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Abstract

Background

Several genetic variants including PSCA rs2294008 C>T and rs2976392 G>A, MUC1
rs4072037 T>C, and PLCE1 rs2274223 A>G have shown significant association with
stomach cancer risk in the previous genome-wide association studies (GWASS).

Methods

To evaluate associations of these SNPs in the Han Chinese, an independent hospital
based case-control study was performed by genotyping these four polymorphisms in a total
of 692 stomach cancer cases and 774 healthy controls acquired by using frequency match-
ing for age and gender. False-positive report probability (FPRP) analysis was also per-
formed to validate all statistically significant findings.

Results

In the current study, significant association with stomach cancer susceptibility was ob-
served for all the four polymorphisms of interest. Specifically, a significant increased stom-
ach cancer risk was associated with PSCA rs2294008 (CT vs. CC: adjusted OR = 1.37,
95% Cl=1.07-1.74, and CT/TT vs.CC: adjusted OR = 1.30, 95% Cl = 1.03-1.63), PSCA
rs2976392 (AG vs. GG: adjusted OR = 1.30, 95% Cl = 1.02-1.65, and AG/AA vs. GG: adjust-
ed OR =1.26, 95% Cl = 1.00-1.59), or PLCE1 rs2274223 (AG vs. AA: adjusted OR = 1.48,
95% Cl =1.15-1.90, and AG/GG vs. AA: adjusted OR = 1.45, 95% Cl = 1.14—1.84), respec-
tively. In contrast, MUC1 rs4072037 was shown to decrease the cancer risk (CT vs. TT: adjust-
ed OR =0.77, 95% CI = 0.60-0.98). Patients with more than one risk genotypes had significant
increased risk to develop stomach cancer (adjusted OR = 1.30, 95% Cl = 1.03-1.64), when
compared with those having 0—1 risk genotypes. Stratified analysis indicated that the increased
risk was more pronounced in younger subjects, men, ever smokers, smokers with pack years
< 27, patients with high BMI, or non-cardia stomach cancer.
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Conclusions

This study substantiated the associations between four previous reported genetic variants
and stomach cancer susceptibility in an independent Han Chinese population. Further stud-
ies with larger sample size and different ethnicities are warranted to validate our findings.

Introduction

Stomach cancer is the fourth most frequently diagnosed cancer and the second leading cause of
cancer-related death worldwide, with approximately 738,000 cancer-related deaths in 2008.
Generally, more than 70% of new stomach cancer cases and deaths occur in developing coun-
tries, with highest incidence rate in Eastern Asia. Particularly, approximately 40% of world’s
stomach cancer cases have occurred in China [1,2]. Helicobacter pylori (H. pylori) infection is
well-established etiologic factor for stomach cancer worldwide, with infection rates ranging
from 40% to 80% in humans. Besides the H. pylori infection, salted and nitrated foods con-
sumption, and cigarette smoking are also been reported to be associated with increased stom-
ach cancer risk, whereas fresh fruits and vegetables intakes are recognized as protective factors
[3]. High body mass index (BMI) has been also suggested as a risk factor for stomach cancer in
western countries [4], but not in China [5]. Nevertheless, only a small fraction of individuals
exposed to risk factors eventually develop stomach cancer in the lifetime [6], suggesting that
genetic factors may play an important role in the pathogenesis of stomach cancer. To date, ge-
netic etiology of stomach cancer, such as gene-gene, and gene-environment interactions,
remains unclear.

Over the past years, genome-wide association studies (GWASs), high throughput genotyp-
ing technologies, have been a robust tool in the discovery of novel cancer susceptibility loci or
genes across the whole genome [7]. Thus far, GWASs have successfully identified hundreds of
genetic markers that are related to the susceptibility to diseases including stomach cancer [8].
We aimed to investigate single-nucleotide polymorphisms (SNPs) in PSCA, MUCI, and
PLCE] genes in this study. PSCA gene (located on chromosome 8q24) encodes a prostate
stem cell antigen (PSCA), a protein composed of 123 amino acid residues. PSCA belongs to the
LY-6/Thy-1 family of cell surface antigens. It is highly expressed in normal prostate and further
up-regulated in prostate cancer [9], as well as non-prostatic malignancies including gastric can-
cer [10]. PSCA plays a critical role in cell adhesion, proliferation, and survival [11]. In vitro ex-
periments indicated that some PSCA variants (e.g., rs2294008T) might decrease the
transcription of the host gene by modulating its upstream fragment [10]. A two-stage GWAS
for stomach cancer conducted among Japanese and Korean populations demonstrated that
PSCA 152976392 G>A and 152294008 C>T SNPs significantly increased stomach cancer risk
[10]. The associations of PSCA SNPs with gastric cancer were also confirmed in Chinese popu-
lations [12-18]. Moreover, a two-stage GWAS among a Chinese population by Abnet et al.

