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Abstract

Background: WNT1-inducible signaling pathway protein 1 (WISP1) is a member of the CCN protein family and a
downstream target of B-catenin. Aberrant WISP1 expression may be involved in carcinogenesis. To date, no studies
have investigated the association between single-nucleotide polymorphisms (SNPs) of WISP1 and gastric cancer.
Therefore, we conducted this study to explore their relationship.

Methods: Polymerase chain reaction-restriction fragment length polymorphism assay was used to analyze three
SNPs of WISP1 in 204 gastric cancer patients and 227 controls.

Results: Overall, we could not identify a significant association between WISP1 SNPs and gastric cancer risk. How-
ever, the subgroup analysis demonstrated that the presence of the rs7843546 T allele was associated with a signifi-
cantly decreased risk of gastric cancer in those of Han Chinese ethnicity (CT vs. CC: OR=0.33, 95%Cl 0.14-0.78; TT vs.
CC:OR=0.29,95%Cl 0.11-0.76; CT+TT vs. CC: OR=0.32, 95%Cl 0.14-0.74). In addition, patients with the rs7843546
TT genotype display a 0.34-fold lower risk of developing stage I/1l gastric cancer than those with the CC genotype
Furthermore, individuals > 50 years old who carried the rs10956697 AC genotype had a significantly decreased risk
of gastric cancer (OR=10.58, 95%Cl 0.35-0.98). Smokers with the rs10956697 AC and AC+ AA genotypes exhibited a
0.28-fold lower and 0.32-fold lower risk of gastric cancer, respectively.

Conclusions: The WISP1 SNPs rs7843546 and rs10956697 were, for the first time, found to reduce susceptibility to
gastric cancer in various subgroups of Guangxi Chinese.
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Background

Globally, the burden of cancer incidence and mortality is
rapidly growing. According to estimates from the World
Health Organization (WHO), gastric cancer remains
a commonly cancer worldwide and is responsible for
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deaths were estimated to have occurred in China in 2020,
accounting for 43.9% and 48.6% of cases and deaths
worldwide, respectively [2]. The high incidence and mor-
tality in China highlight the importance of understand-
ing the risk factors related to gastric cancer development.
Also, gastric cancer has a multifactorial etiology in terms
of risk factors, carcinogenesis, and epidemiologic pat-
terns [3]. Chronic Helicobacter pylori infection is consid-
ered the primary cause, with almost all cases attributed to
this bacterium [4]. The prevalence of H. pylori infection
is extremely high, infecting half of the world’s popula-
tion [5]. However, only about 1% people with Helicobac-
ter infections will develop gastric cancer, likely because
of differences in host genetics, gender, age of infection
acquisition, alcohol consumption, tobacco smoking, and
environmental factors [6]. More novel and powerful
methods of identifying the predisposing genetic factors
are expected to provide new insights regarding the basic
molecular pathways involved in tumorigenesis.

WNT1-inducible  signaling  pathway protein-1
(WISP1), also known as CCN4, is a cysteine-rich protein
that belongs to the CCN protein family [7]. WISP1 is a
target of the Wntl pathway, which can modulate mul-
tiple processes that involve tumorigenesis and stem cell
proliferation [8]. WISP1 aberrant expression is associ-
ated with the promotion of various pathologies, including
osteoarthritis, fibrosis, and cancer [9]. In 2017, Jia et al.
first suggested that WISPlwas up-regulated in gastric
cancer and acted as an oncogene by promoting prolifera-
tion, migration, and invasion in gastric cancer cells [10].
Additionally, Zhang et al. demonstrated that significantly
up-regulated WISP1 expression was associated with
cancer progression, chemotherapy outcomes, and poor
prognosis in gastric cancer in 2019 [11]. The observation
that WISP1 plays an important role in the progression of
gastric cancer highlights the importance of identifying
the variants of this gene because a single nucleotide poly-
morphism (SNP) can change the encoded amino acids in
a protein when it arises in the related coding sequence,
thus influencing gene function and phenotype [12].

