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The enhancer of zeste homolog 2 (EZH2) and its highly related homolog EZH1 are considered to be epigenetic silencing factors,
and they play key roles in the growth and differentiation of cells as the core components of polycomb repressive complex 2 (PRC2).
EZH1 and EZH2 are known to have a role in human malignancies, and alterations in these two genes have been implicated in
transformation of human malignancies. Inhibition of EZH1/2 has been shown to result in tumor regression in humans and has been
studied and evaluated in the preclinical setting and in multiple clinical trials at various levels. Our work thus contributes to the
understanding of the relationship between regulatory molecules associated with EZH1/2 proteins and tumor progression, and may
provide new insights for mechanism-based EZH1/2-targeted therapy in tumors.
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THE BIOLOGY OF EZH1/2
The human polycomb repressive complex 2 (PRC2), a major multi-
protein transcriptional repressor complex, containing four core
components (Fig. 1a): a) an enhancer of zeste homolog 2 (EZH2) and
its highly related homolog EZH1 (enhancer of zeste homolog 1), b) a
repressor of embryonic ectodermal development (EED) [1], c) a
repressor of zeste 12 (SUZ12) [2, 3], d) a retinoblastoma cells tumor-
associated proteins 46 and 48 (RbAp46/48) [4]. All these major
subsuites are combined with some other non-core components to
modify the lysine 27 on the tail of histone H3, which mediates H3K27
monomethylation, dimethylation, and trimethylation (H3K27me1/2/
3), thereby promoting chromatin compaction and achieves tran-
scriptional repression of target genes [4, 5], which is required to
control gene repression programs involved in development,
regulation of tissue homeostasis or stem cell maintenance and
lineage specification [6]. In drosophila, the PRC2 catalytic subunit is a
single protein E(z), whereas in mammals this function is performed
by two proteins, EZH1 and EZH2 [6]. That is, PRC2-EZH1 and PRC2-
EZH2 play a non-negligible role in control gene silencing through
the methylation of histone H3 on lys27 (H3K27me) [7].
EZH1 contains EZH1α and EZH1β two isoforms, EZH1α localized

in the nucleus, while EZH1β is localized in the cytoplasmic matrix of
differentiated muscle cells [7]. The full length of EZH1α contains 747
amino acids, and the main functional regions from the N-terminal to
the C-terminal are the WD domain (WD-40 binding domain), SANT1
(SWI3-ADA2-N-CoR-TFIIIB) domain, SANT2 domain, CXC (cysteine-
rich domain) domain and SET (su(var)3–9, enhancer of zeste,
trithorax) domain (Fig. 1b). The main function of the WD and SANT1
domains is to interact with EED-binding, SANT2, CXC and SET are
the domains that bind to SUZ12 [7]. In addition, the CXC and SET
domains are also catalytic regions. Specifically, the SET domain
transfers methyl groups to H3K27, H3K27me1, and H3K27me2 in
the presence of S-adenosylmethionine (SAM) to methylate them;
while CXC is temporarily an unbound nucleus bodies provide

binding sites [4] (Fig. 1c). Unlike EZH1α, EZH1β does not have a
catalytic region (CXC and SET domain) at the C-terminus, but
instead has an exclusive 554–579 amino acid sequence, NH3-
KSTLLSPSSTQVVGLGVPRLFSPAP-COOH (Fig. 1b). EZH1β functions in
skeletal muscle to block the assembly of EED, SUZ12, and EZH1α in
the nucleus by binding to EED target genes in the cytoplasm,
thereby controlling PRC2-EZH1 activity in response to atrophic
oxidative stress [8] (Fig. 2a). Overall, EZH1β indirectly regulates both
the assembly and function of PRC2-EZH1 in the nucleus [7]. Some
studies have confirmed that chromatin compaction can also be
achieved when EZH1 is not combined with PCR2, but the chromatin
compaction effect of the PRC2-EZH1 complex is stronger than that
of its own. EZH2 also plays an important role in this, giving the
dimer forms and flexible conformation of PRC2 provide the ultimate
explanation for PRC2’s ability to act on various chromatin substrates
it encounters in cells [9].
EZH2 does not have isoforms like EZH1, and only a 571 amino

acid N-terminal to C-terminal structure has been found. The
domain of EZH2 is divided into three main parts, the first part is
SDB, EBD, BAM, SAL, SRM, SANT1, the middle part is MCSS and
SANT2, and the third part is also called the catalytic part is CXC
and SET (Fig. 1c). One of the core components of PRC2, EED, binds
to the EBD domain of EZH2, and the VEFS domain of another core
member, SUZ12, reacts with SANT2 and SET, which is similar to
EZH1α [4]. EZH2 was found to be mainly located in the nucleus,
however, some researchers have proposed the role of EZH2 in the
cytoplasm, that is, EZH2 phosphorylated at T367 (pT367-EZH2)
binds to cytoplasmic proteins in triple-negative breast cancer cells
and enhances invasion and metastasis [10, 11]. However, the
molecular mechanism of the EZH2 shuttles between the nucleus
and the cytoplasm and the proof that EZH2 exists in the cytoplasm
are still inadequate.
There are similarities and structural differences between EZH1

and EZH2, which result in their similarities and functional
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differences. EZH1 and EZH2 are expressed in opposite ways in
the course of cell development and differentiation, EZH2
predominating in proliferative cells and EZH1 in postmitotic
cells. Although EZH1 exerts weak histone methyltransferase
(HMTase) activity, it can replace EZH2 in the absence of which,
maintaining basal H3K27me3 levels at PRC2 targets [12] and
promoting chromatin compaction [7] (Fig. 2b). The compensa-
tory phenomenon of EZH1 has been discovered and proposed
by more and more scholars [13, 14], which suggests that EZH1
and EZH2 function together, and there is a specific connection
between them. Mutual interference and compensatory func-
tions of EZH1 and EZH2 were found to rearrange their own
genome-scale distributions in the co-expressed EZH1/2 line [14].
Another evidence for the cooperation of EZH1 and EZH2 is their
joint participation in their differentiation program in the
renewal of SIX2 (SIX homeobox 2)-positive nephron progenitor
cells (NPCs) [15].
Lysine modifications (H3K27me3, H3K9me2/3, H3K4me3,

H3K27ac) [5] on the H3 tail by EZH1 and EZH2 in complex with
PRC2 regulate chromatin to achieve gene silencing and activa-
tion, thus showing increased proliferation and invasion of cancer
cells or tumors inhibitory activity. As it has been reported that
EZH1/2 play critical role in tumorigenesis, continuous efforts are
still to be made in the development of EZH1/2 specific and/or
dual-target inhibitors with higher efficiency and lower toxicity.

In this study, we investigated the relationship of EZH1/2 proteins
in tumor progression and the regulated molecules, and the
summary of clinical and non-clinical research progress of targeting
EZH1/2 inhibitors is to elucidate the significance of EZH1/2 as
targets for tumor therapy. Overall, the development of targeted
EZH1/2 inhibitors is highly promising in the treatment of tumors.

