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Abstract: Enhancer of Zeste Homolog 2 (EZH2) is the core component of the polycomb repressive 

complex 2 (PRC2), possessing the enzymatic activity in generating di/tri-methylated lysine 27 in his-

tone H3. EZH2 has important roles during early development, and its dysregulation is heavily linked to 

oncogenesis in various tissue types. Accumulating evidences suggest a remarkable therapeutic poten-

tial by targeting EZH2 in cancer cells. The first part reviews current strategies to target EZH2 in can-

cers, and evaluates the available compounds and agents used to disrupt EZH2 functions. Then we provide insight to the 

future direction of the research on targeting EZH2 in different cancer types. We comprehensively discuss the current un-

derstandings of the 1) structure and biological activity of EZH2, 2) its role during the assembling of PRC2 and recruitment 

of other protein components, 3) the molecular events directing EZH2 to target genomic regions, and 4) post-translational 

modification at EZH2 protein. The discussion provides the basis to inspire the development of novel strategies to abolish 

EZH2-related effects in cancer cells. 
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1. INTRODUCTION 

Enhancer of Zeste Homolog 2 (EZH2) is a histone meth-
yltransferase (HMTase) methylating lysine 27 in histone H3 
(H3K27). The crucial role of EZH2 during development is 
highlighted by early embryonic lethality observed in mice 
after the deletion of EZH2 gene [1]. EZH2 belongs to the 
catalytic subunit of the polycomb repressive complex 2 
(PRC2). Together with the core members EED, SUZ12, and 
RbAp46/48 [2], they are required for the enzymatic activity 
of PRC2 in vitro. PRC2 mediates gene silencing mostly by 
modulating chromatin structure, and by such mean, it con-
tributes to diverse biological functions via regulating gene 
expression. It was shown that PRC2 consists of several 
subunits including AEBP2, PCLs, and JARID2, and that it 
transiently interacts with other proteins such as DNA meth-
yltransferases (DNMTs), histone deacetylase 1 (HDAC1), 
and SIRT1 [3-5]. These additional subunits determine the 
functions and activities of PRC2, which explain the diversity 
of its biochemical and functional properties.  

Despite the discrepancy in the composition of different 
PRC2 complex, EZH2 is pivotal as the core catalytic unit, 
and via the recruitment of the subunits. When the PRC2 
complex is recruited to chromatin, EZH2 induces trimethyla-
tion of Lys-27 in histone H3 (H3K27me3). H3K27me3 is 
frequently associated with gene repression, and it is a critical 
epigenetic event during tissue development and stem cell  
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fate determination. Other than H3K27me3, the repressive 
effect of PRC2 involves multiple levels of mechanisms via 
the recruitment of DNMTs and polycomb repressive com-
plex 1 (PRC1) with EZH2 playing a pivotal role in all 
events. DNMTs catalyze DNA methylation [3], while PRC1 
has histone modification activity through the ubiquitylation 
of lysine 119 of histone H2A. The composition of PRC1 
includes two core components, RING1A/B together with 
BMI1, MEL18 or NSPC1 [2], which are the major subunits 
contributed for its ubiquitylation ability. PRC1 induces the 
condensation of chromatin, and blocks the transcriptional 
elongation of polymerase II (POLII). The functional link of 
EZH2 with both DNA methylation and PRC1 are critical in 
the establishment of long term epigenetic memory. 

2. CHARACTERISTICS OF EZH2 

Human EZH2 gene is mapped to chromosome 7q35, and 
contains 20 exons encoding 746 amino acid residues. EZH2 
is usually located in the nucleus due to its nuclear localiza-
tion signal, but they are also found in the cytoplasm [6]. Se-
quence analysis shows that members of the EZH family [7] 
have four homologous domains, namely homologue domain 
I (H1 domain), homologue domain II (H2 domain), cysteine 
rich domain, and C-terminal SET domain.  

Both the cysteine-rich region and the SET domain are re-
quired for its HMTase activity. The HMTase activity of SET 
domain was first observed in SUV39H1 and later several 
SET domains containing HMTases have been identified [8]. 
Although EZH2 contains the SET domain, it was shown that 
recombinant EZH2 has no methyltransferase activity [9] 
suggesting that EZH2 has to be integrated into a functional 
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complex in order to possess the HMTase activity. Reconsti-
tution or purification of the EZH2-containing complex indi-
cated first that the EED-EZH2 complex possesses a HMTase 
activity, but afterwards shows that SUZ12 is also required 
for the H3K27 methylation activity [9]. In addition to its 
HMTase activity the SET domain can also bind to the long 
non-coding RNA (lncRNA) molecules HOTAIR and possi-
bly XIST [10, 11]. The formation of the EZH2-RNA com-
plex is essential to the target specificity of PRC2. 

EZH2 and EZH1 are the two EZ homologs in vertebrates. 
Although both EZH members form a complex with poly-

comb group proteins, they have different expression patterns 

and their final products have different functional roles. EZH1 
is present in both dividing and differentiated cells, whereas 

EZH2 is only found in actively dividing cells [7]. Similar to 

EZH2, EZH1 contains four homologous and also interacts 
with core PRC2 members EED, SUZ12, RbAP46/48, and 

other PRC members SirT1 and PHF1 that interact with the 

PRC2 complex containing EZH2 [12, 13]. Despite the simi-
larity, it is assumed that EZH2 is the major contributor to 

establish cellular H3K27me2/3 pattern, as the PRC2 com-

plex containing EZH1 has a low methyltransferase activity 
compared to PRC2 in complex with EZH2 [7]. Although 

EZH1 is 65% identical to EZH2 and has a SET domain, 

EZH1 lacks all the threonine residues of EZH2 that are 
phosphorylated by CDKs and p38. These residues are impor-

tant for the binding of EZH2 to PRC2 recruiting either 

ncRNAs or YY1. The presence of threonine on EZH2 may 
contribute to the functional difference to its homolog EZH1 

[13]. 

