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Department of Pharmacology, Shenyang Pharmaceutical University, Shenyang, China

Epigenetic modifications, such as DNA methylation and histone modification, result in
heritable changes in gene expression without changing the DNA sequence. Epigenetic
regulatory enzymes such as DNA methyltransferases, histone methyltransferases, and
histone deacetylases are involved in epigenetic modification. Studies have shown that
the dysregulation caused by changes in the amino acid sequence of these enzymes
is closely correlated with tumor onset and progression. In addition, certain amino acid
changes in the metabolic enzyme isocitrate dehydrogenase (IDH) are linked to altered
epigenetic modifications in tumors. Some small molecule inhibitors targeting these
aberrant enzymes have shown promising anti-cancer efficacy in preclinical and clinical
trials. For example, the small molecule inhibitor ivosidenib, which targets IDH1 with a
mutation at R132, has been approved by the FDA for the clinical treatment of acute
myeloid leukemia. In this review, we summarize the recurrent “hotspot” mutations in these
enzymes in various tumors and their role in tumorigenesis. We also describe candidate
inhibitors of the mutant enzymes which show potential therapeutic value. In addition, we
introduce some previously unreported mutation sites in these enzymes, which may be
related to tumor development and provide opportunities for future study.

Keywords: DNMT, mutation, small molecule inhibitors, tumor, histone modification enzyme

INTRODUCTION

The term “epigenetics” describes inheritable changes of gene expression with no alteration of the
DNA sequence (1). As the field of epigenetics has expanded, the connection between epigenetic
changes and the occurrence and development of tumors has received more attention (2). The
structure of chromatin is the basis for modulating gene expression: euchromatin has an open
structure that is typically associated with active transcription, while heterochromatin is tightly
compacted and usually associated with transcriptional repression. Epigenetic modification such
as DNA methylation and histone modification are important for regulating chromatin structure
and therefore gene expression. These modifications are catalyzed by epigenetic regulatory enzymes,
including DNA methyltransferases, histone methyltransferases and histone deacetylases.

Recent studies have shown that the dysregulation (e.g., overexpression) of these enzymes
plays a crucial role in tumorigenesis. Some small molecule inhibitors targeting these aberrantly
expressed epigenetic regulatory enzymes have been approved by the FDA for the treatment of
certain cancers. For example, the small molecule inhibitor 5-azacytidine, which targets the DNA
methyltransferase DNMT3A, has been approved for clinical treatment of patients with acute
lymphoblastic leukemia (AML) (3), and belinostat, which targets histone deacetylases (HDACs)
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in peripheral T-cell lymphoma (PTCL), was approved for use in
2014 (4). In addition, the inhibitor EPZ6438, which targets EZH2,
a histone methyltransferase, has been approved for testing in the
clinic (5).

In recent years, increasing evidence has shown that epigenetic
regulatory enzymes are mutated in various types of cancer,
and mutations of these enzymes are closely related to the
malignant phenotype (6, 7). Hence, inhibitors that target these
mutant enzymes have gradually entered preclinical and clinical
research. In this review, we first summarize the epigenetic
regulatory enzymes and their mutations in different types of
tumors, and then we explain how the mutations are correlated
with tumorigenesis. Finally, we present some small molecule
inhibitors which target epigenetic regulatory enzymes, especially
their mutated forms, and may have potential therapeutic value in
the future.

DNMTS AND THEIR MUTATIONS
IN CANCER

DNMTs in Cancer

DNA methylation, which is one of the major epigenetic
regulatory mechanisms, plays a crucial role in many life processes
(8). In eukaryotic cells, DNA methylation is a stable gene
silencing modification that is copied during DNA replication
(9). DNA methylation predominately occurs at cytosine residues
in 5'-CpG-3’ dinucleotides, with S-adenosyl methionine (SAM)
as the methyl donor (10). In mammals, DNA methylation is
catalyzed by enzymes in the DNA methyltransferase (DNMT)
family, mainly DNMT1, DNMT3A, and DNMT3B. DNMT1
maintains the methylation status of newly replicated (hemi-
methylated) DNA, whereas DNMT3A and DNMT3B are
responsible for de novo DNA methylation (11). The mechanism
by which DNA methylation regulates gene expression involves
blocking the binding of transcription factors to DNA and
the recruitment of proteins containing a methylated CpG-
binding domain to inhibit gene expression in tumor cells (12).
The methylation profiles in different cells are not the same,
and this has functional consequences. In normal cells, gene
promoters containing CpG islands are usually unmethylated,
which maintains the chromatin in an open structure, and hence
enhances the transcription of the gene. However, in tumor cells,
the CpG island-containing promoters of tumor suppressor genes
are usually methylated, and thus the euchromatin is converted
to compacted heterochromatin (13). These findings indicate that
DNA methylation regulates tumorigenesis and progression by
inhibiting the expression of tumor suppressor genes.

