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ABSTRACT

ARTICLE HISTORY

Objective: To assess whether single-nucleotide polymorphisms (SNPs) of the 8g24 chromosome
region are associated with recurrence-free survival (RFS) after radical cystoprostatectomy (RC) in
patients with concomitant bladder (BC) and prostate cancer (PC).

Materials and methods: A cohort of thirty-six patients treated with RC and pelvic lymph node dissec-
tion and histologically exhibited invasive BC and incidental PC. Using Sanger sequencing, a total of
seven SNPs in the androgen-responsive element of the promoter region of the following genes were
assessed in tumor-free lymph nodes and correlated with oncological outcomes: PSCA (rs2294008,
rs2978974, rs1045531, rs3736001), MYC (rs6983267), FXBO32 (rs7830622), and MIR151A (rs14974929).
The median follow-up was 26 months (range: 4-68).

Results: In a dominant model, patients exhibiting rs2978974 as a minor allelic variant of the PSCA
gene had worse RFS (32 vs. 75%, p =0.015). No associations were found for the other SNPs.
Conclusions: These data suggest that the rs2978974 of the PSCA gene correlates with inferior BC-spe-
cific RFS after RC and should be further evaluated in larger studies.
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1. Introduction

Based on the observation of a higher incidence of bladder
cancer (BC) in men than in women and a high rate of inci-
dental prostate cancer (PC) during radical cystoprostatectomy
(RQ), it can be hypothesized that sex steroids may play a role
in the development and progression of BC [1,2]. Results from
the prospective Prostate-Lung-Colorectal-Ovarian (PLCO)
study demonstrate that a variety of single-nucleotide poly-
morphisms (SNPs) on chromosome 8q24 correlate with
increased serum concentrations of androgens, dihydrotestos-
terone (DHT), and sex-hormone binding globulin [3]. Thus,
the question arises whether SNPs from this chromosomal
region could corroborate the theory of sex steroid-based
progression of BC at the predisposing level. Indeed, SNPs on
chromosome 8q24 were found to be associated with an
increased risk of developing PC or BC [4-7]. The prostate
stem cell antigen (PSCA) gene is located on chromosome
8g24.3 and has an androgen-responsive element in its pro-
moter region [8]. Recent data suggest that the SNP
rs2978974 is located in an androgen-responsive element of
the PSCA gene [7]. Recent genome-wide association studies
(GWAS) on BC demonstrate that the SNPs rs2294008 and
rs2978974 are associated with an increased susceptibility risk
for BC [5,7]. rs2294008 was also investigated in a genotyping
of 12 SNPs of the PSCA gene in 194PC patients and 167

healthy controls. It was found that individuals with haplo-
types rs2294008, rs3736001, and rs1045531 had a signifi-
cantly increased risk of developing PC [9]. In another GWAS,
the SNP rs6983267 on chromosome 824, which may exert a
regulatory influence on the promoter region of the MYC
oncogene, was associated with both an increased risk of
advanced PC and BC [10]. Therefore, it seems promising to
further investigate the clinical significance of these risk SNPs
on chromosome 8g24 in patients with concomitant BC and
PC with regard to the risk of recurrence after RC. Therefore,
the aim of this study was to investigate the impact of dis-
tinct SNPs in the promoter region of genes in the 8q24
chromosome region on the risk of BC recurrence after RC.

2. Material and Methods
2.1. Patient cohort

Ethical approval was obtained from the local ethics commit-
tee Tlbingen (No. 118/2010BO2/No. 677/2012BO2). From the
institutional cystectomy database, a total of 36 consecutive
patients (median age: 70years, range: 52-85) were identified
who underwent RC with pelvic lymph node dissection for BC
without perioperative chemotherapy between 2003 and
2009 and exhibited incidental PC at RC. Patients were
included when they were followed up at regular intervals
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with cross-sectional imaging and had archived tissue material
sufficient for genetic analysis.

