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In PNAS, Ren et al. (1) report histone demethylase KDM5B
(also called JARID1B or PLU1) as a suppressor of acute
myeloid leukemia (AML). AML is one of the most frequently
diagnosed adult cancers and is the most common type of
acute leukemia (2). It is a heterogeneous group of cancers
that arise from clonal expansion and differentiation arrest
of myeloid progenitors in the bone marrow. Chromosomal
translocation is a hallmark event driving AML initiation.
Among different AML subtypes, recurring t(5;11)(q35;15.5)
that causes fusion of nuclear receptor–binding SET domain
protein 1 (NSD1) to nucleoporin-98 (NUP98) occurs in 16%
of pediatric AML (3). NUP98-NSD1–positive AML patients
exhibit poor prognosis, with 4-y event-free survival of less
than 10% (3), which highlights the urgent demand for new
treatment strategies for these patients.

Ren et al. (1) show that UNC1999, a dual inhibitor of
the histone H3K27 methyltransferases enhancer of zeste
homolog 1/2 (EZH1/2), significantly inhibited the clono-
genic growth and induced the differentiation and apo-
ptosis of murine AML cells driven by NUP98-NSD1.
Consistently, UNC1999 treatment prolonged the survival
of mice injected with these AML cells. These observa-
tions are reminiscent of previous studies that revealed
the efficacy of the EZH2 inhibitor on AML driven by MLL-
AF9, MLL-ENL, MLL-AF10, or MOZ-TIF2 transformation (4,
5). These results support the development of EZH2-
targeted therapy to treat AML.

EZH2 is the catalytic subunit of polycomb repressive
complex 2 (PRC2). To search for key downstream regula-
tors that become reactivated and account for the antileu-
kemia effect of EZH2 inhibition, Ren et al. (1) compared
overlapping transcriptomic changes of AML cells after
treatment with EZH2 inhibitors or down-regulation of
embryonic ectoderm development (EED), an essential com-
ponent of PRC2. Kdm5b was identified as one of the 31
consistently induced genes. Chromatin immunoprecipita-
tion sequencing (ChIP-seq) analysis showed that the tran-
scriptional start site of Kdm5b is marked by EZH2, the
H3K27me3 repressive mark catalyzed by EZH2, and the
H3K4me3 activating mark (1). These suggest that Kdm5b is
a direct target of EZH2 poised for transcriptional activation
or repression and could have a tumor-suppressive role in
AML.

In fact, Ren et al. (1) then demonstrated the tumor sup-
pressor role of Kdm5b in AML through Kdm5b knockdown
experiments. Ablation of Kdm5b further enhanced AML clo-
nogenic growth and desensitized AML cells to UNC1999
treatment both in vitro and in vivo. RNA sequencing analy-
ses of AML cells with Kdm5b perturbation consistently
showed a negative relationship between KDM5B level and
transcriptional activity of genes that promote proliferation
and stemness. These findings were consistent with a previ-
ous study that indicated the tumor-suppressor role of
KDM5B in mixed lineage leukemia (MLL)–rearranged AML

(6). Furthermore, Ren et al. (1) showed that low KDM5B
expression is significantly correlated with poor survival of
human AML patients, reinforcing the notion that KDM5B
serves as a tumor suppressor in AML. However, these
results contrast with the findings in solid tumors, including
melanoma (7, 8) and estrogen receptor–positive breast
cancer (9), that indicate the oncogenic and stem-like func-
tions of KDM5B. The mechanisms that dictate the context-
dependent roles of KDM5B in cancers remain to be
investigated.

NUP98-NSD1 fusion is an oncoprotein mainly because it
binds to the regulatory elements of the locus harboring
the homeobox (HOX) gene cluster. HOX genes encode a
highly conserved family of transcription factors that are
required to maintain stemness in both hematopoietic
stem cell and AML driven by MLL-AF9 and NUP98-NSD1
(10, 11). Ren et al. (1) performed ChIP-seq to show that
KDM5B colocalizes with NUP98-NSD1 to the promoter-
proximal sequence of the Hoxa locus as well as genes that
either maintain stemness or drive proliferation, such as
Sox4, Ccnd3, and Kras. This implies that KDM5B competes
with NUP98-NSD1 for binding to the H3K4me3 transcrip-
tional active mark to repress the effector genes that drive
AML.

