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Ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1, aka PGP9.5) is an abundant, neuronal deubiquitinating enzyme that has
also been suggested to possess E3 ubiquitin-protein ligase activity and/or stabilize ubiquitin monomers in vivo. Recent evidence
implicates dysregulation of UCH-L1 in the pathogenesis and progression of human cancers. Although typically only expressed
in neurons, high levels of UCH-L1 have been found in many nonneuronal tumors, including breast, colorectal, and pancreatic
carcinomas. UCH-L1 has also been implicated in the regulation of metastasis and cell growth during the progression of nonsmall
cell lung carcinoma, colorectal cancer, and lymphoma. Together these studies suggest UCH-L1 has a potent oncogenic role and
drives tumor development. Conversely, others have observed promoter methylation-mediated silencing of UCH-L1 in certain
tumor subtypes, suggesting a potential tumor suppressor role for UCH-L1. In this paper, we provide an overview of the evidence
supporting the involvement of UCH-L1 in tumor development and discuss the potential mechanisms of action of UCH-L1 in
oncogenesis.

1. Introduction
Ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1, aka
PGP9.5) is an abundant neuronal protein consisting of
223 amino acids [1]. The best understood function of
UCH-L1 is its deubiquitinating enzyme (DUB) activity that
catalyzes hydrolysis of C-terminal esters and amides of
ubiquitin (Ub) to generate monomeric Ub [2, 3]. In addition
to its DUB activity, UCH-L1 has also been suggested to
possess a putative, dimerization-dependent E3 ubiquitinprotein ligase activity and/or have a role in stabilizing Ub
monomers in vivo [4, 5]. As a DUB, UCH-L1 facilitates Ub
recycling and, therefore, can regulate the cellular pool of
available Ub [6], giving UCH-L1 the capacity to modulate
many ubiquitin-dependent cellular processes. Although its
exact physiological function remains unclear, a growing
body of evidence implicates UCH-L1 in the progression of
human malignancies. Currently, the specific role of UCHL1 in cancer pathogenesis is not known. UCH-L1 has been
reported to be upregulated in several tumor tissues and
cancer cell lines [7–13] and has been suggested to function
as an oncogene in the progression of many cancers including

lymphoma [11], colorectal cancer [14], and nonsmall cell
lung carcinoma [8]. Conversely, studies have been put forth
designating UCH-L1 as a tumor suppressor in the pathogenesis of nasopharyngeal [15] and breast [16] cancer. Despite
the controversy regarding the exact function of UCH-L1
in oncogenesis, these studies suggest that UCH-L1 is an
important regulator of tumor formation and maturation.
Here, we review the current knowledge of the function and
mechanisms of actions of UCH-L1 in tumorigenesis.

