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Supplementary 

1 Wildtype and mutated untranslated region sequences for SLC35F2 and BCL9L genes  

All 5´ and 3´ untranslated region (UTR) sequences and the position of mutations for both 

SLC35F2 and BCL9L were identified according to the UCSC Genome Browser on Human 

Dec. 2013 (GRCh38/hg38) assembly platform. The single point mutations are emphasized in 

red colour.  

 

Wildtype sequence of 5` UTR SLC35F2 gene  

>hg38_knownGene_uc001pjq.3 range=chr11:107858768-107859188 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
actgcttctaactcactgctcactcaccgcttcttagcttaggaatcacctacaataacctcgtgtcactgtatcttgtgatttcaaacaa
ggaaccctaaaaacctgaaggcacactgggtgccgctcaacaataaggctcggctgccaagacgaaaaaaaaattgcccttt
ctcctcctgccaccctggaggtgccaggttgtaatctgcaaatgtattgtctggcccttagggcttgacagttaatgattggtcgctga
aggagccgagcggaggagcgagagggacgcgagcaagcgagcgagggagggagcgcagggccagagcggagcccc
agccggccgcacaggcaccgcctcccgtcttccgggacccggcacttcgggggttttgggcgccggagacgcgcaagggcg
ccg 
 
Mutated sequence of 5` UTR SLC35F2 gene 

C>G mutation is at the position 107868920 according to UCSC browser, GRCh38/hg38. 
 
>hg38_knownGene_uc001pjq.3 range=chr11:107858768-107859188 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
actgcttctaactcactgctcactcaccgcttcttagcttaggaatcacctacaataacctcgtgtcactgtatcttgtgatttcaaacaa
ggaaccctaaaaacctgaaggcacactgggtgccgctcaacaataaggctcggctgccaagacgaaaaaaaaattgcccttt
ctcctcctgccaccctggaggtgccaggttgtaatctgcaaatgtattgtctggcccttagggcttgacagttaatgattggtcgctga
aggagcggagcggaggagcgagagggacgcgagcaagcgagcgagggagggagcgcagggccagagcggagcccc
agccggccgcacaggcaccgcctcccgtcttccgggacccggcacttcgggggttttgggcgccggagacgcgcaagggcg
ccg 
 

Wildtype sequence of 3` UTR SLC35F2 gene  

>hg38_knownGene_uc001pjq.3 range=chr11:107790991-107792614 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
ctggagaagatggcgcacccatcccccaccaggataaagcagagcctgctgcctgctgaggggacacttggggaaatagca
gactcagaatggacactctacaaccctgggttggatccagtggttaggttttagaaaggaacactgaacaaagttcaaaagtag
aaataccaaaatagagcagaaaccaagctaagagtgtgtttctgtgtttgaggaccaatatctgttcgtgttgaggagatgaggtg
cagactccacactggggtcttagaggcaccagtgggaaagcaggactggggagagatccaggactgagccagcctcaggc
cagggcgggaaagcaggctgtccaggctgggcttggtggtcaggaacaggggcagctcacggtggctctggagtacgtttcct
ctgtcagatgcttcaaggtttttttttttttttttttttgctgaggcagttattgtccacaggcctttgggtacagatgaggccttggggctgac
tgcatgtggcagaaaacgggtgggtcagcccttgaaaagtcttgagatataagtgtgagtactatacaagcattaaactggagtg
cagtaaacctaggaaccttcccacaattgtttttttgtttgtttgagatgcagagtctagagtgcagtggtgcaagctcagcttactgta
acctctgcctcctggattcaagtgttagtagctgggattacaaaagcatgtggccccacgcccagctaagttttgtatttttagtagac
atggggtttcaccatgttgcccaggctggtcttgacctcccgacctcaagtgatctgcctgccccgacctcccaaagtgctgggatt
acaggcttgagccaccgtgccaggcctgttttgtttgtttttgtagagagatggggtttcgccatgttgcccaggctaatctcaaattcc
tgagctaaagcgatctgcccacctcggcctccgaaagtgctaggattacagatgtgaaccactgtgcctggcctgtttgtttgtttgttt
aaaacatttctccatcactcattccaggtcccagagcaaactctctctgctctcggagcctgtgacactggctatgtgctccacagttt
cagtcccaggtcatactctccaacagttttcagagctccatatatatgtagatgccatcctttctaaaaacttctcacgacctcctgga
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atattcctattgatctcattttatttagcatcagctcaagaaactaagtcttagtgcacagtatcacaacaaagaaaaagctttgttttta
taactggtaaaaacaagaaaagattctcatcaaaatgaaaatataaaattaatcatttctcaccaaagagtatgcctgggagcct
ccagctgttaaaagacaatgctattactacttcttatcaaaaatctgtaatgccctgtgatttttatgatacttcttcaatacaaagtgtta
atatgtgtcatcagtataataacaaccaacaaaatgccactttcagaaaactgtatgtaaattttttgtaacaatgtaaaaaagaaa
tggggagtaagtgttcacatcattaaaaggctttgaattcatggaaataca 
 

