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Proteasome inhibitor MG132 enhances the sensitivity of human
OSCC cells to cisplatin via a ROS/DNA damage/p53 axis
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Abstract. Cis-diamine-dichloroplatinum II (cisplatin,
CDDP) is a key chemotherapeutic regimen in the treatment
of oral squamous cell carcinoma (OSCC). However, the
therapeutic efficacy of cisplatin in OSCC may be hampered
by chemoresistance. Therefore, the development of novel
combination therapy strategies to overcome the limitations
of CDDP is of great importance. The proteasome inhibitor
MGI132 exhibits anti-cancer properties against various types
of cancer. However, our knowledge of its anti-cancer effects
in combination with CDDP in OSCC cells remains limited. In
the current study, the synergetic effects of MG132 and CDDP
were evaluated in the human CAL27 OSCC cell line. CAL27
cells were treated with CDDP alone or in combination with
MGI132. The results showed that MG132 significantly reduced
cell viability in a dose-dependent manner. Additionally, cell
viability was significantly reduced in CAL27 cells treated
with 0.2 uM MGI132 and 2 yM CDDP compared with cells
treated with MG132 or CDDP alone. In addition, MG132
significantly enhanced the CDDP-induced generation of intra-
cellular reactive oxygen species and DNA damage in OSCC
cells. Furthermore, treatment with CDDP or MG132 alone
notably inhibited colony formation and proliferation of OSCC
cells. However, co-treatment of OSCC cells with MG132 and
CDDP further hampered colony formation and proliferation
compared with cells treated with either MG132 or CDDP
alone. Finally, in cells co-treated with MG132 and CDDP, the
expression of p53 was markedly elevated and the p53-mediated
apoptotic pathway was further activated compared with cells
treated with MG132 or CDDP alone, as shown by the enhanced
cell apoptosis, Bax upregulation, and Bcl-2 downregulation.
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Overall, the results of the current study support the synergistic
anti-cancer effects of a combination of MG132 and CDDP
against OSCC, thus suggesting that the combination of MG132
and CDDP may be a promising therapeutic strategy for the
management of OSCC.

Introduction

Oral cancer is the 16th most common type of cancer world-
wide, and oral squamous cell carcinoma (OSCC) accounts for
~90% of all oral cancer cases (1). OSCC is a multifactorial
disease that arises from the stratified squamous epithelium
in the oral mucosa (2,3). Surgical resection of the primary
tumor combined with radiotherapy and chemotherapy is the
most common treatment approach for advanced OSCC (4).
However, cis-diamine-dichloroplatinum II (cisplatin, CDDP)
chemoresistance often results in treatment failure and a poor
prognosis (5), with a 5-year survival rate of <50% for patients
with advanced OSCC (6). Therefore, developing effective
adjuvant treatment approaches to increase drug sensitivity to
complement current therapeutics and improve overall survival
is of great significance.

The ubiquitin-proteasome pathway is a major intracellular
pathway involved in protein degradation. Numerous funda-
mental cellular processes depend on the ubiquitin-proteasome
pathway, including cell cycle, cell apoptosis, and cell differen-
tiation (7-9). Additionally, the ubiquitin-proteasome pathway
has been extensively studied in cancer therapy (10,11). A
previous study showed that the proteasome inhibitor MG132
(carbobenzoxy-L-leucyl-L-leucyl-L-leucinal) could effec-
tively inhibit the proteolytic activity of the 26S proteasome
complex (12). It has been also reported that MG132 exerts
therapeutic effects in several types of cancer, such as lung
cancer, and hypopharyngeal cancer (13,14). Furthermore,
MGI132 also increases the sensitivity of ovarian carci-
noma and esophageal squamous cell carcinoma cells to
chemotherapeutic drugs (15,16). Although MG132 has been
reported to affect CDDP sensitivity in oral cancer, and the
underlying molecular mechanism involved has been partly
explored (17-19), further research is required to investigate
the in-depth mechanism underlying MG132 induced CDDP
sensitivity in oral cancer.

