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Abstract: Enhancer of zeste homolog 2 (EZH2) plays critical roles in a range of biological
processes including organ development and homeostasis, epigenomic and transcriptomic regulation,
gene repression and imprinting, and DNA damage repair. A widely known function of EZH2 is to
serve as an enzymatic subunit of Polycomb repressive complex 2 (PRC2) and catalyze trimethylation of
histone H3 lysine 27 (H3K27me3) for repressing target gene expression. However, an increasing body
of evidence demonstrates that EZH2 has many “non-conventional” functions that go beyond H3K27
methylation as a Polycomb factor. First, EZH2 can methylate a number of nonhistone proteins, thereby
regulating cellular processes in an H3K27me3-independent fashion. Furthermore, EZH2 relies on
both methyltransferase-dependent and methyltransferase-independent mechanisms for modulating
gene-expression programs and/or epigenomic patterns of cells. Importantly, independent of PRC2,
EZH?2 also forms physical interactions with a number of DNA-binding factors and transcriptional
coactivators to context-dependently influence gene expression. The purpose of this review is to
detail the complex, noncanonical roles of EZH2, which are generally less appreciated in gene
and (epi)genome regulation. Because EZH2 deregulation is prevalent in human diseases such as
cancer, there is increased dependency on its noncanonical function, which shall have important
implications in developing more effective therapeutics.

Keywords: chromatin; histone; EZH2; methylation; Polycomb repressive complex; coactivator; gene
transcription; cancer

1. The Canonical Role of EZH2 as a Polycomb Factor Mediating H3K27 Methylation

Polycomb group (PcG) genes were initially identified as regulator of body segmentation
and repressor of Hox gene expression in Drosophila and were subsequently shown to be conserved
among other organisms such as mammal. Biochemical charactarizations of Polycomb repressive
complexes 2 and 1 (PRC2 and PRC1) revealed their specific histone-modifying activities (Figure 1) [1-8].
An active PRC2 “core” complex is composed of at least four subunits— enhancer of zeste homolog 2
(EZH2) or related EZH1, embryonic ectoderm development (EED), suppressor of zeste 12 homolog
(SUZ12), and retinoblastoma-binding protein 7 (RBBP7) or related RBBP4. It is well established that
EZH2/1 functions as PRC2’s catalytic subunit to repress gene transcription at least partly through
inducing trimethylation of histone H3 lysine 27 (H3K27me3), a chromatin mark that can serve as
a docking site for recruiting “effector/reader” proteins. For example, H3K27me3 is “recognized”
by the WD40-repeat domain of EED (Figure 1), thereby forming a feedforward loop for deposition
and spreading of H3K27me3 in the genome [9]; importantly, H3K27me3 is also engaged by distinctive
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classes of “reader” domains—the conserved chromodomain (CD) of the CBX subunit (CBX2/4/6/7/8;
Figure 1) in PRC1 [10-12], as well as the BAH module harbored within several chromatin-associated
proteins in eukaryotes including plant [13-15], fungus [16] and animal [17], all of which contribute
to Polycomb gene silencing potentially through different molecular mechanisms that are still under
investigation. Thus, EZH2, an integral component of PRC2, mediates gene silencing, a process
implicated in many biological processes such as cell fate decision-making, cell lineage specification,
and oncogenesis. Readers shall refer to other reviews [18-24] on the topic of Polycomb proteins.
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Figure 1. Enhancer of zeste homolog 2’s (EZH2) canonical function as enzymatic subunit of Polycomb
repressive complex 2 (PRC2), which additionally consists of embryonic ectoderm development
(EED), suppressor of zeste 12 homolog (SUZ12), and retinoblastoma-binding protein 7/4 (RBBP7/4).
EZH2:PRC2 silences transcription at least partly through trimethylation of histone H3 lysine 27
(H3K27me3). PRC1, composed of the PCGF (such as BMI1), RING1, CBX (one of CBX2/4/6/7/8) and PHC
subunits, both induces histone H2A lysine-119 mono-ubiquitination (H2AK119ub1) and mediates
chromatin compaction via a phase separation-related mechanism [25,26]. Besides inducing H3K27me3,
EZH2:PRC2 also methylates its own subunit/cofactors such as EZH2 and JARID2 for PRC2 activation.
In particular, both H3K27me3 and JARID2-K116me3 are “recognized” by the WD40 repeat module
of EED, inducing allosteric activation and possibly on-chromatin spreading of PRC2. Additionally,
via the EPOP-mediated sequestration of EloB/C and PRC2:EZH2-mediated methylation of elongin-A
(EloA), PRC2 also suppresses assembly and/or activity of the Elongin complex, thus contributing to
suppression of target gene expression.

2. Introduction to EZH2’s Noncanonical Roles Beyond Polycomb and H3K27me3

Despite EZH2’s well-established function as part of PRC2 for mediating H3K27me3 and gene
repression, accumulating evidence demonstrates non-canonical roles of EZH2. These noncanonical
activities are mainly due to (i) EZH2-mediated nonhistone substrate methylation, (ii) EZH2-mediated
transcriptional activation instead of repression, (iii) a scaffolding function of EZH2 in binding to
protein or RNA, and (iv) PRC2-independent interactions of EZH2 with a set of transcriptional
(co)activators. Indeed, cases exist where EZH2’s catalytic inhibition does not phenocopy or even
remotely resemble knockdown or knockout of EZH?2 under a range of biological contexts [27-30].
For example, through a methyltransferase-independent mechanism, EZH2 induces transcriptional
activation of RelB, a noncanonical NF-kB factor, to sustain tumor phenotypes in triple-negative breast
cancer (TNBC) [30]. Certain intrinsically-disordered regions within EZH2 were recently shown to
harbor transcriptional activation activity [31,32].
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Overall, the existing literature suggests EZH2’s noncanonical roles to be more evident in cancer
where EZH? frequently shows overexpression due to various genomic alterations, such as genomic
loss of EZH2-targeting miRNAs [33,34]. It is conceivable that an increased level of EZH2 may promote
“nonconventional” protein—protein interactions unrelated to PRC2. Additionally, cellular contexts such
as kinase signaling may profoundly alter PRC2 functionality. In the next sections, we will discuss
about nonhistone methylation and noncanonical effects by EZH2.

3. Nonhistone Substrate Methylation by EZH2

Lysine methylation is a posttranslational modification (PTM) known to modulate protein function
and protein—protein interaction. While EZH?2 (or related EZH1) is known as sole methyltransferase in
mediating low-to-high degrees of H3K27 methylation, increasing evidence supports that EZH?2 also
induces lysine methylation beyond histones and on various nonhistone substrates, many of which are
transcription factors (TFs) and chromatin-associated proteins (Table 1). Please note that nonhistone
substrate methylation by EZH?2 can be executed in the PRC2-dependent or PRC2-independent fashion,
and that the biological consequences of these nonhistone methylations are also context-dependent.

Table 1. Summary of nonhistone substrates of EZH2, methylation site, and related biological function.

Substrate Site Function
JARID2-K116me3 is bound by EED,
JAIRD2 K116-me3, K116-me2 an event that induces allosteric activation of

PRC2 in ESCs [35]
Automethylation of EZH2 activates PRC2,
potentiating its histone methyltransferase
activity [36,37]
EolA-K754 methylation by PRC2:EZH2
negatively impacts on activity of
EolA K754-me the Elongin complex, leading to
downregulation of target gene expression
in ESCs [38]
Promotes activation of STAT3 in

K510me, K514me,

EZH2 K515me

K180-me3

Nuclear STAT3 glioblastoma stem-like cells [39]
substrate Promotes activation of STAT3, in response
K49-me2 to IL-6 in colon cancer cells [40]
PCNA K110-me3 Stabilizes the PCNA trimer and stabilizes

its association with DNA polymerase & [41]
Enhances AR activity at the AR/EZH2

AR Not defined co-targeted genes in advanced prostate
cancer cells [42]
Reduces GATA4's transcriptional activation

GATA4 K299-me potency by preventing its interaction with
P300 [43] R
PLZE K430-me E;(én(;(e);Zg;f:;;iﬁ::&;?i‘ﬁ?er T cells [44]
e Promeles KOk siqineion
Ol usemes DT tinding o ot

3.1. Methylation of EZH2, JARID2 and Elongin-A (EloA) by PRC2:EZH2 Is Associated with Gene Silencing

3.1.1. JARID2

JARID2, an accessory cofactor of PRC2, regulates the chromatin targeting and enzymatic activity
of PRC2. JARID2 carries a H3-mimicking sequence and, in addition to H3, PRC2 also trimethylates
JARID?2 at lysine 116 (JARID2-K116me3; Figure 1 and Table 1). Akin to H3K27me3, JARID2-K116me3
is bound by the WD40 domain of EED, an event crucial for the allosteric activation and chromatin
spreading of PRC2 [35,47].
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3.1.2. EZH2

PRC2 also automethylates EZH2 at the lysines 510, 514, and 515 [36,37]. These three residues
reside within a disordered but highly conserved loop between so-called SANT2L and CXC domains
of EZH2 and can be in close proximity to the substrate-binding pocket of the catalytic (SET) domain.
K510 and K514 are the major sites of EZH2 automethylation whereas K515 automethylation occurs
concomitantly with that of K514. Furthermore, EZH2 automethylation of K510 and K515 was detected
only in the presence of K514 methylation in cis, suggesting that the latter represents a prerequisite for
the other automethylation events. Functional studies indicated EZH2 automethylation acting as a
self-activating mechanism in the absence of stimulatory cofactors such as AEBP2 (Figure 2a and Table 1).
Automethylated EZH2 in PRC2 not only exhibits the increased histone methyltransferase activity but
is also required for attaining proper H3K27me3 levels in cells [36,37]. Occurring independently of its
chromatin recruitment, PRC2 automethylation was reported to promote its accessibility to the histone
substrate [36,37].
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Figure 2. Besides inducing H3K27me3, EZH2 also methylates nonhistone proteins, either in
the PRC2-dependent or PRC2-independent manner. (a) PRC2:EZH2 methylates EZH2 (automethylation)
or JARID2, a PRC2 accessory cofactor, for enhancing PRC2:EZH2’s methyltransferase activity.
(b) EZH2 can methylate a number of transcription factors (TFs) to either activate or repress their
transcription-regulatory function. (c) In the cytosol, EZH2 interacts with Vavl and methylates talin,
thereby regulating cell adhesion and mobility. *, EZH2-methylated lysine site.

