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In this issue of Molecular Cell, Cao et al. (2021) report that AML cells are specifically addicted to an IRF8-
MEF2D gene expression network. Furthermore, they identify a chromatin reader, ZMYND8, as the upstream
regulator of the IRF8-MEF2D program whose activity is critical for AML cell survival.
Transcriptional addiction is a concept in

which cancer cells display an absolute

dependence on specific deregulated tran-

scriptional networks tomaintain the cancer

state during disease progression (Bradner

et al., 2017). Even though transcriptional

addiction is a well-accepted paradigm,

cell-type specific transcription factor (TF)

addictions during tumorigenesis are poorly

understood. In this issue, Cao et al. explore

this gap in knowledge in the context of

acute myeloid leukemia (AML) and report

that AML cells exhibit an absolute and

specific dependence on an IRF8-MEF2D

transcriptional network. In addition, the au-

thors uncovered the molecular underpin-

nings of the IRF8-MEF2D axis regulation.

They demonstrate that chromatin reader

ZMYND8 directly associates with IRF8

and MYC enhancers to regulate their tran-

scriptional programs. The authors impli-
cate that direct physical association be-

tween ZMYND8 and BRD4 is essential for

the regulation of essential IRF8 and MYC

transcriptional programs.

Extensive molecular studies carried out

in the context of aggressive, heteroge-

neous hematopoietic stem cell malig-

nancies such as AML, have identified hi-

jacking of gene expression networks and

alterations of TF levels and functionality

as key hallmarks of the disease (Bradner

et al., 2017; Tenen, 2003). With the over-

arching idea that identification of such

cancer-specific transcriptional aberra-

tions can pave the way for generation of

novel therapeutic options (Thoms et al.,

2019;Wheat andSteidl, 2021), the authors

employed an elegant CRISPR-Cas9-

based genetic screen to systematically

uncover novel transcriptional addiction

pathways in AML. Specifically, they identi-
Molecular Cell 81, September 2, 2
fied a IRF8-MEF2D transcriptional

network to be critical for the survival of

AML cells. They found that ablation of

IRF8 through genetic knockdown ap-

proaches, or targeted protein degradation

using a dTAG system, resulted in impaired

proliferation of a subset of AML cell lines

indicating a strong dependency on an

IRF8 transcriptional program. This is a

highly interesting finding in the context of

priorwork implicating IRF8 inmyelomono-

cytic differentiation and AML pathogen-

esis (Will et al., 2015). Intriguingly, acute

IRF8 depletion resulted in the downregu-

lation ofMEF2D, whichwas also identified

as an AML essential gene in their CRISPR-

Cas9 genetic screen, and depletion of

MEF2D resulted in downregulation of

IRF8 suggesting a positive feedback loop

between these two TFs. Furthermore,

chromatin occupancy studies showed
021 ª 2021 Published by Elsevier Inc. 3445

http://refhub.elsevier.com/S1097-2765(21)00659-6/sref1
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref1
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref1
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref1
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref1
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref2
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref2
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref2
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref3
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref3
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref3
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref4
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref4
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref4
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref5
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref5
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref5
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref5
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref5
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref6
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref6
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref6
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref7
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref7
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref7
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref8
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref8
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref8
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref9
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref9
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref9
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref10
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref10
http://refhub.elsevier.com/S1097-2765(21)00659-6/sref10
mailto:ulrich.steidl@einsteinmed.org
https://doi.org/10.1016/j.molcel.2021.08.013
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.molcel.2021.08.013&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molcel.2021.08.013&domain=pdf


Figure 1. ZMYND8-IRF8 is a transcriptional
dependency in AML
ZMYND8 was identified by an AML-specific
CRISPR dropout screen to be a crucial chromatin
regulator. ZMYND8, in concert with BRD4, main-
tains leukemia survival via regulation of its key
transcriptional circuits (which include MYC and
IRF8). The ZMYND8-downstream target, IRF8, is
involved in a positive feedback loop with MEF2D,
and both factors are AML-specific transcription
factor dependencies.
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that IRF8 bound to the MEF2D transcrip-

tional start site (TSS), implying a direct

role in MEF2D gene regulation by IRF8.

