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Background: Recent studies have shown that USP13 a deubiquitinase, serves as an important 

regulator of tumorigenesis. However, the biological role of USP13 in oral squamous cell car-

cinoma (OSCC) remains enigmatic.

Materials and methods: We examined USP13 expression in OSCC and adjacent normal 

tissues by immunohistochemical staining. The biological functions of USP13 in OSCC cells 

and the possible underlying mechanisms were investigated.

Results: In this study, we showed that USP13 expression was frequently reduced in human 

OSCC specimens and that the reduction was correlated with the clinical stage. Functional stud-

ies demonstrated that overexpression of USP13 suppressed OSCC cell proliferation, glucose 

uptake and lactate production in vitro and inhibited tumor growth in vivo. Furthermore, USP13 

overexpression induced phosphatase and tensin homolog deleted on chromosome 10 (PTEN) 

expression and repressed the activation of AKT as well as the expression of the downstream 

effectors glucose transporter-1 (GLUT1) and hexokinase-2 (HK2). Overexpression of PTEN 

reversed the USP13-knockdown-induced glucose uptake, lactate production, AKT activation, 

and expression of GLUT1 and HK2.

Conclusion: Our findings suggest that USP13 serves as a tumor suppressor by regulating the 

PTEN/AKT signaling pathway in OSCC cells, improving our understanding of OSCC progres-

sion and providing a clue for the development of a novel cancer therapy.

Keywords: OSCC, USP13, PTEN, glycolysis

Introduction
Oral squamous cell carcinoma (OSCC) accounts for >40% of head and neck cancers 

and is the sixth most common cancer in the world.1 Despite the progress in diagnosis 

and treatment, the 5-year survival rate of OSCC is still far from satisfactory.2 There-

fore, a better understanding of the pathophysiological mechanisms and molecular 

events involved in the development of OSCC is urgently needed to promote prognostic 

stratification and clinical management in patients with OSCC.

The metabolism of malignant cells is different from that of normally differ-

entiated cells. Oxidative phosphorylation in mitochondria provides energy to the 

normally differentiated cells, while aerobic glycolysis provides energy to cancer 

cells growing in uncontrolled conditions.3,4 This phenomenon is called the Warburg 

effect and is critical for maintaining the high proliferation rate of cancer cells.3 A 

high rate of glucose uptake and lactate production is the main characteristic of the 

Warburg effect.5
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Phosphatase and tensin homolog deleted on chromo-

some 10 (PTEN), a tumor suppressor gene, can suppress 

AKT activation by antagonizing the effect of phospha-

tidylinositol-3-kinase (PI3K).6 PTEN expression7,8 is 

downregulated in OSCC and associated with disease stage 

and lymph node metastasis, while activated AKT is an inde-

pendent prognostic factor for OSCC.9,10 Activated AKT has 

been reported to stimulate cell proliferation and glycolysis 

in cancer cells.11–13

The deubiquitinase USP13 is a member of the USP 

subclass of the deubiquitinating enzyme superfamily.14 

USP13 can remove ubiquitin chains from its substrates 

to inhibit protein degradation.15 It has been reported that 

USP13 is involved in cell cycle regulation, endoplasmic 

reticulum-associated degradation, autophagy, and innate 

antiviral immunity by regulating its substrates Skp2,16 

Ubl4A,17 Beclin-1,18 and STING.19 Recently, controversial 

functions of USP13 in tumorigenesis have been reported. 

USP13 promotes melanoma cell invasion by stabilizing 

the microphthalmia-associated transcription factor.20 In 

addition, USP13 is aberrantly overexpressed in ovarian 

cancers, and USP13 drives ovarian cancer metabolism 

by deubiquitinating ATP citrate lyase and oxoglutarate 

dehydrogenase.21 USP13 disruption inhibited the prolifera-

tion of glioma stem cells by promoting the ubiquitination 

and degradation of c-Myc.22 However, USP13 also plays 

a tumor-suppressive role in breast cancer by stabilizing 

PTEN.23 USP13 is identified as a target of miRNA-135b24 

in colorectal cancer cells, which  promotes colorectal cancer 

cell proliferation and glycolysis.