The N-terminal domains H1 and H2 are the protein inter-
action domains, which are required for the assembly of part-
ner subunits for proper PRC2 functions. EZH2 binds to the 
WD40 domains of EED through H1 and H2 domains. EZH2 
interacts also with diverse factors important for the regula-
tion of gene expression, such as DNMTs and HDAC. The N-
terminal H1 and H2 domains of EZH2 are required for estab-
lishing and maintaining the complexes. While EZH2 trans-
fers methyl-groups to the histone H3 tail, it is also phos-
phorylated and ubiquitylated. These modifications regulate 
the activation of EZH2, its ability to transfer methyl-group, 
the stability, and the spatial and temporal distribution of 
EZH2 in various biological processes. 

3. PHYSIOLOGICAL AND CELLULAR FUNCTION 

OF EZH2 

Since the mammalian homolog of drosophila Ezh has 
been identified, a plethora of cellular processes regulated by 

EZH2 has been revealed. EZH2 is important for the regular 

mammalian development as it regulates genomic imprinting. 
In mice, EZH2 was required for genomic contraction to pre-

vent access of POLII, which leads to imprinted silencing 

[14]. EZH2 maintained stem cell pluripotency and deter-
mined cell fate in the context of PRC2 mediated gene repres-

sion. It was suggested that EZH2 silenced developmental 

regulators that resulted in a loss of pluripotency, and pro-
moted differentiation [15]. In the hematopoietic system, 

EZH2 plays a critical role to regulate cell proliferation [16] 

and T cell differentiation [17]. EZH2 also controls B cell 
development through the regulation of H3 methylation and 

immunoglobin heavy chain gene rearrangement [18]. Down-

regulation of EZH2 was observed in stressed and senescing 

cells in which the INK4A-ARF locus was re-expressed to 
induce cell senescence [19]. Besides its nuclear localization, 

EZH2 may also possesses important cellular functions by 

regulating actin polymerization in various cell types, such as 
fibroblasts and peripheral T-lymphocytes. It controlled cellu-

lar signaling via ligand-induced actin polymerization. This 

finding suggests that EZH2 is generally involved in lysine 
methylation and thus regulates both nuclear and extra nu-

clear signaling processes [6]. 

4. ROLES OF EZH2 IN CANCER 

Recent findings suggest that EZH2 enhances the devel-
opment and progression of cancer, as it is overexpressed in 
diverse cancer types, such as prostate, breast, bladder, gas-
tric, liver, lung, and pancreatic cancers [20-26], and a high 
EZH2 level is a good indicator of various pathological fea-
tures and outcomes. In prostate and breast cancer, overex-
pression of EZH2 is associated with metastasis and poor 
prognosis [20, 21]. The oncogenic role of EZH2 has been 
well demonstrated as ectopic expression of EZH2 in cancer 
cells induced anchorage independent colony growth and 
promotion of cell invasion [21]. Depletion of EZH2 in can-
cer cells induces cell cycle arrest and inhibits cell prolifera-
tion [25, 26] EZH2 exhibits an anti-apoptotic effect in both 
p53 wildtype and deficient cancer cells [27, 28]. Inhibition of 
EZH2 enhanced E2F1-dependent Bim expression promoting 
cell apoptosis [27]. EZH2 is also a key regulator of tumor 
angiogenesis as it is directly induced by VEGF in endothelial 
cells and thus promotes tumor angiogenesis [29]. Besides 
cell growth, survival, and metastasis, some studies revealed 
the role of EZH2 to maintain self-renewal of adult and ES 
cells, which links EZH2 with poorly differentiated tumor 
cells and cancer stem cells. A genome wide integrated analy-
sis revealed a common subset of genes in both aggressive 
prostate cancer cells and embryonic cells was targeted by 
PRC2 [30]. Moreover, EZH2 downregulated DNA damage 
repair in breast tumor-initiating cells that leads to the ampli-
fication of RAF1 gene and activation of B-catenin signaling 
[31]. These findings substantiated the function of EZH2 in 
maintaining the stemness features in a subpopulation of can-
cer cells. Furthermore, EZH2 may have a broad influence on 
transcriptome regulation. EZH2 is capable of repressing the 
transcription of RNA molecules other than mRNA, as we 
showed that EZH2 silenced tumor suppressor microRNA-
218 in pancreatic cancer [32].  