Mutated 1 sequence of 3` UTR SLC35F2 gene   

C>T mutation is at position 10779226 according to UCSC browser, GRCh38/hg38. 

>hg38_knownGene_uc001pjq.3 range=chr11:107790991-107792614 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
ctggagaagatggcgcacccatcccccaccaggataaagcagagcctgctgcctgctgaggggacacttggggaaatagca
gactcagaatggacactctacaaccctgggttggatccagtggttaggttttagaaaggaacactgaacaaagttcaaaagtag
aaataccaaaatagagcagaaaccaagctaagagtgtgtttctgtgtttgaggaccaatatctgttcgtgttgaggagatgaggtg
cagactccacactggggtcttagaggcaccagtgggaaagcaggactggggagagatccaggactgagccagcctcaggc
cagggcgggaaagcaggctgtccaggctgggcttggtggtcaggaacaggggcagcttacggtggctctggagtacgtttcctc
tgtcagatgcttcaaggtttttttttttttttttttttgctgaggcagttattgtccacaggcctttgggtacagatgaggccttggggctgact
gcatgtggcagaaaacgggtgggtcagcccttgaaaagtcttgagatataagtgtgagtactatacaagcattaaactggagtgc
agtaaacctaggaaccttcccacaattgtttttttgtttgtttgagatgcagagtctagagtgcagtggtgcaagctcagcttactgtaa
cctctgcctcctggattcaagtgttagtagctgggattacaaaagcatgtggccccacgcccagctaagttttgtatttttagtagaca
tggggtttcaccatgttgcccaggctggtcttgacctcccgacctcaagtgatctgcctgccccgacctcccaaagtgctgggatta
caggcttgagccaccgtgccaggcctgttttgtttgtttttgtagagagatggggtttcgccatgttgcccaggctaatctcaaattcct
gagctaaagcgatctgcccacctcggcctccgaaagtgctaggattacagatgtgaaccactgtgcctggcctgtttgtttgtttgttt
aaaacatttctccatcactcattccaggtcccagagcaaactctctctgctctcggagcctgtgacactggctatgtgctccacagttt
cagtcccaggtcatactctccaacagttttcagagctccatatatatgtagatgccatcctttctaaaaacttctcacgacctcctgga
atattcctattgatctcattttatttagcatcagctcaagaaactaagtcttagtgcacagtatcacaacaaagaaaaagctttgttttta
taactggtaaaaacaagaaaagattctcatcaaaatgaaaatataaaattaatcatttctcaccaaagagtatgcctgggagcct
ccagctgttaaaagacaatgctattactacttcttatcaaaaatctgtaatgccctgtgatttttatgatacttcttcaatacaaagtgtta
atatgtgtcatcagtataataacaaccaacaaaatgccactttcagaaaactgtatgtaaattttttgtaacaatgtaaaaaagaaa
tggggagtaagtgttcacatcattaaaaggctttgaattcatggaaataca 
 

Mutated 2 sequence of 3`UTR SLC35F2 gene 

C>G mutation is at the position 10779529 according to UCSC browser, GRCh38/hg38. 

