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Abstract: Prostate stem cell antigen (PSCA) is a cell surface protein, which has a cell-proliferation inhibition and/
or cell-death induction activity. Multiple studies have reported the association between PSCA rs2294008 poly-
morphism and cancer risk, which showed inconclusive results. This meta-analysis based on 39 studies involving 
36,742 cases and 64,756 controls was performed to address this issue. We assessed the strength of the associa-
tion, using odds ratios (ORs) with 95% confidence intervals (CIs). The statistical heterogeneity between studies was 
checked by χ2-based Q-test. Overall, the individuals with the TT/TC genotypes were associated with higher cancer 
risk than those with the CC genotype (TT/TC vs. CC: OR = 1.27, 95% CI = 1.17-1.39, Pheterogeneity < 0.001). In the strati-
fied analyses, there was a significantly increased risk of gastric cancer (TT vs. CC: OR = 1.42, 95% CI = 1.16-1.73, 
Pheterogeneity < 0.001; TC vs. CC: 1.40, 1.27-1.55, Pheterogeneity < 0.001) and bladder cancer (TT vs. CC: 1.30, 1.22-1.39, 
Pheterogeneity = 0.417; TT vs. TC/CC: 1.14, 1.08-1.20, Pheterogeneity = 0.458) in all genetic models except recessive model. 
Moreover, significant effects were observed in both Asians and Caucasian populations (TT vs. CC: 1.21, 1.01-1.44, 
Pheterogeneity < 0.001; TT/TC vs. CC: 1.28, 1.14-1.43, Pheterogeneity < 0.001 for Asians and TT vs. CC: 1.46, 1.23-1.74, 
Pheterogeneity < 0.001; TT/TC vs. CC: 1.25, 1.09-1.44, Pheterogeneity < 0.001 for Caucasians). These findings supported that 
PSCA rs2294008 polymorphism may contribute to the susceptibility of cancers, especially among gastric cancer 
and bladder cancer.
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Introduction

Cancer is a long-term multi-process disease 
that results from complex interactions between 
genetic and environmental factors [1]. Among 
the causations of cancer, inherited genetic  
factors accounted for 1%-53% [2]. In the past 
few years, the genome-wide association study 
(GWAS) has been successful in exploring a 
number of cancer-associated loci, thus ad- 
vanced our knowledge of the genetic architec-
ture of cancer [3, 4]. Recently, a couple of un- 
expected, exciting findings from two separate 
GWAS identified a significant association of a 
functional single nuclear polymorphism (SNP) 
in the prostate stem cell antigen (PSCA) gene, 
rs2294008 (C > T), with the risk of gastric can-
cer and bladder cancer at a genome-wide sig-
nificant level (P < 1×10-7) [4, 5].

The PSCA gene consisting of 3 exons and 2 
introns maps approximately 15 Mb distal to 
Myc oncogene on chromosome 8q24, which is 
one of the most frequently amplified regions in 
human cancers [6]. It encodes a small, glyco-
sylphosphatidylinositol-anchored cell surface 
protein PSCA belonging to the Thy-1/LY-6 family 
[7]. The function of PSCA in normal cellular pro-
cesses or carcinogenesis is unknown, but PSCA 
is detected to be overexpressed in a large pro-
portion of prostate cancers and abnormally ex- 
pressed in lots of malignancies including gas-
tric cancer, esophageal cancer, bladder cancer, 
clear cell renal cell carcinoma and pancreatic 
cancer [8-11]. The investigations on PSCA 
before have been largely focusing on its poten-
tial application as a cancer biomarker and ther-
apeutic target [7, 11].
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In recent years, an increasing number of stud-
ies have investigated the association between 
PSCA rs2294008 and cancer risk in human. 
Most focused on gastric and bladder cancer, 
and to a less extent on the cancers of prostate, 
colorectal, esophageal, breast and cervical [9, 
12-19]. The rs2294008 polymorphism denotes 
a C > T transition in exon 1 of the PSCA gene, at 
the presumed translation-initiating codon. It is 
reported that the T allele of rs2294008 result-
ed in a significant reduction in transcriptional 
activity of the PSCA promoter in vitro [4]. Re- 
cently, Wang et al. conducted a meta-analysis 
to assess the association between PSCA poly-
morphisms and risk of gastric cancer, and they 
found an increased risk for gastric and bladder 
cancer associated with rs2294008 T allele, 
which is in consistent with the results of other 
meta-analyses [20-25]. However, more studies 
on PSCA rs2294008 and different cancer risk 
have been published and the results remain 
conflicting rather than conclusive. Given the 
biological functions of PSCA protein involved in 
cancer incidences such as cell-proliferation 
inhibition and/or cell-death induction activity 
[4], we performed a meta-analysis on all pub-
lished case-control studies to estimate the 
overall cancer risk of this rs2294008 polymor-
phism and to quantify heterogeneity between 
the individual studies.

