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Background: Here, we probed the action mechanism of ubiquitin-specific processing
proteases 17 (DUB3) in the evolution of oral squamous cell carcinoma (OSCC).

Methods: The expression of genes were calculated by qRT-PCR, and proteins were assessed
by Western blot and immunohistochemistry. The cells viability and proliferation were
checked by MTT and EdU assay, respectively. Flow cytometry was implemented to detect
the cell cycle and apoptosis. The activity of EZH2 gene promoter was measured by luciferase
reporter assay. Co-immunoprecipitation assay was used to ensure the ubiquitination of
bromodomain-containing protein 4 (BRD4). The cell apoptosis of tumor tissues was assessed
by TUNEL assay.

Results: DUB3 was overexpressed in OSCC tissues and cell lines, and negatively correlated
with patient’s survival time. DUB3 downregulation could effectively curb OSCC cells
viability and proliferation, promote cell apoptosis and the expression of cleaved-caspase-3,
cleaved PARP and p21, while inhibit cyclin D1. Besides, DUB3 production was positivity
correlated with enhancer of zeste homolog-2 (EZH2) and BRD4. BRD4 downregulation
could repress DUB3-induced EZH2 production, and MG132 reversed DUB3 decreasing-
mediated BRD4 downregulation. Downregulation of DUB3 promoted BRD4 ubiquitination.
DUB3 promoted OSCC cells proliferation, while suppressing apoptosis via facilitating EZH2
production. At last, in vivo experiment indicated that the downregulation of DUB3 signifi-
cantly inhibited the growth of xenograft tumor.

Conclusion: In summary, we found that DUB3 enhanced OSCC cells proliferation and
xenograft tumor growth, while inhibited their apoptosis via promoting BRD4-mediated
upregulation of EZH2. Our study indicated that DUB3 may be an effective anti-cancer target
for OSCC therapy.

Keywords: oral squamous cell carcinoma, ubiquitin-specific processing proteases 17,
enhancer of zeste homolog-2, bromodomain-containing protein 4

Introduction

Oral squamous cell carcinoma (OSCC) is the most universal and worse categoriza-
tion of oral cancer, and its recurrent rate and metastatic remain high.' The metas-
tasis of OSCC cancer cells is associated with 90% cancer death.”> Tobacco use,
radiation exposure, alcohol consumption, viral infections, betel quid chewing, and
immunoincompetence are the risk factors associated with OSCC.? Despite the
advance in therapeutic strategies, such as chemotherapy and surgery, the prognosis
of OSCC is still poor, and it has no significant improvement in the overall survival
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rate of OSCC patients.* Hence, it is important to verify
novel candidate molecules and more efficacious therapeu-
tic approaches for OSCC.

Ubiquitin-proteasome system is an essential pathway for
protein degradation, consists by abnormal and short-lived
protein, and located in the nucleus and cytoplasm.® The
balance between ubiquitination and deubquitination is neces-
sary for protein degradation.” The ubiquitination process
completed by a series of proteins containing Ub-activating
(E1), Ub-conjugating (E2) and Ub-ligating (E3) enzymes,
and the deubquitination process regulated by deubiquitinat-
ing enzymes (DUBs).*” DUB3, also named as ubiquitin-
specific processing proteases 17 (USP17), belongs to DUB/
USP family and has been announced to induce in response to
cytokine stimulation.'® It has been demonstrated that DUB3
involves in regulating a series of cellular reactions including
cell cycle progression, proliferation, and metastasis.''"'*
Recently, high expressed DUB3 has been measured in non-
small cell lung cancer, and it has been also indicated that
DUB3 suppression could inhibit tumorigenesis and invasion
of cancer cells'® Moreover, Wu et al indicated that DUB3 is
over-expressed in breast cancer, and decreasing of DUB3
could suppress the migration, invasion, and metastasis of
tumor cells via promoting Snaill degradation.'® Increasing
evidence suggested that DUB3 could contribute to tumor
progression. However, the effects of DUB3 on OSCC pro-
gression are unknown.