>hg38_knownGene_uc001pjq.3 range=chr11:107790991-107792614 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
ctggagaagatggcgcacccatcccccaccaggataaagcagagcctgctgcctgctgaggggacacttggggaaatagca
gactgagaatggacactctacaaccctgggttggatccagtggttaggttttagaaaggaacactgaacaaagttcaaaagtag
aaataccaaaatagagcagaaaccaagctaagagtgtgtttctgtgtttgaggaccaatatctgttcgtgttgaggagatgaggtg
cagactccacactggggtcttagaggcaccagtgggaaagcaggactggggagagatccaggactgagccagcctcaggc
cagggcgggaaagcaggctgtccaggctgggcttggtggtcaggaacaggggcagctcacggtggctctggagtacgtttcct
ctgtcagatgcttcaaggtttttttttttttttttttttgctgaggcagttattgtccacaggcctttgggtacagatgaggccttggggctgac
tgcatgtggcagaaaacgggtgggtcagcccttgaaaagtcttgagatataagtgtgagtactatacaagcattaaactggagtg
cagtaaacctaggaaccttcccacaattgtttttttgtttgtttgagatgcagagtctagagtgcagtggtgcaagctcagcttactgta
acctctgcctcctggattcaagtgttagtagctgggattacaaaagcatgtggccccacgcccagctaagttttgtatttttagtagac
atggggtttcaccatgttgcccaggctggtcttgacctcccgacctcaagtgatctgcctgccccgacctcccaaagtgctgggatt
acaggcttgagccaccgtgccaggcctgttttgtttgtttttgtagagagatggggtttcgccatgttgcccaggctaatctcaaattcc
tgagctaaagcgatctgcccacctcggcctccgaaagtgctaggattacagatgtgaaccactgtgcctggcctgtttgtttgtttgttt
aaaacatttctccatcactcattccaggtcccagagcaaactctctctgctctcggagcctgtgacactggctatgtgctccacagttt
cagtcccaggtcatactctccaacagttttcagagctccatatatatgtagatgccatcctttctaaaaacttctcacgacctcctgga
atattcctattgatctcattttatttagcatcagctcaagaaactaagtcttagtgcacagtatcacaacaaagaaaaagctttgttttta
taactggtaaaaacaagaaaagattctcatcaaaatgaaaatataaaattaatcatttctcaccaaagagtatgcctgggagcct
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ccagctgttaaaagacaatgctattactacttcttatcaaaaatctgtaatgccctgtgatttttatgatacttcttcaatacaaagtgtta
atatgtgtcatcagtataataacaaccaacaaaatgccactttcagaaaactgtatgtaaattttttgtaacaatgtaaaaaagaaa
tggggagtaagtgttcacatcattaaaaggctttgaattcatggaaataca 
 

 

Mutated 3 sequence of 3` UTR SLC35F2 gene   

It contains two mutations.  C>T mutation is at position 10779226  and C>G mutation is at the 

position 10779529 according to UCSC browser, GRCh38/hg38. 