Materials and methods

Publication search

In order to identify the relative papers on PSCA 
rs2294008 C > T polymorphism and cancer 
risk, we carried out a search in PubMed and 
EMBASE databases, using the following key 

criteria: (1) use an independent case-control 
design, (2) evaluation of the association be- 
tween PSCA rs2294008 C > T polymorphism 
and cancer risk, and (3) provide complete in- 
formation about all genotype frequency.

Data extraction and quality assessment

Two of the authors extracted all data indepen-
dently according to the inclusion criteria listed 
above and reached a consensus on all the 
items. For each study, the following basic in- 
formation was collected: the first author’s last 
name, publication date, country of origin, eth-
nicity, cancer type, source of controls (popu- 
lation-or hospital-based controls), genotyping 
methods and numbers of genotyped cases and 
controls. Different ethnic descents were cate-
gorized as Asian and Caucasian. For study in- 
cluding subjects of different cancer types, data 
were extracted separately whenever possible. 
The study quality was assessed according to 
the quality assessment criteria (Supplemen- 
tary Table 1), which was developed for genetic 
association studies [26]. Total scores range 
from 0 (worst) to 12 (best).

Statistical analysis

The departure of frequencies of PSCA rs229- 
4008 C > T polymorphism from expectation 
under Hardy-Weinberg equilibrium (HWE) was 
assessed by χ2 test in controls. Odds ratios 
(ORs) corresponding to 95% confidence inter-
vals (CIs) were used to assess the strength of 
association between PSCA rs2294008 C > T 
polymorphism and cancer risk. The statistical 
significance of the summary OR was deter-
mined with the Z-test. We first estimated the 

Figure 1. Studies identified 
with criteria for inclusion and 
exclusion.

words: “PSCA” or “prostate 
stem cell antigen”, “polymor-
phism” and “cancer” (the last 
search update was 30 July 
2016). In addition, references 
of all included articles were 
also identified by a manual 
search and studies match- 
ing the eligible criteria were 
retrieved.

Inclusion criteria

Studies included in the cur-
rent meta-analysis have to 
meet the following inclusion 
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Table 1. Characteristics of eligible studies included in the meta-analysis

