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ABSTRACT 

Urinary bladder cancer, a smoking and occupation related disease, was subject of several genome-wide association 

studies (GWAS). However, studies on the course of the disease based on GWAS findings differentiating between 

muscle invasive bladder cancer (MIBC) and non-muscle invasive bladder cancer (NMIBC) are rare. Thus we 

investigated 4 single nucleotide polymorphisms (SNPs) detected in GWAS, related to the genes coding for TACC3 

(transforming, acidic coiled-coil containing protein 3), for FGFR3 (fibroblast growth factor receptor 3), for PSCA 

(prostate stem cell antigen) and the genes coding for CBX6 (chromobox homolog 6) and APOBEC3A (apolipo-

protein B mRNA editing enzyme, catalytic polypeptide-like 3A). This study is based on 712 bladder cancer pa-

tients and 875 controls from 3 different case control studies in Germany. The 4 SNPs of interest (PSCA rs2294008 

and rs2978974, FGFR3-TACC3 rs798766, and CBX6-APOBEC3A rs1014971) were determined by real-time pol-

ymerase chain reaction. The distribution of the 4 SNPs does not vary significantly between cases and controls in 

the entire study group and in the 3 local subgroups, including two former highly industrialized areas and a region 

without such history. Also, no significant differences in the bladder cancer subgroups of MIBC and NMIBC were 

observed. The 4 investigated SNPs do not noticeably contribute differently to the bladder cancer risk for the blad-

der cancer subgroups of MIBC and NMIBC. 

 

Keywords: Muscle invasive bladder cancer (MIBC), non-muscle invasive bladder cancer (NMIBC), PSCA gene 

rs2294008 and rs2978974, FGFR3-TACC3 gene region rs798766, CBX6-APOBEC3A gene region rs1014971 

 

 

 

INTRODUCTION 

Bladder cancer (BC) is the 4th common 

cancer in males and the 14th common cancer 

in females in Germany with an estimated 

22.430 men and 7.100 women newly diag-

nosed in 2014 (Robert Koch Institute, 2018). 

World-wide, it is the 6th common cancer in 
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males and the 18th common cancer in females 

with an estimated 440.864 men and 132.414 

women newly diagnosed in 2020 (Sung et al., 

2021). This smoking and occupation related 

disease was a subject of several genome-wide 

association studies (GWAS; overview in 

Selinski, 2017; de Maturana et al., 2018). Fur-

thermore, a considerable number of studies 

investigating the impact of genetically based 

risk factors on bladder cancer was performed 

(overview: de Maturana et al., 2018; Golka et 

al., 2011). Regarding the impact on the course 

of the disease, multiple loci have been identi-

fied, aiming at different endpoints, e.g., T cat-

egory, grade, recurrence, and mortality yet 

demonstrating little consensus (Lipunova et 

al., 2019a). 

Thus, we investigated 4 single nucleotide 

polymorphisms (SNPs) detected in GWAS 

(Kiemeney et al., 2010; Rothman et al., 2010; 

Wu et al., 2009; Fu et al., 2012) related to the 

region of the genes coding for TACC3 and for 

FGFR3 (transforming, acidic coiled-coil con-

taining protein - fibroblast growth factor re-

ceptor 3) located on 4p16.3, the gene coding 

for PSCA (prostate stem cell antigen) located 

on 8q24.3, and the region of the genes coding 

for CBX6 (chromobox homolog 6) and for 

APOBEC3A (apolipoprotein B mRNA edit-

ing enzyme, catalytic polypeptide-like 3A) lo-

cated on 22q13.1. Furthermore, T category 

and grading in muscle invasive bladder cancer 

(MIBC) and non-muscle invasive bladder 

cancer (NMIBC) and the course of the dis-

ease, i.e., the number of the relapses and their 

histopathological findings, were observed. 

The region of the genes coding for 

TACC3 (transforming, acidic coiled-coil con-

taining protein 3) and for FGFR3 (fibroblast 

growth factor receptor 3) is located on 4p16.3, 

a known Huntington disease region (Lee et 

al., 2012). The reference SNP rs798766(T) is 

associated with bladder cancer risk (Kie-

meney et al., 2010; Meng et al., 2017). 

rs798766 is located in an intron of TACC3, 70 

kb from FGFR3 (Kiemeney et al., 2010). 