Somatic mutations of EZH2 gene are commonly ob-
served in myelodysplastic syndrome (MDS), T-cell acute 
lymphoblastic leukaemia (ALL), B-cell lymphoma, non-
Hodgkin lymphoma (NHL), and follicular lymphoma (FL), 
in which they are responsible for the altered EZH2 activity 
[33-40]. A mutation of exon 15 of the EZH2 gene was found 
in some cases of germinal center B-cell-like (GCB) subtype 
of diffuse large B-cell lymphoma and FL [33]. This mutation 
leads to a single tyrosine substitution Tyr641 located at the 
SET domain of EZH2 protein, which is a key residue in the 
catalytic site of the SET. It was initially suggested that this 
mutant caused a reduction of H3K27 trimethylation activity 
in vitro [33], but a subsequent report suggested that while the 
transition from non-methylated to mono-methylated H3K27 
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was hampered, the mutant at Tyr641 increased the transition 
rate from mono-methyl to di- and tri-methyl H3K27 in GCB 
and NHL [34, 35]. Lymphoma cell lines and tissues bearing 
Tyr641 mutant exhibited higher levels of H3K27me3 than 
those having wild type EZH2 [36]. It illustrates a human 
disease that is dependent on the coordinated activities of 
normal and disease-associated mutant enzymatic functions. 
In addition to Tyr641, mutation of A677 and A687 in lym-
phoma promotes hypertrimethylation of H3K27 [37]. Treat-
ment of EZH2-mutant B-cell leukemia cells by EZH2 inhibi-
tor led to a global decrease of H3K27me3, robust gene acti-
vation, caspase activation, and decreased proliferation. This 
shows that cells harboring an EZH2 mutant are highly de-
pendent on EZH2 activity for their survival [38]. However, 
the role of EZH2 and the effect of mutation to cancer devel-
opment are still open to debate. Frequent mutations of EZH2 
gene, that include deletion, missense, and frameshift muta-
tions, are observed in MDS resulting in loss of EZH2 func-
tion [39]. These mutations of EZH2 are predictors of poor 
overall survival rates in MDS patients [40]. Furthermore, 
structural modeling predicted that somatic mutations of 
EZH2 in T-cell ALL were likely to disrupt the SET domain 
resulting in a loss of enzymatic function [41]. These findings 
extend the traditional understanding that EZH2 only has an 
oncogenic role in cancer.  

More recently, a study demonstrated the PRC2-
independent function of EZH2 in cells, which suggests that 
gene activation function of EZH2 is also important in cancer 
progression. Silencing of EZH2 significantly downregulated 
genes in prostate cancer cells. EZH2 occupied the promoters 
of the activated genes with a lack of H3K27me3 and the en-
richment of active histone marks H3K4me2 and H3K4me3 
[42]. Further study showed that genes activated by EZH2 in 
prostate cancer depend on cooperative recruitment of the 
androgen receptor, the catalytic site of EZH2, and the phos-
phorylation status of EZH2 Ser21 [42]. Nevertheless, this 
novel function of EZH2 provides an additional layer for the 
importance of EZH2 in cancer development and progression. 

5. TARGETS OF EZH2 IN CANCER 

The oncogenic role of EZH2 is largely contributed to its 
ability to repress the expression of tumor suppressor genes in 
cancer cells, which underlies the induction of various 
changes of the phenotype of cancer cells. EZH2 suppresses 
the INK4B-ARF-INK4A tumor suppressor locus to induce 
cell cycle progression and inhibit cell senescence. Repres-
sion of the locus also determines the balance between pro-
genitor cells and cancer cells [43, 44]. EZH2 can inhibit cell 
differentiation and represses BMPR1B expression for 
BMPR1B-mediated differentiation signaling, which inhibits 
astroglial differentiation and promotes glioma tumorigenicity 
[45]. In hypoxic conditions, EZH2 was induced to repress 
RAD51, a protein important for the cellular response to 
DNA damage leading to genomic instability [46]. Studies 
have also identified various EZH2 targets in different cancer 
types that mediate cancer progression. EZH2 promoted can-
cer metastasis by suppressing E-cadherin, DAB2IP and 
ADRB2. E-cadherin was silenced by EZH2 in multiple can-
cer types promoting epithelial-mesenchymal transition of 
cells, which is a critical event in promoting cancer metastasis 
[47]. In prostate cancer, suppression of DAB2IP led to the 

activation of Ras and NF-kB to promote metastasis while 
inhibition of ADRB2 induced cell invasion [48, 49]. EZH2 
also promotes angiogenesis of tumor in response to the acti-
vation of VEGF signaling by repressing VASH1, which is a 
negative regulator of angiogenesis [29]. In addition to pro-
tein coding genes, EZH2 can regulate non-coding RNA ex-
pression. MicroRNAs repressed by the PRC2 complex are 
responsible for the inhibition of cancer cell growth, inva-
siveness, and cancer stem cell properties [50]. In pancreatic 
cancer, inhibition of miR-218 by EZH2 could promote tumor 
growth and metastasis [27]. 

These evidences indicate EZH2 plays crucial roles during 
tumor growth and progression pointing to potential therapeu-
tic approaches if we can attenuate the effect of EZH2 in can-
cer cells. In the following sections, we will first review the 
current approaches to inhibit EZH2 in cancer cells and de-
scribe the mechanism of the inhibition and the documented 
anticancer effects (Summarized in Table 1). Afterwards, we 
will provide insight to the future direction of EZH2 inhibi-
tion based on the molecular structure of EZH2, its role dur-
ing the assembling of PRC2 and recruitment of cofactors, the 
molecular mechanism guiding EZH2 to its target genes, and 
the critical post-translational modification at EZH2. This 
review will inspire the development of novel approaches and 
strategies to target EZH2 in cancer cells. 

6. THERAPEUTIC STRATEGIES BY TARGETING 

EZH2  

In malignant cells, overexpression of EZH2 could result 

from genetic and epigenetic events. The EZH2 gene is am-

plified in 15% of primary human tumors [51], and has a 
strong correlation between its DNA copy number with tran-

scription level in breast cancer [52]. Amplification of the 

EZH2 locus was observed in late-stage prostate cancer 
[53], which provides a clue to associate EZH2 with cancer 

progression. Overexpression of EZH2 can also be attributed 

to the increased transcription rate of EZH2 gene. EZH2 
gene is directly modulated by E2F transcriptional factors 

[51] and high E2F3 levels are observed in a high proportion 

of prostate cancers, but is rare in non-neoplastic prostatic 
epithelial tissues [54]. Similarly, EZH2 is overexpressed in 

human papillomavirus-positive cancer cell in which the 

viral protein E7 induced the release of E2F from pocket 
proteins [55]. In epithelial ovarian cancer, increased levels 

of transcriptional factor NF-YA underlie the upregulation 

of EZH2 suggesting that EZH2 overexpression could be 
induced in different cancer types within a distinct gene con-

text [56]. Other than DNA amplification and viral induc-

tion, upregulation of EZH2 is attributed to the hyperactiva-
tion of signaling pathway specific to the type of cancer. 

