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Abstract: Polymorphisms in gene encoding programmed death-1 (PD-1) were suggested to be associated with
the risk of multiple cancers. To the best of our knowledge, no investigation has been carried out for gastric car-
dia adenocarcinoma (GCA) and PD-1 polymorphisms. Thus, we studied PD-1 rs10204525 A>G, rs7421861 T>C
and rs2227982 C>T single nucleotide polymorphisms (SNPs) in 330 GCA cases and 608 cancer-free controls.
Genotypes of PD-1 SNPs were determined by ligation detection reaction (LDR) assays. The distributions of the
allele and genotype were not statistically significant in two groups for the three PD-1 SNPs. However, in stratified
analyses by various characteristics (eg., age, sex, smoking condition and alcohol consumption status), we found a
significantly increased risk of GCA associated with the PD-1 rs2227982 C>T polymorphism was evident among ever
drinking cases (TT vs. CC: adjusted OR = 2.53, 95% Cl = 1.11-5.79, P = 0.028; TT+CT vs. CC: adjusted OR = 2.04,
95% CI = 1.01-4.13, P = 0.047). For the other SNPs, in stratified analyses, no correlation between the SNPs and
susceptibility of GCA was observed. In conclusion, our results highlight that rs2227982 C>T polymorphism in PD-1
gene may contribute to the risk of GCA.

Keywords: Polymorphism, programmed death-1, immunoglobulin superfamily, gastric cardia adenocarcinoma,

susceptibility

Introduction

Gastric cardia adenocarcinoma (GCA) is one of
the most common upper gastrointestinal malig-
nancies with the leading causes of cancer rela-
tive death worldwide [1, 2]. Previous studies
have identified that several risk factors, such
as genetic abnormalities, alcohol consumption,
tobacco use, inflammation, and diet, were
involved in the development of GCA [3, 4]. It is
now confirmed that GCA is a complex disease
which is the results of genetic susceptibility
and environmental triggers interaction.

The programmed death-1 (PD-1) (cluster of dif-
ferentiation 279, CD 279), a type of the immu-
noglobulin superfamily, is commonly expressed
on activated CD4+/CD8+ T cells, B lympho-
cytes and natural Killer cells, as well as myeloid
cells, and behaves as a down-regulator of acti-

vation of T cells [5]. There are accumulating evi-
dences that PD-1 pathway plays an important
role in peripheral tolerance [6]. Two ligands of
PD-1, programmed death-1 ligand 1 (PD-L1)
and PD-L2, engagement with PD-1, suppress
proliferation and activation of T cells, then may
result in tumor escape from immune surveil-
lance [7, 8]. The expression of PD-1 on tumor
infiltrating lymphocytes (TILs) and PD-Ls on
multiple tumor cells suggests the presence of
an immunosuppressive milieu for tumor inci-
dence and/or progression [9-11].

Since the PD-1 acts as a crucial inhibitor in anti-
tumor responses, it is considered as a cogent
candidate for genetic risk of individuals to a
number of malignancies. Recent studies have
highlighted that PD-1 polymorphisms are asso-
ciated with susceptibility to several types of
cancer, such as gastric cancer [12], colon can-
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Table 1. Distribution of selected demographic variables and

risk factors in GCA cases and controls

risk factors (e.g., smoking and
drinking condition).

Cases (n = 330)

Controls (n = 608)

Variable
n % n

%

Genotyping for PD-1 rs10204525
A>G, rs7421861 T>C and

Age (years) mean £+ SD  65.06 (+ 8.37)
Age (years)

<60 89 26.97 170

>60 241 73.03 438
Sex

Male 223 67.58 410

Female 107 32.42 198
Tobacco use

Never 209 63.33 438

Ever 121 36.67 170
Alcohol use

Never 233 70.61 462

Ever 97 29.39 146

64.19 (+ 6.66)

