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Let’s all be 
leprechauns



Profiling mutations informs the tumor biology and can 
serve to monitor disease development

doi:	
  10.1038/nrc3066	
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Profiling mutations in blood biopsies can predict relapse 
in breast cancer

	
  doi:	
  10.15252/emmm.201404913	
  and	
  doi:	
  10.1126/scitranslmed.aab0021	
  



Inter-patient heterogeneity raises the need for a 
comprehensive set of mutations to profile

Doi:	
  10.1016/j.cell.2015.09.033	
  doi:	
  10.1016/j.cell.2015.09.033	
  



Noncoding somatic mutations offer an opportunity to 
expand the list of driver mutations
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The noncoding genome is a rich source of functional 
elements
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The noncoding genome is a rich source of functional 
elements
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Gene expression relies on chromatin interactions 
mediated by ZNF143, CTCF and the cohesin complex

Chromatin loop

Cohesin 
complex

CTCF

GenePromoterEnhancerEnhancer

Insulator

doi:	
  10.1038/ncomms7186	
  doi:10.1038/ncomms7186	
  

Anchors of chromatin 
interaction



Can driver noncoding mutations be found in the Sets of 
Regulatory Elements (SRE) of oncogenes or tumor 
suppressor genes?
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Case example: Delineating the SRE for the ESR1 gene
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Somatic mutations populate the SRE of the ESR1 gene
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MuSE tool offers a method to calculate the statistical 
enrichment of mutations in SREs
MuSE: Mutational Significance in sets of regulatory Elements
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The ESR1 gene is significantly mutated in its SRE in 
breast cancer



Mutations in the SRE of ESR1 are identified in an 
independent cohort of samples
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Are noncoding mutations in the set of regulatory 
elements of the ESR1 gene functional?



Mutations are predicted by the IGR tool to alter binding 
of transcription factors to the chromatin

Log2 (fold change in binding intensity of reference/variant) 
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Most mutations increase the transactivation potential of 
regulatory elements based on luciferase reporter assays
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CRISPR/Cas9 deletion of mutated enhancers reduces 
ESR1 expression
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Are breast cancer inherited risk-variants converging 
on the same regulatory elements?
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The rs2046210 breast cancer risk-locus maps to 
enhancers and lies in the ESR1 gene locus

GWAS results at the ESR1 locus 

Zheng,	
  W.,	
  et	
  al	
  (2009)	
  Nat	
  Genet.	
  41.	
  324-­‐328	
  



The rs9383590 and rs9397068 are putative causal SNPs 
of the rs2046210 risk-locus

151860256 151870256 151880256 151890256 151900256 151910256 151920256 151930256 151940256 151950256 151960256 151970256 151980256 151990256 152000256 152010256 152020256 152030256 152040256

GATA3
TCF7L2
FOXM1
FOSL2
CEBPB
HDAC2
ZNF217
P300
JUND
MAX
NR2F2
PML
SIN3A
TCF12
TEAD
ERRA
ESR1
FOXA1

H3K27ac
H3K9me3
H3K36me3
H3K4me3
DHS

CCDC170 ESR1 

H
is

to
ne

 
M

ar
ks

 
 &

 D
H

S
 

TF
 B

in
di

ng
 

  
LD Merge 

LD EUR 
LD EAS 

151860256 151870256 151880256 151890256 151900256 151910256 151920256 151930256 151940256 151950256 151960256 151970256 151980256 151990256 152000256 152010256 152020256 152030256 152040256

GATA3
TCF7L2
FOXM1
FOSL2
CEBPB
HDAC2
ZNF217
P300
JUND
MAX
NR2F2
PML
SIN3A
TCF12
TEAD
ERRA
ESR1
FOXA1

H3K27ac
H3K9me3
H3K36me3
H3K4me3
DHS

LD Merge (R2) 

LD (R2) 

0  

1  

1  

LD
 E

U
R

 
 rs

37
34

80
5 

 

LD EAS 
 rs2046210 

 

151860256 151870256 151880256 151890256 151900256 151910256 151920256 151930256 151940256 151950256 151960256 151970256 151980256 151990256 152000256 152010256 152020256 152030256 152040256

GATA3
TCF7L2
FOXM1
FOSL2
CEBPB
HDAC2
ZNF217
P300
JUND
MAX
NR2F2
PML
SIN3A
TCF12
TEAD
ERRA
ESR1
FOXA1

H3K27ac
H3K9me3
H3K36me3
H3K4me3
DHS

1  0  

151860256 151870256 151880256 151890256 151900256 151910256 151920256 151930256 151940256 151950256 151960256 151970256 151980256 151990256 152000256 152010256 152020256 152030256 152040256

GATA3
TCF7L2
FOXM1
FOSL2
CEBPB
HDAC2
ZNF217
P300
JUND
MAX
NR2F2
PML
SIN3A
TCF12
TEAD
ERRA
ESR1
FOXA1

H3K27ac
H3K9me3
H3K36me3
H3K4me3
DHS

rs9383590 rs9397068 

151860256 151870256 151880256 151890256 151900256 151910256 151920256 151930256 151940256 151950256 151960256 151970256 151980256 151990256 152000256 152010256 152020256 152030256 152040256

GATA3
TCF7L2
FOXM1
FOSL2
CEBPB
HDAC2
ZNF217
P300
JUND
MAX
NR2F2
PML
SIN3A
TCF12
TEAD
ERRA
ESR1
FOXA1

H3K27ac
H3K9me3
H3K36me3
H3K4me3
DHS

151860256 151870256 151880256 151890256 151900256 151910256 151920256 151930256 151940256 151950256 151960256 151970256 151980256 151990256 152000256 152010256 152020256 152030256 152040256

GATA3
TCF7L2
FOXM1
FOSL2
CEBPB
HDAC2
ZNF217
P300
JUND
MAX
NR2F2
PML
SIN3A
TCF12
TEAD
ERRA
ESR1
FOXA1

H3K27ac
H3K9me3
H3K36me3
H3K4me3
DHS

Lu
m

in
al

 b
re

as
t c

an
ce

r c
el

ls
 



0
1
2
3
0
1
2
3

MCF7  
DHS 

100 

100 

MCF7 

T47D rs9383590 
(rs2046210 putative causal SNP) 

chr6:151954506:C>A 
chr6:151955192:A>G 
chr6:151955219:G>T 

D
N

as
e-

se
q 

0
1
2
3

CCDC170 ESR1 SYNE1 RMND1 AKAP12 
ZBTB2 ARMT1 

Genes 

Somatic mutations and genetic variants converge on one 
ESR1 regulatory element



METABRIC data

The rs9383590 SNP is an expression Quantitative Trait 
Loci (eQTL) for the ESR1 gene
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Summary
1.  Gain-of-function noncoding mutations enrich within the Set of Regulatory 

Elements (SRE) of the ESR1 gene in breast cancer.
2.  Somatic mutations and genetic variants converge on the SRE of the ESR1 

gene.
3.  Our method can serve to prioritize noncoding mutations to include in panels 

for disease monitoring and improve our understanding of tumor biology. 
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