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Background: Glioblastoma multiforme (GBM) is one of the most common brain tumors in
adults. Current treatments cannot increase survival to a large extent, as the glioblastoma develop-
ment mechanisms remain unknown. It has been well documented that ubiquitination contributes
to tumor initiation and/or progression in many kinds of cancer. Ubiquitin-specific protease 4
(USP4), a member of deubiquitinating enzymes (DUBs) family, can remove ubiquitin residues
and play a role in cancer development.

Methods: In the current study, lentiviruses were used to manipulate the expression of USP4.
Real-time PCR and Western blot were used to measure the expression level of USP4. Then, CCK-8
and annexin-V staining were used to detect cell proliferation and cell apoptosis, respectively.
Results: First, we found that USP4 was highly upregulated in GBM tissues in comparison
with that in normal tissues and high level of USP4 correlated with poor prognosis. Moreover,
knockdown of USP4 could significantly inhibit cell proliferation and increase cell apoptosis in
U87 and T98G cells. Cells with stable USP4 reduction exhibited slower tumor growth rate and
smaller tumor size than the control group cells in a xenograft mouse model. Inhibition of USP4
downregulated the expression of PCNA, Bcl-2 and p-ERK1/2, but upregulated the expression
of Bax both in vitro and in vivo. Inversely, USP4 overexpression could attenuate the effects
contributed by ERK inhibitor. TGF-BR inhibition reduced level of TGF-BR1, p-smad2 and
p-ERK1/2 which can partially be rescued by USP4 overexpression.

Conclusion: USP4, as a potential novel oncogene, promotes GBM by activation of ERK
pathway through regulating TGF-p.

Keywords: USP4, GBM, ERK, ubiquitin

Introduction
Glioblastoma multiforme (GBM) is the most frequent type of incurable brain tumor
in adults.! Each year, around 13,000 cases are diagnosed in the USA.? Currently, the
clinical treatment for GBM includes maximal safe surgical resection, chemotherapy and
radiotherapy, or a combination of these three approaches. Despite these treatments, the
overall survival of patients with GBM remains poor: 14 months is the average survival
time after initial diagnosis.* To improve the overall survival rate, new biomarkers and
genetic alterations need to be identified and may enhance earlier diagnosis and treatment.
Biomarkers and cancer-related genes are considered to play a key role in biological
processes, including cell growth, apoptosis and adhesion. TRIMS59 has been described
as anew oncogene in GBM4 and PAX6 as a suppressor of tumor progression in GBM.5
However, the protein itself and post-translational modifications, such as ubiquitina-
tion, usually have a crucial role the biological functions of these genes. Therefore,
it is significant to identify the regulation mechanisms of protein post-translational
modifications, which may offer a novel approach for GBM treatment.
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Among protein post-translational modifications, ubig-
uitination is very important and regulates various kinds
of cellular biological functions, such as cell proliferation,
inflammatory response, apoptosis and DNA-damage repair.®®
Ubiquitin, which is a 76-amino acid protein, completes its
functions through covalent attachment to a target protein,
and then regulating the stability, localization, or activity of
the target protein.’ Ubiquitination processes can be reversed
by deubiquitination, which is regulated by deubiquitinat-
ing enzymes (DUBs). DUBs are a member of the protease
superfamily, which are divided into five classes, including
serine, aspartic, metallo, threonine and cysteine proteases.
Most DUBs are cysteine proteases. DUBs can be further
divided into five DUB subclasses, and ubiquitin-specific
proteases (USPs) represent the largest one.!® Recent studies
implicated that USPs played an important role in regulating
several cancer-related pathways.!!

Ubiquitin-specific protease 4 (USP4), a member of the
USP family, is involved in diverse human cancers. On the
one hand, USP4 operates as a tumor suppressor in breast can-
cer by inhibiting cell growth,'? and promotes cell apoptosis
by deubiquitinating RIP1 in head and neck squamous cell
carcinoma.'® On the other hand, USP4 promotes colorectal
cancer cell growth by deubiquitinating PRL-3.'* USP4 works
as a potential oncogene in colorectal cancers by regulating
deubiquitination and stabilization of B-catenin.'> USP4 sup-
presses p53 and NF-kB activation by stabilizing HDAC2.1¢
Recently, USP4 is found to be a novel regulator of DNA
repair and deubiquitylation of USP4 promotes homologous
recombination.'” However, the role in GBM remains unclear
and further studies are needed.

