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Methods to study Superenhancers:

From prediction of SE by ChIP-Seq to experimental validation
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ACTIVITY OF SUPER-ENHANCER CONSTITUENTS 



QUESTION: DO “SE CONSTITUENTS” ACT ADDITIVELY, 

SINERGISTICALLY OR EXERT A COMPLEX INFLUENCE?

E2 has high activity, E1 and E3 influence E2 activity



CONTRIBUTIONS OF SUPER-ENHANCER COSTITUENTS

TO GENE EXPRESSION IN VIVO



QUESTION: HOW DOES SUPER-ENHANCER COSTITUENTS

REGULATE GENE EXPRESSION IN VIVO?

METHOD: DELETION OF SPECIFIC GENOMIC REGIONS

TECHNIQUE: CRISPR/CAS9

ChIP-Seq DATA used to design

STUDY ON COSTITUENTS 

ENHANCERS

FUNCTION







LUCIFERASE ACTIVITY AND DELETION 

OF SPECIFIC ENHANCER



LUCIFERASE ACTIVITY AND DELETION 

OF SPECIFIC ENHANCER



IDENTIFICATION OF INTERACTION 

BETWEEN SPECIFIC COSTITUENTS ENHANCERS

DELETION OF E3 INDUCES EPIGENETIC MODIFICATIONS:

H3K27Ac reduction



SUPER-ENHANCERS ENRICHMENT 

OF TRANSCRIPTION FACTORS PATTERN



SPECIFIC MULTIPLE TRANSCRIPTION FACTORS BIND

SUPER-ENHANCERS

Hierarchical clustering of 20 transcription factor ChIP-seq binding profiles at

super-enhancer and typical enhancer constituents. A set of factors with binding

profiles similar to OCT4, SOX2, and NANOG is highlighted in green.

LIF TGF-b
Wnt



1TF

2TFs

3TFs



WNT PATHWAY



TGF beta PATHWAY





TCF3, SMAD3, STAT3, regulated by oncogenic

pathways, bind constituent enhancers in SE.

No same pattern in randomized set of typical

enhancers.



Binding motifs for TCF3, SMAD3, and STAT3 and the

p values for their enrichment in super-enhancer

constituent enhancers in murine and human ESCs. The

motif of CTCF is not found enriched and serves as a

negative control.





Gene set enrichment analysis (GSEA) of gene

expression changes after manipulation of the Wnt, TGF-

b, and LIF pathways. ‘‘SE-genes’’ and ‘‘TE-genes’’

indicate genes associated with SEs and typical

enhancers, respectively.





ChIP-seq binding profiles for

H3K27Ac at the c-MYC locus in

colon and colorectal cancer

cells (HCT-116).

Wnt: V6.5 mESCs were cultured

in media containing 3μM IWP-2

(STEMGENT) for 24 hours prior

to transfection to suppress Wnt

signaling. Cells were then

transfected either in media

containing 3μM IWP-2 or in media

containing 50ng/μl recombinant

Wnt3a (R&D). Transfected cells

were incubated for 24 hours, and

luciferase measurements were

performed as described above.

SE function on c-Myc locus



Left: ratio of H3K27Ac in CRC (HCT-116) versus normal colon tissue used

densities at the union of SEs identified in the two samples. Right: metagene

representation of H3K27Ac and TCF4 ChIP-seq densities at the regions

corresponding to the top 100 acquired super-enhancers.





SEs in breast cancer cell lines



DISCUSSION





SEs characteristics

OCT4 binding in ESC

SE regulates transcription

SE chromatin interaction

SE role in oncogenesis

eRNA linked to SE

inflammation linked to SE
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DRUGS DISCOVERY FROM SYROS PHARMACEUTYCAL
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ONCOGENIC SUPER-ENHANCERS linked to SNPs

IN TUMOR PROGRESSION
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ChIP-Seq profile for H3K27ac (active enhancer mark)

in different cell lines



Sequence alignments of the –7.5 kb site showing wild-type (WT)

sequences in black and inserted sequences in red for Jurkat and MOLT-3

T-ALL cell lines and eight pediatric T-ALL patients. hg19, human genome

build 19.



TAL1 mRNA expression as determined by quantitative

polymerase chain reaction (PCR) and expressed as

percentage of glyceraldehyde-3-phosphate dehydrogenase

(GAPDH).



Mutations in TAL1 SE show consensus sequence for MYB, 

transcription factor.



TAL1 enhancer TRANSCRIPTION ACTIVITY USING LUCIFERASE ASSAY
MYB binds the mutant TAL1 enhancer site and is a member of the TAL1 complex



MYB binds the mutant TAL1 enhancer (MuTE) site 

and is a member of the TAL1 complex



Targeted deletion of 177 to 193 bp of the mutant (CRISPRCas9),

but not wild-type, allele in Jurkat cells abrogates expression of endogenous

TAL1

Deletion of the wild type allele had no

effect on endogenous TAL1 mRNA levels,

but deletion of the mutant

allele completely abrogated endogenous

TAL1 expression



Targeted deletion of 177 to 193 bp of the mutant (CRISPRCas9),

but not wild-type, allele in Jurkat cells abrogates expression of endogenous

TAL1



ChIP-seq tracks for H3K27ac and MYB at the STIL-TAL1 locus from 

selected CRISPR-Cas9 clones

Deletion of the wild type allele had no

effect on H3K27ac signal and MYB

binding, but deletion of the mutant

allele completely abrogated H3K27ac

signal and MYB binding