EZH1 IN ONCOLOGY
Abnormalities of EZH1 in tumors
It is necessary to add that, to better understand the relationship
between EZH1 and tumors, we have added the EZH1 pan-
cancer analysis (see Fig. 3). Surprisingly, we found that among
the 39 common tumors involved in our analysis, 12 tumors (all
solid tumors) including bladder urothelial carcinoma, breast
invasive carcinoma, cervical squamous cell carcinoma and
endocervical adenocarcinoma, glioblastoma multiforme, kidney
chromophobe, kidney renal clear cell carcinoma, lung adeno-
carcinoma, lung squamous cell carcinoma, prostate adenocarci-
noma, and uterine corpus endometrial carcinoma had low EZH1
expression compared with the normal groups, only a few with
high expression of EZH1.
Particularly, EZH1 was observed to overexpress in mantle

cell lymphoma [16], breast cancer [17], T-cell lymphoma [18]
and gastric cancer [19], liver hepatocellular carcinoma, and

Fig. 1 The structure of EZH1 and EZH2. a PRC2 complex; b-c Structure of EZH1α (up), EZH1β (down) and EZH2 (c).
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cholangio carcinoma (Fig. 3), while mutate into follicular-
patterned thyroid tumors [20]. Apart from that, the expression
of EZH1 in other tumors was almost no significant difference
from normal controls. In a nutshell, the expression of EZH1 in
most tumors was indistinguishable from or even inferior to that
in normal tissues.

The relationship with diagnosis and prognosis of EZH1
The high expression of EZH1 in some tumors was demonstrated
responsible for its diagnosis and prognosis, such as breast cancer
[17], gastric cancer [19], colorectal cancer [21], hepatocellular
carcinoma [22], and so on. Moreover, Chakraborty’s team pointed
that inactivation of the von Hippel-Lindau tumor suppressor
protein (pVHL) is a hallmark lesion of the most common form of
renal cell carcinoma, clear cell renal cell carcinoma (ccRCC), and
pVHL-deficient ccRCC cells are highly dependent on the H3K27
methyltransferase EZH1 for survival. Therefore, targeting EZH1
may have therapeutic effects in ccRCC.
In addition to EZH1’s potential as a diagnostic marker in tumors

with high EZH1 expression, the poor prognosis caused by the
compensatory increase of EZH1 when EZH2 function is inactivated
or depleted cannot be ignored in some tumors like mantle cell
lymphoma [16]. This problem was quickly verified—a large part of
the fact that EZH2 inhibitors could not proceed to the next trial
phase is mainly due to its good effect in vitro but not in vivo. This
is probably due to the compensatory increase in EZH1 obtained
by inhibiting EZH2 by a single-target inhibitor of EZH2, which
further degrades the tumour.
On the contrary, Schümann et al. pointed out that the role of EZH1

is not limited to promoting tumor progression, and its high expression
may also be an indicator of good prognosis in some malignant
tumors [18]. Notably, high EZH1 expression improved overall survival
(OS) and progression-free survival (PFS) in T lymphoma cells [18]. In
addition, the researchers discovered that EZH1 presents the
epigenetic silence of the oncogenic fusion protein AML1-ETO in
acute myeloid leukemia [23], which is beneficial for patient survival.
And also, follicular-pattern thyroid tumors with EZH1 mutations

reported in the literature are in most cases benign or they are
minimally invasive or noninvasive cancers [20].
In summary, EZH1 might play opposite roles in solid cancers

and blood cancers, but the situation is sometimes complicated
due to the compensatory role of EZH1 in the depletion of EZH2.
That is, EZH1’s special capacity to maintain the function of EZH2
when exhausted must also take precedence.

The biological roles in tumorigenesis, progression and
treatment of EZH1
Over-expression of EZH1 is reported to be related to inhibition of
apoptosis proteins and induction of cell cycle proteins [24].
Inhibition of the apoptotic process but promotion of cell cycle
protein expression can lead to uncontrolled cell proliferation, ie.,
carcinogenesis, suggestive of a link between EZH1 and tumour
growth. Besides, Ping et al. reported that tripartite motif-
containing 21 (TRIM21) improves the treatment of apatinib in
gastric cancer by inhibiting the stability of EZH1 [19]. That is, the
stability of EZH1 may play a critical role in tumor development.
Moreover, some microRNAs such as microRNA-370–5p [21],
microRNA-20a [22], microRNA-182–5p [25], microRNA-765 [17],
etc. were found to directly targeting EZH1 and participate in the
regulation of biological processes such as tumor growth, invasive
potential and apoptosis.
Besides, due to the mutation of EZH2 or after treatment of

some EZH2 specific inhibitors in tumor cells, the compensatory
effect of EZH1 will be stimulated to a large extent, which can
also maintain a favorable environment for tumor development.
As Aoyama et al. described, EZH1 targets bivalent genes for
maintaining stem cells self-renewing in EZH2-deficient myelo-
dysplastic syndromes [12].
Overall, the role of EZH1 in most tumors is mainly to maintain

the level of H3K27me3 to ensure the proper functioning of the
transcriptional silencing pattern in the case of EZH2 inactivation
or depletion. Therefore, in order to maximize the effect of
EZH2 small-molecule inhibitors, that is, to fully inhibit the
function of EZH2 and also inhibit the compensatory effect of

Fig. 2 The function of EZH1 and EZH2. a Function of EZH1 isoforms (left) and EZH2 (right); b Regulation of H3K27me3 by EZH1 and EZH2
(left); Compensatory role of EZH1 upon EZH2 inactivation (right).
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EZH1, it is important to use both EZH1 and EZH2 together as
targets for tumor therapy.

Molecules modulated by EZH1 in tumors
Wang et al.‘s study showed that overexpression of EZH1 suppressed
NF-κB signaling in aristolochic acid-injured HK-2 cells, and the
molecular mechanism of which was that overexpression of EZH1
gene inhibited apoptosis of HK-2 cells, decreased ROS levels, down-
regulated IL-1β, IL-6, TNF-α, Bax and Cyt C mRNA and protein
expression, increased Bcl-2 expression and NFKBIA, CXCL8 and
cyclin D1 [24] (Fig. 4).
Besides directly modulating the target genes, EZH1 has also

been found regulated by some upstream proteins. TRIM21, a
protein that plays a crucial role in the regulation of many cellular
events involved in tumor progression, has been reported to
decrease the expression levels of the EZH1 protein by direct
interaction with TRIM21 in gastric cancer [19].

EZH2 IN ONCOLOGY
Abnormalities of EZH2 in tumors
According to currently available studies, EZH2 and EZH1 trigger
H3K27me3 to suppress the transcription of target genes. EZH2 is
highly expressed in most tumors, with only a few weak expression
or with somatic gain-of-function mutations (Table 1 and Fig. 5).

In an ordinary way, EZH2 is overexpressed in most solid human
tumors, including cervical cancer [26], hepatocellular carcinoma
[27], most brain tumors [28, 29], colorectal tumor [30], non-small
cell lung cancer cells [31], thyroid cancer [32], ovarian cancer [33],
breast cancer [34], etc. On the other hand, low expression and
somatic gain-of-function mutations in EZH2 may be more
common in hematological tumors. Researches showed that in
more than 20% of diffuse large B-cell lymphomas (DLBCL) and 7%
of follicular lymphomas (FL), somatic gain-of-function mutations at
residue tyrosine 641 within the EZH2 SET domain (Y641N and
Y641F) have been detected [26] but rarely found in solid tumors.
Additionally, a lower expression level of EZH2 was detected in
acute myeloid lymphoma compared to controls. (Fig. 5).