Epigenetic modifications, such as histone modifica-
tion, have been proved to affect almost every component
of gene regulation. Histone acts as a crucial role in gene
activation.'> Bromodomain-containing protein 4 (BRD4)
belongs to the bromodomain and extra-terminal (BET)
family, which regulates gene expression via targeting to
the gene promoter.'® It has been indicated that BRD4,
a nuclear protein, binds to acetylated lysine residues on
histone via its bromodomain.'” In 1996, Denis et al firstly
demonstrated that the expression and function of BET
protein is associated with human cancer.'® Recently, sev-
eral lines of evidence have suggested that BRD4 regu-
lates tumor progression. For instance, BRD4 has been
proved to regulate the dissemination of breast cancer
via targeting the Jaggedl/Notchl signaling pathway.'’
BRD4 could contribute to the progression of gastric
cancer via regulating c¢-MYC in transcriptional and
epigenetic.”’ Furthermore, Hu et al proved that inhibitor
of BRD4 could attenuate the growth and metastasis of
colorectal cancer.”’ These studies confirmed that BRD4

maybe play an oncogene.

Enhancer of zeste homolog-2 (EZH2), a histone methyl-
transferase, belongs to the polycomb repressor complex
2 catalytic subunit.? It has been demonstrated that EZH2
could mediate gene silencing via regulating the posttransla-
tional modifications of histone.”> EZH2 has been shown to
be overexpressed in many cancer, and widely recognized to
participate in the initiation and progression of cancer as an
oncogene. For example, Xu et al demonstrated that EZH2
could advance the proliferation of gastric cancer cells
through downregulation of p21, and decreasing of EZH2
could inhibit the growth of tumor.** Moreover, curcumol
has been indicated to inhibit the proliferation and promote
the apoptosis of bladder cancer cell lines via suppression of
the production of EZH2.?* Currently, EZH2 has emerged as
a potential target of natural products with anti-cancer effect,
such as curcumin and berberine.”® Furthermore, a recent
study demonstrated that EZH2 could promote the metasta-
sis of OSCC cell lines via facilitating the expression of
ROS1.*

Here, we researched the expression level and the
potential role of DUB3 in OSCC progression. Our study
indicated that DUB3 furthered the proliferation, while
suppressed the apoptosis of OSCC cells via accelerating
the expression of EZH2 through DUB4. Moreover, we
also proved that decreasing in DUB3 could inhibit the
growth of tumor in the mouse model. Our data demon-
strated that DUB3 may be a novel biomarker for OSCC
therapy.

Materials and Methods

Patient Samples

Fifty cases of OSCC and matched peritumoral tissues were
collected from patients accepted surgical resection at our
hospital, and stored at —80°C until to follow experiments.
No patients had accepted any surgery, and all examples were
confirmed by experienced physician. Written informed con-
sent from all patients were obtained. The study was approved
by the Ethics Committee of the First People’s Hospital of
Jinzhou (IRB015047). This study was conducted in accor-
dance with the Declaration of Helsinki.

Cell Culture and Transfection

The human oral epithelial cell HOEC was purchased from
BNCC (BeNa Culture Collection, China), and OSCC cell lines
CAL27, H157, and HSC-2 were purchased from American
Type Culture Collection (ATCC; Manassas, VA, USA). All
cells were maintained in RPMI-1640 medium (Gibco,
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Waltham, MA, USA) contained with 10% fetal bovine serum
(FBS; Life Technologies, Carlsbad, CA), 100 pg/mL strepto-
mycin (Gibco, Carlsbad, CA), and 100 U/mL penicillin
(Gibco, Carlsbad, CA). All cells were cultured in
a humidified incubator with 5% CO, at 37°C. shRNA-
DUB3 (shDUB3), shRNA negative control (shNC),
pcDNA3.1-DUB3, pcDNA3.1, shRNA-BRD4 (shBRD4),
and pcDNA3.1-EZH2 were transfected into OSCC cell lines
using the Lipofectamine 2000 (Invitrogen, USA) according to
the direction.

qRT-PCR Assay

TRIzol reagent (Invitrogen, USA) was needed in separating
total RNA from OSCC tissues and cells. Then, the MiRcute
First-strand cDNA Synthesis Kit (Tiangen Biotech, Beijing,
China) was used to reversely transcribe RNA into cDNA.
Subsequently, PCR analysis was determined by an SYBR
Premix Ex Taq™ Kit (Takara, Japan). All experiments were
performed according to the instructions. GAPDH was consid-
ered as the internal control for gene expression. The primer
sequences were as following, DUB3: F: 5-CAGTGAATTCG
TGGGAATGGAGGAC GACTCACTCTAC-3' and R: 5-AG
TCATCGATCTGGCACACAAGCATAGCCCT C-3'. EZH2:
F: 5-CCCTGACCTCTGTCTTACTTGTGGA-3" and R: 5'-A
CGTCAG ATGGTGCCAGCAATA-3'. BRD4: F: 5'-GTGG
GAGGAAAGAAACAGGGACA-3' and R: 5-AGGAGGA
GGATTCGGCTGAGG-3'. GAPDH: F: 5-TCAAGAAGGT
GGTGAAGCAG-3' and R: 5'-CGTCAAAGGTGGAGGAG
TG-3".