2.2. Clinical and histopathological assessment

The clinical and pathologic records were reviewed with
regard to age and the number of lymph nodes removed at
RC. For BC, pathologic tumor and nodal stage, presence of
soft-tissue surgical margins (STSMs), lymphovascular invasion,
and tumor grade were re-assessed. For incidental PC, the fol-
lowing clinical and histological parameters were evaluated:
pathologic tumor and nodal stage, STSMs, and Gleason pat-
tern. The histologic assessment was conducted according to
the 2002 TNM classification approved by the Union
International Contre le Cancer (UICC) [11], the WHO classifica-
tion of 1973 [12] as well as the ISUP classification of 2005
[12]. The histopathologic identification of tumor-free lymph
nodes and histological re-assessment of all specimens was
conducted in a blinded fashion by an experienced uropathol-
ogist (S.P.). Furthermore, the minor allele with the exact loca-
tion on the chromosome and base position was recorded
along with its minor allelic frequency in the present cohort
and the normal population [13]. A dominant model of inher-
itance was assumed in terms of the phenotypical penetrance
of the minor allele. Based on literature search [5,7,9,10], the
following SNPs located in genes of the 824 chromosome
region were selected for investigation: PSCA (rs2294008,
rs2978974, rs1045531, and rs3736001), MYC (rs6983267),
FXBO32 (rs7830622), and MIR151A (rs14974929).

2.3. DNA-sequencing

Allele types were determined using tumor-free lymph node
tissue collected during lymph node dissection at RC. First,
the formalin-fixed, paraffin-embedded tumor-free lymph
node tissue was dissolved using xylole solution.
Subsequently, DNA was isolated using the QIAamp® DNA
FFPE Tissue Kit (QIAGEN Cat. No. 56404, Hilden, Germany). In
the following, specific primers were designed targeting the
selected risk SNPs using Primer 3® software (http://primer3.
wi.mit.edu). The exact primer lengths were matched using
the genome database UCSC (http://genome.ucsc.edu/cgi-bin/
hgBlat?gsid=337309609&command=start), to adjust these pri-
mers for the human genome. In the following, polymerase-
chain-reaction (PCR) was performed using a Veriti"™ 96-Well
Fast Thermal Cycler and Ampli Taq Gold® Fast PCR Master
Mix. Enzymatic purification of the PCR product was per-
formed using Erein® solution (Applied Biosystems, Darmstadt,
Germany). For DNA analysis, the Sanger sequencing method
was performed using ABI Prism 3730xI DNA Analyzer® and
BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Darmstadt). This method is based on the select-
ive incorporation of fluorescent, chain-terminating dideoxy-
nucleotides by DNA polymerases during DNA replication.
Hereafter, the base sequence can be determined by separat-
ing the different fluorescently labeled termination nucleoti-
des [14].
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2.4. Follow-up

Patient charts were reviewed to determine clinical outcomes.
In general, patients were examined post-operatively every
three to four months for the first year, semiannually for the
second and third years, and annually thereafter. Follow-up
examinations included cross-sectional imaging in all patients.
In addition to physical examination with laboratory testing,
intravenous  pyelography, urethro-pouchoscopy, urine
cytology, urethral washings, and bone scintigraphy were car-
ried out if indicated. Disease recurrence was defined as
either local when located in the surgical bed or distant in
distant organs. Urethral or upper tract recurrence was
defined as an endoscopically confirmed tumor in the urethra
or upper urinary tract, respectively [15]. Clinical outcomes
were measured from the date of RC to the date of first docu-
mented recurrence or the date of the last follow-up when
the patient had not experienced disease recurrence. For BC,
the median follow-up based on cross-sectional imaging was
26 months (range: 4-68).

