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STIMULI 

LDTF: LINEAGE –DETERMINING 

 TRANSCRIPTION FACTORS 

SDTF: SIGNAL –DETERMINING  

TRANSCRIPTION FACTORS 

Romanoski et al., 2015 



Using natural genetic variation to discover regulatory networks 

Romanoski et al., 2015 



 
 
Different macrophage populations exhibited common and specific 
enhancers 
 
 
Cell-type specific enhancers depend on constant environmental 
regulation, es tissues context 
 
 
SNPs, in proximity of LDTF, could indicate that a mutation in the 
recognition motif for a collaborative transcription factor 

Using natural genetic variation to discover regulatory networks 



What is the techinque that you can use  
to identify cell-type specific enhancers? 





Methods for identification of genomic regulatory regions 



From reads to DNA elements function 



Cell-type-specific enhancers to regulate same genes 



Effect of the tissue environment 



Association of human chromatin data and susceptibility to immune disease 

SNPs in the genomic regulatory regions may change the TF binding to 
DNA and enhancer, associated with monocytes derived from healthy 
donor, become inactive in monocyted derived from patients 



SNPs in the genomic regulatory regions may affect: 

 

Enhancer Activation: loss of TFs interaction or TFs recruitment. 

 

Enhancer Selection: loss or association of LTDF 

 

Alteration of timing or specific tissues activation 

 

Long range interaction between genomic regulatory regions  



Genome-wide characterizations of regulatory regions.  

Peggy J. Farnham J. Biol. Chem. 2012;287:30885-30887 

©2012 by American Society for Biochemistry and Molecular Biology 



How  are SNPs studying in genome-wide manner?  





DEFINITION 

AIM 

1) Protein complexes 

2) SE cell type-specific 

3) SNPs linked to disease 

in SE  

CONCLUSION 



Murine Embrionic stem cells (ESC) 

SOX2, Nanog, OCT4: transcription 

factors that bind SE controlling 

genes for mantained pluripotency 



Mediator Coactivator Complexes and Master TFs are bound at Super-enhancers 



Bioinformatic analysis for the definition of SE: 

 

- Signal in proximity of the gene 

 

- signal extended in the genomic regions that identify SE 

 

- increased numbers of reads into SE respect to costituent, single 

enhancer in the SE 

 

- increased signal into SE respect to typical enhancer 





Chromatin Immunoprepitation Binding Profiles at target genes  

Transcription Factors 

Specific Loci 

Mediator Coactivator Complexes and Master TFs are bound at Super-enhancers 



ChIP-seq signal across SE domains 



Reads distribution in regions and constituents 

 (single enhancers into SE) (rpm/bp) 



ChIP-Seq density on TFs  binding sites 



TFs motif enrichment are used to associate gene target  



Core Transcriptional Regulatory Circuit of ESCs 



Super-enhancers are occupied by a large portion of  

the enhancer-associated RNA polymerase II 



A large fraction of these enhancer cofactors 

are associated with super-enhancers 



Model showing RNAPII, transcriptional cofactors, and chromatin 

regulators that are found in ESC super-enhancers. The indicated proteins 

are responsible for diverse enhancer-related functions, such as enhancer 

looping, gene activation, nucleosome remodeling, and histone modification. 



SUPERENHANCER SHARED BETWEEN SEVERAL CELL TYPES 

 
H3K27ac ChIP-seq data are used to create a catalog of superenhancers for 86 
human cell and tissue samples. A substantial portion of these super-
enhancers and their associated genes are cell type specific.  



SUPERENHANCER SHARED BETWEEN SEVERAL CELL TYPES  



GENE ASSOCIATED TO SUPERENHANCER IN SEVERAL CELL TYPES: 

GENE ONTOLOGY  

 
Characterization of superenhancer- 
associated genes by Gene Ontology 
analysis revealed that they are linked 
to biological processes that largely 
define the identities of the 
respective cell and tissue types. 
 



MASTER TRANSCRIPTION FACTORS IN SIX CELL TYPES 

are regulated by SE 

 
The transcriptional regulatory circuitry is formed with transcription factors that control cell 
states, therefore acting as Master Transcription Factor. For each cell types are found master 
TFs regulated by SE. 

  



SINGLE NUCLEOTIDE MUTATIONS LINKED TO DISEASE (GWAS)  

ASSOCIATED TO SUPERENHANCERS 



SINGLE NUCLEOTIDE MUTATIONS LINKED TO DISEASE (GWAS)  

ASSOCIATED TO SUPERENHANCERS 



Super-enhancers in Cancer 
Genes associated with SE and involved in cancer progression 



The super-enhancers formed in the MYC locus were tumor type specific  



Super-enhancers are associated with genes  

that act as hallmarks in colonrectal cancer 



GENE EXPRESSION REGULATION 

BIOLOGICAL FUNCTIONS  CELL IDENTITY  

GENOMIC REGULATORY REGIONS  

IDENTIFICATION AND CHARCTERIZATION  
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TO UNDERSTAND DISEASES 



Methods to study Superenhancers: 

From prediction of SE by ChIP-Seq to experimental validation 



BACKGROUND 

AIM 

Super-enhancers (SE)  

Functional costituent units 

Cancer cells SE target  

for oncogenic signalling 

CONCLUSION 







ACTIVITY OF SUPER-ENHANCER CONSTITUENTS  

IN SEVERAL GENOMIC LOCI 



ChIP-Seq profile 

Prdm14 

promoter 

ACTIVITY OF SUPER-ENHANCER CONSTITUENTS  



ENHANCER ACTIVITY OF SE CONSTITUENTS 

 IS SPECIFIC FOR ESC, COMPARED TO MYOBLAST 

 



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 

 


