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A monoclonal antibody against prostate stem cell antigen (PSCA) has emerged as a
novel cancer therapy currently being tested in clinical trials for prostate and pancre-
atic cancers, but this treatment is likely to be efficient only in patients with PSCA-
expressing tumors.The present study demonstrates that a genetic variant (rs2294008)
discovered by bladder cancer genome-wide association studies is a strong predictor
of PSCA protein expression in bladder tumors, as measured by two-sided multivari-
able linear regression (P = 6.46x10"""; n = 278). The association pattern is similar in
non-muscle-invasive tumors, stagesTa (P=3.10x10-5 n = 173) and T1 (P = 2.64x 10-5;
n = 60), and muscle-invasive tumors, stagesT2 (P=.01; n = 23) andT3/4 (P=.03; n = 22).
The study suggests that anti-PSCA immunotherapy might be beneficial for bladder
cancer patients with high tumor PSCA expression, which is statistically significantly
associated with the presence of CT and TT genotypes of a common genetic variant,
rs2294008. Future clinical studies will be needed to validate PSCA as a therapeutic

target for bladder cancer.
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Genome-wide association studies have
discovered genetic variants associated
with many cancer types (1). It is antici-
pated that these findings will help improve
understanding of disease mechanisms and
lead to novel translational applications.
Bladder cancer genome-wide associa-
tion studies identified a single nucleotide
polymorphism, rs2294008, within the
PSCA gene (2,3). PSCA is a cell-surface,
glycosylphosphatidylinositol-anchored
protein expressed in various cancers (4—
14); however, its biological role in normal
and cancer conditions remains unclear.
PSCA antibody-based immunotherapy is
currently being used in clinical trials for
prostate and pancreatic cancers (15-20).
In this article, we suggest PSCA as a
candidate drug target for bladder cancer
as well.

jnci.oxfordjournals.org

Previously, we found increased PSCA
mRNA expression in bladder tumors and,
specifically, in the presence of the risk T
allele of 152294008 (21). Now we have dis-
covered an additional effect associated with
rs2294008—an allelic expression imbal-
ance, which is a deviation from an expected
50%:50% allelic ratio in heterozygous tran-
scribed single nucleotide polymorphisms.
We performed RNA sequencing of six nor-
mal and six tumor bladder tissues, and vali-
dation studies in 14 normal and 13 tumor
bladder tissue samples heterozygous for
152294008 (Figure 1, A-D; Supplementary
Methods, available online). We quantified
52294008 T and C alleles in DNA and
c¢DNA samples and calculated an average
tumor:normal (T:N) ratio. In DNA samples
the T:N ratio was close to 1.0 and similar
for both alleles (Figure 1, D; Supplementary

Table 1, available online), suggesting no
difference in DNA copy number variation
between normal and tumor tissues within the
PSCA gene. This is an important conclusion
because PSCA is located in 8q24.3 region
and relatively close (12Mb) to MYC onco-
gene in 8q24.21 region, which is reported to
be amplified in many cancers (22-24). Thus,
our results do not support the involvement
of PSCA in differential genomic amplifica-
tion in bladder tumors. In cDNA of tumors
compared with normal tissue, we detected a
notable increase of T allele expression (T:N
ratio = 1.48; P = 1.26x10~*), accompanied
by decrease of C allele expression (T:N
ratio = 0.78; P = 1.35x107%), resulting in an
overall difference of T:N ratio for C and T
alleles (P = 1.46x107%) in cDNA but not in
DNA from the same samples (Figure 1, D;
Supplementary Table 2, available online).
Importantly, the observed allelic expression
imbalance in bladder tumors could result
from decreased expression of transcripts
with nonrisk C allele and/or from increased
expression of transcripts with risk T allele of
rs2294008.

Next, we evaluated the effect of
rs2294008 on PSCA protein expression.
The risk T allele of rs2294008 creates
a novel alternative translation start site,
extending the leader peptide from 11 to
20 amino acids, which might affect the
efficiency of PSCA post-translational pro-
cessing and cell surface expression. To test
this hypothesis, we performed fluorescence
activated cell sorter analysis in HeLa cells
transfected with the allelic PSCA expres-
sion constructs (Supplementary Methods,
available online). We observed stronger
surface PSCA expression in cells trans-
fected with PSCA-T construct compared
with those transfected with PSCA-C con-
struct (P = 2.25x10% and with a mock-
control (P = 2.55x10-%) (Figure 2, A).