DNMT Mutations in Cancer

Recently, studies have shown that mutations of DNMT family,
especially DNMT3A, are prominent features of many tumors
and can lead to malignant transformation (14). DNMT3A is
one of the most frequently mutated DNA methyltransferase in
AML (6) and myelodysplastic syndromes (MDS) (15). Some
reports have shown that mutations in DNMT3A are present
in up to 20% of AML cases and are associated with poor
prognosis (8, 16). Although a large number of mutations in

the DNMT3A have been reported, ~50% of the changes are in
the catalytic domain at position R882 (most commonly R882H)
(8, 17, 18). Tablel shows DNMT3A mutations, including
hotspots and non-reported mutation sites, in various tumors.
In addition, mutations in DNMTI1 have been described in
colorectal (29), prostate and hematological malignancies (30).
The gene encoding DNMT3B was reported to be mutated
in immunodeficiency syndrome, but mutations have rarely
been reported in tumors (31). In addition, except DNMTs
mutations in various cancers, DNA hydroxymethylase TET2,
which catalyzes the conversion of 5-methyl-cytosine to 5-
hydroxymethyl-cytosine, has been reported in recent years for
its mutations in various diseases, especially AML and MDS (32).
The above results indicated that the mutations in DNMT and its
related enzyme are frequent, which suggesting the potential role
of them in tumorigenesis.

Function of DNMT Mutations

Mutations in DNMTs are closely correlated with the biological
characteristics of malignant tumors and they increase the ability
of cancer cells to undergo proliferation, migration, colony
formation, and self-renewal. Recently, the relationship between
the DNMT3A R882C mutation and the migration of tumor
cells has been investigated in vitro (33). The results showed that
the OCI-AML3 cell line, which carries the R882C mutation,
had a greater migration ability than cell lines carrying wild-
type (WT) DNMT3A, and infiltrated into the meninges of mice
after intravenous infusion. This indicates that the DNMT3A
R882 mutation contributes to the enhanced migration of
malignant cells. It was also shown that the DNMT3A R882H
mutation increases the proliferative capacity of hematopoietic
cells and actively promotes the growth of monocytes and
macrophages (33). Mechanistically, DNMT3A R882 mutant
proteins interact with polycomb repressive complex 1 (PRC1)
to block the differentiation of hematopoietic stem cells and
lymphocytes by down-regulating differentiation-associated genes
(34). Furthermore, cells with DNMT3A R882 mutations have a
higher colony forming capacity than WT cells (34). In addition,
it was reported that DNMT3A R882 mutations may induce
chemotherapy resistance in AML patients. Guryanova et al.
reported that the DNMT3A R882H mutation increases the
risk of AML patients being resistant to anthracycline therapy
by dysregulating nucleosome remodeling (35). Some reports
have shown that the DNMT3A R882 mutation was negatively
correlated with the prognosis of AML patients. The 5-year
overall survival of AML patients with DNMT3A mutations
was significantly shorter than AML patients without such
mutations (36, 37). Accordingly, Delhommeau et al. reported
that TET2 mutations are early events in patients with some
MDS and secondary AML and confirmed the important role
of TET2 in maintaining the balance between hematopoietic cell
survival, growth and differentiation (38). Studies have shown that
leukemia-associated missense mutations impair the enzymatic
activity of TET2 and lead to a decrease in the genomic level of 5-
hydroxymethyl-cytosine, which disrupts normal hematopoiesis
and may accelerate leukemia formation (32). All of the above
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observations show that mutations in DNMT3A and TET?2, to
some extent, promote oncogenesis, and tumor progression.

