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Abstract

Introduction—Recent studies have revealed that several
deubiquitinating enzymes (DUBs) play important roles in
hepatocellular carcinoma (HCC) progression, but the roles of
Otubain 2 (OTUB2) in HCC remain obscure.
Methods—In this study, we investigated the expression of
OTUB2 in HCC based on clinical samples and a public
online database (ENCORI), and its roles and working
mechanisms were further explored by in vitro experiments.
Results—It was found that the expression of OTUB2 was
significantly up-regulated in HCC tissues, and correlated
with poor prognosis of HCC patients. Functionally, the
overexpression of OTUB2 could promote malignant prolif-
eration and metastasis of HCC cells, while knockdown of
OTUB2 exerted the opposite results. Using two bioinfor-
matics tools, PJA1 was identified as a potential gene
regulated by OTUB2. Mechanistically, it was found that
OTUB2 promoted the stabilization of PJA1 by deubiquity-
lation, based on immunoprecipitation (IP) and cycloheximide
(CHX) assays. Moreover, the suppressive effects of OTUB2
depletion on the malignant phenotypes of HCC cells could be
reversed by overexpressing PJA1.
Conclusion—In conclusion, our study indicated that OTUB2
couldpromote themalignant proliferation andmigrationofHCC
cells by increasing the stability of PJA1 via deubiquitylation.

Keywords—Otubain 2, Hepatocellular carcinoma, Deubiqui-

tylation, PJA1.

INTRODUCTION

According to the recent report, liver cancer remains
one of the most common malignancies, which brings a
global health burden with a poor prognosis. Hepato-

cellular carcinoma (HCC) accounts for approximately
90% of primary liver cancer, which is usually at an
advanced stage upon diagnosis.32 Due to the late
diagnosis of HCC, it is difficult to treat HCC and the
poor prognosis of those patients is usually poor.36

Even though the pathological mechanism of HCC has
been investigated in the last decades, the overall sur-
vival and prognosis of HCC patients are still not
favorable. Therefore, it is necessary to further clarify
the exact mechanism of HCC onset and progression
and develop novel targeted drugs for the treatment of
HCC patients.

The roles of post-translational modifications
(PTMs) in the pathogenesis of various diseases has
become a hot topic globally. PTMs of proteins par-
ticipate in many essential biological processes by tar-
geting the proteins involved in complex assembly,
transport, and degradation. Ubiquitylation and deu-
biquitylation are two dynamic modalities of PTMs in
cells.5 Ubiquitylation mainly regulates protein degra-
dation, which plays an important role in various cel-
lular regulation events.12,29 Many studies have revealed
that abnormal ubiquitylation of pathways is implicated
in the onset and progression of multiple cancers,6,11

including HCC.2 Given that deubiquitinating enzymes
(DUBs) can reverse the ubiquitylation of target pro-
teins and promote the stability of downstream target
proteins, DUBs have emerged as promising targets in
cancer therapy.1

According to sequence and structural similarity,
DUBs could be classified into six subfamilies.15 As the
second-largest member of DUBs, the ovarian tumor
(OTU) subfamily is identified to have 16 members,
which is further divided into four categories, including
OTUBs, OTUDs, A20s, and OTULINs.33 Otubain 2
(OTUB2) is a DUB belonging to OTUBs, the func-
tions and underlying mechanisms of which are largely
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unknown.24 In recent years, several studies have re-
vealed that OTUB2 may play a role in tumorigenesis.
Li et al.20 found that OTUB2 may activate the AKT/
mTOR pathway and Warburg effect to drive the
tumorigenesis of lung cancer by reversing the ubiqui-
tylation of U2AF2. OTUB2 has also been proven to
promote breast cancer metastasis by deubiquitinating
YAP and TAZ in vivo.38 The depletion of OTUB2 has
been shown to effectively repress the proliferation of
HCC cells in a recent study.13 OTUB2 expression was
positively correlated with the phosphorylation levels of
NF-jB p65, and OTUB2 silencing suppressed the
activation of NF-jB p65, thereby exerting antitumor
effects on HCC cells. However, the deubiquitylation
role and mechanisms of OTUB2 in HCC progression
have not yet been reported.