RAS signaling in pancreatic cancer and the hormonal sig-

naling in breast cancer were identified as cause of enhanced 
EZH2 expression [57, 58]. 

Recent evidence demonstrates the role of microRNA in 
regulating EZH2 expression. In human prostate cancer, miR-
101 expression is decreased in parallel with increased EZH2 
expression. One or both of the two genomic loci encoding 
miR-101 were somatically lost in 37.5% of clinically local-
ized prostate cancer cells and 66.7% of metastatic disease 
cells [59]. Loss of miR-101 expression is also observed in 
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Table 1. Compounds and agents in use to target EZH2 in cancers. 

Name of Compound 
Abbreviation/ 

Synonym 
Mode of Inhibition Anticancer Effects 

Specificity to 

EZH2 
References 

3-Deazaneplanocin A DZNep 
Decreased EZH2, EED and 

SUZ12 protein level 

Induced apoptosis in AML, breast 

cancer cell; impaired GBM cancer stem 

cell renewal in vitro and tumor initia-

tion in vivo; reduced prostate cancer 

cell tumorigenicity; eradicated tumor 

initiating HCC cells; inhibited growth 

of non-small cell lung cancer cell; 

induced apoptosis in colon cancer cell 

No 
[75-78, 80, 

103, 104] 

3-Deazaadenosine DZA 
Decreased EZH2 protein 

level 
Inhibited growth in breast cancer cell No [80] 

Diflourinated-curcumin CDF 

Induced microRNAs let-7, 

miR-26a and miR-101 

targeting EZH2 

Inhibited tumor growth, cancer progres-

sion 
No [74] 

Panobinostat LBH589 
Promoted degradation of 

EZH2 

Induced apoptosis and differentiation of 

AML cells; selectively killed AML 

cells 

No [83-85] 

Methotrexate MTX Reduced EZH2 expression Derepressed E-cadherin in vitro No [70] 

Bosutinib SKI-606 

Inactivated EZH2 expres-

sion by inhibiting of Src-

signalling 

Derepressed E-cadherin and increased 

epithelial organization in vivo 
No [58] 

GSK-A - SAM-Competitive inhibitor No report Yes [89] 

GSK126 - SAM-Competitive inhibitor 

Inhibited cell proliferation and induced 

cell apoptosis in vitro; induced tumor 

regression and prolonged survival of 

mice 

Yes [88] 

GSK343 - SAM-Competitive inhibitor 

Inhibited epithelial ovarian cancer cells 

invasion; suppressed the growth and 

induced apoptosis of epithelial ovarian 

cancer cells in 3D culture 

Yes [90, 91] 

GSK926 - SAM-Competitive inhibitor 

Inhibited epithelial ovarian cancer cells 

invasion; suppressed the growth and 

induced apoptosis of epithelial ovarian 

cancer cells in 3D culture 

Yes [90, 91] 

EPZ-6438 E-7438 SAM-Competitive inhibitor 

Caused dose-dependent tumor growth 

inhibition in EZH2-mutant NHL 

xenograft-bearing mice 

Yes [92, 93] 

EPZ005687 - 

Inhibited T641 and A677 

mutant EZH2 methyltrans-

ferase activity 

Induced apoptosis in heterozygous 

Tyr641 and Ala677 mutant lymphoma 

cells 

Yes [94] 

EI1 - SAM-Competitive inhibitor 

Selectively induced cell cycle arrest and 

apoptosis of DLBCL cells with Y641 

mutations. 

Yes [95] 

UNC1999 - SAM-Competitive inhibitor 

Selectively killed diffused large B-cell 

lymphoma cell lines harboring EZH2 

Y641 mutant; inhibited growth of 

mixed lineage leukemia (MLL)-

rearranged leukemia cells 

Specific to 

both EZH1/2 
[96, 97] 
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gastric, pancreatic, and liver cancers in which EZH2 is over-
expressed simultaneously [60-62]. The loss of other mi-
croRNAs was also identified as the cause of EZH2 overex-
pression in other cancer types, which included the loss of 
miR-26a in rhabdomyosarcoma and nasopharyngeal carci-
noma [63, 64], miR-214 in breast cancer [65], miR-31 in 
melanoma [66] and Let-7 in high grade prostate cancer [67]. 
In the following paragraphs, we will discuss both the current 
and prospective strategies to target EZH2 in cancer cells 
(Fig. 1). 

6.1. Inhibition of EZH2 at Transcription Level 

In breast cancer, upregulation of EZH2 can be induced by 
hyperactivation of the Src signaling pathway. Src is a non-
receptor tyrosine kinase activated by both steroid hormone 
receptors and ErbB family growth factor receptors, and it 
activates transcriptional factor such as STAT3, STAT5 and 
β-catenin by direct phosphorylation. EZH2 expression can be 
suppressed by Src inhibitor SKI-606 (bosutinib) [58], which 
decreased phosphorylation of Src in mammary tumors. Sub-
sequently the mRNA and protein levels of EZH2 were re-

duced by approximately 50%. Rapid exposure of SKI-606 to 
tumors greatly diminished EZH2 and concurrently re-
expressed EZH2-target E-cadherin, leading to a more orga-
nized epithelium [58]. Recently, SKI-606 was approved for 
the treatment of adult patients with Philadelphia chromo-
some positive chronic myelogenous leukemia (CML) resis-
tant or intolerant to a previous therapy [68]. Moreover, SKI-
606 is undergoing clinical trials on efficacy comparison to 
Imatinib in adult patients with newly diagnosed chronic 
phase CML [69]. 