2. Functions of UCH-L1 in the UPS
The ubiquitin-proteasome system (UPS) is a major intracellular proteolytic pathway that facilitates the degradation
of normal cellular proteins as well as the clearance of
misfolded and damaged proteins [17]. In the UPS, protein
substrates are tagged with polymers of a 76-amino-acid
polypeptide, ubiquitin (Ub), followed by recognition and
degradation by the 26S proteasome. This process is facilitated
by the sequential actions of at least three classes of enzymes:
ubiquitin-activating enzymes (E1), ubiquitin-conjugating
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enzymes (E2), and ubiquitin-protein ligases (E3). First, an
E1 activates Ub at the expense of ATP. Next, activated Ub
is transferred to an E2 enzyme. Finally, an E3 specifically
recognizes its protein substrate, which can be in its normal
conformation or misfolded, and catalyzes the transfers of
activated Ub from an E2 to the substrate. Successive addition
of Ub to a lysine residue of a previously conjugated Ub
results in the formation of a polyubiquitin chain. K48-linked
polyubiquitin chains serve as a recognition signaling for
proteasomal degradation. Once ubiquitinated substrates are
transferred to the proteasome, DUBs remove the Ub chain,
allowing for free Ub monomers to be recycled. Monoubiquitination and noncanonical polyubiquitination (e.g., K63
ubiquitin linkages) of proteins have been implicated in
nonproteasomal cellular processes, including endocytosis,
traﬃcking, cell signaling, DNA damage repair, and modifications of histones [17, 18].
UCH-L1 was first identified as a member of the ubiquitin
carboxyl-terminal hydrolase (UCH) family of DUBs with
cysteine protease activity in the late 1980s [1]. UCH-L1 is
an abundant neuronal protein, comprising approximately
2% of total brain protein [1, 19]. Although low levels
of UCH-L1 protein have been reported to be present in
kidneys, breast epithelium, and reproductive tissues [20, 21],
UCH-L1 is absent in most other tissues [1, 19, 22, 23].
UCH-L1 appears to play an important role in neurons,
as mice lacking functional UCH-L1 have been reported to
exhibit neuronal dysfunction and neurodegeneration [24,
25]. At the subcellular level, UCH-L1 is primarily found
in the cytoplasm [26], but recent reports indicate that a
subpopulation of UCH-L1 can be transiently localized to the
nucleus [13, 27]. Biochemical studies revealed that UCH-L1
hydrolyzes Ub at its C-terminal glycine residue to generate
monomeric Ub in vitro [1] and that this activity is dependent
upon the catalytic residues C90 and H161 [2]. Analysis
of UCH-L1 crystal structure indicates that these catalytic
residues are not accessible to large polymers of Ub and
suggest that UCH-L1 preferentially binds monomeric Ub
and small adducts of Ub [28]. It is possible that substrate
binding and/or the presence of cofactors may induce a
conformational change, allowing UCH-L1 to process larger
Ub chains. However, this has not yet been demonstrated
in vitro or in vivo. Thus, UCH-L1 is best understood to
function as a cysteine protease capable of hydrolyzing small
Ub moieties.
Although the exact function of UCH-L1 is not fully
understood, several studies suggest that UCH-L1 regulates
the cellular pool of free Ub (Figure 1). First, UCH-L1 has
been reported to cleave the ubiquitin gene products UbB
and UbC and the ribosomal ubiquitin fusion protein UbA80
to generate monomeric Ub [29], leading to an increase in
the level of free Ub (Figure 1). UCH-L1 may also elevate
free Ub levels by facilitating recycling of Ub (Figure 1).
Next, it has also been suggested that UCH-L1 plays a role
in stabilizing Ub monomers by binding to monomeric
Ub and preventing its lysosomal degradation (Figure 1)
[4]. Association of UCH-L1 with monomeric Ub occurs
independently of the catalytic C90 residue, indicating that
mono-Ub binding is not dependent upon UCH-L1 hydrolase
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activity [4]. The role of UCH-L1 in the regulation of the
free Ub pool is also supported by the observation that
levels of monomeric Ub are decreased in gracile axonal
dystrophy (gad) mice, which lack functional UCH-L1 [4]
In contrast to other DUBs, in vitro studies indicate that
UCH-L1 does not directly catalyze the deubiquitination of
ubiquitinated protein substrates [29]. Moreover, no in vivo
UCH-L1 substrates have been identified thus far. Collectively,
current evidence suggests that UCH-L1 functions to increase
the cellular pool of free Ub by hydrolyzing small Ub chains
and stabilizing monomeric Ub rather than by directly acting
on polyubiquitinated substrates.
UCH-L1 has been reported to possess putative, dimerization-dependent E3 ligase activity in addition to its
hydrolase function (Figure 1) [5]. In vitro studies show that
dimeric UCH-L1 promotes K63-linked polyubiquitination
of α-synculein [5]. Unlike other E3 ligases, UCH-L1 E3
ligase activity was observed in the absence of ATP [5], which
diﬀers from the mechanism of conventional ubiquitination
[17, 18]. It is currently not known whether UCH-L1 exhibits
E3 ligase activity in vivo. Further investigation into UCH-L1
enzymatic function is needed to understand its role in health
and disease.