The relationship with diagnosis and prognosis of EZH2
The overexpression of both EZH1 and EZH2 is associated with
most tumour aggressiveness, poor prognosis, and relapses. Owing
to its enzymatic activity, EZH2 can bind to promoter of target
genes to induce methylation and affect their expression. EZH2
may be regarded as an independent prognostic factor in brain
tumors that its upregulation provides undesirable prognosis [28].
Similar points were heard from many studies, that is, EZH2
contributed to promoting tumor progression and affecting the
overall survival (OS) and progression-free survival (PFS) of tumor
patients in cervical cancer [26], triple-negative breast cancer [35],
colorectal tumor [30], T-cell lymphoma [18], and cholangiocarci-
noma [36]. All of these indicate that EZH2 could be considered as
a diagnostic marker for most tumors.
Now we might conclude that EZH2 is generally considered to

be a tumor-promoting factor, however, some groups reported that
EZH2 might also exert a tumor suppressor effect in solid tumors
such as gastric cancer [37], medulloblastoma, [28], and reduce
breast tumorigenesis [38]. These suggest that EZH2 exerts the
opposite effect not because of the distinction between solid
tumors and hematological tumors, but because of other reasons
to be explored. Overall, EZH2 can be considered to be positively
associated with diagnosis and prognosis in most tumors.
The above-mentioned studies suggest that the usage of EZH2’s

epigenetic silencing function to suppress tumors needs to base on
specific tumor characteristics. EZH2 is neither a specific silencing
tumor-promoting factor nor a tumor suppressor factor, which
makes the application and research of EZH2 in oncology more
promising and challenging. However, the overexpression of EZH2

Fig. 3 Expression levels of EZH1 in TCGA database. *P < 0.05, **P < 0.01, ***P < 0.001.

Fig. 4 EZH1 in oncology. Upstream and downstream proteins of
EZH1 in tumors.
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is associated with malignancy in most cases (Table 1, Fig. 5), such
as increased tumor aggressiveness and poor clinical prognosis.
Although EZH2 may have potentially committed to tumor
suppression, the fact that EZH2 epigenetically silences the tumor
suppressor genes is a priority that must be taken into account.

The biological roles in tumorigenesis, progression and
treatment of EZH2
EZH2 signaling mainly participates in increased proliferation and
invasion of cancer cells. For instance, elevated EZH2 levels often
associates with cell cycle arrest inhibition [31], apoptosis and
autophagy suppression [27], increased invasion and migration
ability [28, 29] of tumor cells, and other biological processes.
Specifically, high expression of EZH2 in hepatocellular carci-

noma [27], non-small cell lung cancer cells [31], and mantle cell
lymphoma [16] was found to inhibit autophagy, cell cycle arrest

and apoptosis. Moreover, EZH2 was also be reported to induce cell
invasion and migration in brain tumors [28, 29], nasopharyngeal
cancer [39], uveal melanoma [40], clear cell renal cell carcinoma
[41], rhabdomyosarcoma [42]. In addition, modulation of cell
stemness in colorectal cancer was also found [43]. Therefore,
except for special tumors such as medulloblastoma, the above
biological processes involved in EZH2 in tumors can be used as
evaluation criteria for drug intervention.

Molecules modulated by EZH2 in tumors
Upstream regulation of EZH2. Under normal circumstances, EZH2
in cells maintains a normal level and will not over-activate
transcriptional inhibition to affect the biological process of cells.
However, there are indeed some signaling molecules in tumor cells
that over-activate EZH2 to establish an environment conducive to
the survival and development of tumor cells. (Fig. 6a). For example,

Table 1. Expression of EZH1/2 in tumor models.

Disease Target Expression Notes Ref

Cervical cancer EZH2 Upregulated Advanced tumor stage, metastases and poor survival [26]

Hepatocellular
carcinoma

EZH2 Overexpression Autophagy and apoptosis inhibition [27]

Brain tumors EZH2 Upregulated Promotes proliferation and invasion [28, 29]

Medulloblastoma EZH2 Upregulated Tumor suppressor activity [28, 29]

Colorectal tumor EZH2 High level Stages III and IV [30]

Non-small cell lung
cancer cells

EZH2 Upregulated Inhibit cell cycle arrest and apoptosis [31]

Thyroid cancer EZH2 Upregulated - [32]

Ovarian cancer EZH2 Upregulated - [33]

Malignant peripheral
nerve sheath tumors

EZH2 Mutant - [13]

Mantle cell lymphoma EZH2 (EZH1) Overexpression (Upregulated
accompanied by EZH2
depletion)

EZH1/2 inhibits cell cycle arrest and induces cell
proliferation

[16]

Follicular-patterned
thyroid tumors

EZH1 Mutant in most cases benign or minimally invasive or
noninvasive cancers

[20]

Triple-negative
breast cancer

EZH2/NSD2 Overexpression Predicts poor prognosis and accelerates tumor
progression

[35]

Breast cancer EZH1 Upregulated Aggravate the malignant progression of Breast cancer [17]

Nasopharyngeal cancer EZH2 Upregulation Promotes proliferation, invasion and migration [39]

Endometrial cancer EZH2 Upregulated EZH2 and DNMT3B epigenetically silence the tumor
suppressor TCF3

[55]

Gastric cancer EZH1 Upregulated Stability correlates with tumor progression [19]

Acute myeloid
leukemia

EZH1 - Methylation of lysine 43 of EZH1 promotes
transcriptional repression of leukemia AML1-ETO

[23]

Renal cancer EZH1/2
H3K27

- Increased H3K27 demethylase activity promotes renal
cancer progression

[87]

T-cell lymphoma EZH1/2 Upregulated High EZH1 expression: improved OS and PFS; high
EZH2 and H3K27me3 expression: poorer OS and PFS

[18]

Cholangiocarcinoma EZH2 Overexpression Together with IMP3 and p53, EZH2 was used as a
diagnostic marker for bile duct biopsy.

[36]

Diffuse large B-cell
lymphoma

EZH2 Mutant - [62]

Pancreatic cancer EZH2 Upregulated Regulates epithelial-mesenchymal transition and
lymph node metastasis

[52]

Uveal melanoma EZH2 Overexpression Promotes the growth, migration and invasion of UM,
increased the percentage and self-renewal of CSCs

[40]

Clear cell renal cell
carcinoma

EZH2 - Induces cell migration and invasion [41]

Rhabdomyosarcoma EZH2 Upregulated Regulates cell cycle and invasion [42]

