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1Changzhi Medical College, Changzhi City, Shanxi Province, China, 2Heping Hospital Affiliated to
Changzhi Medical College, Changzhi City, Shanxi Province, China
Studies have confirmed that prostate stem cell antigen (PSCA) rs2294008 C>T

polymorphism is related to gastric cancer susceptibility, but some studies have

reached the opposite conclusion. In this meta-analysis, we attempted to clear

up these differences and explore the relationship between the different factors

that influence susceptibility to gastric cancer. Studies with publication dates

that preceded 16 April 2022 were selected from PubMed, Springer, EMBASE,

and Web of Science, and the relationship between risk models and gastric

cancer was analyzed by odds ratios (ORs) and 95% confidence intervals.

Consequently, it was confirmed that PSCA rs2294008 polymorphism leads to

an increased risk of gastric cancer. Subgroup analysis found that individuals

with diffuse gastric cancer, non-cardia gastric cancer,Helicobacter pylori (HP)-

positive or who are from the white or Asian population faced an increased

susceptibility to gastric cancer. Those from the white populations faced

significantly higher risks than Asians, and the association of PSCA with gastric

cancer could be significantly increased by genome-wide association analysis.

However, the conclusion that smoking reduces susceptibility to gastric cancer

appears to be abnormal. Further prospective investigations that involve

smoking and have a larger sample size are required.

KEYWORDS
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Introduction

Gastric cancer (GC) has been widely studied for decades due to its extremely high

morbidity and mortality rates. According to statistics, in 2020, around 1 million

individuals have been diagnosed with gastric cancer and approximately 769,000 people

have died of this disease, accounting for 7% of global deaths (1). The diversity of gastric

cancer genes is a pivotal factor that hinders the precise treatment of GC. Among them,

single nucleotide polymorphism (SNP) is an important cause of gene diversity, and
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several studies show that SNPs can be used as predictive

biomarkers of human genetic variation to detect individual

cancer risk.

Prostate stem cell antigen (PSCA) is a protein derived from

normal epithelial tissues of the bladder, kidney, esophagus, and

stomach (2). SNPs in PSCA are associated with various tumors

such as rs1045531 that increases the risk of prostate cancer in

Chinese men (2), rs2294008 that increases susceptibility to

gastric and bladder cancers (3), and while rs2294008 alters the

progesterone receptor status, together with rs2976392, it

increases the risk of breast cancer (4). Differences in SNPs can

affect the biological behavior of tumors. Therefore, the study of

SNPs will help to elucidate the function of PSCA, the low

expression of which has been confirmed to be significantly

associated with poor overall survival rates in gastric cancer (5).

Among the SNPs in PSCA, rs2294008 and rs2976392 have been

shown to significantly increase susceptibility to gastric cancer

(6). Given that rs2976392 only increases cancer risk in Asian

populations, rs2294008 may be more reasonable as a potential

universal gastric cancer biomarker.

Several recent meta-analyses of PSCA rs2294008 C>T and

GC susceptibility have confirmed the association. However,

some of the most recent studies have suggested some different

points. Sung et al. (7) found that PSCA has a carcinogenic effect

on gastric cancer, but Alikhani et al. (8) never found a

correlation between PSCA rs2294008 and gastric cancer. In

addition, SNPs are closely related to gender, ethnicity, habits,

etc. It has been reported that the prevalence of GC in men was

twice that in women in the last century, but this ratio is now

being inverted (9). Cai et al. (10) found a synergy between

Helicobacter pylori (HP) and PSCA, but this information had not

been analyzed before. Thus, we conducted this meta-analysis

and compared how gender, HP infection, smoker status, and the

genotyping methods discussed contribute to or indicate

susceptibility to gastric cancer to improve the study of the

correlation between PSCA rs2294008 C>T and gastric cancer.
Materials and methods

Search strategy

Studies on PSCA rs2294008 C>T polymorphisms were

found using PubMed, Springer, EMBASE, and Web of Science

and examined to determine the association with gastric cancer

risk. Literature on the subject published before 16 April 2022 was

included. The search was completed using these keywords:

“PSCA” or “prostate stem cell antigen”, “polymorphism” or

“SNP” or “gene” and “gastric cancer” or “stomach cancer” or

“GC”. Eligible literature was retrieved from all of the

publications. Furthermore, we hand-collected additional

literature from the reference lists of review articles examined

to ensure all potential eligible publications are included.
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Inclusion criteria