3. UCH-L1 as a Positive
Regulator of Tumorigenesis
Although UCH-L1 is almost exclusively expressed in neurons
[1, 19], proteomic screens have revealed that UCH-L1 is
present in many nonneuronal human tumors (Table 1)
including adenocarcinoma [35], pancreatic ductal carcinoma
[36], and squamous cell carcinoma [31]. Similarly, microarray profiling analyses show UCH-L1 mRNA is upregulated
in several breast cancer tumor types [37] and medullary
thyroid carcinoma tumors [38]. UCH-L1 mRNA has also
been shown to be elevated in gall bladder and colorectal
tumor tissues as a result of hypomethylation of the UCHL1 promoter [39, 40]. High levels of UCH-L1 protein have
also been observed in many human tumor-derived cell lines
(Table 1) such as those cultured from lung [8], prostate [41,
42], and bladder tumors [43] as well as B-cell lymphomas
[44] and osteosarcomas [45]. The presence of UCH-L1 in
nonneuronal tumor tissues and cancer cell lines suggests
that increased levels of UCH-L1 may promote oncogenic
transformation and, therefore, point to a possible role for
UCH-L1 as an oncogene in cancer pathogenesis.
The potential oncogenic function of UCH-L1 is supported by a number of clinical studies demonstrating that
UCH-L1 expression level in tumors is inversely correlated
with patient survivability [14, 36, 37]. High levels of UCH-L1
mRNA in breast tumors have been reported to be associated
with poor prognosis in patients [37]. Likewise, elevated
UCH-L1 mRNA in colorectal tumors is associated with
higher incidence of tumor recurrence and shorter survival
time [14]. Moreover, UCH-L1 expression in pancreatic
ductal tumors is correlated with decreased patient survival
[36]. Together, these data suggest that UCH-L1 is involved in
tumor maturation.
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Figure 1: Molecular functions of ubiquitin c-terminal hydrolase L1. (1) UCH-L1 can hydrolyze ubiquitin pro-proteins to generate
monomeric ubiquitin (Ub) [29]. (2) UCH-L1 may also facilitate Ub recycling by processing Ub chains. (3) UCH-L1 has been reported to
stabilize monomeric Ub by binding to Ub and preventing its degradation by the lysosome [4]. Collectively, these functions (1, 2, and 3) give
UCH-L1 control over the availability of free Ub and, therefore, the potential to influence many ubiquitination-dependent cellular processes,
including proteasomal degradation, DNA damage repair, traﬃcking, cell signaling, endocytosis, and lysosomal degradation. (4) Dimerized
UCH-L1 may possess ATP-independent E3 ligase activity that facilitates K63-linked polyubiquitination [5], although it is currently unclear
whether this putative E3 ligase activity directly regulates ubiquitination of protein substrates in vivo. (5) Altered expression of UCH-L1 may
cause changes to the free Ub pool, resulting in abnormal K48-linked polyubiquitination and proteasomal degradation. (6) Changes in the
free Ub pool may also aﬀect mono- and K63-linked polyubiquitination, leading to altered nonproteasomal functions and tumorigenesis.

To determine whether upregulation of UCH-L1 is a result
of oncogenic transformation or itself a driving force of
tumorigenesis, the direct involvement of UCH-L1 in cancer
pathogenesis has been investigated. In vitro tumorigenesis
studies show that UCH-L1 stimulates oncogenic transformation and invasion in nonsmall cell lung carcinoma [8]
and colorectal cancer [14] cells, suggesting that UCH-L1
may function as an oncogene in these cancers. Furthermore,
Hussain et al. have demonstrated that transgenic mice
constitutively expressing UCH-L1 under the control of a
CAGGS promoter form sporadic tumors in all tissues [11].
Of these tumors, lymphomas are the most prevalent [11].

Further investigation revealed that shRNA-mediated knock
down of UCH-L1 in immortalized B cells decreased cell
growth and viability, suggesting UCH-L1 promotes the
development of lymphomas by inhibiting cell death and by
stimulating proliferation [11]. Collectively, these data suggest
UCH-L1 is a potent oncogene with the capacity to promote
tumorigenesis in many diﬀerent cell types.
Recently, it has been suggested that UCH-L1 promotes
cancer cell motility and invasion, which may contribute to
its oncogenic role. Overexpression of UCH-L1 in HCT8
colorectal cancer cells has been reported to enhance cell
migration [9]. Additionally, Kim et al. have shown that
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Table 1: Aberrant expression of UCH-L1 in tumor tissues and cancer cells.