2.5. Statistical analysis

For univariable analysis, the Chi-Square/Fisher Exact test was
used for nominal data and the Mann-Whitney rank-sum test
for scaled data. Kaplan-Meier analysis was used to estimate
BC-specific RFS. p-Values are two-sided and p < 0.05 was con-
sidered significant. Values are given as mean = S.E.M. for nor-
mally distributed data or as median (interquartile range, total
range) for non-normally distributed data.

3. Results

The pathologic characteristics of the 36 patients with con-
comitant BC and PC are given in Table 1. The median age
was 70years (52-85). Regarding SNPs rs3736001 and
rs14974929, the corresponding risk allele was not detected
in any patient, so these SNPs were excluded from further
correlation analysis (see Table 2).

Univariable analysis revealed no significant association
between the tested SNPs and the presence of positive lymph
nodes while a slight trend toward significance was noted for
rs2978974 with regard to the presence of lymph node meta-
static disease at RC (p =0.13).

After a median follow-up of 26 months (3-80), 17 of the
36 patients (47.2%) developed local and/or distant recurrence
after RC with a median time to recurrence of 7 months
(3-54). The 3-year BC-specific RFS and OS were 49 and 62%,
respectively. In Kaplan-Meier analysis, advanced pathologic
tumor (p=0.004) and nodal stage (p <0.001), and positive
soft-tissue surgical margins (p <0.001) were risk factors for
decreased BC-specific RFS. Patients exhibiting rs2978974 as a
minor allelic variant of the PSCA gene (CT/TT) had worse RFS
(32 vs. 75%, p =0.015) compared with the patients exhibiting
the wildtype genotype (CC). No significant associations were
found for the other tested SNPs in terms of RFS.
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4. Discussion

In the present study, we aimed to investigate whether risk
SNPs of the 8924 chromosome region may be associated
with oncologic outcomes after RC for BC. Therefore, we
decided to investigate these effects in a cohort of patients
with concomitant BC and PC. Incidental PC is detected in up
to 60% of patients undergoing RC [16], and the incidence of
MIBC is higher in men than in women. From a genetic point
of view, this group of patients can therefore be regarded as
a particularly informative collective for further investigation
of the theory of androgen-sensitive BC at the predisposing
level. While the number of included patients is admittedly
low, we found that pathologic tumor and nodal stage as
well as STSM were associated with RFS. This suggests the
representativeness of the cohort in terms of the oncologic
outcomes compared with large series [17]. Regarding the

Table 1. Pathological tumor characteristics of the 36 patients with concomi-
tant bladder and prostate cancer (Leg.: BC: bladder cancer; PC: prostate can-
cer; STSMs: soft-tissue surgical margins; LV: lymphovascular invasion).

Parameter (BC) No. of patients Parameter (PC)  No. of patients

pT-stage pT-stage
pT1 1 pT2a 24
pT2a 1" pT2b 3
pT2b 6 pT2c 8
pT3a 5 pT3a 0
pT3b 5 pT3b 0
pT4a 7 pT4 1
pT4b 1
pN-stage pN-stage
pNX 1 pNX 1
pNO 24 pNO 35
pN1 3 pN1 0
pN2 8
pN3 0
STSMs STSMs
pRX 1 pRX 0
pRO 32 pRO 34
pR+ 3 pR1 2
Tumor grade Gleason-Score
GX 1 4 6
G1 0 5 1
G2 8 6 8
G3 27 7a 7
7b 1
8 2
9 1
10 0
LV-status
LVX 0 - -
LVo 22 - -
LvI 14 - -
cM-stage - -
cMo 35 - -
a1 1 (osseous, osteolytic) - -

median follow-up period of 26 months, it should be noted
that this can be considered adequate based on the median
occurrence of local or systemic BC recurrence after
7-18 months in landmark studies [17].