The studies were included according to these rules: (1) the

research mentions the correlation between PSCA rs2294008 C>T

polymorphism and the risk of GC. (2) It meets the requirements of

a case-control study. (3) The study provides odds ratios (ORs) and

95% confidence intervals (CIs).; (4) Published literature provides

detailed genotype distribution data. (5) The study subjects were

gastric cancer patients and healthy people (precancerous lesions and

other types of diseases were excluded).
Data extraction and summary

Data were screened by two fellows, and if any disagreement

was unresolved, it was referred to a third researcher. For the

record, the following information was extracted from all analyzed

data: first author, year, country, ethnicity, control origin

(population or hospital), genotyping method [e.g., Taqman,

PCR-restriction fragment length polymorphism (RFLP), and

Genome-Wide Association Studies (GWAS)], case and control

sample quantities, distribution frequency of each genotype,

Lauren classification (intestinal and diffuse), anatomical site

(cardia and non-cardia), gender, HP infection, smoker status,

and Hardy–Weinberg equilibrium (HWE) test results.
System analysis

Genetic models were formed according to genotype, and the ORs

and 95% CIs of each model were determined to evaluate the

relationship between PSCA rs2294008 C>T polymorphism and

gastric cancer risk. They were then divided according to genotype

distribution: the dominant model (CT+TT vs. CC), the recessive

model (TT vs. CT+CC), homozygous (TT vs. CC), heterozygous (CT

vs. CC), and the allelic (T vs. C). The goodness-of-fit chi-square test

was used to test the deviation of the control group from the HWE,

with a significant imbalance at the 0.05 level. A chi-square-based Q

test was used to estimate heterogeneity in the different studies and the

I2 statistic to quantify it. In cases where P<0.05 indicates significant

heterogeneity between studies, the random-effects model was

conducted. In other cases, a fixed-effect model was employed. The

sensitivity analysis excluded each study once, and the summary ORs

with 95%CIs were recalculated to determine how stable the summary

data were. Begg’s and Egger’s tests were used to determine publication

bias. Every statistic was performed using the Stata 15.0 software.

Results

Research characteristics

This meta-analysis included 28 eligible literature articles and

18,495 patients and 19,219 healthy controls (7, 8, 10–33).
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Specific information on the included literature is shown in

Table 1. Except for five articles, the control genotypes of all

related studies had P-values higher than 0.05 in Hardy–

Weinberg equilibrium (HWE), which is consistent with the

genetic equilibrium in Mendelian populations. Figure 1 shows

the process of searching for and selecting literature.

Among these studies , there are seven on white

populations, 21 on Asians, and one on the Latin-American

population. These populations were studied using the

Taqman, Polymerase Chain Reaction-restriction fragment

length polymorphism, Genome-Wide Association Studies,

MassARRAY, and six other methods for genotyping. To

differentiate control sources, they were further grouped into

population-based (population-based controls) and hospital-
Frontiers in Gastroenterology 03
based (hospital-based controls), totaling 10 PBs and 19 HBs.

In addition, we used Lauren classification, anatomical

location, gender, HP infection, and smoker status as

subgroups to study their effects on PSCA rs2294008 C>T

polymorphism, including 12 anatomical subgroups with clear

genotyping—six per gender and smoker status, and then four

per Lauren classification and HP infection subgroup—

were used.
Quantitative synthesis results

By pooling all of the data together (Table 2), the

polymorphism of PSCA rs2294008 C>T was associated with
TABLE 1 Study characteristics included in the meta-analysis.

Reference Case Control

Country Ethnicity SOC Genotyping Case Control CC CT TT CC CT TT HWE

Lochhead et al. (2011) (11) USA White PB Taqman 308 208 85 129 94 49 110 49 0.405

Lochhead et al. (2011) (11) Poland White PB Taqman 292 382 47 143 102 101 166 115 <0.05

Sala et al. (2012) (12) Europe White PB Taqman 409 1,515 93 198 118 491 714 310 0.0884

Rizzato et al. (2013) (13) Germany White PB Taqman 178 1,057 23 86 69 231 507 319 0.2692

Kupcinskas et al. (2014) (14) Lithuania White HB Taqman 251 243 33 116 102 64 123 56 0.834

