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Supplementary Figure 1. Example of a common enhancer. 

Supplementary Figure 2. Distribution of the gene expression values in NMIBC and MIBC cell 
lines. 

Supplementary Figure 3. Comparison of the expression of MIBC and NMIBC target genes in 
cell lines. 

Supplementary Figure 4. Transcription factor motif enrichment analysis in MIBC cell lines. 
 

Supplementary Figure 5. Transcription factor motif enrichment analysis in NMIBC cell lines. 
 

Supplementary Figure 6. Expression level of transcription factors in primary MIBC and 
NMIBC tissue samples. 

Supplementary Figure 7. Co-regulation of FRA1 and FLI1.  

Supplementary Figure 8. Motif enrichment analysis at FRA1 and FLI1 ChIP-seq peaks. 

Supplementary Figure 9. H3K27ac occupancy profiles of FRA1 and FLI1. 

Supplementary Figure 10. Expression level of EMT-related genes after FRA1 and FLI1 
knockdown. 

Supplementary Figure 11. Association of MAP4K4 expression with metastatic potential of 
MIBC. 

Supplementary Figure 12. Regulatory hubs implicated in regulation of EMT-related genes. 

Supplementary Figure 13. ChIP-seq signal of SWI/SNF complex components at MIBC 
enhancers regulating MAP4K4 and FLOT1. 

Supplementary Figure 14. Knockdown efficiency of FLI1 and FRA1 in T24 cells used in IC-CHIP 
and differentiation of C2C12 cells and IC-CHIP assay in the presence and absence of FBS. 

Supplementary Figure 15. Knockdown efficiency of FLI1 and FRA1 in 5637 cells and 
comparison of the invasive capacity of 5637 cells into cell-free matrigel in the presence of FBS 
and muscle microenvironment.  

Supplementary Figure 16. Overexpression of FRA1 and FLI1 transcription factors in RT112 cell 
line.  

Supplementary Figure 17. Expression of key MIBC genes in T2 vs T3-T4 stage MIBC 
patients. 

Supplementary Figure 18.  Original Western Blot images displayed in Figure 4c-d, Figure S14a, 
Figure S15a and Figure S16a. 
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Supplementary Figure 1. Example of a common enhancer. Snapshot visualizes H3K27ac signal at 
specific enhancer for NMIBC and MIBC cell lines. Scale of the snapshot is adjusted to 50.exemplary
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Supplementary Figure 2. Distribution of the gene expression values in NMIBC and MIBC cell lines. (a-b) Density plots 
displaying the average gene expression values in MIBC (a) and NMIBC (b) cell lines. Expressed genes were shown in green 
and not-expressed genes are shown in purple (using “G=3” option and p-value <0.05). 
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Supplementary Figure 3. Comparison of the expression of MIBC and NMIBC target genes in cell lines. 
Boxplots showing the expression of MIBC (a) and NMIBC (b) target genes across the NMIBC (n=2) 
and MIBC cell lines (n=4). *** p value < 0.000001
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Supplementary Figure 4. Transcription factor motif enrichment analysis in MIBC cell lines.
 Image shows  the top 10 transcription factor motifs enriched at MIBC enhancers.
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Supplementary Figure 5. Transcription factor motif enrichment analysis in NMIBC cell lines. 
Image shows  the top 10 transcription factor motifs enriched at NMIBC enhancers. 
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Supplementary Figure 6. Expression level of transcription factors in primary MIBC and NMIBC tissue 
samples. (a-b) Boxplots display the expression level of FRA1 and FLI1 (b) and the expression of TP63, 
GRHL2 and PPARG across the NMIBC (n=213) and MIBC primary tissues (n=93). 
* p value < 0.05, ** p value < 0.01, *** p value < 0.0001, ns = not significant
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Supplementary Figure 7. Co-regulation of FRA1 and FLI1. (a) Venn diagram showing the overlap between 
FRA1 and FLI1 peaks in T24 cell line. (b) Snapshot showing H3K27ac, FRA1 and FLI1 signal in T24 cell line 
at FLI1 locus. Region specified by red rectangle shows the enhancer regulating FLI1