In the current study, we tried to elucidate the role
of USP4 in GBM and found higher expression levels of
USP4 in GBM tissues than in normal tissues. Knockdown
of USP4 could inhibit cell proliferation and promote cell
apoptosis via ERK signal pathway in vitro and in vivo.
Moreover, in response to ERK inhibitor treatment, USP4
significantly reduced cell apoptosis in vitro. Furthermore,
USP4 elevated p-ERK through regulating TGF-3. Taken
together, these data suggest that USP4 may act as a novel
oncogene in GBM and may be a potential therapeutic
marker for GBM.

Materials and methods

Clinical tissues

Forty GBM and 20 normal clinical tissues were obtained
from Children’s Hospital of Chongqing Medical University.
The average age of the 40 patients from whom GBM tissues

were taken was 55+4.3 years; 18 of them were male and
22 of them were female; 22 cases were stage IV, 12 cases
were stage I1I and six cases were stage II. Written informed
consents were collected from all patients. The study was
approved by the Ethics Committee of Children’s Hospital
of Chongqing Medical University (Chongqing, People’s
Republic of China) and was conducted in compliance with
the Declaration of Helsinki.

Cell lines

All the human GBM cell lines U87, U373, T98G, SHG44 and
U251 were obtained from Cell Bank of the Chinese Academy
of Sciences (Shanghai, People’s Republic of China) and
cultured in high glucose DMEM medium supplemented with
10% fetal bovine serum (FBS, Life Technologies, Thermo
Fisher Scientific, Waltham, MA, USA), 100 U/mL penicillin
and 100 pg/mL streptomycin. All cells were cultivated at
37°Cin 5% CO, in an incubator.

Bioinformatics analysis

USP4 gene expression data in GBM patients were obtained
from The Cancer Genome Atlas website (TCGA). Survival
analysis was performed using a standard Kaplan—Meier
curve. A median USP4 expression was used as cutoff.

Lentivirus infection and inhibitor

treatment

The knockdown and overexpression lentiviruses of human
USP4 were synthesized by Shanghai Genechem Co., Ltd
(Shanghai, China). Four knockdown lentiviruses were syn-
thesized to determine the knockdown efficiency and two
of them were chosen to study the knockdown effect. The
sequences used are as below:

shUSP4-1: 5-GCGTGGAATAAACTACTAA-3;

shUSP4-2: 5-CCTTTCTTCTAGATGGATT-3’;

shUSP4-3: 5-GGTGGTCGCAGATGTGTAT-3’;
shUSP4-4: 5-GCTGAACATGTCCGAGTTT-3'.

Cells were seeded into 6-well plates and cultured over-
night. Appropriate lentivirus was added into the well respec-
tively, according to lentivirus colony forming unit (CFU).
Some of the cells were used to measure infection efficiency
by real-time PCR and Western blot, and the remaining cells
were cultured further. For generation stable cell line U87,
0.75 mg/mL G418 (Sigma-Aldrich Co., St Louis, MO, USA)
was added to culture medium after 48 hours transduction
of USP4 knockdown lentivirus. The culture medium was
replaced every 2 days. After 2 weeks the medium was
replaced with regular culture medium.
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For USP4 overexpression experiments, U251 cells were
cultured with 1 uM U0126 (Selleck, Houston, TX, USA),
a common inhibitor of ERK1/2, after 48 hours transduction
of USP4 overexpression lentivirus.