KDM5B is a large multidomain protein with an AT rich
interaction domain (ARID) domain for DNA binding, a
jumonji C (JmjC) domain that confers the histone demethy-
lase activity to erase H3K4me3, and three plant homeodo-
main (PHD) fingers. In order to determine the role of
different domains in KDM5B to suppress AML, Ren et al.
(1) ectopically expressed the wild-type (WT) and a series of
KDM5B mutants in the NUP98-NSD1+ AML model. Surpris-
ingly, all domains, except the catalytic JmjC domain, abol-
ished the antileukemic activity of KDM5B both in vitro and
in vivo. Ren et al. (1) further performed ChIP-seq to show
that the WT and catalytic inactive mutant of KDM5B not
only substantially overlap globally with each other to
promoter-proximal sequences, but also locally to the simi-
lar set of stemness and proliferation genes that are also
bound by NUP98-NSD1. Such a high similarity of chromatin
localization patterns between these two forms of KDM5B
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also supports the catalytic-independent role of KDM5B to
suppress AML.

Ren et al. (1) conclude the study by showing that both
WT and catalytic-inactive KDM5B interact with the histone
deacetylase HDAC1, which is a component of the transcrip-
tional repressive nucleosome remodeling and deacetylase
(NuRD) complex. Although the authors did not further
examine the importance of the NuRD complex in AML,
these observations are consistent with two previous stud-
ies in breast cancer cells, which showed that KDM5B inter-
acts with the NuRD complex to repress the expression of
genes that drive proliferation, migration, and angiogenesis
(12, 13). Li et al. (12) showed that histone lysine demethy-
lase KDM1A (also called LSD1) also interacts with the
KDM5B/NuRD complex to suppress gene transcription.
However, the epigenetic regulatory roles of these two his-
tone demethylases within the same repressor complex
were not further investigated. On the other hand, Klein
et al. (13) showed that the reader function of the PHD1
domain toward unmethylated H3K4 is critical for KDM5B
to inhibit migration.

A recent study published by our group also unveiled the
noncatalytic role of KDM5B in regulating gene expression
and melanoma progression (8). When KDM5B was

depleted, retroelements became actively transcribed to
induce cytosolic RNA- and DNA-sensing pathways, which in
turn, trigger type I interferon signaling to mount antitumor
immune responses. However, inhibitors of KDM5 deme-
thylases were unable to induce type I interferon
responses, suggesting that the oncogenic activity of
KDM5B in melanoma is independent of its demethylase
activity (8). Consistently, both WT and catalytic-inactive
KDM5B were able to restore tumorigenicity of Kdm5b
knockout melanoma cells (8). Furthermore, we found that
KDM5B recruits the H3K9 methyltransferase SETDB1 to
repress the expression of retroelements (8). The demethy-
lase activity–independent function of KDM5 proteins is not
limited to human cancers and has previously been eluci-
dated in Drosophila (14). However, the contextual mecha-
nisms that determine KDM5B to execute either its histone
demethylase activity or chromatin reader/scaffolding func-
tion remained to be identified.

The work by Ren et al. (1) shows a prominent antileuke-
mic effect when Kdm5b is induced. Previous studies in our
group showed that two pan-KDM5 inhibitors CPI-48 and
KDM5-C70 induced KDM5B protein level while the deme-
thylase activity was suppressed (15). Although the mecha-
nism of this up-regulation remains to be determined, these

Fig. 1. The molecular basis of KDM5B activation to suppress AML. (Upper) In AML cells, KDM5B is normally suppressed by the transcriptional repressive
H3K27me3 mark at its promoter-proximal sequence. NUP98-NSD1 fusion oncoprotein drives the expression of genes that are required to maintain stem-
ness and oncogenic features of AML. (Lower) EZH2 inhibition leads to reactivation of KDM5B transcription. KDM5B binds to the H3K4me3 at the regulatory
sequence of stemness genes/oncogenes, replaces NUP98-NSD1, and recruits the NuRD complex to deacetylate the histone and shut down these genes.
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observations suggest that KDM5B induction by pan-KDM5
inhibitors can be repurposed to inhibit AML.

In summary, EZH2 inhibition elicits an antileukemic
effect in AML driven by NUP98-NSD1 and MLL-rearranged
transformation. Mechanistically, epigenetic repression of
Kdm5b transcription by EZH2 is important to prevent
KDM5B from interacting with the NuRD complex to con-
dense chromatin surrounding the set of effector genes

driving AML progression (Fig. 1). Ren et al. (1) identified the
tumor suppressor role of KDM5B in AML and highlighted
the importance of the noncanonical scaffolding function of
KDM5B in epigenetic regulation of its target genes.
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