FGFR3 belongs to the family of tyrosine ki-

nases. FGFR3 signaling is involved in devel-

opment, differentiation, cell survival, migra-

tion, angiogenesis, and carcinogenesis 

(Turner and Grose, 2010). FGFR3 mutations 

in bladder cancer are mostly activating, fol-

lowed by gene rearrangements and amplifica-

tion (Cancer Genome Atlas Research Net-

work, 2014; Helsten et al., 2016). They are 

mainly detected in genetically stable bladder 

cancer (van Rhijn et al., 2003) and have been 

associated with progression in bladder cancer 

(Parker et al., 2014). FGFR3 gene rearrange-

ments generate constitutively activated and 

oncogenic FGFR3 kinase protein products, 

and cellular dependence on these drivers con-

fers sensitivity to selective FGFR inhibition 

(Williams et al., 2013; Wu et al., 2013; Kim 

et al., 2018). FGFR alterations are targeted in 

clinical routine already by the kinase inhibitor 

erdafitinib, which was approved by FDA in 

April 2019 (Loriot et al., 2019). Most re-

cently, it was shown in a phase 3 study that 

erdafitinib is superior to chemotherapy in the 

therapy of advanced or metastatic bladder 

cancer in patients with unresectable, ad-

vanced or metastatic urothelial cancer and se-

lect FGFR3/2 receptor alterations (muta-

tions/fusions) (Loriot et al., 2023) According 

to the TCGA data base, 15.43 % (29 out of 

188) bladder cancer cases provided somatic 

mutations in their tumors (NIH, 2023). 

PSCA (prostate stem cell antigen) was in-

itially identified as a prostate-specific cell-

surface antigen (Reiter et al., 1998), but later 

found to be expressed in many human tissues 

(Fu et al., 2012). The gene coding for PSCA 

is located on 8q24.3. This gene encodes a gly-

cosylphosphatidylinositol-anchored cell 

membrane glycoprotein. It is highly ex-

pressed in the prostate and, to lesser extent, in 

the bladder, placenta, colon, kidney, and 

stomach. It is up-regulated in many prostate 

cancers and expressed in cancers of the blad-

der and pancreas. Its polymorphisms result in 

an upstream start codon in some individuals 

(Weizmann Institute of Science, 2022a). 

rs2978974 is located 10 kb upstream of 

rs2294008, within an alternative untranslated 

first exon of PSCA (Fu et al., 2012). The var-

iant rs2294008(T) (Wu et al., 2009; Fu et al., 
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2012; Deng et al., 2019; Cui et al., 2019) is 

associated with bladder cancer risk. In a re-

cent meta-analysis, rs2294008 was associated 

with bladder cancer (OR = 1.15, 95 % CI 

1.11-1.18) (Cui et al., 2019). Furthermore, 

this SNP was strongly associated with gastric 

cancer (OR = 1.32, 95 % CI 1.27-1.39). 

rs2978974 was significant, but to a clearly 

lower extent, associated with bladder cancer 

(OR 1.09; 95 % CI 1.03–1.15) (Cui et al., 

2019). It is noteworthy, that Fu et al. (2012) 

reported a significant multiplicative interac-

tion between these two SNPs (P = 0.035). The 

non-risk allele G of rs2978974 showed strong 

interaction with nuclear proteins from five 

cell lines tested, implying a regulatory func-

tion. Thus, Fu et al. (2012) concluded that a 

joint effect of the two PSCA SNPs may be im-

portant for bladder cancer susceptibility. Ac-

cording to the TCGA data base, 0.46 % (1 out 

of 216) bladder cancer cases provided somatic 

mutations in their tumors (NIH, 2023). 