HMTS AND THEIR MUTATIONS IN CANCER
HMTs in Cancer

Histone methylation is involved in the regulation of
various biological processes such as gene expression, DNA
repair, differentiation, replication and growth (39). Histone
methyltransferases catalyze the transfer of the methyl group of
SAM to histone arginine or lysine residues. A number of HMTs
have been identified, including histone lysine methyltransferases
(HKMTs) and histone arginine methyltransferases (HRMTs),
which have specific substrates and residues. EZH2 belongs
to the HKMT family and is frequently overexpressed in
various cancerous tissue types such as breast, prostate and
lung (19, 20, 40).

HMT Mutations in Cancer

EZH2 is a histone methyltransferase that catalyzes the
trimethylation of arginine 27 in histone H3 (H3K27). Reports
of EZH2 mutations in cancer have increased in recent years.
Mutations in epigenetic regulatory enzymes are either gain-
of-function or loss-of-function (3). EZH2 gain-of-function
mutations were previously reported in lymphoma, and the
probability of EZH2 mutation in melanoma was recently
reported to be about 2%. Popov et al. found that 27% of follicular
lymphoma cases had EZH2 mutations at 3 recurrent hotspots
(Y646, A682, and A692) (24). Other gain-of-function hotspot
mutations including Y641, A677, and A687 in the catalytic SET
domain of EZH2 are prevalent, accounting for ~10-24% of
non-Hodgkin’s lymphoma (26). In addition to these hotspot
mutations, we have summarized some non-reported mutation
sites that have yet to be studied, as shown in Table 1.

Function of HMT Mutations

The dysregulation of H3K27 trimethylation (H3K27me3) is
important in human tumorigenesis (25), and some reports have
shown that mutant EZH2 increases the level of H3K27me3 in
follicular lymphoma, germinal center B-cell type diffuse large
B-cell lymphomas (21, 24, 41) and metastatic skin melanoma
(42). The level of H3K27 monomethylation and dimethylation
in cancer cells and tumor tissues with heterozygous EZH2
mutations at Y641 and A677 is decreased, while the level
of H3K27 trimethylation is increased, resulting from the
changed substrate preference of the mutant enzymes (22, 41).
Barsotti et al. revealed that cells with a gain-of-function EZH2
mutation at Y641 displayed enhanced motility compared to
control cells, forming highly dynamic collective migrating chains
under 3D culture conditions (42). The Y641 EZH2 gain-of-
function mutant cells also had a significant growth advantage in
melanoma xenografts. Others have reported that mutations in
EZH?2 can promote lymphocyte proliferation and maintain the
enhanced histone methyltransferase activity in vivo, subsequently
increasing tumorigenicity (26). Somatic mutations in EZH2 have
been shown in many reports to correlate with poor prognosis
in patients with AML and myeloproliferative neoplasms (6, 43).

Thus, mutations in EZH2 may contribute to the enhancement of
the malignant phenotype.

HMT-RELATED ENZYMES AND THEIR
MUTATIONS IN CANCER

HMT-Related Enzymes in Cancer

Isocitrate dehydrogenase (IDH) plays a key role in the Kreb’s
cycle, catalyzing the conversion of isocitrate into a-ketoglutarate
(a-KG). The two major human IDH proteins, IDH1 and IDH2,
are not HMTs, but their mutant forms indirectly contribute to
effects on histone methylation by catalyzing the conversion of a-
KG to 2-hydroxyglutarate (2-HG). Accumulation of 2-HG can
inhibit the activity of a broad range of histone demethylases,
inducing hypermethylation which is observed in certain cancers
such as gliomas (44). In addition, high levels of 2-HG can inhibit
a-KG-dependent prolyl hydroxylase, which is important for the
degradation of hypoxia-inducible factor (HIF)-1a, a regulator of
histone demethylases (7, 23, 28). Mutated forms of IDH therefore
mimic the effects of HMTs.