>hg38_knownGene_uc001pjq.3 range=chr11:107790991-107792614 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
ctggagaagatggcgcacccatcccccaccaggataaagcagagcctgctgcctgctgaggggacacttggggaaatagca
gactgagaatggacactctacaaccctgggttggatccagtggttaggttttagaaaggaacactgaacaaagttcaaaagtag
aaataccaaaatagagcagaaaccaagctaagagtgtgtttctgtgtttgaggaccaatatctgttcgtgttgaggagatgaggtg
cagactccacactggggtcttagaggcaccagtgggaaagcaggactggggagagatccaggactgagccagcctcaggc
cagggcgggaaagcaggctgtccaggctgggcttggtggtcaggaacaggggcagcttacggtggctctggagtacgtttcctc
tgtcagatgcttcaaggtttttttttttttttttttttgctgaggcagttattgtccacaggcctttgggtacagatgaggccttggggctgact
gcatgtggcagaaaacgggtgggtcagcccttgaaaagtcttgagatataagtgtgagtactatacaagcattaaactggagtgc
agtaaacctaggaaccttcccacaattgtttttttgtttgtttgagatgcagagtctagagtgcagtggtgcaagctcagcttactgtaa
cctctgcctcctggattcaagtgttagtagctgggattacaaaagcatgtggccccacgcccagctaagttttgtatttttagtagaca
tggggtttcaccatgttgcccaggctggtcttgacctcccgacctcaagtgatctgcctgccccgacctcccaaagtgctgggatta
caggcttgagccaccgtgccaggcctgttttgtttgtttttgtagagagatggggtttcgccatgttgcccaggctaatctcaaattcct
gagctaaagcgatctgcccacctcggcctccgaaagtgctaggattacagatgtgaaccactgtgcctggcctgtttgtttgtttgttt
aaaacatttctccatcactcattccaggtcccagagcaaactctctctgctctcggagcctgtgacactggctatgtgctccacagttt
cagtcccaggtcatactctccaacagttttcagagctccatatatatgtagatgccatcctttctaaaaacttctcacgacctcctgga
atattcctattgatctcattttatttagcatcagctcaagaaactaagtcttagtgcacagtatcacaacaaagaaaaagctttgttttta
taactggtaaaaacaagaaaagattctcatcaaaatgaaaatataaaattaatcatttctcaccaaagagtatgcctgggagcct
ccagctgttaaaagacaatgctattactacttcttatcaaaaatctgtaatgccctgtgatttttatgatacttcttcaatacaaagtgtta
atatgtgtcatcagtataataacaaccaacaaaatgccactttcagaaaactgtatgtaaattttttgtaacaatgtaaaaaagaaa
tggggagtaagtgttcacatcattaaaaggctttgaattcatggaaataca 
 

Wildtype sequence of 5` UTR BCL9L gene 

>hg38_knownGene_uc001pug.5 range=chr11:118909940-118910904 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
cgtgcgtgtcttgtctccctgtccacgtgtgagctgtgagtgtgtgtgagtcagagttcgggtgtctgtgggtctctgagcctctgctgg
cagcacccggggctcgccaagctcttgccggctggcgcgcgcccagcccctggcgggacttgtccgtgtgtctgtccgcgcgcg
gggcctggagaagcacgctgcagtcctgtccgcctcccgctcgctgcctcgctggctgtcgctcgctcgctctgcctctccgcccg
ggctctgccgaagggggcggggtgggggtgcagggcggggggaggggaggctcctgcattcttgcggtcggggaggaatcc
gagccagcgttactggtctccagaagagcccagctgcagccccggggccccgccaggcctctcgctgcccgcccgggcctgc
tgggatgggcacgggctaggcctcgagctggggacggggcggggcgtggccccaaccccgggccccctccacggctggag
cgctctgggggtggggcacgaggggtaccccaccctgggtgaggggcgcgtctgggagcaggaatccctcagggggccag
gggagacctcacagccgccccacacggcacctttgctacctagccttttagtgaattctgtctctgccgcccgtcggggcggagg
cttgctggagactgcaagccccctgagggcaaggtgcgggagggatggggacagggctggcctccaggatcgagaccccat
ctcgtaatcctctttttccagtgccaccccaccctatccagctccctagtcccagggctgttgggtcctcccttctcccctccccctctga
caccccctccccaagtcacgagttttctctttggggcttgttgctgcagtccgtgctccagtaccgagtacctggctgggccctgggc
acgcacaggggccgtagccccactgtgtgtgggagcc 
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Mutated sequence of 5` UTR BCL9L gene 
It contains two mutations.  G>T mutation is at the position 118909968 and A>T is mutation at 
the position 118910162 according to UCSC browser, GRCh38/hg38. 
 