3.1.3. Elongin A (EloA)

EloA (Figure 1), together with EloB/C, forms the Elongin complex to promote transcriptional
elongation by RNA polymerase II (Pol-II), an integral part of gene activation [48]. A recent study
shows that PRC2 monomethylates the lysine 754 of EloA (EloA-K754mel; Table 1) and this methylation
is important for tuning down the transcription of PRC2 target genes [38]. In the mouse embryonic
stem cells (ESCs), the mutation of the EloA site that prevents lysine methylation by PRC2 leads to
upregulation of a subset of PRC2 targets, which then interferes with differentiation potentials of
ESCs [38]. More interestingly, EPOP, a recently identified cofactor of PRC2 [49,50], also interacts with
EloB/C, providing a second connection between the PRC2 and Elongin complexes. Here, biochemical
interactions of EloB/C with EloA and with EPOP:PRC2 are mutually exclusive (Figure 1) [50] and,
in mouse ESCs, co-targeting of these two functionally antagonizing complexes to same genes establishes
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a poised chromatin state reminiscent of so-called “bivalent domain” genes [51,52]. Altogether,
the PRC2:EPOP complex both methylates EloA and competes with it for EloB/C, thereby downregulating
gene expression.

3.2. Methylation of Transcription Factors (TFs) by EZH2 May Either Enhance or Repress Their Respective
Gene-Regulatory Activities

3.2.1. Globin Transcription Factor 4 (GATA4)

GATA4 is a key dosage-sensitive regulator of heart development [43]. Part of the effect by this
cardiac TF is via recruitment of histone acetyltransferase p300 to specific chromatin loci for promoting
gene transcription. EZH?2 directly interacts with and methylates GATA4 at its lysine 299, an event that
reduces the GATA4:p300 interaction and thus attenuates GATA4 function. This work establishes a
new mechanism underlying the PRC2-related gene repression, in which PRC2 directly methylates a
transcriptional activator to suppress its activity (Figure 2b and Table 1) [43].

3.2.2. STAT3

Glioblastoma multiforme (GBM) displays cellular hierarchies, harboring a subpopulation of
glioblastoma stem cells (GSCs). In GSCs rather than non-stem bulk tumor, AKT induces EZH2
phosphorylation at Ser21 and this so-called “phospho-switch” of EZH2 (see Section 4) enhances its
interaction with STAT3, which is followed by STAT3 lysine-180 trimethylation by EZH2, resulting
in increased tyrosine phosphorylation and activation of STAT3 [39]. Thus, this AKT-EZH2-STAT3
pathway is critical for the maintenance of GSCs and GBM tumorigenicity [39]. Similarly, in response
to IL6, dimethylation of STAT3 at lysine 49 by EZH2 also promotes transcription of STAT3 targets
in colon cancer [40]. In both cases, STAT3 methylation by EZH?2 is important for STAT3 activation,
which context-dependently potentiates the oncogenic gene-expression program (Figure 2b and Table 1).

3.2.3. Retinoic Acid-Related Orphan Nuclear Receptor o« (ROR«)

ROR« was suggested to function as a tumor suppressor—activation of ROR« attenuates migratory
and invasive features of androgen-independent prostate cancer, reduces WNT/f3-catenin signaling in
colon cancer, and suppresses proliferation of breast cancer cells [53]. EZH2 was shown to mono-methylate
ROR at lysine 38 [45]. Such monomethylated ROR« is then recognized by the DCAF1/DDB1/CUL4 E3
ubiquitin ligase complex and undergoes ubiquitination and degradation. Thus, EZH2 creates a “methyl
degron” at a nonhistone substrate (RORw), linking it to the methylation-dependent ubiquitination
machinery for degradation (Figure 2b and Table 1).

3.2.4. Promyelocytic Leukemia Zinc Finger Protein (PLZF)

PLZF acts to finetune the balance between self-renewal and differentiation of hematopoietic
stem/progenitor cells, partly through binding to chromatin-modifying factors. PLZF was known to
have dual effect in both transcriptional repression and activation. Acting in a PRC2-independent
fashion, EZH2 directly methylates PLZF leading to its ubiquitinylation and degradation (Figure 2b
and Table 1), which then impacts on development of natural killer T cells and homeostasis of the immune
system [44]. Moreover, another study showed that, in the KG-1 CD34+ myeloblastic hematopoietic cells,
EZH2 interacts with PLZF and co-regulates a set of active genes that are marked by the active histone
mark H3K4me3 and lack binding of PRC2 (SUZ12) or H3K27me3 [54]. These findings highlighted a
complicated interplay between EZH2 and PLZF under different contexts.

3.2.5. 3-Catenin

Wnt/-catenin signaling is required for ESC pluripotency by inducing mesodermal differentiation
and inhibiting neuronal differentiation. Hoffmeyer et al. showed that (3-catenin is trimethylated
(B-catMe3) at lysine 49 by EZH?2, and such a (3-catMe3 form acts as transcriptional corepressor of sox1
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and sox3, the differentiation regulators known to be crucial for differentiation of ESCs into neuronal or
mesodermal progenitor cell lineages [55].

3.3. Methylation of Proliferating Cell Nuclear Antigen (PCNA) by EZH2 Promotes DNA Replication

During cell replication, PCNA, in the form of a ring-shaped homotrimer complex, promotes
DNA replication via binding to DNA polymerase. EZH2 interacts with PCNA via the PIP box
and dimethylates PCNA at lysine 110 (Table 1). Such dimethylation of PCNA is essential for
stabilization of the PCNA trimer and binding of DNA polymerase 6 to PCNA, indicating a role of
EZH?2 in orchestrating the genome duplication [41].

4. The “Phospho-Switch” Model Suggests an Involvement of Kinase Signaling for Functional
Switch of EZH2, from a Canonical Gene-Repressive Role to a Noncanonical Gene-Activation One

Increasing evidence suggests EZH2 dynamically regulated by cellular and environmental cues,
which underlies EZH2’s functional switch from PRC2 to a noncanonical activity. For the latter,
EZH2 harbors the hidden, partially disordered transactivation domain (TAD) capable of directly
interacting with the coactivator and acetyltransferase p300 to activate gene expression in a
p300-dependent manner [31,32].

4.1. AKT-Mediated Phosphorylation of EZH2 at Serine 21 (EZH2-S21phospho)

AKT kinase activation is prevalent in human cancer, owing to the loss-of-function (LOF) mutation
of PTEN or activation mutation of upstream PI3K. H3K27me3 by PRC2:EZH?2 is globally suppressed
by activated AKT, which directly phosphorylates EZH?2 at serine 21 (EZH2-S21phospho) [56]. It was
shown that EZH2-521phospho exerts a “neomorphic” effect in cancer by switching EZH2’s role from
PRC2-associated repressor to coactivator [39,42]. For example, EZH2-521phospho may reduce EZH2
binding to histone H3 [56] and enhance its interactions to non-PRC2 partners, such as androgen
receptor (AR) in advanced prostate tumor and STAT3 in GBM (Figure 3a and Table 2).

4.2. JAK-Mediated Phosphorylation of EZH2 at Tyrosine 244 (EZH2-Y244phospho)

Moreover, it was shown that, in natural killer/T-cell lymphoma (NKTL) models, phosphorylation
of EZH2 at Y244 by JAK3 causes EZH?2 dissociation from PRC2 and enhances its association with RNA
Pol-II. Such a switch from transcriptional corepressor to coactivator led to upregulation of a set of
genes involved in DNA replication, cell cycle progression, biosynthesis, stemness and invasiveness [57]
(Figure 3a). In support of the involvement of EZH2 phosphorylation, pharmacological inhibition of
JAKS, but not inhibitors targeting EZH2’s methyltransferase activity, can reduce malignant growth of
NKTL cells [57]. Notably, JAK activation also exerts gene-regulatory effects via direct phosphorylation
of histone H3 Y41 (H3Y41) in cancer [58-60]. Primary and secondary effects are likely involved in
interplays among these factors, which remain to be further defined.
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Figure 3. EZH2 establishes a range of canonical (in form of PRC2) and noncanonical protein-protein
interactions (such as AR and NF-kB), regulating gene expression and other biological processes.
(a) EZH2, likely acting as a scaffold protein, functions as coactivator with transcription factors and RNA
Pol-II for inducing target gene activation. It was shown that certain cellular contexts, such as
JAK3-mediated EZH2 phosphorylation at Tyr-244, TGF1-induced tissue damage, and viral infection,
all facilitate the release of EZH2 from PRC2 to establish a noncanonical complex with TFs (such as AR
and NF-kB), RNA Pol-II, and coactivators (such as PAF) for transcriptional activation of target genes.
*, phosphorylation. (b) C-Myc or N-Myc interacts with EZH2 and recruits PRC2 to its targets for gene
repression. (¢) EZH2 binds to mutant P53 mRNA in cancer, promoting its stability and cap-independent
protein translation. (d) EZH2 promotes replication of human cytomegalovirus (HCMYV) after cellular
infection. (e) EZH2 forms complex with DDB1 and DDB2, stabilizing the latter to promote DNA
damage repair.

