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The Usp28 deubiquitinase antagonizes Fbw7-mediated turnover of multiple oncoproteins, including Myc, Jun, and
Notch, and promotes tumorigenesis in the intestine. Our recent study reveals that Usp28 also counteracts autocatalytic
ubiquitination of Fbw7, suggesting a complex role for Usp28 in the regulation of Fbw7 activity and tumor development.

Fbw7, the substrate recognition sub-
unit of the SCF (Skp1–Cullin1–F-box
protein) ubiquitin ligase, promotes ubiq-
uitination and turnover of multiple onco-
proteins. Mutations in Fbw7 frequently
occur in human cancers (most notably in
colorectal carcinomas and T-cell leuke-
mias) and compromise substrate ubiquiti-
nation.1 Accumulation of Fbw7
substrates, such as Myc, Mcl1, and cyclin
E, fuels tumorigenesis by driving cell pro-
liferation, survival, and genomic instabil-
ity. Fbw7 also promotes its own
degradation via autocatalytic ubiquitina-
tion, either in response to signaling or
when substrate levels become low.

Fbw7-dependent substrate ubiquitina-
tion is countered by the Usp28 deubiqui-
tinating enzyme. In human tumor cell
lines, shRNA-mediated depletion of
Usp28 downregulates Myc levels and
attenuates proliferation.2 As a cysteine
protease that stabilizes Myc, a key driver
of cancer progression, Usp28 is a candi-
date oncoprotein and a potential target for
cancer therapy.

Interestingly, however, recent studies
have revealed a range of genetic alterations
in Usp28 in human tumors, including
amplifications, deletions, and point muta-
tions. For example, Usp28 is overex-
pressed in colorectal and ovarian
carcinomas, whereas prostate carcinomas

and melanomas harbor recurrent focal
deletions at the Usp28 locus.3, 4 Further-
more, Usp28 protein expression is down-
regulated in several cancer types relative to
normal tissue, suggesting that loss of
Usp28 may also be beneficial during
tumorigenesis.5

Analysis of Usp28 knockout mice
may help reconcile these controversial
observations. As expected from in vitro
studies, ablation of one allele of Usp28
uniformly downregulates Fbw7 sub-
strates in murine tissues.6 In contrast,
complete loss of Usp28 produces tis-
sue-specific effects—in the intestine
Fbw7 substrates are further downregu-
lated whereas in other tissues, includ-
ing lung, liver, and pancreas, they
match or exceed the wildtype levels.
Interestingly, Fbw7 is regulated recip-
rocally; it remains stable upon loss of
Usp28 in the intestine but is downre-
gulated in most other tissues and in
cultured mouse embryonic fibroblasts
(MEFs), suggesting that Usp28 con-
trols Fbw7 stability in a tissue-specific
manner.

Indeed, experiments in MEFs and
human tumor cells demonstrate that
Usp28 directly deubiquitinates and stabil-
izes Fbw7.6 Importantly, deubiquitination
of Fbw7 requires significantly lower levels
of Usp28 than needed for Fbw7

substrates, explaining the differential
response to mono- and biallelic deletion
of Usp28. Apparently, half of the normal
dose of Usp28 maintains stable Fbw7, but
is not sufficient for Fbw7 substrate stabili-
zation. In contrast, complete knockout of
Usp28 triggers autocatalytic ubiquitina-
tion and degradation of Fbw7, sparing
Fbw7 substrates.

Autocatalytic ubiquitin transfer by
Fbw7 is regulated by phosphorylation and
Pin1-dependent isomerization.7, 8 Consis-
tent with these findings, inhibition of
Pin1 restores Fbw7 levels and drives Fbw7
substrate degradation in Usp28-null
MEFs. In tissues of Usp28 knockout mice,
Pin1 expression inversely correlates with
Fbw7 levels, suggesting that the abun-
dance or activity of Pin1 may determine
the outcome of Usp28 loss for Fbw7
substrates.6

Usp28-dependent control of Fbw7 and
its substrates closely resembles regulation
of Mdm2 and p53 by the Hausp deubi-
quitinase. Hausp stabilizes both Mdm2
and p53, but its higher affinity for Mdm2
results in a biphasic response to the loss of
Hausp.9 Other deubiquitinase–ligase pairs
will likely exhibit a similar relationship,
revealing a common regulatory paradigm
in ubiquitin networks. But what are the
advantages of such bifunctional
regulation?
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We propose that dual control of Fbw7
activity by Usp28 maintains physiological
levels of Fbw7 substrates during homeo-
stasis (Fig. 1). Activation of Usp28 will
stabilize both Fbw7 substrates and Fbw7,
suppressing prolonged accumulation of
proto-oncoproteins. A similar principle is
observed in the regulation of several onco-
genic transcription factors; for example,
phosphorylation events that activate Myc
and Jun simultaneously prime them for
degradation, creating a time-restricted
window of activity. Potentially, such
mechanisms evolved as safeguards against
unscheduled activation of proto-oncopro-
teins and the emergence of cancer-initiat-
ing cells.

Physiological levels of Usp28 are
required to maintain Fbw7 substrates

within homeostatic boundaries. In a cell
culture model of oncogenic transforma-
tion, loss of Usp28 strongly upregulates
Fbw7 substrates and promotes anchorage-
independent growth (Fig. 1). Intrigu-
ingly, ectopic expression of Usp28 in this
system equivalently stabilizes Fbw7 sub-
strates and promotes transformation,
despite highly increased levels of Fbw7.
Thus, opposite extremes of Usp28 abun-
dance produce equivalent phenotypes
through opposite mechanisms: complete
loss destabilizes Fbw7, whereas overex-
pression stabilizes both Fbw7 and its
substrates.

A prediction derived from our analysis
is that Usp28 may function as a tumor
promoter or suppressor in different tis-
sues, depending on whether the signaling

context favors autocatalytic ubiquitination
of Fbw7. In the intestine, Usp28 deletion
does not promote Fbw7 turnover and
consequently induces Fbw7 substrate deg-
radation. Accordingly, in a mouse model
of Apcmin-driven driven intestinal cancer,
ablation of Usp28 attenuates tumorigene-
sis and prolongs survival.10

In tissues where the signaling favors
autocatalytic turnover of Fbw7, deletion
of Usp28 may functionally mimic Fbw7
loss-of-function and promote tumorigene-
sis. Our observations in MEFs predict
that under these conditions, loss and over-
expression of Usp28 may equivalently
upregulate Fbw7 substrate levels and help
establish or maintain the malignant state.
We imagine that bifunctional regulatory
motifs, similar to the Usp28–Fbw7–Fbw7
substrate circuit, are widespread in signal-
ing networks and could explain the occur-
rence of opposite genetic alterations of a
single gene in cancer.
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Figure 1. Dual regulation of Fbw7 function by Usp28 maintains cellular homeostasis. Usp28 limits
Fbw7-mediated ubiquitination of proto-oncogenic substrates, but primarily deubiquitinates and
stabilizes Fbw7. During homeostasis, the Fbw7–Usp28 complex maintains low levels of Fbw7 sub-
strates. Loss of Usp28 triggers autocatalytic ubiquitination and turnover of Fbw7, leading to the
accumulation of Fbw7 substrates and promoting oncogenic transformation. Overexpression (OE) of
Usp28 blocks both autocatalytic and substrate-directed ubiquitination by Fbw7 and equivalently
enhances cell transformation.
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