>hg38_knownGene_uc001pug.5 range=chr11:118909940-118910904 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
cgtgcgtgtcttgtctccctgtccacgtgtgagctgtgagtgtgtgtgagtcagagttcgggtgtctgtgggtctctgagcctctgctgg
cagcacccggggctcgccaagctcttgccggctggcgcgcgcccagcccctggcgggacttgtccgtgtgtctgtccgcgcgcg
gggcctggagaagcacgctgcagtcctgtccgcctcccgctcgctgcctcgctggctgtcgctcgctcgctctgcctctccgcccg
ggctctgccgaagggggcggggtgggggtgcagggcggggggaggggaggctcctgcattcttgcggtcggggaggaatcc
gagccagcgttactggtctccagaagagcccagctgcagccccggggccccgccaggcctctcgctgcccgcccgggcctgc
tgggatgggcacgggctaggcctcgagctggggacggggcggggcgtggccccaaccccgggccccctccacggctggag
cgctctgggggtggggcacgaggggtaccccaccctgggtgaggggcgcgtctgggagcaggaatccctcagggggccag
gggagacctcacagccgccccacacggcacctttgctacctagccttttagtgaattctgtctctgccgcccgtcggggcggagg
cttgctggagactgcaagccccctgagggcaaggtgcgggagggatggggacagggctggcctccaggatcgagtccccatc
tcgtaatcctctttttccagtgccaccccaccctatccagctccctagtcccagggctgttgggtcctcccttctcccctccccctctgac
accccctccccaagtcacgagttttctctttggggcttgttgctgcagtccgtgctccagtaccgagtacctggctgggccctgggca
cgcacagtggccgtagccccactgtgtgtgggagcc 
 
 
Wildtype sequence fragment of 3` UTR BCL9L gene 
 
>hg38_knownGene_uc001pug.5 range=chr11:118893875-118898414 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
gctgctgccacctacttcttatcaaagaagggggagaacagttcatctgagtcagtgcacctcccctccagtctccactccctgag
gatggaatcggggaaacagcatcctgccgcctcctctctgcctgcccactcaccggcaaggttgtccctctgcccagggctcagg
gccatgtaccagatctgtctgtgcccacccaggcacagccactgcctcccccttggctccctgctcctacccaggagagctcccta
tccgcctttggtcagagctgaagccatatacgactgggtgtttgtccccctactttggccccaggagtaaaaaaacttctccttttctc
acttcctttcctgcctcgggaggtggcagggcagttccctggctgaggccttttgcgccccacctccaggaccaagggccattcta
gacagggtgtcttctaccaggacccgtccctagccttcctggcctggagggcctggtcttgcactggcagctgtaatacaaaggg
aactcgccccacttctcccagcctggtgctgtcctctcggcccaccatcggccaggtccagcgcttcctctggggctgacaacag
gcccctgactcaccccggtcacctcccagggtccatggccagggcctctgtgtttggggggccacttgcccttcatcctgccaggc
gctttgcccgccctgcctcagcctgggccctgtgcccttgagccctccacccctggcccaagacccccccaaactgtctgactctg
tgtttcctg 
 
 
Mutated sequence fragment of 3` UTR BCL9L gene 
A>T mutation is at the position 118896782 according to UCSC browser, GRCh38/hg38 
 
>hg38_knownGene_uc001pug.5 range=chr11:118893875-118898414 5'pad=0 3'pad=0 
strand=- repeatMasking=none 
gctgctgccacctacttcttatcaaagaagggggagaacagttcatctgagtcagtgcacctcccctccagtctccactccctgag
gatggaatcggggaaacagcatcctgccgcctcctctctgcctgcccactcaccggcaaggttgtccctctgcccagggctcagg
gccatgtaccagatctgtctgtgcccacccaggcacagccactgcctcccccttggctccctgctcctacccaggagagctcccta
tccgcctttggtcagagctgaagccatatacgactgggtgtttgtccccctactttggccccaggagtaaaaaaacttctccttttctc
acttcctttcctgcctcgggaggtggcagggcagttccctggctgaggccttttgcgccccacctccaggaccaagggccattcta
gactgggtgtcttctaccaggacccgtccctagccttcctggcctggagggcctggtcttgcactggcagctgtaatacaaaggga
actcgccccacttctcccagcctggtgctgtcctctcggcccaccatcggccaggtccagcgcttcctctggggctgacaacaggc
ccctgactcaccccggtcacctcccagggtccatggccagggcctctgtgtttggggggccacttgcccttcatcctgccaggcgc
tttgcccgccctgcctcagcctgggccctgtgcccttgagccctccacccctggcccaagacccccccaaactgtctgactctgtgt
ttcctg 
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2 Supplementary figures 
 