In the current study, OSCC cells were co-treated with
MGI132 and CDDP to evaluate the effect of MG132 on cell
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viability, cell proliferation, apoptosis, and intracellular reac-
tive oxygen species (ROS) generation. Furthermore, the effect
of MG132 on the p53-mediated apoptotic signaling pathway in
CDDP-treated OSCC cells was determined.

Materials and methods

Cell culture and morphology. The human CAL27 OSCC cell
line was a kind gift from the Nanjing Stomatological Hospital.
CAL27 cells were cultured in high glucose DMEM (Wisent,
Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.), 100 units/ml penicillin G, and 100 pg/ml
streptomycin in a humidified incubator supplied with 5% CO,
at 37°C. When cells reached confluency, cells were treated
with trypsin to detach them and split or used as required. The
morphology of CAL27 cells treated with PBS (control cells),
0.2 uM MGI132 (MedChemExpress), and/or 2 yM CDDP
(MedChemExpress) for 48 h was directly observed using
an Olympus inverted bright-field light microscope CKX41
(Olympus Corporation; magnification, x40).

Cell viability. Cells were seeded into 96-well plates at a density
of 5x10° cells/well and cultured overnight at 37°C in a 5%
CO, incubator. Following treatment with CDDP, MG132, or
a combination of both for 48 h, each well of the 96-well plate
was treated with 10 pl Cell Counting Kit 8 (CCK-8) solution
(Beyotime Institute of Biotechnology), and cells were further
incubated for 4 h. The absorbance at a wavelength of 450 nm
was measured using a Varioskan LUX microplate reader
(Thermo Fisher Scientific, Inc.).

Measurement of ROS. The intracellular ROS levels were
quantified using an ROS assay kit (Beyotime Institute
of Biotechnology). Following treatment with CDDP
and/or MG132, cells were harvested and incubated with 10 uM
DCFH-DA probe for 20 min at 37°C. The labeled cells were
then washed twice with PBS and counted using a flow cytom-
eter (Beckman Coulter) at excitation and emission wavelengths
of 488 and 525 nm.

TUNEL assay. TUNEL assays were performed according to
the manufacturer's instructions. Briefly, cells were treated with
PBS (control), CDDP, MG132, or CDDP + MG132 for 48 h.
Cells were then fixed with 4% polyformaldehyde (Sinopharm
Chemical Reagent Co., Ltd.) for 30 min at room temperature
(RT), permeabilized with 0.3% Triton X-100 (Sinopharm),
and incubated with TUNEL detection solution (Beyotime
Institute of Biotechnology) for 1 h at 37°C. Following cell
staining with Hoechst 33342 for 10 min at RT (Beyotime
Institute of Biotechnology), images were captured using a
Leica fluorescence microscope DMi8 (Leica Biosystems;
magnification, x200).

Colony formation assay. A colony formation assay was
performed to evaluate the proliferation potential of OSCC
cells. Briefly, cells were seeded into 6-well plates at a
density of 1x10° cells/well and allowed to adhere overnight.
Subsequently, cells were treated with PBS, CDDP, MG132, or
CDDP + MG132 and cultured for up to 7 days. Following fixing
with methanol for 30 min at RT, the colonies were stained with

0.1% crystal violet (Sinopharm) solution for 30 min at RT.
Colonies consisting of >20 cells were included in the analysis.

Ethynyl-2-deoxyuridine (EdU) assay. Cell proliferation was
assessed using an EdU staining using the BeyoClick EdU kit
(Beyotime Institute of Biotechnology), according to the manu-
facturer's protocol. Briefly, cells were treated with PBS, CDDP,
MGI132, or CDDP + MG132 for 48 h and were then incubated
with 10 uM EdU at 37°C for an additional 2 h. Following
washing with PBS, cells were fixed with 4% polyformalde-
hyde at RT, permeabilized with 0.3 Triton X-100 followed by
incubation with Click additive solution (Beyotime Institute of
Biotechnology) at RT for 30 min in the dark. After staining
with EdU, cells were counterstained with Hoechst 33342
for 10 min at RT and observed under a Leica fluorescence
microscope DMi8 (Leica Biosystems; magnification, x200).