5. EZH2 Forms Interactions with TFs Crucial for Gene-Expression Regulation

5.1. EZH?2 Interacts with Androgen Receptor (AR), Enhancing AR Signaling in Advanced Prostate Cancer

ChlIP-seq-based mapping of EZH2 binding and H3K27me3 in LNCaP-abl cells, a castration-resistant
prostate cancer model, showed that approximately 90% of EZH2-bound regions overlap the expected
H3K27me3; however, the remaining ~10% of so-called EZH2-"solo” peaks were found enriched in
active histone marks (H3K4me2 and H3K4me3) and RNA Pol II, suggesting a potential role in gene
activation [42]. Asmentioned above, PTEN loss and resultant AKT activation is common during prostate
cancer progression. In agreement with an AKT-mediated phosphorylation [56] and molecular “switch”
of EZH2, Ser21-phosphorylated EZH2 interacts with AR [42]. EZH?2 likely mediates AR methylation
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as well because knocking down EZH?2 decreased AR methylation, which could not be rescued with
the catalytic-domain-deleted EZH2. Additionally, EZH2 and AR are both required for transcription of
their co-targeted genes (Figure 3a and Table 2), which depends on intact methyltransferase activity of
EZH2 [42]. A separate study further showed that EZH?2 also activates transcription of the AR gene
itself through direct occupancy at its promoter and that this activating role of EZH2 is independent of
PRC2 and its methyltransferase activity [61]. These works delineated a multilevel crosstalk between
EZH?2 and activated AR signaling during prostate tumorigenesis.

5.2. EZH?2 Interacts with Myc to Promote Oncogenic Gene-Expression Programs in Both PRC2-Dependent
and PRC2-Independent Manners

Several studies have shown that Myc family proteins such as C-Myc and N-Myc (Figure 3b
and Table 2) directly interact with EZH2, which leads to recruitment of EZH2 and/or PRC2 to Myc
target loci for gene silencing [62-67]. However, under different contexts, EZH2 and C-Myc can also
cooperate in activating gene transcription. For example, EZH2 directly binds to the IGF1R promoter
along with C-Myc and upregulates IGF1R expression in a subgroup of chronic lymphocytic leukemia,
resulting in activation of the downstream PI3K [68].

5.3. EZH?2 Context-Dependently Interacts with Estrogen Receptor (ER) and Nuclear Factor-Kappa B (NF-xB)
among Different Breast Cancer Subtypes

Interestingly, in breast cancer, EZH2 can act as a coactivator via two different mechanisms,
depending on the presence or absence of ER. First, in ER-positive luminal-like breast cancer cells,
EZH2 was shown to have a transcriptional activation role through physical interactions with ER
and (3-catenin (Figure 3a and Table 2) [32]. Here, EZH2 was found to transactivate a set of transcripts
commonly regulated by estrogen and WNT signaling such as c-Myc and cyclin D1, thereby promoting
cell cycle progression. Moreover, in a transgenic mouse model, EZH? interaction with 3-catenin was
shown to be critical for promoting nuclear accumulation and activation of the latter in mammary
epithelial cells [69]. It shall be noted that EZH2 also associates with ER and represses expression of
NF-«B targets by inducing H3K27me3 on their promoters [70], which operates in a canonical fashion.

In contrast, in the ER-negative basal-like breast cancer cells, EZH2 interacts with RelA and RelB
(Figure 3a and Table 2), two core subunits of NF-«B, and functions as NF-«kB coactivator independent
of its histone methyltransferase activity [70]; this role of EZH2 in promoting NF-«B signaling
was in agreement with the EZH2-mediated transcriptional activation of RelB, again through a
methyltransferase-independent mechanism, to sustain the self-renewal and tumor-initiating phenotypes
of TNBC cells [30]. Thus, among different breast cancer types, EZH?2 acts as a double-faceted molecule,
either as coactivator or corepressor of NF-kB targets, depending on the cellular context.

5.4. A B-Catenin:PAF:EZH2 Complex Activates WNT Signaling in Colon Cancer

In colon cancer cells, the PCNA-associated factor (PAF) and EZH2 were shown to induce
hyperactivation of WNT signaling [71]. Upon WNT signaling activation, PAF dissociates from
PCNA and directly binds f3-catenin; PAF (Figure 3a and Table 2) also recruits EZH2 to form
a [-catenin:PAF:EZH?2 transcriptional complex, activating WNT target genes. Interestingly,
the gene-activation effect by EZH2:PAF on [3-catenin targets does not require EZH2’s methyltransferase
activity, indicative of a scaffold role [71]. Please note that this interaction of EZH?2 and (-catenin
differs from what was observed in ESCs as discussed in the above “’Section 3.2.5”, highlighting a
context-dependent regulation that merits additional study.

5.5. In Response to Hypoxia, EZH2 Associates with Hypoxia-Inducible Factor 1, a-Subunit (HIFI-a) to
Promote Expression of Invasion-Related Genes in Breast Tumor

HIFI-« is a crucial modulator of PRC2/EZH2 in breast cancer. In TNBC cells, high HIFI-« positively
correlates with high EZH2 expression but low PRC2 activity [72]. In the absence of HIFI-« activation,
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EZH2:PRC2 mainly functions as a repressor to silence expression of matrix metalloproteinase genes
(MMPs). HIF1-« induction upon hypoxia results in PRC2 inactivation by selective suppression
of the expression of SUZ12 and EED, and then, EZH2 forms interaction with Forkhead box M1
(FoxM1) to promote the expression of MMPs, thus establishing a functional switch from PRC2(EZH?2)
towards the EZH2:FoxM1-dependent activation of genes related to tumor cell invasion (Figure 3a
and Table 2) [72].

5.6. EZH? Binds the Mutated p53 mRNA, Promoting Its Stability and Cap-Independent Translation

Zhao et al. recently showed that EZH2 binds to an internal ribosome entry site (IRES) in the 5’UTR
of both wild-type and mutated p53 mRNAs, and increases mRNA stability and cap-independent
protein translation in a methyltransferase-independent manner (Figure 3c) [73]. EZH2 thus augments
the p53 gain-of-function mutant-mediated cancer growth and metastasis by increasing the level of
mutant p53 proteins.

5.7. EZH2 and TRIM28 Interact for Regulating Tumor Progression

Tripartite motif-containing protein 28 (TRIM28; also known as KRAB-associated protein 1 or KAP1)
was previously shown to promote breast cancer proliferation and metastatic progression and required
for maintenance of mouse ESC pluripotency and self-renewal [74,75]. In the MCF7 ER-positive
breast cancer cells, EZH2 interacts with subunits of the SWI/SNF chromatin remodeler complex
and TRIM?28 (Figure 3a and Table 2), forming a complex distinct from PRC2. In this context, EZH2
and TRIM28 co-activate a set of “stemness” genes that promote mammosphere formation [76]. A recent
work also showed that the Kruppel-associated box (KRAB) domain, a module within the KRAB
zinc finger (KRAB-ZF) proteins required for TRIM28 recruitment and subsequent repression of
transposable elements by TRIM28-associated corepressor complexes, was able to inhibit TRIM28:EZH2
interaction and caused degradation of TRIM28, EZH2, and other PRC2 components, leading to a
decreased H3K27me3 level in MCEF7 cells [77]. TRIM28:EZH?2 interactions appear complex and need
additional investigation.

Table 2. Summary of EZH2’s noncanonical partners in cancer.

Cofactor Function

EZH2 enhances AR signaling at their co-targeted genes
in advanced prostate cancer [42]
Together with ERx and (3-catenin, EZH2 coactivates
ER genes coregulated by estrogen and WNT signaling in
ER-positive luminal-like breast cancer cells [32]
EZH2 coactivates target genes of Wnt/3-catenin
-catenin signaling in mammary epithelial cells [69], ER-positive
Acting as coactivator breast cancer [32] and colon cancer [71]
NF-«B (RelA and RelB) EZH2 promotes NF-«B signaling in the ER-negative
breast cancer cells [70]
EZH2, PAF, and p-Catenin coactivates Wnt target genes
in colon cancer cells [71]
TRIM28 and subunit of EZH2 co-activates a set of stemness related transcripts to
the SWI/SNF complex promote mammosphere formation by TNBC cells [76]
FoxM1 EZH2 co-activates genes related to tumor cell invasion,
as part of HIFla-mediated response to hypoxia [72]
N-myc/C-myc EZH2:PRC2 involved in Myc target gene silencing [63,64]
ER EZH2 co-represses the NF-«B target genes in ER-positive
breast cancer cells [70]

AR

PAF and p-Catenin

Acting as corepressor

6. EZH2 Functions Go Beyond Polycomb and Gene Silencing

As above mentioned, EZH?2 is critically involved in various DNA-templated processes such as
gene transcription and DNA replication. In this section, we cover some additional biological processes
regulated by EZH2.
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6.1. EZH2 Contributes to Viral Infection Processes

Chromatin-based modification and silencing of viral genomes are crucial for dictating the outcome
of viral infection. Recent studies reported that human cytomegalovirus (HCMV) replication depends on
anoncanonical function of Polycomb complexes [28,78]. HCMYV infection strongly induced upregulation
of various PRC1 and PRC2 core components, such as EZH2, EED, SUZ12, and RING1B. Consequently,
re-localization of PRC1/2 components but not H3K27me3 to viral replication compartments directly
contributes to viral DNA replication, because knockdown of these polycomb proteins resulted
in a significant reduction of newly synthesized viral particles. Small molecules solely inhibiting
the enzymatic activity of PRC1/2 had no antiviral effects, supporting a noncanonical function of these
Polycomb factors [28,78] (Figure 3d).