RNA extraction and real-time PCR
Total RNA oftissues and GBM cell lines were extracted using
Trizol reagent kit (Invitrogen, Thermo Fisher Scientific). cDNA
synthesis kit (Promega Corporation, Fitchburg, WI, USA) was
used to reverse transcribe total RNA. SYBR Green qPCR Mixes
(Thermo Fisher Scientific) was used to perform real-time PCR
according to the user’s manual. This reaction was completed
on ABI 7300 system (Applied Biosystems, Thermo Fisher
Scientific). 2724 method was used to calculate the expression
of target genes and GAPDH was used as endogenous controls.
Real-time PCR primers for target genes were as below:
USP4 Primer F 5-ACCGAGGCGTGGAATAAAC-3’
Primer R 5-TGGCAACTCAGCACATTGG-3’
PCNA Primer F 5'-GCCTGACAAATGCTTGCTGAC-3’
Primer R 5-TTGAGTGCCTCCAACACCTTC-3’
Bcl-2 Primer F 5-GCAGTGTGGTCTCCGAATGTC-3’
Primer R 5-CATTGCCTCTCCTCACGTTCC-3’
Bax Primer F 5-CTGAGCGAGTGTCTCAAG-3’
Primer R 5’-CAGCCCATGATGGTTCTG-3’
GAPDH Primer F 5-AATCCCATCACCATCTTC-3’
Primer R 5-AGGCTGTTGTCATACTTC-3’

Western blot
Protein of tissues and GBM cell lines was extracted using
RIPA lysis buffer (Solarbio, Beijing, People’s Republic of
China) containing protease inhibitors. Protein concentration
was measured using bicinchoninic acid (BCA) protein assay
kit (Thermo Fisher Scientific). Protein samples were sepa-
rated by SDS-PAGE using 10% polyacrylamide gels and then
transferred onto a nitrocellulose membrane (EMD Millipore,
Billerica, MA, USA). The membranes were blocked in TBST
buffer containing 5% BSA and incubated sequentially with
primary antibody at 4°C overnight. After three times washing
in TBST buffer for 15 minutes each time, the membranes
were incubated with horseradish peroxidase (HRP)-linked
secondary antibody for 1 hour at room temperature. Then the
blots were washed twice with TBST and were developed by
enhanced chemiluminescence (ECL) kit (EMD Millipore).
The bands were quantified by ImageJ and normalized to
GAPDH. The primary antibodies were as follows:

JNK1/2 CST 1:800 dilution; p-JNK1/2 CST 1:800 dilu-
tion; USP4 Abcam 1:1,000 dilution; PCNA Abcam 1:1,000
dilution; Bcl2 Abcam 1:1,000 dilution; Bax Abcam 1:1,000

dilution; P21 Abcam 1:1,000 dilution; P27 Abcam 1:1,000
dilution; ERK1/2 CST 1:1,000 dilution; p-ERK1/2 CST
1:800 dilution; p38 CST 1:1,000 dilution; p-p38 CST 1:800
dilution; GAPDH Abcam 1:2,000 dilution.

Cell proliferation and apoptosis

Cell Counting Kit-8 (CCK-8, Beyotime, Shanghai, China)
and annexin V Apoptosis Detection Kit (BD Biosciences,
San Jose, CA, USA) were used to measure cell prolifera-
tion and apoptosis, respectively. For cell proliferation assay,
treated cells were cultured for each time point and then
CCK-8 was added into each well and incubated for 1 hour.
The results were analyzed according to 450 nm absorbance
on a microplate reader (Bio-Rad Laboratories Inc., Hercu-
les, CA, USA). For cell apoptosis assay, treated cells were
stained with annexin-V and/or PI for 5 minutes in the dark
according to the instruction and measured by flow cytometry
(BD Biosciences).

In vivo tumor growth
Four- to six-week-old male BALB/c nude mice were pur-
chased from Shanghai SLAC Laboratory Animal Co. Ltd.
Mice were fed with free access to food and water and were
maintained under a 12-hour light/dark cycle at 22-24°C and
40%—60% humidity. The mice were randomly divided into two
groups, each group with six mice. For in vivo tumor growth
assay, treated or control cells were injected subcutaneously into
the groin of mice at the density of 2x10° cells/mL. Tumor size
including length and width were measured every 3 days after
injection. Tumor volume was calculated as length X (width?/2).
The experimental procedures for xenografted nude
mouse model and care were approved by the Committee on
Ethical Use of Animals of Chongqing Medical University
(Chongqing, People’s Republic of China).

Histologic examination and TUNEL assay
After 48 hours fixing in a 10% formalin solution, tumor tis-
sues of mice were used for histologic examination. Sections
(5 mm; Leica RM2125, Leica Microsystems, Wetzlar,
Germany) were stained with hematoxylin and eosin (H&E)
according to standard methods. Then light microscopy
(Olympus Corporation, Tokyo, Japan) was used to collect
the images at X200 magnification.