B-cell lymphomas EZH2 Overexpression - [88]
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EZH2 can be activated by the STAT3/HOTAIR signaling pathway to
reduce pro-apoptotic proteins, thereby reducing lung cancer cell
apoptosis [31]. Protein arginine methyltransferase 1 (PRMT1)
asymmetrically demethylates EZH2 at R342 increases
EZH2 stability and promotes epithelial-mesenchymal transition,
invasion and metastasis in breast cancer cells [44]. According to
Sanches’s report, EZH2 was downregulated by lysine demethylase
2B (KDM2B) and then modulated cell migration, invasion, and
stemness in colorectal cancer, a chain reaction of increased AKT
and PI3K resulting from their interaction was also found [43]. You
et al. found that p53 inhibited the expression of O-linked N-
acetylglucosamine (GlcNAc) transferase (OGT), thereby reducing
the stability of EZH2 and ultimately inhibiting the development of
HCC [45]. Moreover, the interaction of metabolic and epigenetic
signaling pathway was reported by Yuan et al., who showed that
metformin-stimulated (AMP-activated protein kinase) AMPK sig-
naling converges at FOXO3 to stimulate SETD2 (SET domain
containing 2, histone lysine methyltransferase) expression to
increase H3K36me3 against EZH2-catalyzed H3K27me3, thereby
reducing the stability of EZH2 and inhibiting the metastasis of
prostate cancer [46].
In addition, Han’s group reported that EZH2 was upregulation

by long noncoding RNA (lncRNA) prostate androgen-regulated
transcript 1 (PART1)/promyelocytic leukemia zinc finger (PLZF)
regulation, accompanied by enrichment of H3K27 trimethyla-
tion, thereby mediating epigenetic platelet-derived growth
factor (PDGFB) silencing and downstream PI3K/Akt inhibition
[37] (Fig. 6a). Moreover, Guan’s study pointed out that early
growth response 1 (EGR1) activates the expression of EZH2,
which in turn represses EGR1 expression through silencers

downstream of the EGR1 gene, resulting in reduced breast
tumorigenesis [38] (Fig. 6b).

Downstream regulation of EZH2. EZH2 has obtained much
attention in recent years in the field of cancer therapy due to its
aberrant expression and the ability to regulate the expression of
genes by binding to their promoter and affecting methylation
status. EZH2 usually transcriptional silencing its downstream
target genes (Fig. 6a) including p16, p21, E-cadherin, cyclin D1,
Ras, NF-κB [47], wnt [48], β-catenin [49], and GATA6 [50]. The
targets directly regulated by EZH2 are also include some RNAs
such as lncRNA PHACTR2-AS1 [40] and micro-181b [51]. Specifi-
cally, EZH2 promotes the methylation of H3K27 (H3K27me3) [26],
the raised H3K27me3 further repressed the transcription of
microRNA-139–5p to promote epithelial-mesenchymal transition
(EMT) and lymph node metastasis (LNM) in pancreatic cancer [52].
EZH2 increases the transcriptional activity of miR-375 by mediat-
ing the methylation and phosphorylation of signal transducer and
activator of transcription 3 (STAT3), which in turn negatively
regulates forkhead box O1(FOXO1), the direct target of miR-375,
and further activates the p53 signaling pathway, ultimately
indicative of further progression of breast cancer [53].
Of course, not all EZH2 directly act on target genes to suppress

their transcription, the extensive functional domains on EZH2
allow it to directly or indirectly bind and interact with other
proteins besides PRC2 core members (Fig. 6b). EZH2 directly
interacts with MYC family oncoproteins MYC and MYCN to
promote neuroblastoma and small cell carcinoma tumor forma-
tion [54], EZH2 and DNA methyltransferase 3B (DNMT3B) [55]
promotes malignant tumor development upon directly binding,

Fig. 5 Expression levels of EZH2 in human tumors. a Expression levels of EZH2 in TCGA tumors as shown by TIMER2. b Boxplot of EZH2
expression levels in some tumors without normal tissue data in TCGA (GTEx database). *P < 0.05, **P < 0.01, ***P < 0.001.
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EZH2 also combines with high mobility group A1 (HMGA1) and
ubiquitin-specific peptidase 7 (USP7) to form an EZH2-HMGA1-
USP7 complex, which promotes cytoplasmic chromatin fragment
(CCF) formation and activates the cytoplasmic DNA sensor cyclic
GMP-AMP synthase (cGAS)-STING pathway to promote breast
cancer metastasis [56]. The zeste homolog 2 and androgen
receptor (AR) interact to promote tumor aggressiveness [57], it can
also combine with LSD1 (also known as lysine-specific demethy-
lase 1A, KDM1A or flavin-containing amine oxidase domain-
containing protein 2, AOF2) and DNMT1 as scaffolds to connect
LncRNA LINP1 to inhibit KLF2 and PRSS8 (inhibits cell proliferation
and boosts cell apoptosis proteins) expression and promote
cervical cancer progression [58]. Interestingly, EZH2, a transcrip-
tional repressor, was shown to convert from a gene repressor to
an activator by phosphorylation of CDK1 at threonine 487 (pT487-
EZH2). EZH2 binds to histone reader protein (ZMYND8) to
enhance the interaction with FOXM1 and activate the transcrip-
tion of matrix metalloproteinase (MMP) genes, resulting in human
clear cell renal cell carcinoma (ccRCC) cell migration and invasion
[41]. Similarly, EZH2 binds to the CHK1 (checkpoint kinase)
promoter and activates CHK1 signaling to maintain cell stemness
in epithelial ovarian cancer cells [59].

CLINICAL INHIBITORS TARGETING EZH1/2
As epigenetic silencing factors, EZH2 and EZH1 proteins play
important roles in various stages of cells. Although they epigeneti-
cally silence both tumor-promoting genes and tumor suppressor
genes, their high expression also contributes to different subtypes
of cancers at various rates [28, 29]. Therefore, various EZH1/2 specific

inhibitors have been synthesized and part of them was already
studied in clinical trials. For example, CPI-0209 (Constellation
Pharmaceuticals), CPI-1205 (Constellation Pharmaceuticals), Taze-
metostat (EPZ-6438, Epizyme), GSK2816126 (GlaxoSmithKline), and
SHR2554 (Jiangsu HengRui Medicine) were synthesized towards
inhibiting EZH2. EZH1 and EZH2 dual inhibitors include Ezharmia
(DS-3201b, Daiichi Sankyo), PF-06821497 (Pfizer) and HH2853
(Haihe Biopharma). Except for Tazemetostat and Ezharmia, which
are approved by the Food and Drug Administration (FDA) [26], and
the Ministry of Health, Labour and Welfare (MHLW), other drugs are
currently under clinical evaluation (Fig. 7).
Tazemetostat (EPZ-6438) is a potent, selective, and orally