First  
author Year Country Ethnicity Cancer 

types
Source of 
controls

Genotyping 
method

Genotype (N)
HWE Quality 

scoreCase Control
Total TT TC CC Total TT TC CC

Qiu 2016 China Asian Gastric PB Taqman 1124 98 489 537 1192 146 383 663 < 0.01 7
Wang S 2016 China Asian Cervical HB Taqman 1126 48 469 609 1237 92 527 618 0.16 8
Wang M 2016 China Asian Breast HB MassARRAY 560 56 231 273 583 37 247 299 0.14 9
Mou 2015 China Asian Gastric HB Multiplex PCR 198 49 126 23 130 91 34 5 0.43 2
Maria 2015 Spain Caucasian Gastric PB Taqman 603 147 302 154 675 130 346 199 0.35 9
Sun 2015 China Asian Gastric HB Taqman 702 61 309 332 774 72 297 405 0.11 9
Kupcinskas 2015 Latvia Caucasian Colorectal HB Taqman 191 54 77 60 377 88 189 100 0.94 8
Ichikawa 2015 Japan Asian Gastric HB PCR-RFLP 193 65 104 24 266 95 119 52 0.19 10
Zhang 2015 China Asian Gastric HB MassARRAY 475 41 207 227 480 36 183 261 0.62 8
Wang 2014 China Asian Bladder PB Taqman 1210 97 509 604 1008 66 376 566 0.74 9
Sun 2014 USA Caucasian Gastric HB Taqman 130 17 64 49 125 30 63 32 0.93 9
Dai 2014 China Asian Esophageal PB Taqman 2083 127 724 1232 2220 147 851 1222 0.94 9
Lee 2014 Korea Asian Bladder HB HRM 411 119 222 70 1700 468 818 414 0.13 8
Matsuda 2014 Japan Asian Bladder HB Multiplex PCR 530 241 228 61 5225 2079 2416 730 0.51 9
Kupcinskas 2014 Lithuania Caucasian Gastric HB Taqman 251 102 116 33 243 56 123 64 0.83 10
Ali 2013 Pakistan Asian Bladder PB PCR-RFLP 200 9 142 49 200 3 126 71 < 0.01 6
Rai 2013 India Asian Gallbladder PB Taqman 405 68 233 104 247 42 126 79 0.49 9
Rizzato 2013 Germany Caucasian Gastric HB Taqman 178 69 86 23 1057 319 507 231 0.27 10
Ono 2013 Japan Asian Gallbladder HB Taqman 44 12 23 9 173 68 75 30 0.24 8
Zhao 2013 China Asian Gastric PB DHPLC 717 100 342 275 951 85 401 465 0.91 9
Ma 2013 China Asian Bladder PB MassARRAY 175 11 80 84 962 64 355 543 0.56 10
Smith 2012 Scotland Caucasian Colorectal PB TaqMan 77 13 39 25 804 130 387 287 0.98 10
Kim 2012 Korea Asian Breast PB MassARRAY 451 116 216 119 459 106 240 113 0.32 7
Li 2012 China Asian Gastric PB MassARRAY 300 35 141 124 300 21 111 168 0.65 9
Fu 2012 USA Caucasian Bladder PB Multiplex PCR 5393 1226 2804 1363 7324 1572 3645 2107 0.95 9
Tanikawa 2012 Japan Asian Gastric HB Multiplex PCR 2300 1030 1073 197 16567 6620 7587 2360 0.01 8
Sala 2011 European countries Caucasian Gastric HB Multiplex PCR 409 118 198 93 1515 310 714 491 0.09 9
Song 2011 Korea Asian Gastric PB PCR-RFLP 3245 1049 1620 576 1700 468 818 414 0.13 10
Zeng 2011 China Asian Gastric PB PCR-RFLP 460 42 216 202 549 37 223 289 0.49 9
Joung 2011 Korea Asian Prostate HB MassARRAY 192 49 98 45 168 37 84 47 0.96 10
Lochhead 2011 Scotland Caucasian Gastric PB TaqMan 600 196 272 132 590 164 276 150 0.12 9