The WISP1 gene consists of five exons and four introns
located on chromosome 8q24.1 to 8q24.3, and it has
been shown to be highly polymorphic [13]. Several
clinical studies have indicated a significant association
between WISP1 polymorphisms and various cancers,
such as breast cancer [14], urothelial cell carcinoma
[15], hepatocellular carcinoma [16], oral squamous cell
carcinoma [17], lung cancer [18] and uterine cervical
cancer [19]. Up until now, to our knowledge, no study
has established a connection between WISP1 genetic
polymorphisms and gastric cancer. Therefore, we con-
ducted this study to explore the association between the
WISP1 SNPs rs2929973, rs7843546, and rs10956697 and
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susceptibility to gastric cancer in a Guangxi (Southwest
China) population.

Methods

Sample size consideration

We estimated the sample size using Quanto software
(Version 1.2.4) [20, 21]. An unmatched case—control
design will be used. The prevalence of the WISP1 SNP
rs2929973 T allele in the HapMap global population is
0.8451 (HapMap Project dbSNP database: http://www.
ncbinlm.nih.gov/snp/). The inheritance model is reces-
sive. The relative risk is 2.0. The desired power is 80%
at a significance level of 0.05, with a two-sided alternate
hypothesis. According to the above parameters, the esti-
mated 186 case—control pairs required for the desired
power to assess the risk of WISP1 genetic variation on
gastric cancer development.

Study subjects

We enrolled 204 gastric cancer patients in this study. All
cases were newly clinically and pathologically confirmed
as primary gastric cancer without a history of abdomi-
nal surgery and admitted to the First Affiliated Hospital
of Guangxi Medical University, Guangxi, China, as has
been described in our previous study [22]. Patients were
excluded if they had any of the following: (a) concomi-
tant malignant neoplasia, (b) acquired immunodeficiency
syndrome, (c) acute or chronic inflammatory diseases,
and (d) positive antibodies for H. pylori.

For the control group, we selected 227 healthy individ-
uals recruited from the general health check-up centers
at the same hospital during the same period of the study.
The individuals in the control group had no previous
genetic history of the tumor and were matched with the
case group in terms of gender and age. The clinical and
pathological characteristics of all subjects were collected
based on an electronic medical record system.

Selection of WISP1 SNPs

For this study, SNPs were selected based on data from
the International HapMap Project (http://hapmap.ncbi.
nlm.nih.gov/), dbSNP database (http://www.ncbi.nlm.
nih.gov/projects/SNP/), and findings of previous stud-
ies reporting the effect of WISP1 genetic polymorphisms
on cancer susceptibility [14—19, 23]. All SNPs had minor
allele frequencies (MAF) of >5% to prevent false-negative
results. Based on the aforementioned criteria, three SNPs
were selected: rs2929973, rs7843546, and rs10956697.

DNA extraction and WISP1 genotyping

Genomic DNA was isolated from EDTA-anticoagulated
venous blood using the phenol-chloroform protocol, as
described in detail in our previous studies [22, 24]. The
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concentration and purity of the DNA were determined
spectrophotometrically. The obtained DNA was stored
at —20 °C and prepared for genotyping using polymer-
ase chain reaction (PCR). Genotyping was conducted via
restriction fragment length polymorphism (RFLP) assay,
as described previously [22, 24].

DNA sequencing

To determine the accuracy of the polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-
RFLP) method, a random selection of >5% of all samples
was genotyped via the direct sequencing method with an
ABI Prism 3100 (Applied Biosystems, Shanghai Sangon
Biological Engineering Technology & Services Co., Ltd,,
China). The resultant genotypes showed no differences.

Statistical analysis

A student’s T-test or Mann—Whitney U test was applied
to analyze the continuous variables. The x* test or Fisher’s
exact test was applied to analyze the categorical vari-
ables. Adjusted odds ratios (AORs) and 95% confidence
intervals (Cls) were estimated using logistic regression
models. These AORs and 95%Cls were used to assess
the association between genotype frequencies and gas-
tric cancer risk and clinical and pathological character-
istics. To evaluate the joint effects of the three SNPs in
the WISP1 gene, SHEsis software (http://analysis.bio-x.
cn/myAnalysis.php) [25] was employed to construct
haplotypes between the patients and controls. SPSS Ver-
sion 16.0 for Windows (SPSS Inc., IL, USA) software was
used for all the statistical analyses. A two-sided P-value
of <0.05 was accepted as statistically significant.

