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Abstract
Tagging proteins with mono- or poly-ubiquitin is now recognized as a multifaceted and universal
means of regulating cell growth and physiology. It does so by controlling the cellular lifetime of
nearly all eukaryotic proteins and the cellular localization of many critical proteins. Enzymes of the
ubiquitin pathway add (ligases) or remove (deubiquitinases [DUBs]) ubiquitin tags to or from their
target proteins in a selective fashion. Similarly to the kinases and their corresponding phosphatases,
ubiquitin ligases and DUBs have become actively studied molecular oncology targets for drug
discovery. Approximately 79 functional DUBs exist in the human proteome, suggesting that selective
intervention is a reasonable therapeutic objective, with the goal of downregulating or ablating
oncogene products or, alternatively, upregulating or sparing tumor suppressors. In the following
review, this fascinating class of regulatory enzymes will be described, and specific examples of DUBs
that are viable targets for anticancer therapy will be considered.
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Ubiquitin & ubiquitin-like proteins
The content of most proteins in the cell is regulated by the ubiquitin–proteasomal pathway
[1]. Ubiquitin and ubiquitin-like proteins (UBLs), such as SUMO, NEDD8, ISG15 and FAT10,
regulate proteins via additional mechanisms, for example, intracellular compartmentation,
signal transduction and the regulation of some E3 ligases [2]. Degradation of a targeted protein
by the ubiquitin system involves the activation of ubiquitin by the enzyme E1, which links the
ubiquitin C-terminus to a cysteine side chain of the enzyme in an ATP-dependent manner
[1]. Activated ubiquitin is transferred as a thioester to enzyme E2, which catalyzes ubiquitin
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transfer to the ε-amino group of a lysine residue of a target polypeptide that is bound to the
third enzyme in the sequence, E3, commonly called ubiquitin ligase (Figure 1) [1].
Subsequently, additional ubiquitin moieties can be conjugated to the ubiquitin to form linear
or branch-chained poly-ubiquitinated proteins. Typically, poly-ubiquitinated polypeptides are
delivered to the proteasome complex, which hydrolyzes the polypeptide into short
oligopeptides and releases free ubiquitin, which is then recycled. The process is reversible;
ubiquitin, as well as other UBLs, can be deconjugated by proteases, referred to generically as
isopeptidases. In this review, the term isopeptidase will be used to refer to proteases that
specifically cleave ubiquitin or UBL after the terminal carboxyl group of ubiquitin (Gly76) or
UBL (Figure 1) [3]. Isopeptidases that cleave at the carboxy terminus of ubiquitin are termed
deubiquitinases (DUBs) and have been divided into five distinct groups. Four of the five
subfamilies identified to date are cysteine proteases: ubiquitin C-terminal hydrolases (UCH);
ubiquitin-specific proteases (UBP/USP); Machado-Joseph Domain (MJD) and ovarian tumor
related (OTU) [3,4]. By contrast, the JAMM motif DUBs are Zn2+-containing
metalloproteases. Collectively, direct experimental and bioinformatic approaches have
identified 90 putative DUBs, of which 79 are postulated to be functional [4]. In addition to the
DUBs, there are multiple families of UBL-specific isopeptidases, such as SENP1 and P2, which
cleave SUMO, DEN1 (SENP8), which cleaves Nedd8, and UBP43, which has been reported
to cleave ISG15 in vitro [5–7].

Importance of DUBs: roles in cancer
The approval of the proteasome inhibitor bortezomib (Velcade®) for the treatment of multiple
myeloma that had failed one prior treatment schedule validated the targeting of the proteasome
for the treatment of cancer [8]. Unfortunately, extended treatment with bortezomib is associated
with toxicity and drug resistance, limiting its efficacy [9]. By contrast, therapeutic strategies
that target specific aspects of the ubiquitin–proteasome pathway upstream of the proteasome,
including DUBs, are predicted to be better tolerated.

The crystal structures of a number of DUBs in the USP/UBP class have been resolved,
including USP7(herpesvirus-associated ubiquitin-specific protease [HAUSP]) and USP2,
providing the basis for molecular recognition studies of these proteases in their active (ubiquitin
or ubiquitin aldehyde-complexed) states [10,11]. These structural studies demonstrated that
the mechanism for ubiquitin recognition is the same for the two DUBs, which are homologous
only within their catalytic site regions, and it was hypothesized that this recognition mechanism
is common to all DUBs of the USP/UBP class (which is by far the most numerous).