Another study showed that the chemotherapeutic drug 

methotrexate exhibited EZH2-targeted anticancer effect, 

although it is known as an inhibitor of dyhydrofolate reduc-
tase. Methotrexate is widely used as an anticancer drug in 

different types of cancers, but it has been only recently re-

ported that it down-regulates EZH2 expression in non-small 
cell lung cancer and consequently increases tumor suppres-

sor gene and putative EZH2 target E-cadherin [70]. These 

examples illustrate that we can explore agents that target the 
upstream signaling to activate the expression of EZH2. 

 

Fig. (1). Summary of EZH2 targeting strategies. 1) Agents inhibiting the transcription of EZH2 (e.g. SKI-606 and methotrexate), which 

decrease subsequently the mRNA and protein levels of EZH2, are potential therapeutic drugs to treat EZH2 overexpressing cancer cells. 2) 

Degradation of EZH2 transcript via RNA interference (e.g. siRNAs or shRNAs) effectively inhibits translation of EZH2 mRNA and induces 

a significant anticancer effect. Restoring the regulation on EZH2 by miRNAs is another approach to reverse the epigenetic effects of ectopic 

EZH2. MiRNAs delivered to the cancer cells reduce the EZH2 protein level by either mRNA degradation or inhibiting the translation. 3) 3-

Deazaneplanocin A (DZNep) and panobinostat (LBH589) provide a pharmacological approach to deplete the EZH2 protein directly in cancer 

cells. 4) Small molecule inhibitors (e.g. GSK-126, EPZ-6438, and EI1) specific to EZH2 compete with the methyl-donor S-adenosyl me-

thionine (SAM) for the binding pocket of EZH2. They are highly selective to either wildtype or mutant EZH2 and effectively inhibit trimeth-

ylation of H3K27. 5) Silencing target recognition is a critical characteristic of EZH2 prior gene silencing. It was shown that lncRNAs guides 

EZH2 to dock to the right genomic region. EZH2 silencing can be abolished by abrogating the EZH2-cofactor RNA complex. 6) Phosphory-

lation of EZH2 protein determines EZH2 activity, stability, and proper targeting. Altering the phosphorylation status of EZH2 theoretically 

hampers the effect of EZH2 in cancer cells. 
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6.2. Inhibition of EZH2 at Translational Level 

Depletion of EZH2 proteins in cancer cells is the most di-
rect approach to attenuate its effect. Degradation of EZH2 
transcript via RNA interference is an effective approach to 
reduce the EZH2 protein level in cancer cells. Transfection 
of small-interfering RNA (siRNA) duplexes targeting EZH2 
inhibited proliferation of prostate cancer cells in vitro [20]. A 
lentivirus system expressing short hairpin RNA (shRNA) 
targeting EZH2 significantly diminished tumorigenicity of 
hepatocellular (HCC) cells [71]. Similar inhibition of EZH2 
mediated by lentivirus reduced cell proliferation and delayed 
G(2)/M cell cycle transition, and significantly reduced breast 
xenograft growth and improved survival in vivo [72]. 
Knockdown of EZH2 by shRNA also delayed tumor growth 
and metastasis in orthotopic xenograft pancreatic cancer 
models [30]. RNAi-mediated approaches are effectively trig-
gering tumor regression in HCC xenograft after intratumoral 
injection of either lentivirus-shRNA or siRNA targeting 
EZH2 [71], which provides a basis for an RNAi-mediated 
therapy. 

Restoring normal regulation on EZH2 is another feasible 
approach to reverse the epigenetic effects of ectopic EZH2. 
As mentioned, defects in microRNAs-mediated post-
transcriptional regulation of EZH2 is one of the major rea-
sons leading to EZH2 overexpression. Thus, miR-101 has a 
putative tumor suppressor function, and increasing miR-101 
levels in bladder, gastric, and lung cancer cells modulated 
their epigenome by repressing EZH2 [60-62]. The 
reactivation of E-cadherin after depletion of EZH2 effec-
tively inhibited cancer cell migration and invasion. Another 
study demonstrated that restoring miR-26a enhanced the 
expression of cyclin-dependent kinase inhibitor p14 and p21 
in an EZH2-dependent manner, and suppressed cell growth 
and colony formation by inducing G(1)-phase cycle arrest in 
nasopharyngeal carcinoma cells. In primary breast cancer, 
allelic loss of miR-214 genes is observed that leads to over-
expression of EZH2. Increase of miR-214 level reduced cell 
proliferation and inhibited the invasion potential of metas-
tatic breast cancer cells [65]. Re-expression of miR-214 also 
suppressed the growth of HCC cell growth in vivo and inhib-
ited tumorigenicity in vivo [73]. Furthermore, pharmacologi-
cal agents that restore regulation on EZH2 can also effec-
tively attenuate EZH2 oncogenic functions. Diflourinated-
curcumin induced a panel of tumor suppressor microRNAs 
that included let-7, miR-26a, and miR-101, and simultane-
ously decreased EZH2 expression in pancreatic cancer cells. 
By targeting an EZH2-microRNA regulatory circuit this 
agent inhibited pancreatic cancer tumor growth and aggres-
siveness [74]. The microRNA approach allows us to develop 
therapeutic strategies based on the microRNA environment 
of different cancer types. 