Scotland Caucasian Esophageal PB TaqMan 158 34 63 61 208 49 110 49 0.40 9
Ou 2010 China Asian Gastric PB PCR-LDR 196 18 93 85 246 18 96 132 0.92 8
Lu 2010 China Asian Gastric PB PCR-RFLP 1023 72 404 547 1069 77 387 605 0.17 11
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Wang 2010 China Asian Bladder HB PCR-RFLP 581 50 259 272 580 44 220 316 0.50 10
Wu 2009 USA Caucasian Bladder Combined Multiplex PCR 5038 1137 2613 1288 9363 1853 4668 2842 0.42 9
Matsuo 2009 Japan Asian Gastric HB TaqMan 708 49 329 330 708 97 338 273 0.64 9
Wu C 2009 China Asian Gastric PB PCR-RFLP 1710 132 819 759 995 77 412 506 0.30 10
Sakamoto 2008 Japan Asian Gastric HB Multiplex PCR 2395 728 700 96 1396 536 650 210 0.57 9

Korea Asian Gastric HB Multiplex PCR 871 277 461 133 390 92 176 122 0.07
PCR-RFLP, Polymerase chain reaction-restriction fragment length polymorphism; LDR, Ligase detection reaction; PB, Population-based; HB, Hospital-based; Combined, studies conducted on both population-
based and hospital-based control group; HWE, P value in the control group for Hardy-Weinberg Equilibrium.
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risk of the TT or TC genotype on cancers, com-
pared with the wild-type CC homozygote, and 
then evaluated the risks of TT/TC vs. CC and TT 
vs. TC/CC on cancers, assuming dominant and 
recessive effects of the variant T allele, respec-
tively. Stratified analyses were also performed 
by cancer types (if one cancer type contained 
one individual study, it was combined into other 
cancer group), ethnicity, source of controls and 
sample size (subjects > 500 in both cases and 
controls or not).

Heterogeneity assumption was checked by the 
χ2-based Q-test [27]. A P-value ≤ 0.10 for the 
Q-test indicated a lack of heterogeneity among 
the studies, and then random-effects model 
(DerSimonian and Laird method) was used to 
calculate the summary OR estimate of each 
study [28]. Otherwise, the fixed-effects model 
(the Mantel-Haenszel method) was used [29]. If 
the P value is more than 0.05, then the geno-
type distributions among controls were in ac- 
cordance with HWE. Sensitivity analyses were 
performed to assess the stability of the re- 
sults, namely, a single study in the meta-analy-
sis was deleted each time to reflect the influ-

ence of the individual data set to the pooled 
OR. To evaluate the publication bias, Funnel 
plots and Egger’s linear regression test was 
applied [30]. All analyses were carried out with 
Stata software (version 8.2; StataCorp LP, 
College Station, TX, USA), using two-sided P 
values.

Results

Study characteristics

There were 59 articles relevant to the search 
words, including one in manual search (Figure 
1). Among these, 38 articles with 39 studies 
involving 36,742 cases and 64,756 controls 
met our inclusion criteria and were subjected to 
further examination. Remarkably, the article by 
Lochhead et al. analyzed the association of 
rs2294008 polymorphism with two types of 
cancer, and hence we included it as two differ-
ent studies [15]. We excluded 21 studies (19 
were reviews, 1 was duplication and 1 was not 
a case-control study). Characteristics of the 
selected studies are summarized in Table  
1. Among the 39 case-control studies, there 
were 28 groups of Asians [4, 9, 12, 13, 16-19, 
31-50], and 11 groups of Caucasians [5, 14, 
15, 51-57]. Controls were mainly matched for 
sex and age, of which 18 were hospital-based 
[4, 13, 18, 32, 35, 38-42, 44, 45, 48, 52, 
54-57], 20 were population-based [9, 12, 14- 
17, 19, 31, 33, 34, 36, 37, 43, 46, 47, 49-51, 
53] and 1 study was conducted on both hospi-
tal-based and population-based control group 
[5]. Cancers were confirmed histologically or 
pathologically in most studies. All studies were 
case-control studies, including 21 gastric can-
cer studies [4, 12, 15, 17, 19, 31-36, 39-42, 
49, 52, 53, 55-57], 8 bladder cancer studies 
[5, 9, 37, 44-46, 50, 51] and the others were 
categorized into the “other cancers” group [13, 
14, 16, 18, 38, 43, 47, 48, 54]. The distribution 
of genotypes in the controls of all studies was 
not deviated from the HWE except four studies 
[4, 19, 32, 46].