Elevated UCH-L1

Down-Regulated UCH-L1
Malignant Tumors

Squamous cell carcinoma [31]

Prostate tumors [46]

Medullary thyroid carcinoma tumors [38]

Primary breast cancer tumors [16]

Osteosarcoma [45]

Primary nasopharyngeal carcinoma [10]

Adenocarcinoma [35]

Colorectal carcinoma [47]

Metastatic colorectal cancer tumors [9]

Melanoma [48]

Breast cancer tumors [37]

Diﬀuse-type gastric cancer [34]

Pancreatic ductal carcinoma tumors [36]
Parathyroid carcinoma [49]
Transformed Cells
SaOS-2 osteosarcoma cells [45]

LNCaP prostate cancer cells [50]

BLZ-211 and BLS-211 bladder cancer cells [43]
BL30, X-50/7, KR4, Raji, KR4 B-cell lymphoma cells [44]
HCT8 colorectal cancer cells [9]
DU154 prostate cancer cells [41, 42]
H157, W138, H358 lung carcinoma cells [8]

siRNA-mediated knock down of UCH-L1 reduces H157 lung
carcinoma cancer cells migration in vitro [8]. They further
demonstrated that depletion of UCH-L1 attenuates lung
metastasis in vivo in a murine xenograft model [8]. UCH-L1
stimulates prostate cancer cell migration and invasion as well
by promoting epithelial-to-mesenchymal transition (EMT)
[41]. UCH-L1 level also appears to be correlated with cancer
cell metastatic capacity. While UCH-L1 is found in many
lung carcinoma cell lines, it is further upregulated in high
metastatic lines [8]. Likewise, low metastatic LNCaP and
RWPE1 prostate cancer cells do not express UCH-L1, while
high metastatic DU145 prostate cancer cells abundantly
express UCH-L1 [41]. These studies suggest that UCHL1 promotes cancer cell metastasis. Further studies are
needed to determine how UCH-L1 regulates cell motility and
invasion.
Despite growing evidence implicating UCH-L1 as a
positive regulator of tumor growth and development, the
mechanism by which UCH-L1 conveys oncogenesis is not
fully understood. Many of the investigations into the role of
UCH-L1 in cancer have focused on upregulation of UCHL1 in tumor tissues and cancer cells. However, little is
known about changes in UCH-L1 enzymatic activity during
tumorigenesis. Although one group has observed a decrease
UCH-L1 hydrolase activity in cervical carcinoma tissues and
an increase in hydrolase activity in transformed keratinocytes
[12], the role of UCH-L1 enzymatic function(s) in cancer
is largely unknown. Furthermore, no evidence of genetic
amplification of UCH-L1 or oncogenic mutations in UCHL1 have been reported to date, although a Parkinson’s
disease-linked mutation has been identified [51]. Elucidation of UCH-L1 enzymatic activity in tumorigenesis and
investigation into oncogenic genetic alterations of UCH-L1
may provide insights into the role of this enzyme in cancer
pathogenesis.