For apoptosis detection, sections from the tumor tis-
sues were stained with the reaction buffer applied from the
TUNEL Kit (Hoffman-La Roche Ltd., Basel, Switzerland)
following the manual instructions. Percentages of apoptotic
cells were evaluated in five randomly selected fields.
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Statistical analysis

All values are mean £ SD. Data sets in groups were analyzed
using one-way ANOVA. Student’s 7-test was used for two
groups. Experiments were performed in triplicate. P<<0.05
was considered as statistically significant.

Results

USP4 was upregulated and correlated
with poor prognosis in GBM

To understand the role of USP4 in GBM, USP4 expression
level was analyzed in 40 GBM tissues and 20 normal tissues
with real-time PCR. As shown in Figure 1A, the mRNA level
of USP4 was much higher in GBM tissues than in normal tis-
sues, which was consistent with the results from the TCGA
database (Figure 1B). To validate our finding, Western blot
was performed to detect protein level of UPS4 in the same
specimens as well. As shown in Figure 1C, higher level of
UPS4 was observed in GBM than in normal tissues. To illus-
trate the relationship between USP4 and GBM prognosis,

we then analyzed survival probability associated with USP4
level in TCGA database. As shown in Figure 1D, log-rank
test showed that patients with higher level of USP4 exhibited
shorter survival time than those with lower level of USP4.

USP4 knockdown inhibited GBM cell

proliferation

To study function of USP4 in GBM cells, first we detected
transcription and protein level of USP4 in five GBM cell
lines, including U87, T98G, U373, SHG44 and U251. Our
results showed that U87 and T89G expressed higher expres-
sion level of USP4 than others, whereas U251 had the lowest
USP4 level (Figure 2A and B).

To further investigate the potential role of USP4, four
shRNAs targeting USP4 were used to silence USP4 in U87
and T98G cells. As shown in Figure 2C and D, all the shRNA
inordinately suppressed the expression level of USP4 in U87
and T98G cells. shUSP4-1 and shUSP4-2 were chosen for
further assay as they showed better knockdown efficiency.
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Figure | Correlation between survival time of GBM patients and USP4 expression level.

Notes: (A) Real-time PCR was used to measure the mRNA level of USP4 in GBM tissues (n=40) and normal tissues (n=20). (B) Relative expression level of USP4 in GBM
tissues (n=530) and normal tissues (n=10) of patients from TCGA database. (C) Western blot was performed to detect the protein level of USP4 in GBM tissues (n=12) and
normal tissues (n=12). P, GBM tissues; N, normal tissues. (D) Kaplan-Meier curves of 524 patients with GBM from TCGA database (P=0.0003).

Abbreviations: GBM, glioblastoma multiforme; TCGA, The Cancer Genome Atlas; USP4, Ubiquitin-specific protease 4.

After that, CCK-8 assay was performed to measure prolif-
eration of cells. Silencing of USP4 significantly inhibited
the proliferation of U87 and T98G cells (Figure 2E and F,
P<0.001). These results suggested that USP4 knockdown
inhibited GBM cell proliferation.

Silencing of USP4 promoted cell

apoptosis in GBM cell lines

To further assess the function of USP4 on GBM cells, we then
performed annexin-V/PI staining assay to explore cell apop-
tosis. The results showed that USP4 knockdown increased
cell apoptosis in U87 and T98G cell lines (Figure 3A). For
further studying apoptotic effect of USP4 silence, real-time
PCR and Western blot were used to analyze the expression
level of related targets including PCNA, Bcl-2, Bax and
cleaved caspase3. As shown in Figure 3B and C, silencing
of USP4 downregulated the expression of PCNA and Bcl-2,
but upregulated the expression of Bax and cleaved caspase3
in both U87 and T98G cell lines. The collective data suggest
that USP4 knockdown inhibits cell proliferation by promot-
ing cell apoptosis in GBM cell lines.