Annexin-V apoptosis detection assay. To assess cell apop-
tosis, cells were treated with CDDP and/or MG132 for 48 h.
Following trypsinization, cells were incubated with an annexin
V-FITC binding buffer containing annexin V-FITC (Vazyme
Biotechnology Co. Ltd.), and propidium iodide (PI) at RT for
10 min. Following staining, cells were sorted using a DxFLEX
flow cytometer (Beckman Coulter, Inc.) with CytExpert For
DXFLEX software (version 2.0.0.283; Beckman Coulter,
Inc.) and analyzed using CytExpert For DxFLEX software
(version 2.0.0.283; Beckman Coulter, Inc.).

Cell cycle distribution analysis. Cell cycle distribution was
determined by staining DNA with PI (Beyotime Institute
of Biotechnology). Briefly, cells were treated with CDDP,
MG132, or CDDP + MG132 for 48 h. After treatment, cells
were washed with PBS and fixed in 70% ethanol for 2 h at
4°C. Cells were then washed again and incubated with PI
staining solution at 37°C for 30 min. The percentage of cells
in the different phases of the cell cycle was measured using
a DxFLEX cytometer and analyzed using CytExpert For
DxFLEX software. The excitation and emission wavelengths
were 488 and 617 nm.

Western blot analysis. Following treatment with CDDP and/or
MGI132, cells were scraped, lysed and the protein extracts were
finally collected. Cell lysates were then resolved using 12%
SDS-PAGE, transferred to PVDF membranes, and blocked
with 5% non-fat milk in TBS-Tween 20. Subsequently, the
membranes were incubated with primary antibodies against
Bcl-2 (1:1,000), p53 (1:1,000; both from Abmart Pharmaceutical
Technology Co.,Ltd.), Bax (1:2,000; Abcepta, Inc.),or GAPDH
(1:1,000; Abmart Pharmaceutical Technology Co., Ltd.) at
4°C overnight. Following incubation with the corresponding
horseradish peroxidase-conjugated goat anti-rabbit secondary
antibody (1:5,000; Abmart Pharmaceutical Technology Co.,
Ltd.) at room temperature for 1 h, the signals were visualized
using an enhanced chemiluminescence reagent (Beyotime
Institute of Biotechnology) and detected using the Odyssey Fc
system (LI-COR Biosciences).

Statistical analysis. Statistical analysis was performed using
SPSS version 19.0 (IBM Corp.). The results were analyzed
using a one-way ANOVA followed by a Tukey's post-hoc test.
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Figure 1. CDDP, MG132, or CDDP + MG132 exert inhibitory effects of oral squamous cell carcinoma cells. CAL27 cells were treated with different concentra-
tions of (A) CDDP and (B) MG132 for 48 h after which CCK-8 assays were performed. (C) The synergistic effects of 2 uM CDDP + 0.2 uM MG132 on cell
viability was assessed by CCK-8 assay. (D) Representative images showing cell morphology were captured under a light microscope. x40 magnification, scale
bar 500 ym. “P<0.01. CDDP, cis-diamine-dichloroplatinum IT; CCK-8, Cell Counting Kit 8.

Data are expressed as the mean + SEM from at least three
independent experiments. P<0.05 was considered to indicate a
statistically significant difference.

Results

MGI32 elevates the inhibitory effect of CDDP on OSCC cell
viability. To determine whether the combination of MG132
and CDDP had a synergistic anti-cancer effect, CAL27
cells were first treated with increasing concentrations of
MGI132 and CDDP. The results showed that cell treatment
with 0.2 yM MG132 and 2 uM CDDP could significantly
reduce cell viability compared with untreated control cells
(Fig. 1A and B). Furthermore, 0.2 M MGI132 and 2 yM of
CDDP were the minimum concentrations required to induce a
significant decrease in cell viability. Therefore, these specific
concentrations were used for subsequent experiments. Next,
CAL27 cells were treated with 0.2 uM MG132, 2 yuM CDDP,
or both for 48 h. CCK-8 assays demonstrated that MG132
significantly enhanced the CDDP-induced inhibition of cell
viability (Fig. 1C). Consistently, light microscopy also showed
that the combined treatment synergistically enhanced cell
growth inhibition compared with cell treatment with each
drug alone (Fig. 1D). The above results indicated that MG132
and CDDP exerted a synergistic anti-cancer effect on OSCC.