Results

Characteristics of the study subjects

Table 1 shows the demographic and clinical characteris-
tics of all the subjects in the study. In total, 204 gastric
cancer patients and 227 controls were enrolled in the
study. Their ages and sexes were well-matched (P =0.057
and P =0.954, respectively). There were no differences
between the two groups in terms of smoking, drink-
ing alcohol, or ethnicity. The patient groups had a sig-
nificantly lower average BMI as compared to the healthy
controls. Most patients (70.6%) had stage III/IV gastric
cancer, while 29.4% had stage I/II disease. Most tumors
(82.4%) were classified as undifferentiated or poorly dif-
ferentiated (Table 1).

WISP1 polymorphisms and gastric cancer risk

The genotypic distributions of the WISP1 SNPs
1rs2929973, rs7843546, and rs10956697 in the gastric can-
cer group and normal control group were all in accord-
ance with the Hardy—Weinberg equilibrium (P >0.05).
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Table 1 The distributions of demographical characteristics in
227 controls and 204 patients with gastric cancer

Characteristics Patients (N=204) Controls (N=227) Pvalue

Ages(mean £ SD, 54.314+12.00 5258+5.13 0.057
years)

BMI (mean £ SD, 20.59£3.11 2247 +£347 <0001
kg/m?)

Gender
Male 134 (65.7%) 138 (60.8%) 0.954
Female 70 (34.0%) 89 (39.2%)

Ethnicity
Han 99 (48.5%) 112 (49.3%) 0.975
Zhuang 92 (45.1%) 100 (44.1%)
Other 13 (6.4%) 15 (6.6%)

Smoking
Yes 58 (28.4%) 71 (31.3%) 0519
No 146 (71.6%) 156 (68.7%)

Drinking alcohol
Yes 52 (25.5%) 67 (29.5%) 0351
No 152 (74.5%) 160 (70.5%)

Cell differentiation
Moderate and 168 (82.4%)

poor

Well 36 (17.6%)

Clinical stage
/1l 60 (29.4%)
1\% 144 (70.6%)

Family history of gastric cancer
Yes 6(2.9) 4(1.8) 0.833
No 198 (97.1) 223(982)

SD standard deviation

* Pvalue <0.05 as statistically significant

The frequency distribution and logistic regression analy-
sis of the polymorphisms of the WISP1 gene in the gas-
tric cancer and control groups are shown in Table 2.
After logistic regression adjustment analysis based on
gender, age, BMI, ethnicity, smoking, and drinking alco-
hol, no significant differences were observed between
gastric cancer patients and the control group in terms
of the rs2929973, rs7843546, and rs10956697 polymor-
phisms of the WISP1 gene.

To clarify the role of WISP1 genetic polymorphisms
in gastric cancer’s demographic and clinical variables,
the respective SNPs were analyzed to determine their
correlations with clinical parameters. Tables 3, 4, 5 and
Additional files 1, 2, 3, 4 present the results of the sub-
group analyses performed by clinical stage, cell differ-
entiation, gender, age, ethnicity, smoking status, and
drinking status. In an evaluation of clinical stage and
rs7843546 WISP1 genotypes, patients with the TT geno-
type displayed a 0.34-fold lower risk of developing stage
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Table 2 The frequency distribution and logistic regression
analysis of the polymorphism of WISPT gene in gastric cancer
and control group