4. UCH-L1 as a Potential Tumor Suppressor
In contrast to the body of literature identifying UCHL1 as an oncogene, several reports have been put forth
suggesting UCH-L1 acts as a tumor suppressor during the
pathogenesis of certain cancers [10, 16, 46, 50]. Contrary
to previous reports proposing UCH-L1 enhances the progression of prostate cancer [41, 42], two recent studies
from Ummanni et al. suggest that UCH-L1 attenuates
prostate tumor growth and maturation [46, 50]. UCH-L1
may possibly act as a tumor suppressor in breast cancer
pathogenesis as well [16, 52]. In contrast to previous
studies demonstrating that UCH-L1 is upregulated in breast
tumors [21, 37], UCH-L1 mRNA expression was reported
to be decreased in several breast carcinoma cell lines [16].
Moreover, ectopic expression of UCH-L1 in breast cancer
cells caused a decrease in anchorage-independent cell growth
and an increase apoptosis, suggesting UCH-L1 may act
as a negative regulator of breast tumorigenesis [16, 52].
UCH-L1 has also been implicated in the suppression of
nasopharyngeal carcinoma as UCH-L1 mRNA expression
is decreased in many nasopharyngeal tumors [10]. Lastly,
UCH-L1 promoter methylation is elevated in malignant
prostate tumors [46], primary breast tumors [16], and
nasopharyngeal carcinomas [10]. Similarly, several breast
cancer [16] and gastric cancer cell lines [34] exhibit enhanced
methylation of UCH-L1 promoter sequences, resulting in
decreased UCH-L1 transcription (Table 1). Taken together,
these observations suggest that UCH-L1 may function as a
tumor suppressor, particularly in prostate [46, 50], breast
[16, 52], and nasopharyngeal [10] carcinomas.
There are a number of possible reasons for the discrepancies in the observed oncogenic and tumor suppressor functions of UCH-L1 in tumorigenesis. First, studies
suggesting UCH-L1 attenuates prostate cancer progression
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[46, 50] focused on the behavior of low metastatic prostate
cancer cells, while those implicating UCH-L1 as a positive
regulator of prostate tumorigenesis [41, 42] investigated
more mature prostate tumors and cell lines. Whether UCHL1 elicits diﬀerent eﬀects as prostate tumors become more
malignant remains to be investigated. Next, many studies
have suggested UCH-L1 functions as a tumor suppressor
based on observed decreases in UCH-L1 mRNA in tumor
tissues and transformed cells [10, 16, 34, 47, 48]. However, it
is not known whether diﬀerences in UCH-L1 transcription
in these tumors and cells result in changes in UCH-L1
protein level and/or UCH-L1 enzymatic activity. Finally,
UCH-L1 is absent or expressed at very low levels in all
nonneuronal tissues [1, 19, 22, 23], raising an important
question regarding the reported tumor suppressor role for
UCH-L1: how can a reduction in UCH-L1 mRNA in tissues
that normally express little to no UCH-L1 protein convey
oncogenic transformation? To address this question, the
normal expression pattern and/or physiological role of UCHL1 in nonneuronal tissues need to be clarified.