available EZH2 inhibitor, its Ki and IC50 at the non-cellular level
are 2.5 and 11 nM, respectively. EPZ-6438 reduces H3K27me3
levels in SMARCB1 (a tumor-suppressor gene located on chromo-
some 22q11.2) WT/MT (wild/mutant) cells in a concentration-
dependent manner and causes strong antiproliferative effects in
SMARCB1-depleted MRT cell lines with IC50 values ranging from
32 to 1000 nM [60]. There are already 26 clinical trials of EPZ-6438,
it was first used in the treatment of epithelial sarcoma
(NCT03874455) and is currently in clinical trials for the treatment
of hematological (such as NCT05228158, NCT03010982, and
NCT04703192) and solid tumors (NCT03213665, NCT03460977,
and NCT03456726) in various stages. CPI-0209 (structure not
published) and SHR2554 (structure not published) are currently
in phase II clinical treatment for advanced solid tumors and
lymphomas (NCT04104776) and phase I clinical studies for
relapsed/refractory mature lymphoid neoplasms (NCT04577885).
Similar to EPZ-6438, Lirametostat (CPI-1205) is also an orally
bioactive EZH2 inhibitor, and its cell-free IC50 for EZH2 and EZH1 is
2 and 52 nM, respectively [61]. Additionally, CPI-1205 is currently
studied in phase I to treat patients with B-cell lymphomas
(NCT02395601). Because EZH2 has DNA missense mutations in
many tumors [62], EZH2 inhibitor was designed to against diffuse
large B-cell lymphoma cells with EZH2 gain-of-function mutations
[63], the research and development of inhibitors targeting
different mutation sites of EZH1/2 have gradually increased.
Specifically, GSK2816126 (IC50= 9.9 nM) [64] was first synthesized
to treat germinal center B-cell-like diffuse large B-cell lymphoma-
mutant and wild type, and then transformed follicular lymphoma
mutant and wild type, multiple myeloma, other non-Hodgkin’s
lymphomas and solid tumors in phase I clinical trials
(NCT02082977). Unfortunately, this experiment has been termi-
nated due to insufficient evidence of clinical activity at the
maximum dose and schedule attained with GSK2816126 and do
not justify further clinical studies.
Given that the mutual substitution and compensatory effects

of EZH1 and EZH2 in tumors cannot be ignored, and also cause
great resistance to cancer treatment [13, 14], the development of
dual-target inhibitors of EZH1 and EZH2 is imminent. Ezharmia
(DS-3201b) was designed for relapsed/refractory peripheral
T-cell lymphoma and adult T-cell leukemia/lymphoma patients
and is in phase II clinical studies recently (NCT04703192). Studies
have shown that oral OR-S1 (DS-3201b) treatment significantly
inhibited mantle cell lymphoma (MCL) tumor growth and
affected B cell activation, differentiation, and cell cycle by
regulating cyclin-dependent kinase inhibitor 1c (CDKN1C, also
known as p57, KIP2) [65]. Moreover, its inhibitory effect on acute
myeloid leukemia (AML) has also confirmed [66]. Another EZH1/2
dual inhibitor HH2853 is currently in phase I clinical trials for
relapsed non-Hodgkin’s lymphomas and advanced solid tumors,
while refractory non-Hodgkin lymphoma is already in phase II
clinical trial recruitment process (Tables 2, 3), and HH2853
was administered orally on a continuous BID schedule for 28
consecutive days during treatment (NCT04390737). Specially, PF-
06821497, also an EZH1/2 inhibitor, was developed for the
treatment of relapsed/refractory small-cell lung cancer (SCLC),
castration, resistant prostate cancer, and follicular lymphoma,

Fig. 6 EZH2 in oncology. a Upstream and downstream proteins of
EZH2; b EZH2 binds to proteins in tumors.
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and is currently in phase I clinical study (NCT03460977). In
addition, no inhibitors against EZH1 are currently in clinical trials.
The structures of the above compounds shown in Figs. 7, 8,
and the clinical tests of other clinical EZH1/2 inhibitors shown
in Table 2.

NON-CLINICAL INHIBITORS TARGETING EZH1/2
Although many inhibitors targeting EZH1/2 have been designed
and synthesized, there are very few drugs in clinical trials
currently, and most of them are still in the R&D (research and
development) or preclinical stage. For example, there are many
EZH2 inhibitors were studied in academic studies as the primary
drug or as a positive control, including CPI-169, CPI-360 [67], EBI-
2511 [68], EI1 [69], EPZ005687 [70], EPZ011989 [71], GSK343 [72],
GSK503 [73], MS1943 [74], PF-06726304 [75], and EZH1 inhibitor

CPI-360 [67], in addition, EZH1/2 dual inhibitor UNC1999 [76] and
JQEZ5 [77] (Table 3).
Among these inhibitors, GSK343 is a potent and selective EZH2

inhibitor with IC50 of 4 nM in cell-free assays, 60-fold selective for
EZH1. Studies have confirmed that GSK343 can effectively inhibit
breast cancer and prostate cancer cell proliferation. The prostate
cancer cell line LNCaP is the most sensitive to GSK343, with an
IC50 of 2.9 μM [72]. Different from other inhibitors, MS1943 is an
orally bioavailable selective degrader of EZH2, which mediates
triple-negative breast cancer (TNBC) cells cytotoxic effects
through ER stress (endoplasmic reticulum stress) and UPR
(unfolded protein response) induction in cells that are depen-
dent for their growth on EZH2 [74]. In addition to these two
compounds, other EZH2 inhibitors inhibited both wild-type and
mutant EZH2. CPI-169 and PF-06726304 have inhibitory effects
on EZH2 Y614N mutant with IC50 of 0.51 [67] and 3 nM [75],

Fig. 7 EZH2 inhibitors in early studies. The names of compounds in clinical trials have been bolded. CID number from PubChem.
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Table 2. Clinical trials on EZH1/2 inhibitors.

Drug Target Companies Indication Phase Status Identifier

Tazemetostat
(EPZ-6438)

EZH2 Epizyme Epithelioidsarcoma (Ex-US Only); Spindle cell sarcoma; Sinonasal
carcinoma; Small cell carcinoma of the ovary hypercalcemic type;
Thoracic sarcoma; Poorly differentiated chordoma

/ Approved NCT03874455

Relapsed/Refractory B-cell Non-Hodgkin’s Lymphoma II Completed NCT03456726

Lymphoma; Follicular II Recruiting NCT05228158

Relapsed/Refractory advanced solid tumors; Non-Hodgkin
lymphoma;
Histiocytic disorders with EZH2/SMARCB1/SMARCA4 gene mutations

II Active, not
recruiting

NCT03213665

Adult subjects with INI1-negative tumors; Relapsed/Refractory
synovial sarcoma

II Recruiting NCT02601950

Moderate and severe hepatic impairment with advanced
malignancies

I Recruiting NCT04241835

Diffuse large B-cell lymphoma; Follicular lymphoma; Synovial
sarcoma; Epitheliod sarcoma; Mesothelioma; Advanced solid tumors;
Renal medullary carcinoma; Non-Hodgkin lymphoma

II Active, not
recruiting

NCT02875548

Recurrent endometrial endometrioid Adenocarcinoma; Recurrent
ovarian carcinoma; Recurrent ovarian clear cell adenocarcinoma;
Recurrent ovarian endometrioid adenocarcinoma; Recurrent uterine
corpus Cancer

II Recruiting NCT03348631

Mesothelioma BAP1 loss of function II Completed NCT02860286

Relapsed/Refractory INI1-negative tumors or synovial sarcoma I Completed NCT02601937

Diffuse large B cell lymphoma; Primary mediastinal lymphoma;
Mantle-cell lymphoma; Follicular lymphoma; Marginal zone
lymphoma; Advanced solid tumors

I Completed NCT03010982

B-cell lymphomas (Phase 1); Advanced solid tumors (Phase 1);
Diffuse large B-cell lymphoma (Phase 2); Follicular lymphoma (Phase
2); Transformed follicular lymphoma; Primary mediastinal; Large
B-cell lymphoma