MGI32 promotes CDDP-induced ROS production and DNA
damage in OSCC cells. Subsequently, to investigate whether
MGI132 promoted oxidative stress in OSCC cells, the intracel-
lular ROS levels were detected in CAL27 cells using DCFH
staining followed by flow cytometry. CAL27 cells were treated
with MG132, CDDP, or both for 48 h and were then subjected
to DCFH staining. The results showed that the intracellular
ROS levels were higher in cells co-treated with CDDP and
MG132 compared with cells treated with either CDDP or
MG132 alone (Fig. 2A-C). Subsequently, DNA damage was

assessed using a TUNEL assay. The results showed that
both treatment with MG132 or CDDP alone enhanced DNA
damage in OSCC cells. However, co-treatment of OSCC
cells with MG132 and CDDP further promoted DNA damage
(Fig. 2D and E). Overall, the above findings suggested that
ROS may be involved in MGI132-induced DNA damage.
However, the particular mechanisms remain unclear.

MGI32 enhances the inhibitory effects of CDDP on OSCC
cell proliferation. It has been reported that excessive accu-
mulation of ROS can inhibit tumor growth by inhibiting
cancer cell proliferation (20). Herein, to uncover the effects
of MG132 and/or CDDP on OSCC cell proliferation, a colony
formation assay was performed on CAL27 cells treated with
0.2 uM MG132, 2 uM CDDP, or both for 48 h. The data
demonstrated that the combination of MG132 and CDDP
significantly decreased the colony formation ability of CAL27
cells compared with cells treated with either MG132 or CDDP
alone (Fig. 3A and B). Furthermore, an EdU proliferation
assay was performed to evaluate the proliferation ability of
OSCC cells. As shown in Fig. 3C and D, MG132 combined
with CDDP markedly reduced EdU staining compared with
the MG132 and CDDP groups. To elucidate the mechanism
of growth inhibition, cell cycle distribution experiments were
performed. Compared with the untreated control cells, CDDP
significantly increased the proportion of cells at sub-Gl, S,
and G2/M phases (P<0.01), whereas the proportion of cells in
the GO/GI phase was reduced (P<0.01), suggesting that CDDP
induced cell cycle arrest in sub-Gl, S, and G2/M phases in
CAL27 cells. Conversely, MG132 significantly increased the
proportion of cells in the G2/M phase (P<0.01) and reduced
the proportion of cells in the GO/G1 phase (P<0.01), indicating
that MG132 could induce G2/M arrest (Fig. 3E and F).

MGI32 enhances CDDP-induced apoptosis in OSCC cells.
ROS production and DNA damage are considered key
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Figure 2. MG132 and CDDP synergistically enhance ROS generation and DNA damage. (A) Cells were treated with 2 uM CDDP, 0.2 yM MG132, or both
together for 48 h after which intracellular ROS accumulation was assessed by flow cytometry. (B) An integrated image of (A) is shown. (C) Quantitative
analysis of the percentage of DCF positive cells (n=3). (D) DNA damage was assessed by TUNEL assay under a fluorescence microscope. TUNEL staining
(green) was indicative of DNA injury. Nuclei were counterstained with Hoechst (blue). X200 magnification, scale bar 100 y¢m. (E) Quantitative analysis of
TUNEL assays was performed by measuring double TUNEL- and Hoechst-positive cells. Data are presented as the mean + SEM from three independent
experiments. “P<0.01. CDDP, cis-diamine-dichloroplatinum II; ROS, reactive oxygen species.