5. Potential Mechanisms of Actions of
UCH-L1 in Tumorigenesis
Currently, the precise mechanism(s) of UCH-L1-mediated
tumorigenesis are not fully understood. Previous studies
have identified several cancer-related signaling processes that
are regulated by UCH-L1, which may contribute to its role
in oncogenesis. In particular, UCH-L1 has been implicated
in the regulation of cell cycle progression, cell survival, cell
motility, and invasion (Figure 2).
5.1. UCH-L1 Enzymatic Activity and Oncogenesis. Disruption of UPS function has been implicated in cancer pathogenesis and progression [53] and many cancer-related cellular processes are controlled by ubiquitination, including cell
division, growth factor signaling, DNA damage repair, and
apoptosis [54–57]. As previously stated, UCH-L1 hydrolyzes
small Ub molecules to generate free Ub and also stabilizes
monomeric Ub [4, 29] (Figure 1). Through these functions,
UCH-L1 can increase the free pool of Ub and, therefore,
indirectly aﬀect many ubiquitination-dependent cellular
activities. In a pathogenic state, UCH-L1 dysfunction has
the potential to alter the cellular levels of monomeric Ub,
possibly causing global changes in protein ubiquitination.
Therefore, aberrant UCH-L1 signaling may indirectly alter
both the poly- and monoubiquitination of oncogenes and
tumor suppressors, possibility leading to abnormal protein
degradation and/or altered protein function and subsequent
tumorigenesis (Figure 1).
UCH-L1 has also been reported to promote K63linked polyubiquitination of α-synuclein through its putative, dimerization-dependent E3 ubiquitin ligase activity
[5]. K63-linked polyubiquitination has been implicated in
cancer-related cellular processes such as DNA damage repair
and cell survival signaling [58, 59]. Although UCH-L1 E3
activity has not been observed in vivo and substrates other
than α-synuclein have not been identified, alterations in
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UCH-L1 function may disrupt K63-linked polyubiquitination, possibly altering nonproteasomal cellular processes to
promote tumorigenesis (Figure 1). Further investigation is
needed to clarify the potential E3 function of UCH-L1 as
well as the normal physiological and oncogenic role of this
enzymatic function.
5.2. A Possible Function for UCH-L1 in Cell Cycle Regulation.
UCH-L1 has been shown to stimulate proliferation in
transformed lymphocytes and cervical carcinoma cells [11,
27], while it promotes G1/S arrest in breast cancer cells [16].
Together, these studies imply that UCH-L1 contributes to
cancer pathogenesis by regulating cell division, although the
exact control that UCH-L1 confers on the cell cycle remains
unclear. UCH-L1 has been shown to modulate the levels of
several cell cycle regulators in cancer cells including cyclin
D [31] and p53 [10]. Coimmunoprecipitation experiments
conducted by Caballero et al. have shown that UCH-L1
also interacts with JAB1 (Jun-activation domain-binding
protein 1). Binding of UCH-L1 to JAB1 promotes the nuclear
export and subsequent proteasomal degradation of the cyclin
dependent kinase inhibitor p27 [13], resulting in increased
cell proliferation (Figure 2(a)). These observations suggest
UCH-L1 controls cell cycle progression by modulating
the availability of cell cycle regulatory proteins, possibly
by altering their ubiquitination status. Recent evidence
implicates UCH-L1 in the regulation of cell cycle progression
via direct interactions with microtubules. Bheda et al. have
demonstrated that UCH-L1 is tightly associated with microtubules during cell division in several transformed cell lines,
and that siRNA-mediated knockdown of UCH-L1 reduces
microtubule assembly and disassembly [27]. Interestingly,
both 25 kDa and 50 kDa UCH-L1 species were associated
with purified microtubules [27], suggesting UCH-L1 may act
as a dimer to regulate microtubule dynamics. Taken together,
these observations suggest that UCH-L1 regulates cell cycle
progression by altering levels of cell cycle regulatory proteins
and by controlling microtubule dynamics. However, further
studies are needed to determine the specific manner by which
UCH-L1 controls cell division. In particular, whether or
not UCH-L1 controls ubiquitination of cell cycle regulators
should be examined.
5.3. UCH-L1 and Cell Survival Signaling. Overactivation of
the serine-threonine kinase Akt is a common hallmark of
cancer pathogenesis [60]. Phosphorylation of Akt leads to
activation of several signaling cascades that together promote
cell survival by stimulating proliferation and inhibiting
apoptosis. Pharmacological inhibitors of Akt kinase activity
attenuate UCH-L1-mediated ECM invasion in nonsmall cell
lung carcinoma cells [8]. Additionally, overexpression of
UCH-L1 in these cells increases phosphorylation of the
downstream Akt targets p38 and ERK1/2, suggesting that
UCH-L1 promotes cell survival through Akt-dependent
activation of MAPK signaling [8]. Lastly, overexpression of
UCH-L1 in immortalized B cells also has been shown to
increase Akt phosphorylation during lymphoma progression
[11]. Together, these data suggest UCH-L1 elicits at least
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Figure 2: The potential roles of UCH-L1 in tumorigenesis. (a) UCH-L1 as a possible oncogene that promotes metastasis and cell growth. (1)
UCH-L1 is up-regulated in several tumor tissues and cancer cell lines [7–13]. (2) Elevated UCH-L1 may stimulate Akt through inhibition
of the phosphatase PHLLP1 [11], leading to increased MAPK signaling [8]. (3) UCH-L1 has been reported to decrease polyubiquitination
and proteasomal degradation of β-catenin, resulting in enhanced β-catenin-mediated transcription [30]. (4) Increased β-catenin and Akt
signaling could potentially cause changes in gene transcription that promote metastasis and proliferation and inhibit apoptosis, resulting in
enhanced oncogenicity [31–33]. (5) UCH-L1 binds to JAB1 and promotes the nuclear export and subsequent proteasomal degradation of
the cell cycle inhibitor p27 [13]. (6) Upregulation of UCH-L1 has been reported to promote proteasomal degradation of p53 [11], which
may be a consequence of activation of Akt signaling. Reduction of p27 and p53 levels by UCH-L1 may attenuate cell cycle arrest, allowing for
uncontrolled cell growth. (b) UCH-L1 as a putative tumor suppressor in certain cancer subtypes. (1) Reduction of UCH-L1 transcription
via promoter methylation-silencing has been observed in certain cancer cells and tumor tissues (e.g., nasopharyngeal carcinomas [10] and
gastric cancer cells [34]). (2) In these cancer types, it has been proposed that UCH-L1 promotes deubiquitination of p53 and inhibits its
proteasomal degradation [10, 16]. Reduced UCH-L1 transcription due to promoter methylation may thus lead to increased degradation
of p53, resulting in a reduction of p53-mediated transcription of tumor suppressing genes and enhanced tumorigenesis (see text for more
details).

