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Supplementary Figure 1. Enrichment of active chromatin marks and regulatory factors follows ERα 

binding patterns in MCF-7 and Ishikawa cells. 

(Legends are available on the next page.) 
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Supplementary Figure  1. Enrichment of active chromatin marks and regulatory factors follows ERα 

binding patterns in MCF-7 and Ishikawa cells. 

 

(A) The definition of ERα-driven SEs in MCF-7 and Ishikawa cell lines. Groups of enhancers (or even single 

enhancers) over slope 1 were considered to be SEs. (B) Box plots showing ERα recruitment within Ishikawa-

specific, shared and MCF-7-specific clusters. RPKM (reads per kilobase per million mapped reads) values 

were calculated on the summit ± 50-bp regions of the ERα peaks, separately from the MCF-7 and Ishikawa 

ChIP-seq samples. The boxes represent the first and third quartiles, the horizontal lines indicate the median 

RPKM values and the whiskers indicate the 10th to 90th percentile ranges. Paired t-test, * significant at P < 

0.05, ** at P < 0.01, *** at P < 0.001, **** at P < 0.0001. (C) Read distribution plots of H3K27ac and P300 

ChIP-seq and DNase-seq (DNase I) data in MCF-7 and Ishikawa cell lines upon vehicle treatment relative to 

the ERα SE constituents in 2-kb frames in the same order as introduced in Figure 2A. (D) Detailed motif 

enrichment results within the ERα peaks of the three clusters (related to Figure 2B). P-values and target and 

background (Bg) percentages are included for each motif. 

3 



Supplementary Figure 2. 
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Supplementary Figure 2. Transcription factor binding correlates well with response element strength. 

(Legends are available on the next page.) 
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Supplementary Figure 2. Transcription factor binding correlates well with response element strength. 

(A) The logos and matrices of enriched ERE, Fox, AP2, TCF, TEAD and SIX motifs used for mapping. (B) 

Histograms showing the frequency (#) of motifs depending on their score. The total number of motifs was 

divided with the given cluster size. Red, blue and purple lines represent Ishikawa-specific, MCF-7-specific and 

common ERα peaks, respectively. Dashed lines indicate the score threshold used for the motif strength 

analysis shown in Figure 2D, and arrows show motif enrichments specific to a cluster. 
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Supplementary Figure 3. 
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Supplementary Figure 3. The gene expression levels of putative TF families. 

(A, B, C) The gene expression levels of putative regulator TF families (A) and the whole Fox (B) and CEBP 

(C) families in MCF-7 and Ishikawa cells. MCF-7 cells were treated with 10 nM E2 for 160 or 320 min, and 

Ishikawa cells were treated with 10 nM E2 for 240 min. Fragments per kilobase per million mapped reads 

(FPKM) values are shown. (D) Read distribution plot of CEBPβ coverage (upon vehicle treatment) was 

calculated from Ishikawa cells. (E) The heat map showing the CEBP motifs in the 1.5-kb frame. (F) Read 

distribution plots of the indicated TFs in MCF-7 and Ishikawa cells upon vehicle treatment in 2-kb frames. In 

the cases of panel D, E and F, coverage values and motifs were calculated around the summit position of 

ERα-driven SE constituents in the same order as introduced in Figure 2A. 
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Supplementary Figure 4. 
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Supplementary Figure 4. Correlation between transcription factor bindings and presence of their 

response elements. 

(A, B) Scatter plots showing the densities of the indicated TFs (upon vehicle [veh] or E2 treatment) on their 

DNA-binding motifs within the MCF-7- (A) and Ishikawa-specific (B) ERα-driven SE constituents. Red and 

blue dots represent protein binding at the specific single motif, and green dots represent protein binding at a 

region with the motifs of both examined TFs. 
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Supplementary Figure 5. 
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Supplementary Figure 5. Shared ERα-driven super-enhancers are driven by different motifs in MCF-7 

and Ishikawa cells. 

(A) Integrative Genomics Viewer snapshots of ERα ChIP-seq coverage on overlapping (shared) ERα-driven 

SEs in MCF-7 and Ishikawa cells upon E2 treatment. The interval scale is 50. The matrix of ERE, Fox, AP2, 

TCF, TEAD and SIX motifs was mapped within the summit ± 50-bp regions of the ERα peaks, and the 

indicated putative elements are represented as thin lines (bottom). Peaks marked with arrows and highlighted 

in grey show different binding patterns between MCF-7 and Ishikawa cells. (B, C) Read distribution plots 

showing the TF densities calculated on the 2-kb frame of the 752 Ishikawa and 1,293 MCF-7-specific SE 

constituents depicted on Figure 4E. Peaks were sorted based on the ratio of RPKM values calculated from 

ERα and TEAD4 in Ishikawa cells (B) and from ERα and AP2γ in MCF-7 cells (C). Motif distribution heat maps 

represented in the same order as determined by protein density ratios (B, C). 

8 

E
R

α
 

T
E

A
D

4
 

T
C

F
1

2
 

F
o

x
M

1
 

C
/E

B
P
β

 

Ishikawa (n=752) 

R
a
ti
o

 (
E

R
α

T
E

A
D

4
) 

E
R

α
 

F
o

x
A

1
 

A
P

2
γ 

T
E

A
D

4
 

T
C

F
1

2
 

MCF-7 (n=1,293) 

R
a
ti
o

 (
E

R
α

:A
P

2
γ)

 

E
R

E
 

T
E

A
D

 

T
C

F
 

F
o

x
 

C
/E

B
P

 

E
R

E
 

F
o

x
 

A
P

2
 

T
E

A
D

 

T
C

F
 

Protein distribution Protein distribution Motif distribution Motif distribution 



Supplementary Figure 6. 

