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Epigenetic information controls gene expression 

Genetics 

DNA methylation 
 

Histone modifications 
Chromatin accessibility 

3D interactions 

1D 

2D 

3D 

LAYER FUNCTION 

Genome Information storage 

DNA methylation Context dependent 

H3K4me3 Promoters 

H3K4me1 Enhancers 

H3K27ac Active reg. element 

H3K36me3 Txn. Elongation 

H3K27me3 Polycomb repression 

H3K9me3 Heterochromatin 

Chr. accessibility TF binding 

3D interactions Distant regulation 

Gene 
expression 
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Genetics 

DNA methylation 
 

Histone modifications 
Chromatin accessibility 

3D interactions 

1D 

2D 

3D 

Three epigenetic stories in CLL 

Story 1: DNA methylation 
Insights into cellular origin and clinical behavior  

Story 2: Chromatin marks 
Alterations in the chromatin landscape 

Story 3: 3D stucture 
Broad changes in 3D folding  
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DNA methylation profiling: 3 epigenetic subgroups 

Naïve-like CLLs 
Low-programmed CLLs 
GC-inexperienced CLLs 

Memory-like CLLs 
High-programmed CLLs 
GC-experienced CLLs 

Intermediate CLLs 



Validation of the 3 clinico-biological subgroups of CLL 

Bhoi et al., Epigenetics 2016 Oakes et al., Nat Genet 2016 Queiros et al., Leukemia 2015 



Cell of origin imprints and epigenetic evolution 

Less mature CLLs Intermediate CLLs More mature CLLs 

Naive-like Intermediate Memory-like 

Low-programmed Int-programmed High-programmed 

Worse prognosis Int-prognosis Better prognosis 

B-cell maturation 

Similar to cell of origin 

More epigenetic changes 



DNA methylation changes in repressed regions represent 
the proliferative history of a cell 
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Duran-Ferrer et al., in preparation 

Mitotic history score in normal and neoplastic B cells 



Cell 
divisions 

Duran-Ferrer et al., in preparation 

Mitotic history in the 3 MBL/CLL subgroups 
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Mitotic history in the 3 MBL/CLL subgroups 
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Cell of origin, mitotic history and clinical behavior 



Reference epigenomes of CLL: experimental design 

Whole genome sequencing (n=5) 
Whole exome sequencing (n=2) 

Copy number arrays (n=7) 

Beekman et al., Nat Med 2018 



The different layers of a reference epigenome 

separate CLL from normal B cells  
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Integrative analysis of histone modifications  

Beekman et al., Nat Med 2018 
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Active chromatin landscape in 107 CLLs 

Whole genome sequencing (n=42) 
Whole exome sequencing (n=63) 

Copy number arrays (n=107) 
RNA-seq (n=74) 
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M-CLLNA-CLL

Differential chromatin accessibility in mCLL and uCLL 

Beekman et al., Nat Med 2018 



De novo gain in mCLL 
De novo loss in uCLL 

De novo loss in mCLL 

De novo gain in uCLL 

Different patterns of 
modulation during 
B-cell differentiation 

Different patterns of 
modulation during 
B-cell differentiation 
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The 3D genome structure in CLL 

Inactive (B) compartment 

In situ HiC-seq 

Active (A) compartment 

Active (A) compartment 

Inactive (B) compartment 
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 Naive B cells CG B cells Memory B cells Plasma cells CLL MCL 

Normal B cell differentiation Neoplastic B cells 
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Experimental design: 1D, 2D and 3D CLL genomes 



Classifying the genome in 3D compartments 
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• The 3D genome structure changes during cell 
differentiation and is maturation stage-specific 

• CLLs and MCLs cluster are in the same cluster as 
NBCs and MBCs 

• CLLs and MCL show differential 3D structures 

Unsupervised view of 3D genomes 
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Vilarrasa & Soler et al., in preparation 



28% of the 3D genome changes 
during B-cell differentiation 

3D genome dynamics in normal B cells and CLL 

72% is stable in normal B cells 

Can we detect tumor-specific 
changes in the 3D CLL genome 

structure?  
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A block of 2 Mb in chr5 becomes inactive in CLL 
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Conclusions 

• DNA methylation imprints of normal B-cell differentiation are 
useful to determine the cellular origin and clinical behavior CLL. 

• The proliferative history of CLLs at diagnosis is a strong 
independent prognostic factor within each CLL subgroup. 

• The regulatory chromatin landscape is extensively altered in CLL 
and seems to be mediated by few TF families. 

• CLL shows an altered 3D genome structure and DNA blocks 
changing their level of 3D interactions contain genes related to 
disease pathogenesis. 
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