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Abstract

Introduction: Polymorphisms in the prostate stem cell antigen (PSCA) gene
have been hypothesized to increase the genetic susceptibility to cancers.
The common sequence variation in PSCA rs2294008 (C>T) has been impli-
cated in cancer risk. However, results of the relevant published studies were
somewhat underpowered and controversial in general.

Material and methods: To evaluate the role of PSCA rs2294008 (C>T) gen-
otype in global cancer, we performed a pooled analysis of all the available
published studies involving 22,817 cancer patients and 27,753 control sub-
jects.

Results: The results showed evidence that PSCA rs2294008 (C>T) was asso-
ciated with increased total cancer risk in the overall comparisons. Stratified
analysis by cancer type indicated that PSCA rs2294008 T is associated with
increased risk of gastric cancer (OR = 1.24, 95% Cl = 1.09-1.42, P heterogencity
< 0.001, * = 88.0%) and bladder cancer (OR = 1.07, 95% Cl = 1.04-1.11,
Pheterogencity = 0.108, /2 = 55.0%) by allelic contrast. Furthermore, in stratified
analysis by histological types of gastric cancer, this PSCA variant showed
significant associations with diffuse type (OR = 1.81, 95% Cl = 1.16-2.81,
Pheterogencity < 0-001, > = 88.9%) but not intestinal type (OR = 1.29, 95% ClI
= 0.95-1.74, Py erogenciy < 0-001, 1 = 85.2%) in a dominant genetic model.
Similar results were found in Asian and European descendents and popula-
tion-based studies.

Conclusions: In all, our meta-analysis suggests that PSCA rs2294008 (C>T)
may play allele-specific roles in cancer development. Further prospective
studies with larger numbers of participants worldwide should be performed
in different kinds of cancer and other descendents in more detail.

Key words: prostate stem cell antigen, polymorphism, cancer risk, meta-
analysis.

Introduction

The prostate stem cell antigen (PSCA) gene encodes a 123-amino-acid
glycoprotein with 30% homology to stem cell antigen 2 (Sca-2), known as
a cell surface marker of immature thymic lymphocytes [1]. It was initially
identified as the prostate-specific cell-surface antigen over-expressed in
prostate cancer, but its expression has subsequently been demonstrated
in extraprostatic normal tissues including stomach, esophagus, bladder,
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pancreas and kidney [2-5]. In addition to prostate
cancer, PSCA is also highly expressed in a propor-
tion of other human solid tumors such as pan-
creatic, gestational trophoblastic and clear renal
cell carcinoma [6-8]. In contrast, reduced PSCA
expression was observed in head-and-neck squa-
mous cell, esophagus and stomach tumors [3, 9].

It has been shown that PSCA is involved in a va-
riety of tumor growth activities such as cell-prolif-
eration inhibition and/or cell-death induction [10,
11], whereas the precise function of this gene re-
mains unknown and controversial. Gu et al. report-
ed that an up-regulated level of PSCA expression
was associated with tumor stage, grade and andro-
gen independence of prostate cancer. Conversely,
reduced expression of PSCA was found in gastric
intestinal metaplasia, a precursor lesion of intesti-
nal-type gastric cancer [12]. In vitro studies indicat-
ed that PSCA affects survival of gastric cancer cells,
because transfection of PSCA into PSCA-negative
cells caused down-regulated cell proliferation [12].
In contrast, down-regulation of PSCA in a human
bladder cancer cell line led to a reduction in cell
growth, which was associated with activation of
several immune signaling pathways [13]. Bahren-
berg et al. [3] observed the reduced expression of
PSCA in bladder cancer, whereas Amara et al. re-
ported a contradictory result on the association of
PSCA expression level and bladder cancer risk [14].
It appears that the role of PSCA in tumorigenesis is
complex, involving protumorigenic and antitumor-
igenic functions in various contexts [15].

The PSCA rs2294008, located in the translation
starting site which can regulate PSCA promoter
activity, is a common genetic variant involved in
a variety of studies. Recently, a study group report-
ed findings of a 2-stage genome-wide association
study (GWAS), which evaluated the association
between rs2294008 single nucleotide polymor-
phism (SNP) and several histological types of
gastric tumor [12]. Then, several independent
case-control studies published the association be-
tween rs2294008 and other types of carcinoma
including prostate cancer [16], bladder cancer [17,
18], upper gastrointestinal cancer [19], breast can-
cer [20] and colorectal cancer [21]. However, the
association between PSCA rs2294008 (C>T) poly-
morphism and cancer risk is still controversial due
to conflicting results from various studies. In this
study, a meta-analysis based on 16,306 cancer
patients and 17,962 control subjects [12, 16-29]
was undertaken to evaluate the effect of PSCA
rs2294008 (C>T) polymorphism on cancer risk.