 Scatter plot showing co-expression status for FLI1 and FRA1.(c)
Scale of the snapshot is 

adjusted to 25.
.
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Supplementary Figure 8. Motif enrichment analysis at FRA1 and FLI1 ChIP-seq peaks. 
(a-b)Top three transcription factor motifs enriched for FRA1 (a) and FLI1 (b) ChIP-seq data. 
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Supplementary Figure 9. H3K27ac occupancy profiles of FRA1 and FLI1. Snapshots showing H3K27ac 
signal in MIBC and NMIBC cell lines at FRA1 (a) and FLI1 (b) loci. Scales of the snapshots are adjusted to 50
and 35, respectively.  
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Supplementary Figure 10. Expression level of EMT-related genes after FRA1 and FLI1 knockdown. (a-c) 
Barplots display the relative mRNA levels of MYC (a), CSNK2B (b) and CD151 (c). Error bars show the 
standard deviation of two biological replicates. Each biological replicate is analyzed in three technical 
replicates.* p value < 0.05, ** p value < 0.01, *** p value < 0.001, ns = not significant. 
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Supplementary F�gure 11.

 

Assoc�at�on of MAP4K4 express�on w�th metastat�c potent�al of MIBC.
 (a-b) Scatter plots d�splay the correlat�on between the express�on of FRA1 (a) and FLI1 (b) w�th MAP4K4 

 

The samples w�th h�gh MAP4K4 express�on �s determ�ned �n cb�oportal 
of metastat�c s�tes �n the pat�ents w�th h�gh 

h�gh MAP4K4 express�on �n two d�fferent cohorts,

 

TCGA 2014 (c) (p value = 1.586e-4, 

 

and TCGA 2017 (d) (p value = 1.878e-4, q value = 4.508e-3). 
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Supplementary Figure 12. Regulatory hubs implicated in regulation of EMT-related genes. 
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MAP4K4 and FLOT1. (a) Summary of the used datasets. (b-c) Snapshot v�sual�zat�ons from UCSC Genome Browser, 
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MAP4K4 (b) and FLOT1 (c). Orange rectangles below the s�gnal track show the peak reg�on for the respect�ve s�gnal. 
Blue h�ghl�ghts dep�ct the respect�ve enhancer reg�ons. For FLOT1 gene, two enhancer reg�ons �nvolved �n the regulat�on 
of th�s gene are shown.
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Supplementary Figure 14. Knockdown efficiency of FLI1 and FRA1 in T24 cells used in IC-CHIP and differentiation of 
C2C12 cells and IC-CHIP assay in the presence and absence of FBS. (a)Western blot images show the FLI1 and FRA1 levels 
after FLI1 and FRA1 knock-down. The images show the differentiation of C2C12 myoblast cells to muscle for 4 days in the 
presence of 10% horse serum. (b) Comparison of the invasive capacity of T24 cells in the presence of 0% FBS and 10% FBS. (c)
Left panels show the representative Z-stack images for different conditions. Scale bar: 100µm. Boxplots display the distribution of 
the distance from the start line (right upper panel). Bar plots show the distance values from day 0 to day 2. In the graphs, the data 
is normalized to day 0 (right lower panel).      
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Supplementary Figure 15. Knockdown efficiency of FLI1 and FRA1 in 5637 cells  and comparison of 
the invasive capacity of 5637 cells into cell-free matrigel in the presence of FBS and muscle 
microenvironment.(a) Western blot images show the FLI1 and FRA1 levels after FLI1 and FRA1 knock-down. 
(b-c) Comparison of the invasive capacity of 5637 cells into cell-free matrigel in the presence of FBS (b) and 
into the muscle microenvironment (c). Left panels show the representative Z-stack projection images for 
different conditions. Scale bar: 100µm. Boxplots display the distribution of the distance from the start line 
(right upper panel). Bar plots show the mean distance values with the error bars (n=2-6) from day 1 to day 3. 
The data is normalized to day 1 (right lower panel). Student’s t-test (two-tailed) was used for the statistics.
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Supplementary Figure 17. Expression of key MIBC genes in T2 vs T3-T4 stage MIBC patients.  
Boxplots show the expression of MAP4K4 (a), FLI1 (b) and FRA1 (c) in

 

T2 stage and

 

T3-T4 stage 

a

(a-c)
MIBC patients.



 This supplementary figure contains the original Western Blot images displayed 
Figure S15a and Figure S16a.
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Figure S14a
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Figure S16a
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Supplementary Figure 18.  Original Western Blot images displayed in Figure 4c-d, Figure S14a, Figure S15a and 
 

 

Figure S16a.