Genomics has identified at least 530 human genes that putatively encode enzymes involved in
the conjugation and deconjugation of ubiquitin. Of these, at least 79 are thought to encode
functional DUBs, some of which have multiple isoforms [4,12]. Considerable progress has
been made in the study of ubiquitin conjugation, however, the study of DUBs, is still in its
nascent stages. Early research has been promising, implicating a number of DUBs, such as
USP4 (UNP), USP6 (Tre-2), USP8 (UBPY), USP28 and UCHL5 (UCH37) in neoplastic
disease. However, in the following, we will restrict our discussion to six relatively well studied
DUBs representing targets for anticancer therapy. The first five act as oncoproteins, thus,
inhibitors of these DUBs would be appropriate therapeutic agents. The sixth DUB functions
as a tumor suppressor; drug discovery efforts using this, and similar targets must be directed
at activating them or sparing them from degradation.
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Oncogene products
USP7

USP7 (HAUSP) was originally identified by its binding activity to a herpes viral protein, ICP0
[13]. USP7 plays a key role in regulating the ubiquitination of the RING-finger E3 ligase Mdm2
(and its human homolog Hdm2) [14,15]. Hdm2 binds the tumor suppressor p53 and facilitates
its degradation by the proteasome as a result of polyubiquitinating p53 [16,17]. Similar to many
other RING-finger E3 ligases, Hdm2 is capable of autoubiquitination, thereby promoting its
own proteolytic degradation [18]. Nevertheless, under normal conditions Hdm2 ubiquitinates
p53, resulting in the degradation of p53 via the proteasome (Figure 2). USP7 was originally
thought to primarily function in the deubiquitination of p53, thus increasing the level of p53
[19]. However, more recent genetic and biochemical studies have found that, with respect to
p53 and Hdm2, the primary target of USP7 is Hdm2 [14,15]. Structural biology studies
corroborated these data by revealing that Hdm2 and p53 recognized the tumor necrosis factor-
receptor associated factor (TRAF) domain of USP7 in a mutually exclusive manner and,
furthermore, that Hdm2 bound to the TRAF domain with a higher affinity than p53 [20]. Space
limitations preclude a complete description of the regulation of Hdm2 and p53, and the
consequences of the regulation of Hdm2 by USP7 are discussed in further detail below.

In contrast to the majority of human tumors, mutations or deletions of p53 in common
hematological malignancies such as multiple myeloma (MM), acute myeloid leukemia and
chronic lymphocytic leukemia (CLL) are relatively rare at initial diagnosis, and the activation
of p53 may offer a therapeutic benefit [21,22]. Importantly, a number of synthetic Hdm2
inhibitors have now been developed, including nutlin-3 (Roche), and these have been
demonstrated to induce both p53 and apoptosis in a number of p53 wild-type tumors [23,24].
Nutlin-3a was found to activate p53 and induce apoptosis in p53 wild type, but not in p53
mutant MM and CLL cells [25,26]. Furthermore, nutlin-3a induced p53 and cell death in the
majority of the primary human MMs, even in the presence of bone marrow stromal cells
[25]. These observations suggest that promoting Hdm2 degradation by inhibiting USP7 and,
thus, activating the tumor suppressor p53 will offer a therapeutic benefit for treating a range
of p53 wild-type cancers.

An additional target of USP7 is the forkhead transcription factor, forkhead box class O (FOXO)
4. FOXO transcription factors are post-translationally regulated by phosphorylation,
acetylation and ubiquitination [27,28]. Over-expression of FOXO4 induces growth
suppression in cell lines, including a Ras transformed cell line, by transcriptionally activating
the cyclin-dependent kinase inhibitor p27 [29]. One mechanism of FOXO4 activation is mono-
ubiquitination and subsequent translocation to the nucleus following an increase in oxidative
stress [28]. Subsequently, USP7 deubiquitinates FOXO4 in a p53-independent manner,
resulting in nuclear export and providing a mechanism for inactivating FOXO4 [28]. Hence,
an additional benefit of inhibiting USP7 may be to prevent the abrogation of FOXO4 activity.