Western Blot Assay

Total protein was collected from OSCC tissues or cell
lines using the RIPA lysis buffer (KeyGen, China) accord-
ing to the instruction. The concentration of proteins was
calculated using a BCA Protein Assay Kit (Beyotime,
China). Protein (20 pg) was added into 10% sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and then relocated into polyvinylidene fluoride
(PVDF) membranes. The protein was blocked with 5%
skim milk at room temperature followed by incubating
with the primary antibodies against DUB3, cyclinDI,
p21, cleaved caspase-3, caspase-3, cleaved PARP, un-
cleaver PARP, EZH2, BRD4 and B-actin (Cell Signaling
Technology, Boston, MA) overnight at 4°C. Then, the
membranes were incubated with HRP-linked secondary
antibodies (Cell Signaling Technology, Boston, MA) for
1 h at room temperature. Finally, an ECL Kit was needed
for the protein bands visualizing, and the grayscale value

was ensured using the Image J software (NIH, Bethesda,
MD, USA). B-actin was considered as the internal control

for proteins.

Immunohistochemistry Assay

The human or mouse OSCC tissues and control tissues
were cut into slices, and fixed with ice code 4% parafor-
maldehyde for 30 mins. Then, the slices were incubated
with 0.2% Triton X-100 for 6 mins, goat serum for 1 hr,
primary antibodies, including Ki67, DUB3 and EZH2
overnight at 4°C, secondary antibodies for 1 hr at room
temperature, and DAB reagent (Venata Medical Systems,
Basal, Switzerland), successively. Finally, the Olympus
microscope and Image J software were used to collect
and analyze the images, respectively.

MTT Assay

MTT assay was completed to distinguish the viability of
OSCC cells. 24, 48, 72, and 96 hrs later for transfection,
MTT solution was added into 96-well microplate, and then
the plate was placed in the dark for 4 hrs at 37°C. At last,
the generated formation of optical density (OD) was cal-
culated at 490 nm.

EdU Assay
OSCC cells proliferation was measured by EdU assay.

Forty-eight hours later for transfection, the cells were
maintained with EAU solution for 2 hrs in 96-well micro-
plate. Then, treatment OSCC cells with 4% paraformalde-
hyde for 30 mins followed by staining with Cell-Light™
EdU Apollo®488 In vitro Imaging Kit (RioBio, China)
according to the synopsis. At last, the images were col-
lected using a microscope.

Flow Cytometry Assay

Flow cytometry analysis was accomplished to explore the
cell cycle and apoptosis of OSCC cells. Forty-eight hours
later for transfection, the cells were fixed with absolute
ethanol overnight at 4°C, and then treated with RNase.
Next, the cells were incubated with propidium iodide (PI,
Sigma-Aldrich, St. Louis, MO, USA). At last, the cell
cycle was measured by flow cytometry. Apoptosis of
OSCC cells were examined employing an Annexin-
VFITC/PI Apoptosis Detection Kit (Sigma-Aldrich,
St. Louis, MO, USA) according to the manual.
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Luciferase Reporter Assay

The activity of the EZH2 promoter was measured using
luciferase reporter assay. Next, PCR reaction was needed
for obtaining the sequence of EZH2 gene promoter, which
was cloned into pGL3-basic plasmid. pGL3-basic-EZH2
promoter or pGL3-basic were transfected into OSCC cell
lines treated with pcDNA3.1, pcDNA3.1-DUB3, shNC,
shDUB3, or shBRD4. Twenty-four hour later, a Dual
Luciferase Reporter Assay System Kit (Promega,
Madison, WI) was used to test the luciferase activity for

each group.