Sun et al. (2014) (15) USA White HB Taqman 130 125 17 64 49 30 63 32 0.9264

Garcia-Gonzalez et al. (2015) (34) Spain White HB Taqman 603 675 154 302 147 199 346 130 0.3495

Gonzales-Hormazabal et al. (2020) (16) Chile Other HB Other 307 310 110 162 35 87 156 67 0.851

The Study Group of Millennium Genome
Project for Cancer et al. (2008) (17)

Korea Asian HB Taqman 871 390 133 461 277 122 176 92 0.069

The Study Group of Millennium Genome
Project for Canceret al. (2008) (17)

Japan Asian HB GWAS 1,524 1,396 96 700 728 210 650 536 0.5738

Wu et al. (2009) (18) China Asian PB PCR-RFLP 1,710 995 759 819 132 506 412 77 0.5865

Matsuo et al. (2009) (19) Japan Asian HB Taqman 708 708 330 329 49 273 338 97 0.6378

Ou et al. (2010) (20) China Asian HB PCR-RFLP 196 246 85 93 18 132 96 18 0.9243

Lu et al. (2010) (21) China Asian PB PCR-RFLP 1,023 1,069 547 404 72 605 387 77 0.1664

Zeng et al. (2011) (22) China Asian HB PCR-RFLP 460 549 202 216 42 289 223 37 0.4932

Song et al. (2011) (23) Korea Asian HB PCR-RFLP 3,239 1,700 570 1620 1049 414 818 468 0.1305

Li et al. (2012) (24) China Asian PB Other 300 300 124 141 35 168 111 21 0.6501

Zhao et al. (2013) (25) China Asian PB Other 717 951 275 342 100 465 401 85 0.9127

Ichikawa et al. (2015) (26) Japan Asian HB PCR-RFLP 193 266 24 104 65 52 119 95 0.1851

Zhang et al. (2015) (27) China Asian HB Other 475 480 227 207 41 261 183 36 0.6177

Mou et al. (2015) (28) China Asian PB Other 198 130 23 126 49 5 34 91 0.4257

Turdikulova et al. (2016) (29) Uzbekistan Asian HB PCR-RFLP 268 248 78 190 0 119 109 20 0.4721

Qiu et al. (2016) (30) China Asian HB Taqman 1,124 1,192 537 489 98 663 383 146 <0.05

Sun et al. (2015) (31) China Asian HB Taqman 702 774 332 309 61 405 297 72 0.1052

Cai et al. (2017) (10) China Asian PB PCR-RFLP 485 488 215 225 45 268 173 47 <0.05

Sung et al. (2017) (7) China Asian HB GWAS 194 170 24 112 58 54 84 32 0.9473

Yan et al. (2019) (32) China Asian HB Taqman 549 592 269 236 44 337 191 64 <0.05

Alikhani et al. (2020) (8) Iran Asian HB PCR-RFLP 99 96 62 29 8 63 24 9 <0.05

Guan (2020) (33) China HB Asian Other 982 1,964 615 337 30 1,071 744 149 0.2115
frontier
SOC, source of control; HB, hospital-based controls; PB, population-based controls; GWAS, Genome-Wide Association Studies; PCR-RFLP, Polymerase Chain Reaction-restriction
fragment length polymorphism; HWE, Hardy-Weinberg equilibrium.
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an increased risk of GC (CT+TT vs. CC: OR=1.42, 95% CI: 1.24–

1.63; TT vs. CT +CC: OR=1.03, 95% CI: 0.86–1.23; TT vs. CC:

OR=1.29, 95% CI: 1.02–1.62; CT vs. CC: OR=1.43, 95% CI: 1.26–

1.61; and T vs. C: OR=1.15, 95% CI: 1.03–1.29) (Figure 2).

Stratified by ethnicity, PSCA rs2294008 was most significant in

white populations (CT+TT vs. CC: OR=1.56, 95% CI: 1.01–1.20;

TT vs. CT+CC: OR=1.51, 95% CI: 1.32–1.73; TT vs. CC:

OR=1.92, 95% CI: 1.49–2.48; CT vs. CC: OR=1.38, 95% CI:

1.07–1.78; and T vs. C: OR=1.38, 95% CI: 1.22–1.57). From the

subgroup analysis of genotyping technology, Genome-Wide

Association Studies was very significant in the detection of

related cancer susceptibility (CT+TT vs. CC: OR=2.74, 95%

CI: 2.18–3.45; TT vs. CT+CC: OR=1.49, 95% CI: 1.30–1.72;

TT vs. CC: OR=3.11, 95% CI: 2.43–3.98; CT vs. CC: OR=2.46,

95% CI: 1.94–3.13; and T vs. C: OR=1.59, 95% CI: 1.33–1.91).