[19] recently identified two clusters of SNPs at 1q22 (MUCI rs4072037 T>C) and 10923
(PLCE1 rs2274223 A>G) and their associations with stomach cancer susceptibility [19]. Simul-
taneously, a three-stage GWAS in another Chinese population by Wang et al. [20] also ob-
served the association with rs2274223 A>G SNP. Mucin 1 (MUC1) is a membrane-bound
protein which can anchor to the apical surface of gastrointestinal epithelia through a trans-
membrane domain [21]. MUCI plays an important role in mucosal lubrication, protection
against pathogens, signal transduction, and cell-cell interaction [22,23]. The protective func-
tion of MUCI against infection in normal epithelial cells was confirmed by both in vitro and in
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vivo experiments [24]. Additionally, PLCEI gene encodes phospholipase C. This protein prod-
uct can catalyze the hydrolysis of polyphatidylinositol 4,5-bisphosphate (PIP2) into two critical
second messengers: inositol 1,4,5-trisphosphate (Insl,4,5P3) and 4,5-diacylglycerol (DAG)
[25], and thereby regulate cell motility, fertilization, and sensory transduction [26]. The associ-
ations of MUCI rs4072037 T>C and PLCEI rs2274223 A>G with stomach cancer risk have
also been replicated in different ethnicities [27-31]. Nevertheless, the combined effects of all
these four polymorphisms on stomach cancer risk have not been investigated.

In the current study, we genotyped these four GWAS-indentified SNPs and assessed their
associations with stomach cancer in a hospital based case-control study, comprising 692 cases
and 774 cancer-free controls.

Methods
Study population

This case-control study included 692 genetically unrelated ethnic Han Chinese patients and
774 cancer-free controls. All the cases were newly diagnosed and histopathologically confirmed
primary stomach cancer patients, recruited from the Department of Gastroenterology, First Af-
filiated Hospital of Wenzhou Medical University between January 2010 and September 2013.
Patients with interstitialoma, metastasized cancer from other organs and recurrent tumors
were excluded. All controls were randomly selected from hospital visitors who accompanied
patients to the hospital but not seeking for medical care at the same time period, genetically un-
related to the enrolled case subjects. They were frequency matched to the cases by age (+ within
5 years) and sex. During the recruitment of research participants, each participant was sched-
uled for an interview with trained interviewers after a written informed consent was signed.
Demographic data and environmental exposure history were collected, such as age, gender,
ethnicity, smoking history, alcohol consumption and family history of cancer. Each participant
donated approximately 5 mL blood, of which 2 mL was used for genomic DNA extraction. The
response rate was approximately 95% for stomach cancer subjects and 92% for controls. This
study was approved by the Clinical Research Ethics Committee of Wenzhou Medical Universi-
ty, and all of the participants provided a written informed consent for donating their biological
samples. Never smokers referred to less than 100 cigarettes all life. Those who drank alcoholic
beverages at least once a week for one year or more or regularly were defined as drinkers.

Genotyping

Genomic DNA was extracted and treated as described previously [32]. We adopted Tagman
real time PCR method to genotype the selected four SNPs in cases and controls using a 7900
HT sequence detector system (Applied Biosystems). Eight positive controls and eight negative
controls were included in each 384 well plate to ensure the accuracy of genotyping results. We
also repeatedly genotyped 10% of the samples, and the results were 100% concordant.

Statistical analysis

The y” test was calculated to evaluate the differences in the distributions of allele and genotype
frequencies, as well as demographic between the cases and controls. Goodness-of-fit x> test was
used to test the Hardy—-Weinberg equilibrium (HWE) in the controls. Crude and adjusted odds
ratios (ORs) and their corresponding 95% confidence intervals (Cls) were calculated by univar-
iate and multivariate logistic regression models, respectively. We further performed stratifica-
tion analyses by age, gender, smoking/drinking status, pack-year, BMI, tumor site and TNM
stage. We also performed false-positive report probability (FPRP) analysis for all statistically
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significant findings [33]. Briefly, we preset a FPRP threshold of 0.2 and a prior probability of
0.1 for a given association between selected SNP and stomach cancer risk. Statistical power was
calculated for detecting an OR of 1.50/0.67 for alleles with a risk/protective effect. Association
with FPRP value < 0.2 was declared as noteworthy [34]. All statistics were performed by using
SAS software (version 9.1; SAS Institute, Cary, NC). All statistical tests were two-sided, and
P<0.05 was considered as statistical significant.