Variables Gastric cancer  Controls AOR (95%Cl) P
(N=204)n (%) (N=227)n
(%)
rs2929973
Alleles
T 285 (69.9) 295 (65.0) 1.00°f
G 123 (30.1) 159 (35.0) 0.83(0.61-1.13)  0.230
Co-dominant
TT 100 (49.0) 102 (44.9) 1.00"¢"
TG 85 (41.7) 91 (40.1) 0.99 (0.64-1.54) 0.967
GG 19(9.3) 34 (15.0) 0.63(0.32-1.21) 0.164
Dominant
T 100 (49.0) 102 (44.9) 1.00f
TG+GG 104 (51.0) 125 (55.1) 0.88(0.58-1.32) 0.536
Recessive
TT4+TG 185 (90.7) 193 (85.0) 1.007¢
GG 19(9.3) 34(15.0) 062 (033-1.17)  0.141
157843546
Allele
C 191 (46.8) 191 (42.1) 1,00
T 217 (53.2) 263 (57.9) 0.84(0.63-1.12) 0.224
Co-dominant
CcC 41 (20.1) 36 (15.9) 1.00"
cT 109 (534) 119 (524) 0.86 (0.49-1.48) 0.577
T 54 (26.5) 72(31.7) 0.68(0.37-124) 0.204
Dominant
cC 41(20.1) 36 (15.9) 1,00
CT4+TT 163 (79.9) 191 (84.1) 0.79 (0.47-1.33) 0376
Recessive
CT4+CC  150(73.5) 155 (68.3) 1.00°f
T 54 (26.5) 72 (31.7) 0.78 (0.50-1.21) 0.262
rs10956697
Allele
C 278 (68.1) 286 (63.0) 1.00f
A 130 (31.9) 168 (37.0) 0.88 (0.65-1.20) 0421
Co-dominant
cC 95 (46.6) 86 (37.9) 1.00f
AC 88 (43.1) 114 (50.2) 0.78 (0.50-1.19)  0.248
AA 21(10.3) 27(11.9) 0.90 (0.45-1.79)  0.771
Dominant
cC 95 (46.6) 86 (37.9) 1.00f
AC+AA 109 (534) 141 (62.1) 0.79(0.52-1.19) 0.254
Recessive
CC+AC 183(89.7) 200 (88.1) 1.00°f
AA 21(10.3) 27 (11.9) 1.02(0.53-1.96) 0.947

ref reference; AOR Adjusted odds ratio; 95% Cl 95% confidence interval; adjusted
for age, BMI ethnicity, smoking and drinking alcohol
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I/II gastric cancer than those with the CC genotype
(OR=0.34; 95% CI 0.14-0.84; P=0.020) (Table 3) after
adjusting for gender, age, BMI, ethnicity, smoking, and
drinking. In addition, after adjustment for the above-
mentioned variables, subjects carrying at least one copy
of the T allele for the rs7843546 SNP exhibited a 0.46-
fold lower risk of stage I/II gastric cancer than those with
the CC genotype (dominant model: CT+TT vs. CC,
OR=0.46, 95% CI 0.22-0.96, P =0.038) (Table 3). How-
ever, the other SNPs genotypes did not exhibit a signifi-
cant difference in this regard.

When the subjects were further divided into sub-
groups according to the age, significant differences were
found in the genotypic distributions of the WISP1 SNP
rs10956697 in subjects>50 years old carrying the AC
genotype as compared with those carrying the CC geno-
type (AC vs. CC: OR=0.58, 95%CI 0.35-0.98, P=0.043)
(Additional file 1). No difference was observed in sub-
jects <50 years old.

As regards ethnicity, for the Han Chinese ethnicity, the
presence of the rs7843546 T allele was associated with
a significantly decreased risk of gastric cancer (CT vs.
CC: OR=0.33, 95%CI 0.14-0.78, P=0.012; TT vs. CC:
OR=0.29, 95%CI 0.11-0.76, P=0.012; dominant model
CT+TT vs. CC: OR=0.32, 95%CI 0.14-0.74, P=0.007),
whereas the association was not statistically significant
among the Zhuang population cohort (Table 4).

In the smoking status cohort, compared with patients
carrying the CC genotype of SNP rs10956697, those
with the AC and AC+AA genotype exhibited a 0.28-
fold lower risk and 0.32-fold lower risk of gastric cancer
(OR=0.28, 95% CI 0.09-0.82, P=0.021 and OR=0.32,
95% CI 0.12-0.89, P=0.030, respectively) (Additional
file 2). No difference was observed in the non-smoker
cohort. No effect on the part of cell differentiation
(Table 5), gender, or drinking status on the association
between the WISP1 polymorphism and susceptibility to
gastric cancer was observed. No significant association
was observed between the WISP1 rs2929973 polymor-
phism and risk of gastric cancer in any genetic models.