27.96
72.04

67.43
32.57

72.04
27.96

75.99
24.01

0.103 rs2227982 C>T polymorphisms
0.746
Every participator donated 2 ml
EDTA anti-coagulated venous
0.965 blood. Genomic DNA was extract-
ed from lymphocytes using the
DNA Extraction Kit (Qiagen, Berlin,
Germany) following the instruc-
0.006 tions. Genotypes of PD-1 rs-
10204525 A>G, rs7421861 T>C
and rs2227982 C>T polymor-
0.072 phisms were determined by liga-

tion detection reaction (LDR)
assays as described previously

aTwo-sided x? test and student t test; Bold values are statistically significant (P

<0.05).

cer [13], breast cancer [14, 15], esophageal
cancer [16] and hepatocellular carcinoma [17].
However, the association between PD-1 poly-
morphisms and GCA was unclear. Accordingly,
we explored, in this case-control study, the
PD-1 polymorphisms to determine whether
there was a correlation between PD-1 single
nucleotide polymorphisms (SNPs) and suscep-
tibility of GCA in a Chinese Han population.

Materials and methods
Study subjects

Three hundred and thirty unrelated patients
with newly diagnosed GCA and 608 hospital-
based controls were recruited in this study. All
GCA patients were pathologically confirmed in
the Affiliated People’s Hospital and Affiliated
Hospital of Jiangsu University (Zhenjiang city,
Jiangsu Province, China) during October 2008
and June 2013. The exclusion criteria were GCA
cases with a history of other malignancy or
recurrent tumors. The controls were selected
from participators who admitted to these two
hospitals for cure of trauma during the same
time and frequency-matched with cases by age
(£ 5-years) and sex. This study was approved by
Ethics Committee of Jiangsu University. All par-
ticipators signed the informed consent and pro-
vided the information of demographic data and
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[16, 18, 19]. Genotyping value
was more than 95% (95.31%-
99.47%). To ensure quality con-
trol, 110 randomly selected sam-
ples of all participators were genotyped again
by LDR, and the reproducibility was 100%.

Statistical analysis

All statistical calculations were performed
using SAS software package (version 9.0; SAS
Institute, Cary, NC). The differences in demo-
graphic data among two groups were evaluated
using Chi-square test (x?). Genotype frequen-
cies between different groups were compared
using the x? test, and odds ratios (ORs) with cor-
responding 95% confidence intervals (Cls) were
computed using conditional logistic regression
assay. A P < 0.05 (two-sided) was considered
the criterion of statistical significance.

Results

Demographic characteristics of study popula-
tion

Table 1 gives baseline characteristics in two
groups. Of the 330 GCA cases and 608 con-
trols, the mean age was 65.06 + 8.37 years
and 64.19 + 6.66 years, respectively. There
were no significant difference in the mean age,
gender and alcohol consumption distributions
among GCA cases and controls (P = 0.746, P =
0.965 and P = 0.076, respectively), suggesting
that the variables frequency matching was ade-
quate. However, smoking rate between GCA
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Table 2. Primary information for PD-1 rs10204525, rs7421861 and ficant association was

rs2227982 polymorphisms

found between PD-1 rs-

10204525 or rs7421861

rs10204525 rs7421861 rs2227982 ;

Genotyped SNPs ASG c>T T>C SNPs and the risk of
Chromosome 2 2 GCA (data not shown).
Function UTR-3 Missense Discussion
Chr Pos (Genome Build 36.3) 242440994 242444023 242442106
Regulome DB Score® 5 5 GCA is a relatively com-
TFBS® - mon malignancy with high
Splicing (ESE or ESS) Y morbidity and poor prog-
miRNA (miRanda) % _ R nosis in China. The etiolo-
MAF¢ for Chinese in database 0.302 0.165 0.488 gy of GCA is very compli-
MAF in our controls (n = 608) 0.280 0.477 0.488 cated and until now, has
P value for HWE® test in our controls ~ 0.120 0.368 0.448 ?ﬁt been C'sr'f'ed “It:_i”y'
Genotyping method® LDR LDR gre.may Pf a muttitac-

i torial interaction between
% Genotyping value 95.31% 98.29% 99.47%

ahttp://www.regulomedb.org/; "TFBS: Transcription Factor Binding Site (http://snpinfo.
niehs.nih.gov/snpinfo/snpfunc.htm); °MAF: minor allele frequency; “HWE: Hardy-Wein-

berg equilibrium; °LDR: ligation detection reaction.

patients and controls was significantly different
(P = 0.006). Total cancer cases were Spo-
radic GCA cases. The distribution of PD-1
rs10204525 A>G, rs7421861 T>C and
rs2227982 C>T genotypes were in accordance
with Hardy-Weinberg equilibrium (HWE) in the
GCA cases and controls, and missing data were
< 5%. The relatively primary information for
PD-1 SNPs is summarized in Table 2 as
described previously [16].