An  immunohistochemistry  analysis
in a pilot set of matching pairs of blad-
der tumor-normal tissue samples (5 pairs
with T'T and 5 pairs with CC genotype of
rs2294008) supported our RNA sequen-
cing and allelic expression imbalance
results. In samples with risk T'T genotypes,
PSCA was expressed even in normal tissues,
whereas in samples with nonrisk CC geno-
types, there was low or no PSCA expression
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Figure 1. Allelic expression imbalance (AEl) in bladder tissue samples
(see Supplementary Methods, available online). A) RNA sequencing
analysis of PSCA expression in representative unpaired normal (n = 1)
and tumor (n = 1) bladder tissue samples heterozygous for rs2294008.
PSCA exon structure, level of mRNA expression, and location of tran-
scribed heterozygous genetic variants are shown. B) Summary of AEI|
analysis in RNA sequencing of normal (n = 6) and tumor (n = 6) blad-
der tissue samples. Numbers of samples heterozygous for each of
the transcribed single nucleotide polymorphisms (SNPs) within PSCA
and surrounding genes, JRK and LY6K, are indicated in parenthesis.
Strong AEl is suggested by the 90%:10% allelic ratio for 11 heterozy-
gous transcribed variants within PSCA but not for variants within
JRK and LY6K, which showed the expected 50%:50% allelic ratio. C)
Linkage disequilibrium plot for 16 SNPs from JRK, PSCA, and Ly6K
genes included in the AEIl analysis. The PSCA variants with strong AEI