In the present study, we observed downregulation of 

USP13 in OSCC tissues, which was strongly associated 

with clinical stage. USP13 overexpression inhibited the 

proliferation of and glycolysis in OSCC cells in vitro and 

suppressed tumorigenesis in nude mice. Moreover, the PTEN/

AKT pathway may mediate the inhibitory effects of USP13 

on glycolysis.

Materials and methods
Tissue samples and patient information
The paraffin sections, including 50 cases of human OSCC and 

10 of adjacent tissues were purchased from Outdo Biotech-

nology (Shanghai, China). The mean age of the patients was 

58.5±10.4 years, and 56.0% of patients were male (n=28). 

Thirty-eight patients had stage I or II cancer, and 12 had 

stage III or IV cancer. This study was approved by the Ethical 

Committee of Shengjing Hospital, China Medical University.

immunohistochemical analysis
The paraffinized sections were deparaffinized with xylene and 

rehydrated with a series of ethanol solutions as previously 

described.23 To expose antigen epitopes, the sections were 

heated in a pressure cooker for 10 minutes in 0.1 M citric acid 

buffer (pH 6.0). After cooling, endogenous peroxidase activ-

ity was blocked by immersing the sections in 0.3% hydrogen 

peroxide for 15 minutes. The sections were incubated with 

rabbit anti-USP13 (16840-1-AP, ProteinTech, Chicago, IL, 

USA) overnight at 4°C and then with horseradish peroxidase-

conjugated goat anti-rabbit secondary antibodies. The signals 

were visualized using a 3,3′-diaminobenzidine (DAB) kit 

(Long Island, Shanghai, China).

Cell culture
CAL27, HSC4, SCC15, and 293 T cells were obtained from 

the Cell Bank of Chinese Academy of Sciences (Shanghai, 

China). All the cell lines were cultured in high glucose 

DMEM (HyClone, Logan, UT, USA) containing 10% FBS 

(Invitrogen, Carlsbad, CA, USA) and penicillin/streptomycin 

(Solarbio, Beijing, China) at 37°C in a moist atmosphere 

with 5% CO
2
.

lentivirus-mediated overexpression
The coding sequence of USP13 or PTEN was amplified 

with the following primers: USP13 (NM_003940.2), 

forward 5′-CGGAATTCATGCAGCGCCGGG-3′ and 

reverse 5′-CGGGATCCTTAGCTTGGTATCCTGCGG-3′; 
and PTEN (CR450306.1), forward 5′-CGGAATTCAT-

G AC AG C C AT C AT C A A AG AG - 3 ′  a n d  r eve r s e 

5′-CGGGATCCCGATCTCTTTGATGATGGCTG-3′. 
After digestion, the DNA fragments were cloned into a 

linearized pLVX-puro expression vector (Clontech, Palo 

Alto, CA, USA) and the constructs were confirmed by DNA 

sequencing. For virus production, the constructs together 

with the packaging plasmids psPAX2 and pMD2G (Add-

gene, Cambridge, MA, USA) were transfected into 293 T 

cells with lipofectamine 2000 (Invitrogen). Lentiviruses 

were collected from the culture medium 48–72 hours after 

transfection.

lentivirus-mediated Rnai
RNAi oligos targeting USP13 were cloned into linear-

ized pLKO.1 plasmids (Addgene) and conf irmed by 

DNA sequencing. The interference sites are as follows: 

shUSP13#1 (position 761-779), 5′-GCTCTGTCCTGT-

GTGGAAA-3′; shUSP13#2 (position 851-869), 5′-CCGT-
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GAAACTGGGAACCAT-3′; and shUSP13#3 (position 

1052-1070), 5′-GCACGAAACTGAAGCCAAT-3′. The 

lentivirus was packaged as described previously.