Co-Immunoprecipitation Assay
Ubiquitinated =~ BRD4
immunoprecipitation assay. shNC, Flag-Ubiquitin (Ub) or
shDUB3 were transfected into HSC-2 cells for 24 hrs;
then, each group was treated with MGI132 for 8 hrs.

was measured by  co-

Next, the cell lysate was obtained, and incubated with
primary antibodies (DUB3 and DRB4) overnight at 4°C
followed by protein G magnetic beads for 5 hrs at 4°C.
Subsequently, Western blot assay was accomplished to
analyze the ubiquitination of BRDA4.

In vivo Treatment

BALB/C nude mice (18-20 g) were obtained from
Guangdong Medical Laboratory Animal Center (Foshan,
China). Two cell lines HSC-2-shNC and HSC-2-shDUB3-
2# were digested with 0.25% trypsin and adjusted to the
concentration of 1.0x107, and then divided into 0.1 mL for
HSC-2-shNC or HSC-
2-shDUB3 were injected into subcutaneously between

each group. Subsequently,
the abdominal ribs following mixed with matrigel matrix
(Beijing Xia Si Biotechnology Co., Ltd., Beijing, China).
The tumor size and weight were measured for every 10
days. All animal experiments have been approved by the
Animal Ethics Committee of First People’s Hospital of
Jinzhou, and were performed in accordance with the
guidelines of the National Institutes of Health for the
Care and Use of Laboratory Animals.

TUNEL Assay

Apoptosis of OSCC tumor tissues were measured using
a TUNEL kit (Roche, Welwyn Garden, UK) according to
the manufacture’s introduction. In brief, the slices were
subjected to deparaffinization followed by rehydration,
and then incubated with TUNEL reaction solution for
2 h at 37°C. Next, the slices were maintained with 3%

H,0,, and then incubated with decoloration, DAB, hema-
toxylin, and alcohol solution. Finally, microscope and
Image J software were used to obtain and analyze the
images, respectively.

Statistical Analysis

SPSS 17.0 software (SPSS, Inc.) was used to analyze the
data. The comparing of two experimental groups was
fulfilled using the Student’s #-test. All data were present
as mean * standard deviation (SD). Moreover, p < 0.01
and p < 0.05 were known to indicate a significant dif-
ference. All experiments were repeated at least three
times.

Results
DUB3 Was Overexpressed in Both
OSCC Tissues and Cell Lines

It has been demonstrated that DUB3 is overexpressed in
many cancer, involving in non-small cell lung cancer.'® In
this present study, the tumor and normal tissues were
obtained from 50 confirmed OSCC patients. As displayed
in Figure 1A, the production of DUB3 mRNA was markedly
heightened in OSCC tumor (p < 0.0001). Meanwhile,
Western blot also showed that DUB3 protein was markedly
heightened in the tumor group compared with the normal
group (Figure 1B). Furthermore, DUB3 production also was
detected using immunohistochemistry analysis. Consisted
with the result of Western blot, DUB3 was highly expressed
in OSCC tumor (Figure 1C). The expression level of DUB3
was categorized as low or high according to the median level
of DUB3 in the OSCC tumors. Then, we further explored the
links between DUB3 and survival rate, and found that low
expressed DUB3 was associated with long survival time of
OSCC patients, and the difference was statistically signifi-
cant (Figure 1D). Besides, we found that the production of
DUB3 was not related to gender, age, T stage, differentiation,
and bone invasion, while related to N stage, overall stage,
perineural invasion, and tumor depth (Table 1). Next, we also
detected the production of DUB3 in OSCC cell lines. The
human oral epithelial cell HOEC and OSCC cell lines
CAL27, H157, and HSC-2 were purchased and maintained
with RPMI-1640. Increased DUB3 mRNA and protein were
measured by gqRT-PCR (Figure 1E) and Western blot
(Figure 1F), respectively, in OSCC cell lines. Together,
these data recommended that DUB3 was overexpressed in
OSCC tumors and cell lines, and associated with OSCC
patient’s survival time.
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Figure | The production of DUB3 in OSCC tissues and cell lines. (A) DUB3 gene expression in tumor and matched paracancer tissue (normal group) were examined by
qRT-PCR, p < 0.0001 vs normal group. (B and C) Then, expression of DUB3 protein in tumor and normal tissues were measured by Western blot (B) and
immunohistochemistry (C). (D) The relationship between the survival rate of OSCC patients and the expression of DUB3 was analyzed, p = 0.0339 vs high group. (E)
DUB3 mRNA expression in OSCC cell lines (CAL27, H157, and HSC-2) was detected using qRT-PCR. (F) Production of DUB3 protein in OSCC cell lines was discovered

using Western blot. *p < 0.05 compared with the normal group or HOEC group.