I/II Completed NCT01897571

Advanced malignant solid neoplasm; Ann arbor stage III/IV Hodgkin
lymphoma; Ann arbor stage III/IV Non-Hodgkin lymphoma; Ewing
sarcoma/peripheral primitive neuroectodermal tumor; Low grade
glioma; Recurrent ependymoma; Recurrent ewing sarcoma;
Recurrent glioma; Recurrent hepatoblastoma; Recurrent/Refractory
Hodgkin lymphoma; Recurrent/Refractory langerhans cell
histiocytosis; Recurrent malignant germ cell Tumor; Recurrent/
Refractory malignant glioma; Recurrent/Refractory malignant solid
neoplasm; Recurrent/Refractory medulloblastoma; Recurrent/
Refractory neuroblastoma; Recurrent/Refractory Non-Hodgkin
lymphoma; Recurrent/Refractory osteosarcoma; Recurrent/
Refractory peripheral primitive neuroectodermal tumor; Recurrent
primary central nervous system neoplasm; Recurrent/Refractory
rhabdoid tumor; Recurrent rhabdomyosarcoma; Recurrent/
Refractory soft tissue sarcoma; Rhabdoid tumor; Stage III/IV soft
tissue sarcoma AJCC v7; Wilms tumor

II Active, not
recruiting

NCT03213665

GSK2816126 EZH2 GlaxoSmithKline Germinal center B-cell-like diffuse large B-cell lymphoma-mutant and
wild type; Transformed follicular lymphoma mutant and wild type;
Multiple myeloma; Other Non-Hodgkin’s lymphomas; Solid tumors

I Terminated NCT02082977

Lirametostat
(CPI-1205)

EZH2 Constellation
Pharmaceuticals

B-cell lymphomas I Completed NCT02395601

SHR2554 EZH2 Jiangsu
HengRui
Medicine

Relapsed/Refractory mature lymphoid neoplasms I Completed NCT04577885

HH2853 EZH1/
2

Haihe
Biopharma

Non-Hodgkin’s lymphomas, relapsed; Non-Hodgkin’s lymphomas
refractory; Advanced solid tumors

I/II Recruiting NCT04390737

CPI-0209 EZH2 Constellation
Pharmaceuticals

Advanced solid tumors; Lymphomas II Recruiting NCT04104776

PF-06821497 EZH1/
2

Pfizer Relapsed/Refractory SCLC; Castration; Resistant prostate cancer;
Follicular lymphoma

I Recruiting NCT03460977

Ezharmia *
(Valemetostat
Tosylate, DS-
3201b)

EZH1/
2

Daiichi Sankyo Relapsed/Refractory peripheral T-cell lymphoma; Adult T cell
leukemia/lymphoma

II Active, not
recruiting

NCT04703192

/ Approved /

Lymphoma, malignant; Non-hodgkin lymphoma I Active, not
recruiting

NCT02732275

Hepatic Impairment I Completed NCT04276662

Myeloid or acute leukemia I Terminated NCT03110354

Adult T-cell leukemia/lymphoma II Active, not
recruiting

NCT04102150

Lymphoma; B-Cell II Recruiting NCT04842877

*Ezharmia was approved by the Ministry of Health, Labour and Welfare (MHLW) on September 26, 2022, which is included in the article revised period.
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respectively. Moreover, EI1 selectively inhibited the growth of
DLBCL cells carrying the Ezh2 mutation and caused cell cycle
arrest and apoptosis (IC50 for EZH2 Y641F is 13 nM) [69].
EPZ011989, a small molecule inhibitor with more than 15-fold
selectivity for EZH2 over EZH1, inhibits mutant and wild-type
EZH2 with equal potency (Ki <3 nM), EPZ011989 reduces
intracellular H3K27 methylation in human lymphoma cells
WSU-DLCL2 harboring Y641F mutation with IC50 < 100 nM [71].
Furthermore, the 50% inhibitory concentration of EBI-2511 on
EZH2 (A667G) is 4 nM, at the enzymatic level, and EPZ005687
targets the same EZH2 mutation site (Ki for EZH2 WT is 24 nM),
which inhibits the enzymatic activity of PRC2 in a concentration-
dependent manner with IC50 of 54 nM [70].
These EZH2 inhibitors may not be put into clinical use because

their inhibitory effect on EZH2 is much greater than that of EZH1,
which ignores the compensatory effect of EZH1 when EZH2 is
depleted, which may lead to an unsatisfactory therapeutic effect
on tumors. Nevertheless, there are only a few single-target EZH1
and EZH1/2 dual-target inhibitors currently. We only found one
EZH1 inhibitor, CPI-360, which is a SAM-competitive EZH1 inhibitor
with an IC50 of 102.3 nM. Published data show that CPI-360
effectively reduces overall H3K27me3 and H3K27me2 levels in
KARPAS-422 cells with EC50 of 56 and 65 nM, respectively. CPI-360
also affected the activity of the Y641N mutant in EZH2-containing
KARPAS-422 cells. In addition, CPI-360 gradually blocked KARPAS-

422 cells in the G1 cell cycle phase, followed by induction of
apoptosis [67]. An EZH1/2 dual-target inhibitor, UNC1999, was later
found to be slowly absorbed in rat plasma, reaching a maximum
concentration of 118.8 ± 12.0 ng/ml 1.5 h after oral administration
[78]. UNC1999 is an orally active selective inhibitor of EZH2 and
EZH1 (non-cellular IC50 is 2 and 45 nM, respectively) and a potent
inducer of autophagy. Studies have shown that UNC1999 has
strong inhibitory activity against EZH2 Y641N and EZH2 Y641F
mutants in vitro, and shows a concentration-dependent inhibitory
effect on cell proliferation in DLBCL cell lines containing EZH2
Y641N mutations [76]. Different from other types of inhibitors,
JQZE5 is a reversible dual-target inhibitor of EZH1/2 [77], but so far
no supporting research data has been made public. The structures
of the above compounds shown in Figs. 7, 8.
Although many EZH1/2 inhibitors have entered the clinical trial

stage, only one EZH2 inhibitor Tazemetostat (EPZ-6438) and EZH1/
2 dual-target inhibitor Ezharmia (DS-3201b) has approved. There-
fore, the development and research of EZH1/2 inhibitors still need
a lot of work, and the focus of future research should be on
inhibitors with dual EZH1/2 targets.

EZH1/2 INHIBITORS IN COMBINATION WITH OTHER DRUGS
Due to the limitations of monotherapy, many clinical trials currently
conducted using combinations of two or more inhibitors (Table 4).

Table 3. Published IC50 for EZH1/2 inhibitors.