In this study, the roles and molecular mechanism of
OTUB2 in HCC were investigated, the expression and
functions of OTUB2 in tumorigenesis were analyzed,
and the interaction between OTUB2 and PJA1 was
further investigated. It was found that OTUB2 played
a crucial role in proliferation and migration of HCC
cells. Moreover, it was revealed that the OTUB2 pro-
moted proliferation and migration of HCC cells as a
specific DUB for PJA1. Collectively, OTUB2 was a
potential molecular target for the treatment of HCC
via enhancing PJA1 stability.

MATERIALS AND METHODS

Clinical Sample Collection

Clinical HCC and adjacent noncancerous tissue
samples were collected from the resected tissues of
HCC patients. The samples were all harvested after
informed consent by the patients, and stored at � 80
�C before use. The procedure of this research was re-
viewed and approved by Strategic Support Force
Characteristic Medical Center.

Cell Culture and Cell Transfection

The human HCC cell line MHCC-97h was obtained
from the Liver Cancer Institute of Fudan University
(Shanghai, China), and Huh7 was purchased from the
Type Culture Collection of the Chinese Academy of
Sciences (Shanghai, China). The cells were cultured in
RPMI 1640-medium containing 10% FBS (Gibco,
NY, USA) at 37 �C in a 5% CO2 incubator.

PJA1 and OTUB2 were cloned into pcDNA3.1 to
construct PJA1 and OTUB2 overexpression vectors,
respectively. The expression of OTUB2 and PAJ1 in
cells was knocked down by using the short hairpin
RNAs (sh-RNAs) against OTUB2 (sh-OTUB2-1: 5¢-

TCCGTTTACCTGCTCTATAAA-3¢; sh-OTUB2-2:
5¢-CCTATGTGTCACTGGATTATT-3¢) and sh-
PJA1 (sh-PJA1-1: 5¢-GCCTCACAGTCGTCTTCTG
AA-3¢; sh-PJA1-2: 5’-GAGGGATACCGCCAATGA
CAA-3’). Indicated plasmids were transfected into cells
by using Lipofectamine� 2000 (Invitrogen, CA, USA)
according to the manufacturer instructions. 48h later,
the cells were collected for subsequent experiments.

Cell Counting Kit-8 (CCK-8) Assay

Cells were seeded into 96-well plates at 5 9 103 per
well, and incubated for 24, 48, and 72 h, respectively.
Medium in each well was replaced with fresh medium
containing CCK-8 reagent (10%, v/v) after incubation.
The cells were further incubated for 1.5h, and their
absorbance at 450mm was recorded.

Clone Formation Assay

Five hundred cells were plated into each well of 6-
well plates. After 14 days of cultivation, cells were fixed
with 4% paraformaldehyde, followed by staining with
0.1% crystal violet. Finally, stained colonies were
photographed and counted under a microscope.

Transwell Assay

5 9 104 cells suspended in 200 lL serum-free med-
ium were added to the top chamber with a filter
membrane of 8 mm pores. Meanwhile, 700 lL medium
containing 10% FBS was added to the bottom cham-
ber. After 24 h incubation, cells passing through the
membrane were fixed and stained with 0.1% crystal
violet for 10 min. Finally, the migrated cells on the
underside of the membrane were photographed (9 100
magnification) and counted in six random fields under
a microscope.

Wound Healing Assay

Briefly, cells were seeded into 6-well plates and grew
until reaching approximately 90% confluence. Then, a
10 lL pipette tip was used to scratch monolayer cells.
The wound was rinsed with PBS, incubated with
medium containing 1% FBS, and photographed under
a microscope (9 100 magnification) at 0 h (used as a
baseline) and 24 h. The width of the wound was
measured, and the cell migration rate was measured as
follows: cell migration rate = (1 � wound width
(24 h)/wound width (0 h)) 9 100%. The duration of
the microscopic procedures was maintained identical
to minimize the environmental condition-related bias
in wound healing responses.
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Western Blot