A 

Supplementary Figure 6. Cell type-specific ERα-driven super-enhancers are driven by different motifs 

in MCF-7 and Ishikawa cells. 

(A, B) Integrative Genomics Viewer snapshots of ERα ChIP-seq coverage on Ishikawa-specific (A) and MCF-

7-specific (B) ERα-driven SEs in MCF-7 and Ishikawa cells upon E2 treatment. The interval scale is 50. The 

matrix of ERE, Fox, AP2, TCF, TEAD and SIX motifs was mapped within the summit ± 50-bp regions of the 

ERα peaks, and the indicated putative elements are represented as thin lines (bottom). Peaks marked with 

arrows and highlighted in grey show different binding patterns between MCF-7 and Ishikawa cells. 
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Top 10 highly expressed genes 

related to the MCF-7-specific SEs 

MCF-7 Common Ishikawa 

XBP1 HSPB1 S100A10 

ZNF217 CCND1 SPINT2 

PARD6B CTSD C21orf33 

NCOA3 SDC4 UBE2I 

NMD3 CLDN4 METRNL 

BCAS3 PDCD6 CAMTA1 

EMP2 UBE2V1 LAMC1 

PREX1 SPIN1 PODXL 

SULF2 TOMM20 ECE1 

LY6E GINS2 C9orf3 

Supplementary Figure 7. 

A 
Top 10 highly expressed genes 

related to the Ishikawa-specific SEs 

MCF-7 Common Ishikawa 

NUCKS1 UBC ANXA2 

SLC38A2 H3F3B ATF4 

SIAH2 H3F3C BSG 

PPP4R2 CCND1 NDUFA11 

CA12 TACSTD2 EIF5A 

PPP1CB RHOC PPIF 

MAP4K3 CXXC5 ASS1 

ZNF281 TFRC BANF1 

DYRK2 ACTN1 EIF3G 

ACAA2 TOP2A CRIP2 

Top 10 highly expressed genes 

related to the commonly regulated SEs 

MCF-7 Common Ishikawa 

CPN2 KRT8 RNU86 

LRRC15 KRT19 TUBB 

EGR3 LSM3 GPX4 

KCNK15 SLC9A3R1 MNF1 

SYNJ2 TPD52L1 LAPTM4B 

FOXK1 APRT COX5A 

PMEPA1 CXXC5 MDK 

FMN1 TIMM23 SLC7A5 

P2RY2 MRPS23 TRAPPC2L 

RXRA HES1 NME4 
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B 

Supplementary Figure 7. The identified SEs indeed regulate genes with pivotal role in cancer and cell 

fate. 

(A, B, C) Tables contain the top 10 highly expressed protein-coding genes regulated potentially by the cell 

type-specific (B, C) and the common (D) SEs. Genes were further divided (highlighted with blue, grey or red) 

depending on which cell type expressed it to a greater extent (as defined on Figure 6 A, B and C). 
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Supplementary Table 1. 

A 

Supplementary Table 1. Table of used next generation sequencing data to characterize super-

enhancers. 

(A) Information about the ERα ChIP-seq samples used for the basic analysis. (B) Information about ChIP-seq, 

DNase-seq and RNA-seq samples used for the characterization of ERα-driven SEs. 

A 
GEO ID 

Cell 

line 

Predicted 

SEs 

Peaks 

within SEs 
Reference 

GSM614610 MCF-7 392 4,042 (1) 

GSM803422 Ishikawa 618 3,517 (2) 

Experiment Factor Cell line 
GEO ID 

(vehicle) 

GEO ID 

(treated) 
Reference 

ChIP-seq ERα MCF-7 GSM614611 GSM614610 (1) 

ChIP-seq ERα Ishikawa GSM803421 GSM803422 (2) 

ChIP-seq FoxA1 MCF-7 GSM588929 GSM588930 (3) 

ChIP-seq FoxA1 Ishikawa GSM803444 - 

(2) 

ChIP-seq TCF12 MCF-7 GSM1010861 - 

ChIP-seq TCF12 Ishikawa GSM1010842 - 

ChIP-seq TEAD4 MCF-7 GSM1010860 - 

ChIP-seq TEAD4 Ishikawa GSM1010885 - 

ChIP-seq AP2γ MCF-7 GSM1469997 GSM1469998 (4) 

ChIP-seq FoxM1 Ishikawa GSM1010856 - (2) 

ChIP-seq CEBPβ Ishikawa GSM1010802 - (2) 

ChIP-seq H3K27ac MCF-7 GSM1382472 - (5) 

ChIP-seq H3K27ac Ishikawa GSM1635579 - (6) 

ChIP-seq P300 MCF-7 GSM1470013 - (4) 

ChIP-seq P300 Ishikawa GSM1010759 - (2) 

DNase-seq DNase I MCF-7 GSM822390 - (7) 

DNase-seq DNase I Ishikawa GSM1008597 - (8, 9) 

RNA-seq - MCF-7 - GSM1533420 
(10) 

RNA-seq - MCF-7 - GSM1533421 

RNA-seq - Ishikawa - GSM2453337 
(8) 

RNA-seq - Ishikawa - GSM2453338 

B 
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