Protein extraction and Western blot 
analysis
Protein was extracted using RIPA buffer (Jrdun Biotech., 

Shanghai, China) containing protease and phosphatase 

inhibitors and then subjected to 10% SDS-PAGE. After 

transferring the protein to nitrocellulose membranes 

(Millipore, Billerica, MA, USA), nonspecific binding was 

blocked by 5% nonfat milk in Tris-buffered saline contain-

ing 0.1% Tween-20 (TBST). Subsequently, the membranes 

were probed with the following primary antibodies over-

night at 4°C: USP13 (Ab109264, Abcam, Cambridge, 

MA, USA), glucose transporter-1 (GLUT1) (Ab115730, 

Abcam), hexokinase-2 (HK2) (Ab104836, Abcam), 

PTEN (#9552, Cell Signaling Technology, Danvers, MA, 

USA), p-AKT (#9271, Cell Signaling Technology), AKT 

(#9272, Cell Signaling Technology), and glyceraldehyde-

3-phosphate dehydrogenase (#5174, Cell Signaling Tech-

nology). Following three washes with TBST, horseradish 

peroxidase conjugated secondary antibody was applied at 

room temperature for 1 hour. The signals were developed 

using the enhanced chemiluminescent substrate (Bio-Rad, 

Richmond, CA, USA).

Cell proliferation assay
A Cell Counting Kit-8 (CCK-8, CP002, SAB biotech., Col-

lege Park, MD, USA) assay was carried out following the 

manufacturer’s protocol to assess cell proliferation. In brief, 

the cells at a logarithmic growth phase were collected and 

adjusted to 3×104 cells/mL. Cell suspension was added to 

96-well plates (100 µL/well) and cultured overnight. CAL27 

and HSC4 cells were transduced with USP13 overexpressing 

lentivirus (USP13OE) or a control virus (Vector). Cells not 

undergoing any treatment were used as the control. After 

culturing for the indicated time periods, CCK-8 solution was 

added to each well and incubated at 37°C for 1 hour. OD 

was measured at a wavelength of 450 nm on a microplate 

absorbance reader (Bio-Rad).

Measurement of 2-(n-[7-nitrobenz-
2-oxa-1,3-diazol-4-yl]amino)-2-
deoxyglucose (2-nBDg) uptake
The OSCC cell lines were plated in 6-well plates (5×105 cells/

well) and treated as indicated in the figure legends for 48 

hours. Subsequently, the cells were incubated with glucose-

free Krebs–Ringer buffer (KRB) at 37°C for 15 minutes and 

then with 100 µM 2-NBDG (Cayman, Ann Arbor, MI, USA) 

in glucose-free medium (Gibco, Grand Island, NY, USA) at 

37°C for 45 minutes. After washing with KRB buffer three 

times, the cells were harvested and fluorescent density was 

measured using flow cytometry (BD Biosciences, Franklin 

Lakes, NJ, USA). The values of the control group were set 

to 1.

lactate production
The OSCC cells in the 6-well plates were treated as 

indicated in the figure legends. After 48 hours of culture, 

the medium was collected to measure lactate production 

with a lactic acid (LD) detection kit (Nanjing Jiancheng 

Bioengineering Institute, Nanjing, China) as per the 

manufacturer’s protocol. The values of control group were 

set to 100%.

Tumor growth
The animal experiment was performed in accordance with 

the guidelines for the Care and Use of Laboratory Animals 

and approved by Ethical Committee of Shengjing Hospital, 

China Medical University. Female athymic nude mice from 

the Shanghai Laboratory Animal Center (Shanghai, China) 

were maintained in specific-pathogen-free conditions. 

CAL27 cells expressing USP13 or a vector were collected 

and adjusted to 5×107/mL in FBS-free medium. The nude 

mice were randomly divided into two groups (n=6 per group) 

and injected subcutaneously with 100 µL of cell suspension. 

After the xenograft formed, the length and width of the 

xenograft were monitored every 3 days, and tumor volume 

was calculated using the following equation: volume =1/2× 

length × width2 as previously described.25 On day 33, the 

mice were sacrificed. The xenografts were resected and 

weighed, and partial tissues were processed for Western 

blotting analysis.

statistical analysis
GraphPad Prism (GraphPad Software, San Diego, CA, USA) 

was used for all statistical tests. Fisher’s exact test was per-

formed to analyze the correlation of USP13 expression with 

the clinical features of OSCC patients. Statistical analyses of 

in vitro experiments were conducted by ANOVA. Student’s 

t-test was used to compare the significant differences in the 

nude mice experiment. P<0.05 was considered statistically 

significant.
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Results
Decreased expression of UsP13 in 
OsCC tissues
To discover USP13 expression in OSCC tissues, we performed 

immunohistochemistry staining on 50 samples of human OSCC 

and 10 of adjacent tissues. Low expression of USP13 (with 

>25% of tumor cells positively stained) was detected in 31 cases 

of OSCC, whereas high expression of USP13 (with no >25% 

of tumor cells positively stained) was observed in the other 

19 cases (Figure 1). Fisher’s exact test indicated that USP13 

expression was strongly correlated with clinical stage (P<0.05) 

but not with age, gender, or pathologic differentiation (Table 1).

