors leading to the abnormally high incidence
of esophageal cancer in China, so stratification analyses
were performed to validate if there is synergistic effect
between genetic mutations and risk factors in the develop-

ment of ESCC.

Patients and Methods

Study Populations

A total of 1043 histologically diagnosed ESCC patients
and 1315 healthy, well-matched (in terms of age and
gender, p = 0.121 and 0.880, respectively) controls were
recruited from the Affiliated People’s Hospital of Jiangsu
University (Zhenjiang,
October 2008 to January 2017 for this study. No patients
had ever been diagnosed with cancer or received che-

China) for a duration from

motherapy or radiotherapy at any point prior to this study.

Written informed consent was obtained from each indi-
vidual before sample and personal information collection.
With consent, two milliliters of venous blood was collected
from each subject. Prospectively collected demographic and
related risk factors information included age, race, sex,
smoking and drinking history. To better define the smoking
and drinking status, the “Smokers” cohort included indivi-
duals who smoked at least one cigarette per day for more
than one year, whereas subjects who had more than three
alcoholic drinks a week for more than six months were
included in the “Alcohol drinkers” cohort.

Ethical Approval

We have complied with the World Medical Association
Declaration of Helsinki regarding ethical conduct of research
involving human subjects and/or animals. This study was
approved by the Review Board of Jiangsu University.

Genomic DNA Extraction, SNP Selection
and Genotyping

Blood samples collected from individuals using Vacutainers
were transferred to tubes lined with ethylenediamine tetra-
acetic acid (EDTA). Genomic DNA was extracted from the
sample with the QIAamp DNA Blood Mini Kit (Qiagen,
Berlin, Germany) following the protocol provided. Sample
DNA was amplified by PCR according to the manufac-
turer’s protocol. The samples were genotyped using the
Ligation Detection Reaction (LDR) method with technical
support from Biotechnology Inc. (Shanghai, China). For
quality control, 10% of the total samples were randomly
selected for repeated analyses. Pilot linkage disequilibrium
analyses were performed in the Chinese Han population to
choose the SNP loci with moderate correlation, and tagging
SNPs were selected for further analyses.

Statistical Analysis

All statistical analyses were carried out with SPSS 23.0
statistical package (SPCC Inc., Chicago, IL). Tests about
Hardy—Weinberg equilibrium (HWE) for genotypes were
conducted with a goodness-of-fit y* test based on the calcu-
lated genotype frequencies between case and control
groups. Those who did not meet HWE were excluded
from further study. ORs with 95% CIs were calculated to
assess the strength of association between the three
MAP3KI1 SNPs and ESCC risk. Further to estimate the
overall risk of ESCC imparted by the synergistic effect
between MAP3KI SNPs and other exogenous factors such
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Table | Distribution of Selected Demographic Variables and
Risk Factors in ESCC Cases and Controls

Variables Cases (n=1043) | Controls (n=1315) | P?
n % n %

Age (years) 63.07(+7.27) 62.88(+9.74) 0.607
mean * SD
Age (years)

<63 471 45.16 636 48.37

263 572 54.84 679 51.63 0.121
Sex

Male 758 72.67 952 72.40

Female 285 27.33 363 27.60 0.880
Tobacco use

Never 589 56.47 964 73.30

Ever 454 43.53 351 26.70 <0.001
Alcohol use

Never 714 68.46 1222 92.93

Ever 329 31.54 93 7.07 <0.001

Notes: *Two-sided y* test and student t-test. Bold values are statistically significant
(p<0.05).

as smoking and drinking, stratified analyses were per-
formed to examine the statistical differences. The associa-
tions between three SNPs and the risk of ESCC were
analyzed by PLINK software (v1.07, available at http://
zzz.bwh.harvard.edu/plink/download.shtml). Crude ORs
and adjusted ORs when adjusted for age, sex, smoking

and alcohol drinking status were also calculated using

unconditional logistic regression analyses. Bilateral

probability tests were taken, p value < 0.05 was considered
statistically significant.

Results

Characteristics of the Study Population
The characteristics of study subjects, including demo-
graphics and lifestyle factors, were presented in Table 1.
The controls and cases cohorts were well matched in terms
of age and gender (2 test, p = 0.121 and 0.880, respec-
tively). In this case, lower incidence rate of ESCC was
observed in female compared to male cohort (27.33%
vs.72.67%); subjects over 63y suffered higher incidence
of ESCC compared to people <63y (54.84% vs 45.16%).
Moreover, the cigarette-smoking rate (43.53% vs 26.70%,
p < 0.001) and alcohol-drinking rate (31.54% vs 7.07%,
p < 0.001) were both significantly higher among ESCC
patients.