Furthermore, we found that the PSCA rs2294008 C>T

polymorphism was associated with GC anatomical location,

Lauren classification, HP infection status, and smoker status,

while gender was not significantly associated with PSCA

rs2294008 expression.
Sensitivity and heterogeneity analyses

The analysis of the included studies revealed significant

heterogeneity (CT+TT vs. CC: P<0.00001, I 2 = 87.5%; TT vs. CC

+CT: P<0.00001, I 2 = 87.5%; TT vs. CC: P<0.00001, I 2 = 89.1%; CT

vs. CC: P<0.00001, I 2 = 81.9%; and T vs. C: P<0.00001, I 2 = 91.9%).

Sensitivity analyses were repeated, ignoring one study per repetition

in order to identify sources of heterogeneity. The results showed
Frontiers in Gastroenterology 04
that the main sources of heterogeneity were Mou et al. (28),

Turdikulova et al. (29), and Gonzalez-Hormazabal et al. (16). The

heterogeneity was significantly reduced after excluding the above

three studies (CT+TT vs. CC: P<0.00001, I 2 = 80.5%; TT vs. CC

+CT: P<0.00001, I 2 = 74.9%; TT vs. CC: P<0.00001, I 2 = 83.0%; CT

vs. CC: P<0.00001, I 2 = 72.9%; and T vs. C: P<0.00001, I 2 = 74.0%).
Publication bias

We performed statistical analysis on publication bias in the

included literature. The result is shown in Figure 3. Begg’s funnel

plot for the dominant model is symmetrical, and no significant

bias is shown, which was confirmed by Egger’s test (dominant:

P=0.180, recessive: P=0.106, homozygous: P=0.272,

heterozygous: P=0.141, and allelic: P=0.640).
Discussion

Prostate stem cell antigen (PSCA) is a protein that

binds to the cell surface, and the two are linked by

glycosylphosphatidylinositol (GPI). PSCA is found in the human

bladder, prostate epithelial cells (35), and stomach, and for the

latter, is expressed in the isthmus of the gastric gland. Studies have

shown that there may be proliferative precursor cells in the isthmus,

and PSCA can act on those cells to negatively affect tumor

proliferation (17). Xu et al. (35) detected by Western blotting that

the content of PSCA in GC was much lower than that in normal

gastric mucosa. With in vitro functional experiments, silencing
FIGURE 1

Literature search and screening flowchart.
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PSCA could promote the proliferation of GC cells, and

overexpression would lead to inhibition. In the previous meta-

analysis (6), it was confirmed that the PSCA rs2294008 C>T

polymorphism level was significantly raised in GC.
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In this updated meta-analysis, with a total of 28 studies

containing 18,495 patients and 19,219 healthy controls, we

confirmed that PSCA rs2294008 was clearly associated with

GC susceptibility, particularly evident in dominant models.
TABLE 2 Meta-analysis of prostate stem cell antigen (PSCA) rs2294008 association with gastric cancer subgroups.

Variables No. of

studies

Homozygous

(TT vs. CC)

Heterozygous

(CT vs. CC)

Recessive

[TT vs. (CT+CC)]

Dominant

[(CT+TT) vs. CC]

Allelic

(Comparing T vs. C)

OR

(95% CI)

P eff P het OR

(95% CI)

P eff P het OR

(95% CI)

P eff P het OR

(95% CI)

P eff P het OR

(95% CI)

P eff P het

All 28 1.36 (1.09,

1.69)

0.006 <0.00001 1.46 (1.31,

1.63)

<0.001 <0.00001 1.07 (0.90,

1.27)

0.428 <0.00001 1.46 (1.29,

1.65)

<0.001 <0.00001 1.17 (1.05,

1.31)

0.004 <0.00001

Ethnicity

White 7 1.92 (1.49,

2.48)

<0.001 0.033 1.38 (1.07,

1.78)

0.013 0.009 1.51 (1.32,

1.73)

<0.001 0.333 1.56 (1.21,

2.01)

0.001 0.004 1.38 (1.22,

1.57)

<0.001 0.029

Asian 20 1.26 (0.97,

1.64)