UsP13 overexpression repressed cell 
proliferation and the Warburg effect in 
OsCC cells
Given that USP13 expression was associated with clinical 

stage of OSCC, we supposed that USP13 expression may 

affect OSCC cell proliferation. To test this hypothesis, we 

overexpressed USP13 by a lentivirus-mediated system in 

CAL27 and HSC4 cells, which had relatively low levels of 

USP13 (Figure S1). The lentivirus overexpressing USP13 

effectively upregulated the expression of USP13 compared 

with the control lentivirus (vector) and the control cells that 

did not undergo any treatment (Figure 2A). We found signifi-

cant decreases in cell proliferation of CAL27 and HSC4 cells 

(Figure 2B, P<0.01) with USP13 overexpression (USP13OE).

The Warburg effect supplies energy to tumor cells to 

maintain a high proliferation rate.3 Thus, we subsequently 

detected the alterations in glucose uptake and lactate produc-

tion. Significant decreases in 2-NBDG uptake (Figure 2C, 

P<0.001) and lactate production (Figure 2D, P<0.001) were 

observed in CAL27 and HSC4 cells with USP13 overexpres-

sion (USP13OE).

Real-time PCR was then performed to detect the expres-

sion of glycolysis-related genes, including PKM2, HIF1A, 

HK2, GLUT1, GLUT4, LDHA, and c-Myc (Supplemental 

materials, Figure S2). The mRNA levels of GLUT1 and HK2 

changed the most with USP13 overexpression. As shown in 

Figure 2E, the Western blotting analysis also illustrated that 

USP13 overexpression led to an obvious reduction in the pro-

tein levels of GLUT1 and HK2. The PTEN/AKT pathway is 

known to play a critical role in glycolysis.6 The PTEN protein 

level was increased and the phosphorylation of AKT (p-AKT) 

was reduced by the overexpression of USP13 (Figure 2F). 

These data suggested that USP13 overexpression inhibited 

glycolysis in OSCC cells.

The PTen/aKT pathway was involved 
in the biological functions of UsP13 in 
OsCC cells
To corroborate the role of the PTEN/AKT pathway in the 

biological functions of USP13 in OSCC cells, USP13 expres-

sion was downregulated and that of PTEN was upregulated 

in SCC15 cells, which displayed a relatively higher expres-

sion of USP13. Figure 3A demonstrates that all lentivirus-

mediated RNAi against USP13 (shUSP13#1, shUSP13#2, 

and shUSP13#3) effectively downregulated the expression 

of USP13 compared with the control lentivirus (shNC), and 

shUSP13#2, the most efficient lentivirus-mediated RNAi, 

was used in the subsequent experiments. Figure 3B shows 

that lentivirus overexpressing PTEN (PTENOE) effectively 

upregulated the expression of PTENOE.

Notably, overexpression of PTEN partially abolished 

shUSP13#2-stimulated glucose consumption (Figure 3C), 

lactate production (Figure 3D), protein expression of GLUT1 

Table 1 Correlation of UsP13 expression in OsCC tissues with 
different clinicopathological features (n=50)

Characteristic USP13 P-value

High 
(n=19)

Low 
(n=31)

gender   0.7742
Male 10 18
Female 9 13

age (years)   0.5561
≥60 8 10

<60 11 21
Clinical stage   0.0182*

i/ii 18 20
iii/iV 1 11

Pathologic differentiation   0.4524
Well/moderate 17 24
Undifferentiated 2 7

Note: The Fisher’s exact test was performed. *P<0.05.
Abbreviation: OsCC, oral squamous cell carcinoma.