Results
Study subjects

The demographic characteristics of the 692 stomach cancer cases and 774 controls were
summarized in Table 1. There were no significant gender different between cases and controls
(P =0.944). However, the controls were more likely to be smokers (P<0.0001) and drinkers

Table 1. Frequency distribution of selected characteristics in stomach cancer cases and controls.

Variables Cases (n = 692) Controls (n = 774) P
No % No. %
Age range, yr 24-85 23-87 0.855
Mean + SD 59.2+11.1 59.7 +11.3
<50 134 19.36 151 19.51
51-60 225 32.51 242 31.27
61-70 226 32.66 249 32.17
>70 107 15.46 132 17.05
Gender 0.944
Males 492 71.10 549 70.93
Females 200 28.90 225 29.07
Smoking status <0.0001
Never 427 61.71 362 46.77
Ever 265 38.29 412 53.23
Pack-years <0.0001
0 427 61.71 362 46.77
< 27 (mean) 133 19.22 250 32.30
> 27 (mean) 132 19.08 162 20.93
Drinking status 0.0006
Yes 153 22.11 232 29.97
No 539 77.89 542 70.03
BMI <0.0001
<18.5 53 7.66 5 0.65
18.5-24.0 423 61.13 244 31.52
>24.0 216 31.21 525 67.83
Tumor site
Cardia 199 28.76 / /
Non-cardia 493 71.24 / /
TNM stage
I+11 274 39.60 / /
H+IV 418 60.40 / /

@ Two-sided x? test for distributions between stomach cancer cases and controls.

doi:10.1371/journal.pone.0117576.t001
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(P =0.0006) when compared with the patients. The cases were more likely to have nutrient de-
ficiencies and lower BMI (P<0.0001). Therefore, smoking status, pack-years, drinking status
and BMI were adjusted for in the subsequent multivariate logistic regression analyses. Among
all cases, 199 (28.76%) had cardia cancer and 493 (71.24%) had non-cardia cancer. Moreover,
stomach cancers were staged according to the TNM staging system in the 7 Edition of the
AJCC [35]. As aresult, 274 cases (39.60%) were designated as TNM stage I or II diseases, while
418 (60.40%) presented with TNM stage IIT or IV diseases.

Association between selected SNPs and stomach cancer susceptibility

The genotype distributions of the four selected SNPs in all subjects were shown in Table 2.

All the observed genotype distributions in controls were in agreement with HWE (P = 0.105

for rs2294008, P = 0.130 for rs2976392, P = 0.155 for rs2274223, and P = 0.735 for rs4072037).
As indicated in Table 2, all of these four selected polymorphisms were associated with stom-

ach cancer susceptibility. When the PSCA rs2294008 CC genotype was used as the reference,

the CT genotype and a combination of CT and TT genotypes were associated with an increased

stomach cancer risk (adjusted OR = 1.37, 95% CI = 1.07-1.74 for CT, and adjusted OR = 1.30;

Table 2. Logistic regression analysis of associations between the genotypes of PSCA, MUC1, PLCE1 and stomach cancer susceptibility in a
Chinese population.

Genotype Cases (N = 692) Controls (N = 774) P? Crude OR (95% ClI) P Adjusted OR (95% CI) ° PP
PSCA rs2294008

CcC 332 (46.53) 405 (52.33) 0.048° 1.00 1.00

CT 309 (44.65) 297 (38.37) 1.31 (1.05-1.63) 0.015 1.37 (1.07-1.74) 0.012
TT 61 (8.82) 72 (9.30) 1.07 (0.74-1.54) 0.737 1.02 (0.67—-1.55) 0.924
CT/TT 370 (53.47) 369 (47.67) 0.027¢ 1.26 (1.03-1.55) 0.027 1.30 (1.03-1.63) 0.027
PSCA rs2976392

GG 319 (46.10) 403 (52.07) 0.058° 1.00 1.00

AG 308 (44.51) 299 (38.63) 1.30 (1.05-1.62) 0.017 1.30 (1.02-1.65) 0.035
AA 65 (9.39) 72 (9.30) 1.14 (0.79-1.65) 0.482 1.10 (0.73-1.66) 0.649
AG/AA 373 (53.90) 371 (47.93) 0.023¢ 1.27 (1.03-1.56) 0.023 1.26 (1.00-1.59) 0.0499
PLCE1 rs2274223