HMT-Related Enzyme Mutations in Cancer

As mentioned above, specific mutants of IDH can catalyze
the conversion of a-KG to 2-HG, and 2-HG inhibits not only
histone demethylases but also TET DNA demethylases. This
can cause increased methylation of both DNA and histones
(3). Therefore, mutant IDH may be an oncoprotein and 2-
HG may be an “oncometabolite” (7). In recent years, hotspot
mutations in IDH1/2 have been reported in various tumors
(Table 1). It has been reported that mutations of IDH1 and IDH2
occur in the vast majority of low-grade gliomas and secondary
high-grade gliomas, and also in some cases of AML (27). In
addition, IDH mutations have been found in solid tumors such
as cholangiocarcinoma and prostate cancer (45, 46). The hotspot
mutation of IDHI is located at R132, while the hotspot mutation
of IDH2 is located at R172, which is homologous to R132 in
IDH1. We also found that other mutations of IDH1, including
G339(E/W), R49C, R119(Q/W), and V294L, may be hotspot
mutations in various tumors (Table 1). In addition to mutations
in the enzyme of IDH family in the Krebs cycle, two other
metabolic enzymes involved in epigenetic regulation, SDH and
FH, have also been reported in recent years to mutate in germline
frequently. Ciccarone et al. concluded that SDH mutations
in germline are responsible for the formation of hereditary
paragangliomas and adrenal gland pheochromocytoma, whereas
FH mutations are typical of hereditary lelomyomatosis and renal
cell cancer (HLRCC) (47).

Function of HMT-Related

Enzyme Mutations

Several groups have investigated the effect of IDH hotspot
mutations, which mimic the activity of HMTs, in cancer. Cohen
et al. elucidated that mutant IDH can trigger tumorigenesis. In
detail, they found that somatic mutations in IDH1 at R132 or
IDH2 at R172 led to increased risk of glioma, hemangiomas
and chondrosarcoma, and they demonstrated that the mutated
IDH contributed to the increased cell proliferation, colony
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formation, and inability to differentiate (7). In addition, Fu
et al. showed that the IDH2 R172 mutation accelerated the
migration and growth of C6 glioma cells by increasing the
stability of HIF-1a (48). They also reported that IDH mutations
promoted glioma cell metastasis and resistance to chemotherapy
through up-regulation of the HIF-1la signaling pathway (49).
IDH mutations also play an important role in blocking cell
differentiation. Mutant IDH blocks hepatocyte differentiation by
inhibiting the HNF-4a pathway (50). Other studies have shown
that high levels of 2-HG caused by mutations in IDH can inhibit
histone and DNA demethylases, resulting in hypermethylation of
histones and DNA which eventually blocks cell differentiation
(51, 52). Interestingly, there is no significant difference in the
median overall survival rate of intrahepatic cholangiocarcinoma
patients with mutant or WT IDH (53). In general, mutated
IDH catalyzes the production of high levels of 2-HG, which
has multiple effects including the inhibition of a-KG-dependent
prolyl hydroxylase, which leads to the accumulation of HIF-1a
in cells. This results in the induction of HIF-1a target genes that
influence growth, migration, differentiation and angiogenesis as
well as cell apoptosis (7), ultimately promoting tumor onset and
progression (see Figure 1).

HDACS, HATS, AND THEIR MUTATIONS
IN CANCER

Histone acetylation is an important epigenetic modification that
mainly occurs in the N-terminal region of the histone tail.
This modification weakens the binding between histones and
DNA, which relaxes the chromatin and enhances gene expression
(54). Histone acetyltransferases (HATs) mediate the acetylation
in histones, whereas histone deacetylases (HDACs) catalyze the
removal of acetyl groups from histones. The HATs are mainly
divided into five major families, including GCN5/PCAF, MYST,
TAFI1250, CBP/p300, and SRC (55). The HDACs are divided into
four classes. Class I HDACs include HDAC1, HDAC2, HDACS3,
HDACS; class II HDACs are further divided into two groups,
class IIa (HDAC4, HDAC5, HDAC7, HDACY9) and class IIb
(HDAC6, HDAC10); class III contains SIRT1-7; and class IV
contains one enzyme, HDACI11 (56, 57). Class I, II, and IV
HDAC:s are all Zn2+—dependent enzymes, while class IIl HDACs
do not show any sequence similarity to the other three classes
and depend on NAD+ as a co-factor (56, 57). By reversing the
histone acetylation status, HDACs mostly regulate the expression
of tumor suppressor genes (4). The dysregulation of HATs and
HDAC:s is correlated with the occurrence and development of
various diseases, including cancer.