Material and methods
Literature search and data extraction

PubMed database searches were performed
using the following keywords: ‘PSCA’ or ‘Prostate

stem cell antigen’, ‘polymorphism’ and ‘cancer’
(last search updated on Nov 1, 2012). We also
screened references of the retrieved paper and
review articles by a hand search. Included studies
had to meet the following criteria: (a) informa-
tion contained the evaluation of PSCA rs2294008
(C>T) polymorphism and cancer risk; (b) case-con-
trol studies; (c) involving information about avail-
able genotype frequency; (d) only full-text manu-
scripts were included. The major exclusion criteria
were: (a) duplication of previous publications; (b)
no available genotype frequency; (c) no control
population; (d) study with a clear bias of accrual.
Each of the database searches was performed by
two of the reviewers to make sure published pa-
pers were not missed. Data were refined by the
first author’s last name, year of publication, study
population, ethnicity, genotyping methods, cancer
type, sample size in cases and controls, source of
control and so on.

Statistical analysis

Odds ratios (ORs) corresponding to 95% con-
fidence interval (Cl) were used to evaluate the
strength of association based on genotype fre-
quencies in cases and controls. We measured the
association between PSCA rs2294008 (C>T) poly-
morphism and cancer risk by utilizing five genetic
contrasts: the allelic contrast (T allele vs. C allele),
the homozygote comparison (TT vs. CC), the het-
erozygote comparison (TC vs. CC), the dominant
genetic model (TT + TC vs. CC) and the recessive
genetic model (TT vs. TC + CC). The stratified
analysis was carried out by ethnicity, cancer type,
source of control (population-based and hospi-
tal-based) and histological type. If the cancer type
involved only one individual study, it was classified
into the “other cancers” subgroup. Hardy-Wein-
berg equilibrium (HWE) of controls was tested
with the Pearson y? test for goodness of fit. We
used the random effects model and fixed effects
model to calculate the pooled OR. The heteroge-
neity assumption was calculated using a y2-based
Q test among the studies. A p-value more than
0.05 for the Q test indicated lack of heteroge-
neity [30]; thus the fixed effects model (Man-
tel-Haenszel method [31]) was used. Otherwise,
the random effects model (DerSimonian and Laird
method [30]) was used. The Z-test was used to ex-
amine the statistical significance of the summary
OR and p < 0.05 was considered significant. Fur-
thermore, I? values were also calculated to better
determine the extent of heterogeneity between
studies. As a guide, /? values of < 25% could be
considered ‘low’, values of ~50% could be consid-
ered ‘moderate’ and values of > 75% could be con-
sidered ‘high’ [32]. We assessed publication bias
using Egger’s test and p < 0.05 was considered
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statistically significant [33]. All statistical analysis
was performed using STATA software v 10.0 (Stata
Corporation, College Station, TX, USA) and all the
p values were two sided.

Results
Study inclusion

A total of 18 studies (from 15 articles) [12, 16—
29], which could meet all of the criteria, were in-
cluded in this study. Genotype distribution of the
control population was in line with HWE in each of
the studies except for one study conducted in the
Polish population [19]. Characteristics of the in-
cluded studies are summarized in Table I. Among
18 eligible case-control studies, there were 22,817
cases and 27,753 control subjects concerning the
PSCA 152294008 (C>T) polymorphism. There were
11 studies of gastric cancer, three studies of blad-
der cancer and four studies of other cancers (in-
cluding prostate cancer, esophageal cancer, breast
cancer and colorectal cancer); in the subgroup of
ethnicity, 11 were performed in an Asian popula-
tion, and seven were in European descendents.
Population-based controls were carried out in
11 studies. Polymerase chain reaction-restriction
fragment length polymorphism (RFLP), the clas-
sical genotyping method, was performed in five
comparisons. In addition, the GWAS was used in
four comparisons.