AA 405 (58.53) 514 (66.41) 0.007° 1.00 1.00

AG 254 (36.71) 226 (29.20) 1.43 (1.14-1.78) 0.002 1.48 (1.15-1.90) 0.002
GG 33 (4.77) 34 (4.39) 1.23 (0.75-2.02) 0.410 1.26 (0.73-2.19) 0.403
AG/GG 287 (41.47) 260 (33.59) 0.002¢ 1.40 (1.13-1.73) 0.002 1.45 (1.14-1.84) 0.002
MUCT rs4072037

TT 528 (76.30) 553 (71.45) 0.055° 1.00 1.00

CT 143 (20.66) 201 (25.97) 0.75 (0.58-0.95) 0.019 0.77 (0.60-0.98) 0.035
CcC 21 (3.03) 20 (2.58) 1.10 (0.59-2.05) 0.765 1.09 (0.58-2.06) 0.780
CT/CC 164 (23.70) 221 (28.55) 0.035 0.78 (0.62—0.98) 0.035 0.80 (0.63-1.01) 0.060
Combined effect of risk genotypes

0-1 288 (41.62) 369 (45.67) 0.020 1.00 1.00

2-4 404 (58.38) 405 (52.33) 1.28 (1.04-1.57) 0.020 1.30 (1.03-1.64) 0.026

@ x? test for genotype distributions between stomach cancer cases and controls.
® Adjusted for age, sex, BMI, smoking and drinking status.

¢ Additive models.

9 Dominant models.

doi:10.1371/journal.pone.0117576.t002
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95% CI = 1.03-1.63 for CT/TT). A similar association with stomach cancer risk was also

found for the PSCA rs2976392 G> A polymorphism (AG vs. GG: adjusted OR = 1.30, 95%
CI=1.02-1.65, and AG/AA vs. GG: adjusted OR = 1.26; 95% CI = 1.00-1.59). Moreover, the
PLCEI 152274223 A>G polymorphism was found to significantly increase stomach cancer risk
under the homozygous model (AG vs. AA: adjusted OR = 1.48, 95% CI = 1.15-1.90), and dom-
inant model (AG/GG vs. AA: adjusted OR = 1.45, 95% CI = 1.14-1.84). In contrast, MUCI
rs4072037 T>C polymorphism was shown to significantly decreased stomach cancer suscepti-
bility under the homozygous model (CT vs. TT: adjusted OR = 0.77, 95% CI = 0.60-0.98).
Furthermore, we found that subjects with 2-4 risk genotypes (the risk genotype referred to
CT/TT for rs2294008 C>T, AG/AA for rs2976392 G>A, AG/GG for rs2274223 A>G, and

TT for rs4072037 T>C polymorphism) had significant increased risk (adjusted OR = 1.30,
95% CI = 1.03-1.64) when compared with those with only 0-1 risk genotypes.

Stratification analysis

The association between variant genotypes and stomach cancer risk was further evaluated in
stratification analysis by age, gender, smoking status, pack-year, drinking status, and BMI
under a dominant genetic model (Table 3). We found that the PSCA rs2294008 CT/TT geno-
types were associated with increased stomach cancer risk in younger subjects, light smokers,
and subjects with non-cardia cancer, when compared to respective reference groups. With re-
spect to the PLCE1 rs2274223 A>G polymorphism, stratification analyses observed increased
stomach cancer risk with the AG/GG genotypes in younger participants, women, never
smokers, never drinkers, participants with high BMI, and subjects with cardia cancer or
TNM stage ITII+IV diseases. While risk genotypes were combined, we found that the subjects
with 2-4 risk genotypes were more likely to develop stomach cancer among younger sub-
group, males, ever smokers, or subgroups with high BMI and subjects with non-cardia
cancer, than each corresponding subgroup counterparts with 0-1 risk genotype. The further
heterogeneity tests for stratified analysis did not detect any difference between subgroups

by different co-variates, such as age, sex, and smoking status. Moreover, there was no
statistical evidence of interaction between these selected SNPs and co-variates (age, sex,

BMI, etc), either.