Likewise, during chronic hepatitis B virus (HBV) infection, a known major risk factor for developing
hepatocellular carcinoma, EZH?2’s noncanonical function is also involved [79]. Here, in animal liver
tumors modeling HBV-mediated hepatocarcinogenesis, disease progression was found accompanied
with SUZ12 downregulation and concurrent upregulation of PRC2 target genes, such as EpCAM
and DLK1, which are normally silenced in uninfected hepatocytes. Fan et al. reported that loss of
SUZ12 resulted in DNA demethylation of CpG dinucleotides within the regulatory elements (CpG
island) associated with EpCAM and DLK1; and such DNA demethylation involves a noncanonical
complex composed of RelA (a NF-«kB complex subunit), EZH2, TET2 (a DNA demethylase), and inactive
DNMT3L. This study supports a noncanonical role of EZH2 in mediating active DNA demethylation
during oncogenic transformation [79].

6.2. EZH2 Is Involved in Cellular Response to DNA Repair, Contributing to Drug Resistance

In small cell lung cancer (SCLC), Koyen et al. reported that EZH2 has a non-catalytic,
PRC2-independent role in stabilizing DDB2, a DNA repair factor, to promote nucleotide excision repair
(NER) and cisplatin resistance in SCLC (Figure 3e) [80]. In SCLC cells subjected to the cisplatin-based
chemotherapy, EZH2 complexes with the DDB1-DDB2 heterodimer and promotes DDB2 stability by
impairing its ubiquitination, thereby facilitating DDB2 localization to cyclobutene pyrimidine dimer
crosslinks for their repair [80].

6.3. EZH?2 Functions to Maintain Organ Homeostasis During Tissue Damage

To understand an organ’s regenerative capacity and the aberrant repair process in diseased settings,
a recent study showed that transforming growth factor 31 (TGFf31)-damaged epithelium initiates a
bidirectional fibrotic cascade within the mesenchyme [81]. On one hand, TGFp1-induced damage
facilitates the release of EZH2 from PRC2 to establish a novel fibrotic transcriptional complex composed
of EZH2, RNA Pol-II, and nuclear actin for transcription activation of pro-fibrotic genes (Figure 3a);
on the other hand, the liberation of EZH2 from PRC2 is accompanied by an EZH2-to-EZH1 switch
within PRC2 to maintain H3K27me3 at TGF[31 non-target genes [81]. The molecular underpinning of
such a change involves a “phospho-switch” of EZH2, which merits more investigation.

6.4. Shuffling Between Nuclear and Cytosolic EZH?2

It has been shown that EZH2 exists in the cytosol where it forms a complex with SUZ12
and EED and that cytosolic EZH2 methyltransferase activity is necessary for receptor-mediated
signaling and actin reorganization in T lymphocytes and fibroblasts [82,83]. Here, cytosolic EZH2
methyltransferase complex in T cells was found to associate with the Rho GDP-GTP exchange factor,
Vav1 [82,83], and to directly trimethylate Talin (Figure 2c and Table 1), a key regulator of cell migration,
at its lysine 2454 [46]. EZH2-mediated methylation of Talin disrupts its binding to F-actin, resulting in
a misregulated cell adhesion dynamic. As a support, disrupting the interaction of EZH2 with Vavl
abolished the regulatory effect of EZH2 on cell adhesion [46]. Consistently, EZH?2 also plays a role in
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regulating integrin signaling and adhesion dynamics of neutrophils and dendritic cells [46]. EZH2
deficiency impairs the integrin-dependent transendothelial migration of innate leukocytes.

In ER-negative breast cancer, the p38 MAP kinase induces EZH2 phosphorylation at T367, an
event critical for promoting EZH2 localization to the cytosol where it binds vinculin and other
cytoskeletal proteins during the regulation of cell migration and invasion [84]. Overexpression of a
phospho-T367-deficient mutant of EZH2 (T367A) inhibits its cytoplasmic localization and disrupts
EZH2 interaction with cytoskeletal proteins, hence reducing the EZH2-related cancer cell invasion
and spontaneous metastasis [84]. Likewise, cytoplasmic EZH2 was also reported to be lowly expressed
in benign prostate epithelial cells but highly expressed in prostate cancer. Here, knockdown of EZH2
in the PC3 prostate tumor model enhanced polymerization of F-actin and formation of actin-rich
filaments [85]. EZH2 functions to regulate actin polymerization dynamics, indicating a role in
promoting motility or invasiveness of prostate cancer cells. These findings indicate a noncanonical
mechanism by which EZH2 promotes cancer metastasis and invasiveness.

7. Perspective

EZH?2 plays pivotal roles in pathogenesis, notably cancer. The mechanisms-of-actions regarding
EZH2 are increasingly appreciated to be complex. Despite advances, it remains to be determined
whether the so-far-reported nonhistone targets represent the scope of EZH2’s methylome, which merits
further investigation such as unbiased proteomics-based surveys before and after cell treatment with
the EZH2 catalytic inhibitor. Likewise, despite much progress in revealing noncanonical interactions
between EZH2 and various TF/coactivators for gene activation, the molecular underpinning of
such associations remains unclear in many cases. Both direct and indirect interactions likely exist,
which requires further studies. In addition, it is noteworthy to mention that some of the above-covered
findings might be complicated by both primary and secondary effects brought out by EZH2
manipulations, which are hard to tease apart in some cases, making difficult to ascribe the phenotypes
to EZH2’s noncanonical role. Furthermore, it remains a puzzle why such a complicated functionality
centering on EZH2 evolves, with both gene repression and activation effects clearly observed in
same cells. Is it possible that it provides a mechanism for cells to sense assembly of PRC2, or that it
might be a way to fine-tune PRC2-mediated repression? Clearly, cancer cells frequently gain genetic
alterations, leading to increased EZH2 levels, and thus increasingly rely on EZH2’s noncanonical
functions for malignant growth. A better understanding of the above issues regarding EZH2 and its
context-dependent regulation in future shall help develop a more specific means for targeting cancer
versus normal cells.

Proteolysis-targeting chimeras (PROTACs) emerge as an attractive therapeutic agent [86-88].
PROTAC represents a type of heterobifunctional small-molecule with one small-molecule binding to
protein-of-interest (for example, EZH2) and the other moiety binding to cellular E3 ligase, which thereby
leads target degradation via the proteasome. Two recent papers reported the EED-targeting PROTAC,
which binds EED and recruits VHL for inducing degradation of PRC2 in cells [89,90]; an EZH2-selective
degrader (not a PROTAC) employed a hydrophobic-tagging approach for depleting cellular EZH?2,
which shows early promise [29]. However, further studies are warranted to evaluate effects of these
agents on EZH?2's noncanonical functions in cancer cells. As EZH2’s noncanonical actions often operate
in a PRC2(EED)-independent manner, the disclosed EED PROTAC is unlikely to fully fill in the current
gaps. We favor a view that development of the next-generation EZH2 inhibitors that can target both
its enzymatic and non-enzymatic functions shall provide a promising and more effective strategy of
therapeutics. We remain optimistic of future development along these lines.

Author Contributions: ].W. and G.G.W. wrote the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported in part by the US National Institutes of Health grants R0ICA211336 (to G.G.W)
and RO1CA215284 (to G.G.W).



Int. J. Mol. Sci. 2020, 21, 9501 12 of 16

Conflicts of Interest: The Wang laboratory received research funds from the Deerfield Management/Pinnacle
Hill Company.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Muller, J.; Hart, C.M.; Francis, N.J.; Vargas, M.L.; Sengupta, A.; Wild, B.; Miller, E.L.; O’Connor, M.B;
Kingston, R.E.; Simon, J.A. Histone methyltransferase activity of a Drosophila Polycomb group repressor
complex. Cell 2002, 111, 197-208. [CrossRef]

Cao, R;; Wang, L.; Wang, H.; Xia, L.; Erdjument-Bromage, H.; Tempst, P.; Jones, R.S.; Zhang, Y. Role of histone
H3 lysine 27 methylation in Polycomb-group silencing. Science 2002, 298, 1039-1043. [CrossRef]

Czermin, B.; Melfi, R.; McCabe, D.; Seitz, V.; Imhof, A.; Pirrotta, V. Drosophila enhancer of Zeste/ESC
complexes have a histone H3 methyltransferase activity that marks chromosomal Polycomb sites. Cell 2002,
111, 185-196. [CrossRef]

Kuzmichev, A.; Nishioka, K.; Erdjument-Bromage, H.; Tempst, P.; Reinberg, D. Histone methyltransferase
activity associated with a human multiprotein complex containing the Enhancer of Zeste protein. Genes Dev.
2002, 16, 2893-2905. [CrossRef] [PubMed]

Plath, K.; Fang, J.; Mlynarczyk-Evans, S.K.; Cao, R.; Worringer, K.A.; Wang, H.; de la Cruz, C.C,; Otte, A.P;
Panning, B.; Zhang, Y. Role of histone H3 lysine 27 methylation in X inactivation. Science 2003, 300, 131-135.
[CrossRef] [PubMed]