Knockdown of USP4 exerted complex

roles in MAPK pathway

As reported, MAPK signaling pathway is involved in cell pro-
liferation and cell apoptosis in many kinds of tumors, includ-
ing GBM.!®20 DUBs are supposed to be a novel anticancer
therapeutic strategy via MAPK signaling pathway.! MAPK
has four main components, extracellular-signal regulated

kinase (ERK1/2), Jun-N-terminal kinase (JNK1/2/3), p38,
and ERK-5.22 We hypothesized that USP4 performs its role
in GBM through regulating MAPK pathway. To better under-
stand the mechanisms through which USP4 was involved in
GBM cell proliferation and apoptosis, we chose ERK, JNK
and P38 to study. As shown in Figure 4A and B, silencing
of USP4 downregulated the expression of p-ERK1/2 and
p-JNK, but upregulated the expression of p-P38 in both U87
and T98G cell lines. Consistently, p-c-fos was found to be
inhibited by USP4 silence in both U87 and T98G cell lines
(Figure 4C and D). Collectively, USP4 knockdown activates
ERK and JNK but inactivates P38.

Knockdown of USP4 inhibited GBM cell

tumorigenesis in vivo

To validate effects exerted in GBM cell lines, we then
switched to U87-derived xenograft tumor model. A stable
genetic approach (USP4 shRNA) was used. Equal number of
U87-shUSP4 cells and -NC cells were injected into flank of
nude mice subcutaneously and the diameters of the tumors
were measured every 3 days. As shown in Figure 5A, USP4
depletion significantly inhibited tumor growth (P<<0.001).
Consistently, USP4 depletion showed smaller tumor than in
NC cells at the end point of experiment. Subsequently, tumors
were sliced and stained with H&E. As shown in Figure 5B,
tumors from NC group showed typical characteristics of
tumor cells, such as big and deeply stained nuclei, higher
nuclear/cytoplasm ratio and densely arranged cells, whereas
tumors from USP4 depletion group shown partial necrosis,
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Figure 2 USP4 knockdown inhibited GBM cell proliferation.

Notes: (A, B) Real-time PCR and Western blot were used to detect USP4 expression in five GBM cell lines. (C, D) USP4 expression was measured by real-time PCR and
Western blot in shUSP4-transduced U87 (left panel) and T98G (right panel) cell lines. (E, F) Cell proliferation was detected after transduction with shUSP4 and NC in U87
(left panel) and T98G (right panel). ***P<<0.00| compared to NC.

Abbreviations: GBM, glioblastoma multiforme; NC, transduced with negative control; shUSP4, transduced with shUSP4 lentivirus; USP4, Ubiquitin-specific protease 4;
WT, wild-type cells.
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Figure 3 Silencing of USP4 promoted cell apoptosis in GBM cell lines.

Notes: (A) Cell apoptosis was detected by flow cytometry using annexin-V/PI kit in shUSP4- or NC-transduced U87 and T98G cells. (B, C) Real-time PCR (B) and Western
blot (C) were used to measure the expression level of PCNA, Bcl-2, Bax and cleaved caspase3 in shUSP4- or NC-transduced U87 and T98G cells. ***P<0.001 compared to NC.
Abbreviations: GBM, glioblastoma multiforme; NC, transduced with negative control; shUSP4, transduced with shUSP4 lentivirus; USP4, Ubiquitin-specific protease 4;

WT, wild type cells.

apoptosis, cell shrinkage and vacuole (Figure 5B). Further-
more, TUNEL assay was used to detect the late apoptosis of
tumor xenografts. We found there were more apoptosis cells
in shUSP4 group than in NC group (Figure 5C). In addition,
we found that shUSP4 tumor xenografts showed lower level
of USP4, PCNA and Bcl-2, but higher level of Bax and
cleaved caspase3, which means inhibition of tumor prolif-
eration and promotion of tumor apoptosis (Figure 5D). Of
note, p-ERK1/2 was decreased in shUSP4 tumor xenografts
compared with NC groups (Figure 5D). These results dem-
onstrated that knockdown of USP4 could suppress GBM
growth and tumorigenesis in vivo.

