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Epigenetic information controls gene expression

S Genetics

1D
‘ DNA methylation
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\// Chromatin accessibility

3D interactions
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FUNCTION

Information storage

H3K4me3 Promoters
H3K4me1 Enhancers §

H3K27ac Active reg. element ~—

H3K36me3 Txn. Elongation 7’, axpression

H3K27me3 Polycomb repression

3D interactions

Distant regulation



Three epi & genetic stories

Genetics

Ri¥smelyation Story 1: Reference epigenomes
Alterations in the chromatin landscape

Histone modifications Story 2: Genetic predisposition and chromatin
Chromatin accessibility . . . . . .
Linking risk-loci to chromatin function

Story 3: 3D genome stucture
Broad changes in 3D interactions




Story 1: Reference epigenomes of CLL
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Beekman et al., Nat Med 2018
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Story 1: De novo chromatin activation in CLL

KAme3 3 H3Kamel H3K27ac
P = o3
3 £ -
o a ] o 8
o ~ ® o o~ LS
o E o E (‘j‘

< ®
PO 323%) PCL {37.5%) PCL {35.5%)
H3K36me3 H3K9me3 @ H3K27me3
3 3 3
- o] A o =
g \_ g o
o ' o9 o (i'-". o »(_
° o® 0’
’ PCL {503%) PCL {62 2%) PCL {47.3%)
@ @O ‘ RNAseq | WGBS

£ g ¢« Y2
a8 e 3 8 1d° o
T e g g

~ ATAC-seq %

PCL (30.4%) PCL{Z3.2%) PCL332%)

(O nNBcPB @ NBeT @ oceec @mec O pec QOuclt @ M<cLL

WCLLO

International Workshop on CLL
20-23 SEPTEMBER 2019 EDINBURGH

DNA
methylglon

RNASg

4C-50q

552 00.000 55, 300.000 55, SO0.000
' ' ~ v '
+ ¥
- TCF4
AL S || A 11 IR IR B AN |
man v | L UL T &) I LR BRI Hin |
1 111 | [ T TH] |11 | 1
Wi | 18 10T SR ) | R N ESREE 1
| 1] BRI | _Il | BB Ll IERN N g 1 I
I mimes o INNTMNENNE 90 | TR 8 e s e |
1] BEmiamil 8 W llIll ] LTl e L im |
I | T TN 1} RS | =3
[ 1T URS A | I B 1
| HEm 00 |
| 1 memmn | I fipeal 1
L TN 1T ] | I
I l
ILMJ " A.J..u._ll..l..u_JLAAlJu._lLulLLLW |
Noomsal B celis
Joi i e oo e ik aegagn o il
— CLL— Normnal B cdlls

CALL (st}

- CLL {(-stramd)

INownrrwall 15 celiks {-<traemil)
Nomrmal B cells {(-stramd)

3

CLL{enhanoer actwe]
320 g

non-CLL {enhancer inactive)

Number of regions
0 100 200 300 400 500

|

E
] De novo active regions inCLL
[l De novo irackve regions in CLL

NFAT family (P val=6e-16)

|._xTTCC-.

FOX family (Pval=1e-11)

L:TaAAcA

TCFI/LEF family (P val=5e-9)

L.aA=ATCAAAG..

Beekman et al., Nat Med 2018



Story 1: Different chromatin landscapes in uCLL and mCLL

Beekman et al., Nat Med 2018
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Story 1: Different chromatin landscapes in uCLL and mCLL
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De novo gain in mCLL
De novo loss in uCLL

Different patterns of
modulation during B-
cell differentiation

De novo loss in mCLL

De novo gain in uCLL

Different patterns of
modulation during B-
cell differentiation
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Story 1: Association between genetic changes and chromatin
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Beekmanetal, Nat Med 2018
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Gaiti et al., Nature 2019



Story 2: Genetic predisposition and chromatin

Genome-wide association analysis implicates
dysregulation of immunity genes in chronic
lymphocytic leukaemia

Renée Beekman®'2, Vicente Chapaprieta®3, Ndria Russifiol', Roser Vilarrasa-Blasi’, et al. b Phillip J. Law et al.*

The reference epigenome and regulatory
chromatin landscape of chronic lymphocytic
leukemia

Richard Houlston
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Story 2: Most risk-loci are located
In regulatory elements

Sentinel SNP

SNP(s) in LDO0.2 with sentinel Sentinel SNP:
SNP in active regulatory elements rs11637565
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Story 2: Target genes & altered TF binding affinity

SNPs (n)
4

CLLcases (n)
502

Directly genotyped dataset
(SNP6.0 array)

Quality controls:
14 out of 502 cases failing QC excluded

Recover 33 out of 38 untyped SNPs by imputation:
5 out of 38 SNPs with info score < 0.85 excluded

Directly genotyped and imputed
dataset (SNP6.0 array)

Use WGS data of 146 out of 488 cases to check fidelity of imputation:
1 case with discordance > 10% excluded, >99% concordance across all other genotypes

Complete missing genotypes for remaining 145 out of 487 cases with WGS data:
Including genotypes of 5 SNPs with imputation info score < 0.85

Final dataset for QTL analysis

ATAC-seq
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H3K27ac
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DNA methylation Gene expression
486 cases 452 cases

30 QTLs
14 risk loci

19 QTLs
9 risk loci

WCLLO

International Workshop on CLL
20-23 SEPTEMBER 2019 EDINBURGH

61 QTLs
28 risk loci

36 QTLs
23 risk loci
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Story 3: From 1D to 3D genomes in CLL

Huge impact on our understanding and the clinical
management of hematological malignancies
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Story 3: Changes in the 3D genome structure

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

’J_T ?‘_l B (inactive)
FFI_‘ 88 d 8283 ] ‘ I A (active)
ESISIGG §§dd§§ éé r‘—‘L‘
r’__l_‘ & & |——| g Il #
e A (active)
. The 3D.ge.nome s’Fructure cl'-nanges during 9§II 72% is stable in _ l
differentiation and is maturation stage-specific B (inactive)
_ normal B cells
* CLLs and MCLs cluster are in the same cluster
as NBCs and MBCs
Can We deteCt Cha nges 3D interactions
* CLLs and MCL show differential 3D structures Inactive IS W Active

in the 3D genome v
structure of CLL? )

G'o

WCLLO

nal Workshop on CLL
20 23 SEPTEN\BER 2019 EDINBURGH

Vilarrasa-Blasi & Soler-Vila et al., submitted
https://www.biorxiv.org/content/10.1101/764910v2



Story 3: CLL-specific loss of 3D interactions
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Story 3: Structural model of EBF1 in normal B cells and CLL
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Take-home messages

* The regulatory chromatin landscape is extensively altered in CLL
as a whole and in IGHV-based subtypes, and seems to be
mediated by the action of few TF families.

* The great majority of the SNPs associated with CLL risk are
located in regions enriched in regulatory elements.

 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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