Downregulation of DUB3 Attenuated
OSCC Cells Proliferation

To examine the effects of DUB3 on the proliferation of
OSCC cells, next experiments were done. The expression
level of DUB3 in H157 and HSC-2 cells was significantly
higher than in HOEC and CAL27 (Figure 1E and F); hence,
H157 and HSC-2 cells were used to follow experiments. Two
shRNA sequences were designed and used to downregulate
the production of DUB3. shDUB3-1#, shDUB3-2#, and
shNC were transfected into OSCC cells, respectively. Forty-
eight hours later, the expression level of DUB3 was detected.
Our results indicated that the production of DUB3 gene
(Figure 2A) and protein (Figure 2B) were obviously down-
regulated by shDUB3-1# and shDUB3-2#, and the inhibitory
effect of sShDUB3-2# was higher than shDUB3-1# (p <0.05).
Thereby, shDUB3-2# was used to the next study. Next, the

OD value was, respectively, measured at 24, 48, 72, and 96
hrs later for transfection of shNC or shDUB3-2#, and the
MTT assay indicated that the cell viability was obviously
suppressed by shDUB3-2# both in H157 and HSC-2
(Figure 2C). Besides, the proliferation of OSCC cell lines
were detected by EdU assay. As shown in Figure 2D, the
positive cell number of EAU was notably downregulated by
shDUB3-2#. MTT and EdU analysis showed that decreasing
in DUB3 using the shRNA could significantly attenuate
OSCC cells viability and proliferation.

Downregulation of DUB3 Promoted
OSCC Cells Apoptosis

Next, the effects of DUB3 downregulation on OSCC cells
apoptosis were explored. Treatment OSCC cell lines with
shNC or shDUB3-2#, and 48 h later, the cell cycle and
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Table | The Clinicopathological Characteristics Related to the
Expression of DUB3 in Samples of Oral Cavity Squamous Cell

Carcinomas
Characteristics | Number DUB3 Low DUB3 High P value
of Expression Expression
Patients (<Median) (<Median)

Number 50 28 22

Ages (years) 0.961
<50 22 12 10
=50 28 14 12

Sex 0.374
Female 24 15 9
Male 26 13 13

T stage 0.254
TI-T2 25 16 9
T3-T4 25 12 13

N stage 0.023*
N=0 25 18 7
N>0 25 10 15

Overall stage 0.042*
1-1l 24 17 7
-1v 26 I 15

Differentiation 0.531
Well 15 10 5
Moderately 16 9 7
Poorly 19 9 10

Bone invasion 0.393
Negative 38 20 18
Positive 12 8 4

Perineural 0.027*

invasion
Negative 27 19 8
Positive 23 9 14

Tumor depth 0.013*
<8mm 32 20 8
28mm 18 8 14

Note: *p<0.05.

apoptosis rate of OSCC cells were examined. Flow cyto-
metry experiment indicated that the cell number in GO/G1
stage was increased, while S and G2/M stages cell numbers
were decreased in the shDUB3-2# group compared to the
group of shNC (Figure 3A). Moreover, apoptosis of OSCC
cells also was detected by flow cytometry, and the result
proved that the downregulation of DUB3 using shDUB3-2#
could induce OSCC cells apoptosis (Figure 3B). Besides,
we further investigated the expression levels of cyclinD1,
p21, cleaved caspase-3, caspase-3, un-cleaved PARP and
cleaved PARP using Western blot assay. Our data indicated

that the expression level of cell cycle-related protein
cyclinD1 was downregulated, while p21 was upregulated,
and the production of apoptosis-related proteins cleaved
caspase-3 and cleaved PARP also were upregulated in the
shDUB3-2# group compared to shNC group (Figure 3C).
These data indicated that decreasing of DUB3 could mark-
edly promote OSCC cells apoptosis.