As shown in Table 2, the genotyping successful rates
were all beyond 98.5%. Genotype frequencies for the three
chosen polymorphism loci in control subjects all met Hardy—
Weinberg equilibrium (p value for HWE, all p > 0.05)
(Table 2).

Association Between Risk of ESCC and

Three Polymorphisms

As shown in Table 3, in single marker analysis, statistically
significant difference in genotype frequencies of rs702689
were observed between the cases and controls (p =0.009).
Also, the differences among frequencies of the three genotypes

Table 2 Primary Information for rs702688, rs702689, rs72644086 Polymorphisms

Genotyped SNPs rs702688 rs702689 rs72644086
Ancestral Allele A G A
Chromosome 5 5 5

Gene (ID) MAP3KI (4214) MAP3KI (4214) MAP3KI (4214)
Function UTR-3 Missense Intron-variant
Chr Pos (Genome Build 38.p7) 56895159 56881616 56867643
Regulome DB Score® 6 5 6

TFBS® - - -

nsSNP - Y -

MAF€ for Chinese in database G=0.4209/2108 (1000 Genomes) G=0.3499/4172 (GO-ESP) G=0.0592/1723 (TOPMED)
MAF in our controls G=0.096 A=0.188 G=0.204

(n = 1315)

p value for HWE® test in our controls 0.634 0.580 0.095
Genotyping method® LDR LDR LDR

% Genotyping value 98.89% 98.89% 98.89%

Notes: *http://www.regulomedb.org/. °TFBS, Transcription Factor Binding Site (https://snpinfo.niehs.nih.gov/cgi-bin/snpinfo/snpfunc.cgi). “MAF, minor allele frequency.

9HWE, Hardy—Weinberg equilibrium. °LDR, ligation detection reaction.
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Table 3 Main Effects of MAP3KI SNPs on ESCC Risk

Genotyped SNPs Genotyping AB vs AA®P BB vs AA p Trend
Adjusted OR® (95% CI); p Adjusted OR (95% Cl); p
Case (n=1043) (AA/AB/BB)* Control (n=1315) (AA/AB/BB)
MAP3K I:rs702688 800/211/14 916/198/9 0.820 (0.66-1.02); 0.071 0.561 (0.24-1.30); 0.174 0.087
MAP3K I:rs702689 611/368/46 737/349/37 1.272 (1.061-1.525); 0.009 0.667 (0.43—1.01); 0.073 0.012
MAP3K I:rs72644086 627/353/45 720/347/56 0.856 (0.71-1.03); 0.095 1.084 (0.72—1.63); 0.698 0.201

Notes: *AA/AB/BB means homozygote, heterozygote and mutated homozygote. "Bonferroni correction was performed to correct the p value (Pagj)- “Adjusted for age, sex,
smoking and drinking status. In single marker analysis, statistically significant difference in genotype frequencies of rs702689 were observed between the cases and controls
(p =0.009). Also, the differences among frequencies of the three genotypes for rs702689 were statistically significant (p =0.012). Results suggested that rs702689 AG
genotype was associated with increased risk for developing ESCC (OR=1.272, 95% CI=1.061-1.525, P=0.009). Bold values are statistically significant (p<0.05).

were statistically significant (p =0.012). In all, as assessed by
the allelic, dominant, co-dominant, recessive and Cochran-
Armitage trend tests, only rs702689 was shown to be asso-
ciated with increased risk for developing ESCC (Table 3).

Stratification Analyses on Three
Polymorphisms and Risk of ESCC

To further evaluate the effects of MAP3KI rs702688,
rs702689, rs72644086 variants on ESCC risk combined with
different gender, age, smoking and alcohol drinking status,

stratification analyses were performed as demonstrated in
Tables 4-6. MAP3K1 15702688 AG+GG genotype increased
male susceptibility to ESCC, while rs702689 AG and AA+AG
genotype increased susceptibility to ESCC in female cohort.
1s702689 AG and AA+AG genotype increased the suscept-
ibility to ESCC among people over 63y, contrarily increased
risk for ESCC was observed in 1572644086 AG and AG+GG
genotype combined with age<63. Meanwhile, rs702689 AG
and AA+AG genotype increased susceptibility to ESCC in
non-smoking subgroup. In drinking subgroup, rs72644086

