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Abstract. Tribbles pseudokinase 3 (TRIB3), a member of the 
tribbles‑related family, has biological roles such as by acting 
as an oncogene or tumor suppressor gene, in various types of 
cancer, including colorectal cancer, breast cancer, lung cancer 
and renal cell carcinoma. However, the role of TRIB3 in oral 
squamous cell carcinoma (OSCC) is remains unclear. The current 
was aimed to determine the biological function of TRIB3 in 
OSCC progression. TRIB3 expression was examined in OSCC 
surgical specimens using reverse transcription‑quantitative 
PCR and the role of TRIB3 in the proliferation capacities of 
OSCC cell lines was examined using crystal violet and MTT 
assays in vitro and tumorigenicity assays in vivo. The under‑
lying mechanism by which TRIB3 exerts its function was 
investigated using western blotting. The results demonstrated 
that the mRNA and protein expression levels of TRIB3 were 
higher in human OSCC tissues compared with normal tissues. 
The role of TRIB3 in cell proliferation was also determined. 
TRIB3 overexpression significantly promoted OSCC cell 
proliferation, whereas TRIB3 knockdown inhibited OSCC 
cell proliferation compared with control cells. TRIB3 knock‑
down also suppressed tumor growth and decreased tumor 
volume in vivo compared with control cells. Moreover, the 
results suggested that TRIB3 overexpression increased the 
phosphorylation of protein kinase B (AKT) and mammalian 
target of rapamycin (mTOR), whereas TRIB3 knockdown 
decreased the phosphorylation of AKT and mTOR compared 
with control cells. To summarize, the present study indicated 
that TRIB3 promoted OSCC cell proliferation by activating 

the AKT signaling pathway; therefore, TRIB3 may serve as a 
potential target for the diagnosis and treatment of OSCC.

Introduction

Oral squamous cell carcinoma (OSCC) develops from the 
epithelium lining of the oral cavity and accounts for >90% 
of all cases of oral cancer worldwide (1). OSCC is the sixth 
most common solid tumor malignancy worldwide and is the 
most common malignant epithelial neoplasm occurring in the 
head and neck region in terms of incidence and mortality (2,3). 
OSCC has a tendency to cause regional lymph node metastasis 
and recurrence (4). Despite advances in diagnostic and thera‑
peutic strategies in the past few decades, the 5‑year survival 
rate for OSCC remains relatively low at ~50%, which poses 
a great challenge for the prognosis of OSCC (5,6). Therefore, 
identifying the complicated molecular signatures of OSCC 
may aid in the diagnosis and treatment of the disease.

As a member of the tribbles‑related family, Tribbles 
pseudokinase 3 (TRIB3) contains substrate‑binding 
domains but lacks the conserved catalytic amino acid motifs 
essential for kinase activity (7,8). A number of studies have 
demonstrated that TRIB3 is involved in diverse cellular 
processes, including cell proliferation and differentiation, 
the cellular stress response, epithelial‑to‑mesenchymal 
transition and glucose and lipid metabolism (9‑11). 
Emerging evidence suggests that TRIB3 is a crucial 
oncoprotein, with the function of TRIB3 being associated 
with multiple different types of cancer, including breast, 
colorectal and lung cancer, as well as renal cell carcinoma 
(RCC) (12‑15); however, the role of TRIB3 in OSCC is not 
completely understood. Additionally, the protein kinase B 
(AKT)/mammalian target of rapamycin (mTOR) signaling 
pathway has been determined to serve an important role in 
multiple cancers, including ovarian cancer, hepatocelluar 
carcinoma, lung cancer and OSCC (16).

The present study focused on the importance of TRIB3 
during the progression of OSCC. TRIB3 was highly expressed 
in human OSCC tissues at both the mRNA and protein levels. 
Furthermore, the results demonstrated the significance of 
TRIB3 in the proliferation of OSCC cell lines in vitro and 

TRIB3 promotes oral squamous cell carcinoma cell 
proliferation by activating the AKT signaling pathway

PENG SHEN1,  TIAN‑YANG ZHANG2  and  SHU‑YAN WANG3

1Department of Stomatology, Clinical Center of Spaceport, the Northern Medical District, Chinese People's Liberation Army 
General Hospital, Beijing 100094; 2The 7th Medical Center, Chinese People's Liberation Army General Hospital, Beijing 