In the present analysis, we investigated four SNPs in the
PSCA gene (rs2294008, rs2978974, rs1045531, and rs3736001)
that might have a regulatory influence on the PSCA pro-
moter activity based on their gene position [5,7,9]. We found
that rs2978974 was associated with inferior BC-specific RFS.
The PSCA gene is located on chromosome 8g24.3 and spans
12,420 base pairs [18]. The corresponding PSCA mRNA tran-
script is composed of three exons (PSCA123). It encodes a
glycoprotein consisting of 123 amino acids, which shows
altered expression as an epithelial surface antigen on pros-
tate, urothelial, pancreatic, and gastric carcinoma cells
[19,20]. The androgen-responsive element (ARE) in the pro-
moter region of the PSCA gene is ~300bp long. It is located
~3 kb downstream of the transcription start site and ~2.7 kb
upstream of the first exon of the PSCA gene [8]. In previous
GWAS, rs2978974 and rs2294008 were found to be associ-
ated with an increased risk of developing BC [5,7] and carry-
ing both risk alleles (rs2294008 and rs2978974) significantly
increased the risk of developing BC [7]. The SNP rs2978974 is
located in a non-coding initial region of the first exon of the
PSCA gene, whereas rs2294408 is located in the coding por-
tion of the first exon. Examination of a 100 kb DNA segment
around the SNP rs2294008 in 5393 BC patients and 7324
control subjects revealed that heterozygous or homozygous
carrier of the SNP rs2978974 (CT/TT vs. CC) had a significantly
higher risk for BC [7]. This result suggests that the SNP
rs2978974 has a dominant function compared to the wild-
type allele. Similarly, the results of the present study show
that at least the heterozygous carriage of the SNP rs2978974
is associated with a significantly increased risk of BC recur-
rence assuming a dominant mode of inheritance. The pre-
sent work did not provide evidence that the SNP rs2294008

Table 3. Univariate analysis of the genotypes of the investigated SNPs and
the CAG repeat of the AR gene and presence of node-positive BC disease in
the 36 patients with concomitant BC and PC in (assumed) dominant mode of
inheritance.

Parameter p (dominant) OR (95%-Cl) dominant
rs2294008 (T) 0.69 0.61 (0.13-2.88)
rs2978974 (T) 0.13 4.5 (0.80-25.35)
rs1045531 (A) 0.68 0.58 (0.13-2.71)
rs3736001 (A) - -

16983267 (T) 1.0 1.10 (0.22-5.40)
rs7830622 (C) - -

G

rs14974929 (G) - -

Table 2. Localization and minor allelic frequency (MAF) of the investigated SNPs in the human genome in patients with BC and PC compared
to the normal population (13) (Leg.: A: adenine; C: cytosine; G: guanine; T: thymine).

SNP (minor allele) Chromosome Gene Base position MAF (present cohort MAF (normal population)
152294008 (T) 8q24.3 PSCA 143,761,931 0.4571 0.4322
1s2978974 (T) 8q24.3 PSCA 143,751,864 0.3472 0.3645
rs1045531 (A) 8g24.3 PSCA 143,763,547 0.4722 0.4272
1s3736001 (A) 8qg24.3 PSCA 143,762,307 0 0.0307
156983267 (T) 8q24.21 MYC 128,413,305 0.4722 0.4364
1s7830622 (C) 8q24.13 FXBO32 124,542,485 0.0555 0.0746
1514974929 (G) 8q24.3 MIR151A 55,016,299 0 0.0018
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Figure 1. Kaplan—-Meier analysis on BC-specific RFS in the 36 patients with con-
comitant BC and PC as a function of the minor allelic variant (T) rs2978974 of
the PSCA gene (CC vs. CT/TT). The number of patients at risk of BC recurrence
at specific post-operative time intervals is shown below the graph.

is associated with an increased risk of recurrence. Yet, the
manner in which the exchange of a single base pair can
influence PSCA gene activity was demonstrated in the study
by Wang et al. Replacement of the corresponding base pair
in the wild-type haplotype (rs2294008 C to T) in UP-H1 BC
cell lines decreased PSCA promoter activity, whereas the
reverse replacement (rs2294008 T to C) in turn increased the
same [21].