The gene region coding for CBX6 (chro-

mobox homolog 6) and for APOBEC3A 

(apolipoprotein B mRNA editing enzyme, 

catalytic polypeptide-like 3A) is located on 

22q13.1. This locus is located in a non-genic 

region approximately 25 kb centromeric of 

APOBEC3A and 64 kb telomeric of CBX6 

(Rothman et al., 2010). APOBEC is a protein 

family encoded by eleven genes. Subtypes of 

APOBEC3 can cause specific mutations in 

RNA and DNA at distinct preferred nucleo-

tide contexts in human cancer (Cao and Wu, 

2018). APOBEC enzymes are a major source 

of mutation in bladder cancer. Tumors en-

riched for APOBEC mutagenesis have better 

survival (Glaser et al., 2017). CBX6 is a pro-

tein coding gene. It is a component of a Poly-

comb Group (PcG) multiprotein PRC1 (poly-

comb repressive complex 1)-like complex, a 

complex class required to maintain the tran-

scriptionally repressive state of many genes, 

including Hox genes, throughout develop-

ment (Vandamme et al., 2011). PcG PRC1 

complex acts via chromatin remodeling and 

modification of histones; it mediates mono-

ubiquitination of histone H2A 'Lys-119', ren-

dering chromatin heritably changed in its ex-

pressibility (Weizmann Institute of Science, 

2022b). The variant rs1014971(T) is associ-

ated with bladder cancer risk (de Maturana et 

al., 2018; Rothman et al., 2010). CBX gene 

variants are also associated with risk of other 

cancers (Li et al., 2020; Lin et al., 2020; Xie 

et al., 2020). According to the TCGA data 

base, 0.74 % (3 out of 408) bladder cancer 

cases provided somatic mutations in APO-

BEC3A. Likewise, 0.74 % (3 out of 408) 

bladder cancer cases provided somatic muta-

tions in CBX6 (NIH, 2023). 

 

MATERIALS AND METHODS 

This study is based on 712 bladder cancer 

patients and 875 controls from 3 different 

case control studies: Evangelic Hospital, 

Paul-Gerhardt Foundation Lutherstadt Wit-

tenberg, Lutherstadt Wittenberg, Germany 

(203 cases and 210 controls (Roth et al., 

2012)), St.-Josefs-Hospital Dortmund-Ho-

erde, Dortmund, Germany (156 cases and 237 

controls (Ovsiannikov et al., 2012)), and 

Rheinland Klinikum Lukaskrankenhaus 

Neuss, Neuss, Germany (353 cases and 428 

controls (Höhne et al., 2017)). Controls were 

from the same respective hospitals without a 

known history of cancer. Enrolment of pa-

tients was as follows: Lutherstadt Wittenberg 

from December 1995 to January 1999, Dort-

mund from July 2009 to December 2010, and 

Neuss from June 2009 to November 2011. 

Follow-up derived from medical records was 

as follows: Lutherstadt Wittenberg from Sep-

tember 2008 to June 2009, Dortmund from 

May 2012 to August 2012, Neuss from July 

2013 to February 2014 (Selinski et al. 2016; 

Roth et al., 2012). 

 

Analytical methods 

DNA of cases and controls was isolated 

from venous blood samples according to 

standard methods in the Dortmund Institute 

(Selinski et al., 2017). The 4 SNPs of interest 

(PSCA rs2294008 and rs2978974, gene re-

gion FGFR3-TACC3 rs798766, and gene re-

gion CBX6-APOBEC3A rs1014971) were 
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detected by real-time polymerase chain reac-

tion (rt–PCR) using a TaqMan® assay (Sara-

vana Devi et al., 2008; Selinski et al., 2017). 

The missings for the detected SNPs for cases 

and controls respectively were as follows: 0 

and 0 for rs2294008, 2 and 1 for rs2978974, 0 

and 0 for rs798766, and 0 and 4 for 

rs1014971.  

 

Statistical methods 

Hardy-Weinberg Equilibrium was 

checked using a chi-squared test with one de-

gree of freedom. Chi-squared tests were used 

testing differences between categorial varia-

bles, logistic regression was used to compute 

Likelihood Ratio and Wald tests as well as 

odds ratios (OR) and 95 % confidence inter-

vals (95 % CI). The analysis was conducted 

searching for differences between cases vs 

controls, recurrent vs non-recurrent and 

MIBC vs NMIBC and stratified for gender, 

invasiveness, and smoking habits. False dis-

covery rate (FDR) was used for multiple test-

ing correction. 