The FPRP values for all statistically significant result are shown in Table 4. False-positive re-
port probability values for associations between stomach cancer risk and the frequency of ge-
notypes of selected genes. 4, with a preset prior probability of 0.1 and a FPRP threshold of 0.2.
FPRP analysis indicated that the significant association between PSCA rs2294008 C>T and
stomach cancer risk was noteworthy under homozygous model. Moreover, the association was
also deserving of attention for younger subjects and those with non-cardia. Likewise, the signif-
icant association with PLCEI rs2274223 G>A was noteworthy for all subjects, as well as for
younger subjects, never smokers, never drinkers, those with BMI >24.0, cardia cancer or TNM
stage ITII+IV diseases. FPRP also confirmed the significant association with PSCA rs2976392
G>A under homozygous and dominant models and the significant association with MUCI
rs4072037 T>C under homozygous model. As to the combined genotypes, we confirmed the
significant association for the subjects with pack-year <27 or non-cardia cancer. Relatively
greater FPRP values were found for the rest of significant associations between selected poly-
morphisms and stomach cancer risk, which might be ascribed to the relative small sample size
of this study as well as moderate effects of selected SNPs. These findings need further validation
in investigations with large sample size.

PLOS ONE | DOI:10.1371/journal.pone.0117576 February 6, 2015 6/14



PSCA, MUCT and PLCET Variants and Stomach Cancer Risk

PLOS |ox

@

.
.

€00¥'9./G/140'8u0d [ewinofL ¢} 0}:10p

'snjejs Bupjuup pue Bupjows ‘NG ‘xes ‘ebe o} paisnipy .

glio (29'1-S6°0) ve L SOP/Ove  69g/8LL 60000 (602-12'1) 691  092/98L  vlS/eee 22l (19'1-G60) €21  69¢/6le  SOV/66L AN
1G00 (€871-66°0)GE'L  SOW/b9L  69E/0LL 0210 (9L 1-¥60)62°L  092/20L  ¥1G/2ZL  L¥00 (487 1-00°L) 9€'L  69E/LSL  SOP/EZL 1+
abeis NINL
0200 (G2 1-S0'}L)9e'L  SO¥/L62  69E/961 01°0 (€9'1-960)S2'L  092/08F  vlg/Ele 8000 (28 k-OL'}) L¥'L  69€///2  SO¥/9lg  ElpJed-UoN
2050 (89°1-08°0)2l'L  SO¥/LO0k 69¢€/26  L000°0> (80'e—vSL)8L'2  092/L01 ¥16/26 €960  (gv'1—2L0) L0} 69€/€6  SO0¥/90L elpie)
alls Jown
ev0'0  (S6'1-10°}) L¥'L  6/2/1EL 9v2/S8 800°0 (6L2—€L'L) 251 L/\/¥6  8¥E/eel  v.00  (98'1-26°0)GE€ L  /S2/02h 892/96 0ve<
6,00 (e8'1-/6'0) €€}  €cl/She  L2l/8LL 6110 (e8'1-€6°0) 0E'L 28/0LL  291/eSz  8¥00 (06'L-00°1)8E L  60l/¥gZe  SEL/66L 0've-g'8lt
1280  (62°S-11°0) 08°0 €/82 2/Se €0  (S52e—0€0) 2le /€2 ¥/0 6890  (86'7—60°0) 990 €/92 g/le G'8l>
INg
15000  (0G°2—00'}) 85"k L11/26 SLL/1L9 8810 (81'2-98°0) L&'L 88/29 vrL/l6 9800  (S€'2-S6°0) 6¥'L 901/58 921/89 Jong
eel'o  (191-v60) €21  882/2le  VSe/lee 900°0 (6" 1—2l'L) Lv'L  2lLl/See  0Le/vie 0010 (b9 1-96°0) G2l  €92/982  6.2/vSe SEVEIN
snjejs Oc_v_c_\_ﬁ_
G/80  (8L'1-19°0) ¥O'} 08/69 28/€9 2250 (v¥'1-6¥°0) ¥8°0 ¥9/€S 86/6. 9590  (1971-25°0) 680 9//19 98/1L 12 <
G000 (oge—€2t) 202 €21/98 L2V/Ly 6LL°0 (05°1-95°0) 16°0 96/6% S8 L0000 (lg'e-leg’l) L6 €LL/6L LELIVS 2>
6v20 (S9'1-88°0) 02}  20Z/6¥2  09L/8ZL  10000> (e62-09°'1) 602  00L/981  292/2ke  GLL'O (9L 1-¥6'0)62'L  08L/0S2  28L/L6L 0
leak-yoed
7700  (202-LO'L) eVl  €02/SG+  602/0L) 2LL0 (Ge'1-290)S6'0  091/20F  2S2/€9L  0€L'0 (§8'1-€6°0) L€'L  68L/0FL  €22/92 Jang
620 (59'1-88°0) 02’1  20z/6¥2  091/8ZL  L00O0> (e6'2—09°1) 602 00L/98F  292/eve  SLL'0  (92°1-¥6°0)62'L  08L/08C  28L/.6} JaneN
snjeys Bupjows
Y00 (eL1-00°'L) g€t Ll2/fe8e  elelole 980°0 (89'1-26'0)82'L  002/60c  6vE/€82 €500  (22'1-00°L) LE'L  GS2/092  V¥62/2ee sole
ggz0 (S0c-980)ze L  8el/eeh 16/8L 9000 (91'e—ez1) 96°L 09/8L  S9l/egl  +020  (S02—98°0) €€t  PLL/OLL LL1/06 solewa
lapusyn)
e6v'0 (99 1-180) gL'l Zle/eoz  961/9S) ¥LL0 (e8'1-¥60) LE'L  0SL/PSL  €92/902 1660 (I 1—-€20)20'L  0le//8L  €02/2LL 65<
9100 (602—80°L)0S'L  88l/L02  €LL/2EL 8000 (Gge-€1'1) 691  OLL/EEL  1G2/002 €000  (822-8L'L)G9'L  6SL/€8L  202/0SL 66>
A ‘abe ueips|y