USP4 overexpression attenuated

apoptosis induced by ERK inhibitor

Among MAPK pathways, the MAPK/ERK pathway is the
most extensively studied and perhaps the most relevant to
cancer pathogenesis.”?>? To further test the mechanisms
involved, USP4-overexpressing lentivirus and ERK inhibitor
were used. To further validate our findings, U251, with lower
USP4 endogenous level, were transduced with USP4 over-
expression or vector lentivirus (Figure 6A). After that, cells
were treated with U0126, an inhibitor of ERK1/2, followed

with cell proliferation assay. As shown in Figure 6B, U0126
treatment inhibited cell proliferation which could be attenu-
ated by USP4 overexpression. Flow cytometry was then used
to detect apoptosis. As observed in Figure 6C, U0126 treat-
ment increased apoptosis proportion which can be rescued
by overexpression of USP4. Of note, USP4 overexpression
can only overcome partial apoptosis induced by U0126.
Consistent with this finding, U0126 treatment decreased
the expression level of PCNA, Bcl-2 and p-ERK1/2, but
increased the expression level of Bax and cleaved caspase3
(Figure 6D). To further explore alterations of PCNA, Bcl2
and Bax contributed by USP4 or p-ERK1/2, we performed
time-course experiment with/without U0126 treatment. As
expected, we observed a decrease of phosphor ERK1/2 for
30 and 60 minutes after treatment with p-ERK1/2 inhibitor.
Intriguingly, significant upregulation of p-ERK1/2 can be
found upon USP4 overexpression. Consistently, U0126 dra-
matically reduced phosphor ERK 1/2 which is still higher that
than in the vector group (Figure 6E). However, we observed
no alteration of PCNA, Bcl2 and Bax with ERK1/2 activa-
tion alone or plus USP4 ectopic expression (Figure 6E). In
summary, apoptosis induced by inhibition of ERK1/2 can
be impaired by USP4.
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showed higher level of TGF-BR1, p-smad2 and p-ERK1/2
than that in VECTOR group. Of note, cells treated with both
LY2157299 and USP4 overexpression partially overcame
lower level of TGF-BR1, p-smad2 and p-ERK1/2 contributed
by LY2157299 treatment. These results indicated that USP4
elevated p-ERK through regulating TGF-p.

Discussion

Some studies demonstrated that USP4 has an important effect
in tumor progression, but the function of USP4 in tumors is
still controversial. USP4 is found to act as tumor suppressor
in breast cancer and increase cell apoptosis in head and neck
squamous cell carcinoma.'>'® Otherwise, USP4 has been

A o4+ B 20- WT VECTOR USP4
x ok (T] 7 R ——— -
N 0.3- —_— 154
o
2% 3 ——
(7]
2 2 2 [carDH e e e— .
8 g 024 5 107
¢ @ o
o ook
g. 0.1 0.5
X
@
0.0 ﬂm’i‘l - 0.0+ r T .
VECTOR USP4 0 24 48 72
Hours
Figure 6 (Continued)
OncoTargets and Therapy 2019:12 submit your manuscript 1835

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zhou et al Dove

C A VECTOR VECTOR + U0126
1057 _Gate: P1 1057 Gate: P1
7 Q2-uL Q2-UR Q2-UL Q2-UR
108 = 0.6% 2.9% 105 d 8:3% 23.8%
10° 5 104
108 é 108 60 A
3 Q
102 Y 100 . < a8s
32l - Q2-LR Q2-LL". L Q2LR o 50 A ko
L 1927% . 38% L q528% T-LET . 152% -
10 TTTTr 17717 I‘IIIII TTTIT T 11T 10 T TTTImT T TTT TT Hill TTTIT T 17T "‘-u‘
102 10° 105 10° 10°8 102 10° 10 105 10° 10°¢ =
_— 7)) 40 + selok
o USP4 USP4 + U0126 » 19T
1057 _Gate: P1 1057 Gate: P1 3 10 -
3 Q2-uL Q2-UR Q2-UL Q2-UR Q
10° 4 00% 01% | 4gs 4 0.8% 2.0% 4 =i 288
3 < Sofok
104 é 104 0- T T
3 VECTOR VECTOR + USP4 USP4 +
10° 4 10° uo0126 u0126
102 5 . 102
3 Q2L Q2-LR Q2-LL Q2-LR
1, 197.6% 2.4% 11 1845% 12.7%
10 TTTmmr T IIIIIIII-I.I T TTTImT T 17T 10 T TTImm IIIIIIIIi .IJIiI TTTIT T TTT
102 10° 10 10°  10° 10°¢ 102 10° 10 105 105 10%¢
Annexin-V
D VECTOR USP4
u0126 - + - +
PCNA v e o e S 1.0 ass
> solok
[)
= 0.8 1
£
BCI-2 s e S—— — 3 06 - §
ol &
0.4 1E|H
(4 gl
> 12
BaX s om— — ..3 0.2 4k S
b A b
— Zln
[ &
& 0.0 LEH VECTOR
caspase3

caspase3 E3 UsP4

157 [0 USP4 + U0126

—

[ .‘

Cleaved it SHNE o .o PCNA  Bc-2  Bax Cleaved |3 VECTOR +U0126
—
o

— C— —
ERKI2 G — —

p-ERK1/2 s -_— ==

Relative protein level

GAPDH wiS HED WS

Figure 6 (Continued)