Collected tissues were lysed in RIPA buffer (Bey-
otime, Shanghai, China), and the total protein was
harvested. Proteins were quantified by BCA Protein
Assay Kit (Beyotime, Shanghai, China), subsequently
separated by SDS-PAGE and transferred onto PVDF
membranes. Then, the membrane was blocked in 5%
skimmed milk at room temperature for 1 h, and
incubated with primary antibodies (OTUB2, cat.no
ab74371, Abcam; PJA1, cat.no 17687-1-AP, Protein-
tech) overnight. On the next day, the membrane was
washed three times with PBST, and then incubated
with the secondary antibody (Anti-Rabbit IgG H&L
(HRP), cat.no ab6721, Abcam) for 1 h. BeyoECL Plus
(Beyotime, Shanghai, China) was used to visualize the
protein bands. GADPH was used as an internal ref-
erence for normalization of the expressions of OTUB2
and PJA1, and the protein band intensity was analyzed
using Image J 6.0 software.

Co-immunoprecipitation (Co-IP)

Co-IP analysis was performed as reported previ-
ously.10 Briefly, total protein was collected and quan-
tified before incubated with magnetic bead-conjugated
specific antibody for 2 h with gentle rotation at 4 �C.
Then, cell lysis buffer was used to wash the beads four
times. Bound proteins were subsequently eluted and
analyzed by Western blot.

Ubiquitylation and Protein Half-Life Assay

In vitro ubiquitylation was performed as Linares
et al.22 described. Flag-OTUB2, HA-PJA1, and His-
ubiquitin (His-ub) were transfected into 293T cells.
Before collecting the transfected cells, MG132 (cat.no
C2211, Sigma-Aldrich, MO, USA), a proteasome in-
hibitor, was added to inhibit proteasome-mediated
protein degradation. 48 h later, the cells were harvested
for ubiquitylation determination based on Western
blot analysis.

For protein half-life assay, transfected cells were
treated with 15 mM cycloheximide (CHX, Sigma Al-
drich). Cell lysate was prepared at 0, 2, 4, and 6 h after
treatment, respectively, and analyzed by Western blot.

Bioinformatics Analysis

The expression of OTUB2 in HCC tissues and
normal tissues was assessed based on ENCORI (http://
starbase.sysu.edu.cn/)21 online database.

The prognostic roles of OTUB2 in different sub-
groups of patients with HCC were evaluated using an
online interactive web tool, Gene Expression Profiling

Interactive Analysis (GEPIA, http://gepia.cancer-pku.
cn/index.html).35 Patients with HCC were divided into
high and low expression groups based on the median
values of OTUB2 expression.

OTUB2 was input into STRING (https://string-db.
org/)34 to identify its potential interacted proteins. In
the meantime, GENEMANIA (http://genemania.org/
)37 was used to explore internal correlations of OTUB2
with other genes. Afterwards, the genes identified by
two tools were intersected to obtain the potential tar-
gets of OTUB2.

Statistical Analysis

Each experiment was performed for three times. All
data were expressed as mean ± SD. Students t-test was
used for statistical analysis using GraphPad Prism
software version 8.0. p < 0.05 was considered statis-
tically significant.

RESULTS

OTUB2 is Up-regulated and Associated with Poor
Prognosis of HCC Patients

Based on determination of OTUB2 protein expres-
sion in three pairs of clinical HCC and adjacent non-
cancerous tissue samples, and the ENCORI online
database, it was found that OTUB2 was obviously up-
regulated in HCC tissues (Figs. 1a and 1b), consistent
with the data from Human Protein Atlas (HPA, http
s://www.proteinatlas.org) (Fig. 1c). Afterwards, the
correlation between OTUB2 expression and overall
survival of HCC patients was analyzed based on an-
other public online database (GEPIA). HCC patients
with high expression of OTUB2 displayed a signifi-
cantly lower 5-year survival rate (Fig. 1d). All results
suggested that OTUB2 is highly expressed in HCC,
and may act as an oncogene to regulate HCC pro-
gression.