¢ 1-0 DH/OV Vv 111D 20

(19 %96) (s1o1uo09/sased) (19 %56) (sjo1uo9/sased) (19 %56) (sjopuo9/sased)

ed  HO paisnipy sadAjouab ysiy ed  HO paisnipy ggeyLeesd ed e HO paisnipy 8001762CS4 sajqenen

*Aupgndaosns Jaoued yoewols ypm sadAjousb ysii pue H<y £zzr.Lees! LIOTd ‘L<O 8007622S! VISd 10 sishjeue uoneoynens ¢ sjqeL

7/14

PLOS ONE | DOI:10.1371/journal.pone.0117576 February 6, 2015



@’PLOS ‘ ONE

PSCA, MUCT and PLCET Variants and Stomach Cancer Risk

Table 4. False-positive report probability values for associations between stomach cancer risk and the frequency of genotypes of selected

genes.

Genotype

PSCA rs2294008
CTvs. CC
CT/TT vs. CC
CT/TT vs. CC
<59

Males

Pack-year <27
Non-cardia
Stage I+l

PSCA rs2976392
AG vs. GG
AG/AA vs. GG
PLCE1 rs2274223
AG vs. AA
AG/GG vs. AA
AG/GG vs. AA
<59

Females

Males

Never smoker
Never drinker
BMI >24

Cardia

H+1V

MUCT rs4072037
CTvs. TT
CT/CCvs. TT

Combined risk genotypes

2—4 vs. 01
2—4 vs. 01
<59

Male

Ever smoker
Pack-year <27
Non-cardia
Stage I+l

Crude OR (95% CI)

1.31 (1.05-1.63)
1.26 (1.03-1.55)

1.65 (1.18—2.28)
1.29 (1.01-1.65)
1.77 (1.16-2.72)
1.41 (1.12-1.77)
1.35 (1.02—1.78)

1.30 (1.05-1.62)
1.27 (1.03-1.56)

1.43 (1.14-1.78)
1.40 (1.13-1.73)

1.52 (1.11-2.08)
1.76 (1.17-2.65)
1.29 (1.00-1.65)
2.00 (1.48-2.70)
1.54 (1.20-1.98)
1.52 (1.10-2.10)
2.30 (1.68-3.15)
1.57 (1.23-2.00)

0.75 (0.58-0.95)
0.78 (0.62-0.98)

1.28 (1.04-1.57)

1.40 (1.04—1.89)
1.32 (1.03-1.68)
1.45 (1.06-1.98)
1.89 (1.23-2.91)
1.38 (1.10-1.74)
1.36 (1.03-1.80)

P2

0.015
0.027

0.003
0.039
0.008
0.003
0.035

0.017
0.023

0.002
0.002

0.009
0.007
0.046
<0.0001
0.001
0.012
<0.0001
0.0003

0.019
0.035

0.020

0.028
0.027
0.019
0.004
0.006
0.032

Statistical power®

0.919
0.951

0.353
0.885
0.225
0.710
0.777

0.927
0.943

0.697
0.739

0.472
0.220
0.888
0.027
0.422
0.478
0.004
0.362

0.795
0.881

0.933

0.670
0.847
0.584
0.155
0.760
0.756

& Chi-square test was performed to calculate the genotype frequency distributions.
b Statistical power was calculated using the number of observations in the subgroup and the OR and P values in this table.