Inhibitors Target Cell-free IC50 Cellular IC50 Ref. and notes

CPI-169a EZH2 WT,
EZH2 Y641N,
EZH1

0.24 nM,
0.51 nM,
6.1 nM

<5 μM (GI50) Cell: NHL cells proliferation [67]

CPI-360a EZH1 102.3 nM - Cell: KARPAS-422 [67]

CPI-0209 EZH2 - - NCT04104776

CPI-1205a EZH2 2 nM - [61], NCT02395601

DS-3201ba EZH1/2 - - NCT04703192

EBI-2511a EZH2,
EZH2 A667G

4 nM,
-

- [68]

EI1a EZH2 WT,
EZH2 Y641F

15 nM,
13 nM

- Cell: DLBCL proliferation [69]

EPZ6438a EZH2 WT,
EZH2 mutant

11 nM,
-

32–1000 nM Cell: MRT [60]

EPZ005687a EZH2 WT,
EZH2 A677G,
PRC2

54 nM,
-
54 nM

- [70]

EPZ011989a EZH2 WT,
EZH2 Y641F

<3 nM (Ki),
< 3 nM (Ki)

<100 nM Cell: WSU-DLCL2 (Y641F) [71]

GSK2816126a EZH2 9.9 nM - [64], NCT02082977

GSK343a EZH2 4 nM 174 nM
2.9 μM

Cell: HCC1806
Cell: LNCaP [72]

GSK503a EZH2 8 nM - Animal: male SCID mice with SUDHL4/6,
150mg/kg, i.p. inhibit tumor [73]

HH2853a EZH1/2 - - NCT04390737

JQEZ5a EZH1/2 - - Reversible, specific EZH1/2 inhibitor [77]

MS1943a EZH2 120 nM - Animal: eight-week-old female BALB/c nude mice,
150mg/kg, i.p. [74]

PF-06726304a EZH2 WT,
EZH2 Y641N

0.7 nM (Ki),
3 nM (Ki)

- [75]

PF-06821497a EZH1/2 - - NCT03460977

SHR2554 EZH1/2 - - NCT04577885

UNC1999a EZH1/2 2 nM (EZH1),
45 nM (EZH2)

124 nM Cell: MCF10A [76]

aFor structure, see Figs. 7, 8.
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Epizyme, the company that developed tazemetostat, has
conducted 12 clinical trials of tazemetostat in combination with
various other drugs. Except for a few of these projects in completed
(NCT03028103, NCT02220842, NCT02220842) and terminated
(NCT04590820) states, most of them are either recruiting or not
yet recruiting (NCT05152459). Besides, EZH1/2 dual inhibitor DS-
3201b in combination with first-line drug irinotecan for advanced
colorectal cancer is currently recruiting for a phase I/II clinical trial in
patients with small cell lung cancer (NCT03879798). Moreover,
SHR2554 is in phase II trials in combination with 14 other drugs in
breast tumors (NCT04355858) and combination with SHR1791 in
advanced solid tumors and B-cell lymphomas (NCT04407741).
Other strategies being focusing on EZH1/2 inhibitors in combina-
tion with other drugs shown in Table 4.

Combination with non-EZH1/2 target molecule inhibitors
One of the ongoing projects of Epizyme is the combination of
tazemetostat and umbralisib (PI3Kδ and CK1-ε dual inhibitors)
for the therapy of recurrent/refractory follicular lymphoma
(NCT05152459). Moreover, in patients with relapsed/refractory (R/
R) follicular lymphoma (FL), tazemetostat demonstrated single-agent
antitumor activity, compared with the phosphoinositide 3-kinase
(PI3K) inhibitors (idelalisib, copanlisib, umbralisib, and duvelisib),
which indicated for phase III/IV and late-stage (3L/4L+) treatment of
R/R FL, showed lower risk, while achieving similar efficacy outcomes
[79]. The above suggests that the appropriate combination of EZH1/
2 and PI3K inhibitors can reduce the dose to reduce the risk, on the
other hand, it might increase the anticancer efficacy.

The EZH1/2 inhibitor UNC1999 was shown to enhance the
antitumor effect of sorafenib (VEGFRs and Raf inhibitor) in
hepatocellular carcinoma (HCC), that is, the combination of the
two exhibited synergistic antitumor effects in vitro and in vivo
[80]. Mechanistically, the increased levels of H3K27me3 induced
by sorafenib led to HCC resistance, and the use of UNC1999
inhibited EZH2 and EZH1 to block this resistance. In conclusion,
sorafenib plus EZH1/2 inhibitors may constitute a new therapeutic
approach for HCC. Similarly, depletion of EZH2 with EZH2
inhibitors increases the strong sensitivity of non-small cell lung
cancer cells to cisplatin [81]. Besides, proteasome inhibitors
combined with UNC1999 showed a strong synergistic effect in
prostate cancer cells [82]. All of these indicate that non-EZH1/
EZH2 target inhibitors can be used in combination with EZH1/2
inhibitors as an effective tumor treatment strategy.

Combination with monoclonal antibodies
Notably, the work of Wang’s team revealed the relationship
between EZH2 and the tumor microenvironment. Studies have
shown that tumor-infiltrating Tregs (TI-Tregs) are dependent on
EZH2 in tumors, which can be exploited to pharmacologically and
genetically disrupt EZH2 activity in Tregs, thereby remodeling the
tumor microenvironment and enhancing the recruitment and
function of CD8 (+) and CD4 (+) effector T cells to eliminate
tumors [83]. In vivo, depletion of EZH2 acts synergistically on
melanoma suppression during anti-CTLA-4 or IL-2 immunotherapy
of melanoma in mice [84]. Moreover, the combination of
tazemetostat, atezolizumab, and obinutuzumab is being used for

Fig. 8 EZH1/2 inhibitors in early studies. a EZH1 and EZH2 dual inhibitors; b EZH1 inhibitor. The names of compounds in clinical trials have
been bolded. CID number from PubChem.
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the therapy of lymphoma in phase I clinical trial (NCT02220842)
conducted by Epizemy. This combination therapy enhances the
recruitment of innate and adaptive immunity and is effective
against CD20+ B-cell malignancies. Especially, atezolizumab and
obinutuzumab are monoclonal antibodies targeting PD-L1 and
anti-CD20, respectively.
What’s more, EPZ-6438 was even used to conquer lymphoma,

DLBCL, and follicular lymphoma with other five drugs: rituximab
(anti CD20), cyclophosphamide, vincristine (chemotherapy drug for
leukemia, Hodgkin’s disease, non-Hodgkin’s lymphoma, et al.),
doxorubicin (topoisomerase-II inhibitor, commonly used as a tumor
chemotherapeutic agent), and prednisolone (a synthetic drug
similar to cortisone, used to relieve rheumatic and allergic
conditions and to treat leukemia) (NCT02889523). This combination

helps to regulate the immune microenvironment. On the one hand,
it is beneficial to overcome malignant tumors such as lymphoma
and leukemia, and on the other hand, it is also helpful for the
control of autoimmune diseases.
Another EZH2 inhibitor CPI-1205 is combined with ipilimu-

mab (anti CTLA-4) in phase I clinical treatment of advanced solid
tumors (NCT03525795). It also companies with enzalutamide
and abiraterone/prednisone in phase I/II state to intervene
metastatic castration resistant prostate cancer (NCT03480646).
CTLA-4 (cytotoxic T lymphocyte-associated antigen-4) affects
the body’s immune system, impairing its ability to kill cancer
cells, its monoclonal antibody can inhibit its activity, and
combined with EZH2 inhibitors can effectively target cancer
cells. In the long term, the subtle role of EZH2 in the tumor

Table 4. Clinical trials of EZH1/2 inhibitors in combination with other drugs.