The studies in the 3 departments of urol-

ogy were approved by the ethics committee of 

the Dortmund Institute (24/2009, 31/2009, 

50/2011, 74/2014) and by the Institutional 

Review Board. 

RESULTS 

The total study group contains 3 sub-

groups from different regions in Germany 

with comparable characteristics regarding 

gender and age among cases as well as among 

controls. In bladder cancer patients, the por-

tions of the described characteristics were as 

follows: Total study group: 79 % male, me-

dian age 70.5 years. Wittenberg: 86 % male, 

median age 65.4 years. Dortmund: 75 % male, 

median age 71.0 years. Neuss: 77 % male, 

median age 73.2 years. Detailed information, 

including that of the controls is presented in 

Table 1 and 2. 

A description of the clinical parameters of 

the study group is presented in Table 3a, b. As 

expected, in the combined group of muscle in-

vasive bladder cancer (MIBC) and non-mus-

cle invasive bladder cancer (NMIBC), signif-

icant differences were observed regarding the 

smoking habits. A total of 16 % of the male 

patients, in contrast to 49 % of the female pa-

tients were non-smokers (p <0.0001). The 

portions of the different T categories did not 

differ significantly between male and female 

patients. 

 
Table 1: Age distribution in the total study group of bladder cancer cases and the subgroups of non-
muscle invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC), and controls 
 

  Age         

Study group Status Min Q1* Median Q3** Max Mean SD n Missing 

Total group case 20.10 62.60 70.50 77.13 93.90 69.30 10.92 712 0 

Total group control 20.50 57.13 69.15 77.10 100.00 65.26 16.23 882 0 

Wittenberg case 20.10 58.90 65.40 71.45 91.30 64.60 11.37 203 0 

Wittenberg control 29.40 61.48 67.80 76.50 91.20 67.78 10.17 212 0 

Dortmund case 43.80 64.08 71.00 78.48 89.20 70.81 9.85 156 0 

Dortmund control 21.70 59.50 70.90 79.10 100.00 68.27 14.66 237 0 

Neuss case 26.10 66.30 73.20 78.30 93.90 71.33 10.30 353 0 

Neuss control 20.50 49.90 69.00 76.60 92.70 62.39 18.79 433 0 

NMIBC case 20.10 62.60 70.00 76.90 93.20 68.95 11.03 581 0 

NMIBC control 20.50 57.13 69.15 77.10 100.00 65.26 16.23 882 0 

MIBC case 41.80 63.60 72.40 78.70 93.90 70.85 10.30 131 0 

MIBC control 20.50 57.13 69.15 77.10 100.00 65.26 16.23 882 0 

*First quartile  **Third quartile 
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Male patients showed a higher percentage of 

NMIBC (82 % vs 79 %), whereas female pa-

tients showed a higher percentage of MIBC 

(21 % vs 18 %). Grading differed signifi-

cantly between the genders in 2 subgroups 

(Table 3b). There was no significant gender-

related difference in the distribution of 

NMIBC and MIBC (Table 3a). A stratifica-

tion of the clinical parameters for NMIBC and 

MIBC is presented in Table 3b.  

 
Table 2: Gender distribution in the total study group of bladder cancer cases and the subgroups of non-
muscle invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC), and controls 

   Gender    

Study 
group 

Status Total (n) Male (n) Male (%) Female (n) Female (%) 

Total group case 712 564 79% 148 21% 

Total group control 882 655 74% 227 26% 

Wittenberg case 203 175 86% 28 14% 

Wittenberg control 212 177 83% 35 17% 

Dortmund case 156 117 75% 39 25% 

Dortmund control 237 181 76% 56 24% 

Neuss case 353 272 77% 81 23% 

Neuss control 433 297 69% 136 31% 

NMIBC case 581 464 80% 117 20% 

NMIBC control 882 655 74% 227 26% 

MIBC case 131 100 76% 31 24% 

MIBC control 882 655 74% 227 26% 

 
Table 3: Description of the total study group of bladder cancer (BC) cases (a) and the subgroups of 
non-muscle invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC), stratified for 
gender, smoking habits, T category, and grading (b). 

a Variable Male 
(%) 

Male 
(n) 

Fe-
male 

(%) 