Table 4 Stratified Analyses Between MAP3K/ rs702688 Polymorphism and ESCC Risk by Sex, Age, Smoking Status and Alcohol

Consumption

Variables (Casel/Control)* Adjusted OR ® (95% Cl); p; pn°
AA GG | AG AG+GG | AA | GG AG AG+GG GG vs (AA+AG)
Sex
Male 569/595 | 12/5 | 163/137 | 175/142 1.00 | 2.513 (0.88-7.14); | 1.244 (0.96-1.61); 1.289 (1.01-1.64); | 0.417 (0.15-1.19);
p:0.089; py:0.123 p:0.092; p,:0.066 p:0.046; p,,:0.032 | p:0.141; p,:0.001
Female 231/321 | 2/4 48/61 50/65 1.00 | 0.695 (0.13-3.85); | 1.093 (0.72-1.67); 1.068 (0.71-1.61); | 1.460 (0.27-7.69);
p:1.000; py:0.123 p:0.672; p,:0.066 p:0.747; py:0.032 | p:0.100; p,:0.001
Age
<63 327/413 | 7/4 84/85 91/89 1.00 | 2.212 (0.64-3.23); | 1.248 (0.89-1.75); 1.292 (0.93-1.79); | 0.472 (0.14-1.61);
p:0.231; py:0.795 p:0.200; p,:0.522 p:0.124; p,:0.573 p:0.223; p,:0.063
263 473/503 | 7/5 127/113 | 134/118 1.00 | 1.488 (0.47-4.76); | 1.195 (0.90-1.59); 1.208 (0.92-1.59); | 0.696 (0.22-2.22);
p:0.570; p,:0.795 p:0.216; p,:0.522 p:0.182; p,:0.573 p:0.535; p,:0.063
Smoking status
Never 457/719 | 8/8 109/139 | 117/147 1.00 | 1.572 (0.58-4.17); | 1.233 (0.62-1.07); 1.252 (0.95-1.64); | 0.660 (0.25-1.75);
p:0.364; p:0.132 p:0.137; p,:0.000 p:0.102; p,:0.000 p:0.405; p,:0.000
Ever 343/197 | /1 102/59 108/60 1.00 | 3.448 (0.41-25); 0.993 (0.69-1.43); 1.034 (0.72-1.49); | 0.476 (0.06—4);
p:0.431; py:0.132 p:0.970; p,:0.000 p:0.857; p,:0.000 | p:0.684; p,:0.000
Alcohol consumption
Never 554/858 | 8/9 141/186 | 149/195 1.00 | 1.377 (0.53-3.57); | 5.102 (0.92-1.49); 1.183 (0.93—1.49); | 0.749 (0.29-1.96);
p:0.512; p,:0.999 p:0.852; p,:0.000 p:0.166; p,:0.000 p:0.553; p,:0.000
Ever 246/58 6/0 70/12 76/12 1.00 | 0.977 (0.96-0.99); | 1.376 (0.70-1.432.70); | 1.493 (0.76-2.94); | 0.981 (0.97-1);
p:0.598; p,:0.999 p:0.354; p,:0.000 p:0.240; p,:0.000 p:0.596; p,:0.000

Notes: “The genotyping success rate was 98.89% for rs702688. PAdjusted for age, sex, smoking status and alcohol consumption (besides stratified factors accordingly) in
a logistic regression model. “Ph for heterogeneity. Bold values are statistically significant (p<0.05). In this analysis, male cases with AG + GG genotype appears to be
associated with increased susceptibility to ESCC (OR=1.289,95% CI=1.01-1.64, p=0.046).
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Table 5 Stratified Analyses Between MAP3K| rs702689 Polymorphism and ESCC Risk by Sex, Age, Smoking Status and Alcohol

Consumption

Adjusted OR ® (95% CI); p; pn°

AA

AG

AA+AG

AA vs (GG+AG)

