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Accelerating myelofibrosis
through loss of Dnmt3a
Radek C. Skoda | University Hospital Basel

In this issue of Blood, Jacquelin et al report that loss of DNA methyl-
transferase 3A (Dnmt3a) in hematopoietic cells expressing mutant Jak2V617F pro-
motes progression from polycythemia vera to myelofibrosis leading to bone marrow
failure and premature mortality.1

DNMT3A is an enzyme that adds methyl
groups in CpG-rich regions of the chro-
mosomes, which are involved in control
of transcription. Mutations in DNMT3A
are frequently found in normal individuals
with clonal hematopoiesis of indeterminate
potential,2,3 consistent with effectively in-
creasing the self-renewal potential of he-
matopoietic stem cells (HSCs).4 Monoallelic
or biallelic mutations in DNMT3A are
found in acute myeloid leukemias and
myelodysplastic syndromes and are also
detectable in 7% to 10% of patients with
myeloproliferative neoplasms (MPN), most
frequently in combinationwith JAK2V617F.5,6

Although the loss of DNMT3A leads to
demethylation ofDNA, the exactmechanism
of howDNMT3Amutations contribute to the
multistep genesis of cancer is still largely
unknown.4 The report by Jacquelin et al
provides new insights into how the
Jak2V617F driver mutation and the loss of
Dnmt3a collaborate to accelerate MPN dis-
ease progression.

Jacquelin and colleagues used clustered
regularly interspaced short palindromic
repeats (CRISPR) with CRISPR-associated
protein 9 (Cas9) technology to introduce
deletions in the Dnmt3a gene into HSCs
from a previously characterized Jak2V617F
knockin mouse model of MPN (see figure).
These targeted HSCs were then trans-
planted into lethally irradiated wild-type
recipients. The Jak2V617F;Dnmt3a double-
mutant HSCs exhibited a competitive
advantage over the Jak2V617F single-

mutant HSCs and over time dominated
hematopoiesis in the reconstituted recipi-
ents. These double-mutant mice displayed
progression from an initial polycythemia
phenotype to advanced myelofibrosis ac-
companied by premature lethality. Hema-
topoiesis was oligoclonal in respect to the
Dnmt3a mutations (ie, each recipient
mouse had hematopoietic cells carrying a
number of different Dnmt3a deletions in-
duced by CRISPR-Cas9). Importantly, the
Dnmt3a gene in double-mutant cells was
inactivated on both chromosomes, result-
ing in loss of expression of the Dnmt3a
protein in western blots (supplemental
Figure 1B in Jacquelin et al).

To understand the mechanisms of action,
the authors performed a detailed gene
expression, DNA methylation, and chro-
matin accessibility analysis. Although the
global DNA methylation changes did not
correlate well with alterations in gene
expression, the authors found that loss of
Dnmt3a in conjunction with Jak2V617F
upregulated self-renewal programsmainly
through regulation of chromatin topology
and methylation of specific chromatin
marks at enhancer sites that have been
shown to regulate HSC gene expression.
Thus, the loss of Dnmt3a resulted in an
“enhanceropathy” driving reproducible
transcriptional programs that alter stem
cell properties. Surprisingly, despite upre-
gulating self-renewal gene expression
programs, the Jak2V617F;Dnmt3a double-
mutant HSCs exhausted earlier leading to

bonemarrow failure and inability to engraft
into secondary recipients than Jak2V617F
single-mutant HSCs. These data suggest
that double-mutantHSCsmight be sensitive
to drugs, such as bromodomain inhibitors,
that exert activity in the context of enhancer
activation.