USP2a
The two isoforms of USP2, USP2a (USP2–69; UBP-t2) and USP2b (USP2–45; UBP-t1), were
originally detected by a cloning strategy designed to identify USP enzymes in rat testes [30].
As products of alternative splicing at the 5′ end of the gene, both isoforms share a common
catalytic core domain at the 3′ end of the gene [30–32]. An additional variant of USP2, UBP41,
has been reported, however, subsequent studies described the lack of an appropriate initiation
codon and suggested that this isoform may be a sequencing artifact representing the catalytic
core domain of USP2 and a short N-terminal extension [32,33]. In vitro studies suggested that
the amino terminal extensions of USP2a and 2b inhibited the isopeptidase activity of the
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catalytic core domain, yet the catalytic core and USP2a were both able to deubiquitinate high
molecular weight proteins from testis extracts with high efficiency [31].

Overexpression of the catalytic core domain of USP2 (identified as UBP41 in the paper)
induced apoptosis in human 293T cells [34]. The authors were unable to identify any specific
substrates of UBP41, but observed a large decrease in high molecular weight ubiquitin
conjugates and, thus, concluded that overexpression of UBP41 interfered with the ubiquitin
proteasome system. By contrast, USP2a has been reported to have an anti-apoptotic function
in prostate cancer. USP2a is androgen-regulated and overexpressed in prostate tumors [35].
The functional consequence of USP2a overexpression is the stabilization of fatty acid synthase
(FAS) (Figure 3) [35,36]. Recently, FAS has been recognized as an emerging oncology target.
For example, FAS is overexpressed in many tumors, including prostate cancer, and FAS
expression correlates significantly with the tumor grade in human prostate cancer [37]. In
addition, FAS inhibition in estrogen receptor (ER)-positive breast and endometrial cancer
modulates ER expression, ER-dependent gene transcription and tumor cell death by promoting
apoptosis [38]. Inhibition of FAS by 4-methylene-2-octyl-5-oxo-tetrahydro-furan-3-
carboxylic acid (C75) or cerulenin results in a reduction in cell proliferation and induction of
apoptosis in some tumor cell lines [39,40]. Specific knockdown of USP2a using small
interfering (si)RNA increases polyubiquitinated FAS levels (in the presence of the proteasome
inhibitor MG132), demonstrating that USP2a deubiquitinates FAS in LNCaP cells [35]. In
addition, USP2a siRNA reduces FAS protein levels and induces apoptosis in LNCaP cells
[35]. Further proof of the oncogenic role of USP2a was provided by the observation that ectopic
expression of USP2a in nontransformed cells promotes oncogenic behavior in vitro and in
vivo [36]. Notably, Priolo and colleagues also demonstrated that, in addition to FAS, Hdm2
was deubiquitinated by USP2a, further highlighting the importance of USP2a as a therapeutic
target.

Associated molecule with the SH3-domain of signal-transducing adaptor molecule
Recently, Urbe and colleagues described a JAMM domain-containing protein that is linked
with the signal transduction associated with the endosomal sorting (trafficking between the
membrane and endosomal/lysosomal compartments) of the epidermal growth factor receptor
(EGFR). This protein has been named Associated Molecule with the SH3-domain of signal-
transducing adaptor molecule (STAM; AMSH), a protein that regulates receptor endosomal
sorting [41]. The EGFR regulates numerous cellular functions by initiating signal transduction
cascades [42]. During the cellular lifetime of the EGFR, it is recycled from the membrane to
the early (sorting) endosome, before finally being selected for sorting to the late endosome and
lysosome, where it is degraded by acid proteases. The EGFR participates in signal transduction
both at the membrane and in the early endosome compartment.

Whilst much of the signaling is concerned with the regulation of cell growth and other
functions, one component of signal transduction regulates the trafficking of the EGFR itself.
The E3 ligase Cbl mediates the ubiquitination of phosphorylated EGFR. Subsequent signaling
events result in the degradation of the receptor in late endosomes/lysosomes. According to a
recent model, ubiquitinated-EGFR is recognized by the protein Hrs at the endosomal surface,
whereupon further interactions with the endosomal-associated complex required for transport
result in translocation to internal vesicles of the multivesicular body, committing EFGR to
protease degradation in the lysosome [41]. McCullough and colleagues demonstrated that
recombinant AMSH functions as a DUB in vitro [41]. In addition, ablation of AMSH activity
by the incubation of cells with AMSH siRNA enhances the degradation of EGFR [41].