1.399 (0.83-2.38);
p:0.209; p,:0.713
1.704 (0.74-4);
p:0.209; p,:0.713

1.205 (0.97-1.49);
p:0.093; p,:0.174

1.406 (1.01-1.96);
p:0.043; p,:0.174

1.224 (0.99-1.52);
p:0.059; p,:0.160

1.435 (1.04-1.96);
p:0.027; p,:0.160

0.763 (0.45-1.28);
p:0.309; p,:0.001
0.657 (0.29-1.52);
p:0.321; p,:0.001

1.453 (0.74-2.86);
p:0.276; py:0.672
1541 (0.85-2.78);
p:0.150; p:0.672

1211 (0.92-1.59);
p:0.177; py;:0.148

1323 (1.04-1.67);
p:0.023; p,,:0.148

1.235 (0.94-1.61);
p:0.124; p;;:0.132

1344 (1.06-1.69);
p:0.013; p,:0.132

0.736 (0.38-1.43);
p:0.367; py:0.071
0.715 (0.40-1.28);
p:0.262; p:0.071

1.595 (0.93-2.70);
p:0.083; p,:0.05
1.479 (0.60-3.57);
p:0.388; p,:0.05

1.381 (1.10-1.72);
p:0.005; p,:0.000
0.992 (0.72-1.37);
p:0.961; p,:0.000

1.403 (1.12-1.75);
p:0.002; p,,:0.000
1.026 (0.75-1.41);
p:0.873; p,:0.000

0.700 (0.41-1.19);
p:0.218; p,:0.000
0.673 (0.28-1.64);
p:0.380; p,:0.000

Variables (Casel/Control) *
GG AA AG AA+AG | GG

Sex

Male 442/473 | 34/26 | 268/238 | 302/264 1.00

Female 169/264 | 12/11 100/111 112/122 1.00
Age

<63 250/325 | 19/17 | 149/160 | 168/177 1.00

263 361/412 | 27/20 | 219/189 | 246/209 1.00
Smoking status

Never 340/581 | 28/30 | 206/255 | 234/285 1.00

Ever 271/156 | 18/7 162/94 180/101 1.00
Alcohol consumption

Never 419/690 | 32/33 | 252/330 | 284/363 1.00

Ever 192/47 14/4 116/19 130/23 1.00

1597 (0.97-2.63);
p:0.065; py:0.038
0.857 (0.27-2.70);
p:0.763; py:0.038

1258 (1.02-1.54);
p:0.028; py:0.000
1.495 (0.83-2.70);
p:0.173; py:0.000

1289 (1.05-1.56);
p:0.012; p,:0.000
1383 (0.80-2.38);
p:0.243; p,:0.000

2.110 (0.41-1.11);
p:0.123; p,:0.000
1333 (0.434.17);
p:0.621; p:0.000

Notes: *The genotyping success rate was 98.89% for rs702689. ®Adjusted for age, sex, smoking status and alcohol consumption (besides stratified factors accordingly) in
a logistic regression model. “ph for heterogeneity. Bold values are statistically significant (p<0.05). In this analysis, first of all, heterozygote genotype of rs702689 AG
(OR=1.272, 95% CI=1.061-1.525, p=0.009) is associated with increased risk for ESCC. The stratified results showed AG and AA+AG genotype increased susceptibility to
ESCC in female (OR=1.406, 95% CI=1.01-1.96, p=0.043 and OR=1.435, 95% CI=1.04—1.96, p=0.027, respectively), age263y (OR=1.323, 95% CI=1.04-1.67, p=0.023 and
OR=1.344, 95% CI=1.06—1.69, p=0.013, respectively), non-smoking (OR=1.381, 95% CI=1.10-1.72, p=0.005 and OR=1.403, 95% Cl=1.12-1.75, p=0.002, respectively), and
non-alcoholic subgroups (OR=1.258, 95% CI=1.02-1.54, p=0.028 and OR=1.289, 95% CI=1.05-1.56, p=0.012 respectively).

AG and AG+GG genotype doubled the risk for ESCC.
Interestingly, rs702689 AG and AA+AG genotype were
found to be associated with higher risk for ESCC in non-
alcohol consumption cohort.

Linkage Disequilibrium Analyses and

Association Tests

Linkage disequilibrium analyses in cases were performed as
shown in Table 7. There were strong correlations between
the three loci. Strong associations between these 3 loci were
detected in association test with help from Haploview soft-
ware (version 4.2). Especially between rs702688 and
rs702689, stronger associations were detected.