0.087 <0.00001 1.52 (1.35,

1.73)

<0.001 <0.00001 0.97 (0.78,

1.20)

0.76 <0.00001 1.48 (1.28,

1.70)

<0.001 <0.00001 1.18 (1.05,

1.31)

0.004 <0.00001

Other 1 0.41 (0.25,

0.68)

<0.001 / 0.82 (0.57,

1.17)

0.28 / 0.47 (0.30,

0.73)

/ / 0.70 (0.50,

0.98)

/ / 0.37 (0.29,

0.46)

<0.001 /

Genotyping

Taqman 12 1.45 (1.03,

2.05)

0.035 <0.00001 1.40 (1.15,

1.70)

0.001 <0.00001 1.17 (0.92,

1.50)

0.203 <0.00001 1.45 (1.17,

1.79)

0.001 <0.00001 1.26 (1.09,

1.45)

0.002 <0.00001

PCR-

RFLP

9 1.30 (1.05,

1.60)

0.016 0.214 1.47 (1.28,

1.69)

<0.001 0.015 1.07 (0.89,

1.28)

0.475 0.06 1.43 (1.27,

1.61)

<0.001 0.044 1.21 (1.15,

1.28)

<0.001 0.618

GWAS 2 3.11 (2.43,

3.98)

<0.001 0.374 2.46 (1.94,

3.13)

<0.001 0.443 1.49 (1.30,

1.72)

<0.0001 0.389 2.74 (2.18,

3.45)

<0.001 0.457 1.59 (1.33,

1.91)

<0.001 0.195

Other 5 0.84 (0.37,

1.93)

0.685 <0.00001 1.26 (0.99,

1.62)

0.064 0.03 0.74 (0.30,

1.83)

0.516 <0.00001 1.11 (0.76,

1.63)

0.582 <0.00001 0.78 (0.42,

1.44)

0.421 <0.00001

SOC

PB 10 1.36 (1.01,

1.84)

0.042 <0.00001 1.37 (1.19,

1.58)

<0.001 0.012 1.06 (0.75,

1.50)

0.737 <0.00001 1.39 (1.18,

1.64)

<0.001 <0.00001 1.15 (0.96,

1.38)

0.118 <0.00001

HB 18 1.37 (1.01,

1.85)

0.042 <0.00001 1.52 (1.30,

1.78)

<0.001 <0.00001 1.08 (0.88,

1.31)

0.469 <0.00001 1.52 (1.27,

1.81)

<0.001 <0.00001 1.19 (1.03,

1.37)

0.019 <0.00001

Subgroup by location

Cardia 6 1.13 (0.75,

1.70)

0.572 0.135 0.95 (0.65,

1.39)

0.778 0.039 1.17 (0.90,

1.51)

0.232 0.496 0.99 (0.68,

1.44)

0.969 0.031 1.05 (0.85,

1.30)

0.629 0.095

Non-

cardia

6 1.71 (1.38,

2.12)

<0.0001 0.493 1.27 (1.03,

1.56)

0.023 0.228 1.53 (1.28,

1.83)

<0.0001 0.501 1.40 (1.18,

1.65)

<0.0001 0.36 1.33 (1.19,

1.48)

<0.0001 0.362

Subgroup by histology

Intestinal 12 1.39 (1.01,

1.91)

0.046 <0.00001 1.34 (1.11,

1.62)

0.002 <0.00001 1.17 (0.95,

1.44)

0.13 <0.00001 1.37 (1.10,

1.70)

0.004 <0.00001 1.21 (1.05,

1.41)

0.01 <0.00001

Diffuse 12 2.44 (1.63,

3.65

<0.0001 <0.00001 1.71 (1.26,

2.33)

0.001 <0.00001 1.67 (1.35,

2.06)

<0.0001 0.001 1.91 (1.38,

2.66)

<0.0001 <0.00001 1.52 (1.29,

1.79)

<0.0001 <0.00001

Helicobacter pylori

Positive 3 1.20 (0.83,

3.14)

0.966 <0.00001 1.17 (0.80,

1.71)

0.426 0.007 1.26 (0.71,

2.35)

0.84 <0.00001 1.20 (0.70,

2.06)

0.507 <0.00001 1.10 (0.69,

1.76)

0.689 <0.00001

Negative 3 1.08 (0.39,

2.96)

0.884 <0.00001 1.14 (0.66,

1.98)