Discussion

WISP1 polymorphisms have been identified in various
cancers, including breast cancer [13], urothelial cell carci-
noma [14], hepatocellular carcinoma [15], oral squamous
cell carcinoma [16], lung cancer [17], and uterine cervi-
cal cancer [18], but data are scant as to the involvement
of WISP1 polymorphisms in gastric cancer. As far as we
are aware, our study is the first to investigate the distri-
butions of the rs2929973, rs7843546, and rs10956697
SNPs and their associations with the development of
gastric cancer in a Guangxi Chinese population. Our
results revealed the correlations between WISP1 SNPs
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Table 3 Distribution frequency of WISP1polymorphisms in controls and gastric cancer patients stratified by clinical stage
Variables Clinical stage I/Il Clinical stage IlIl/IV
Controls (N=227) Cancer (N=60) *OR (95% CI) P Cancer (N=144) AOR (95% Cl) P
rs2929973
Co-dominant TT 102 (44.9) 26 (433) 1.00°f 74 (51.4) 1.00°f
TG 91 (40.1) 28 (46.7) 1.30 (0.46-3.70) 0.624 57 (396) 0.88(0.54-142)  0.591
GG 34(15.0) 6 (10.0) 1.71 (0.60-4.85) 0315 13(9.0) 058(0.28-121)  0.144
Dominant TT 102 (44.9) 26 (43.3) 1.00°f 74 (51.4) 1.00°f
TG+GG 125 (55.1) 34(56.7) 1.17 (0.62-2.20) 0.636 70 (48.6) 078(0.50-123)  0.286
Recessive TT+TG 193 (85.0) 54(90.0) 1.00°f 131(91.0) 1.00°f
GG 34(15.0) 6(10.0) 0.67 (0.25-1.81) 0433 13(9.0) 061(030-123)  0.163
157843546
Co-dominant CC 36 (15.9) 17 (283) 1.007 24(16.7) 1.00°f
cT 119 (52.4) 30 (50.0) 0.54 (0.25-1.17) 0.116 79 (54.9) 108 (058-2.02)  0.808
T 72(317) 13(217) 0.34 (0.14-0.84) 0020 41(285) 0.90 (046-1.77)  0.756
Dominant CC 36 (159) 17 (283) 1.007f 24(16.7) 1.00°f
CT4TT 191 (84.1) 43(717) 046 (0.22-0.96) 0038"  120(83.3) 102 (056-1.85) 0953
Recessive CT4+CC 155 (68.3) 47 (783) 1.007f 103 (71.5) 1.00°f
T 72(317) 13(217) 0.52 (0.25-1.10) 0.087 41 (285) 087 (0.54-141)  0.569
1510956697
Co-dominant CC 86 (37.9) 26 (43.3) 1.00°f 69 (47.9) 1.007f
AC 114 (50.2) 27 (45.0) 0.84 (043-1.63) 0.609 61 (42.4) 072 (045-1.16)  0.176
AA 27(119) 7(11.7) 1.08 (0.38-3.03) 0.888 14(9.7) 083(039-179) 0636
Dominant CC 86 (37.9) 26 (433) 1.00°f 69 (47.9) 1.00°f
AC+AA 141 (62.1) 34(56.7) 0.88 (0.47-1.66) 0.696 75 (52.1) 073(046-1.14)  0.166
Recessive CC+AC  200(88.1) 53(88.3) 1.007f 130 (90.3) 1.00°f
AA 27 (11.9) 7(11.7) 1.18(0.45-3.13) 0.739 14(9.7) 097 (047-201) 0943

ref reference; AOR Adjusted odds ratio; 95% Cl 95% confidence interval; adjusted for age, BMI ethnicity, smoking and drinking alcohol

* P<0.05 as statically significant

(rs7843546 and rs10956697) and gastric cancer suscep-
tibility in various subgroups. More specifically, the SNP
rs7843546 TT and CT+TT genotype reduced suscepti-
bility to stage I/II gastric cancer, with CC as a reference.
The presence of the rs7843546 T allele was also associ-
ated with a significantly reduced risk of gastric cancer
in a Han population. In addition, we found that smokers
and subjects > 50 years old carrying the AC or AC+ AA
genotype of the WISP1 rs10956697 polymorphism were
less likely than CC homozygotes to develop gastric can-
cer. Both SNPs were discovered, for the first time, to be
associated with the gastric cancer.