100700; 3State Key Laboratory of Military Stomatology and National Clinical Research Center for Oral Diseases 
and Shaanxi Clinical Research Center for Oral Diseases, School of Stomatology, 

The Fourth Military Medical University, Xi'an, Shaanxi 710032, P.R. China

Received July 30, 2019;  Accepted May 15, 2020

DOI: 10.3892/etm.2021.9744

Correspondence to: Dr Peng Shen, Department of Stomatology, 
Clinical Center of Spaceport, the Northern Medical District, 
Chinese People's Liberation Army General Hospital, 100 Youyi 
Road, Haidian, Beijing 10094, P.R. China
E‑mail: sppeking@163.com

Key words: tribbles pseudokinase 3, proliferation, oral squamous 
cell carcinoma, AKT



SHEN et al:  TRIB3 PROMOTES OSCC CELL PROLIFERATION VIA AKT2

in vivo. Additionally, the molecular mechanism underlying 
TRIB3‑mediated OSCC cell proliferation was investigated.

Materials and methods

OSCC tissue samples. After obtaining written informed 
consent from patients, a total of 35 primary OSCC tissues 
and paired adjacent normal tissues were obtained. All paired 
normal tissues were adjacent to tumor tissues at a distance 
<0.5 cm. All OSCC tissues were confirmed by two indepen‑
dent pathologists. RNA was extracted from 30 paired samples 
for analysis via reverse transcription‑quantitative PCR 
(RT‑qPCR) and five paired samples were assessed via western 
blotting. All patients (age, 45‑62 years; mean age, 51 years; 
21 male; 14 female) underwent surgery without chemotherapy 
or pre‑operative radiation at the Chinese People's Liberation 
Army General Hospital (Beijing) from January 2017 to 
January 2019. The specimens were stored at ‑80˚C until further 
analysis. The present study was approved by the Institutional 
Review Board of the Chinese People's Liberation Army 
General Hospital.

Online microarray data. The relative transcript expression 
levels of TRIB3 and survival analyses were obtained from the 
Gene Expression Profiling Interactive Analysis (GEPIA; gepia.
cancer‑pku.cn), an online visual tool based on The Cancer 
Genome Atlas (TCGA) database (17). The online analysis of 
TRIB3 in GEPIA was based on the gene expression RNAseq 
dataset of head and neck squamous cell carcinoma (HNSC) 
in TCGA (tcga.xenahubs.net/download/TCGA.HNSC.
sampleMap/HiSeqV2.gz), which included 44 normal tissues 
and 520 tumor tissues. The median value (8.1) of TRIB3 expres‑
sion in tumour tissues was set as the cut‑off value to divide the 
520 patients with HNSC into two groups: TRIB3‑low/medium 
group (n=260) and TRIB3‑high group (n=260).

RNA isolation and RT‑qPCR. Total RNA was extracted from 
the tissues of 30 patients using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. High‑quality RNA (2 µg) was reverse transcribed 
into cDNA using PrimeScript™ RT Reagent kit (Promega 
Corporation), according to the manufacturer's protocol. 
Subsequently, mRNA levels were quantified via qPCR using 
the PIKOREAL96 detection system (Thermo Fisher Scientific, 
Inc.) and the 2X SYBR Green kit (Roche Applied Science), 
according to the manufacturer's protocol. The following ther‑
mocycling conditions were used for qPCR: Initial denaturation 
for at 95˚C for 1 min, 40 cycles of denaturation for at 95˚C 
for 20 sec, annealing at 60˚C for 30 sec and extension at 72˚C 
for 20 sec, followed by final extension at 72˚C for 10 min. 
The following primers were used for qPCR: TRIB3 forward, 
5'‑AAG CGG TTG GAG TTG GAT GAC ‑3' and reverse, 5'‑CAC 
GAT CTG GAG CAG TAG GTG ‑3'; and GAPDH forward, 
5'‑ATG ACC CCT TCA TTG ACC TCA ‑3' and reverse, 5'‑GAG 
ATG ATC ACC CTT TTG GCT ‑3'. TRIB3 mRNA expression 
levels were quantified using the 2‑ΔΔCq method (18) and normal‑
ized to the internal reference gene GAPDH.

Cell culture. OSCC (SCC9, HSC3, Cal27 and SCC15), normal 
oral (HOK) and 293T cell lines were purchased from The 

Cell Bank of Type Culture Collection of Chinese Academy of 
Sciences. All cell lines were maintained in DMEM medium 
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with 
10% FBS (Invitrogen; Thermo Fisher Scientific, Inc.) and 1% 
penicillin/streptomycin (Sangon Biotech Co., Ltd.) at 37˚C in 
humidified atmosphere containing 5% CO2.