PD-1 rs10204525 A>G, rs7421861 T>C and
rs2227982 C>T polymorphisms and the risk
of GCA

The frequencies of genotype and allele of the
three PD-1 SNPs in GCA cases and controls are
listed in Table 3. When comparing the genotype
frequencies distribution in GCA cases with
those of controls, no significant increased risk
for developing GCA was found for PD-1
rs10204525 A>G, rs7421861 T>C and
rs2227982 C>T polymorphisms. However,
following stratified analyses of various charac-
teristics (eg., age, sex, smoking condition and
alcohol-consumption status), a significantly
increased risk of GCA associated with the PD-1
rs2227982 C>T polymorphism was evident
among ever drinking patients (TT vs. CC: adjust-
ed OR = 2.53, 95% Cl = 1.11-5.79, P = 0.028;
TT+CT vs. CC: adjusted OR = 2.04, 95% CI =
1.01-4.13, P = 0.047) (Table 4), but no signi-
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a number of risk factors
and genetic abnormalities
in a combined manner
rather than individually. Of
late, several studies have
kept a watchful eye on the important role of the
immune system in GCA (20-24). Here, we con-
ducted a case-control study to explore the
potential correlation of PD-1 SNPs with the risk
of GCA for the first time. The results suggested
that PD-1 rs2227982 C>T polymorphism might
conduce to the risk of GCA among drinking
patients and then backed up the hypothesis
that genetic abnormalities, influencing the acti-
vation and effector functions of T cells, might
modify the risk of multiple malignancies.

PD-1 polymorphisms might contribute to can-
cer risk and autoimmune diseases pathogene-
sis. Some of the studies focused on the asso-
ciation of PD1 polymorphisms with autoim-
mune diseases [6, 25-27]. However, there are
only several investigations in the field of malig-
nancy [12-17, 28-31] and according to our
knowledge, the correlation of PD-1 polymor-
phisms with GCA was unclear. In view of such
findings, we selected PD-1 polymorphisms to
investigate their roles in GCA.

In PD-1 rs2227982 C>T polymorphism, we con-
firmed that the TT and TT+CT genotypes were
relevant to increased risk of GCA among ever
drinking cases. It has been reported that PD-1
rs2227982 C>T polymorphisms are not correla-
ted with breast cancer [14] and esophageal
cancer [16]. However, in this study, we found
that T allele of this variant was associated with
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Table 3. Logistic regression analyses of associations between PD-1 rs10204525, rs7421861 and

rs2227982 polymorphisms and risk of GCA

Cases controls Crude OR Adjusted OR?®
Genotype (n=330) (n =608) (95% Cl) P (95% Cl) P
n % n %

PD-1rs10204525 A>G

AA 169 53.99 309 53.18 1.00 1.00

AG 123 39.30 219 3769 1.03(0.77-1.37) 0.857 1.02(0.76-1.37) 0.901

GG 21 6.71 53 9.12 0.72(0.42-1.24) 0.241 0.71(0.41-1.21) 0.208
GG vs. AG vs. AA 0.451

AG+GG 144 46.01 272 46.82 0.97(0.74-1.28) 0.817 0.96(0.72-1.27) 0.757

AA+AG 292 93.29 528 90.88 1.00 1.00

GG 21 6.71 53 9.12 0.72(0.42-1.21) 0.214 0.70(0.41-1.19) 0.186
PD-1 rs7421861 T>C

T 226 69.75 408 68.23 1.00 1.00

TC 91 28.09 168 28.09 0.98(0.72-1.32) 0.885 0.98(0.72-1.33) 0.906

cc 7 2.16 22 3.68 0.58(0.24-1.37) 0.210 0.59(0.25-1.42) 0.242
CCvs.TCvs. TT 0.447