6.3. Inhibition of EZH2 by Depletion of EZH2 Protein 

To date, the most commonly used inhibitor of EZH2 is 3-
deazaneplanocin A (DZNep), which can effectively reduce 
the cellular EZH2 protein level. It provides a pharmacologi-
cal approach to deplete EZH2 protein directly in cancer cells. 
DZNep inhibits S-adenosylhomocysteine hydrolase in cells 
leading to an accumulation of S-adenosylhomocysteine with 
knock-on disruption of methylation at H3K27. Although the 

effect of DZNep is non-specific to EZH2, as other PRC2 
components EED and SUZ12 are also depleted simultane-
ously, this compound is potent to demethylate H3K27. 
Global reduction of the H3K27me3 level results upon 
DZNep treatment, which prompts the derepression of gene 
expression for induction of anticancer effects [75]. DZNep is 
suitable for therapeutic usage due to its selectivity to cancer 
cells. In breast cancer, it reactivated a specific set of genes 
that induced efficient cell apoptosis in cancer cells but not in 
normal cells [76]. DZNep strongly impairs glioblastoma 
cancer stem cell (CSC) self-renewal in vitro and tumor-
initiating capacity in vivo [77]. DZNep also inhibits tumor-
initiating cells in HCC as evidenced by reduced numbers of 
EpCAM(+) cells and reduced sphere formation [78]. In acute 
myeloid leukemia (AML), DZNep induced apoptosis by re-
activating TXNIP, inhibiting thioredoxin activity, and in turn 
increasing reactive oxygen species [79]. The high effective-
ness of DZNep observed by researchers prompted the char-
acterization of DZNep variants for identifying EZH2 inhibi-
tor and anti-cancer agent with higher potency. Currently, 
DZNep is tested in preclinical studies. Clinical trials are still 
missing, but studies investigated the biological effects of 
DZNep structural analogues such as 3-deazaadenosine. Simi-
lar to DZNep, 3-deazaadenosine is capable of depleting 
EZH2 protein in cancer cells and inducing similar biological 
activities, such as growth inhibition, cell cycle arrest, and 
cell differentiation in breast cancer cells [80].  

Panobinostat (LBH589) is another agent that induces the 
depletion of EZH2 protein. The compound was first identi-
fied as a pan-HDAC inhibitor, but later its broad range of 
protein inhibition potency was shown. Panobinostat was 
tested in phase three clinical trials for several cancer types 
[81, 82]. Treatment of panobinostat inhibited the chaperone 
association of heat shock protein 90 with EZH2, which pro-
moted the degradation of EZH2 in human acute leukemia 
cells [83]. Panobinostat also disrupted the interaction be-
tween EZH2 and DNMT1, which blocked the indirect silenc-
ing effect of EZH2 by inducing aberrant DNA methylation at 
target genes [63]. Synergistic effects between DZNep and 
panobinostat in targeting EZH2 was demonstrated for im-
proving the drug efficacy and better selectivity in cancer 
cells initiating more depletion of EZH2 and re-expression of 
tumor suppressor genes including p16 and p21 in AML and 
mantle cell lymphoma cells [84, 85]. Increasing evidences 
suggest that the combinatorial pharmacologic approach is an 
effective way to target EZH2-mediated aberrant cancer epi-
genetics. Further reports demonstrate that DZNep combined 
with either HDAC or DNMT inhibitors re-expressed a spe-
cific set of genes silenced by EZH2 in breast cancer and leu-
kemia [86, 87].  

6.4. Selective Inhibitor of EZH2 

To avoid interference to non-tumorigenic pathways, any 
approach or agent developed should possess a high speci-
ficity towards EZH2. Several research groups are actively 
searching for compounds selectively inhibiting different 
HMTases. Compound GSK126 is a potent, highly selective, 
small-molecule inhibitor of EZH2 [88], which inhibits the 
EZH2 methyltransferase activity without degradation of the 
PRC2 complex. Instead, it competes with the methyl-donor 
S-adenosyl methionine (SAM) for the binding pocket of 
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EZH2. GSK126 decreased global H3K27me3 levels and 
reactivated silenced PRC2 target genes [88]. As a result of 
gene derepression, GSK126 inhibited the growth of various 
lymphoma cells containing both the wild type and mutant 
EZH2, inhibited xenograft tumor growth in mice, and pro-
longed their survival. Another EZH2 inhibitor GSK-A was 
highly selective for EZH2 when evaluated against a panel 
of methyltransferases. The compound is cell permeable and 
capable of inhibiting EZH2 in a cellular context, as breast 
cancer cells SK-Br-3 treated with GSK-A for 3 days re-
duced the global H3K27me3 level in a dose-dependent 
manner [89]. Furthermore, GSK926 and GSK343 are two 
more potent EZH2 inhibitors that reduce cellular H3K27 
levels, are highly selective, SAM-competitive, and cell-
active [90]. GSK343 decreased the EZH2 activity, was over 
1000-fold selective for other histone methyltransferase and 
60-fold to the closest homolog EZH1, and showed potent 
inhibition of H3K27 methylation in HCC1806 cells [90]. 
Both GSK343 and GSK926 suppress cell growth and in-
duce apoptosis of epithelial ovarian cancer cells in 3-
dimensional cultures and inhibit their invasiveness [91]. 
Another SAM competitive inhibitor EPZ-6438 is the first 
EZH2 inhibitor to enter human clinical development. i.e. a 
phase 1/2 study in patients with advanced solid tumors or 
will B cell lymphoma to examine the safety and efficacy of 
EPZ-6438 administration [92]. Treatment of EZH2-mutant 
NHL xenograft-bearing mice with EPZ-6438 inhibits tumor 
growth in a dose-dependent manner, including complete 
and sustained tumor regressions with correlative diminu-
tion of H3K27Me3 levels in tumors and selected normal 
tissues. Mice treated orally with EPZ-6438 for 28 days re-
mained tumor free for up to 63 days afterwards in two 
EZH2-mutant xenograft models [92]. A synergistic anti-
tumor activity was also observed using EPZ-6438 with glu-
cocorticoid receptor agonists in models of germinal center 
non-Hodgkin lymphomas [93]. 