DUB3 Promoted the Expression of EZH2
via Inhibiting BRD4 Degradation

We further explored the action mechanism of DUB3 down-
regulation suppressed OSCC cells proliferation and promoted
apoptosis. The total DUB3 gene sequence was cloned into
pcDNA3.1 plasmid for constructing the overexpression sys-
tem of DUB3. Empty plasmid (pcDNA3.1) was designed as
the control of pcDNA3.1-DUB3. Here, we found that the
expression level of DUB3 was significantly upregulated by
pcDNA3.1-DUB3 treatment, as shown in the results of qRT-
PCR (Figure 4A) and Western blot (Figure 4B). Then, to
investigate the effects of DUB3 on its target protein EZH2,
pcDNA3.1, pcDNA3.1-DUB3, shNC and shDUB3-2# were
transfected into HSC-2 cells, respectively. gRT-PCR
(Figure 4C) and Western blot (Figure 4D) indicated that
increasing of DUB3 facilitated EZH2 expression, oppositely,
decreasing of DUB3 repressed the expression of EZH2.
Besides, overexpression of DUB3 could increase the activity
of EZH2 gene promoter, and suppression of DUB3 led to the
decrease of EZH2 gene promoter activity (Figure 4E).
Furthermore, we also found that the upregulation of DUB3
promoted BRD4 production, and downregulation of DUB3
inhibited the expression of BRD4 (Figure 4F). Subsequently,
two BRD4 shRNA sequences were designed and transfected
into HSC-2 cells, shNC was served as the control of shBRD4.
The inhibitory efficacy was measured, and the result of qRT-
PCR proved that shBRD4-1# and shBRD4-2# could markedly
downregulate the expression level of BRD4 (Figure 4G).
Western blot assay also showed that expression of BRD4
was repressed by shBRD4-1# and shBRD4-2#, compared to
the shNC group (Figure 4H). To ensure whether BRD4
mediates the effects of DUB3 on EZH2, following experi-
ments were done. Treatment HSC-2 cells with only
pcDNA3.1-DUB3 or together with shBRD4, and 48 hrs
later, DUB3 production was detected. As shown in Figure 41
and J, the upregulation of DUB3 could notably promote the
expression of EZH2, while decreasing of BRD4 could inhibit
DUB3-mediated upregulation of EZH2. In addition, the down-
regulation of BRD4 using shBRD4-2# significantly repressed
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Figure 2 Effects of DUB3 on the proliferation of OSCC cells. (A and B) DUB3 gene (A) and protein (B) were measured by qRT-PCR and Western blot assay, respectively, to
investigate the knockout efficiency of DUB3 shRNA. Next, shNC or shDUB3-2# were transfected into both H157 and HSC-2 cells. (C) The cell viability of HI57 and HSC-2 were
examined by MTT assay. (D) The proliferation of OSCC cell lines was detected by EdU assay. Red: the developed cells were stained with EdU. Blue: the nuclear of all cells were
stained with DAPI. The EdU positive cell number was counted using the Image | software. shNC was recognized the control for DUB3 shRNA, *p < 0.05 vs shNC group.

the increasing of EZH2 gene promoter activity induced by
DUB3 was proved by luciferase reporter assay (Figure 4K).
Subsequently, treatment HSC-2 cells with the proteasome
inhibitor MG132 for 4 hrs following shNC or shDUB3 trans-
fection for 24 hrs. Western blot indicated that MG132 treat-
ment dose does not affect the expression of BRD4 compared
to the control + shNC group, while significantly inhibited the
decrease in DUB3-induced BRD4 suppression (Figure 4L).
Downregulation of DUB3 could promote the degradation of
BRD4 via the ubiquitination pathway. Next, Flag-Ub with or
without shDUB3-2# was transfected into HSC-2 cells treated

with MG132. Co-immunoprecipitation assay demonstrated
that no difference in BRD4 expression between each group,
and the ubiquitination level of BRD4 is most in Flag-Ub +
shDUB3-2# group (Figure 4M). Downregulation of DUB3
could promote BRD3 ubiquitination. Overall, these data sug-
gested that DUB3 could boost EZH2 production via inhibiting
ubiquitin-mediated BRD4 degradation.

Moreover, we also detected the expressions of EZH2 and
BRD4 in OSCC clinical samples and analyzed the correla-
tion of DUB3 expression with EZH2 expression or BRD4
expression. Our data indicated that EZH2 (Figure 5A) and
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BRD4 (Figure 5B) were increased in OSCC tissues.
Importantly, the expressions of EZH2 (Figure 5C) and
BRD4 (Figure 5D) were positively associated with DUB3

expression in OSCC tissues.