Quantitative synthesis

The frequency of T allele was found to be sta- 
tistically significant among the controls across 
different ethnicities (P = 0.018). For Caucasian 
populations, the T allele frequency was 0.48 
(95% CI = 0.45-0.50), a little bit higher than 
that in Asian populations (0.39, 95% CI = 0.33-

Figure 2. A. Frequencies of the variant alleles (T al-
lele) among controls stratified by ethnicity. B. Fre-
quencies of the variant alleles (T allele) among con-
trols stratified by countries in Asian. Black triangle 
●■▲ represents each included study.
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Table 2. Meta-analysis of the PSCA rs2294008 C > T polymorphism on cancer risk

Variables Na

TT vs. CC TC vs. CC TT/TC vs. CC (dominant) TT vs. TC/CC (recessive)

OR (95% CI)
Heterogeneity

OR (95% CI)
Heterogeneity

OR (95% CI)
Heterogeneity

OR (95% CI)
Heterogeneity

I2 P I2 P I2 P I2 P
Total 39 1.29 (1.14-1.46)b 83.0% < 0.001 1.26 (1.16-1.36)b 78.2% < 0.001 1.27 (1.17-1.39)b 83.1% < 0.001 1.10 (1.00-1.21)b 79.7% < 0.001
    Cancer type
        Gastric 21 1.42 (1.16-1.73)b 86.3% < 0.001 1.40 (1.27-1.55)b 68.5% < 0.001 1.42 (1.26-1.60)b 80.7% < 0.001 1.11 (0.95-1.30)b 86.7% < 0.001
        Bladder 8 1.30 (1.22-1.39) 1.7% 0.417 1.24 (1.18-1.31) 5.8% 0.385 1.26 (1.20-1.32) 0.0% 0.446 1.14 (1.08-1.20) 0.0% 0.458
        Other 10 0.95 (0.74-1.20)b 62.0% 0.005 0.91 (0.79-1.05)b 53.4% 0.023 0.93 (0.80-1.07)b 55.9% 0.015 0.99 (0.81-1.22)b 57.9% 0.011
    Ethnicity
        Asian 28 1.21 (1.01-1.44)b 85.1% < 0.001 1.29 (1.16-1.44)b 80.9% < 0.001 1.28 (1.14-1.43)b 85.4% < 0.001 1.01 (0.88-1.15)b 82.9% < 0.001
        Caucasian 11 1.46 (1.23-1.74)b 75.8% < 0.001 1.17 (1.02-1.34)b 68.0% 0.001 1.25 (1.09-1.44)b 75.2% < 0.001 1.30 (1.16-1.47)b 63.5% 0.002
    Source of controls
        Population-based 20 1.25 (1.10-1.42)b 65.2% < 0.001 1.24 (1.12-1.37)b 76.3% < 0.001 1.25 (1.14-1.38)b 77.3% < 0.001 1.13 (1.03-1.24)b 48.8% 0.008
        Hospital-based 18 1.28 (0.98-1.67)b 88.9% < 0.001 1.29 (1.09-1.52)b 81.5% < 0.001 1.30 (1.07-1.57)b 87.7% < 0.001 1.04 (0.86-1.25)b 88.5% < 0.001
        Combined 1 1.35 (1.23-1.50) - - 1.24 (1.14-1.34) - - 1.27 (1.18-1.37) - - 1.18 (1.09-1.28) - -
    Sample sizec

        > 500 19 1.23 (1.05-1.43)b 88.2% < 0.001 1.23 (1.12-1.36)b 85.4% < 0.001 1.24 (1.12-1.38)b 88.7% < 0.001 1.09 (0.99-1.20)b 78.3% < 0.001
        < 500 20 1.37 (1.08-1.73)b 72.6% < 0.001 1.30 (1.12-1.50)b 60.7% < 0.001 1.32 (1.13-1.54)b 69.4% < 0.001 1.12 (0.89-1.41)b 81.7% < 0.001
aNumber of comparisons. bRandom-effects model was used when P value for heterogeneity test < 0.10; otherwise, fix-effects model was used. cStratified according to subjects > 500 in both case and control 
groups or not.