doi:10.1371/journal.pone.0117576.t004

Discussion

0.25

0.046
0.078

0.025
0.118
0.101
0.013
0.118

0.052
0.067

0.007
0.007

0.055
0.087
0.135
0.001
0.005
0.070
0.000
0.002

0.066
0.106

0.060

0.112
0.087
0.090
0.072
0.022
0.112

0.1

0.127
0.202

0.071
0.286
0.252
0.039
0.287

0.142
0.177

0.021
0.021

0.148
0.223
0.319
0.002
0.015
0.184
0.000
0.007

0.175
0.263

0.161

0.275
0.222
0.228
0.189
0.064
0.275

Prior probability
0.01

0.615
0.736

0.457
0.815
0.787
0.308
0.816

0.646
0.703

0.194
0.194

0.656
0.759
0.837
0.021
0.141
0.713
0.005
0.076

0.701
0.797

0.679

0.807
0.758
0.765
0.719
0.430
0.807

0.001

0.941
0.966

0.895
0.978
0.974
0.818
0.978

0.949
0.960

0.709
0.709

0.951
0.970
0.981
0.179
0.624
0.962
0.046
0.453

0.959
0.975

0.955

0.977
0.969
0.970
0.963
0.884
0.977

0.0001

0.994
0.996

0.988
0.998
0.997
0.978
0.998

0.995
0.996

0.961
0.961

0.995
0.997
0.998
0.686
0.943
0.996
0.325
0.892

0.996
0.997

0.995

0.998
0.997
0.997
0.996
0.987
0.998

In the current hospital based case-control study, we investigated the potential associations of
PSCA 152294008 C>T and rs2976392 G>A, PLCE]1 rs2274223 A>G and MUCI rs4072037
T>C polymorphisms with stomach cancer susceptibility among a Chinese population. We
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found that PSCA rs2294008 CT/TT, PSCA rs2976392 AG/AA and PLCEI 152274223 AG/GG
genotypes were associated with a significantly increased stomach cancer risk in a Chinese pop-
ulation, whereas, the MUCI rs4072037 T>C were associated with decreased stomach cancer
susceptibility. We also found that subjects carrying 2-4 risk genotypes had a pronouncedly in-
creased stomach cancer risk, when compared to those carrying 0-1 risk genotype. The effect of
combined risk genotypes on cancer risk was more evident in younger subjects, males, ever
smokers, subjects with high BMI and non-cardia stomach cancer. These findings indicate that
the selected SNPs from GWASs may contribute to stomach carcinogenesis.

So far, four GWASs have investigated stomach cancer risk [10,16,19,20] as mentioned in
the Introduction, which led to the finding of the four SNPs of interest. The PSCA rs2294008
C>T results in Met/Thr substitution, and the PSCA 152976392 G>A may alter transcription
factor binding site activity of the gene [10]. Moreover, MUCI rs4072037 T>>C may lead to
splicing alteration, whereas, PLCEI rs2274223 A>G may cause an Arg-to-His change that
were significantly associated with risk of stomach cancer in the initial scanning phase [19].
While scanning and validation phases were combined, a genome-wide association was ob-
served only for the PLCEI rs2274223 A>G polymorphism, but not the MUCI rs4072037 T>C
polymorphism [19]. Simultaneously, Wang et al. also found the rs2274223 polymorphism was
associated with gastric cardia adenocarcinoma (P = 1.74x107%) [20]. Most recently, GWAS by
Shi et al. [16], confirmed previously reported associations of non-cardia gastric cancer suscepti-
bility with not only PSCA rs2294008 and rs2976392, but also MUCI rs4072037.