Mutations in genes encoding HDACs are associated with the
progression of tumors, owing to the abnormal transcription of
key genes that regulate important cellular functions such as cell
proliferation, cell cycle regulation and apoptosis. Some studies
have shown that HDACs are mutated in certain cancers. For
example, somatic mutations of HDAC1 were detected in ~8%
of dedifferentiated human liposarcomas, and the dysfunction
of HDAC2 expression caused by a frame-shift mutation was
investigated in human epithelial cancers and in colorectal cancer
(58). Table 1 summarizes some of the mutated sites in HDAC2,

which may correlate with the development and progression of
tumors. However, most of the mutations in HDACs have not
been studied and require further investigation. In addition to
the discovery that HDACs are mutated in a variety of cancers,
there have been many reports in recent years that the HAT
CREBBP somatic mutations are more frequent in lymphomas,
lung cancer, urothelial carcinoma, and other human tumor types.
Jiang et al. reported that somatic mutations in CREBBP occur in
6.4-22.3% of patients with DLBCL and 30.8-68% of follicular
lymphoma. Their findings suggest that CREBBP mutation can
promote lymphomagenesis in vivo (59). Similarly, the results
of Jia et al. showed that CREBBP acts as a tumor suppressor
gene, and its inactivating mutations can promote tumorigenesis
of pre-neoplastic neuroendocrine cells and accelerate small cell
lung cancer in the autochthonous mouse model (60). The above
results suggested that the mutations in HATs and HDACs,
although relative low in frequency, might also be involved into
the carcinogenesis in various tumors.

INHIBITORS TARGETING MUTATIONS OF
EPIGENETIC REGULATORY ENZYMES

Inhibitors Targeting DNMT Mutants

The DNMT inhibitors 5-azacytidine and decitabine (5-aza-2’-
deoxycytidine) have already been approved by the FDA (3). These
inhibitors are nucleoside analogs which are incorporated into
DNA and then covalently trap DNMTs. The results of research
by Xu et al. showed that 5-azacytidine might be a suitable drug
for the treatment of AML with DNMT3A mutations (8). In a
study comparing small molecule inhibitors of DNMT3A R882H,
compound 9 (dichlone) displayed superior efficacy, indicating
its potential for targeting mutant DNMT3A (61). Interestingly,
a recent study showed that targeting DOTIL, a histone lysine
methyltransferase without a SET domain, also has an obvious
antitumor effect in DNMT3A mutant leukemia. Rau et al. found
that the DOTIL inhibitors SYC-52221 and EPZ004777 decreased
tumor cell proliferation and induced cell apoptosis, cycle arrest
and terminal differentiation in DNMT3A mutant cell lines in
a dose- and time-dependent manner (62). Furthermore, they
reported that the DOT1L inhibitor EPZ5676 showed promising
efficacy in a nude mouse xenograft model of AML with mutant
DNMT3A (62). Since pharmacological inhibitors of DOTIL
have been tested in clinical trials, DOT1L may be an indirect
therapeutic target for the treatment of AML with DNMT3A
mutations. These results suggesting a novel approach for treating
patients with DNMT3A mutations.

For the TET2, although inhibitors targeting TET2 mutations
have not yet been developed, the results of Bejar et al. indicated
that cells in MDS patients with TET2-deficient are more sensitive
to azacitidine treatment, and this suggests that patients with
MDS carrying the TET2 mutation can improve their response to
hypomethylating agents (63). However, the detailed mechanisms
mediating this process need further study.

Inhibitors Targeting EZH2 Mutants

Recently, studies have shown that small molecule inhibitors
can effectively target tumors driven by EZH2 mutations.
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FIGURE 1 | The IDH1 R132 mutant is shown as an example to illustrate how a gain-of-function mutation in an epigenetic enzyme affects the growth and
differentiation of cells. Ivosidenib, a specific inhibitor of the IDH1 R132 mutant, is shown at the right.

Ivosidenib

Knutson et al. have reported that the SAM-competitive EZH2
inhibitor EPZ005687, which is highly selective for EZH2 over
other methyltransferases, significantly reduced the viability
of lymphoma cell lines carrying the EZH2 Y641 and A677
mutations (64). McCabe et al. discovered that GSK126 is a SAM-
competitive small molecule inhibitor of EZH2 methyltransferase
activity that efficiently and selectively reduced H3K27me3 levels
and reactivated the silenced target genes of polycomb repressive
complex 2 (PRC2) (41). Their results also revealed that GSK126
effectively inhibited the proliferation of EZH2-mutant diffuse
large B-cell lymphoma (DLBCL) cell lines and retarded the
growth of EZH2-mutant DLBCL xenografts in mice (41). In
addition, EPZ-6438, another selective inhibitor of EZH2, exerted
potent antitumor activity against EZH2-mutant non-Hodgkin’s
lymphoma (65). Also, CPI-1205, an orally available selective
inhibitor of EZH2, killed cells in both EZH2-WT and EZH2-
mutant B-cell non-Hodgkin’s lymphoma by altering PRC2 target
gene expression in a dose- and time-dependent manner (5).
All of the above inhibitors markedly reduced the high level of
H3K27 trimethylation caused by EZH2 mutations, indicating
that inhibition of EZH2 methyltransferase activity may be an
effective way of treating EZH2 mutant lymphomas. EPZ005687
is currently in preclinical research, whereas GSK126, EPZ-6438
and CPI-1205 are under phase I/II investigation to assess their
efficacy in patients with non-Hodgkin’s lymphoma and certain
solid tumors (5). In view of the high rate of EZH2 mutation in
certain cancers, the application of these inhibitors in the clinic is
expected to be successful in the future.