Drugs Indication Phase Status Identifier

a) Tazemetostat; b) Rituximab; c)
Cyclophosphamide; d) Vincristine; e)
Doxorubicin; f ) Prednisolone

Lymphoma; DLBCL; Follicular lymphoma II Recruiting NCT02889523

a) Tazemetostat; b) Pembrolizumab Locally advanced urothelial carcinoma; Metastatic urothelial
carcinoma; Stage III/IIIA/IIIB/IV/IVA/IVB bladder cancer
AJCC v8

II/I Recruiting NCT03854474

a) Tazemetostat; b) Fluconazole; c)
Omeprazole; d) Repaglinide

Diffuse large B cell lymphoma; Primary mediastinal
lymphoma; Mantle cell lymphoma; Advanced solid tumor;
Marginal zone lymphoma

I Completed NCT03028103

a) Tazemetostat; b) Itraconazole; c)
Rifampin

All malignancies; Advanced malignancies; Hematologic
malignancy; Solid tumor; Follicular lymphoma; Non-
Hodgkin lymphoma; Diffuse large B-cell lymphoma;
Epithelioid sarcoma; Synovial sarcoma; Renal medullary
carcinoma; Mesothelioma; Rhabdoid tumor

I Recruiting NCT04537715

a) Tazemetostat; b) Placebo oral tablet Relapsed/Refractory follicular lymphoma III Recruiting NCT04224493

a) Tazemetostat; b) Placebo; c)
Doxorubicin HCl

Advanced soft tissue sarcoma; Advanced epithelioid
sarcoma

III Recruiting NCT04204941

a) Tazemetostat; b) Abiraterone/
prednisone; c) Enzalutamide

Metastatic prostate cancer I/II Recruiting NCT04179864

a) Tazemetostat; b) Talazoparib Metastatic prostate cancer; Metastatic castration-resistant
prostate cancer

I Recruiting NCT04846478

a) Tazemetostat; b) Atezolizumab; c)
Obinutuzumab

Lymphoma I Completed NCT02220842

a) Tazemetostat; b) Umbralisib Recurrent/Refractory follicular lymphoma I/II Not yet
recruiting

NCT05152459

a) Dabrafenib Mesylate; b) Tazemetostat
Hydrobromide; c) Trametinib Dimethyl
Sulfoxide

Metastatic melanoma I/II Recruiting NCT04557956

a) Tazemetostat; b) Rituximab Follicular lymphoma; Non Hodgkin lymphoma; Lymphoma II Terminated NCT04590820

a) Atezolizumab; b) Obinutuzumab; c)
Tazemetostat

Lymphoma I Completed NCT02220842

a) CPI-1205; b) Ipilimumab Advanced solid tumors I Completed NCT03525795

a) CPI-1205; b) Enzalutamide; c)
Abiraterone/Prednisone

Metastatic castration resistant prostate cancer I/II Active, not
recruiting

NCT03480646

a) SHR7390; b) Famitinib; c) SHR3162;
d) Pyrotinib; e) Capecitabine; f )
SHR1210; g) Everolimus; h) Nab
paclitaxel; i) SHR2554; j) SHR3680;
k) SHR6390; l) SHR1701; m) SERD;
n) AI; o) VEGFi

Breast neoplasm II Recruiting NCT04355858

a) SHR2554+ SHR1701; b) SHR1701 Advanced solid tumors; B-cell lymphomas I/II Recruiting NCT04407741

a) DS-3201b; b) irinotecan Small cell lung cancer I/II Recruiting NCT03879798

a) DS-3201; b) Ipilimumab Aggressive variant/castration-resistant prostate carcinoma;
Metastatic clear cell renal cell carcinoma; Metastatic
malignant solid neoplasm; Metastatic prostate carcinoma;
Metastatic urothelial carcinoma; Stage IV/IVA/IVB prostate
cancer AJCC v8; Stage IV renal cell cancer AJCC v8

I Recruiting NCT04388852
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microenvironment can also be considered in the study of novel
EZH1/2 inhibitors.

Combination with metabolic enzyme inhibitors or inducers
Given that studies have confirmed the close relationship between
EZH2 and metabolism, relative clinical trials are already under-
way. For example, tazemetostat combined with CYP3A4 inhibitor
(itraconazole) or inducer (rifampicin) to modulate metabolic
pathways for the treatment of diffuse large B cell lymphoma,
primary mediastinal lymphoma, mantle cell lymphoma, advanced
solid tumor, and marginal zone lymphoma, is currently in the
completion stage of clinical phase I trials (NCT03028103).
Additionally, EPZ6438 also used in four drugs combination
manner including fluconazole (antifungal and yeast infection
drugs), omeprazole (digestive system drugs), and repaglinide
(antihyperglycemic class of drugs) for the treatment of diffuse
large B cell lymphoma, primary mediastinal lymphoma, mantle
cell lymphoma, advanced solid tumor, and marginal zone
lymphoma (NCT03028103). The above suggests that the com-
bined use of EZH2 inhibitors and metabolism-related inhibitors or
inducers can also become an effective means of treating clinically
complex tumors.

NOVEL USE OF OLD DRUGS IN BLOCKING EZH1/2
In addition to combining with new targeted therapy drugs,
repurposing old drugs is also a time-saving and efficient strategy.
Gambogenic acid was originally identified from Gamboge as an
inhibitor of the FGFR signaling pathway in erlotinib-resistant non-
small cell lung cancer (NSCLC) with antitumor effects [85]. It was
also later shown to be a potent EZH2 inhibitor that specifically
covalently binds cys668 within the EZH2-SET domain and leads to
EZH2 ubiquitination [86]. There are many similar drugs that can
target and modulate epigenetic factors, and then adjusting the
treatment strategy may make the drugs more fully utilized. That is
to say, the use of less drug dosage or type plays a more precise
and stronger anti-cancer effect.

CONCLUSIONS AND FUTURE PERSPECTIVE
Overexpression or gain-of-function mutations within the catalytic
SET domains of EZH1/2 has been reported to disrupt normal PRC2
function. Couple with the mutual compensatory and replacement
effects of EZH1 and EZH2, resulting in abnormal tumor cell growth
and increased adhesion and invasiveness, which is not conducive
to patient survival. Therefore, EZH1/2 are important for targeted
therapy. However, clinical efficacy using only EZH2-specific
inhibition showed only modest effects on cancer. Therefore,
further efforts should focus on combination therapy or finding
dual inhibitors for effective therapy. Currently, dual inhibition of
EZH1 and EZH2, as well as targeted and non-targeted combina-
tions, are under clinical research with promising results.
Furthermore, although the selectivity profile of many EZH1/2

inhibitors is well understood based on our current knowledge of
the working mode of the EZH2 protein, the rational design of dual
EZH1/2 inhibitors with high selectivity and bioavailability remains
a challenge. Future work will certainly yield further insights into
the current bottleneck. Last but not least, the development of
new drugs requires a lot of resources and usually consumes a lot
of time, which creates a lot of resistance for patients with
malignant tumors who urgently need clinical solutions. Therefore,
while considering new drug development and research, we
should also focus on clinical drugs that already used in the past,
explore new ways of using such drugs, and consider combining
them with clinical EZH1/2 drugs to fight tumors. Our general
purpose is to use the least amount of medicine (including but not
limited to the amount and type of medicine used) to achieve the
maximum effect.
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