Most previous researches on the association between
WISP1 polymorphisms and cancer were focused on the
SNPs rs2929970, rs2929973, and rs2977530. The SNPs
rs2929970 and rs2929973 are located in the 3'UTR of the
WISP1 gene, and rs2977530 is located in introns. In the
first second, in 2010, Frank et al. investigated the associa-
tion between the WISP1 SNP rs2929970 and colorectal
cancer risk but found no evidence for the said risk [26].
Then, in 2015, Chen et al. found that the WISP1 SNPs

rs16893344, rs2977530, rs2977537, and rs62514004 were
related to susceptibility to lung cancer but found no sig-
nificant association for the SNPs rs2929970 or rs2929973
[23]. By contrast, Lau et al. demonstrated that WISP1
SNP rs2929970 carriers with at least one G allele were
susceptible to oral squamous cell carcinoma in 2017
[17]. Moreover, Chen et al. revealed that the WISP1
SNP rs2977530 (AG+ GG) was associated with hepato-
cellular carcinoma development and that WISP1 SNPs
rs62514004 (AG+ GG) and rs16893344 (CT + TT) were
correlated with lower risks of large tumor size, reach-
ing a later clinical stage of hepatocellular carcinoma, in
2018 [16]. Furthermore, Lin et al. demonstrated that the
genotypes AG+ GG in cases of WISP1 SNP rs2977530
reduced the susceptibility of Taiwanese women to inva-
sive cervical cancer, whereas genotype AA in cases of
rs2977537 increased said risk [19]. In addition, Lee et al.
indicated that patients with urothelial cell carcinoma car-
rying rs2977530 genetic variants (AG+ GG) had a higher
risk of developing a more invasive tumor stage and a
large tumor [15]. Wang et al. found that breast cancer
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Table 4 Distribution frequency of WISPTpolymorphisms in controls and gastric cancer patients stratified by ethnicity
Variables Han Zhuang
Cancer Controls OR (95% Cl) P Cancer Controls OR (95% Cl) P
(N=99) (N=112) (N=92) (N=100)
152929973
Co-dominant TT 50 56 1.007f 45 40 1.007f
TG 38 40 1.19(0.62-2.29) 0.601 40 42 0.90(0.46-1.74) 0.750
GG 11 16 0.93(0.37-2.36) 0.875 7 18 0.36(0.13-1.02) 0.054
Dominant TT 50 56 1.007f 45 40 1.007f
TG+GG 49 56 1.08(0.59-1.96) 0.801 47 60 0.73(0.39-1.36) 0.324
Recessive TT+TG 88 % 1.00°f 85 82 1.007f
GG 11 16 0.85(0.35-2.06) 0.714 7 18 0.38(0.14-1.02) 0.055
1s7843546
Co-dominant CC 23 14 1.00%f 15 17 1.007f
cT 50 61 0.33(0.14-0.78) 0012 52 51 1.53(0.64-3.64) 0.335
T 26 37 0.29(0.11-0.76) 0.012" 25 32 0.94(0.37-2.38) 0.896
Dominant CC 23 14 1,007 15 17 1.00°f
CT4TT 76 98 0.32(0.14-0.74) 0.007" 77 83 1.27(0.56-2.87) 0570
Recessive CT+CC 73 75 1.00°f 67 68 1.00°f
T 26 37 0.73(0.37-141) 0348 25 32 0.69(0.35-1.36) 0.285
rs10956697
Co-dominant CC 48 41 1,007 41 36 1.00°f
AC 38 58 0.71(0.37-1.36) 0308 44 50 0.82(0.43-1.56) 0.542
AA 13 13 1.23(047-3.23) 0678 7 14 0.52(0.18-1.56) 0.246
Dominant CC 48 41 1.00%f 41 36 1.007f
ACH+AA 51 71 0.78(0.42-142) 0412 51 64 0.76(0.41-1.42) 0.385
Recessive CC+AC 86 99 1,007 85 86 1,007
AA 13 13 142(0.57-3.51) 0449 7 14 0.59(0.21-1.65) 0310