TC+CC 98 30.25 190 31.77 0.93(0.70-1.25) 0.633 0.94(0.70-1.26) 0.675

TT+TC 317 9784 576 96.32 1.00 1.00

cc 7 2.16 22 3.68 0.58(0.24-1.37) 0.213 0.60(0.25-1.42) 0.244
PD-1rs2227982 C>T

cc 75 2273 163 27.03 1.00 1.00

CT 168 50.91 292 48.42 1.25(0.90-1.74) 0.188 1.27(0.91-1.78) 0.160

1T 87 26.36 148 24.54 1.28(0.87-1.87) 0.207 1.30(0.88-1.90) 0.186
TT vs. CT vs. CC 0.351

CT+TT 255 7727 440 7297 1.26(0.92-1.72) 0.150 1.28(0.93-1.76) 0.127

CC+CT 243 73.64 455 75.46 1.00 1.00

T 87 26.36 148 2454 1.10(0.81-1.50) 0.541 1.10(0.81-1.50) 0.534

2Adjusted for age, sex, smoking and drinking status.

the increased risk of GCA, which might be inter-
preted that PD-1 gene plays different role in
different cancer even the same SNP. PD-1
rs2227982 C>T polymorphism is a missense
mutation, encoding a valine — alanine substi-
tution at amino acid residue of PD-1 during pro-
tein synthesis, thereby probably changes the
activity of PD-1. PD-1 rs2227982 C>T may
accordingly have an impact on the risk of GCA
through altering the structures and functions of
PD-1, and this study demonstrated that PD-1
rs2227982 TT genotype and T allele could
affect gastric cardia carcinogenesis. In this
study, minor allele frequency (MAF) of PD-1
rs2227982 C>T G was 0.488 among 608 can-
cer-free controls, which is in agreement with
the data for Chinese in database (http://www.
ncbi.nim.nih.gov/SNP) (0.488). The power of
our analysis (o« = 0.05) was evaluated using a
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web-based Power and Sample Size program
(PS, version 3.0, 2009, http://biostat.mc.
vanderbilt.edu/twiki/bin/view/Main/Power
Sample Size). The power was 0.938 in TT vs. CC
genetic model with adjusted OR 2.53 and
0.596 in TT+CT vs. CC genetic model with
adjusted OR 2.04 for PD-1 rs2227982 C>T in
ever drinking subgroup.

In the present investigation, the SNPs PD-1
rs10204525 A>G and rs7421861 T>C were
also included. PD-1 rs10204525 is located on
3’ untranslated region and may affect the
inflammatory cytokines levels via modulating
polyadenylation. And previous studies reported
that mutation in PD-1 rs10204525 might
decreased the risk of esophageal squamous
cell carcinoma [16]. Li et al. suggested that
PD-1 rs10204525 A>G polymorphism combi-
ned with chronic HBV infection might contribute
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Table 4. Stratified analyses between PD-1 rs2227982 C>T polymorphism and GCA risk by sex, age, smoking status and alcohol consumption