Fe-
male 

(n) 

Chi-
squared 
test (P) 

LR test 
(P) 

Wald test 
(P) 

OR 95 % CI 

BC non-
smokers 

16% 91 49% 73 <0.0001 <0.0001 reference   

BC former 
smokers 

58% 325 28% 41   <0.0001 0.16 0.10-0.24 

BC current 
smokers 

25% 142 22% 33   <0.0001 0.29 0.18-0.47 

BC unknown 1% 6 1% 1   0.1500 0.21 0.01-1.25 

BC total 100% 564 100% 148      

BC Ta 42% 237 45% 67 0.4905 0.5137 reference   

BC P* 2% 11 2% 3   0.9570 0.96 0.21-3.20 

BC T1 38% 216 32% 47   0.2175 0.77 0.51-1.16 

BC T2 12% 65 16% 23   0.4216 1.25 0.71-2.14 

BC T3-4 6% 35 5% 8   0.6091 0.81 0.34-1.75 

BC total 100% 564 100% 148      

BC G1 30% 168 38% 56 0.3050 0.3252 reference   

BC G2 39% 222 35% 52   0.1056 0.70 0.46-1.08 

BC G3 30% 169 26% 39   0.1181 0.69 0.43-1.09 

BC Gx 1% 5 1% 1   0.6443 0.60 0.03-3.82 

BC total 100% 564 100% 148      

BC NMIBC 82% 464 79% 117 0.4040 0.3748 reference   

BC MIBC 18% 100 21% 31   0.3695 1.23 0.77-1.91 

BC total 100% 564 100% 148      

*Papillary neoplasm (according to an older WHO classification, applied by the examining pathologist);  
bold: significant at level α < 0.05  
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b Variable Male 
(n) 

Male 
(%) 

Female 
(n) 

Female 
(%) 

Chi-
squared 
test (P) 

LR test 
(P) 

Wald 
test (P) 

OR 95 % CI 

NMIBC non-
smokers 

79 17%  56 48% <0.0001 <0.0001 reference   

NMIBC former 
smokers 

264 57% 36 31%   <0.0001 0.19 0.12-0.31 

NMIBC current 
smokers 

118 25% 24 21%   <0.0001 0.29 0.16-0.50 

NMIBC unknown 3 1% 1 1%   0.5182 0.47 0.02-3.78 

NMIBC total 464 100% 117 100%      

NMIBC Ta 237 51% 67 57% 0.4242 0.4611 reference   

NMIBC P* 11 2% 3 3%   0.9570 0.96 0.21-3.20 

NMIBC T1 216 47% 47 40%   0.2175 0.77 0.51-1.16 

NMIBC total 464 100% 117 100%      

NMIBC G1 168 36% 56 48% 0.0556 0.0821 reference   

NMIBC G2 210 45% 39 33%   0.0120 0.56 0.35-0.88 

NMIBC G3 84 18% 21 18%   0.3190 0.75 0.42-1.30 

NMIBC Gx 2 0% 1 1%   0.7426 1.50 0.07-
15.95 

NMIBC total 464 100% 117 100%      

MIBC non 
smokers 

12 12% 17 55% <0.0001 <0.0001 reference   

MIBC former 
smokers 

61 61% 5 16%   <0.0001 0.06 0.02-0.18 

MIBC current 
smokers 

24 24% 9 29%   0.0144 0.26 0.09-0.75 

MIBC unknown 3 3% 0 0%   0.9903 0.00 NA 
9.17x1070 

MIBC total 100 100% 31 100%      

MIBC T2 65 65% 23 74% 0.3883 0.3337 reference   

MIBC T3-4 35 35% 8 26%   0.3430 0.65 0.25-1.55 

MIBC total 100 100% 31 100%      

MIBC G2 12 12% 13 42% 0.0012 0.0013 reference   

MIBC G3 85 85% 18 58%   0.0006 0.20 0.08-0.50 

MIBC Gx 3 3% 0 0%   0.9904 0.00 NA 
1.10x1071 

MIBC total 100 100% 31 100%      

*Papillary neoplasm (according to an older WHO classification, applied by the examining pathologist);  
bold: significant at level α < 0.05 

 

 

The frequency of the 4 investigated SNPs 

in the combined group of NMIBC and MIBC 

cases and in controls, additionally stratified 

for the 3 local subgroups, is presented in Ta-

ble 4.  