Immunohistochemical staining against SLC35F2 protein.  
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Supplementary figure 1. Immunohistochemical staining of SLC35F2 in NMIBC and matched 
MIBC. Scale bar = 50 µm. Overall average staining intensity of the tumor cells of the whole slide is 
specified as negative (-), weak (+), moderate (++) and strong (+++). FFPE block number in brackets.  
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Immunohistochemical staining against BCL9L protein.  
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Additional samples from MIBC without available NMIBC 
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Homogeneously weak to moderate stained tumor cells. 

(60% +, 20% ++,  H-Score 1.0) (16117/11 36 (2)) 
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(70% +, 10% ++, H-Score 0.8) (16117/11 42) 

 

 

Supplementary figure 2. Immunohistochemical staining of BCL9L in NMIBC and matched MIBC. 
Scale bar = 100 µm. Overall average staining intensity of the tumor cells of the whole slide is specified 
as negative (-), weak (+), moderate (++) and strong (+++). The H-Score is calculated by the formula: 3 
x percentage of strong staining + 2 x percentage of moderate staining + percentage of weak staining 
(Ishibashi et al. 2003). FFPE block number in brackets. 
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Migration T24 
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Migration Cal29 
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Invasion T24 (1:12 diluted Matrigel) 

 

 

D 

Invasion Cal29 (1:40 diluted Matrigel) 

 

 

Supplementary figure 3. siSLC35F2 dependent migration and invasion of bladder cancer cells. 
Biological triplicates of xCelligence migration and invasion assay.  Migration of Cal29 (A) and T24 (B) 
is reduced after siRNA knockdown of SLC35F2. Invasion was analyzed using 1:12 diluted matrigel for 
T24 (C) and using 1:40 diluted matrigel for Cal29. The invasiveness of T24 (C) and Cal29 (D) was 
significantly reduced after knockdown of SLC35F2 compared to siControl. The cell index reflects the 
number of cells that pass the membrane between upper and lower chamber. The data are expressed 
as mean ± standard deviation of two technical replicates. 
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Migration T24 
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Migration Cal29 
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Invasion T24 (1:12 diluted Matrigel) 

 

 

D 

Invasion Cal29 (1:40 diluted Matrigel) 

 

Supplementary figure 4. siBCL9L dependent migration and invasion of bladder cancer cells. 
Biological triplicates of xCelligence migration and invasion assay.  Migration of Cal29 (A) and T24 (B) 
is reduced after siBCL9L transfection. Invasion was analyzed using 1:12 diluted matrigel for T24 (C) 
and using 1:40 diluted matrigel for Cal29. The invasiveness of T24 (C) and Cal29 (D) was significantly 
reduced after knockdown of BCL9L compared to siControl. The cell index reflects the number of cells 
that pass the membrane between upper and lower chamber. The data are expressed as mean ± 
standard deviation of two technical replicates. 
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Invasion Cal29 (1:40 diluted Matrigel) 

 

 

Supplementary figure 5. iCRT3 dependent migration and invasion of bladder cancer cells. 
Biological triplicates of xCelligence migration and invasion assay.  Migration of Cal29 (A) and T24 (B) 
is reduced after 40 μM treatment compared to DMSO control. Invasion was analyzed using 1:12 diluted 
matrigel for T24 (C) and using 1:40 diluted matrigel for Cal29. The invasiveness of T24 (C) and Cal29 
(D) was significantly reduced after 40 μM treatment compared to DMSO control. The cell index reflects 
the number of cells that pass the membrane between upper and lower chamber. The data are 
expressed as mean ± standard deviation of three technical replicates. 

 


