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Role of deubiquitylase HAUSP
in stem cell maintenance
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Post-translational control of critical stem
cell transcription factors plays essential
roles in directing cell fate determina-
tion of stem cells. Protein ubiquitylation
as one of important post-translational
modifications has been well demonstrated
to be a crucial regulatory mechanism
involved in several fundamental biologi-
cal processes such as cell differentiation,
Many
regulatory proteins including some key

development and oncogenesis.

transcription factors are ubiquitylated by
specific E3 ubiquitin ligases and subse-
quently targeted for degradation by the
26S proteasome. Similar to other revers-
ible post-translational regulations such as
phosphorylation and methylation, protein
ubiquitylation can be removed by specific
deubiquitylating enzymes called deubig-
uitylases (DUBs). Thus, critical proteins
may be controlled by both ubiquitylation
and deubiquitylation mechanisms in a
dynamically balanced manner.

One of the most critical DUBs,
the herpesvirus-associated  ubiquitin-
specific protease (HAUSP, also known
as ubiquitin specific protease 7, USP7)
was originally identified to be associ-
ated with viral proteins such as ICPO
(herpes simplex virus type 1 regula-
tory protein) and EBNA1 (Epstein-Barr
nuclear antigen 1) during viral infection,
thereby regulating ICPO stability as well
as EBNAI transcriptional activity."? A
number of elegant studies demonstrated
that HAUSP regulates stability and
functions of several important proteins
under normal and stress conditions. For
example, in response to oxidative stress,
HAUSP inhibits nuclear localization
and transcriptional activity of FOXO4
(a forkhead box O transcription factor)

by interacting with and deubiquitylat-
ing FOXO protein.® Through a similar
mechanism, HAUSP  deubiquitylates
tumor suppressor PTEN, and thus regu-
lates its nuclear exclusion. HAUSP also
regulates the stability of another crucial
tumor suppressor p53 and its counterpart
MDM2.>¢ During early embryonic devel-
opment, HAUSP inactivation caused
early embryonic lethality and the knock-
out mice die between E6.5 and E7.5 due
to p53 activation.” Interestingly, HAUSP
and p53 double knockout mice, although
extending to a more advanced embry-
onic development, can not survive the
whole prenatal development,” suggesting
p53-independent functions of HAUSP
that may be responsible for proliferation
and differentiation.

Our recent studies published in
Nature Cell Biology demonstrated that
HAUSP prevents degradation of the
repressor element l-silencing transcrip-
tion factor (REST) through deubiqui-
tylation and thus promote maintenance
of neural stem/progenitor cells (NPCs).?
REST (also known as neuron-restricted
silencing factor, NRSF) is a central tran-
scriptional repressor of neuronal differen-
tiation. REST is highly expressed in neural
tumours, in particular medulloblastomas
and neuroblastomas, and aberrant REST
function is associated with neurodegen-
erative diseases and other pathological
states.” During neuronal differentiation,
REST protein is targeted for the ubiqui-
tin-dependent proteasomal degradation
by SCF*T® (an E3 ubiquitin ligase com-
plex).'*"" Our studies revealed that REST
protein can be stabilized by HAUSP that
antagonizes the SCFF"*-mediated ubiq-
uitylation.® We have identified a critical
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consensus site (310-PYSS-313) on REST
protein that is required for the HAUSP-
mediated deubiquitylation.® Our stud-
ies strongly suggest that deubiquitylases
may play critical roles to stabilize stem
cell transcription factors and promote
maintenance of “stemness”. As a number
of transcriptional factors (Nanog, c-Myc,
Sox2 and Oct4) serving as core regula-
tors of self-renewal and maintenance of
embryonic stem cells (ESCs) and tissue
stem cells have been found to be ubiqui-
tylated by different E3 ubiquitin ligases,
it is likely that each stem cell transcrip-
tion factor can be deubiquitylated by a
specific deubiquitylase. Identification of
such deubiquitylases will be important to
understand the molecular mechanisms of
cell fate determination of ESCs and tissue
stem cells.

Based on our recent studies and previ-
ous studies by other groups, we propose
that each stem cell transcription factor
(SCTF) is regulated by both ubiquity-
lation and deubiquitylation at post-trans-
lational level. The protein stability of each
SCTF is controlled at least by a pair of
specific deubiquitylase and ubiquitin E3
ligase. The net balance of ubiquitylation
and deubiquitylation of SCTFs could have
a significant impact on cell fate determina-
tion of stem cells (Fig. 1). Increased ubig-
uitylation of SCTFs leads to degradation
and induces cell differentiation, and dom-
inant deubiquitylation of SCTFs stabilizes
these transcription factors to promote
maintenance of stem cells. Dissecting this
paradigm of reciprocal post-translational
control in stem cell regulatory networks
not only advances stem cell biology but
may also provide new understanding of
cancer stem cells.
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Figure 1. A hypothetical model for the post-translational control of stem cell transcription factors by ubiquitylation and deubiquitylation to direct cell
fate determination of stem cells.
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