Haplotype Analyses of MAP3KI
Polymorphisms and Susceptibility to
ESCC

As demonstrated in Table 8, Haplotype analyses showed that
MAP3KIT  Arg702688Gis702689A 1572644086 Was  the  protective

haplotype against ESCC OR=0.844, 95%
CI=0.751-0.949,  p=0.004). MAP3K1
Gre702688Ars702689A 72644086 Was associated with increased
risk for ESCC (crude OR=1.230, 95% CI=1.020-1.482,
p=0.029).

(crude
Meanwhile,

Power Calculation
The power calculation was performed by “Power and
Sample Size Calculation” Software (http://biostat.mc.van

derbilt.edu/wiki/Main/PowerSampleSize). Based on the

assumption that the type I error probability for a two-
sided test a equals 0.05, the probability of exposure in
controls PO is 0.295. In the current study, with ligation
detection reaction method, the successful rates of genotyp-
ing exceed 98%. There were 1315 controls and 1043 cases
successfully genotyped. The ratio of control/case (m)
equals 1.08, and the correlation coefficient for exposure
between matched case and controls (f) is 1.30. The power
value is 0.814.
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Table 6 Stratified Analyses Between MAP3K| rs72644086 Polymorphism and ESCC Risk by Sex, Age, Smoking Status and Alcohol

Consumption

Variables (Casel/Control) * Adjusted OR ® (95% Cl); p; pn°
AA GG AG AG+GG | AA | GG AG AG+GG GG vs (AA+AG)
Sex
Male 458/467 | 37/40 | 249/230 | 286/270 1.00 [ 0.943 (0.59-1.49); | 1.104 (0.88-1.37); 1.080 (0.88-1.33); 1.096 (0.69-1.72);
p:0.805; p,:0.209 p:0.380; p,:0.226 p:0.470; p,:0.119 p:0.694; px:0.001
Female 169/253 | 8/16 104/117 | 112/133 1.00 [ 0.749 (0.31-1.79); | 1.332 (0.96-1.85); 1.261 (0.92-1.72); 1.475 (0.62-3.45);
p:0.513; pp:0.209 p:0.088; py,:0.226 p:0.153; pp:0.119 p:0.374; p,:0.001
Age
<63 245/331 | 21/27 | 152/144 | 173/171 1.00 | 1.050 (0.58-1.89); | 1.427 (1.08-1.89); 1.366 (1.04-1.79); 1.074 (0.60-1.92);
p:0.870; p;:0.877 p:0.013; p;:0.676 p:0.022; p;:0.737 p:0.810; p;:0.068
263 382/389 | 24/29 | 201/203 | 225/232 1.00 | 0.842 (0.48-1.47); | 1.008 (0.79-1.28); | 0.987 (0.78-1.25); 1.131 (0.65-1.96);
p:0.548; p,:0.877 p:0.946; p,:0.676 p:0.916; p,:0.737 p:0.663; p,:0.068
Smoking status
Never 352/553 | 20/38 | 202/275 | 222/313 1.00 | 0.827 (0.47-1.45); | 1.153 (0.92-1.45); 1.115 (0.89-1.39); 1.271 (0.73-2.22);
p:0.503; p,:0.019 p:0.213; p,:0.000 p:0.333; p,:0.000 p:0.393; p,:0.000
Ever 275/167 | 25/18 | 151/72 176/90 1.00 | 0.843 (0.45-1.59); | 1.274 (0.91-1.79); 1.188 (0.86-1.64); 1.284 (0.68-2.38);
p:0.599; pn:0.019 p:0.163; p,:0.000 p:0.290; p,:0.000 p:0.434; p,:0.000
Alcohol consumption
Never 429/667 | 29/52 | 245/334 | 274/386 1.00 | 0.867 (0.54-1.39); | 1.140 (0.93-1.39); 1.104 (0.91-1.35); 1.225 (0.77-1.96);
p:0.552; p,:0.001 p:0.208; p,:0.000 p:0.326; p,:0.000 p:0.391; p,:0.000
Ever 198/53 16/4 108/13 124/17 1.00 [ 1.071 (0.34-3.33); | 2.222 (1.16-4.17); 1.953 (1.08-3.57); 1.159 (0.37-3.57);
p:0.906; py:0.001 p:0.014; p,:0.000 | p:0.025; p,:0.000 | p:0.766; p,:0.000

Notes: *The genotyping success rate was 98.89% for rs72644086. *Adjusted for age, sex, smoking status and alcohol consumption (besides stratified factors accordingly) in
a logistic regression model. “ph for heterogeneity. Bold values are statistically significant (p<0.05). In this analysis, both AG and AG+GG genotype were found to be in
association with either age<63 or drinking characteristics, working to enhance susceptibility to ESCC.