1836  submityour manuscript OncoTargets and Therapy 2019:12

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Zhou et al

E VECTOR USP4
u0126 + + + + + +
Time 0 30 60 0 30 60 min
iRk S T U T e
1 0.54 0.57 1.17 0.71 0.68
— — — —
e TE SN NS SR AR =
1 1.02 1.1 1.05 1.12 1.19
Bax W e — — — —
1 1.03 1.04 1.08 0.99 1.02
BCl-2 M- G G S S— S—
1 1.06 1.01 0.99 1 0.97
PCNA

1 0.88

GAPDH

Figure 6 USP4 overexpression attenuated apoptosis caused by inhibition of ERK.

0.89

- e e ey =

ﬁ-n-n-

0.95 0.97

Notes: (A) Real-time PCR and Western blot were used to measure the overexpression efficiency of USP4. (B) CCK-8 assay was used to detect cell growth of cells treated
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Abbreviations: USP4, Ubiquitin-specific protease 4; WT, wide type cell.

recognized as an oncogene by other studies.'*?*? However,
the functions of USP4 in GBM remain unclear.

In the current study, we found USP4 was upregulated
in GBM tissues compared with that in normal tissues
(Figure 1A), which means that USP4 may play an important
role in GBM. High expression level of USP2 was also found
in U87, T98G, U373 and SHG44 GBM cell lines. In support,
clinical data from TCGA database indicated overexpression
of USP4 was correlated with poor prognosis (Figure 1C).
Thus, overexpression of USP4 correlated with initiation
and/or progression of GBM and poor prognosis indicates
that targeting USP4 may be a possible approach to treat this
disease. However, to this end, we need to understand the
underlying mechanisms contributing to GBM. We revealed
that knockdown of USP4 could significantly inhibit cell
proliferation and increase cell apoptosis via MAPK/ERK
pathway both in vitro (Figures 2—4) and in vivo (Figure 5).
The mitochondrial pathway is an intrinsic model of apoptosis,
including the MAPKs (JNK, ERK, and p38).** The MAPK
signaling pathway, especially the MAPK/ERK pathway, plays

a key role in tumor progression including cell proliferation,
cell apoptosis, and cell survival.*'*2 Here, we found the level of
ERK phosphorylation was decreased with USP4 knockdown.
Inversely, USP4 overexpression could attenuate the effects
induced by ERK inhibitor, U0126 (Figure 6), which also sup-
ports our finding that USP4 may act as a novel oncogene in
GBM. What needs to be noted is that even though we found
manipulation of USP4 could induce activation of the ERK
pathway, we still did not know the exact mechanism by which
USP4 induced these alterations. As reported, USP4 is a deu-
biquitinase for TGF-J type I receptor,” which has been shown
to activate the MAPK pathway.?” TGF- plays an essential
role in embryogenesis and tissue homeostasis.* Perturbations
in TGF- signal pathway have been found in many kinds of
human diseases, including cancer.* Ubiquitin modification of
TGF-f signaling components is emerging as a key mechanism
of TGF-P pathway control. As reported, USP4 can directly
deubiquitylate TGF-B R1 to enhance TGF-f signaling.?® In
our study, we found USP4 elevated p-ERK through regulating
TGF-P and finally activated the MAPK pathway (Figure 7).
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Abbreviation: USP4, Ubiquitin-specific protease 4.

In summary, our study is the first exploration of USP4
in GBM. We found that inhibition of USP4 suppressed
cell proliferation and promoted cell apoptosis by activating
the ERK pathway. Intriguingly, effects contributed by the
inhibitor of ERK pathway, U0126, give us the possibility to
introduce ERK inhibitors into treatment of GBM in future.
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