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EZH2, the moderator in the discussion
between methyltransferases at histone H3?
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Epigenetic modifications are alterations in cell phenotype that
are not due to change inDNA sequences; they have significant
effects on gene expression and may impact the development
of various diseases such as tumor growth (Dryhurst and Ausio
2014). Core histones (H2A, H2B, H3, and H4) contain DNA
which is bound around an octameric histone core leading to
the basic subunit of chromatin (Dryhurst and Ausio 2014).
Histone lysine methylation is becoming an important signal-
ing mechanism in eukaryotic cells; it can help indicate both
transcriptional repression and activation of chromatin and is
dependent upon the location, the degree and type of residue
that is being methylated (Vedadi et al. 2011; Rice et al. 2003;
Snowden et al. 2002). It is revealed that methylation of his-
tones H3 lysine 4 (H3K4) and H3K36 is commonly known for
active transcriptional genes while methylation of H3K9 and
H3K27 are associated with condensed heterochromatin
(Rosenfeld et al. 2009).

G9a and G9a-like protein (GLP) are methyltransferases
that have beenwidely studied and have led to the development
of specific inhibitors for epigenetic targets (Shinkai and
Tachibana 2011; Vedadi et al. 2011; Ueda et al. 2006). G9a
and GLP are methyltransferases that repress transcription by
methylating the lysine at position 9 of the histone H3 subunit
(H3K9) and acts as a gatekeeper for differentiation (Chang
et al. 2009; Collins and Cheng 2010). These methyltransfer-
ases primarily exist as a G9a-GLP heteromeric complex
(Tachibana et al. 2008). Mono- and di-methylation by G9a/
GLP in H3K9 are linked to repression of certain histone and
non-histone targets that are normally expressed in stem cells;
G9a is also required for development of mouse embryo and

differentiation of mouse embryonic stem cells (ESCs) (Wu
et al. 2010; Chen et al. 2012; Fritsch et al. 2010); however, the
mechanistic process of G9a/GLP methylation in H3K9 is still
not well understood.

Recently, in the January 2014 edition of Molecular Cell,
Mozzetta et al. highlighted the importance of enhancer of
zeste homolog 2 (EZH2) regulating the interaction between
G9a/GLP and polycomb repressive complex 2 (PRC2).
PRC2, one of two classes of the polycomb-group (PcG) which
form multimeric protein complexes, is involved in maintain-
ing the transcriptional silencing of genes over successive cell
cycles (van der Vlag and Otte 1999). PRC2 is composed of
proteins SUZ12 (suppressor of zeste 12 homologue), EED
(embryonic ectoderm development), RbAp48 (Rb-associated
protein 48), and EZH2 (enhancer of zeste homolog 2). Of
these core components, the authors found an important EZH2-
mediated interaction between PRC2 and G9a/GLP. EZH2, a
histone-lysine N-methyltransferase, primarily acts to silence
genes in many types of cancers (Ren et al. 2012). In the study,
the authors show that G9a and GLP proteins are likely to
interact with PRC2 via EZH2 Fig. 1.

The authors first demonstrated the collaboration between
PRC2 and H3K9 and between the PRC2 core components and
G9a/GLP methyltransferase by immunopurification analysis
in human HeLa cells and mESCs. These results showed that
PRC2 core members interact with the main H3K9 KMTs in
cells, i.e., G9a, GLP, SETDB1 and Suv39h1. Furthermore, the
PRC2 core members co-purified preferentially with G9a and
GLP and, at very low levels, with SETDB1 and Suv39h1
(Shinkai and Tachibana 2011). Hence, they decided to focus
on G9a and GLP. They purified a recombinant PRC2 com-
plex, performed a pull down assay with GST-G9a/GLP at
different concentrations and confirmed a strong interaction
among PRC2 and G9a/GLP. They demonstrated that G9a/
GLP and PRC2 both regulate common genes encoding devel-
opmental regulators. It also depressed the mESCs lacing G9a
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and/or GLP. Based on the interactions between the methyl-
transferases, the potential role of EZH2 on regulating the
interaction of G9a and GLP was investigated. Mozzetta et al.
compared mRNA expression levels of G9a−/−, GLP−/−, and
G9a−/− GLP−/− ESCs in relation to EZH2−/− ESCs. From this
comparison, they discovered that 487 genes were upregulated
when there was an absence of EZH2, G9a and/or GLP; these
genes are known to code proteins that regulate in cell differ-
entiation and development (Mozzetta et al. 2014).

Mozzetta et al. showed that EZH2 and G9a/GLP share a
noteworthy number of genomic targets which regulate gene
expression in a division of developmental and neuronal genes
through chromatin immunoprecipitation and transcriptomic
analyses (Mozzetta et al. 2014). They found that the suppres-
sion of G9a and GLP reduced the recruitment of EZH2 to
many of its targets. This led to an overall decrease in H3K27
trimethylation. Inversely, the re-introduction of wild-type
G9a, but not the enzymatic inactive type, returned the recruit-
ment of EZH2, trimethylation of H3K27 and inactivate PRC2
target genes. This suggests that regulation is dependent on
G9a and enzymatic activity associated with PRC2 recruit-
ment. Based on their analysis, they indicate that a direct
functional cooperation occurs between PRC2 and G9a/GLP
in vitro. This also suggests the role of EZH2 to ensure epige-
netic gene silencing at certain chromatin regions. G9a facili-
tates PRC2 recruitment to a subset of target genes to promote
silencing, thus establishing interaction between two important
gene silencing mechanisms (Mozzetta et al. 2014).

In conclusion, the publication by Mozzetta et al. reveals
that the physical interaction between G9a/GLP proteins and
PRC2 from key epigenetic silencing pathways are regulated
by EZH2, a gene silencer, which helps mediate the crosstalk
between H3K9 and H3K27 (Tachibana et al. 2008). From this
study, the authors can surmise that inhibiting EZH2 can have
numerous beneficial effects by disrupting the interactions
between G9a/GLP and PRC2 since G9a enzymatic activity

is dependent on EZH2 recruitment. This brand of study is
becoming an increasing factor in the field of epigenetic mech-
anisms, a process implicated in several deadly diseases such as
certain forms of cancers and neurologic disorders. Hence, this
study regarding the EZH2-mediated interaction between
H3K9 and H3K27 may represent a basis in finding endoge-
nous mediators that can regulate EZH2 and possibly provide
therapeutic means of treating diseases such as cancer by
introducing several neuronal targets for gene silencing.
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