0.762 0.041 1.08 (0.51,

2.30)

0.839 0.004 1.01 (0.55,

1.82)

0.99 0.002 1.03 (0.62,

1.72)

0.913 <0.00001

Sex

Male 6 1.02 (0.37,

2.85)

0.97 <0.00001 1.23 (1.03,

1.46)

0.021 0.060 0.96 (0.44,

2.12)

0.925 0.001 / / / 1.02 (0.65,

1.61)

0.915 <0.00001

Female 6 0.58 (0.18,

1.84)

0.353 0.015 1.19 (0.95,

1.49)

0.127 0.220 0.59 (0.18,

1.95)

0.391 0.007 1.13 (0.87,

1.47)

0.344 0.078 0.88 (0.56,

1.38)

0.587 0.047

Smoker

Never 6 1.37 (0.36,

5.25)

0.647 <0.00001 1.35 (1.08,

1.69)

0.009 0.033 1.01 (0.41,

2.49)

0.991 0.001 1.50 (0.67,

3.38)

0.323 <0.00001 1.93 (1.26,

2.95)

0.002 0.020

Ever 6 1.21 (0.41,

3.58)

0.737 <0.00001 1.16 (0.97,

1.38)

0.102 0.169 1.16 (0.50,

2.66)

0.734 <0.00001 1.18 (0.93,

1.50)

0.161 0.012 1.14 (0.69,

1.88)

0.621 <0.00001
frontie
No., number; vs., versus; OR, odds ratio; CI, confidential interval; PEff, p-value of pooled effect; PHet, p-value of heterogeneity test.
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Sakamoto et al. (17) first found that rs2294008 in Asian

populations regulates the transcriptional activity upstream of

PSCA and has been shown to act on the proliferation process of

gastric cancer. Subsequently, Sala et al. (12) also found that

PSCA rs2294008 SNP in white populations has the same risk

genotype. Our meta-analysis found that in white and Asian
Frontiers in Gastroenterology 06
populations TT genotypes are strongly associated with the

former whereas TC genotypes are associated with cancer risk

in Asians. The difference in association between the ethnicities

indicates that genetic information can significantly affect SNPs.

Whether different genotypes are the main factors affecting the

differences in the susceptibility to gastric cancer among ethnic
FIGURE 2

Forest plots of the relationship between prostate stem cell antigen (PSCA) rs2294008 C>T and GC risk. (A) CT+TT vs. CC; (B) TT vs. CT+CC;
(C) TT vs. CC; (D) T vs. C; and (E) CT vs. CC.
FIGURE 3

Begg’s funnel plot of publication bias test of prostate stem cell antigen (PSCA) rs2294008 C>T polymorphism (CT+TT vs. CC).
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groups needs to be evaluated further. Gonzalez-Hormazabal

et al. (16) found for the first time that PSCA rs2294008 also

increased the risk of cancer in Chilean populations, which

indicated that PSCA rs2294008 could be seen as a biomarker

to estimate the genetic risk of gastric cancer beyond Asian and

white populations.

As genotyping techniques continue to upgrade, whether the

accuracy of various techniques causes bias is also an issue to be

discussed, and the previous five meta-analyses have not analyzed

them. Therefore, we have collected six techniques, namely, Taqman,

PCR-RFLP, Genome-Wide Association Studies, MassARRAY,

DHPLC, and Sequenom, among which 12 studies used Taqman,

nine studies used PCR-RFLP, and two studies used Genome-Wide

Association Studies. Classified as “Other,” this meta-analysis found

statistical significance for all five genotype models. In addition, the

correlation between PSCA rs2294008 C>T and GC has been

confirmed via Taqman, PCR-RFLP, and Genome-Wide

Association Studies, among which GWAS showed a very

significant correlation. However, in-depth studies have found that

a single SNP usually shows only moderately on the GWAS platform

effect. A single SNP usually only has marginal effects, ignoring

epistatic effects between SNPs, which can significantly contribute to

disease susceptibility (18). Taqman has the characteristics of high

precision and low cost in the study of single SNP and large sample

populations (36).Therefore,we recommendgenotypingwithGWAS

when performing susceptibility analysis on SNP pools and Taqman

genotyping on individual SNPs.

Since PSCA is expressed in the gastric gland isthmus,

anatomical factors may influence the location of GC. In this

meta-analysis, the effect of PSCA rs2294008 on non-cardia gastric

cancer was significantly higher than that of cardia gastric cancer,

which was consistent with the results of previous studies (32, 37).