PSCA polymorphism and risk of cancer

23762	 Int J Clin Exp Med 2016;9(12):23756-23768

0.46). There was a wide variation of the T allele 
frequency in different countries of Asian, rang-
ing from 0.31 to 0.57. The allele frequency was 
the lowest in Chinese populations and was the 
highest in Japanese populations (0.31, 95%  
CI = 0.23-0.38, vs. 0.57, 95% CI = 0.47-0.67; 
Figure 2), which is very close to that obtained 
from the HapMap Project (0.26 for CHB and 
0.67 for JPT). The difference among the three 
country groups was statistically significant (P < 
0.001).

The evaluations of the association between 
PSCA rs2294008 polymorphism and cancer 
risk are shown in Table 2. Overall, when all the 
eligible studies were pooled into the meta-an- 
alysis, the individuals with variant genotypes 
had an increased risk of cancer in all genetic 
model (TT vs. CC: OR = 1.29, 95% CI = 1.14-

(TT vs. CC: OR = 1.21, 95% CI = 1.01-1.44, 
Pheterogeneity < 0.001; TT vs. TC/CC: 1.01, 0.88-
1.15, Pheterogeneity < 0.001 for Asians and TT vs. 
CC: 1.46, 1.23-1.74, Pheterogeneity < 0.001; TT vs. 
TC/CC: 1.30, 1.16-1.47, Pheterogeneity = 0.002 for 
Caucasians) (Table 2). 

Test of heterogeneity, sensitivity and publica-
tion bias

There was significant heterogeneity in all genet-
ic models. Therefore, we assessed the source 
of heterogeneity for homozygote comparison by 
cancer type, ethnicity, source of controls, and 
sample size (participants more than 500 in 
both cases and controls). As a result, only can-
cer type (P = 0.009) was found to contribute to 
the substantial heterogeneity. Sensitivity analy-
ses indicated that the results of this meta-anal-

Figure 3. Forest plot of cancer risk associated with the PSCA rs2294008 
polymorphism (dominant model) stratified by cancer type. The squares and 
horizontal lines correspond to the study-specific OR and 95% CI. The area of 
the squares reflects the weight (inverse of the variance). The diamond repre-
sents the summary OR and 95% CI.

1.46, Pheterogeneity < 0.001; TC 
vs. CC: 1.26, 1.16-1.36, 
Pheterogeneity < 0.001; TT/TC vs. 
CC: 1.27, 1.17-1.39, Pheterogeneity 
< 0.001; TT vs. TC/CC: 1.10, 
1.00-1.21, Pheterogeneity < 0.001; 
Table 2). In terms of stratified 
analysis by cancer type, sig-
nificantly increased risk was 
observed in gastric cancer  
in all genetic models tested 
except the recessive model 
(TT vs. CC: OR = 1.42, 95%  
CI = 1.16-1.73, Pheterogeneity < 
0.001; TT vs. TC/CC: 1.11, 
0.95-1.30, Pheterogeneity < 0.001) 
and all the four genotypic 
model were found to signi- 
ficantly associated with in- 
creased risk in bladder can-
cer (TT vs. CC: 1.30, 1.22-
1.39, Pheterogeneity = 0.417; TT 
vs. TC/CC: 1.14, 1.08-1.20, 
Pheterogeneity = 0.458), but not  
in “other cancers” (Table 2; 
Figure 3 of dominant model).