Cancer

USP13 low (n=31) USP13 high (n=19)

CancerNormal

Figure 1 Decreased expression of UsP13 in OsCC.
Notes: UsP13 protein expression was determined by immunohistochemistry 
staining in OsCC and normal tissues. low and high expression of UsP13 was 
detected in 31 and 19 OsCC patients, respectively. The scale bar: 100 µm.
Abbreviation: OsCC, oral squamous cell carcinoma.
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and HK2 (Figure 3E), and phosphorylation of AKT (Figure 

3F) in SCC15 cells. These data suggested that the PTEN/AKT 

pathway mediated the effects of USP13 on the glycolysis in 

OSCC cells.

effect of UsP13 overexpression on 
OsCC in vivo
To determine the direct function of USP13 on OSCC growth, 

we evaluated the growth ability of CAL27 cells overexpress-

ing USP13 in nude mice. The tumor growth curve in Figure 

4A shows that the volumes of tumors formed from cells 

overexpressing USP13 (USP13OE) were evidently smaller 

than those formed from cells with the vector from day 12 

to day 33 after implantation. On day 33, the weight of the 

USP13OE tumors was significantly lighter than that of the 

vector (Figure 4B, P<0.001). The Western blotting analysis in 

Figure 4C, D demonstrated the elevated expression of USP13 

and PTEN and the decreased expression of GLUT1, HK2, 
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Figure 2 UsP13 overexpression suppressed OsCC cell proliferation and the Warburg effect.
Notes: (A) Cal27 and hsC4 cells were transduced with a UsP13-overexpressing lentivirus (UsP13Oe) and a control vector virus. Cells that did not undergo any treatment 
were used as a control. Western blot was performed to detect UsP13 expression 48 hours post treatment. Representative blots from three independent experiments 
are shown. (B) a CCK-8 assay was performed to assess cell proliferation (n=3 biological replicates) in Cal27 and hsC4 cells with UsP13Oe and the control vector. (C) 
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Abbreviations: CCK-8, Cell Counting Kit-8; gaPDh, glyceraldehyde-3-phosphate dehydrogenase; glUT1, glucose transporter-1; hK2, hexokinase-2; 2-nBDg, 2-(n-[7-
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and p-AKT in USP13OE xenografts, which were consistent 

with the results obtained in the in vitro experiments.

Discussion
Previous studies have reported the functions of USP13 in 

tumorigenesis. For example, USP13 stimulates melanoma 

cell invasion,20 drives ovarian cancer metabolism,21 and 

promotes the proliferation of glioma stem cells,22 which 

demonstrates the oncogenic roles of USP13 in these cancers. 

However, USP13 plays a tumor-suppressive role in breast23 

and colorectal cancer24 by regulating cell metabolism and 

proliferation. Here, our data first showed low expression of 

USP13 in OSCC tissues, which was associated with clinical 

stage. Ectopic expression of USP13 suppressed cell prolifera-

tion, glycolysis, and tumorigenicity. Our data together with 

previous reports suggest the important context-specific role 

of USP13 in tumorigenesis.

To explore the mechanism by which USP13 inhibited 

glycolysis in OSCC cells, we examined its effects on AKT 

signaling, which is known to be activated by USP13.23 The 

AKT signaling pathway is involved in diverse biological 

processes, including cell proliferation and glycolysis in 
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cancer cells.11–13 PTEN is a negative regulator of AKT.6 

In OSCC tissues, PTEN expression is downregulated and 

negatively associated with activated AKT.7–10 Consistent with 

earlier findings, USP13 increased PTEN protein levels and 

decreased p-AKT levels in OSCC cells, and overexpression 

of PTEN partially reversed the USP13-knockdown-induced 

glucose uptake and lactate production in the present study.

Loss of PTEN and abnormal AKT activation influences 

the regulation of various downstream effectors, thus contrib-

uting to tumorigenesis.11–13 GLUT1 and HK2 are important 

glycolysis regulators downstream of the AKT pathway.26,27 

AKT activity is essential for insulin-induced GLUT1 gene 

expression.26 The PI3K inhibitor LY294002 and the AKT 

inhibitor MK-2206 markedly decreased the protein expres-

sion of HK2 in osteosarcoma cells.27 In our experiments, 

USP13 overexpression reduced the levels of GLUT1 and 

HK2 in OSCC cells, while knockdown of USP13 had the 

opposite effects. PTEN overexpression partially reversed the 

USP13-knockdown-induced increase in GLUT1 and HK2. 