DUB3 Promoted Proliferation and
Inhibited Apoptosis of OSCC Cells via
Facilitating EZH2 Production

We next examined whether EZH2 mediates the regulatory
effects of DUB3 on HSC-2 cell proliferation and apoptosis.
EZH2 overexpression plasmid (pcDNA3.1-EZH?2) was con-
structed, and our results revealed that the expression level of
EZH2 was notably heightened in pcDNA3.1-EZH2 (EZH2)
group compared with control (empty plasmid) group
(Figure 6A and B). Then, pcDNA3.1-EZH2 was transfected

into HSC-2 cells with shNC or shDUB3-2#. MTT assay
indicated that DUB3 decreasing could meaningfully attenuate
OSCC cells viability, while increasing of EZH2 could inhibit
the DUB3 decreasing-induced cell viability downregulation
(Figure 6C). Besides, our data proved that the downregulation
of DUB3 could significantly decrease EdU positive cell num-
ber, and overexpression of EZH2 could reverse the inhibitory
effects of DUB3 downregulation on HSC-2 cells proliferation
(Figure 6D). We also detected the cell cycle and apoptosis of
HSC-2 using flow cytometry assay. Our results expounded
that the downregulation of DUB3 markedly increased the GO/
G1 stage cell number, while decreased the cell number in
S and G2/M stage. However, the effect of DUB3 silencing
on cell cycle was reversed by EZH2 (Figure 6E). Moreover,
we also found that downregulation of DUB3 could signifi-
cantly facilitate HSC-2 cell apoptosis; however, EZH2
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Figure 4 DUB3 promoted EZH2 expression via suppression BRD4 degradation. (A and B) First of all, the overexpressed efficiency of pcDNA3.1-DUB3 was determined by
qRT-PCR (A) and Western blot (B). (C and D) Treatment HSC-2 cells with pcDNA3.| (Control), pcDNA3.1-DUB3 (DUB3), shNC, or shDUB3, and then qRT-PCR (C) and
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effects of DUB3 upregulation or downregulation on BRD4 expression were detected by Western blot. (G-J) Knockout efficiency of shBRD4 was ensured by gRT-PCR (G)
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Western blot. (M) BRD4 ubiquitination was detected using co-immunoprecipitation. *p < 0.05.

overexpression could attenuate DUB3 downregulation- HSC-2 cells transfected with shNC or shDUB3-2# injec-

induced apoptosis of HSC-2 cells (Figure 6F). Above all, we
can know that DUB3 could promote HSC-2 cell proliferation
and suppress its apoptosis via upregulation of EZH2.

Decreasing of DUB3 Suppressed the
Growth of Xenograft Tumors

Finally, we established a xenograft mouse model to probe
the biological function of DUB3 downregulation in vivo.
The tumor size was measured for every 10 days following

tion. Our data demonstrated that the downregulation of
DUB3 could significantly suppress the growth of tumor
compared with the shNC group (Figure 7A and B). At 35
days later, the tumor was separated, and then weighted. As
shown in Figure 7C, DUB3 downregulation could mark-
edly decrease the tumor weight compared with shNC
group. Subsequently, expression of Ki67, DUB3, and
EZH2 were measured by immunohistochemistry, and the
TUNEL assay was performed to detect the cell apoptosis.
Our data have shown that the production of Ki67, DUB3,
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and EZH?2 were downregulated, while the cell apoptosis in
tumor tissues was promoted in the shDUB3-2# group
compared to shNC group (Figure 7D). Together, these
results proved that suppression of DUB3 could inhibit
xenograft tumor growth.

Discussion

Ubiquitination, a crucial mechanism for regulating protein
degradation and cell cycle progression, is a reversible
post-translational modification. The balance between ubi-
quitination and deubiquitination is important for maintain-
ing the cellular homeostasis.”® DUB3, a deubiquitination
enzyme, has been proved to be demanded for cell cycle
regulating and G;-S progression.”” In addition, several
lines of evidence have implicated that DUB3 is overex-
pressed in cancer tissues and cell lines, such as glioma.*’
However, how about the expression level of DUB3 in
OSCC tissues and cells remain unclear. It has been
revealed that the depletion of DUB3 in non-small cell
lung cancer cell could induce cell apoptosis and attenuate
cell proliferation.’’ This research pointed out that DUB3
participates in the regulating of cell proliferation and
apoptosis. Moreover, Burrows et al reported that DUB3