Similarly, the Lauren classification analysis showed that the disease

susceptibility of the diffuse type was higher than that of the

intestinal type. In addition, it was found that gender was not

correlated with PSCA rs2294008 in the gender analysis, which is

opposite to the results of Qiu et al. (30). Considering that the

included studies are basically from Asia, a larger gender subgroup

analysis is required to validate this finding. Smoking is a well-

established risk factor of GC, compared with non-drinkers and

non-smokers, alcoholics and smokers have a two-fold danger of

gastric cancer (38). However, the study found that in all models,

non-smokers are more susceptible than smokers, and this difference

needs careful analysis.

Previous researchers have reported that a group with H.

pylori infection in the same PSCA model may have a greater GC

susceptibility than HP-negative people (10), Tanikawa et al. (39)

found that the growth-promoting effect of the PSCA rs2294008

T gene may increase the risk of HP-induced GC, possibly

because the PSCA protein encoded by the T gene has a 9-

amino acid fragment attached to the N-terminus, which is longer

than the synthetic protein of the C gene, increasing the risk of

cancer by facilitating epithelial cell proliferation (40). A recent
Frontiers in Gastroenterology 07
study showed that HP infection had a stronger effect on PSCA

rs2294008 T carriers, whose PSCA expression was significantly

suppressed compared with HP-negative normal (41). These

studies support our study that the T gene susceptibility was

higher in HP-positive gastric cancer patients than that of the C

gene, and the susceptibility of HP-positive patients is higher than

that of HP-negative patients in all models. We speculate that HP

interacts with PSCA to increase the risk of cancer. However,

there are too many susceptibility factors for HP, and the effect of

PSCA on such factors needs further study.

We found in the sensitivity analysis that the heterogeneity

was significantly reduced after removing the three studies by

Mou et al., Turdikulova et al., and Gonzalez-Hormazabal et al.

By contrast, Mou et al. confirmed that PSCA rs2294008 was not

associated with GC risk, contrary to most results. The study by

Turdikulova et al., conducted primarily in Uzbekistan, found

that only the CT genotype was associated with significant cancer

risk, whereas Asian risk models were susceptible to both TT and

CT genotypes. The study by Gonzalez-Hormazabal et al. showed

that gastric cancer patients in Chile were not statistically

significant in the stealth model, and in a study focusing on

Brazil, PSCA rs2976392 was significantly associated with GC

risk, we speculate that gastric cancer susceptibility in Latin-

American populations may be related to rs2976392, not

rs2976392 and rs2294008, which also needs to be confirmed

by controlled studies in this population.

In this meta-analysis, we analyzed the association between

PSCA rs2294008 and gastric cancer and also analyzed the factors

that may influence the association, such as ethnicity, Lauren

classification, anatomical site, and gender, and the results were

consistent with previous meta-analyses (6, 42). However, the

previous analysis did not evaluate the susceptibility factors of

gastric cancer, making the evidence of rs2294008 as biomarkers

insufficient, while HP infection and smoker status remain key

factors in predicting gastric cancer. Therefore, we performed the

first statistical analysis of the role of both factors in rs2294008

and gastric cancer, and the results were encouraging. HP

infection and rs2294008 correlation was higher than without

HP infection, and this new finding may complement the

influence of HP in gastric cancer biology and further improve

the evidence for rs2294008 as a gastric cancer biomarker.
Conclusion

In conclusion, PSCA rs2294008 C>T can significantly

increase susceptibility to GC, especially in Asian and white

populations, and non-cardia gastric cancer, diffuse gastric

cancer, and HP infection. However, the result that smoking

does not increase susceptibility to gastric cancer seems

abnormal. Due to the limited number of samples, further

prospective studies involving smoking with a more extensive

sample size are needed to clarify.
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34. Garcıá-González MA, Bujanda L, Quintero E, Santolaria S, Benito R, Strunk
M, et al. Association of PSCA rs2294008 gene variants with poor prognosis and
increased susceptibility to gastric cancer and decreased risk of duodenal ulcer
disease: Association of PSCA rs2294008 gene polymorphism with gastric cancer
susceptibility and prognosis. Int J Cancer (2015) 137(6):1362–73. doi: 10.1002/
ijc.29500