Inhibitors specific to mutated EZH2 products are ideal to 
eradicate mutants present in malignant cells. Mutation on 
EZH2 is frequently observed in hematopoietic malignancies 
with several inhibitors selectively killing these EZH2 mutant 
cells with high efficacy. The selective EZH2 inhibitor 
EPZ005687is highly potent in reducing H3K27 methylation 
in various lymphoma cells, and promotes cancer cell death in 
heterozygous Tyr641 and Ala677 mutant cells with mini-
mum toxicity towards wild type cells [94]. It had a high se-
lectivity when tested against 15 other protein methyltrans-
ferase and even a 50-fold selectivity against EZH1. EI1 is 
another EZH2 inhibitor with superior growth inhibition ef-
fects in mutant EZH2 cancer cells. This molecule induces a 
cell cycle arrest and apoptosis of DLBCL Cells with Y641 
Mutations, but affects wild type EZH2 DLBCL cells only 
weakly. EI1 displays �90-fold selectivity for EZH2 over 
EZH1, and >10,000-fold selectivity over other HMTs [95]. 
UNC1999 is an orally bioavailable inhibitor of EZH2 and 
EZH1 that selectively killed diffused large B-cell lymphoma 
cell lines harboring EZH2 Y641 mutant [96] and inhibits 
growth of mixed lineage leukemia (MLL)-rearranged leuke-
mia cells [97]. Oral administration of UNC1999 prolonged 
survival of a well-defined murine leukemia model bearing 
MLL-AF9 [97]. 

7. PERSPECTIVE AND FUTURE DIRECTION 

Currently, DZNep is the most frequently used com-
pound to abolish oncogenic effects of EZH2. Though it 
reduces H3K27me3 level efficiently and shows promising 
anticancer properties, it does not specifically inhibit EZH2 
but the PRC2 complex as a whole, and as a homocysteine 
hydrolase inhibitor it undoubtedly interferes with additional 
cellular components. To avoid undesired interference, in-
hibitors specific to EZH2 are preferred, such as GSK-126 
and GSK-A. Both substances nicely illustrate the approach 
to identify specific inhibitors, and the benefits of conduct-
ing robust screening. They were successfully identified in a 
high-throughput screening using the scintillation proximity 
assay [89] from a library containing around 20,000 small 
molecules [89]. The design of the screening, which is es-
sential for the identification of agents, relied on the compe-
tition with methyl-donor SAM for the binding pocket of 
EZH2. Although all HMTases use the same methyl-donor 
SAM as cofactor to methylate different histone residues, 
there are structural difference in the methyl-donor pocket 
among the HMTases. These differences allow the devel-
opment of agents that can distinguish one HMTase from 
others. However, the molecular function of EZH2 is not 
limited to trimethylation of H3K27 at target genes, as near 
complete demethylation of global H3K27 was unable to 
induce re-expression of genes in certain lymphoma cell 
lines [88]. Most likely other epigenetic mechanisms, such 
as histone 3 lysine 9 methylation, histone 2A ubiquitylation 
or DNA methylation, may exist and compensate for the 
suppression. EZH2 serves further purposes including as-
sembly of PRC2 and recruitment of DNMTs or PRC1. 
These molecular functions of EZH2 may represent further 
targets for pharmaceutical intervention. In the following 
sections, we will discuss additional features of EZH2 which 
may shed light on the development of novel approaches to 
target EZH2. 

7.1. Blockage of EZH2 Docking on Target Genes 

Human do not have PRC2-responsive elements or any 

equivalent similar to drosophila for the docking of the com-
plex. The processes by which PRC2 targets specific chroma-

tin regions in cells are not fully revealed. Recently, it was 

shown that the SET domain of a variety of HMTs has direct 
RNA binding property, which prompted researchers to study 

the interaction of RNA molecules with EZH2. It was ob-

served that lncRNA HOTAIR, and XIST bind to the SET 
domain of EZH2 [11, 98]. The lncRNAs function as a tag to 

the specific chromatin region to allow the docking of the 

PRC2 complex. The identification of HOTAIR-EZH2 inter-
action is important, as HOTAIR is overexpressed in breast, 

liver, colorectal, and pancreatic cancers. Overexpressed HO-

TAIR induces a genome-wide retargeting of PRC2 in colo-
rectal cancer, which resulted in a significant increase of 

EZH2, SUZ12, and H3K27me3. Thus, the disruption of the 

EZH2-lncRNA binding in cancer cells can impair aberrant 
gene silencing. As shown in ChIP-on-chip assays, knock-

down of HOTAIR by siRNA significantly altered the H3K27 

methylation pattern and concordant PRC2 occupancy [58]. 
Depletion of HOTAIR leads to transcription derepression of 

target genes [58]. In pancreatic cancer cell lines, the knock-
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down of HOTAIR induced the re-expression of gene GDF15, 

which is suppressed by EZH2 [99], inhibited the growth of 

cancer cells, promoted cell cycle arrest at various phases, 
decreased cell invasion rate, and induced cell apoptosis. In 

mouse xenograft model, siHOTAIR treatment inhibited tu-

mor growth, increased cell apoptotic rates, and decreased 
cell proliferation markers [99].  