ref reference; AOR Adjusted odds ratio; 95% Cl 95% confidence interval; adjusted for gender, age, BMI smoking and drinking alcohol; * P<0.05 as statically significant

patients with the WISP1 rs2929973 GG+ TT genotype
were likely to develop estrogen receptor (ER)- and pro-
gesterone receptor (PR)-positive tumor status [14]. Our
study does not support the hypothesis that WISP1 poly-
morphisms contribute to gastric cancer risk. However,
our results provide evidence that gastric cancer subsets
may be affected. Our results parallel the previous results
reported by Lee [15], Chen [16], and Frank [26] but are
not in accord with the results reported by Lau [17], Lin
[19], and Wang [14]. These results demonstrate the vari-
ety of WISP1 polymorphisms in various cancers. There
are two potential reasons for these inconsistencies that
we may consider. One is that WISP1 expression varies
in different cancers. Recent research has revealed that
the roles of WISP1 in cancer occurrence and progres-
sion are diverse in different kinds of cancer. For example,
WISP1 was found to negatively regulate the progress of
cell motility and invasion via the inhibition of Rac func-
tion through integrins in lung cancer [27]. In contrast,
WISP-1 was up-regulated in gastric cancer tissues as
compared with their adjacent noncancerous tissues,

suggesting that WISP-1 acts as an oncogene in gastric
cancer. Similar results were found in previous studies
of liver cancer [28], breast cancer [29], and endometrial
adenocarcinoma [30]. The other potential reason is that
the various ethnicities of the patients included in the
aforementioned studies. Frank [26] studied Caucasians,
but Wang [14], Lin [19], Lee [15], Lau [17], and Chen [16,
18, 23] studied Asians. Our samples are taken from South
Chinese population that is East Asian. In particular, our
results revealed that the SNP rs7843546 TT genotype
was associated with a significantly reduced risk of gastric
cancer in a Han population but not a Zhuang population.
This further indicated that WISP1 genotype distributions
are different in different ethnicities.

Helicobacter pylori infection, aging, gender, smoking,
and alcohol consumption are the main risk factor for the
development of gastric cancer [31]. In order to rule out
the influence of a confounding factor, H. pylori infec-
tion, we did not include H. pylori infection patients in
our study. We further analyzed the correlations of WISP1
SNP polymorphisms with other confounding factors for
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Table 5 Distribution frequency of WISPTpolymorphisms in controls and gastric cancer patients stratified by cell differentiation

Variables Moderate and poor differentiation Well differentiation
Controls (N=227) Cancer (N=168) AOR (95% Cl) P Cancer (N=36) AOR (95% Cl) P