We then evaluated the ef- 
fects of PSCA rs2294008 
polymorphism according to 
ethnicity and source of con-
trols. Significant effects were 
observed in both Asian and 
Caucasian populations in all 
genetic models except for  
the recessive model for Asian 
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ysis are statistically reliable (Figure 4). Begg’s 
funnel plot and Egger’s test were performed to 
evaluate the publication bias of the literatures. 
As shown in Figure 5, the shape of the funnel 
plots seemed symmetrical in all comparison 
models. Then, the Egger’s test was adopted  
to provide statistical evidence of funnel plot 
symmetry. The results still did not show any evi-
dence of publication bias (t = -0.73, P = 0.471 
for TT vs. CC).

Discussion

In the present meta-analysis, we explored the 
association between the PSCA rs2294008 po- 

94008 polymorphism denotes a C > T transi-
tion in exon 1 of the PSCA gene, at the pre-
sumed translation-initiating codon. It was re- 
ported that rs2294008 is the only common 
missense SNP in PSCA [5]. The rs2294008  
T allele encodes a PSCA protein with an addi-
tional nine amino acids at its N-terminus (long 
PSCA, 123 amino acids) relative to the reported 
PSCA protein (short PSCA, 114 amino acids).
While the short PSCA is predicted to localize  
to the cytoplasm, the long PSCA localize to  
the plasma membrane. In addition, the short 
PSCA protein is likely to be more susceptible  
to proteasomal degradation than the long PSCA 

Figure 4. Sensitivity analyses. Horizontal line, mean effect size.

Figure 5. Begg’s funnel plot for publication bias test. Each point represents a 
separate study for the indicated association.

lymorphism and cancer risk, 
involving 36,742 cases and 
64,756 controls from 39 eli-
gible case-control studies. 
There was evidence that the 
variant genotypes were asso-
ciated with a significant in- 
crease in overall cancer risk. 
Given the important roles of 
PSCA in cell-proliferation in- 
hibition and/or cell-death in- 
duction, it is biologically plau-
sible that PSCA rs2294008 
polymorphism may modulate 
the risk of cancer.

In human, PSCA is expressed 
in the epithelial cells of pros-
tate, urinary bladder, kidney, 
stomach, esophagus, skin 
and placenta [7, 11, 58]. It 
has been implicated in the 
pathogenesis of several solid 
tumors due to changes in pro-
tein expression. In various 
cancers including bladder, 
kidney and pancreatic, PSCA 
was shown to be up-regulat-
ed. Remarkably, PSCA down-
regulated and growth-sup-
pressive effects have also 
been reported in esophageal 
and gastric cancers. Hence, 
the role of PSCA in tumori- 
genesis can not be conve-
niently assigned to that of 
tumor suppressor gene or 
oncogene, but rather appears 
to depend on the cellular or 
tissue specific [59]. The rs22- 
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protein [32]. Therefore, the genetic variation in 
PSCA could have considerable effect on the 
biological function of the PSCA protein by al- 
tering its subcellular localization and stability. 
Sakamoto et al. found that the rs2294008 T 
allele resulted in a significant reduction in tran-
scriptional activity of the PSCA promoter in gas-
tric cell lines [4]. In concordance with Sakamoto 
et al. observations, Wu et al. reported that the  
T allele reduced the transcriptional activity of 
the PSCA promoter in bladder cell lines as well 
[36]. However, it is perplexing that the risk allele 
is the same and the reduced transcriptional 
activity is consistent in both gastric and blad-
der cancers, even though the PSCA gene is 
down-regulated in gastric cancer but up-re- 
gulated in bladder cancer. Further efforts are 
needed to determine the physiological func- 
tion of the functional consequence of PSCA 
rs2294008 polymorphism in vivo. 