mechanisms involved in cell death (21). To examine whether  performed. Cell apoptosis was then assessed by flow cytom-
MGI132 and CDDP exerted a synergistic effect on promoting  etry. The results showed that cell treatment with CDDP or
cancer cell apoptosis, double staining with V-FITC/PI was ~ MGI132 alone notably elevated cell apoptosis rate, which was
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Figure 3. MG132 enhances CDDP-induced inhibition of OSCC proliferation. CAL27 cells were treated with 2 uM CDDP, 0.2 uM MG132 or both combined
for 48 h. (A) Cell proliferation was assessed using colony formation assays. Representative images of colonies in a six-well-plate are shown. (B) Quantitative
analysis from three independent colony formation assays are presented. (C) EdU proliferation assays were performed to determine the proliferative ability
of OSCCs. Red spots indicate EdU-positive cells; cell nuclei were counterstained with Hoechst blue. x200 magnification, scale bar 100 gm. (D) Quantitative
analysis of the cell proliferation ratio was performed by measuring double EAU- and Hoechst-positive cells (n=3). (E) Flow cytometry analysis for cell cycle
distribution of CAL27 cells. (F) Histograms show the percentage of cells in each stage. Data are presented as the mean + SEM of 3 independent experiments.
"P<0.05 and “P<0.01. OSCC, oral squamous cell carcinoma cells; CDDP, cis-diamine-dichloroplatinum II; EdU, ethynyl-2-deoxyuridine.

further enhanced in cells co-treated with CDDP and MG132  current study, the expression levels of p53 and those of its down-
(Fig. 4A and B). It has been reported that p53 plays a significant ~ stream apoptosis-related signal pathways were determined.
role in cancer cell apoptosis and regulates downstream mito- ~ MGI132 upregulated p53 expression and further enhanced the
chondrial apoptosis-related pathways (22). Therefore, in the =~ CDDP-induced p53 expression levels in OSCC cells (Fig. 4C).
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Figure 4. CDDP-induced apoptosis of oral squamous cell carcinoma cells is enhanced by MG132. (A) Representative image of flow cytometry analysis of
CAL27 cells treated with CDDP, MG132, or CDDP + MG132. Cell apoptosis was assessed using an Annexin V/PI kit. Annexin V-/PI- staining indicates viable
cells, Annexin V*/PI early apoptotic cells, Annexin V*/PI* late apoptotic cells, and Annexin V/PI" necrotic cells. (B) Quantitative analysis of total apoptotic
cells (early and late apoptosis) is shown. Data are expressed as the mean + SEM of three independent experiments. (C) Representative images of p53, Bcl-2,
and Bax protein expression levels detected by western blot. (D) Densitometry analysis of the p53, Bcl-2, and Bax protein expression levels relative to GAPDH.
“P<0.05 and “P<0.01. CDDP, cis-diamine-dichloroplatinum IT; PI, propidium iodide.

To uncover the underlying downstream pro-apoptotic mecha-
nisms induced by p53, the expression levels of the Bcl-2 family
members were detected. As shown in Fig. 4C, Bax was mark-
edly upregulated and Bcl-2 was significantly downregulated in
cells co-treated with CDDP and MG132 compared with those
treated with MG132 or CDDP alone (Fig. 4C), thus indicating
that p53 and its downstream apoptosis-related genes could
play a key role in MG132-induced OSCC apoptosis.

Discussion

In the majority of patients with OSCC, chemotherapeutic
drugs are recommended as adjuvant therapy after surgery.
CDDP is widely used as a chemotherapeutic agent for the
treatment of several solid tumors. In 1978, CDDP became
the first FDA-approved platinum-based compound for cancer
treatment (23). Currently, CDDP, as a first-line treatment, is
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the most commonly used chemotherapeutic drug for OSCC.
However, the development of CDDP resistance limits its
application and effectiveness. Therefore, combination thera-
pies of CDDP with other anti-cancer drugs have been applied
as novel therapeutic strategies for treating several types of
cancer. The current study aimed to investigate whether combi-
nation therapy with MG132 and CDDP could reduce OSCC
progression.