These observations lead to the hypothesis that AMSH inhibitors will decrease the cellular
content of EGFR and have activity against EGFR-mediated diseases, the pre-eminent of which
is cancer [42]. Space limitations prohibit an adequate discussion of the complete signal
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transduction scheme that interacts with, and governs, the membrane–endosomal trafficking of
EGFR and other receptors. However, given the results obtained with siRNA, the therapeutic
hypothesis associated with AMSH exists independently of these details. If a compound can be
found to selectively inhibit AMSH, then diseases that are linked to EGFR activity can be
addressed by upregulating the natural, physiological destruction of the receptor, rather than by
introducing a nonphysiological, potentially toxic mechanism of intervention.

USP20 & USP33
von Hippel-Lindau disease (VHL) is characterized as an autosomal-dominant disease that
predisposes individuals to a variety of tumors, including clear cell carcinomas of the kidneys,
hemangioblastomas in the CNS and retina and islet cell tumors of the pancreas [43,44]. Whilst
most of the tumors are benign, VHL patients have a lifetime risk of more than 70% of
developing renal clear cell carcinomas, the principal cause of mortality of patients with VHL
disease [44]. VHL disease is a consequence of mutations in the pVHL protein, which is a
component of an E3 ligase, consisting of elongin B, elongin C and Cullin 2 [43]. USP33 (VHL-
interacting deubiquitinating enzyme 1) was originally identified as a protein that interacts with
pVHL by a yeast two-hybrid screen [45]. Subsequent homology searches of the GenBank
database identified a related protein, USP20 (VDU2) [46]. USP33 and USP20 proteins have a
shared identity of approximately 59%, with strong homology at the amino and carboxy termini.
Further analysis reveals that USP20 and USP33 have a higher homology with each other than
with other members of the USP family. Both USP20 and USP33 bind competitively to the
substrate recognition β-domain of pVHL, a region commonly mutated in patients with VHL
disease [45,46]. Furthermore, USP20 and USP33 have been demonstrated to undergo
ubiquitination by the pVHL E3 ligase complex in vitro and in transiently transfected
transformed African green monkey kidney fibroblast cells (COS-7) cells [45,46].

An additional substrate of the pVHL E3 ligase complex is the α-subunit of the hypoxia-
inducible factor (HIF)1. HIF1 is a heterodimeric transcription factor consisting of an α-subunit
and a constitutively expressed β subunit, and regulates genes involved in angiogenesis,
metastasis, cell survival and glucose metabolism, and it is overexpressed in many human
cancers [47]. In contrast to HIF1β, HIF1α, protein levels are highly regulated. Under conditions
of normoxia, prolyl hydroxylases modify Pro402 and 564 of HIF1α resulting in the binding of
the hydroxylated HIF1α to the pVHL E3 ligase complex and subsequent ubiquitination and
degradation by the proteasome. By contrast, during hypoxia, the concentration of oxygen
becomes rate-limiting for the prolyl hydroxylases and there is an accumulation of HIF1α
protein and an increase in HIF1 activity [47]. Interestingly, Li and colleagues demonstrated
that USP20, but not USP33, binds to HIF1α in vitro and deubiquitinates HIF1α in transfected
human epithelial kidney (HEK)293 cells [48]. Furthermore, the ectopic expression of USP20
increases steady-state levels of HIF1α in HEK293 cells under normoxic conditions. In addition,
overexpression of USP20 significantly increases hypoxia-inducible element gene transcription
in a reporter assay. The tight regulation of USP20 and USP33 protein levels by the tumor
suppressor, pVHL, suggests that USP20 and USP33 proteins play a role in carcinogenesis.
Intriguingly, a recent study found that USP33 was overexpressed in B-cell acute lymphoblastic
leukemia (ALL) relative to the T-cell ALL [49]. Furthermore, given the ability of HIF1 to
activate genes that promote carcinogenesis, USP20 may be an important therapeutic target for
the treatment of a number of different types of cancer.