Decreasing the affinity of EZH2 to lncRNA is another 
way to affect its target specificity. EZH2 is phosphorylated 
by cyclin-dependent kinase 1 (CDK1) and cyclin-dependent 
kinase 2 (CDK2) at Tyr345 in a cell cycle dependent manner 
[98, 100]. A phospho-mimic at Tyr345 increased the binding 
of HOTAIR and the 5’ end of XIST. This domain of EZH2 
is susceptible for phosphorylation and thus critical for as-
sembly of the EZH2-lncRNA complex and recognition of 
target genes. Inhibition of phosphorylation of this EZH2 
domain, significantly reduced the affinity of EZH2 to 
lncRNA and hence inhibited docking of EZH2 and silencing 
of target genes. All mentioned evidences suggest that the 
interaction between EZH2 and lncRNA is a potential target 
to attenuate EZH2-induced aberration.  

7.2. Targeting on Phosphorylation of EZH2 

EZH2 appears to be a nuclear phosphoprotein linking 

cell-cycle-intrinsic or extracellular signals to specific epi-
genetic signatures. Global proteomic profiling of phos-

phoproteins demonstrated that EZH2 is highly phosphory-

lated. Phosphorylation of EZH2 has already been linked to 
regulation of gene expression during cell cycle, tissue re-

generation, embryonic stem cell maintenance, and cell line-

age commitment. As mentioned previously, EZH1 lacks the 
threonine residues in the homologous regions of EZH2, 

which are susceptible to phosphorylation. Therefore, target-

ing the phosphorylation of EZH2 during therapy could be a 
more specific approach to attenuate EZH2-associated epi-

genetic aberration. Phosphorylation at Tyr345 favored the 

formation of the EZH2-lncRNA complex, which enhances 
binding of EZH2 to its targets. Additionally, phosphoryla-

tion of EZH2 at Tyr487 disrupted the binding of EZH2 

with PRC2 components EED and SUZ12 [101] and thereby 
inhibited EZH2 methyltransferase activity. Phosphorylation 

of Tyr487 inhibits the migration and invasion of breast 

cancer cells [101]. Similarly, phosphorylation of EZH2 at 
Ser21 affected its methyltransferase activity, which is not 

achieved via the PRC2 complex assembly, but the substrate 

affinity of EZH2 [102]. As such, it impeded the binding of 
EZH2 to histone H3triggering a decrease of H3K27me3 

and derepression of silenced genes [102]. Overall, to at-

tenuate EZH2 based on phosphorylation, the effects of par-
ticular phosphorylation patterns in cancer cells have to be 

revealed first.  

Besides, the linkage of CDK to EZH2 activation, stabil-
ity, and the proper targeting of EZH2 emphasize the impor-
tance of cell cycle players during establishment of histone 
methylation memory during cell division. It ensures H3K27 

methylation on de novo synthesized H3 incorporated in nas-
cent nucleosomes before sister chromosomes are divided into 
two daughter cells [100]. Approaches to disrupt the estab-
lishment of H3K27me3 during cell division can prevent the 

driving epigenetic signals propagated to the daughter cells 

during expansion of cancer cells. By decoupling the func-

tional linkage of the cell-cycle players and EZH2, 
H3K27me3 memory can be impaired in the cancer cells 
theoretically. 

Additional strategies or inhibitors should be developed to 
attenuate the molecular function of EZH2 that contribute to 
cancer development. Other than the SAM binding pocket, we 
can target unique features of EZH2, such as 1) methyl-
accepting amino acid pocket, 2) complex assembly domain, 
and 3) target specificity region. Another note is that certain 
EZH2 mutants display altered EZH2 biochemical and func-
tional characters. Point mutations at Tyr641, Ala677, and 
Ala687 increased the hypertrimethylation activity of EZH2, 
possibly by increasing the size of the substrate recognition 
site. EZH2 protein is post-translationally modified and its 
structure is critical in complex assembly. Thus, it is not sur-
prising that other mutations at EZH2 could alter its func-
tions. Mutations can affect the assembly of PRC2, the inte-
gration of lncRNA to EZH2, the protein stability or target 
specificity of EZH2, and all together can attribute to onco-
genic effects. As these mutants represent the drivers during 
cancer development, it is more logical to target them during 
therapy rather than wild type EZH2. Focusing on the mutants 
should possibly improve the effectiveness of any anticancer 
approaches. 

LIST OF ABBREVIATIONS 

ALL = Acute Lymphoblastic Leukemia 

AML = Acute Myeloid Leukemia 

CDK = Cyclin-Dependent Kinase 

CSC = cancer stem cell 

DNMT = DNA Methyltransferase 

DZNep = 3-Deazaneplanocin A 

EZH1 = Enhancer of Zeste Homolog 1 

EZH2 = Enhancer of Zeste Homolog 2 

FL = Follicular Lymphoma 

GCB = Germinal Center B-cell-like 

H1 domain = Homologue domain I 

H2 domain = Homologue domain II 

H3K27me3 = Histone 3 Lysine 27 trimethylation 

HCC = Hepatocellular Carcinoma 

HDAC1 = Histone deacetylase 1 

HMTase = Histone Methyltransferase 

MDS = Myelodysplastic Syndrome 

LncRNA = Long non-coding RNA 

NHL = Non-Hodgkin Lymphoma 

POLII = Polymerase II 

PRC1 = Polycomb Repressive Complex 1 

PRC2 = Polycomb Repressive Complex 2 

RNAi = RNA interference 
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SAM = S-Adenosyl Methionine 

shRNA = short hairpin RNA 

siRNA = small-interfering RNA 
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