OTUB2 Promotes HCC Cell Proliferation

In order to assess whether OTUB2 regulates the
proliferation of HCC cells, OTUB2 was overexpressed
or knocked down in Huh 7 and MHCC-97h cells in
colony formation and CCK-8 assays. The results of
Western blot revealed that OTUB2 was successfully
overexpressed or knocked down in Huh 7 and MHCC-
97h cells (Figs. 2a and 2d). Compared with cells
transfected with empty vectors, significantly increased
cell colonies were observed in OTUB2-overexpressed
cells (Fig. 2b). CCK-8 assay indicated that OTUB2
overexpression significantly promoted proliferation of
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Huh 7 and MHCC-97h cells compared with empty
vectors (Fig. 2c). These data hinted that OTUB2 may
be involved in HCC cell proliferation, as was subse-
quently corroborated by the same functional analysis

on OTU2-silenced Huh 7 and MHCC-97h cells
(Figs. 2e and 2f).

OTUB2 Enhances Migration of HCC Cells

As is known, metastasis indicates HCC progression
and poor prognosis of HCC patients, while cell
migration is a key step of metastasis. Therefore, whe-
ther OTUB2 regulated migration of HCC cells was
also addressed. Wound healing assay showed that
migration of Huh 7 and MHCC-97h cells was signifi-
cantly enhanced by OTUB2 overexpression, while
impaired by OTUB2 silencing (Figs. 3a and 3c). As
expected, transwell assay showed a similar trend to the
result of wound healing (Figs. 3b and 3d). These results
collectively suggested that OTUB2 was involved in
migration of HCC cells.
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bFIGURE 1. OTUB2 is highly expressed in HCC and indicates
poor prognosis of HCC patients. (a) The protein expression of
OTUB2 in three paired HCC and the adjacent non-cancerous
tissues detected by Western blot. (b) The expression of
OTUB2 in HCCOTUB2 in HCC tumor tissues (n = 374) and
normal controls (n = 50) based on ENCORI (http://starbase.
sysu.edu.cn/). (c) Representative images of
immunohistochemistry for OTUB2 expression in HCC
downloaded from HPA (https://www.proteinatlas.org)
database. (d) The over survival analysis for OTUB2
expression in HCC based on GEPIA (http://gepia.cancer-pku.
cn/index.html); patients with HCC were divided into high and
low expression groups based on the median values of OTUB2
expression, and the dotted lines indicated 95% Confidence
Interval.

FIGURE 2. Effects of OTUB2 on proliferation of HCC cells. Huh7 and MHCC-97h cells were transfected with OTUB2
overexpression vectors (OTUB2) or empty vectors (Vector) for 48 h before analyzed. (a) The transfection efficiency of OTUB2 in
Huh7 and MHCC-97h cells was examined by Western blot. The proliferation of OTUB2 overexpressing cells was detected by (b)
colony formation (n = 3) and (c) CCK-8 (n = 3) assays. Huh7 and MHCC-97h cells were transfected with short hairpin RNAs against
OTUB2 (sh-OTUB2-1 or sh-OTUB2-2) or the corresponding negative control RNA (NC) for 48 h before analyzed. (d) The expression
of OTUB2 protein in sh-OTUB2-1 or sh-OTUB2-2 expressing cells was examined by Western blot to determine transfection
efficiency. The proliferation of sh-OTUB2-1/2 expressing cells was detected by (e) colony formation (n = 3) and (f) CCK-8 (n = 3)
assays. Quantitative data are presented as mean 6 SD of three replicates. *p < 0.05 and **p < 0.01, compared with the NC or vector
group.
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FIGURE 3. Effects of OTUB2 on migration of HCC cells. After transfected OTUB2 or vectors into Huh7 and MHCC-97h cells for
48 h, the cell migration was assessed by (a) wound healing (n = 3) and (b) transwell (n = 3) assays. After transfected sh-OTUB2-1/2
or the NC into Huh7 and MHCC-97h cells for 48 h, the cell migration was detected by (c) wound healing (n = 3) and (d) transwell (n =
3) assays. Scale bar, 100 lm. Quantitative data are presented as mean 6 SD of three replicates. *p < 0.05 and **p < 0.01, compared
with the NC or vector group.
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OTUB2 Plays a Deubiquitylation Role in PJA1
and Promotes Its Stability