Collectively, these findings reveal the

IRF8-MEF2D network as a novel tran-

scriptional addiction in AML.

Given that direct pharmacological tar-

geting of TFs has been notoriously chal-

lenging (with exceptions emerging for

select candidates [Antony-Debré et al.,

2017; Shastri et al., 2018]), the authors at-

tempted to identify easier-to-target, up-

stream chromatin regulators (CRs) of the

IRF8-MEF2D transcriptional network. To

this end, the authors conducted a CR-

domain-focused screen on IRF8 high

and low human cancer cell lines including

AML. Interestingly, this experiment un-

covered ZMYND8 (also known as

RACK7) as an AML-specific dependency.

Ablation of ZMYND8 resulted in abroga-

tion of AML cell proliferation in vitro and

in vivo, leading to a significant improve-

ment in survival of mice in AML xenograft

models. Mechanistically, ZMYND8 facili-

tated the maintenance of a leukemic state

by activating the IRF8 andMYC transcrip-

tional programs in parallel. Most impor-

tantly, genetic depletion of ZMYND8 in
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normal hematopoietic stem cells (HSCs)

did not impact myeloid differentiation

in vitro, suggesting a unique therapeutic

vulnerability of AML cells by targeting

ZMYND8.

One of the common mechanisms by

which CRs regulate TFs is by binding to

chromatin cis-elements (Sur and Taipale,

2016). Specifically, CRs can bind to

enhancer regions of TFs alone or in asso-

ciation with co-binding proteins to regu-

late their transcription. In that regard,

another important finding of this study

pertains to the molecular mechanism by

which ZMYND8 regulates IRF8 transcrip-

tion. Upon careful examination of the

non-coding regions flanking the IFR8 lo-

cus, the authors identified a potential

IRF8 enhancer (IE), which displayed

H3K27ac marks 23-86kb downstream of

the IRF8 TSS. Within this 23-86kb region,

the +81-86kb locus seemed to be a crit-

ical site of regulation because ablation

of ZMYND8 binding to this site by

CRISPR interference resulted in signifi-

cant reduction of IRF8 expression and

proliferation in AML cells. Likewise, Cao

et al. found that ZMYND8 regulates

MYC expression through similar mecha-

nisms by associating with MYC en-

hancers. The authors identified BRD4

as a co-activator that is essential for

MYC and IRF8 activation by ZMYND8.

Through a series of co-immunoprecipita-

tion experiments, they demonstrate that

the PHD-BD-PWWP (Plant Homeodo-

main-Bromodomain-Pro Trp Trp Pro)

reader cassette of ZMYND8 directly in-

teracted with the ET (extra-terminal)

domain of BRD4. This interaction was

critical for both regulation of IRF8 and

MYC, as disrupting the ZMYND8-BRD4

interaction by mutating the PHD-BD-

PWWP domain of ZMYND8 resulted in

abrogation of AML cell proliferation

in vitro and in vivo. Overall, the authors

propose this as a mechanism of broader

importance as they also observed a

similar regulation of IRF8 and MYC by

ZMYND8 in primary AML samples.

In conclusion, this work by Cao et al.

significantly advances our understanding

of TF dependencies in cancer not only

by uncovering IRF8-MEF2D as an AML-

specific transcriptional network addic-

tion, but also by uncovering ZMYND8 as

a potentially actionable upstream regula-

tory candidate with translational potential
(Figure 1). These advances are enabled by

cutting-edge experimental tools including

targeted in vivo CRISPR screens and sys-

tems to interrogate ‘‘fast TF biology’’ such

as PROTAC technology (Stengel et al.,

2021). While questions remain, including

whether ZMYND8 inhibition may affect

other healthy tissues, future investiga-

tions geared toward developing agents

to directly target ZMYND8 and/or the

essential ZMYND8-BRD4 interaction are

warranted. Overall, the study by Cao and

colleagues highlights the utility and power

of identifying and targeting aberrant key

transcriptional regulators in AML using

state-of-the-art technologies, and serves

as an excellent resource and road map

to identify novel transcriptional depen-

dencies in cancer in the future.
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