Wang, H.; Wang, L.; Erdjument-Bromage, H.; Vidal, M.; Tempst, P; Jones, R.S.; Zhang, Y. Role of histone H2A
ubiquitination in Polycomb silencing. Nature 2004, 431, 873-878. [CrossRef] [PubMed]

Cao, R.; Zhang, Y. SUZ12 is required for both the histone methyltransferase activity and the silencing function
of the EED-EZH?2 complex. Mol. Cell 2004, 15, 57-67. [CrossRef]

Margueron, R.; Li, G.; Sarma, K.; Blais, A.; Zavadil, J.; Woodcock, C.L.; Dynlacht, B.D.; Reinberg, D.
Ezh1 and Ezh2 maintain repressive chromatin through different mechanisms. Mol. Cell 2008, 32, 503-518.
[CrossRef]

Margueron, R.; Justin, N.; Ohno, K.; Sharpe, M.L.; Son, J.; Drury, W.]., 3rd; Voigt, P.; Martin, S.R.; Taylor, WR,;
De Marco, V,; et al. Role of the polycomb protein EED in the propagation of repressive histone marks. Nature
2009, 461, 762-767. [CrossRef]

Min, J.; Zhang, Y.; Xu, R.M. Structural basis for specific binding of Polycomb chromodomain to histone H3
methylated at Lys 27. Genes Dev. 2003, 17, 1823-1828. [CrossRef]

Schwartz, Y.B.; Pirrotta, V. A new world of Polycombs: Unexpected partnerships and emerging functions.
Nat. Rev. Genet. 2013, 14, 853-864. [CrossRef] [PubMed]

Di Croce, L.; Helin, K. Transcriptional regulation by Polycomb group proteins. Nat. Struct. Mol. Biol. 2013,
20, 1147-1155. [CrossRef] [PubMed]

Yang, Z.; Qian, S.; Scheid, R.N.; Lu, L.; Chen, X,; Liu, R.; Du, X,; Lv, X.; Boersma, M.D.; Scalf, M.; et al. EBSis a
bivalent histone reader that regulates floral phase transition in Arabidopsis. Nat. Genet. 2018, 50, 1247-1253.
[CrossRef] [PubMed]

Qian, S.; Lv, X;; Scheid, RN,; Lu, L.; Yang, Z.; Chen, W,; Liu, R.; Boersma, M.D.; Denu, ] M.; Zhong, X; et al.
Dual recognition of H3K4me3 and H3K27me3 by a plant histone reader SHL. Nat. Commun. 2018, 9, 2425.
[CrossRef]

Li, Z,; Fu, X,; Wang, Y,; Liu, R.; He, Y. Polycomb-mediated gene silencing by the BAH-EMF1 complex in
plants. Nat. Genet. 2018, 50, 1254-1261. [CrossRef]

Wiles, E.T.; McNaught, KJ.; Kaur, G.; Selker, ] M.L.; Ormsby, T.; Aravind, L.; Selker, E.U. Evolutionarily
ancient BAH-PHD protein mediates Polycomb silencing. Proc. Natl. Acad. Sci. USA 2020, 117, 11614-11623.
[CrossRef]

Fan, H,; Lu, J.; Guo, Y,; Li, D.; Zhang, Z.M.; Tsai, Y.H.; Pi, W.C; Ahn, ].H.; Gong, W.; Xiang, Y.; et al. BAHCC1
binds H3K27me3 via a conserved BAH module to mediate gene silencing and oncogenesis. Nat. Genet. 2020,
52,1384-1396. [CrossRef]

Blackledge, N.P; Rose, N.R.; Klose, R.J. Targeting Polycomb systems to regulate gene expression:
Modifications to a complex story. Nat. Rev. Mol. Cell Biol. 2015, 16, 643-649. [CrossRef]

Yu, ].R; Lee, C.H.; Oksuz, O.; Stafford, ].M.; Reinberg, D. PRC2 is high maintenance. Genes Dev. 2019,
33, 903-935. [CrossRef]


http://dx.doi.org/10.1016/S0092-8674(02)00976-5
http://dx.doi.org/10.1126/science.1076997
http://dx.doi.org/10.1016/S0092-8674(02)00975-3
http://dx.doi.org/10.1101/gad.1035902
http://www.ncbi.nlm.nih.gov/pubmed/12435631
http://dx.doi.org/10.1126/science.1084274
http://www.ncbi.nlm.nih.gov/pubmed/12649488
http://dx.doi.org/10.1038/nature02985
http://www.ncbi.nlm.nih.gov/pubmed/15386022
http://dx.doi.org/10.1016/j.molcel.2004.06.020
http://dx.doi.org/10.1016/j.molcel.2008.11.004
http://dx.doi.org/10.1038/nature08398
http://dx.doi.org/10.1101/gad.269603
http://dx.doi.org/10.1038/nrg3603
http://www.ncbi.nlm.nih.gov/pubmed/24217316
http://dx.doi.org/10.1038/nsmb.2669
http://www.ncbi.nlm.nih.gov/pubmed/24096405
http://dx.doi.org/10.1038/s41588-018-0187-8
http://www.ncbi.nlm.nih.gov/pubmed/30082787
http://dx.doi.org/10.1038/s41467-018-04836-y
http://dx.doi.org/10.1038/s41588-018-0190-0
http://dx.doi.org/10.1073/pnas.1918776117
http://dx.doi.org/10.1038/s41588-020-00729-3
http://dx.doi.org/10.1038/nrm4067
http://dx.doi.org/10.1101/gad.325050.119

Int. J. Mol. Sci. 2020, 21, 9501 13 of 16

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Van Mierlo, G.; Veenstra, G.J.C.; Vermeulen, M.; Marks, H. The Complexity of PRC2 Subcomplexes.
Trends Cell Biol. 2019, 29, 660-671. [CrossRef]

Mas, G.; Di Croce, L. The role of Polycomb in stem cell genome architecture. Curr. Opin. Cell Biol. 2016,
43, 87-95. [CrossRef] [PubMed]

Shi, Y.; Wang, X.X.; Zhuang, Y.W.; Jiang, Y.; Melcher, K.; Xu, H.E. Structure of the PRC2 complex and application
to drug discovery. Acta Pharmacol. Sin. 2017, 38, 963-976. [CrossRef] [PubMed]

Mlingworth, R.S. Chromatin folding and nuclear architecture: PRC1 function in 3D. Curr. Opin. Genet. Dev.
2019, 55, 82-90. [CrossRef] [PubMed]

Pachano, T.; Crispatzu, G.; Rada-Iglesias, A. Polycomb proteins as organizers of 3D genome architecture in
embryonic stem cells. Brief Funct. Genom. 2019, 18, 358-366. [CrossRef]

Plys, AJ.; Davis, C.P; Kim, J.; Rizki, G.; Keenen, M.M.; Marr, S.K.; Kingston, R.E. Phase separation of
Polycomb-repressive complex 1 is governed by a charged disordered region of CBX2. Genes Dev. 2019,
33, 799-813. [CrossRef]

Tatavosian, R.; Kent, S.; Brown, K.; Yao, T.; Duc, H.N.; Huynh, T.N.; Zhen, C.Y.; Ma, B.; Wang, H.; Ren, X.
Nuclear condensates of the Polycomb protein chromobox 2 (CBX2) assemble through phase separation.
J. Biol. Chem. 2019, 294, 1451-1463. [CrossRef]

Kim, K.H.; Kim, W.; Howard, T.P,; Vazquez, F,; Tsherniak, A.; Wu, ].N.; Wang, W.; Haswell, ].R.; Walensky, L.D.;
Hahn, W.C,; et al. SWI/SNF-mutant cancers depend on catalytic and non-catalytic activity of EZH2. Nat. Med.
2015, 21, 1491-1496. [CrossRef]

Svrlanska, A.; Reichel, A.; Schilling, E.M.; Scherer, M.; Stamminger, T.; Reuter, N. A Noncanonical Function
of Polycomb Repressive Complexes Promotes Human Cytomegalovirus Lytic DNA Replication and Serves
as a Novel Cellular Target for Antiviral Intervention. J. Virol. 2019, 93, e02143-18. [CrossRef]

Ma, A.; Stratikopoulos, E.; Park, K.S.; Wei, ].; Martin, T.C.; Yang, X.; Schwarz, M.; Leshchenko, V.; Rialdi, A.;
Dale, B.; et al. Discovery of a first-in-class EZH2 selective degrader. Nat. Chem. Biol. 2020, 16, 214-222.
[CrossRef]

Lawrence, C.L.; Baldwin, A.S. Non-Canonical EZH?2 Transcriptionally Activates RelB in Triple Negative
Breast Cancer. PLoS ONE 2016, 11, e0165005. [CrossRef]

Jiao, L.; Shubbar, M.; Yang, X.; Zhang, Q.; Chen, S.; Wu, Q.; Chen, Z.; Rizo, J.; Liu, X. A partially disordered region
connects gene repression and activation functions of EZH2. Proc. Natl. Acad. Sci. USA 2020, 117, 16992-17002.
[CrossRef] [PubMed]

Shi, B,; Liang, J.; Yang, X.; Wang, Y.; Zhao, Y.; Wu, H.; Sun, L.; Zhang, Y.; Chen, Y.; Li, R.; et al. Integration of
estrogen and Wnt signaling circuits by the polycomb group protein EZH2 in breast cancer cells. Mol. Cell Biol.
2007, 27,5105-5119. [CrossRef] [PubMed]