Given that OTUB2 is a DUB, it was speculated that
OTUB2 reverses the ubiquitylation of a potential
oncogene and regulates HCC progression. Thus, we
predicted the potential targets of OTUB2 with the help
of a bioinformatics tool to further explore the mech-
anism behind the roles of OTUB2 in HCC. After
intersecting the prediction of two databases, five
potential targets were obtained, which included
ATXN3, RFFL, PJA1, TRIM55, and TRIM54
(Figs. 4a and 4b). Based on a previous finding that
PJA1 is involved in metastasis of HCC cells and is
closely related to the prognosis of HCC patients,4

PJA1 was selected as the downstream gene of OTUB2

for further analysis. The expression profile of PJA1 in
clinical samples demonstrated that PJA1 was highly
expressed in HCC, which is consistent with the previ-
ous study.4 Co-immunoprecipitation (Co-IP) assay
was performed on 293T cells to confirm the interaction
between OTUB2 with PJA1. As expected, the result of
Co-IP revealed OTUB2 efficiently interacted with
PJA1 (Fig. 4c). Moreover, ubiquitylation assay showed
that exogenous OTUB2 overexpression could decrease
ubiquitylation of PJA1 (Fig. 4d), and the cyclohex-
imide (CHX) also demonstrated that OTUB2 overex-
pression could effectively promote the protein stability
of PJA1 (Fig. 4e). Hence, PJA1 is a downstream
effector gene for OTUB2, and its stability could be
regulated by OTUB2 deubiquitylation.
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FIGURE 4. OTUB2 interacted with PJA1, and regulated its stability via deubiquitylation. (a) 19 and 33 genes which potentially
interacted with OTUB2 were predicted based on STRING and GeneMANIA databases, respectively, and five potential targets were
obtained after the intersection. (b) The protein expression of PJA1 in four paired HCC and the adjacent non-cancerous tissues was
detected by Western blot. (c) The interaction between OTUB2 and PJA1 was determined by Co-IP assay (n = 3); cells were
transfected with Flag-OTUB2 alone or together with HA-PJA1 expression plasmids, and the interaction between OTUB2 and PJA1
was determined by immunoprecipitation with a-Flag beads followed by immunoblotting with a-HA or a-Flag antibody. (d)
Ubiquitylation assay confirmed the deubiquitylation effect of OTUB2 on PJA1 expression (n = 3); Flag-OTUB2, HA-USP38, and His-
Ub expression plasmids were co-transfected into 293T cells for 48 h. The cells were treated with MG132 for 6 h before the
extraction of total protein, PJA1 was immunoprecipitated with anti-HA agarose beads, and the ubiquitylation of PJA1 was
examined by WB using anti-His antibody. (e) The effect of OTBU2 on PJA1 stability was determined by protein half-life assay (n =
3); the PJA1 expression levels in OTBU2 overexpressing cells were detected after treated with 15 mM CHX for 0, 2, 4 and 6 h,
respectively. Quantitative data are presented as mean 6 SD of three replicates. *p<0.05, compared with the vector group.
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FIGURE 5. PJA1 reverses the effect of OTUB2 knockdown on the proliferation and migration of HCC cells. Huh7 and MHCC-97h
cells were transfected with sh-OTUB2-1, PJA1 overexpression vectors (PJA1), or both. (a) The transfection efficiency of PJA1 was
detected by Western blot (n = 3). After 48 h transfection, cell proliferation was examined by (b) CCK-8 (n = 3) and (c) colony
formation (n = 3) assays; cell migration was evaluated by (d) wound healing (n = 3) and (e) transwell (n = 3) assays. Scale bar,
100 lm. Quantitative data are presented as mean 6 SD of three replicates. *p < 0.05 and **p < 0.01, compared with the NC group; #p
< 0.05, compared with the sh-OTUB2-1 group

