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The Epigenome as a Blueprint for the Cancer Cell
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Epigenetic instructions are written in several chemical languages

Cytosine mods Histone mods




The histone code is written, read and erased by specialized
proteins
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Competition between histone writers and erasers maintains

the epigenome in a dynamic and reversible state

Loss of histone eraser
Gain of writer activity

Writer is unopposed

Loss of histone writer
Gain of eraser activity

Eraser is unopposed




How do B-cells transiently deviate from their programmed

differentiation path to form germinal centers?
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Frequent mutation of histone modifying enzymes in GC derived

lymphomas
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KMT2D H3K4me1/2 30-80%
CREBBP HAT 30-40%

EP300 HAT 10%
EZH2 H3K27me1/2/3 ~30% in GCB-DLBCL and FL




GC epigenetic switches linked to lymphomagenesis
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A majority of B-cell ymphomas arise from GC B-cells

Follicular Lymphoma
Diffuse Large B-cell Lymphoma
Burkitt Lymphoma
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Histone marks control gene enhancers and promoters
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Dynamic “enhancer switching” is required for B-cells to become

centroblasts and then exit the GC reaction
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Frequent somatic mutation of CREBBP/EP300 in DLBCL and FL

FL FL DLBCL
DLBCL, Cohort 3
= WT — GCB ve ABC, p=1. 42%-5 5 Mutsted
= Mut - WT
100
z ¢
o 'E BO
E = B&O
o z
40
20
Cohort1 Cohort2 Cohort 3 o GCE ABC Mot Classified

(Exome) (Targeted) (Targeted)
(N=26) ([N=TB) (N=347)

|-.h " L u |

& Nonsense

® Missense . ,ﬂ"' ' o ' ®
a.a. 13701377 / '\
a.a. 1395-1398 a.a. 1461-1465

a.a. 1408-1412

Cerchialfi ef al J Cin Investigation 20710, Pasqualuec e & Nature 2077, Namg ef al Cancar Discovary 2076



CREBBP mouse models and human patients point to disruption of
BCL6 regulated enhancers as a driver mechanism
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Mutation of CREBBP and EP300 disrupt enhancer switches

resulting in sustained repression of BCL6 target enhancers
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Somatic mutations of CREBBP and EP300 in FL patients
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BCL6-SMRT and CREBBP counter-regulation of MHC class Il loci
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Loss of MHC class Il expression associated with inferior outcome in DLBCL

(Rimsza et al, Blood 2004)

CREBBP mutant DLBCL cases feature reduced MHC class Il and reduced T-cell interactions

(Green et al PNAS 2015)

HDAC inhibitors can induce MHC class |l expression in DLBCL cells

(Cycon et al, Immunology 2013)



CIITA and CD74 are regulated through similar mechanism

Nang ef al Cancer Discovery 2016
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Development of HDAC3 specific inhibitors
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HDAC3 inhibitor restores CREBBP shRNA induced MHC class I

H3K27 acetylation and expression
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Restoring immuno surveillance in DLBCL using HDAC3 specific

epigenetic targeted therapy

Normal GC Exit CREBBP Mutant lymphoma HDACS3 specific inhibitor

Jiang et al Cancer Discovery 2016



An enhancer switch controlled by BCL6 and HDAC3 vs CREBBP/EP300
is disrupted by CREBPP-EP300 somatic mutations
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Targeting KMT2D with histone demethylase or HDAC

iInhibitors might restore epigenetic programming
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=
EZH2 and BIVALENT CHROMATIN FORMATION

A switch that transiently suppresses active B-cell promoters
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B-cell differentiation and checkpoint genes are active in mature

B-cells

Mature
B cell

(A —
Promoter

H3K4me3

Beguelin et al Cancer Cell 2013 :
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EZH2 transiently pauses these genes in GC B-cells by generated

bivalent chromatin at their promoters
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Frequent mutation of EZH2 TYR 641in DLBCL and FL

Morin et al, Nat Gen 2010, Bodor et al Blood 2013, Sneeringer, et al, PNAS 2010
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Mutant EZH2 locks genes so that they become irreversibly

silenced
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GCB-DLBCL respond regardless of mutation
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Tri-Phasic effect of EZH2 inhibitors against WT and MUT DLBCL cells
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Who to treat with EZH2 inhibitors?

GCBD

| BCL + mutant EZH2

GCB DLBCL + WT EZHZ2
Follicular lymphoma + mutant EZH?2
Follicular lymphoma + WT EZH2

Biomarkers: Bivalent gene signature?

H3K27me3?
EZH27



Objective Response in NHL

All Patients (n=21)

g
800 g
8 mg
i mg

1R g
00 mg

L2 mg
HIED mp
1562 i
L0 mg

L0 mg

cse DD

[SLda s My
1550 ing
o0 mg

5 mg

Lol By U
ComMp ete respo "se start
FE &I g -
220 mg artiz! "Zsponss sat
o me W= On Sty
FE EE

FE &0 mg

I | B I | I B R A A |
9 LI I ¥ 4 F £ T B E Wb 41 22 1 KM L L I? I I D A 2 2 XM ZT XN IIOE X ™A T

Manths

Food Effects (FE): | B MECT | H k1S
200 mg on day -8 and day -1
400 mg BID from day 1 car thessnfIwia Iriterla, 2007

Shide courlesy of Scott Ridich



EZH2 targeted therapy as a building block for FL/GCB-DLBCL therapy

Synergy in vitro and enhanced effects in vivo shown for:

Corticosteroid

Chemﬂtherﬂpy Knutson et al PLoS One 2014

EZH2I + CHOP

BCL2 ﬂntﬂgﬂnist Baguelin et al Cancer Call 2013

BCLG ﬂntagﬂr"st Beguelin et al Cancer Cell 2016



Summary: Epigenetic Circuits in Lymphomagenesis

Loss of histone writer

Eraser is unopposed

Gain of histone writer

» : aser cannot

compensate

CREBBP

Results in aberrant repression

Linked mostly to enhancers

Results in HDAC3 dependent lymphomas

KMT2D (MLL2)

Linked mostly to enhancers

Results in aberrant repression

Putative histone demethylase dependence

EZH2

Results in aberrant repression
Linked mostly to promoters
Targeted by EZH2 inhibitors
Regardless of mutation
Effective in humans



Epigenetic mutations in DLBCL and FL MAINTAIN B-cells in

the GC phenotype

BCL6 translocation
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Epigenetic therapy can overcome the effect of founder mutations

leading to potent anti lymphoma effects

P Epigenetic Therapy

BCLS6 inhibitors

EZH2 inhibitors
Specific HDAC isoform inhibitors?
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