Varambally, S.; Dhanasekaran, S.M.; Zhou, M.; Barrette, T.R.; Kumar-Sinha, C.; Sanda, M.G.; Ghosh, D.;
Pienta, K.J.; Sewalt, R.G.; Otte, A.P; et al. The polycomb group protein EZH?2 is involved in progression of
prostate cancer. Nature 2002, 419, 624-629. [CrossRef] [PubMed]

Xu, B.; Konze, K.D.; Jin, J.; Wang, G.G. Targeting EZH2 and PRC2 dependence as novel anticancer therapy.
Exp. Hematol. 2015, 43, 698-712. [CrossRef] [PubMed]

Sanulli, S.; Justin, N.; Teissandier, A.; Ancelin, K.; Portoso, M.; Caron, M.; Michaud, A.; Lombard, B.;
da Rocha, S.T.; Offer, ].; et al. Jarid2 Methylation via the PRC2 Complex Regulates H3K27me3 Deposition
during Cell Differentiation. Mol. Cell 2015, 57, 769-783. [CrossRef]

Lee, C.H.; Yu, J.R,; Granat, J.; Saldana-Meyer, R.; Andrade, ]J.; LeRoy, G.; Jin, Y.; Lund, P; Stafford, ].M.;
Garcia, B.A,; et al. Automethylation of PRC2 promotes H3K27 methylation and is impaired in H3K27M
pediatric glioma. Genes Dev. 2019, 33, 1428-1440. [CrossRef]

Wang, X.; Long, Y.; Paucek, R.D.; Gooding, A.R.; Lee, T.; Burdorf, R.M.; Cech, T.R. Regulation of histone
methylation by automethylation of PRC2. Genes Dev. 2019, 33, 1416-1427. [CrossRef]

Ardehali, M.B.; Anselmo, A.; Cochrane, ].C.; Kundu, S.; Sadreyev, R.I1; Kingston, R.E. Polycomb Repressive
Complex 2 Methylates Elongin A to Regulate Transcription. Mol. Cell 2017, 68, 872—-884.e6. [CrossRef]
Kim, E.; Kim, M.; Woo, D.H.; Shin, Y.; Shin, J.; Chang, N.; Oh, Y.T.; Kim, H.; Rheey, J.; Nakano, I.; et al.
Phosphorylation of EZH2 activates STAT3 signaling via STAT3 methylation and promotes tumorigenicity of
glioblastoma stem-like cells. Cancer Cell 2013, 23, 839-852. [CrossRef]

Dasgupta, M.; Dermawan, J.K.; Willard, B.; Stark, G.R. STAT3-driven transcription depends upon
the dimethylation of K49 by EZH2. Proc. Natl. Acad. Sci. USA 2015, 112, 3985-3990. [CrossRef]


http://dx.doi.org/10.1016/j.tcb.2019.05.004
http://dx.doi.org/10.1016/j.ceb.2016.09.006
http://www.ncbi.nlm.nih.gov/pubmed/27690123
http://dx.doi.org/10.1038/aps.2017.7
http://www.ncbi.nlm.nih.gov/pubmed/28414199
http://dx.doi.org/10.1016/j.gde.2019.06.006
http://www.ncbi.nlm.nih.gov/pubmed/31323466
http://dx.doi.org/10.1093/bfgp/elz022
http://dx.doi.org/10.1101/gad.326488.119
http://dx.doi.org/10.1074/jbc.RA118.006620
http://dx.doi.org/10.1038/nm.3968
http://dx.doi.org/10.1128/JVI.02143-18
http://dx.doi.org/10.1038/s41589-019-0421-4
http://dx.doi.org/10.1371/journal.pone.0165005
http://dx.doi.org/10.1073/pnas.1914866117
http://www.ncbi.nlm.nih.gov/pubmed/32631994
http://dx.doi.org/10.1128/MCB.00162-07
http://www.ncbi.nlm.nih.gov/pubmed/17502350
http://dx.doi.org/10.1038/nature01075
http://www.ncbi.nlm.nih.gov/pubmed/12374981
http://dx.doi.org/10.1016/j.exphem.2015.05.001
http://www.ncbi.nlm.nih.gov/pubmed/26027790
http://dx.doi.org/10.1016/j.molcel.2014.12.020
http://dx.doi.org/10.1101/gad.328773.119
http://dx.doi.org/10.1101/gad.328849.119
http://dx.doi.org/10.1016/j.molcel.2017.10.025
http://dx.doi.org/10.1016/j.ccr.2013.04.008
http://dx.doi.org/10.1073/pnas.1503152112

Int. J. Mol. Sci. 2020, 21, 9501 14 of 16

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

A, P; Xu, X,; Wang, C.; Yang, J.; Wang, S.; Dai, J.; Ye, L. EZH2 promotes DNA replication by stabilizing
interaction of POLdelta and PCNA via methylation-mediated PCNA trimerization. Epigenet. Chrom. 2018,
11, 44. [CrossRef]

Xu, K.; Wu, Z.].; Groner, A.C.; He, H.H.; Cai, C.; Lis, R.T.; Wu, X.; Stack, E.C.; Loda, M.; Liu, T.; et al.
EZH2 oncogenic activity in castration-resistant prostate cancer cells is Polycomb-independent. Science 2012,
338, 1465-1469. [CrossRef] [PubMed]

He, A.; Shen, X.; Ma, Q.; Cao, J.; von Gise, A.; Zhou, P; Wang, G.; Marquez, V.E.; Orkin, S.H.; Pu, W.T.
PRC2 directly methylates GATA4 and represses its transcriptional activity. Genes Dev. 2012, 26, 37—42.
[CrossRef] [PubMed]

Vasanthakumar, A.; Xu, D.; Lun, A.T,; Kueh, A].; van Gisbergen, K.P,; lannarella, N.; Li, X.; Yu, L.; Wang, D.;
Williams, B.R.; et al. A non-canonical function of Ezh2 preserves immune homeostasis. EMBO Rep. 2017,
18, 619-631. [CrossRef] [PubMed]

Lee, JM.; Lee, ]J.S.; Kim, H.; Kim, K.; Park, H.; Kim, J.Y.; Lee, S.H.; Kim, LS.; Kim, J.; Lee, M.; et al.
EZH2 generates a methyl degron that is recognized by the DCAF1/DDB1/CUL4 E3 ubiquitin ligase complex.
Mol. Cell 2012, 48, 572-586. [CrossRef] [PubMed]

Gunawan, M.; Venkatesan, N.; Loh, ].T.; Wong, ].E; Berger, H.; Neo, WH.; Li, L.Y.; La Win, M.K,; Yau, YH.;
Guo, T;; et al. The methyltransferase Ezh2 controls cell adhesion and migration through direct methylation
of the extranuclear regulatory protein talin. Nat. Immunol. 2015, 16, 505-516. [CrossRef]

Kasinath, V,; Faini, M.; Poepsel, S.; Reif, D.; Feng, X.A.; Stjepanovic, G.; Aebersold, R.; Nogales, E. Structures
of human PRC2 with its cofactors AEBP2 and JARID?2. Science 2018, 359, 940-944. [CrossRef]

Aso, T.; Lane, W.S.; Conaway, ].W.; Conaway, R.C. Elongin (SIII): A multisubunit regulator of elongation by
RNA polymerase II. Science 1995, 269, 1439-1443. [CrossRef]

Liefke, R.; Shi, Y. The PRC2-associated factor C170rf96 is a novel CpG island regulator in mouse ES cells.
Cell Discov. 2015, 1, 15008. [CrossRef]

Beringer, M.; Pisano, P; Di Carlo, V,; Blanco, E.; Chammas, P.; Vizan, P; Gutierrez, A.; Aranda, S.; Payer, B.;
Wierer, M.; et al. EPOP Functionally Links Elongin and Polycomb in Pluripotent Stem Cells. Mol. Cell 2016,
64, 645-658. [CrossRef]

Bernstein, B.E.; Mikkelsen, T.S.; Xie, X.; Kamal, M.; Huebert, D.J.; Cuff, J.; Fry, B.; Meissner, A.; Wernig, M.;
Plath, K.; et al. A bivalent chromatin structure marks key developmental genes in embryonic stem cells.
Cell 2006, 125, 315-326. [CrossRef] [PubMed]

Azuara, V,; Perry, P,; Sauer, S.; Spivakov, M.; Jorgensen, H.E; John, R.M.; Gouti, M.; Casanova, M.; Warnes, G.;
Merkenschlager, M.; et al. Chromatin signatures of pluripotent cell lines. Nat. Cell Biol. 2006, 8, 532-538.
[CrossRef] [PubMed]

Martinez-Fernandez, M.; Rubio, C.; Segovia, C.; Lopez-Calderon, FF.; Duenas, M.; Paramio, ] M. EZH2 in
Bladder Cancer, a Promising Therapeutic Target. Int. ]. Mol. Sci. 2015, 16, 27107-27132. [CrossRef] [PubMed]
Koubi, M.; Poplineau, M.; Vernerey, J.; N'Guyen, L.; Tiberi, G.; Garciaz, S.; El-Kaoutari, A.; Magbool, M.A.;
Andrau, J.C.; Guillouf, C.; et al. Regulation of the positive transcriptional effect of PLZF through a
non-canonical EZH? activity. Nucleic Acids Res. 2018, 46, 3339-3350. [CrossRef]

Hoffmeyer, K.; Junghans, D.; Kanzler, B.; Kemler, R. Trimethylation and Acetylation of beta-Catenin at Lysine
49 Represent Key Elements in ESC Pluripotency. Cell Rep. 2017, 18, 2815-2824. [CrossRef]