As a natural triterpene proteasome inhibitor derived from
Chinese medicinal plants, MG132 can inhibit the proteolytic
activity of the 26S proteasome complex (22,24). It has been
reported that MG132 can be used to treat several types of
cancer. Previous studies showed that MG132 could enhance
ROS generation (25), inhibit cell proliferation (16), and promote
cell apoptosis in different types of cancer (22). Additionally,
the role of MG132 has been largely investigated in OSCC.
Chen et al (26) demonstrated that MG132 could induce cell
apoptosis via regulating glucose-regulated protein 78 and
caspase 12 in the OSCC cell line Tca-8113. Additionally,
Tsunoda er al (27) showed that MG132 could upregulate c-Jun
in the OSCC cell lines Ca9-22 and HSC3, which in turn could
form homologous dimers to enhance IL-8 expression. Other
studies revealed that connective tissue growth factor upregula-
tion (28) and deubiquitinating protein 3 downregulation (29)
could both promote OSCC cell apoptosis. However, the above
effect could be abolished by MG132 treatment. It has been
reported that the programmed cell death (PD)-1/PD-ligand 1
(PD-L1) signaling pathway is involved in a type of tumor
immune evasion strategy. Wu et al (30) showed that MG132
could inhibit the degradation of PD-L1 by deubiquitinating
and stabilizing its protein expression in the OSCC cell lines
HN4 and HN30. Furthermore, He et al (31) demonstrated that
co-treatment of cells with metformin and 4SC-202 exerted
an anti-OSCC effect by suppressing the proliferation and
promoting the intrinsic apoptosis of OSCC cells both in vitro
and in vivo. This study also suggested that MG132 could block
the synergistic action of metformin and 4SC-202 by inhibiting
the degradation of ANp63.

In addition to the above findings, it has also been
reported that MG132 can cooperate with several genes to
treat OSCC (32-34). Tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL) can induce apoptosis
in several types of tumor cells (35). However, resistance
to TRAIL response has been verified in different types of
cancer, including OSCC (34). A previous study demonstrated
that MG132 enhanced TRAIL action to increase apoptosis
of the OSCC cell lines HSC-2 and HSC-3 (34). In addition,
MG132 could effectively cooperate with TRAIL agonists
to promote OSCC cell apoptosis by stabilizing truncated
Bid and Bik (33). Additionally, MG132 could synergize
with short hairpin RNA against X-box-binding protein 1 to
activate the inositol-requiring enzyme 1a/TNF receptor-asso-
ciated factor-2/apoptosis signal-regulating kinase-1/Jun
kinase pathway to promote the apoptosis of the OSCC cells,
TCA8113 (32).

The present study showed that MG132 reduced OSCC cell
viability in a dose-dependent manner, thus supporting its direct
anti-cancer effect on OSCC. Previous studies also demonstrated
that chemotherapeutic drugs combined with proteasome inhibi-
tors improves chemotherapy sensitivity (15,16,36). However,

the combination of MG132 and CDDP on OSCC has not been
previously assessed. The results revealed that MG132 combined
with CDDP markedly reduced cell viability compared with
either MG132 or CDDP alone, thus suggesting that MG132
exhibited a synergistic effect with CDDP on OSCC cells.
Previously, it has been shown that MG132 promoted neural
stem cell death (37), and Bax et al (9) also found that MG132
negatively regulates pluripotent stem cell survival and motor
neuron differentiation. The aforementioned findings indicate
that the future clinical applications of MG132 may be limited.
However, further studies are required to determine the toxicity
and side effects of MG132 prior to clinical use.