Collectively, our results indicate that regulation of GLUT1 

and HK2 by USP13 results from alterations in PTEN expres-

sion level and AKT activity. Accordingly, we propose that 

USP13 inhibits the proliferation and glycolysis of OSCC 

cells via the upregulation of PTEN and the downregulation 

of AKT activity. The effects of USP13 knockdown were not 

completely blocked by PTEN overexpression, which may 

indicate the existence of other mediators downstream USP13.

In conclusion, USP13 expression is markedly reduced in 

OSCC clinical samples and facilitates cell proliferation and 

tumorigenicity. USP13 knockdown in OSCC cells promotes 
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Figure 4 effects of UsP13 overexpression on OsCC growth in vivo.
Notes: (A) USP13 overexpression significantly repressed tumor growth in nude mice (n=6 per group). Tumor volume was measured every 3 days. (B–D) On day 33, after 
inoculation, the mice were sacrificed. The xenografts were resected and weighed (B), and partial tissues were processed for Western blotting analysis (C, D). **P<0.01, 
***P<0.001 vs vector.
Abbreviations: gaPDh, glyceraldehyde-3-phosphate dehydrogenase; glUT1, glucose transporter-1; hK2, hexokinase-2; OsCC, oral squamous cell carcinoma; PTen, 
phosphatase and tensin homolog deleted on chromosome 10.
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the Warburg effect via the PTEN/AKT pathway. These find-

ings not only help to improve our understanding of OSCC 

progression but also provide information for the development 

of novel cancer therapies.
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Supplementary materials

Materials and methods
Real-time PCR
Total RNA was extracted with Trizol reagent (Invitrogen, 

Carlsbad, CA, USA) following the manufacturer’s protocol. 

After transcribing into cDNA, real-time PCR was carried 

out on an ABI 7300 system (Applied Biosystem, Foster City, 

CA, USA) with GAPDH as interal control. The primers are 

listed in Table S1.

Table S1 Primers for real-time PCR

Gene Forward primer Reverse primer
PKM2 5′-agCaagaagggTgTgaaC-3′ 5′-CggaTgaaTgaCgCaaaC-3′
HIF1A 5′-TCggCgaagTaaagaaTC-3′ 5′-TTCCTCaCaCgCaaaTag-3′
HK2 5′-aggaggaTgaaggTagaaaTgg-3′ 5′-aCTggaCaaTgTggTCaaag-3′
GLUT1 5′-TgCaggagaTgaaggaag-3′ 5′-CaaTggTggCaTaCaCag-3′
GLUT4 5′-CCCaTTCCTTggTTCaTCg-3′ 5′-CCaTagCCTCCgCaaCaTaC-3′
LDHA 5′-gTTgTTggggTTggTgCTg-3′ 5′-gCTTTCTCCCTCTTgCTgaCg-3′
c-Myc 5′-CCTTCTTTCCTCCaCTCTC-3′ 5′-CaaaCCCTCTCCCTTTCTC-3′
GAPDH 5′-aaTCCCaTCaCCaTCTTC-3′ 5′-aggCTgTTgTCaTaCTTC-3′

USP13

GAPDH

SACC-83
HSC4

SCC15
HN6

CAL27

Figure S1 USP13 expression level in five OSCC cell lines was analyzed by Western 
blot. 
Notes: Representative blots from three independent experiments are shown. 
all the cell lines were obtained from Cell Bank of Chinese academy of sciences 
(shanghai, China) and cultured in high glucose DMeM (hyClone, logan, UT, 
Usa) supplemented with 10% FBs (invitrogen, Carlsbad, Ca, Usa) and penicillin/
streptomycin (solarbio, Beijing, China) at 37°C in a moist atmosphere with 5% CO2.
Abbreviation: OsCC, oral squamous cell carcinoma.
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Figure S2 Cal27 cells were transduced with UsP13 overexpressing (UsP13Oe) 
and control vector virus. 
Notes: Cells without any treatment were served as control. Real-time PCR was 
performed to detect glycolysis-related genes at 48 hours post treatment. ***P<0.001 
vs Vector.
Abbreviations: gaPDh, glyceraldehyde-3-phosphate dehydrogenase; glUT, 
glucose transporter-1; UsP13Oe, UsP13 overexpression.
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