Cha, T.L.; Zhou, B.P; Xia, W.; Wu, Y,; Yang, C.C.; Chen, C.T,; Ping, B.; Otte, A.P.; Hung, M.C. Akt-mediated
phosphorylation of EZH2 suppresses methylation of lysine 27 in histone H3. Science 2005, 310, 306-310.
[CrossRef]

Yan, J.; Li, B;; Lin, B.; Lee, PT.; Chung, TH.; Tan, J.; Bi, C.; Lee, X.T.; Selvarajan, V.; Ng, S.B.; et al.
EZH2 phosphorylation by JAK3 mediates a switch to noncanonical function in natural killer/T-cell lymphoma.
Blood 2016, 128, 948-958. [CrossRef]

Dawson, M.A.; Bannister, A.].; Gottgens, B.; Foster, S.D.; Bartke, T.; Green, A.R.; Kouzarides, T. JAK2
phosphorylates histone H3Y41 and excludes HP1alpha from chromatin. Nature 2009, 461, 819-822. [CrossRef]
Griffiths, D.S.; Li, J.; Dawson, M.A.; Trotter, M.W.; Cheng, Y.H.; Smith, A.M.; Mansfield, W.; Liu, P;
Kouzarides, T.; Nichols, J.; et al. LIF-independent JAK signalling to chromatin in embryonic stem cells
uncovered from an adult stem cell disease. Nat. Cell Biol. 2011, 13, 13-21. [CrossRef]


http://dx.doi.org/10.1186/s13072-018-0213-1
http://dx.doi.org/10.1126/science.1227604
http://www.ncbi.nlm.nih.gov/pubmed/23239736
http://dx.doi.org/10.1101/gad.173930.111
http://www.ncbi.nlm.nih.gov/pubmed/22215809
http://dx.doi.org/10.15252/embr.201643237
http://www.ncbi.nlm.nih.gov/pubmed/28223321
http://dx.doi.org/10.1016/j.molcel.2012.09.004
http://www.ncbi.nlm.nih.gov/pubmed/23063525
http://dx.doi.org/10.1038/ni.3125
http://dx.doi.org/10.1126/science.aar5700
http://dx.doi.org/10.1126/science.7660129
http://dx.doi.org/10.1038/celldisc.2015.8
http://dx.doi.org/10.1016/j.molcel.2016.10.018
http://dx.doi.org/10.1016/j.cell.2006.02.041
http://www.ncbi.nlm.nih.gov/pubmed/16630819
http://dx.doi.org/10.1038/ncb1403
http://www.ncbi.nlm.nih.gov/pubmed/16570078
http://dx.doi.org/10.3390/ijms161126000
http://www.ncbi.nlm.nih.gov/pubmed/26580594
http://dx.doi.org/10.1093/nar/gky080
http://dx.doi.org/10.1016/j.celrep.2017.02.076
http://dx.doi.org/10.1126/science.1118947
http://dx.doi.org/10.1182/blood-2016-01-690701
http://dx.doi.org/10.1038/nature08448
http://dx.doi.org/10.1038/ncb2135

Int. J. Mol. Sci. 2020, 21, 9501 15 of 16

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Rui, L.; Drennan, A.C.; Ceribelli, M.; Zhu, F; Wright, GW.; Huang, D.W.; Xiao, W.; Li, Y.; Grindle, KM.;
Lu, L,; et al. Epigenetic gene regulation by Janus kinase 1 in diffuse large B-cell lymphoma. Proc. Natl. Acad.
Sci. USA 2016, 113, E7260-E7267. [CrossRef]

Kim, J.; Lee, Y,; Lu, X,; Song, B.; Fong, KW.; Cao, Q.; Licht, ].D.; Zhao, ]J.C.; Yu, ]J. Polycomb-
and Methylation-Independent Roles of EZH?2 as a Transcription Activator. Cell Rep. 2018, 25, 2808-2820.e4.
[CrossRef] [PubMed]

Zhang, X.; Zhao, X.; Fiskus, W.; Lin, J.; Lwin, T; Rao, R.; Zhang, Y.; Chan, ].C.; Fu, K,; Marquez, V.E,; et al.
Coordinated silencing of MYC-mediated miR-29 by HDAC3 and EZH2 as a therapeutic target of histone
modification in aggressive B-Cell lymphomas. Cancer Cell 2012, 22, 506-523. [CrossRef] [PubMed]
Corvetta, D.; Chayka, O.; Gherardi, S.; D’Acunto, C.W.; Cantilena, S.; Valli, E.; Piotrowska, L.; Perini, G.;
Sala, A. Physical interaction between MYCN oncogene and polycomb repressive complex 2 (PRC2) in
neuroblastoma: Functional and therapeutic implications. J. Biol. Chem. 2013, 288, 8332-8341. [CrossRef]
[PubMed]

Wang, L.; Zhang, X,; Jia, L.T.; Hu, S.J.; Zhao, J.; Yang, ].D.; Wen, W.H.; Wang, Z.; Wang, T.; Zhao, |.; et al.
c-Myc-mediated epigenetic silencing of MicroRNA-101 contributes to dysregulation of multiple pathways in
hepatocellular carcinoma. Hepatology 2014, 59, 1850-1863. [CrossRef]

Wang, G.G.; Konze, K.D.; Tao, J. Polycomb genes, miRNA, and their deregulation in B-cell malignancies.
Blood 2015, 125, 1217-1225. [CrossRef]

Benetatos, L.; Vartholomatos, G.; Hatzimichael, E. Polycomb group proteins and MYC: The cancer connection.
Cell Mol. Life Sci. 2014, 71, 257-269. [CrossRef]

Dardenne, E.; Beltran, H.; Benelli, M.; Gayvert, K; Berger, A.; Puca, L.; Cyrta, J.; Sboner, A.; Noorzad, Z.;
MacDonald, T.; et al. N-Myc Induces an EZH2-Mediated Transcriptional Program Driving Neuroendocrine
Prostate Cancer. Cancer Cell 2016, 30, 563-577. [CrossRef]

Kosalai, S.T.; Morsy, M.H.A.; Papakonstantinou, N.; Mansouri, L.; Stavroyianni, N.; Kanduri, C,;
Stamatopoulos, K.; Rosenquist, R.; Kanduri, M. EZH2 upregulates the PI3K/AKT pathway through IGFIR
and MYC in clinically aggressive chronic lymphocytic leukaemia. Epigenetics 2019, 14, 1125-1140. [CrossRef]
Li, X.; Gonzalez, M.E.; Toy, K ; Filzen, T.; Merajver, S.D.; Kleer, C.G. Targeted overexpression of EZH2 in
the mammary gland disrupts ductal morphogenesis and causes epithelial hyperplasia. Am. J. Pathol. 2009,
175,1246-1254. [CrossRef]

Lee, S.T.; Li, Z.; Wu, Z.; Aau, M,; Guan, P; Karuturi, R.K; Liou, Y.C.; Yu, Q. Context-specific regulation of
NF-kappaB target gene expression by EZH?2 in breast cancers. Mol. Cell 2011, 43, 798-810. [CrossRef]
Jung, H.Y; Jun, S.; Lee, M.; Kim, H.C.; Wang, X,; Ji, H.; McCrea, P.D.; Park, J.I. PAF and EZH2 Induce
Wnt/beta-Catenin Signaling Hyperactivation. Mol. Cell 2013, 52, 193-205. [CrossRef] [PubMed]

Mahara, S.; Lee, PL.; Feng, M.; Tergaonkar, V.; Chng, W].; Yu, Q. HIFI-alpha activation underlies a functional
switch in the paradoxical role of Ezh2/PRC2 in breast cancer. Proc. Natl. Acad. Sci. USA 2016, 113, E3735-E3744.
[CrossRef] [PubMed]

Zhao, Y.; Ding, L.; Wang, D.; Ye, Z.; He, Y.; Ma, L.; Zhu, R.; Pan, Y.; Wu, Q.; Pang, K_; et al. EZH2 cooperates
with gain-of-function p53 mutants to promote cancer growth and metastasis. EMBO J. 2019, 38, €99599.
[CrossRef] [PubMed]

Addison, ].B.; Koontz, C.; Fugett, ].H.; Creighton, C.J.; Chen, D.; Farrugia, M.K.; Padon, R.R; Voronkova, M.A ;
McLaughlin, S.L.; Livengood, R.H.; et al. KAP1 promotes proliferation and metastatic progression of breast
cancer cells. Cancer Res. 2015, 75, 344-355. [CrossRef]

Hu, G,; Kim, J.; Xu, Q.; Leng, Y.; Orkin, S.H.; Elledge, S.]. A genome-wide RNAi screen identifies a new
transcriptional module required for self-renewal. Genes Dev. 2009, 23, 837-848. [CrossRef]

Li, J.; Xi, Y,; Li, W,; McCarthy, R.L.; Stratton, S.A.; Zou, W.; Li, W.; Dent, S.Y.; Jain, A.K.; Barton, M.C. TRIM28
interacts with EZH2 and SWI/SNF to activate genes that promote mammosphere formation. Oncogene 2017,
36, 2991-3001. [CrossRef]

Kumar, J.; Kaur, G.; Ren, R;; Lu, Y; Lin, K;; Li, J.; Huang, Y.; Patel, A.; Barton, M.C.; Macfarlan, T,; et al.
KRAB domain of ZFP568 disrupts TRIM28-mediated abnormal interactions in cancer cells. NAR Cancer 2020,
2, zcaa007. [CrossRef]