Discussion

In this current study, we investigated the possible interac-
tions (and association) of genetic polymorphisms in
MAP3K1 with risk factors and the susceptibility to ESCC
in the at-risk Chinese population. Our study demonstrated
that MAP3KI 1s702689 polymorphism seemed to play
a substantial role in conditioning the risk for developing
ESCC. To better understand the interactions between gene
and chosen risk factors, stratification studies were carried

Table 7 Linkage Disequilibrium Analyses of MAP3K/[ rs702688,
rs702689, rs72644086 in Case Group

D’ rs702689 rs72644086
rs702688 1.00 0.997
rs702689 - 0.999

r rs702689 rs72644086
rs702688 0.455 0.032
rs702689 - 0.070

Notes: D’>0, r>>0. There were linkage disequilibrium correlations among different
loci. While D’>0.7, *>0.3 (bold values), there were closer linkage disequilibrium
correlation among different loci.

out, indicating MAP3KI 15702688, 15702689, 1572644086
polymorphisms altered susceptibility to ESCC according to
different age, sex, smoking and alcohol consumption status.

MAP3K1 (also known as MEK1) is a serine/threonine
kinase, an important member of the highly conserved
MAPK signaling pathway. Of all the 19 MAP3Ks, only
MAP3K1 contains a plant homeodomain (PHD) motif and
an E3 ubiquitin (Ub) ligase which means it could regulate
both protein phosphorylation and ubiquitin proteasome
system.?’ Due to its unique biological structure, MAP3K 1
has complex roles in the regulation of cell death, survival,
migration and differentiation. MAP3K1 was initially con-
sidered to be more of a pro-apoptotic factor, although recent
studies have proposed a more complicated role for it to play
in deciding cell fate. The general consensus based on various
researches is that full-length MAP3K1 promotes cell survi-
val while the caspase 3-cleavaged c-terminal fragment con-
taining kinase domain induces cell apoptosis.

There is a growing body of studies suggesting that
MAP3K] is widely involved in a variety of diseases. Besides
being the primary mutated gene in breast cancer,”'** MAP3K1
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Table 8 MAP3K| Haplotype Frequencies in Cases and Controls and Risk of ESCC
Haplotypes Case (Freq) Control (Freq) %2 Crude OR (95% CI) p
MAP3KI Ars702688Ars702689Ars72644086 220.88 (0.108) 249.89 (0.095) 1.941 1.145 [0.946~1.386] 0.163
MAP3KI As702688Ars702689Grs72644086 0.12 (0.000) 0.10 (0.000) - - -
MAP3KI| Ars702688Grs702689Ars72644086 1146.13 (0.559) 1573.11 (0.600) 8.076 0.844 [0.751~0.949] 0.004
MAP3KI Ars702688Grs702689Grs72644086 442.87 (0.216) 541.89 (0.207) 0.586 1.057 [0.917~1.217] 0.443
MAP3K! G,o702688 702689 re72644086 239.99 (0.117) 254.99 (0.097) 4732 1.230 [1.020~1.482] 0.029

Notes: Haplotypes were composited by MAP3K [ rs702688, rs702689, rs72644086 loci. All those frequency<0.03 were ignored in this analysis. According to the results, MAP3K |
Ars702688Grs702689Ars726 44086 Was the protective haplotype against ESCC (crude OR=0.844, 95% CI=0.751-0.949, p=0.004), while MAP3K| G,s702688Ars702689Ars72644086 haplotype
was associated with increased risk for ESCC (crude OR=1.230, 95% CI=1.020-1.482, p=0.029). Bold values are statistically significant (p<0.05).