PD-1 rs2227982 C>T (case/control)®

Adjusted OR® (95% Cl); P; P,°

Variable
CC CT T CT+TT CcC CT T CT+TT TT vs. (CT+TT)
Sex
Male 46/104 114/202 63/100  177/302 1.00 1.30(0.86-1.98); P: 0.217;  1.46 (0.91-2.34); P: 0.119;  1.35(0.91-2.01); P: 0.135;  1.22 (0.84-1.76); P: 0.305;
P.:0.901 P:0.416 P,:0.672 P.:0.389
Female 29/59 54/90 24/48 78/138 1.00 1.16 (0.65-2.06); P: 0.618;  1.06 (0.54-2.07); P: 0.875; 1.12 (0.66-1.92); P: 0.675; 0.96 (0.55-1.70); P: 0.898;
P,:0.901 P.:0.416 P,:0.672 P.:0.389
Age
<60 14/40 46/89 29/40 75/129 1.00 1.39(0.66-2.91); P:0.384;  1.79 (0.80-4.00); P: 0.159; 1.52 (0.75-3.07); P: 0.241;  1.41(0.78-2.57); P: 0.261;
P,:0.629 P:0.154 P,:0.363 P:0.157
>60 61/123 122/203 58/108  180/311 1.00 1.21(0.82-1.77); P:0.337;  1.09 (0.70-1.71); P: 0.695;  1.17 (0.81-1.67); P: 0.400; 0.97 (0.67-1.40); P: 0.865;
P.:0.629 P,:0.154 P,:0.363 P,:0.157
Smoking status
Never 51/116 108/207 50/111  158/318 1.00 1.21(0.80-1.84); P: 0.375;  1.11(0.69-1.80); P: 0.663; 1.18 (0.79-1.75); P: 0.423;  0.98 (0.66-1.45); P: 0.931;
P,:0.676 P:0.121 P,:0.353 P, 0.106
Ever 24/47 60/85 37/37 97/122 1.00 1.42(0.77-2.64); P:0.263;  2.00 (0.99-4.04); P: 0.054; 1.59 (0.89-2.86); P: 0.119; 1.57 (0.90-2.75); P: 0.113;
P.:0.676 P,:0.121 P,:0.353 P,:0.106
Alcohol consumption
Never 59/122 115/220 59/116 174/336 1.00 1.13(0.76-1.68); P: 0.550;  1.11(0.70-1.74); P: 0.661;  1.12(0.77-1.62); P: 0.547;  1.02 (0.71-1.48); P: 0.905;
P:0.161 P,:0.094 P,:0.099 P.:0.308
Ever 16/41 53/72 28/32 81/104 1.00 1.84(0.88-3.85); P: 0.106; 2.53 (1.11-5.79); P: 0.028; 2.04 (1.01-4.13); P: 0.047; 1.64 (0.88-3.05); P: 0.119;
P:0.161 P.:0.094 P,:0.099 P,:0.308

#The genotyping was successful in 330 (100.0%) GCA cases and 603 (99.2%) controls for PD-1 rs2227982 C>T; *Adjusted for age, sex, smoking status and alcohol consumption (besides stratified factors accordingly) in a logistic regression
model; °P, for heterogeneity. Bold values are statistically significant (P < 0.05).
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to the development of hepatocellular carcino-
ma [17]. In this regard, we explored the associ-
ation between PD-1 rs10204525 A>G and
GCA, but we found no significant correlation. As
it is known, rs7421861 is located on intron 1
which involves many splicing control compo-
nents and regulatory elements, and some
mutations, if there are, may lead to disruption
of the splice site, translation suppression and
even alteration of the mRNA secondary struc-
ture [32-34]. Recent reports showed that PD-1
7421861 T>C was not involved in the risk of
breast cancer and esophageal carcinoma in a
Chinese population [14, 16]. In this case-con-
trol study, we found no significant correlation of
this SNP with GCA susceptibility, which was
consistent with previous study. Thus, in the
future, further large-scale studies with detailed
individual information will be needed to clarify
whether PD-1rs10204525 A>G and rs7421861
T>C do influence the activation of PD-1
protein.

Additionally, some limitations in this study
should be addressed here. We are aware that
the moderate sample size of our study is a rela-
tive limitation; however, in a field where no simi-
lar study is available, we suppose that any new
knowledge on PD-1 SNPs might help to validate
these associations. Moreover, since the partici-
pants were enrolled from local hospitals, the
selection bias cannot be avertible and have a
limited power to fully represent the general
population. Furthermore, we only studied the
PD-1 SNPs in Chinese Han patients with GCA,
which lessens the possibility of confounding
from ethnicity, so these SNPs should be
explored in other ethnic groups. Finally, the
SNPs we examined may not provide a compre-
hensive assessment of PD-1 genetic mutation.
In the future, well designed fine-mapping stud-
ies are required to confirm our present results.

Taken together, our study highlights the influ-
ence of the interaction between drinking and a
functional polymorphism in PD-1 to the risk of
sporadic GCA in Chinese Han population, sug-
gesting the prospect of investigation in individ-
ual malignancy prevention strategies to alco-
hol-associated GCA.
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