some of its cellular eﬀects through Akt-dependent signaling
and that stimulation of Akt by UCH-L1 is a potential
mechanism of UCH-L1-mediated oncogenesis (Figure 2(a)).
UCH-L1 promotes Akt signaling, in part, by reducing the
level of the tumor suppressor PHLPP1 [11], a phosphatase
that reverses Akt phosphorylation rendering Akt inactive.
However, the mechanism by which UCH-L1 suppresses
PHLPP1 merits further investigation as UCH-L1 does not
alter PHLPP1 transcription or promote proteasomal degradation of PHLPP1. Furthermore, whether or not UCHL1 modulates upstream activators of Akt remains to be

determined. Nevertheless, stimulation of Akt by UCH-L1
and the subsequent promotion of prosurvival signaling may
contribute to the function of UCH-L1 in oncogenesis.
A number of studies suggest that UCH-L1 exerts its
actions through regulation of the tumor suppressor p53.
However, the specific manner in which UCH-L1 modulates
p53 level and function remains controversial. UCH-L1 has
been shown to promote the proteasomal degradation of
p53 in HeLa cells [11], and microarray analyses conducted
by Bheda et al. show that depletion of UCH-L1 in 293T
cells increases the levels of many p53 target genes [32],
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suggesting UCH-L1 suppresses p53 signaling. On the other
hand, overexpression of UCH-L1 was reported to increase
p53 levels in MDA-MB-231 breast carcinoma cells [16]
and HONE1 nasopharyngeal carcinoma cells [10]. Similarly,
Li et al. have shown that over-expression of UCH-L1 in
LNCaP prostate cancer cells reduces polyubiquitination
of p53, leading to inhibition of degradation of p53 by
the proteasome [50]. They also observed an increase in
polyubiquitination and degradation of mdm2 in response
to UCH-L1 over-expression, suggesting UCH-L1 suppresses
mdm2 to stabilize p53 levels [50].
Further studies are needed to determine specifically how
UCH-L1 modulates p53. Discrepancies in observed regulation of p53 by UCH-L1 may be attributed to diﬀerences
in p53 status. Studies implicating UCH-L1 as a negative
regulator of p53 [11, 32] were conducted in cells with wildtype p53 [61, 62]. On the contrary, UCH-L1 elevates p53
levels in MDA-MB-231 and HONE1 cells, which express
DNA binding domain mutant p53 with little to no transcriptional activity [63–65] and LNCaP cells, which have also
been reported to express DNA binding domain mutant p53
[66], although this is controversial [67].This suggests that
UCH-L1 may regulate wild-type and DNA binding domain
mutant p53 diﬀerently. P53 is frequently mutated in human
cancers [63] and variation in p53 status may oﬀer another
possible explanation for why UCH-L1 has been reported to
function as an oncogene and a tumor suppressor in diﬀerent
cancer cell lines and tumor types. It is possible that in cells
with wild type p53, UCH-L1 promotes degradation p53,
resulting in reduced p53 signaling and inhibition of cell death
(Figure 2(a)). On the other hand, in other cell types with
weakened p53 transcriptional activity, UCH-L1 may regulate
nontranscriptional functions of p53 [68, 69] to promote
apoptosis and attenuation of tumor growth (Figure 2(b)).
It is also possible that UCH-L1 indirectly elicits control
over p53 by modulating negative regulators of p53, such
as mdm2, as suggested by Li et al. [10]. As p53 level and
function are regulated, in part, by ubiquitination [58, 70,
71], investigation into modulation of p53 ubiquitination