35. Classon BJ, Coverdale L. Mouse stem cell antigen sca-2 is a member of the
ly-6 family of cell surface proteins.. Proc Natl Acad Sci USA (1994) 91(12):5296–
300. doi: 10.1073/pnas.91.12.5296

36. Shen G-Q, Abdullah KG, Wang QK. The TaqMan method for SNP
genotyping. In: Komar AA, Totowa ED, editors. Single nucleotide
polymorphisms, vol. 578. NJ: Humana Press (2009). p. 293–306. doi: 10.1007/
978-1-60327-411-1_19

37. Gu Y, Dai QS, Hua RX, Zhang B, Zhu JH, Huang JW, et al. PSCA s2294008
C>T and rs2976392 G>A polymorphisms contribute to cancer susceptibility:
evidence from published studies. Genes Cancer (2015) 6(5–6):254–64.
doi: 10.18632/genesandcancer.63

38. Dong J, Thrift AP. Alcohol, smoking and risk of oesophago-gastric cancer. Best
Pract Res Clin Gastroenterol (2017) 31(5):509–17. doi: 10.1016/j.bpg.2017.09.002

39. Tanikawa C, Urabe Y, Matsuo K, Kubo M, Takahashi A, Ito H, et al. A
genome-wide association study identifies two susceptibility loci for duodenal ulcer
in the Japanese population. Nat Genet (2012) 44(4):430–4. doi: 10.1038/ng.1109

40. Usui Y, Matsuo K, Oze I, Ugai T, Koyanagi Y, Maeda Y, et al. Impact of
PSCA polymorphisms on the risk of duodenal ulcer. J Epidemiol (2021) 31(1):12–
20. doi: 10.2188/jea.JE20190184

41. Toyoshima O, Tanikawa C, Yamamoto R, Watanabe H, Yamashita H,
Sakitani K, et al. Decrease in PSCA expression caused by Helicobacter pylori
infection may promote progression to severe gastritis. Oncotarget (2018) 9
(3):3936–45. doi: 10.18632/oncotarget.23278

42. Geng P, Li J, Wang N, Ou J, Xie G, Liu C, et al. PSCA rs2294008
polymorphism with increased risk of cancer. PloS One (2015) 10(8):e0136269.
doi: 10.1371/journal.pone.0136269
frontiersin.org

https://doi.org/10.1007/s11033-020-05943-0
https://doi.org/10.1038/ng.152
https://doi.org/10.1016/j.ajhg.2010.05.002
https://doi.org/10.1002/ijc.24519
https://doi.org/10.1002/ijc.24519
https://doi.org/10.1089/dna.2009.0960
https://doi.org/10.1002/ijc.25228
https://doi.org/10.1002/mc.20718
https://doi.org/10.1002/mc.20796
https://doi.org/10.7314/APJCP.2012.13.6.2593
https://doi.org/10.3892/mco.2013.70
https://doi.org/10.1111/hel.12183
https://doi.org/10.3390/ijms160511648
https://doi.org/10.3390/ijms160511648
https://doi.org/10.1166/jbn.2015.2113
https://doi.org/10.5195/cajgh.2016.227
https://doi.org/10.18632/oncotarget.7137
https://doi.org/10.1371/journal.pone.0117576
https://doi.org/10.1371/journal.pone.0117576
https://doi.org/10.1042/BSR20181025
https://doi.org/10.1016/j.gene.2020.144941
https://doi.org/10.1002/ijc.29500
https://doi.org/10.1002/ijc.29500
https://doi.org/10.1073/pnas.91.12.5296
https://doi.org/10.1007/978-1-60327-411-1_19
https://doi.org/10.1007/978-1-60327-411-1_19
https://doi.org/10.18632/genesandcancer.63
https://doi.org/10.1016/j.bpg.2017.09.002
https://doi.org/10.1038/ng.1109
https://doi.org/10.2188/jea.JE20190184
https://doi.org/10.18632/oncotarget.23278
https://doi.org/10.1371/journal.pone.0136269
https://doi.org/10.3389/fgstr.2022.944525
https://www.frontiersin.org/journals/gastroenterology
https://www.frontiersin.org

	An association study on PSCA rs2294008 polymorphism and gastric cancer: A meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Inclusion criteria
	Data extraction and summary
	System analysis

	Results
	Research characteristics
	Quantitative synthesis results
	Sensitivity and heterogeneity analyses
	Publication bias

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