Abbreviations: SNP, single nucleotide polymorphisms; ESCC, esophageal squamous cell carcinoma; MAPK, mitogen-activated protein kinase; ERK, extracellular signal-
regulated kinase; JNK, c-Jun N-terminal kinase; LDR, ligation detection reaction; HWE, Hardy—Weinberg equilibrium; PHD, plant homeodomain.

has been shown to be the target of various stimuli in the
tumorigenesis, progression and invasion in other types of can-
cer. In colorectal cancer, Salem et al discovered that MAP3K1 is
the direct target of MiR-375 which leads to apoptosis via NF-
kB and PI3K/AKT pathways.>* Guo et al observed miR-196b
suppressed proliferation, migration and invasion of human
choriocarcinoma cells by inhibiting its transcriptional target
MAP3KI, making both of them potential targets for clinical
treatment.>* Similar study suggests MiR-451 inhibited the pro-
liferation of EC9706 by targeting CDKN2D and MAP3K1.*

MAPK pathway is considered to be one of the most
deregulated pathway in esophageal cancer.”® Hu et al dis-
covered FAT1 promotes epithelial mesenchymal transition
(EMT) via MAPK/ERK signaling pathway thus contributes
to tumorigenesis in esophageal squamous cell cancer.”’
Similarly, MAPK pathway was down-regulated by PPARy-
activated TLA4 pathway which leads to inhibited prolifera-
tion and induced apoptosis in EC cells.”®**° O’Callaghan et al
identified the function and mechanism underlying the rarely
reported isoform of p38, the p383, loss of which could
promote ESCC proliferation, migration and anchorage-
independent growth.>® Further to prove the point, over-
expression of miR302a inhibited the viability and invasion
of esophageal cancer cells via the MAPK and PI3K/AKT
signaling pathways.’' Several studies also reported that the
inhibition of MAPK pathway could enhance target sensitiv-
ity to tumor Ag—specific CTL lysis, therefore improving the
prognosis in esophageal and gastric cancer patients.*

To the best of our knowledge, this is the first ever
report to study the association between MAP3KI SNPs
and ESCC with or without exposure to risk factors.
Among all three loci we examined, only rs702689 was
studied before in terms of pediatric age asthma, familial
colorectal tumors and 46, XY disorder.**>® Based on our
results, the heterozygous genotype of MAP3KI rs702689
increased the susceptibility to ESCC. Especially, female,

age >63, non-smoking and non-alcoholic characteristics
may interact with the heterozygous genotype of MAP3K]I
rs702689 in ways which were associated with an uptick in
susceptibility to ESCC. Smoking and alcohol consumption
are widely accepted as high-risk factors of ESCC.
Interestingly, rs702689 SNP was implicated in the
increased risk of ESCC among non-smokers and non-
alcohol consumers, which suggests strong genetic correla-
tion between MAP3KI rs702689 SNP and ESCC risk.
Although rs72644086 polymorphism was not associated
with the susceptibility to ESCC in single marker analyses,
alcohol consumption significantly increased ESCC risk in
MAP3K]I 1572644086 AG, AG+GG genotypes. The find-
ings exemplified the significance of interactions between
genetic susceptibility and risk factors which both contri-
bute to the carcinogenesis in esophageal epithelial.
However, the mechanisms underlying the altered suscept-
ibility towards ESCC remain unknown. That is identified
15702689 could cause the missense mutation of MAP3KI
gene in exon 14.” MAP3K 1 mutation increases the expression
of translated protein, consequently activating the MAPK signal-
ing pathway to enhance the growth and proliferation of malig-
nant cells. Still, further functional experiments are warranted.
Several limitations of our study must be acknowledged.
First, our sample study population is pretty restricted which
means replicative studies in different areas might appear
challenging. So to solve this problem, multi-center collabora-
tions should be encouraged. Second, further studies will be
necessary to decipher the pathologies underlying the altered
susceptibility that the MAP3KI SNPs conferred. What is
more, MAP3KI SNPs might also be correlated with the
survival of ESCC patients. However, since our follow-up
studies are still in process, so the outcome is not available
right now. Also, in stratified analysis, some other confound-
ing factors (educational level, income, BMI, physical exer-
cise record) fail to be included; thus, the analysis results
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stood the chance of being hampered. Last but not least, as
ESCC is the dominant subtype of EC in China which
accounts for over 90% of the cases, so our case cohorts are
all ESCC. Nevertheless, esophageal adenocarcinoma is the
increasingly common subtype in Western Europe and the US,
and the etiologies of these two malignancies are totally
different; thus, further research are necessary to verify this
genetic association in EAC subgroup.

In conclusion, we found that the heterozygous genotype
of MAP3K1 rs702689 AG was associated with increased risk
for ESCC. Synergistic interactions between gene variants
and risk factors were observed among female, age >63 and
patients with no previous smoking or drinking history.
However, further functional studies are in dire need to eluci-
date the underlying mechanisms for the altered susceptibility.
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