The distribution of the 4 investigated 

SNPs, stratified for NMIBC and MIBC cases 

does not vary significantly between the 3 lo-

cal subgroups, including two formerly highly 

industrialized areas with industries associated 

with elevated bladder cancer risk (Dortmund 

(Ovsiannikov et al., 2012) and Lutherstadt 

Wittenberg (Roth et al., 2012)) and a region 

with no industries with known bladder cancer 

risk (Neuss (Höhne et al., 2017)). No signifi-

cant differences between cases and controls 

and between the subgroups of NMIBC and 

MIBC bladder cancer were observed (Table 

5).  

The subgroup of cases with progression 

stratified for the histopathological findings 

for T category and grading are presented in 

Table 6. Due to the small number of cases 

with progression, a statistical evaluation of 

the impact of the 4 investigated SNPs was not 

performed. 
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Table 4: Frequency of the double mutated (MM), heterozygous (MN) and double native (NN) status of 
the 4 investigated single nucleotide polymorphisms (SNPs) in the total group of bladder cancer cases 
and in controls stratified for the 3 local subgroups 

Study 
group 

SNP Gene Status Total 
(n) 

MM 
(n) 

MM 
(%) 

MN 
(n) 

MN 
(%) 

NN 
(n) 

NN 
(%) 

Total 
group 

rs2294008 PSCA case 712 182 26% 358 50% 172 24% 

Total 
group 

rs2294008 PSCA control 875 238 27% 436 50% 201 23% 

Wittenberg rs2294008 PSCA case 203 48 24% 110 54% 45 22% 

Wittenberg rs2294008 PSCA control 210 61 29% 110 52% 39 19% 

Dortmund rs2294008 PSCA case 156 44 28% 71 46% 41 26% 

Dortmund rs2294008 PSCA control 237 65 27% 115 49% 57 24% 

Neuss rs2294008 PSCA case 353 90 25% 177 50% 86 24% 

Neuss rs2294008 PSCA control 428 112 26% 211 49% 105 25% 

Total 
group 

rs2978974 PSCA case 710 87 12% 335 47% 288 41% 

Total 
group 

rs2978974 PSCA control 874 92 11% 399 46% 383 44% 

Wittenberg rs2978974 PSCA case 203 20 10% 104 51% 79 39% 

Wittenberg rs2978974 PSCA control 209 22 11% 91 44% 96 46% 

Dortmund rs2978974 PSCA case 156 17 11% 68 44% 71 46% 

Dortmund rs2978974 PSCA control 237 28 12% 105 44% 104 44% 

Neuss rs2978974 PSCA case 351 50 14% 163 46% 138 39% 

Neuss rs2978974 PSCA control 428 42 10% 203 47% 183 43% 

Total 
group 

rs798766 FGFR3-
TACC3 

case 712 435 61% 250 35% 27 4% 

Total 
group 

rs798766 FGFR3-
TACC3 

control 875 556 64% 291 33% 28 3% 

Wittenberg rs798766 FGFR3-
TACC3 

case 203 113 56% 79 39% 11 5% 

Wittenberg rs798766 FGFR3-
TACC3 

control 210 131 62% 71 34% 8 4% 

Dortmund rs798766 FGFR3-
TACC3 

case 156 97 62% 55 35% 4 3% 

Dortmund rs798766 FGFR3-
TACC3 

control 237 133 56% 95 40% 9 4% 

Neuss rs798766 FGFR3-
TACC3 

case 353 225 64% 116 33% 12 3% 

Neuss rs798766 FGFR3-
TACC3 

control 428 292 68% 125 29% 11 3% 

Total 
group 

rs1014971 CBX6-
APOBEC3A 

case 712 318 45% 321 45% 73 10% 

Total 
group 

rs1014971 CBX6-
APOBEC3A 

control 871 380 44% 382 44% 109 13% 

Wittenberg rs1014971 CBX6-
APOBEC3A 

case 203 94 46% 81 40% 28 14% 

Wittenberg rs1014971 CBX6-
APOBEC3A 

control 211 90 43% 95 45% 26 12% 

Dortmund rs1014971 CBX6-
APOBEC3A 

case 156 69 44% 71 46% 16 10% 