HU et al.288



BIOMEDICAL
ENGINEERING 
SOCIETY

FIGURE 6. PJA1 silencing blocks the effect of OTUB2 overexpression on proliferation and migration of HCC cells. Huh7 and
MHCC-97h cells were transfected with OTUB2 OE, short hairpin RNAs against PJA1 (sh-PJA1), or both. (a) The transfection
efficiency of sh-PJA1-1 and sh-PJA1-2 was detected by Western blot (n = 3), and sh-PJA1-1 was selected for the subsequent
experiment. After 48 h transfection, cell proliferation was examined by (b) colony formation (n = 3) and (c) CCK-8 (n = 3) assays; cell
migration was evaluated by (d) wound healing (n = 3) and (e) transwell (n = 3) assays. Scale bar, 100 lm. Quantitative data are
presented as mean 6 SD of three replicates. *p < 0.05 and **p < 0.01, compared with the vector group; #p < 0.05, compared with the
OTUB2 OE group.
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Suppressive Effects Induced by OTUB2 Silencing
on Proliferation and Migration of HCC Cells can be

Reversed by PJA1

To delineate the role of PJA1 in OTUB2 mediated-
HCC progression, we transfected sh-OTUB2 and PJA1
overexpression vectors alone or both into Huh7 and
MHCC-97h cell lines, respectively. Western blot anal-
ysis demonstrated PJA1 overexpression vectors could
effectively up-regulate PJA1 in both Huh7 and
MHCC-97h cell lines (Fig. 5a). The results of prolif-
eration analysis showed that compared with the con-
trol group, OTUB2 silencing could obviously inhibit
cell growth, while this inhibitory effect could be partly
neutralized by PJA1 overexpression (Figs. 5b and 5c).
Meanwhile, wound healing indicated that suppressed
migration of HCC cells induced by sh-OTUB2 was
significantly countered by co-transfecting PJA1 over-
expression vectors (Fig. 5d). This finding was con-
firmed by transwell assay (Fig. 5e). Furthermore, it
was found that PJA1 knockdown could reverse the
promoting role in proliferation and migration of HCC
cells mediated by OTUB2 overexpression (Figs. 6a–
6e). All the results suggested that PJA1 participates in
HCC cell proliferation and migration regulated by -
OTUB2.

DISCUSSION

Ubiquitylation and deubiquitylation are the most
effective post-translational modifications of protein, as
they could control the fate of proteins and thus regu-
late a variety of cellular processes. During the disease
development, DUBs could separate ubiquitin from
proteins that are highly related to pathologies to re-
duce the degradation of these proteins, thereby driving
the development of diseases. Accumulating studies
have revealed that DUBs are involved in tumorigenesis
in several ways. Some DUBs, including BAP1, CYLD,
and USP8, have been reported as oncogenes or tumor
suppressors with intrinsic activities.8,16 Besides, multi-
ple DUBs, such as USP28 and USP9, regulate the
protein levels of various oncogenes or tumor suppres-
sors via deubiquitylation.14,19 Therefore, DUBs are
emerging as novel targets for the treatment of specific
cancers. Kuo et al.18 demonstrated that PR-619, a pan-
DUB inhibitor, effectively enhanced the antitumor
effect of cisplatin and inhibited tumor growth of cis-
platin-resistant bladder urothelial carcinoma. Even
though we have known more about the roles of DUBs
in cancers, their regulatory mechanisms remain to be
further investigated in clinical research.