In contrast, a recent GWAS reported that rs2294008
resulted in increased PSCA123 mRNA levels, whereas the
presence of the SNP rs2978974 had no effect on PSCA123
mRNA expression [7]. However, rs2978974 was shown to
condition the formation of an altered PSCA mRNA transcript
(PSCATa2). This observation suggests that this SNP may have
an impact on PSCA mRNA expression. A possible explanation
would be that these SNPs do not only cause a change in
promoter activity, but also different mRNA products with
altered biological function through alternative splicing
events. At this point, it should be noted that the PSCA pro-
tein truncated by nine amino acids in the presence of
rs2294008 risk allele results in decreased PSCA protein
expression but does not alter its functionality [22].

There is evidence that the PSCA expression on tumor cells
can be regulated by the humoral and cellular immune sys-
tems. In prostate and pancreatic cancer, preclinical studies
have demonstrated that regulation of the PSCA expression
can be achieved by the use of tumor vaccines (mediated by
tumor antigen-loaded dendritic cells), monoclonal antibodies,
or antibody-associated toxic substances [23,24]. A PSCA vac-
cination study demonstrated a clinical response in the form
of prolongation of PSA doubling time in patients with hor-
mone-refractory PC [25]. LY-6 family proteins have been
implicated in the transmission of cell signaling during differ-
entiation, maturation, and activation of T lymphocytes. These
proteins include PSCA and the CD59 molecule, which pro-
tects tumor cells from complement-associated cell lysis [26].
Studies on the BC cell line SW870 have shown that pharma-
cological downregulation of PSCA expression via doxycyc-
line-regulated si-RNA results in cell growth inhibition [27]. In
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this study, analysis of other deregulated genes revealed that,
in particular, genes downstream of the interferon-alpha/beta
receptor, MHC class | receptors, Toll-like receptor (TLR) signal-
ing pathway, and interleukin-1 pathway were also activated
[27]. However, in humans, the T cell-mediated cytotoxicity of
PSCA-positive tumor cells and potential side effects of siRNA
treatment has not been adequately studied. Another prob-
lem is the fact that antibody-mediated CD8 cell cytotoxicity
is hampered due to the lack of antibody-specific receptors
on the surface of T8 cells [28]. In contrast, bispecific antibod-
ies against PSCA represent a promising option to combine
the humoral and cytotoxic potential of the immune system
[29]. It was demonstrated that bispecific anti-CD3 anti-PSCA
antibodies lead to a more effective CD8 cell-mediated lysis
of PC cells and do not result in a non-specific activation of
the immune system. This observation suggests that bispecific
antibodies against PSCA can be used systemically in humans
without increased risk of severe side effects [28].

However, the response rate of anti-PSCA immunotherapy
in BC critically depends on PSCA expression. A recent study
investigated PSCA expression in relation to the presence of
the SNP rs2294008. This study showed that carriers of this
allelic missense variant had stronger PSCA expression than
carriers of the CC genotype. This effect was strongest in non-
muscle-invasive BC stages (pTa-T1) [30]. Therefore, it seems
reasonable to develop antibody therapy against the
rs2978974-associated PSCA mRNA transcript (PSCA1a2) when
selecting high-risk patients for BC recurrence after RC and to
further investigate its efficacy in carriers of the SNP
rs2978974 within clinical trials. In conclusion, determining
the carriage of risk SNPs in the PSCA gene could improve
the prediction of an anti-PSCA therapy in patients with inva-
sive BC and offers new perspectives for improving the prog-
nosis of patients with locally advanced BC.

In conclusion, the present results support the hypothesis
that the minor allelic variant rs2978974 of the PSCA gene
predisposes to metastatic BC recurrence in patients with con-
comitant BC and PC. Further studies with larger numbers of
patients are needed to confirm these findings.
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