70 Brief Communication | JNCI

are strongly correlated, as indicated by high pair-wise r? values (black
shading on plot), calculated based on 3532 case patients and 5120 con-
trol subjects of European ancestry from the bladder cancer genome-
wide association studies (21). D) Different sample types (DNA, cDNA,
C andT alleles of rs2294008) are marked by circles, squares and trian-
gles. Red bars mark mean values within each sample group. A grey
line at the T:N allelic ratio “1” indicates allelic expression balance,
whereas significant deviations from this line indicate allelic expres-
sion imbalance. Results of AEI measured by a TagMan allele-specific
expression/genotyping assay in DNA and cDNA from 14 normal and
13 tumor bladder tissue samples heterozygous for rs2294008. The
analysis shows that AEl is detected in cDNA but not DNA samples.The
Tumor:Normal expression ratio indicates increased expression of risk
T allele, whereas decreased expression on nonrisk C allele in tumors
compared with normal tissue samples.
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Figure 2. Effect of rs2294008 on prostate stem cell antigen (PSCA)
protein expression (see Supplementary Methods, available online). A)
Fluorescence activated cell sorting (FACS) analysis of cell surface PSCA
expression in Hela cells. The cells were transiently transfected with an
empty vector (mock) or PSCA expression constructs with C andT alleles
of rs2294008, encoding PSCA proteins with leader peptides of 11 (C allele)
or 20 amino acids (T allele). The staining with anti-PSCA antibody 1G8
(red curves) is compared with isotype control (black area). Percentage of
positive cells (y axis) is plotted against fluorescence intensity in logarith-
mic scale (x axis). The graphic representation of FACS results (right panel)
shows mean values of three biological replicates with standard errors of
the mean; Pvalues are from a two-sided unpaired ttest. Cell surface PSCA
expression is statistically significantly increased in cells transfected with
an expression construct carrying the riskT allele of rs2294008 compared
with the construct with a nonrisk C allele of rs2294008 and mock control,
which also shows negligible endogenous level of PSCA expression in
HelLa cells. NS = not statistically significant. B) Immunohistochemistry
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(IHC) analysis of PSCA expression using bladder tumor tissue micro-
arrays. Representative images are from groups of samples stratified
by rs2294008 genotypes (CC, CT, TT) and tumor stages—non-muscle-
invasive tumors (stages Ta and T1) and muscle-invasive tumors (stages
T2-T4). PSCA expression was detected with 1G8 anti-PSCA monoclonal
antibody (brown staining) and scored as 0 (negative), 1 (weak), 2 (moder-
ate), and 3 (strong), based on overall intensity. Scale bar corresponds to
0.1mm, and all images are presented in the same scale. C) Association
between PSCA IHC scores and rs2294008 genotypes, stratified by tumor
stage (left panel) or, for tumor stages, stratified by rs2294008 genotypes
(right panel). PSCA IHC scores are shown as mean values with stand-
ard errors; two-sided P* values were estimated from multivariable linear
models, assuming additive genetic effect of rs2294008, adjusted for age,
sex, study site, and smoking status (ever or never). Single nucleotide
polymorphism rs2294008 was found to be the strongest predictor for
PSCA expression, regardless of all other factors tested, such as age, sex,
smoking status, and tumor grade and stage.
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even in tumors (Supplementary Figure 1,
A, available online). A validation immu-
nohistochemistry analysis was performed
in an additional set of 278 bladder tumors
obtained from patients enrolled in the New
England Bladder Cancer study (Figure 2,
B). Genotype of rs2294008 was strongly
associated with PSCA protein expression,
as measured by two-sided multivariable lin-
ear regression (P = 6.46x10°"") (Figure 2,
C; Supplementary Table 3, available
online). The pattern for rs2294008 asso-
ciation was similar in non-muscle-invasive
(stages Ta [P =3.10x10% n = 173] and T1
[P =2.64x107%; n = 60]), and muscle-inva-
sive (stages T2 [P =.01; n = 23] and T3/4
[P =.03; n = 22]) tumors (25) (Figure 2, C);
this association could not be explained by
any other factors (Supplementary Table 4,
available online). Stratification by tumor
grades (low and high grade) (26) or a stage
and grade combination provided similar
results (Supplementary Figure 1, B, avail-
able online). Surprisingly, PSCA expres-
sion was decreased with higher tumor stage
(P=9.69x107) (Figure 2, C). We found that
this effect was due to decreased expression
of non-risk C allele (P =.02 in CC group
and P =.06 in CT group), whereas PSCA
expression of risk T allele was not associ-
ated with tumor staging (P =.63) (Figure 2,
C). Together with allelic expression imbal-
ance data in mRINA samples, these results
reiterate functional changes on PSCA
mRNA and protein expression reflected
in both gain of T allele and loss of C allele
of rs2294008 in bladder tumors compared
with normal tissue and during progression
through tumor stages.

The PSCA function and the mechanism
of the anti-PSCA antibody remain unclear.
PSCA might be functionally involved in
oncogenic development (5,27-32), cause
differential immune response (14), or mark
some specific cell populations. Although
there are several reports on genetic asso-
ciation of rs2294008 with bladder, gastric,
duodenal, and breast cancers (2,3,14,21,33—
40), little data is available for relationships
between rs2294008 and PSCA expression
in different tissue types (21,39). Our study
is a unique and detailed investigation of
the allele-specific effects of rs2294008 on
PSCA mRNA and protein expression in
bladder tissue.

Up to 75% of bladder cancer patients
of European descent are estimated to carry
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the risk rs2294008 CT and TT genotypes.
Possibly, if used at early cancer stages (Ta
and T1), anti-PSCA immunotherapy might
prevent progression to advanced muscle-
invasive cancer, a devastating disease that
is treated by radical bladder cystectomy
together with removal of parts of surround-
ing organs and lymph nodes to prevent
metastasis.

A limitation of our study is that we
only studied samples from patients of
European ancestry. Similar studies should
be performed in other population groups.
The systemic delivery of this treatment
in non-muscle-invasive tumors might be
limited because of lower vascularization of
these tumors. Alternative approaches may
include intravesical administration of the
anti-PSCA antibody and/or its conjugation
with other bioactive molecules to enhance
treatment efficiency and facilitate bladder
tumor-specific drug delivery.

This is one of the first studies to show
direct translational implications of a
genetic variant identified through genome-
wide association studies for common can-
cers. Clinical trials are warranted in order
to validate PSCA as a therapeutic target in
bladder cancer and rs2294008 as a predic-
tive marker for treatment response.
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