Dortmund rs1014971 CBX6-
APOBEC3A 

control 236 98 42% 104 44% 34 14% 

Neuss rs1014971 CBX6-
APOBEC3A 

case 353 155 44% 169 48% 29 8% 

Neuss rs1014971 CBX6-
APOBEC3A 

control 424 192 45% 183 43% 49 12% 
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Table 5: Frequency of double mutated (MM), heterozygous (MN) and double native (NN) status of the 
4 investigated single nucleotide polymorphisms (SNPs) in bladder cancer (BC) cases, controls and in 
the BC cases stratified for non-muscle invasive (NMIBC) and muscle invasive (MIBC) bladder cancer 

Group SNP MM 
(n) 

MN 
(n) 

NN 
(n) 

Chi-squared test 
P 

FDR* corrected P 

BC case rs2294008 182 358 172 0.9198 0.9864 

BC control rs2294008 238 436 201 0.9864 0.9864 

NMIBC case rs2294008 148 284 149 0.6330 0.8440 

NMIBC control rs2294008 238 436 201 0.9864 0.9864 

MIBC case rs2294008 34 74 23 0.1483 0.8173 

MIBC control rs2294008 238 436 201 0.9864 0.9864 

BC case rs2978974 87 335 288 0.5306 0.8296 

BC control rs2978974 92 399 383 0.4619 0.8173 

NMIBC case rs2978974 75 269 236 0.9549 0.9864 

NMIBC control rs2978974 92 399 383 0.4619 0.8173 

MIBC case rs2978974 12 66 52 0.2160 0.8173 

MIBC control rs2978974 92 399 383 0.4619 0.8173 

BC case rs798766 435 250 27 0.2611 0.8173 

BC control rs798766 556 291 28 0.2032 0.8173 

NMIBC case rs798766 353 204 24 0.4768 0.8173 

NMIBC control rs798766 556 291 28 0.2032 0.8173 

MIBC case rs798766 82 46 3 0.3382 0.8173 

MIBC control rs798766 556 291 28 0.2032 0.8173 

BC case rs1014971 318 321 73 0.5877 0.8296 

BC control rs1014971 380 382 109 0.4277 0.8173 

NMIBC case rs1014971 260 260 61 0.7915 0.9864 

NMIBC control rs1014971 380 382 109 0.4277 0.8173 

MIBC case rs1014971 58 61 12 0.5759 0.8296 

MIBC control rs1014971 380 382 109 0.4277 0.8173 

*FDR false discovery rate 

 

 

Table 6: T category, staging and grading at progression in the investigated bladder cancer cases 

Relapse* T category, grading at progression 
 T2 T3 T4 TxM1 G2 G3 Gx 

R1 13 3 0 2 4 13 1 

R2 3 1 0 0 1 3 0 

R3 1 2 1 0 1 2 1 

R4 1 0 0 0 0 0 1 

Relapse* Combined T category and grading at progression 

 T2 G2 T2 G3 T2 Gx T3 G3 T4 Gx TxM1 G3 TxM1 Gx 

R1 4 9 0 3 0 1 1 

R2 1 2 0 1 0 0 0 

R3 1 0 0 2 1 0 0 

R4 0 0 1 0 0 0 0 

Relapse* T category and grading at progression 

  G2 G3 Gx    

R1-R4 T2 6 11 1    

R1-R4 T3 0 6 0    

R1-R4 T4 0 0 1    

R1-R4 TxM1 0 1 1    

*Tumors resected 3 months after prior resection were considered as relapses. 
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DISCUSSION 

Since the first papers on the impact of pol-

ymorphism on the metabolism of the an-

titubercular agent isoniazid (INH) in the 

1950s (Hughes et al., 1954; Mitchell et al., 

1957), a considerable number of studies have 

been published on the impact of genetic poly-

morphisms on bladder cancer risk (overview: 

Golka et al., 2011). However, with the first 

paper on genome-wide association studies on 

bladder cancer risk (Kiemeney et al., 2008), a 

new era started, showing the impact of genet-

ics on bladder cancer of loci, mostly not asso-

ciated with bladder cancer before (Golka et 

al., 2011). 