Svrlanska, A.; Ruhland, A.; Marschall, M.; Reuter, N.; Stamminger, T. Wedelolactone inhibits human
cytomegalovirus replication by targeting distinct steps of the viral replication cycle. Antiviral Res. 2020,
174,104677. [CrossRef]


http://dx.doi.org/10.1073/pnas.1610970113
http://dx.doi.org/10.1016/j.celrep.2018.11.035
http://www.ncbi.nlm.nih.gov/pubmed/30517868
http://dx.doi.org/10.1016/j.ccr.2012.09.003
http://www.ncbi.nlm.nih.gov/pubmed/23079660
http://dx.doi.org/10.1074/jbc.M113.454280
http://www.ncbi.nlm.nih.gov/pubmed/23362253
http://dx.doi.org/10.1002/hep.26720
http://dx.doi.org/10.1182/blood-2014-10-606822
http://dx.doi.org/10.1007/s00018-013-1426-x
http://dx.doi.org/10.1016/j.ccell.2016.09.005
http://dx.doi.org/10.1080/15592294.2019.1633867
http://dx.doi.org/10.2353/ajpath.2009.090042
http://dx.doi.org/10.1016/j.molcel.2011.08.011
http://dx.doi.org/10.1016/j.molcel.2013.08.028
http://www.ncbi.nlm.nih.gov/pubmed/24055345
http://dx.doi.org/10.1073/pnas.1602079113
http://www.ncbi.nlm.nih.gov/pubmed/27303043
http://dx.doi.org/10.15252/embj.201899599
http://www.ncbi.nlm.nih.gov/pubmed/30723117
http://dx.doi.org/10.1158/0008-5472.CAN-14-1561
http://dx.doi.org/10.1101/gad.1769609
http://dx.doi.org/10.1038/onc.2016.453
http://dx.doi.org/10.1093/narcan/zcaa007
http://dx.doi.org/10.1016/j.antiviral.2019.104677

Int. J. Mol. Sci. 2020, 21, 9501 16 of 16

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Fan, H.; Zhang, H.; Pascuzzi, P.E.; Andrisani, O. Hepatitis B virus X protein induces EpCAM expression via
active DNA demethylation directed by RelA in complex with EZH2 and TET2. Oncogene 2016, 35, 715-726.
[CrossRef]

Koyen, A.E.; Madden, M.Z,; Park, D.; Minten, E.V,; Kapoor-Vazirani, P.; Werner, E.; Pfister, N.T,;
Haji-Seyed-Javadi, R.; Zhang, H.; Xu, J.; et al. EZH2 has a non-catalytic and PRC2-independent role
in stabilizing DDB2 to promote nucleotide excision repair. Oncogene 2020, 39, 4798-4813. [CrossRef]

Le, H.Q.; Hill, M.A.; Kollak, I.; Skronska-Wasek, W.; Schroeder, V.; Wirth, J.; Schruf, E.; Quast, K;
Herrmann, EE.; Thomas, M.].; et al. A polycomb-independent role of EZH2 in TGFp1-damaged epithelium
triggers a fibrotic cascade with mesenchymal cells. bioRxiv 2020. [CrossRef]

Su, I.H.; Dobenecker, M.W.; Dickinson, E.; Oser, M.; Basavaraj, A.; Marqueron, R.; Viale, A.; Reinberg, D.;
Waulfing, C.; Tarakhovsky, A. Polycomb group protein ezh2 controls actin polymerization and cell signaling.
Cell 2005, 121, 425-436. [CrossRef] [PubMed]

Turner, M.; Billadeau, D.D. VAV proteins as signal integrators for multi-subunit immune-recognition receptors.
Nat. Rev. Immunol. 2002, 2, 476-486. [CrossRef] [PubMed]

Anwar, T.; Arellano-Garcia, C.; Ropa, J.; Chen, Y.C.; Kim, H.S.; Yoon, E.; Grigsby, S.; Basrur, V.; Nesvizhskii, A.L;
Muntean, A.; et al. p38-mediated phosphorylation at T367 induces EZH2 cytoplasmic localization to promote
breast cancer metastasis. Nat. Commun. 2018, 9, 2801. [CrossRef] [PubMed]

Bryant, R.J.; Winder, S.J.; Cross, S.S.; Hamdy, E.C.; Cunliffe, V.T. The Polycomb Group protein EZH2 regulates
actin polymerization in human prostate cancer cells. Prostate 2008, 68, 255-263. [CrossRef] [PubMed]
Chamberlain, P.P.; Hamann, L.G. Development of targeted protein degradation therapeutics. Nat. Chem. Biol.
2019, 15, 937-944. [CrossRef]

Lai, A.C.; Crews, C.M. Induced protein degradation: An emerging drug discovery paradigm. Nat. Rev.
Drug Discov. 2017, 16, 101-114. [CrossRef]

Schapira, M.; Calabrese, M.F,; Bullock, A.N.; Crews, C.M. Targeted protein degradation: Expanding
the toolbox. Nat. Rev. Drug Discov. 2019, 18, 949-963. [CrossRef]

Hsu, J.H.; Rasmusson, T.; Robinson, J.; Pachl, E; Read, J.; Kawatkar, S.; DH, O.D.; Bagal, S.; Code, E.;
Rawlins, P; et al. EED-Targeted PROTACs Degrade EED, EZH2, and SUZ12 in the PRC2 Complex.
Cell Chem. Biol. 2020, 27, 41-46.e17. [CrossRef]

Potjewyd, F,; Turner, A.W.,; Beri, J.; Rectenwald, ].M.; Norris-Drouin, J.L.; Cholensky, S.H.; Margolis, D.M.;
Pearce, K.H.; Herring, L.E.; James, L.I. Degradation of Polycomb Repressive Complex 2 with an EED-Targeted
Bivalent Chemical Degrader. Cell Chem. Biol. 2020, 27, 47-56.e15. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/onc.2015.122
http://dx.doi.org/10.1038/s41388-020-1332-2
http://dx.doi.org/10.1101/2020.07.29.225300
http://dx.doi.org/10.1016/j.cell.2005.02.029
http://www.ncbi.nlm.nih.gov/pubmed/15882624
http://dx.doi.org/10.1038/nri840
http://www.ncbi.nlm.nih.gov/pubmed/12094222
http://dx.doi.org/10.1038/s41467-018-05078-8
http://www.ncbi.nlm.nih.gov/pubmed/30022044
http://dx.doi.org/10.1002/pros.20705
http://www.ncbi.nlm.nih.gov/pubmed/18095286
http://dx.doi.org/10.1038/s41589-019-0362-y
http://dx.doi.org/10.1038/nrd.2016.211
http://dx.doi.org/10.1038/s41573-019-0047-y
http://dx.doi.org/10.1016/j.chembiol.2019.11.004
http://dx.doi.org/10.1016/j.chembiol.2019.11.006
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	The Canonical Role of EZH2 as a Polycomb Factor Mediating H3K27 Methylation 
	Introduction to EZH2's Noncanonical Roles Beyond Polycomb and H3K27me3 
	Nonhistone Substrate Methylation by EZH2 
	Methylation of EZH2, JARID2 and Elongin-A (EloA) by PRC2:EZH2 Is Associated with Gene Silencing 
	JARID2 
	EZH2 
	Elongin A (EloA) 

	Methylation of Transcription Factors (TFs) by EZH2 May Either Enhance or Repress Their Respective Gene-Regulatory Activities 
	Globin Transcription Factor 4 (GATA4) 
	STAT3 
	Retinoic Acid-Related Orphan Nuclear Receptor  (ROR) 
	Promyelocytic Leukemia Zinc Finger Protein (PLZF) 
	-Catenin 

	Methylation of Proliferating Cell Nuclear Antigen (PCNA) by EZH2 Promotes DNA Replication 

	The “Phospho-Switch” Model Suggests an Involvement of Kinase Signaling for Functional Switch of EZH2, from a Canonical Gene-Repressive Role to a Noncanonical Gene-Activation One 
	AKT-Mediated Phosphorylation of EZH2 at Serine 21 (EZH2-S21phospho) 
	JAK-Mediated Phosphorylation of EZH2 at Tyrosine 244 (EZH2-Y244phospho) 

	EZH2 Forms Interactions with TFs Crucial for Gene-Expression Regulation 
	EZH2 Interacts with Androgen Receptor (AR), Enhancing AR Signaling in Advanced Prostate Cancer 
	EZH2 Interacts with Myc to Promote Oncogenic Gene-Expression Programs in Both PRC2-Dependent and PRC2-Independent Manners 
	EZH2 Context-Dependently Interacts with Estrogen Receptor (ER) and Nuclear Factor-Kappa B (NF-B) among Different Breast Cancer Subtypes 
	A -Catenin:PAF:EZH2 Complex Activates WNT Signaling in Colon Cancer 
	In Response to Hypoxia, EZH2 Associates with Hypoxia-Inducible Factor 1, -Subunit (HIFI-) to Promote Expression of Invasion-Related Genes in Breast Tumor 
	EZH2 Binds the Mutated p53 mRNA, Promoting Its Stability and Cap-Independent Translation 
	EZH2 and TRIM28 Interact for Regulating Tumor Progression 

	EZH2 Functions Go Beyond Polycomb and Gene Silencing 
	EZH2 Contributes to Viral Infection Processes 
	EZH2 Is Involved in Cellular Response to DNA Repair, Contributing to Drug Resistance 
	EZH2 Functions to Maintain Organ Homeostasis During Tissue Damage 
	Shuffling Between Nuclear and Cytosolic EZH2 

	Perspective 
	References