Cell transfection. A TRIB3 coding sequence was constructed 
and inserted into the p23‑3xflag‑GFP vector (Invitrogen; 
Thermo Fisher Scientific, Inc.) to generate the TRIB3 over‑
expression vector. Lentiviral short hairpin (sh)RNAs targeting 
TRIB3 were designed and constructed into the pLKO.1‑TRC 
vector (Sangon Biotech Co., Ltd.) A non‑targeted scrambled 
(SCR) oligonucleotide (Sangon Biotech Co., Ltd.) was used as 
the negative control.

To produce lentiviral particles for TRIB3 overexpression 
and knockdown, the core plasmid (1.0 µg) was co‑transfected 
with the packaging plasmids pMD2.G and psPAX2 (2.5 µg, 
Sangon Biotech Co., Ltd) into 293 T cells (5x105 units/well) 
using a calcium phosphate co‑precipitation method (19). 
At 12 h post‑transfection, the medium was replaced with 
DMEM. At 24 h post‑transfection, the supernatants containing 
the virus were collected and filtered through a 0.45 µm 
membrane. Subsequently, the virus was concentrated by 
centrifugation at 50,000 x g for 140 min at 4˚C. The pellet 
was resuspended in 1.5 ml EP tube (Sangon Biotech Co., Ltd.), 
aliquoted and stored at ‑80˚C until further use. For the trans‑
duction process, HSC3 and Cal27 cells were grown to 60% 
confluence in 6‑well plates and transfected with 30 µl virus 
supernatant (~5x106 units per well) with 5 µg/ml polybrene 
(Hanheng Biological Technology Co., Ltd.). After 24 h at 37˚C, 
the medium was replaced and the cells were transferred to 
10‑cm dishes. After 2 days at 37˚C, TRIB3‑overexpression 
HSC3 and Cal27 cells were screened by green fluorescence 
via flow cytometry using an IX‑71 flow cytometer (Olympus 
Corporation). TRIB3‑knockdown SCC9 and SCC15 cells 
were cultured and screened in medium containing 4 µg/ml 
puromycin (Hanheng Biological Technology Co., Ltd.) for 
4 days. Subsequently, individual puromycin‑resistant colonies 
were isolated. Transfection efficiency was verified by western 
blotting. Subsequent experiments were performed 24 h after 
transfection. The sequences of the SCR were: Forward, 5'‑TTC 
TCC GAA CGT GTC ACG T‑3' and reverse, 5'‑ACG TGA CAC 
GTT CGG AGA A‑3'. The sequences of the shTRIB3 were: 
Forward, 5'‑CCG GGA TCT CAA GCT GTGTCG CTT TCT 
CGA GAA AGC GAC ACA GCT TGA GAT CTT TTT G‑3' and 
reverse, 5'‑AAT TCA AAA AGA TCT CAA GCT GTG TCG CTT 
TCT CGA GAA AGC GAC ACA GCT TGA GAT C‑3'.

Western blotting. Total protein was extracted from paired 
tumor tissues and cell lines by lysing cells in RIPA buffer 
(Thermo Fisher Scientific,  Inc.)  for ≥30 min on  ice. Cell 
lysates were centrifuged at 10,000 x g for 15 min at 4˚C. 
Total protein was quantified using Bradford reagent 
(Sigma‑Aldrich; Merck KGaA) according to the manufac‑
turer's protocol. Proteins (10 µg) were separated via 10% 
SDS‑PAGE and transferred onto PVDF membranes. The 
membranes were blocked with 5% fat‑free milk for 1 h at 
room temperature. Subsequently, the membranes were 
incubated at 4˚C overnight with primary antibodies targeted 
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against: TRIB3 (cat. no. ab137526; 1:1,000; Abcam), AKT 
(cat. no. 4691; 1:1,000; Cell Signaling Technology, Inc.), phos‑
phorylated (p)‑AKT (cat. no. 4060; 1:1,000; Cell Signaling 
Technology, Inc.), mTOR (cat. no. 2983; 1:1,000; Cell 
Signaling Technology, Inc.), p‑mTOR (cat. no. 5536; 1:1,000; 
Cell Signaling Technology, Inc.), Flag (cat. no. 8164; 1:1,000; 
Cell Signaling Technology, Inc.) and GAPDH (cat. no. 5174; 
1:1,000; Cell Signaling Technology, Inc.). Following primary 
incubation, the membranes were incubated with an anti‑rabbit 
horseradish peroxidase‑conjugated secondary antibody 
(cat. no. D110103; 1:5,000; Sangon Biotech Co., Ltd.) for 
2 h at room temperature. Immunoreactive protein bands 
were visualized using an enhanced chemiluminescence kit 
(Pierce; Thermo Fisher Scientific, Inc.) and a Gel Dox XR 
system (Bio‑Rad Laboratories, Inc.). GAPDH was used as 
the loading control. ImageJ software (version 1.8.0, National 
Institutes of Health) was used for quantification.