However, in addition to focusing on the effects of the
EZH2 inhibitor itself on EZH2 mutant enzymes, we also need

to consider the use of EZH2 inhibitors in synthetic lethality.
Recently, targeting chromatin deficiency in cancer based on
synthetic lethality has been used in cancer treatment. Synthetic
lethality defines a relationship between two genes, where the
loss of either gene is compatible with cell viability, but the loss
of both genes causes cell death. Morel et al. summarized that
the deficiency of SMARCBI1, ARID1A, SMARCA4, and PBRM1,
which constitute the chromatin remodeling complex SWI/SNF
subunit, led to an EZH2 oncogenic dependence in tumor cells,
and pharmacological EZH2 inhibitors such as tazemetostat
induced dramatic tumor shrinkage in these subunits-deficient
tumors (66). Therefore, synthetic lethality strategy may pave the
way to potential epigenetic drugs targets.

Inhibitors Targeting IDH Mutants

Inhibitors targeting mutant IDH enzymes have also been widely
investigated. In preclinical studies, it is reported that inhibitors
targeting mutated forms of IDH1 and IDH2 can inhibit the
growth of glioma cells and induce the differentiation of primary
human IDH mutant AML cells in vitro (67). Encouragingly,
clinical studies of inhibitors targeting mutated IDH have entered
the phase I stage, and two inhibitors have been approved by the
FDA for clinical use (68). For example, enasidenib (AG-221), a
novel-specific small molecule inhibitor targeting mutant IDH2,
was approved by the FDA in August 2017 for the treatment
of relapsed AML (69). Another novel specific small molecule
inhibitor, ivosidenib (AG-120), was approved by the FDA in
July 2018 for clinical treatment of relapsed and refractory AML.
Ivosidenib targets IDH1 with a mutation at the R132 site (see
Figure 1) (70). Three other small molecule inhibitors, AGI-881,
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IDH305, and FT-2102, are currently in phase I clinical trials.
AGI-881 is a non-specific small molecule inhibitor which can
target the mutant forms of both IDH1 and IDH2, whereas IDH-
305 and FT-2102 target mutant IDH1 (68). These inhibitors
prevent the reduction of a-KG to 2-HG by binding to the
active site of the mutated IDH enzyme. High levels of 2-
HG can inhibit DNA and histone demethylation, leading to
hypermethylation. Borodovsky et al. have demonstrated that
hypomethylating agents strongly induce differentiation, reduce
colony formation ability, and suppress the growth of IDH
mutant cells in vivo (71). Therefore, inhibitors targeting DNA
and histone modifications may have potential therapeutic value.
The DNA methyltransferase inhibitors decitabine (DAC) and
5-azacytidine have been approved by the FDA for clinical
application and may have a therapeutic effect on tumors caused
by IDH mutations (72). These findings also suggest that there
is crosstalk among different epigenetic regulatory enzymes.
In contrast to IDH mutation inhibitors, studies on inhibitors
targeting SDH and FH mutations are currently lagging behind,
which may lay the foundation for the development of new anti-
tumor drugs.

CONCLUSION AND PERSPECTIVES

DNA methylation and histone modification are common
epigenetic changes in eukaryotes, and the dysregulation of
epigenetic regulatory enzymes is closely related to the onset and
progression of various types of cancer. Mutations, especially gain-
of-function mutations, may be responsible for some changes
in epigenetic enzyme activity. Mutant epigenetic regulatory
enzymes, and mutant forms of IDH that affect epigenetic
changes, can enhance the ability of cancer cells to proliferate,
migrate and form colonies. Therefore, these mutations are closely
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