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ABSTRACT

The crosstalk between cellular energy status and epigenetic modifications remains largely elusive. We
recently uncovered that upon energy restriction, AMP-activated protein kinase (AMPK) phosphorylates
enhancer of zeste homolog 2 (EZH2), which disrupts the integrity of the polycomb repressive complex 2
(PRC2), thus inhibiting PRC2 oncogenic functions in ovarian and breast cancer cells.

Polycomb repressive complex 2 (PRC2) governs gene
expression by promoting the trimethylation of histone H3
lysine 27 (H3K27) at target gene promoters, a program
leads to epigenetic silencing. It has been well documented
that PRC2 maintains pluripotency in embryonic stem (ES)
cells by repressing the expression of developmental regula-
tors such as the Hox family genes. The PRC2 complex con-
sists of three core subunits, the catalytic subunit EZH2 or
EZH1, which catalyzes H3K27 methylation, as well as the
scaffolding components SUZ12 and EED, which participate
in PRC2-nucleosome interaction." As the primary catalytic
component for PRC2 in most cell types, EZH2 gain-of-
function mutations have been shown to associate with the
development of B-cell lymphoma.” A large body of clinical
studies suggest an oncogenic role for EZH2 in lymphoma
and many types of solid tumors including prostate, breast,
and ovarian cancers. Different from the hot-spot oncogenic
mutations found in B-cell lymphoma, EZH2 is rather over-
expressed in most solid tumors. Numerous compounds that
target EZH2 have been developed and some of them have
achieved promising outcomes in clinical trials. However,
recent reports unexpectedly reveal a tumor suppressor role
of EZH2 in leukemia and melanoma, thus indicating a
more complex and context-dependent role of EZH2 in
tumorigenesis.

The functions of PRC2 are tightly controlled by various
mechanisms.! Long non-coding RNAs (IncRNAs) XIST and
HOTAIR have been shown to promote the recruitment of
PRC2 to target gene loci. In addition, the EZH2 protein is
subjected to phosphorylation by multiple kinases at differ-
ent sites. Akt has been shown to promote EZH2 Ser21
phosphorylation, which attenuates EZH2’s binding with his-
tone H3.> CDK1 catalyzes EZH2 Thr345 and Thr487 phos-
phorylation during G2/M phases to regulate EZH2-IncRNA
and EZH2-PRC2 interactions. In our recent work pub-
lished in Molecular Cell,” we identified the AMP-activated
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protein kinase (AMPK) as an upstream factor that phos-
phorylates EZH2 at Thr311. Anti-H3K27me3 chromatin
immunoprecipitation coupled with deep sequencing (ChIP-
seq) revealed a global elevation of H3K27 trimethylation
(H3K27me3) in Ampkal™'";Ampka2~’'~ mouse embryonic
fibroblasts (MEFs), in which the two catalytic subunit iso-
forms of the AMPK heterotrimeric complex are deleted.
These results suggest a negative regulation of PRC2/EZH2
function by the AMPK kinase.

AMPK senses cellular ATP levels through an allosteric binding
to AMP, which activates the kinase.® When treating cells with
AMPK agonists, such as A769662, metformin, or 2-Deoxy-D-glu-
cose, accompanied with the upregulation of phospho-Thr311
(pT311), global H3K27me3 levels were reduced. Further in-depth
examination of the expression of known PRC2 target genes
revealed a dramatic increse of these genes upon AMPK activation.
Mechanistically, we demonstrated that phosphorylation of EZH2
at Thr311 disrupts its association with the PRC2 core subunit
SUZ12, leading compromised PRC2 integrity and enzymatic
activity (Fig. 1). Recent structural studies unveiled that Thr311
resides in a region connecting the SANT1 and SANT2 domains of
EZH2, and has been shown to interact with the VEFS domain of
SUZ12.” The crucial role of SUZ12-EZH2 interaction to escort
EZH2 to the PRC2 genomic target thus underscores the impor-
tance of AMPK-mediated EZH2 phosphorylation in fine tuning
PRC2 function.

Given the opposing roles of Akt and AMPK in various
cellular processes, it is mysterious that both Akt and AMPK
attenuate PRC2/EZH2 function as the H3K27me3 writer.
Recent discoveries on the non-histone methyltransferase
activity of PRC2/EZH2 may shed light on the difference
between Akt-mediated Ser21 and AMPK-mediated Thr311
phosphorylation of EZH2. Although PRC2/EZH2 is
detached from the canonical PRC2 target promoters after
Ser21 phosphorylation,” EZH2 is detoured to associate with
an AR-containing transcription complex to facilitate
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Figure 1. Distinct mechanisms of AMPK and Akt in controlling PRC2 activity. AMPK phosphorylates Thr311-EZH2, which disrupts the interaction between SUZ12 and EZH2
to inhibit the PRC2 holoenzyme activity. Like pS21-EZH2, pT311-EZH2 results in reduced H3K27 tri-methylation. However, unlike pS21-EZH2, pT311-EZH2 disrupts the
integrity of the PRC2 holoenzyme, thereby mainly serves to inhibit the oncogenic role of PRC2. On the other hand, Akt phosphorylates Ser21-EZH2 to disrupt the interac-
tion between PRC2 and the H3 tail, leading to reduced H3K27 tri-methylation. However, pS21-EZH2 could still exert its oncogenic function via PRC2-mediated methylation
of non-histone proteins such as STAT3, or through associating with AR to function as a transcriptional cofactor, both of which contribute to the context-dependent onco-

genic role of pS21-EZH2.

castration-resistant prostate cancer development,® or to cat-
alyze GATA4 and STAT3 methylation.” These findings
coherently support the notion that although Akt suppresses
canonical EZH2 function, due to the preserved PRC2 integ-
rity upon Ser2l phosphorylation, EZH2 still demonstrates
its versatility in driving tumorigenesis. Our findings, on the
other hand, elucidate a suppressive role of AMPK in modu-
lating PRC2 oncogenic function through a direct phosphor-
ylation of EZH2 at Thr311, a site located in the center of
the PRC2 core complex, thus may have a more profound
effect in inhibiting the catalytic activity of PRC2 (Fig. 1).

The identification of AMPK as a negative regulator for
EZH2 suggests the use of AMPK agonists to sensitize anti-
EZH2 inhibitors in EZH2-amplified or overexpressed cancers.
Among currently available AMPK agonists, metformin, a first-
line drug for treating patients with type 2 diabetes mellitus
(T2DM), displays anti-tumor functions in various types of can-
cers including ovarian and breast cancers.'’ It is noteworthy
that metformin activates AMPK indirectly through inhibiting
the mitochondria function to produce ATP, thus it is tempting
to further evaluate if a direct AMPK agonist like A769662 could
play a more specific and potent role to cooperate with anti-
EZH2 agent in harnessing the tumorigenicity of EZH2-hyper-
active cancer cells.
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