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Acute	myeloid	leukemia	(AML)	is	largely	incurable

NCI	SEER	Cancer	Statistics

6.8% 24.0%5-year	survival

intensive	chemo,	HSCT,	better	supportive	care

5-10	months
median	survival	

in	patients	60+	years	old	unfit	for	high-dose	chemo

Döhner,	Weisdorf &	Bloomfield,	NEJM 2015



Two-hit	model	of	AML	pathogenesis
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Recurrent	DNA	methyltransferase	3A	(DNMT3A)	
mutations	in	AML

Brunetti	et	al.	2017TCGA,	2013

Acute	myeloid	leukemia

MDS
Clonal	hematopoiesis

modest	DNA	hypomethylation
not	associated	with	gene	dysregulation
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DNMT3Amutations	are associated	with	
advanced	age	and	unfavorable	outcome	in	AML

Ley	et	al.	2010,	Yan	et	al. 2011

DNMT3AWT DNMT3AMUT
Age	at	diagnosis	* 60	yrs 67	yrs *	p <	0.001

Balasubramanian et	al.	2018



low-dose
cytarabine

Low-dose	cytarabine – a	treatment	option	
for	elderly	AML	patients

60+	years	old,	poor	performance	status
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Negative	enrichment	of	the	cell	cycle-related	
signatures	in	cells	expressing	DNMT3AR882

DNMT3A R882 vs WT	(TCGA)

NES	-1.70
FDR	0.004

+/m vs	WT stem&prog cells

NES	-2.05
FDR	0.001

TCGA	(2013)	NEJM
Glass	et	al. (2017)	Cancer	DiscovGuryanova et	al.	(2016)	Nat	Med



DNMT3A directs	therapeutic	response	to	
replication	stress-inducing	agents



Leukemia	cell	lines	with	DNMT3Amutations	
are	more	sensitive	to	replication	stress	inducers

Transform of Trial 2: Cladribine
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K562 SET2 KU812 KO52

AraC,	5μM
cleaved	PARP

γH2AX

GAPDH
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DNMT3A-mutant	cell	lines	treated	with	Ara-C	
accumulate	markers	of	DNA	damage	and	apoptosis
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Increased	apoptosis	in	DNMT3A-mutant	cell	lines	
after	Ara-C	treatment
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Ara-C	sensitivity correlates	with	nuclear	structure	
changes	in	cells	expressing	DNMT3A variants
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Increased	apoptosis	after	Ara-C	exposure	
in	cells	expressing	DNMT3Amutants

AraC,	50µM
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Cells	expressing	mutant	DNMT3A show	
persistent	DNA	damage	signaling	after	Ara-C
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Accumulation	of	DNA	damage	marker	gH2A.X	
after	Ara-C	exposure	in	cells	with	DNMT3Amutations
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Accumulation	of	DNA	damage	marker	gH2A.X	
after	Ara-C	exposure	in	cells	with	DNMT3Amutations
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Accumulation	of	DNA	damage	in	cells	with	DNMT3A
mutations	after	continuous	Ara-C	exposure
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Altered	cell	cycle	profile	after	Ara-C	treatment	
in	cells	with	DNMT3Amutations
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Why	do	cells	with	DNMT3Amutations	
accumulate	DNA	damage	after	Ara-C?

impaired
DNA	repair

susceptibility
to	DNA	damage



No	defect	in	HR	or	NHEJ	in	cells	with	DNMT3A
mutations	treated	with	Ara-C
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DNMT3Amutant	cells	efficiently	resolve	
Ara-C	induced	DNA	damage
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MethoCult (colony forming) assay 
schematic
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Mouse	leukemia	with	a	Dnmt3amutation	
is	more	sensitive	to	cytarabine ex	vivo
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Ara-C	

Apoptosis

DNA	damage	DNA	damage	
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Continuous	exposure	=	continuous	intravenous	infusion
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Ara-C	sensitivity	in	DNMT3Amut setting:	
Next	steps

DNMT3A
WT

Dungrawala et	al.	(2015)	Mol Cell

293T (HU)

DNMT3A	promotes	recruitment	of	SPT-16	to	DNA	after	torsional	stress,
through	direct	interaction;	attenuated	by	DNMT3A	mutations

DNMT3A	detected	at	stalled	replication	forks	30’	after	HU



Proteome	at	replication	forks	– iPOND
(isolation	of	proteins	on	nascent	DNA)

Mass-spec

Differential	sensitivity	to	cytarabine in	vivo
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Chromatin	accessibility	– ATAC-seq

Ara-C	sensitivity	in	DNMT3Amut setting:	
Next	steps

Replication	fork	dynamics	– CldU/IdU labeling
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DNMT3A R882	mutations	disrupt	tetramerization
and	attenuate	cooperative	DNA	binding

de	novo DNA	methyltransferase

DNMT3A	wt

DNMT3A	R882mut
2x processivity

Holz-Schietinger
et	al.	2012

Homotetramer
- processive catalysis

Homodimer
- distributive	catalysis