Quantitative synthesis

In the overall analysis, a significant association
was observed between the PSCA rs2294008 (C>T)
and cancer risk in different genetic models: in the
contrast of T allele vs. C allele (random-effects OR
= 1.17, 95% CI = 1.08-1.27, P ooney, < 0.001,
p < 0.001, 2 = 85.0), the homozygote comparison
(random-effects OR = 1.35, 95% Cl = 1.13-1.60,
Preerogeneity < 0-001, p = 0.001, > = 86.5), the het-
erozygote comparison (random-effects OR =
1.24, 95% CI = 1.10-1.40, py.o e, < 0001,
p = 0.001, ? = 83.5), the dominant genetic model
(random-effects OR = 1.28, 95% Cl = 1.12-1.46,
Preterogeneity < 0-001, p < 0.001, > = 87.3), the reces-
sive genetic model (random-effects OR = 1.18,
95% Cl = 1.07-1.31, P, opunery, < 0001, p = 0.001,
2 = 70.1) (Table ). In the stratified analyses by
cancer type, an increased risk was found between
PSCA rs2294008 (C>T) polymorphism and gastric
cancer risk in the allelic contrast (random-effects
OR = 1.24,95% Cl = 1.09-1.42, p, ., ... .. < 0.001,
p = 0.001, P = 88.0), as well as the homozygote
comparison (random-effects OR = 1.50, 95% Cl
= 1.09-2.07, Py urogeneiy < 0001, p = 0.012, P =
89.8), the heterozygote comparison (random-ef-
fects OR = 1.40, 95% Cl = 1.15-1.70, P, . oruns
< 0.001, p = 0.001, * = 85.4) and the dominant

genetic model (random-effects OR = 1.45, 95% Cl
= 1.16-1.81, P, openy < 0001, p = 0.001, P =
89.8) (Figure 1). However, in stratified analysis
by histological types of gastric cancer, the PSCA
variant showed significant associations with dif-
fuse type (dominant genetic model: OR = 1.81,
95% Cl = 1.16-2.81, P, oponery < 0-001, p = 0.009,
> = 88.9; recessive genetic model: OR = 1.49,
95% Cl = 1.18-1.88, P, ooonery = 0-014, p = 0.001,
I? = 60.1) but not intestinal type (dominant genet-
ic model: OR = 1.29, 95% C| = 0.95-1.74, Preteroge.
ity < 0.001, p = 0.097, I* = 85.2; recessive genetic
model: OR = 1.11, 95% Cl = 0.85-1.43, p ..
= 0.001, p = 0.443, I* = 72.7) (Figure 2, Table II).
There was also an association between increased
risk of bladder cancer and PSCA rs2294008 (C>T)
polymorphism in each of the genetic models: in
allelic contrast (fixed-effects OR = 1.07, 95% Cl =
1.04-1.11, P, opene, = 0-108, p = 0.001, /2 = 55.0),
the homozygote comparison (fixed-effects OR =
115, 95% Cl = 1.09-1.22, P ooy = 0-190,
p < 0.001, /> = 39.8), the heterozygote compari-
son (fixed-effects OR = 1.07, 95% Cl = 1.05-1.10,
Preterogencity = 0-241, p < 0.001, > = 29.7), the dom-
inant genetic model (fixed-effects OR = 1.06,
95% Cl = 1.04-1.09, P\ oomenery = 0-124, P <
0.001, ? = 52.2), and the recessive genetic mod-
el (fixed-effects OR = 1.10, 95% Cl = 1.04-1.16,
Preterogencity = 0.293, p = 0.001, /> = 18.6). Similar
results were also found in Asian descendents and
population-based studies, with no significant as-
sociation observed in the hospital-based studies
(Table 11). Furthermore, a positive association be-
tween this variant and cancer risk in the Euro-
pean population was observed in allelic contrast
(random-effects OR = 1.14, 95% Cl = 1.03-1.26,
Preterogencity < 0:001, p = 0.009, = 79.7), homozygote
comparison (random-effects OR = 1.32, 95% Cl =
1.09-1.60, Py yqrogeneiry < 0-001, p = 0.005, P = 77.5)
and the recessive genetic model (random-effects
OR =122, 95% Cl = 1.07-1.38, P, .. o nery, = 0017,
p =0.002, 1> = 61.2); the result did not change when
excluding the study that was not in HWE.

Publication bias

We used Begg’s funnel plot and Egger’s test to
evaluate the publication bias of literature. No evi-
dence of publication bias could be found (T allele
vs. C allele, t = 0.19, p = 0.853; TT vs. CC, t = 0.04,
p = 0.966; TC vs. CC, t = -0.01, p = 0.992; TT+TC
vs. CC, t =0.19, p = 0.851; TT vs. TC+CC, t = 0.01,
p = 0.989).