The accelerated transition to myelofi-
brosis is reminiscent of the phenotypes
observed in Jak2V617F;Ezh2double-mutant
mice.7-9 Indeed, Jacquelin et al found that
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Design and time course of the in vivo experiments.
Bone marrow lineage2, Sca11, c-Kit1 (LSK) cells iso-
lated from a Jak2V617F knockin mouse were trans-
duced with lentivirus encoding Cas9 and green
fluorescent protein (GFP ) reporter with nontargeting
single-guide RNA (control; left) or single-guide RNA
targeting Dnmt3a (right) and transplanted into re-
cipient mice lethally irradiated with 11 Gy. After en-
graftment, both the control mice (Jak2V617F1) and
the Dnmt3a targeted mice (Jak2V617F1;Dnmt3a2/2)
developed polycythemia, which in the Dnmt3a
targeted mice progressed to myelofibrosis and
bone marrow failure. Note that the GFP-positive
Jak2V617F1;Dnmt3a2/2 cells were positively selected
over time. LT-HSC, long-term hematopoietic stem
cells.
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Jak2V617F;Dnmt3a double-mutant cells
show changes in chromatin accessibility
consistent with decreased repressive
H3K27me3 marks that are normally
deposited by the Ezh2 containing pol-
ycomb repressive complex 2 (PRC2) on
histone proteins in key enhancer regions
and are instead replaced by activating
H3K27Ac marks histone placed by the
acetyltransferases p300 and CBP. Thus,
the loss of Dnmt3a in part mimics the
loss of PRC2 activity, although at present it
remains unclear how these DNA methyl-
ation and histone modification pathways
interact at the molecular level. The transi-
tion to myelofibrosis in Jak2V617F;Dnmt3a
double-mutant mice is further promoted
by increased chromatin accessibility and
enhancer activation in genes that orches-
trate a proinflammatory program with
strong upregulation of tumor necrosis
factor a (TNFa) via NF-kB pathways.
Increased proinflammatory cytokines as
a consequence of Dnmt3a loss were
also observed in conjunction with other
activated oncogenes such as NRas or
FLT3-ITD.

Some of the key gene expression alter-
ations leading to activated TNFa signaling
and proinflammatory gene expression
observed in the Jak2V617F;Dnmt3a double-
mutant mice were also confirmed in primary
cells from MPN patients with vs without
mutated DNMT3A. In addition to advancing
our understanding of the role of Dnmt3a
loss in MPN disease progression, this study
raises additional questions. In the current
prognostic scores for MPN patients, loss of
DNMT3A is not considered a “high-risk”
mutation, whereas in the mouse model a
strong negative effect on survival was
seen. The order of acquisition of the
Jak2V617F and Dnmt3a mutations may
influence the severity of the phenotype.
In themajority ofMPNpatients, theDnmt3a
mutation precedes the acquisition of the
Jak2V617F mutation, whereas, as in the
mouse model studied by Jacquelin et al,
the Dnmt3a mutation is introduced on
top of a preexisting Jak2V617F mutation.
Indeed, differences in phenotypes were
reported for “JAK2-first” vs “DNMT3A-
first” patients with MPN.10 Finally, this
work provides a strong rationale for test-
ing therapeutic approaches that target
the activity of gene enhancers for MPN
patients selected for specific mutational
profiles.
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Tropism of PCNSL: is it
all about autoantigens?
Björn Chapuy | University Medical Center Göttingen

In this issue of Blood, Thurner et al identified that two-thirds of patients with
primary central nervous system lymphoma (PCNSL) have B-cell receptors
(BCRs) specific for 2 autoantigens, SAMD14 and neurabin-1. These antigens
are predominantly expressed in the central nervous system (CNS), induced
strong BCR pathway activation, and autorecognition of them is therefore an
attractive explanation for the CNS tropism of the disease.1

PCNSL is a rare extranodal variant of
a B-cell non-Hodgkin lymphoma that
presents as infiltration of Epstein-Barr virus
negative (EBV2) lymphoma cells in the brain
parenchyma, leptomeninges, spinal cord, or
the eye without evidence of systemic dis-
ease. Themost frequent histology of PCNSL
is a diffuse large B-cell lymphoma (DLBCL).
An etiologically different EBV1 PCNSL
occurs in immunocompromised patients.
Despite its limited state, clinically PCNSL is
an aggressive disease with dismal outcomes
due to inferior responses to empirically
derived treatment regimens. A better
mechanistic understanding of the disease
pathogenesis might lead to novel targeted
therapeutic options for patients with unmet
clinical needs.

Genetically, PCNSLs exhibit frequent
biallelic inactivation of the tumor sup-
pressor CDKN2A, almost uniform acti-
vation of the BCR- and Toll-like receptor
signaling pathways through cooccurring
CD79B and MYD88 (L265P) mutations,
and additional alterations in downstream
regulators, such as inactivation of TNFAIP3
and oncogenic mutations in CARD11, in
addition to frequent gain of both PD-1 li-
gands.2 The full coordinate genetic signa-
ture of PCNSLs has striking similarities to
genetically defined ABC DLBCL subtypes
(C5-DLBCL in Chapuy et al3; C5-DLBCL in
Schmitz et al4).

Prior studies have established the origin
of PCNSLs from germinal center experi-
enced B cells with rearranged and
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