co-localizes in endoplasmic reticulum with RCEl to
attenuate the activity of RCE1, and modulates the proces-
sing and activation of Ras, and then regulates the cell
proliferation.®? In this present study, our data revealed
that DUB3 was upregulated in OSCC tissues and cells.
Meanwhile, low expressed DUB3 was associated with
long survival time of OSCC patients. Decreasing of
DUB3 could suppress the proliferation and facilitate apop-
tosis of OSCC cell lines. Besides, we also found that the
downregulation of DUB3 in the mouse model could inhibit
the growth of xenograft tumors induced by HSC-2 cells.
It is a series of dynamic and plastic processes of
transcript epigenetic regulation, which is coordinated by
complicated machinery including methylation, acetyla-
tion, and ubiquitination. EZH2, a histone methyltransfer-
ase, is one of the essential catalytic enzymes for histone
lysine 27 methylation and is associated with an aberrant
transcript in the cancer cell.*® It has been demonstrated
that EZH2 could facilitate the occurrence of tumor via
targeting to regulate the expression of a series of tumor
suppressor genes. Moreover, EZH2 has been reported to
regulate numerous molecular processes associated with
tumorigenesis including activation of NF-«B signaling
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and silencing of microRNA (miRNA).** For example,
Song et al proved that EZH2 could directly bind with
miR-214 to IncRNA
LINCO01535 could promote the growth, invasion, and

repress its expression, and
migration of cervical cancer cells, and contribute to the
progression of cervical cancer.>> EZH2 has been served as
a transcription factor of EPHA7 and has been proved to
suppress the transcription of EPHA2 via enhancing
EPHA7 gene promoter methylation. Di et al reported
that IncRNA SNHNI14 could promote the metastasis of
colorectal cancer by upregulation the expression of
EZH3 though repressing the production of EPHA7.*®
Furthermore, a recent research has reported that EZH2 is
indispensable for maintaining epithelial cell barrier integ-
rity under the condition of inflammatory, and decreasing
the level of EZH2 could block the protective role
of the NF-kB signaling pathway in cell survival.’’
that EZH2 is

a potential target in cancer therapy. In this present study,

Increasing evidence has suggested
we certified that DUB3 could regulate the proliferation
and apoptosis of OSCC cell lines via boosting the produc-
tion of EZH2.

It is demonstrated that BRD4 is an epigenetic and
transcriptional regulator, and plays a pivotal role during
cancer development. For instance, Shen et al informed that
decreasing of BRD4 using its inhibitor SF2523 could
restrain the progression of human prostate cancer.*® Tan
et al revealed that BRD4 is increased in human prostate
cancer cells. Decreasing of BRD4 could inhibit cancer
cells proliferation, and lead to cell cycle arrest and apop-
tosis by facilitating FOXO1 production.’® Besides, it has
been verified that BRD4 binds to acetylated lysine-310 to
regulate the transcriptional activity of NF-kB in cancer
cells, as well as contribute to cancer progression.*’
Importantly, a recent study reported that DUB3 could
bind to and promote BRD4 deubiquitination and stabiliza-
tion, and protect prostate cancer cells against bromodo-
main and extra-terminal domain inhibitor via promoting
BRD4 deubiquitination.*' The ubiquitin-proteasome sys-
tem is a selective cellular mechanism of protein degrada-
tion and has been recognized that exists an interact with
apoptosis. For instance, it has been demonstrated that Rhus
coriaria could facilitate protein ubiquitination and protea-
somal degradation, and then induce autophagy and
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apoptosis in colon cancer cells.** Here, our data indicated
that downregulation of DUB3 suppressed BRD4 produc-
tion, and facilitated the ubiquitination of it. DUB3 could
inhibit BRD4 degradation via deubiquitination. Moreover,
Wu et al have verified that BRD4 is a key upstream
regulator of EZH2 enhancer.” In this present study, we
found that DUB3 could upregulate EZH2 expression via
suppression of the degradation of BRD4.

Conclusion

In summary, our data demonstrated that DUB3is highly
expressed in OSCC, and DUB3 promoted the progression
of OSCC via promoting BRD4-mediated EZH2 produc-
tion. Our research extended the knowledge about the
molecular mechanism underlying OSCC progression.
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