rs2929973

Co-dominant TT 102(44.9) 81(48.2) 1.00°f 19(52.8) 1,007

TG 91(40.1) 72(42.9) 103(065-162) 0912 13(36.1) 0.86(0.36-2.07)  0.730

GG 34(15.0) 15(8.9) 060(029-121) 0151 4(11.1) 0.96(027-339) 0953

Dominant TT 102(44.9) 81(48.2) 1.00°f 19(52.8) 1,007

TG+GG 125(55.1) 87(51.8) 0.90(058-137) 0612  17(47.2) 0.88(0.39-1.99)  0.766

Recessive TT+TG 193(85.0) 153(91.1) 1.00°f 32(88.9) 1,007

GG 34(15.0) 15(89) 0.59(030-1.14) 0117  4(11.1) 103(031-342) 0960
157843546

Co-dominant CC 36(15.9) 34(20.2) 1.00°f 7(19.4) 1,007

cT 119(52.4) 86(51.2) 0.79(045-141) 0426  23(639) 1.14(040-324) 0801

TT 72(31.7) 48(28.6) 071(038-131) 0272  6(16.7) 042(0.11-156)  0.197

Dominant CC 36(15.9) 34(20.2) 1.00°f 7(19.4) 1.007f

CT4TT 191(84.1) 134(79.8) 0.77(045-132) 0333 29(80.6) 087(031-2.39)  0.782

Recessive CT+CC 155(68.3) 120(71.4) 1.007f 30(833) 1.007f

T 72(317) 48(28.6) 0.86(0.54-1.35) 0504  6(16.7) 038(0.14-1.07) 0067
1510956697

Co-dominant CC 86(37.9) 79(47.0) 1.007f 16(44.4) 1.00"f

AC 114(50.2) 70(41.7) 0.73(046-1.14) 0165  18(50.0) 0.90(039-2.04) 0792

AA 27(11.9) 19(11.3) 096(047-1.93) 0902  2(56) 067(0.13-3.55) 0636

Dominant CC 86(37.9) 79(47.0) 1.00°f 16(44.4) 1,007

AC+AA 141(62.1) 89(53.0) 0.76(049-1.16)  0.201 20(55.6) 0.86(039-193) 0719

Recessive CC+AC  200(88.1) 149(88.7) 1.007f 34(94.4) 1.007f

AA 27(11.9) 19(11.3) 1.12(058-2.17) 0739  2(56) 0.71(0.14-3.55) 0677

ref reference; AOR Adjusted odds ratio; 95% Cl 95% confidence interval; adjusted for gender, age, BMI, ethnicity, smoking and drinking alcohol

gastric cancer patients. After stratifying individuals into
smokers and nonsmokers, smokers with the AC geno-
type in WISP1 SNP rs10956697 displayed a 0.28-fold
lower risk (95% CI 0.09-0.82) of gastric cancer. Smoking
is a well-known carcinogen, including for gastric cancer,
and nicotine exposure is suggested to promote cancer
progression by activating the Wnt/B-catenin and Wnt/
PCP signaling pathways [32]. Aging is also a significant
risk factor for gastric cancer. We stratified our included
subjects according to a person’s age. We found that sub-
jects>50 years old carrying the WISP1 rs10956697 AC
genotype were at a 0.58-fold (95% CI 0.35-0.98) lower
risk than CC homozygotes of developing gastric cancer.
Aging is the process of the degeneration of the body,
from constitutive substances and tissue structures to
physiological functions [33]. The time-dependent accu-
mulation of cellular damage is widely considered to be
the general cause of aging [34]. Concomitantly, cellular
damage may occasionally provide aberrant advantages to
certain cells, which can eventually produce cancer [33].
The current findings must be interpreted in light of
several potential limitations. Firstly, we did not obtain

positive results in overall cases, but we did obtain some
positive results in the subgroup analysis. The evidence
for different effects on the part of aging, smoking, and
ethnicity on gastric cancer risk was suggestive but not
conclusive. The sample size for the study was not large
enough, and the sample size in each subgroup was too
small; thus, the results lack statistical power and robust-
ness. A larger independent-cohort study is required to
confirm the result we obtained. Secondly, the study was
limited to eligible participations in Guangxi (Southwest
China), which may not be representative of the entire
Chinese population. Therefore, these findings may not be
generalized to other populations. Thirdly, this research
was based on data from individual participants, and
only three SNPs of the WISP1 gene were selected, which
restricted interpretations regarding gene-to-gene inter-
actions. These limitations restrict the interpretation
and extrapolation of the current findings. The evidence
for different effects on the part of age, smoking, ethnic
group, and cancer stage on gastric cancer risk is sug-
gestive but not conclusive. The mechanisms underlying
these differences are also still unknown. One potential
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explanation may be the limited study numbers. After we
stratified our population by age, smoking status, ethnic
group, and cancer stage, the sample size grew smaller in
each subgroup. Thus, the results lack statistical power
and robustness. It would be interesting to identify more
validation cohorts from other regions and more SNPs in
the WISP1 gene and thus investigate their associations
with gastric cancer risk.

Conclusions

Overall, we could not identify a significant associa-
tion between WISP1 SNPs rs2929973, rs7843546, and
rs10956697 and gastric cancer risk. However, our results
suggest that a subset of subjects may be affected, includ-
ing patients with>50 years old carrying the AC geno-
type of rs10956697, smoking patients carrying the AC
or AC+ AA genotype of rs10956697, Han people carry-
ing the CT or TT genotype of rs7843546, and stage I/I1
gastric patients carrying TT and CT+TT genotype of
rs7843546. All these polymorphisms were, for the first
time, discovered to represent a significantly reduced risk
of gastric cancer. Replication in further epidemiologic
studies and functional analyses is warranted to confirm
these findings.
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