Tumor suppressor
Cylindromatosis gene

The tumor suppressor role of the protein encoded by the cylindromatosis gene (CYLD), which
is mutated in familial cylindromatosis, is well established. Mice in which CYLD is knocked
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out are prone to chemical tumorigenesis [50], and CYLD levels are downregulated in diverse
tumor types [51,52]. In addition, it has recently been established that the CYLD gene product
is a DUB that removes lysine 63-linked ubiquitin chains from TRAF2, blocking its ability to
activate the IκB kinase, IKK, thereby inhibiting activation of the transcription factor nuclear
factor (NF)-κB, which would otherwise lead to anti-apoptotic gene expression and a survival
phenotype [53]. In addition, CYLD removes a single ubiquitin from the oncoprotein Bcl3,
preventing its entry into the nucleus and the promotion of proliferation-linked transcription by
interacting with nuclear factor (NF)-κB subunits [50]. Thus, CYLD potentially blocks tumor
formation and maintenance by both antiproliferative and proapoptotic mechanisms. The
hypothesis that a loss of CYLD function can be relieved through treatment with aspirin
derivatives that inhibit NF-κB activity was validated by the observation that treatment of
cylindromatosis patients with a topical preparation of salicyclic acid leads to some complete
remissions [53,54]. Similar therapeutic effects may be possible using drugs that activate
CYLD.

Conclusions
In this review we have described six different DUBs and their roles in neoplastic disease. In
some cases, the DUB acts directly on an oncogene; in the case of USP7 it acts on the regulator
of a tumor suppressor and, in the case of CYLD, the DUB acts on the regulator of a prosurvival
transcription factor. In all cases, however, modulation of DUB activity has the potential to offer
therapeutic benefit for the treatment of cancer.

Future perspective
Originally, the notion that a therapy as toxic as a proteasome inhibitor could be efficacious for
the treatment of cancer was viewed with a great deal of skepticism. However, the clinical trials
and subsequent approval of the proteasome inhibitor bortezomib have demonstrated that
functional blockade of the proteasome is a viable therapy for MM [8]. Still, however, prolonged
exposure to bortezomib is associated with toxicity [9]. To address this observation, a more
targeted approach is required. Considerable effort has been made to study ubiquitin conjugation
with some preclinical success, but this is yet to translate to the clinic. We believe that the direct
targeting of isopeptidases offers an alternative strategy for a targeted therapy. As with all
enzymes, it should be noted that modulating aberrant DUB activity in cancer may result in
unwanted side effects. However, it is hoped that these side effects would be minimal relative
to those experienced by patients undergoing conventional cytotoxic chemotherapies or
treatment with a proteasome inhibitor such as Bortezomib.

No DUB inhibitors (or activators) have successfully entered the clinic, however, an
understanding of the mechanism of action of CYLD in cylindromatosis allowed Oosterkamp
and colleagues to perform the first proof-of-concept study in humans [53,54]. These data
further validate DUBs as viable therapeutic targets for cancer treatment.

Additionally, owing to space limitations, the foregoing did not address the potential for
targeting UBL isopeptidases. UBLs have been shown to be critical for the regulation of
numerous processes, such as cellular localization, transcriptional regulation, signal
transduction and, perhaps most pertinently, the regulation of some E3 ligases [2]. The scientific
community is only beginning to explore the role of isopeptidases in tumorigenesis, and we
predict rapid progress over the next decade, culminating in the clinical trials of one or more
isopeptidase inhibitors for the treatment of cancer.
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Resolving the compound discovery bottleneck
One of the primary hurdles in the discovery and development of compounds that modulate
DUB activity is the lack of a high fidelity, robust, high-throughput assay for the screening for
inhibitors/activators of USPs. Progenra [101] has developed such an assay and is now screening
for small molecules that act to modulate DUB activity [55]. One of the key advantages of the
Progenra assay is its ability to rapidly screen compounds against multiple UBL isopeptidases.
As a consequence of our, and other companies', screening campaigns, we anticipate that
multiple DUB inhibitors will be entering the clinic in the next decade.

Executive summary

Ubiquitin & ubiquitin-like proteins
• The cellular content of the majority of proteins is regulated by the ubiquitin–

proteasome system.
• Ubiquitin is conjugated to proteins by the sequential action of E1, E2 and E3

enzymes and deconjugated by deubiquitinating enzymes (DUBs).
• Ubiquitin and ubiquitin-like proteins (UBLs) also regulate protein function by

post-translational modifications.

Importance of DUBs: roles in cancer
• The approval of bortezomib validated targeting the proteasome as a treatment for

cancer, but was associated with toxicities. The targeted therapeutic approach of
directly inhibiting DUBs is predicted to be better tolerated.

• Genomics has identified at least 530 human genes that are thought to encode
enzymes involved in the addition or removal of ubiquitin; at least 79 are thought
to encode functional DUBs. Considerable study has been invested in the study of
ubiquitin conjugation; less attention has been given to DUBs.