ROS plays a crucial role in several biological processes.
Maintaining ROS homeostasis is essential for the maintenance
of a physiological state (9,38). Excessive ROS production often
leads to oxidative stress. Under conditions of oxidative stress,
excessive ROS attacks nitrogenous bases and the sugar-phos-
phate backbone of DNA, eventually leading to single- and
double-stranded DNA breaks (39). Previous studies demon-
strated that both CDDP (38) and MG132 (40) could promote
ROS generation individually. The results of the present study
also revealed that both CDDP and MG132 could increase ROS
levels, as well as DNA damage in OSCC cells. Additionally, a
synergistic effect between CDDP and MG132 on promoting
ROS generation and DNA damage was observed, thus indi-
cating that MG132 exerted an anti-cancer effect by inducing
DNA damage via ROS.

Previously, the mechanisms underlying the effects of
MG132 on inducing intracellular ROS generation have not
been investigated. Park et al (41) demonstrated that the
MG132-induced GSH downregulation was involved in ROS
generation. In addition, the levels of O*", primarily origi-
nating from the mitochondria, were shown to be increased
in MG132-treated human pulmonary fibroblast cells (42).
Therefore, the particular mechanisms involved in the effects
of MG132 on inducing ROS production should be addressed
in future studies.

It has been reported that numerous basic biological
processes, including cellular proliferation, require moderate
to low ROS levels (38). Additionally, a previous study revealed
that excessive ROS production overwhelms antioxidant
systems, thus leading to cell cycle arrest as well as inhibition
of cell proliferation (37). The current study demonstrated that
the combined use of MG132 and CDDP could significantly
reduce the proliferative ability of OSCC cells, as evidenced
by the decreased number of cell colonies and reduced cell
proliferation ratio. These findings suggested that MG132
could promote the CDDP-induced inhibition of OSCC cell
proliferation by enhancing ROS production.

When ROS induces oxidative DNA damage, p53 is acti-
vated by ROS via DNA damage checkpoint pathways (23).
p53 is an essential tumor suppressor factor, encoded by the
tumor suppressor gene TP53. Activation of p53 is considered
an attractive anti-cancer therapy approach. p53 can induce
tumor cell apoptosis via regulation of its downstream mito-
chondrial apoptotic signaling pathway (22). Bax and Bcl-2 are
both members of the Bcl-2 family. Bax promotes cell apop-
tosis and it is transcriptionally regulated by p53. Therefore, its
expression is positively associated with pS3 expression (43). By
contrast, the anti-apoptotic protein Bcl-2 plays a crucial role in
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cell survival. A p53-negative response element has been iden-
tified in the promoter region of Bcl-2. Therefore, it has been
reported that Bcl-2 is negatively regulated by p53 (44). Here,
p53 and its downstream apoptotic signaling pathways were
shown to be activated in the MG132 treatment group, indi-
cating that the MG132-induced cell apoptosis was mediated
by the ROS/DNA damage/p53 axis.

In addition to the ROS/DNA damage/p53 signaling
pathway, it has been also reported that MG132 can affect
CDDP sensitivity in OSCC through different signaling path-
ways. A previous study demonstrated that MG132 inhibited
the ubiquitination of phosphoglycerate kinase 1, enhance its
expression, and activate the Akt/mTOR signaling pathway,
eventually leading to CDDP resistance in OSCC cells (17).
Additionally, another study revealed the synergistic effect
of MG132 and CDDP on the SCC-25 OSCC cell line via
regulation of the E-cadherin/B-catenin complex signaling
pathway (18). Furthermore, minichromosome maintenance
deficient 5 (MCMS5) promoted DNA repair in OSCC cells via
interacting with long non-coding RNA POP1-1, thus resulting
in the onset of resistance in OSCC cells. MG132 could also
significantly downregulate MCMS5 in OSCC cells, thus
suggesting that MG132 could inhibit CDDP resistance (19).

In conclusion, the present study demonstrated that MG132
affected the behavior of OSCC cells by inhibiting cell growth
and triggering cell apoptosis. In addition to the inhibitory
effect of MG132 alone, a synergistic effect was also revealed
in cells co-treated with CDDP and MG132 via the ROS/DNA
damage/p53 axis. The above findings supported the clinical
application of MG132 as an effective adjuvant with CDDP in
the management of OSCC.
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