To date, about 40 single nucleotide poly-

morphisms are shown to be associated with 

bladder cancer risk, mostly within the range 

between 1.1 and 1.5, mostly identified and/or 

confirmed in GWAS (Selinski, 2017; de 

Maturana et al., 2018; Koutros et al., 2023). 

This is much lower than the risk conferred by 

the portion of N-acetyltransferase 2 (NAT2) 

slow acetylators reported in the first studies 

on bladder cancer risk due to high exposure to 

highly carcinogenic aromatic amines in the 

chemical industry at that time (Lewalter and 

Miksche, 1992; Cartwright et al., 1982; Golka 

et al., 2002) or conferred by the portion of 

GSTM1 negatives reported formerly in highly 

industrialized areas (Golka et al., 1998; Hung 

et al., 2004).  

The first study on variants detected in 

GWAS on bladder cancer course was pub-

lished by Roth et al. (2012), showing an asso-

ciation of longer relapse-free survival in 

GSTT1 positives (HR = 0.60, 95 % CI = 

0.42–0.87) in the formerly highly industrial-

ized area of Lutherstadt Wittenberg. GSTM1 

negatives tended to be associated with a better 

prognosis, whereas the NAT2 risk alleles 

rs710521(A) and rs9642880(T), detected in 

the first GWAS on bladder cancer (Kiemeney 

et al., 2008) tended to be associated with a 

poor prognosis. Since then, only few studies 

on the impact of genetic polymorphisms de-

tected in GWAS on the course of the bladder 

cancer disease have been conducted 

(Grotenhuis et al., 2014; Lipunova et al., 

2019b), most possibly due to the enormous lo-

gistic effort. Suitable candidates for an impact 

on the course of the disease are those genetic 

polymorphisms and/or loci, which have a 

proven influence on bladder cancer risk (Roth 

et al., 2012). Another promising approach is 

the investigation of the effect of SNP combi-

nations or, even better, a large panel of SNPs 

as recently applied for the determination of 

the risk to contract bladder cancer (Koutros et 

al., 2023). Although our group has experience 

with the impact of SNP combinations on blad-

der cancer risk regarding smoking habits 

(Selinski et al., 2017), we decided not to apply 

this approach for this study because the avail-

able case numbers are by far too small when 

two or more polymorphisms are combined. 

It is now established for a long time that 

bladder cancer is no more one tumor entity, 

but two: Non-muscle invasive bladder cancer 

(NMIBC) and muscle-invasive bladder can-

cer (MIBC) (Knowles and Hurst, 2015). It 

may be noted, that genetic analysis has re-

sulted in a new biological classification for 

MIBC discriminating 6 different subtypes 

(Kamoun et al., 2020). Similar activities for 

NMIBC are undergoing (Marzouka et al., 

2022). Due to the very different course of 

these two tumor entities, we decided to inves-

tigate the impact on the subgroups of NMIBC 

and the clinically much more important 

MIBC separately in larger study group now 

including in addition to Roth et al. (2012), pa-

tients from two other studies (Ovsiannikov et 

al., 2012; Höhne et al., 2017). The 4 investi-

gated SNPs showed no noticeable differences 

in the frequency between the NMIBC and 

MIBC subgroups. This is in line with the find-

ings of Grotenhuis et al. (2014) for PSCA 

gene related rs2294008, TACC3 - FGFR gene 

region related rs798766, and CBX6 - APO-

BEC3A gene region related rs1014971. This 

may be due to the minimal impact of a single 

SNP. Thus, in future studies an impact of SNP 

combinations should be investigated on large 

study groups, as this procedure had success-

fully shown that a 4 SNP combination confers 

increased bladder cancer risk particularly in 
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never smokers (Selinski et al., 2017). Re-

cently, this approach was applied by a GWAS 

using a 24 SNP marker panel (Koutros et al., 

2023). Another promising approach would be 

to investigate the impact of selected SNPs 

and/or their combinations in the clinically rel-

evant group of symptomatic patients showing 

micro and/or gross hematuria. 
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