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In mammals, DNA methylation plays
a crucial role in the regulation of
gene expression, telomere length, cell
differentiation, X chromosome inactiva-
tion, genomic imprinting and tumori-
genesis'. DNA methylation patterns
are established de novo by DNA meth-
yltransferases (DNMTs) 3a and 3b,
whereas DNMT1 maintains the parent-
specific methylation from parental cells
to their progeny™. After DNA replica-
tion, the new DNA strand is unmethy-
lated. Thus with the mother methylated
strand, the DNA is hemimethylated.
The protein UHRF1 (ubiquitin-like, con-
taining PHD and RING finger domains
1) recognizes and binds to the hemi-
methylated sites by its SRA domain.
Then DNMT1 is recruited to the sites by
the same domain, thereby it methylates
the newly synthesized DNA strand®™ *.
Increased DNMT1 abundance has been
seen in many human cancers, and the
roles of DNMTT1 in tumorigenesis have
been shown by some genetic knockout
and RNA interference-mediated knock-
down studies™ .. Seeing that the mRNA
abundance of DNMT1 contributes less
to DNMT1 abundance, the stability
of DNMT1 protein therefore plays an
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important role in human cancers” %.

Ubiquitin-proteasome pathway is sig-
nificant in the stability of DNMT1® but
ubiquitin-mediated protein degradation
can be enhanced or attenuated by some
modifications like acetylation/deacety-
lation, protein methylation/demethyla-
tion, phosphorylation and S-nitrosy-
lation”""l. Esteve et al demonstrated
that SET7-mediated lysine methylation
of DNMT1 decreased DNMTT1 level
by ubiquitin-mediated degradation!’.
Furthermore, an early study!” showed
that HDAC inhibitors could induce
degradation of DNMT1. These suggest
that DNMT1-associated proteins may
play key roles in DNMT1 stability. In a
recent issue of Science Signaling, Du et al
reported™ that some DNMT1-associated
proteins can ubiquitinate/deubiquiti-
nate and acetylate/deacetylate DNMT1.
These modifications make the regulation
of DNMTT1 stability more coordinated
(Figure 1).

They identified deubiquitinase HAUSP
(herpesvirus-associated ubiquitin specific
protease) as a DNMT1-associated pro-
tein. Knockout or knockdown of HAUSP
increased DNMT1 ubiquitination and
reduced its abundance, then they dem-
onstrated the direct deubiquitination
of DNMTT1 in vitro by purified HAUSP
recombinant proteins. They also found
that overexpression of DNMT1-associ-
ated E3 ligase UHRF1 led to increased
ubiquitination of DNMT1 and decreased

abundance of DNMT1 mutant lacking
the HAUSP interaction domain, but not
the full-length protein. These results
show the coordination between ubiquit-
ination of DNMT1 by UHRF1 and deu-
biquitination by HAUSP. Furthermore,
they found that knockdown of HDAC1
increased DNMT1 acetylation, and
reduced DNMT1 abundance. Addition-
ally, acetyltransferase Tip60 which was
found to acetylate DNMT1 promoted its
ubiquitination, then destabilized it. At
last, Tip60 and HAUSP were found to
regulate DNMT1 protein stability dur-
ing the cell cycle. The following clinical
samples of human colon cancer also
revealed the correlation between the
abundance of HAUSP and the abun-
dance of DNMT1.

Drugs targeting epigenetic modifica-
tions have been edging toward anti-
cancer therapies. DNMT1 also pro-
vides a candidate anti-cancer target!"!.
Although global genomic DNA hypo-
methylation and tumor suppressor genes
hypermethylation have been frequently
observed in different human cancers,
this methylation change is not caused
simply by increased levels of DNMT1".
This paper shows that DNMT1, HAUSP,
UHRF1, Tip60, HDACI1, and PCNA
(proliferating cell nuclear antigen) can
interact with each other, thus they regu-
late DNMTT1 stability and activity by a
more coordinated way. Consequently,
the current or future epigenetic drugs
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Figure 1. A model of posttranslational regulation of DNMT1 stability!*®. DNMT1 physically
interacts with HAUSP, Tip60, UHRF1, HDAC1, and PCNA on chromatin. After the completion of DNA
methylation in S phase, HAUSP dissociates from DNMT1 to enable DNMT1 degradation. Moreover,
increased abundance of Tip60 results in increased acetylation of DNMTZ1, which in turn triggers the
ubiquitination of DNMT1 by UHRF1. This sequence of events results in proteasomal degradation of
DNMT1. In contrast, HAUSP and HDAC1 protect DNMT1 from degradation through deubiquitination
and deacetylation, respectively. Reprinted with permission from AAAS: Science Signaling, copyright
2010.

such as 5-aza CdR (DNMT1 inhibi- a potential combination for effective
tor), HDAC inhibitors, HAUSP inhibi- cancer therapy. And equally, the drug
tors, and UHRF1 inhibitors may have interactions and side effects should be
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taken into account, as one of the inhibi-

tors may affect the other targets.
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