USP7
• USP7 deubiquitinates the E3 ligase Hdm2, resulting in increased levels of Hdm2

and decreased levels of the tumor suppressor p53.
• Inhibitors of USP7 are predicted to offer therapeutic benefit in p53 wild-type

tumors, such as hematological malignancies, by activating p53.
• Inhibitors of USP7 are also postulated to prevent abrogation of FOXO4 activity,

and thus promote growth suppression.

USP2a
• Ectopic expression of USP2a promotes oncogenic behavior in vitro and in vivo.
• USP2a deubiquitinates the anti-apoptotic enzyme, fatty acid synthase (FAS), in

prostate cancer cells. Therefore, inhibitors of USP2a are predicted to promote FAS
degradation and apoptosis.

• USP2a is also reported to deubiquitinate Hdm2.
• Inhibition of FAS is also thought to increase apoptosis in estrogen-receptor-

positive breast and endometrial cancer, potentially increasing the indications for
inhibitors of USP2a.

Associated molecule with the SH3-domain of signal-transducing adaptor molecule
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• Regulates epithelial growth factor receptor (EGFR) degradation by removing
ubiquitin from EGFR, thus rescuing EGFR from degradation by the lysosome.

• Inhibition of the associated molecule with the SH3-domain of signal-transducing
adaptor molecule (STAM; AMSH) by small interfering (si)RNA enhanced the
degradation of EGFR, thus, inhibitors of AMSH are predicted to downregulate the
cellular content of EGFR, an important cancer target.

USP20 & USP33
• USP20 and USP33 bind competitively to the β-domain of von Hippel-Lindau

(VHL) disease, the substrate-binding component of an E3 ligase complex, and are
subsequently ubiquitinated.

• The tight regulation of USP20 and USP33 protein levels by the tumor suppressor
pVHL suggests that USP20 and USP33 proteins play a role in carcinogenesis.

Cylindromatosis
• In contrast to the other DUBs discussed above, cylindromatosis (CYLD) is a tumor

suppressor which is mutated in familial cylindromatosis and downregulated in
diverse tumor types.

• CYLD deubiquitinates tumor necrosis factor receptor-associated factor-2,
preventing it from activating nuclear factor (NF)-κB, via activation of the IκB
kinase, IKK. Therefore, activation of CYLD is predicted to abrogate the activity
of the prosurvival transcription factor, NF-κB.

• CYLD also deubiquitinates the oncogenic transcription factor Bcl3, preventing it
from localizing to the nucleus.

• Inhibition of NF-κB activation by aspirin resulted in complete remission for some
patients with familial cylindromatosis.

Future perspective
• To date, no DUB inhibitors or activators have been tested in the clinic, however,

functional ablation of NF-κB activation in cylindromatosis patients provides a
proof-of-concept for modulating DUB activity in cancer.

• Isopeptidases that cleave other UBLs are also relevant to the progression of
neoplastic disease and are only just beginning to be explored by the scientific
community.

• Novel high-throughput, high-fidelity assays, such as the one developed by
Progenra, will enable the rapid determination of selective modulators of DUBs
and speed the progress of lead compounds to the clinic.
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Figure 1. Ubiquitin pathway showing ubiquitin conjugation (E1, E2 and E3) and DUB activities
In some cases, ubiquitin chain assembly factor (E4) has been shown to enhance the conjugation
of ub to certain substrates (not shown).
AMP: Adenosine monophosphate; DUB: Deubiquitinase; PPi: Phosphate; ub: Ubiquitin.
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Figure 2. USP7 preferentially deubiquitinates Hdm2
Relative to p53, USP7 has a higher affinity for Hdm2, thus USP7 preferentially deubiquitinates
Hdm2, preventing Hdm2 from inducing its own degradation due to autoubiquitination.
Subsequently, Hdm2 ubiquitinates p53, which is degraded by the proteasome. An inhibitor of
USP7 is predicted to promote the degradation of Hdm2 and therefore abrogate the degradation
of p53 by the ubiquitin proteosome system.
ub: Ubiquitin; USP: Ubiquitin-specific protease.
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Figure 3. Model for inhibition of USP2a
An inhibitor of USP2a is predicted to promote the degradation of FAS, thus abrogating the
antiapoptotic activity of FAS.
FAS: Fatty acid synthase; ub: Ubiquitin; USP: Ubiquitin-specific protease.
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