In the analysis stratified by cancer type, signifi-
cantly elevated risks were more pronounced 
among gastric cancer and bladder cancer. How- 
ever, rs2294008 polymorphism had no effects 
on other cancers composed of six different 
tumor studies. As heterogeneity among differ-
ent cancers may interfere the authenticity of 
result in “other cancers”, the inverse result of 
esophageal cancer study need to be paid more 
attention. This difference may be due to limit- 
ed statistical power as a result of the small 
sample size as well as possibly diverse carcino-
genic mechanisms underlying the etiology.

Subsequently, we found that the association 
was more significant among studies using the 
population-based controls than the hospital-
based controls. This may indicate that the hos-
pital-based studies have inherent selection 
biases due to the fact that such controls may 
not be representative of the study population  
or the general population, particularly when the 
genotypes under investigation were associated 
with the disease-related conditions the hospi-
tal-based controls may have. In addition, we ob- 
served that risk rs2294008 T allele had slight- 
ly greater effects on Caucasians than Asians, 
suggesting a possible role of ethnic differences 
in genetic background and the environment 
they lived in [60].

To identify the source of heterogeneity, we 
stratified the studies according to cancer type, 
ethnicity, source of controls, and sample size. 

Results showed the sources of heterogeneity 
were from cancer type, suggesting that certain 
effects of genetic variant were cancer specific.

Our meta-analysis had some advantages. First, 
substantial number of cases and controls were 
pooled from different studies, which significant-
ly increased statistical power of the analysis. 
Second, the quality of case-control studies in- 
cluded in our present meta-analysis strictly met 
our selection criteria. Third, we did not detect 
any publication bias indicating that the whole 
pooled result may be unbiased. Furthermore, 
on the basis of our study, functional variants  
of PSCA might be conducted and replicate 
these observations, so that it might find a no- 
vel mechanism to predict the risk of cancer. 
However, some limitations in this meta-analysis 
should be addressed. First, we pooled the data 
based on unadjusted information, while a more 
precise analysis needs to be conducted if indi-
vidual data are available. Second, lack of the 
original data of the reviewed studies limited  
our further evaluation of potential interactions, 
because the gene-environment or gene-gene 
interaction may modulate cancer risk.

In conclusion, our meta-analysis suggested 
that the rs2294008 polymorphism in PSCA 
may contribute to genetic susceptibility for in- 
creased cancer risk, especially in the subgroup 
of gastric cancer and bladder cancer. There- 
fore, additional larger studies of other cancers 
are warranted to validate our findings. Future 
functional studies focusing on polymorphism 
rs2294008 and cancer risk are still needed.
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Supplementary Table 1. Criteria for quality assessment of genetic associations of PSCA polymor-
phism rs2294008 and cancer risk

Criteria Quality 
score

Representativeness of cases

    A. Consecutive/randomlyselected from case population with clearly defined random frame 2

    B. Consecutive/randomly selected from case population without clearly defined random frame or with extensive inclusion criteria 1

    C. Method of selection not described 0

Representativeness of controls

    D. Controls were consecutive/randomly drawn from the same area (ward/community) as cases with the same criteria 2

    E. Controls were consecutive/randomly drawn from a different area than cases 1

    F. Not described 0

Ascertainment of cancer cases

    G. Clearly described objective criteria for diagnosis of cancer 1

    H. Not described 0

Ascertainment of controls

    I. Clinical examinations were performed on controls to prove that controls did not have cancer 2

    J. Article merely stated that controls were subjects who did not have cancer; no proof provided 1

    K. Not described 0

Ascertainment of genotyping examination

    L. Genotyping done under “blind” conditions 1

    M. Unblinded or not mentioned 0

Test for Hardy–Weinberg equilibrium

    N. Hardy–Weinberg equilibrium in control group 2

    O. Hardy–Weinberg disequilibrium in control group 1

     P. Hardy–Weinberg equilibrium not checked 0

Association assessment

    Q. Assessed association between genotypes and cancer with appropriate statistic and adjusting confounders 2

    R. Assessed association between genotypes and cancer with appropriate statistic without adjusting confounders 1

    S. Inappropriate statistic used 0