The findings from previous GWASs were widely validated among different ethnic popula-
tions in recent years (S1 Table). For example, Wu et al. [18] indicated that the association
between PSCA rs2294008 and stomach cancer was more prominent among patients with non-
cardia stomach cancer than those with cardia stomach cancer. The significant association was
also validated by studies conducted among different ethnicities worldwide [14-17,19,36-40].
However, the association between rs2294008 C>T and stomach cancer was not validated by
others [12,41]. To resolve the controversy, six meta-analyses have been performed to evaluate
the relationship between PSCA polymorphisms and gastric cancer susceptibility [42-47]. Qiao
et al. [42] included eight case-control studies from seven articles and found that rs2294008 T
allele and rs2976392 A allele were significantly associated with increased gastric cancer risk.
These findings were also confirmed by other meta-analysis [43-46]. More recently, to access
the contributions of these two widely investigated PSCA SNPs to gastric cancer susceptibility,
Gu et al. [47] performed a meta-analysis of 16 studies with a total of 18,820 cases and 35,756
controls. The pooled OR was 1.46 (95% CI = 1.30-1.69) for the PSCA rs2294008 and 1.49 (95%
CI = 1.22-1.82) for rs2976392 polymorphisms. Moreover, after discovered by Abnet et al. [19]
and Wang et al. [23], the PLCEI rs2274223 polymorphism have been extensively investigated
among different ethnicities in different cancers, such as stomach cancer, esophageal cancer,
head and neck cancer, and gallbladder cancer [48-60]. However, the conclusions on the associ-
ation between the PLCEI rs2274223 A>G polymorphism and cancer risk are controversial.
The significant association was observed in some studies [49-52,56,58], but not in others
[48,53-55,57,59,60]. Four meta-analyses were performed to re-evaluate the association [27-
30]. Hao et al. [27] included a total of 13 case-control studies, of which five studies with 5127
cases and 5791 controls examined the role of this SNP in gastric cancer risk. They found statis-
tically significant associations between the rs2274223 polymorphism and increased gastric can-
cer risk under the homozygous model and heterozygous model. These results were consistent
with those of other three meta-analyses that included fewer association studies on gastric can-
cer. As to the MUCI rs4072037 T>C polymorphism, the association between this polymor-
phism and gastric cancer was validated among different ethnicities [49,53,61]. Saeki et al. [61]
and Zhang et al. [49] found that this polymorphism was associated with decreased stomach
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cancer among Asians, while no significant association was found among Caucasians [53].
There was only one meta-analysis for MUCI rs4072037 T>C polymorphism [31], in which a
total of 10 studies with 6580 gastric cancer cases and 10324 controls were included. It was
found that the MUCI rs4072037 G allele was significantly associated with a decreased gastric
cancer risk (OR = 0.72, 95% CI = 0.68-0.77), when compared with the A allele.

Numerous studies have been carried out to validate the GWAS findings on stomach cancer.
Nevertheless, none of studies covered all of the four SNPs as we did here, except for one study
conducted by Palmer et al. among Caucasians, which investigated PLCE1 rs2274223, C200rf54
rs13042395 and MUCI rs4072037 polymorphisms [53]. They found that the MUCI rs4072037
polymorphism was associated with a decreased risk of intestinal-type gastric cancer (OR = 0.4,
95% CI = 0.2-0.9); however, no associations were found with both the PLCEI rs2274223 and
C2001f54 rs13042395. In the current study, we found all of these four SNPs were individually
associated with stomach cancer susceptibility among Chinese subjects. We also found that 2-4
risk genotype carriers had a much higher stomach cancer risk than the 0-1 carriers. This phe-
nomenon was more pronounced in younger subjects, males, ever smoker, those with high BMI,
and subjects with non-cardia stomach cancer. Cigarette smoke contains about 55 carcinogens
that can generate reactive oxygen species to induce a variety of DNA damages. Male ever smok-
ers consistently exposed to cigarettes smoke may possibly harbor DNA damages that can inter-
act with genetic variations to lead to cancer development. In other words, gene-environment
interaction may play important roles in initiating and promoting carcinogenesis [62]. High
BMI has been recognized as a risk factor for stomach cancer in western countries [4]. Cardia
stomach cancer is localized to the gastroesophageal junction and may differ from non-cardia
cancer regarding epidemiological characteristics and clinical features [16].Therefore, the asso-
ciation with non-cardia stomach cancer appeared to be biology plausible.

In summary, we confirmed the associations between four previous GWAS-indentified SNPs
and stomach cancer susceptibility in this hospital based case-control study. However, several
limitations in the present study should be addressed. First, the inherent selection bias and in-
formation bias may be inevitable in this hospital based case-control designed study. Second, we
only included four SNPs in the current study, instead of covering all promising GWAS-indenti-
fied SNPs. Generally, studies comprising more SNPs potentially related to stomach cancer risk
may be more capable of illuminating the exact role of genetic variants in stomach carcinogene-
sis. Finally, due to the nature of retrospective study design, we did not have reliable and suffi-
cient information for individuals on other environmental exposures, such as H. pylori
infection, dietary, occupation exposure, as well as stomach cancer classification and subtypes,
such as intestinal and diffuse subtype. Lack of all the valuable information hindered us to fur-
ther investigate the etiological roles of these factors in the stomach carcinogenesis. Despite
these limitations, the findings from our study were informative for researchers and physicians
in this field. Additional well-designed prospective population-based studies are needed to fur-
ther confirm our findings, particularly those with detailed information on the risk factors for
stomach cancer and large sample size including different ethnic groups.

Supporting Information

S1 Data. Original Data.
(XLS)

S1 Table. Characteristics of previous studies focused on these four SNPs.
(DOC)
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