by UCH-L1 may oﬀer additional insights into the role of
UCH-L1 in tumorigenesis. However, while exploring the
relationship between UCH-L1 and p53 ubiquitination, it
is important to keep in mind that, despite hypotheses to
the contrary [10, 16], it is unlikely that UCH-L1 directly
deubiquitinates or ubiquitinates p53 based on what is known
about UCH-L1 structure and function [28, 29]. Additionally,
it might be possible that activation of Akt signaling by UCHL1 [8, 11] might also contribute to its control over p53, as Akt
is an established negative regulator of p53 activity [60, 72].
5.4. The Potential Role of UCH-L1 in Metastasis. UCH-L1 has
been suggested to promote metastasis in colorectal, lung, and
prostate cancer cells [8, 9, 41]. Cancer cell metastasis is often
attributed to hyperactivation of β-catenin, a transcription
factor that when over-activated promotes cell migration
and invasion [73]. UCH-L1 overexpression has been shown
decrease polyubiquitination and proteasomal degradation
of β-catenin in HEK 293 cells, leading to stabilization of
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TCF: β-catenin complexes and increased β-catenin-mediated
transcription of prosurvival genes such as c-myc, c-jun, and
survivin [30]. Although, it is unlikely UCH-L1 directly deubiquitinates β-catenin [28, 29], these observations suggest
UCH-L1 may convey its oncogenic function through Wnt
signaling pathways. UCH-L1 itself has been identified as a
target of β-catenin-mediated transcription, suggesting there
is a positive feedback loop between β-catenin and UCHL1 that enhances metastasis [30]. One consequence of βcatenin signaling is promotion of epithelial-to-mesenchymal
transition (EMT) [33]. Recently, it was shown that UCHL1 enhances prostate cancer cell metastasis by increasing the
expression of pro-EMT genes such as vimentin and matrix
metalloproteinases (MMPs) and reducing transcription of
the EMT suppressor E-cadherin [41]. Together, these data
imply that UCH-L1 promotes cancer cell metastasis via βcatenin-induced EMT (Figure 2(a)). Therefore, therapeutic
targeting of Wnt and EMT signaling may prove to be an
eﬀective treatment for tumors that express high levels of
UCH-L1.

6. Conclusions
In summary, emerging evidence suggests that UCH-L1
is a potent oncogene that promotes tumor growth and
development during the progression of many forms of
cancer. However, the exact role of UCH-L1 in oncogenesis
remains controversial, as UCH-L1 has been suggested to
function as a tumor suppressor in certain tumor types. The
observed involvement of UCH-L1 in the regulation of cell
cycle progression, cell survival, and metastasis may explain its
oncogenic role. However, further studies are needed to clarify
the exact mechanisms of action of UCH-L1 in tumorigenesis.
Continued investigation into the function of UCH-L1 in
cancer may tell us whether or not UCH-L1 can be used as
a diagnostic marker. UCH-L1 is upregulated in many cancer
tissues and, therefore, high levels of UCH-L1, particularly
in nonneuronal tissues, may serve as an early detection
biomarker for tumors. Furthermore, UCH-L1 itself could be
a potential therapeutic target, which may have benefits for
the treatment of cancer. Elucidation of the role of UCH-L1 in
cancer may lead to a better understanding of the molecular
pathogenesis of tumors as well as potentially facilitate the
development of novel cancer therapeutics and diagnostics
tools.
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