Discussion

The increasing growth of human genetics cre-
ates countless opportunities for studying disease
association. Meta-analysis provides a quantitative
method for combining the results from different
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Figure 1. Forest plot of cancer risk associated with the PSCA rs2294008 (C>T) polymorphism (random-effects,
T allele vs. C allele) in the stratified analysis by cancer type. The squares and horizontal lines represent the
study-specific OR and 95% Cl. The area of the squares reflects the weight (inverse of the variance). The diamond
corresponds to the summary OR and 95% Cl. See Tables | and Il for separate details

studies with the same topic, and for estimating
and explaining their diversity [34-36]. Accumu-
lating epidemiological and genetic evidence indi-
cates that genetic variation is a significant com-
ponent in cancer etiology and the overall goal
of this meta-analysis is to combine the results
of previous studies in order to achieve summary
conclusions about a body of research. To the best
of our knowledge, this can be considered as the
first pooled analysis to explore the association
between PSCA rs2294008 (C>T) polymorphism
and overall cancer risk, containing about 22,817
cancer patients and 27,753 control subjects. We
found that PSCA rs2294008 (C>T) polymorphism
was associated with a significant increased risk
of global cancer, especially bladder cancer and
gastric cancer. Histopathological research has in-
dicated that gastric cancer is not a single disease
and it can be categorized into two major types:
intestinal and diffuse. The intestinal-type tumors
are found uniformly in geographic areas accom-
panied with a high incidence of gastric cancer,
whereas the diffuse-type are found more predom-
inantly throughout the world [37-40]. Sala et al.

performed an EPIC-EURGAST study (based on 148
intestinal gastric cancer cases, 141 diffuse cases
and 1515 control subjects) and found that PSCA is
associated with both diffuse and intestinal gastric
cancer in European [23]. However, our meta-anal-
ysis provided evidence that PSCA rs2294008 (C>T)
is associated with susceptibility to diffuse type
but not intestinal type gastric cancer, which is in
line with the former GWAS study [12].

In addition, our results suggested that the ef-
fects of PSCA rs2294008 SNPs were stronger in
the Asian population than in European descen-
dents. Interestingly, the risk allele (T) frequency
was somewhat more common in the Japanese
and Korean populations than in the Chinese
population. Furthermore, in the stratified analy-
sis by source of control, a significant association
between PSCA rs2294008 (C>T) polymorphism
and increased cancer risk was observed in pop-
ulation-based studies in each genetic model.
Some factors may influence these results. First,
it is widely acknowledged that carcinogenesis is
a multifactorial procedure induced by complex
factors including genetic and environmental inter-
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Figure 2. Forest plot of cancer risk associated with the PSCA rs2294008 (C>T) polymorphism (random-effects,
dominant genetic model) in the stratified analysis by histological types of gastric cancer. The squares and hori-
zontal lines represent the study-specific OR and 95% Cl. The area of the squares reflects the weight (inverse of the
variance). The diamond corresponds to the summary OR and 95% Cl

actions (such as dietary factors, age, toxins, radi-
ation, and infectious agents), which indicates that
a single factor might have little effect on cancer
susceptibility [41]. Second, positive results appear
to be published more quickly than articles with
negative outcomes, which take longer time to be
published (time-lag bias) [42]. Third, discrepan-
cies among the distribution in different ethnici-
ties between case and control populations could
be a source of confounding when pooling studies.
Furthermore, it is possible that the variant leads
to carcinoma at this locus, but the combination of
environmental factors or multiple genes [43] may
predominate in the development or metastasis of
cancer, with the association of the polymorphism
not being observed.

Some limitations may exist in the present
study. First of all, the numbers of eligible studies
accumulated in our analysis may not be sufficient-
ly large for a comprehensive analysis, especially
for any given cancer (e.g. prostate cancer, esoph-
ageal carcinoma and bladder cancer). Second,
our pooled analysis was predominantly based on
unadjusted estimates. Thus, more precise anal-

ysis including individual information (including
smoking, age and sex) should be further conduct-
ed if possible. Third, effects based on gene-envi-
ronment and even different polymorphism loci in
the same gene may alter gene expression and ac-
count for fluctuation in OR values. However, some
key advantages in this present study should also
be acknowledged. First, a substantial number of
cancer patients and control subjects in this article
were included from different studies; therefore,
statistical power of the analysis could be signifi-
cantly increased. Second, no evidence of publi-
cation bias was found in this article and quality
of the case-control studies was uniformly good.
Third, studies included in the meta-analysis strict-
ly and satisfactorily met the selection criteria.

In conclusion, this pooled analysis showed ev-
idence that PSCA rs2294008 (C>T) polymorphism
was associated with increased cancer risk and
this variant may play allele-specific roles in cancer
development. Further prospective studies with
larger sizes of unbiased-matched homogeneous
participants and well-matched controls world-
wide are required to evaluate the association
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between PSCA rs2294008 (C>T) polymorphism
and cancer risk to establish more comprehensive
conclusions.
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