OTUB2 has recently been shown to participate in
the development of many diseases including HCC.13 In
our study, it was confirmed that OTUB2 was up-reg-
ulated in HCC tissues and indicated a poor prognosis
of the patients. A recent study demonstrated that
OTUB2 knockdown significantly decreased HCC cell
viability.13 Similarly, our functional experiment
showed that OTUB2 was involved in HCC cell pro-
liferation. Moreover, our data also revealed that
OTUB2 was positively correlated with HCC cell
migration in vitro. These data hinted that OTUB2
plays an important role in the malignant behaviors of
HCC cells. To explore the downstream regulatory
mechanism of OTUB2 in HCC, proteins that poten-
tially interacted with OTUB2 were predicted by the
bioinformatics tools. Given that OTUB2 is a DUB
that may target protein to stabilize its expression by
deubiquitylation, we screened out five target genes
(ATXN3, RFFL, PJA1, TRIM55, and TRIM54) that
might be up-regulated by OTUB2 by using STRING
and GeneMANIA. Previous studies documented that
both the mRNA and protein expressions of PJA1 were
significantly increased in HCC compared to normal
liver.4,30 It has recently been reported that PJA1 can
promote cell proliferation via TGF-b/SMAD3/
SPTBN1 signaling in HCC.3,25 High expression levels
of TGF-b are closely related to tumor invasiveness in
advanced-stage or metastatic tumors.26 Consistent
with the literature, our study showed that the protein
expression of PJA1 in HCC tissues was higher than
that in adjacent noncancerous tissues, suggesting the
oncogenic role of PJA1 in HCC. It has been reported
that OTUB2 acts as a pivotal driver in non-small cell
lung cancer tumorigenesis by stabilizing U2AF2 via
deubiquitylation.20 Therefore, we proposed that
OTUB2 may up-regulate the protein expression of
PJA1 to enhance proliferation and migration of HCC
cells, thereby promoting HCC progression. The Co-IP
assay of PJA1 and OTUB2 in HCC cells confirmed a
direct interaction between PJA1 and OTUB2. Several
studies demonstrated that DUBs regulated diverse
types of cancer via deubiquitylation.9,28 YAP expres-
sion has been proven to be associated with cancer
metastasis, poor prognosis, chemo-resistance, and
relapse.17 A recent study demonstrated that elevated
YAP expression in colorectal cancer is attributed to
deubiquitylation of USP47 in promoting the protein
stability of YAP,27 highlighting DUBs as a therapeutic
target for cancer management. In our study, ubiqui-
tylation and protein half-life assay revealed that
OTUB2 could reduce the ubiquitylation of PJA1 and
prolong the PJA1 half-life, suggesting that OTUB2
promotes the stability of PJA1 via deubiquitylation of
PJA1, thereby increasing its expression levels in HCC.
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To verify that OTUB2 promotes HCC cell prolif-
eration and migration partly due to up-regulation of
PJA1 protein expression, a rescue experiment was
further performed. As expected, our study showed that
the inhibitory effect induced by OTUB2 silencing on
HCC cell proliferation and migration could be rescued
by increasing the expression of PJA1. It has been
found that PJA1 is an E3 ubiquitin ligase, which exerts
the opposite molecular function of DUBs.7,31 It has
been reported that PJA1 serves as a tumor suppressor
in lung adenocarcinoma by promoting ubiquitin-me-
diated degradation of FOXR2.23 Work from Chen’s
lab recently revealed that PJA1 promoted SMAD3
degradation via by ubiquitylation, thereby suppressing
TGF-b signaling in HCC.4 OTUB2 has been reported
to participate in HCC progression via suppressing NF-
jB pathway.13 TGF-b and NF-jB signal pathway
cross-talk has been widely reported in various studies
on cancer development. Therefore, the role of the
OTUB2/PJA1 axis in HCC might be attributed to
TGF-b/NF-jB signaling pathways. Furthermore,
whether PJA1 is responsible for OTUB2 ubiquitylation
and whether they form a feedback loop in HCC remain
to be further explored in future studies.

Taken together, our study implied that OTUB2
contributed to the progression of HCC by promoting
HCC cell proliferation and metastasis via PJA1 deu-
biquitylation. Our finding hence provides a clue of
OTUB2 as a novel target for the treatment of HCC.
Nevertheless, there are also certain shortcomings in
this study. First, our findings would be more repre-
sentative if more types of HCC cell lines were used.
Besides, in vivo experiments are required to validate the
present findings. Further, the present study is prelim-
inary in nature, and in-depth understanding of the
molecular mechanisms behind OTUB2/PJA1 axis
regulating HCC is still required in future.

Collectively, our study revealed that OTUB2
expression was up-regulated in HCC tissues and clo-
sely related to patient prognosis. The OTUB2 pro-
moted HCC cell proliferation and migration by
deubiquitylation of PJA1. Our findings suggested that
OTUB2 may a potential target for the treatment of
HCC.
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