Immunohistochemistry. Tumor xenografts were fixed in 4% 
formalin (Sangon Biotech Co., Ltd.) at room temperature for 
12 h, embedded in paraffin and cut into 5‑µm‑thick consecu‑
tive sections. After deparaffinization and antigen recovery 
in  a  sodium citrate  solution  (pH 6.0)  for  20 min  at  98˚C, 
the sections were washed three times with 0.01 mol/l PBS 
for 5 min each time and blocked for 1 h in 0.01 mol/l PBS 
containing 0.3% Triton X‑100 and 5% BSA (Gibco; Thermo 
Fisher Scientific, Inc.). Subsequently, the sections were incu‑
bated with anti‑TRIB3 (cat. no. ab137526; 1:200; Abcam) and 
anti‑p‑AKT (cat. no. 4060; 1:200; Cell Signaling Technology, 
Inc.) primary antibodies at 4˚C overnight. After washing with 

0.01 mol/l PBS, the sections were incubated with 0.01 mol/l 
PBS containing a horseradish peroxidase‑conjugated 
anti‑rabbit IgG secondary antibody (cat. no. 7074; 1:5,000; 
Cell Signaling Technology, Inc.) at room temperature for 
2 h. Subsequently, the sections were developed using 0.003% 
H2O2 and 0.03% 3,3'‑diaminobenzidine in 0.05 mol/l Tris‑HCl 
(pH 7.6). Immunohistochemistry was performed in triplicate. 
Stained sections were observed in five randomly selected and 
independent high‑power microscopic fields of view using an 
inverted light microscope (magnification, x400).

Crystal violet assay. Cells were seeded (1x103 cells/well) into 
6‑well plates and cultured in DMEM medium supplemented 
with 10% FBS. The medium was replaced every three days. 
After 2 weeks, the medium was removed and the cells were 
fixed with 20% methanol at room temperature for 10 min. 
Subsequently, the cells were stained with 0.5% crystal violet 
(Sigma‑Aldrich; Merck KGaA) at room temperature or 10 min. 
Cells were washed with PBS and photographed using a light 
microscope (magnification, x4). The absorbance values were 
measured at a wavelength of 600 nm using a microplate reader.

MTT assay. Cells were seeded (1x103 cells/well) into 96‑well 
plates. Subsequently, 20 µl MTT solution (5 mg/ml) was 
added to each well and incubated at 37˚C for 4 h. The medium 
was then removed and 200 µl DMSO was added to dissolve 
the formazan crystals. The microtiter plate was placed on a 
shaker to dissolve the crystals. The absorbance of each well 
was measured at a wavelength of 490 nm using an automated 
microplate reader. The MTT assay was performed in triplicate.

Figure 1. TRIB3 expression is higher in OSCC tissues and is associated with patient survival. (A) TRIB3 mRNA expression levels in 30 paired tumour 
tissues and corresponding normal tissues. (B) TRIB3 protein expression levels in 5 paired tumour tissues and corresponding normal tissues. (C) Based on the 
GEPIA database, TRIB3 expression was higher in tumor tissues compared with normal tissues. (D) Based on the GEPIA database, high TRIB3 expression 
was associated with worse overall survival rates in patients with OSCC (from GEPIA database). TRIB3, tribbles pseudokinase 3; OSCC, oral squamous cell 
carcinoma; GEPIA, Gene Expression Profiling Interactive Analysis; N, normal; T, tumour; HNSC, head‑neck squamous cell carcinoma; TCGA, The Cancer 
Genome Atlas. 
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Tumorigenesis in vivo. A total of 8 male BALB/c nude mice 
(age, 5 weeks; median weight, 19 g; weight range, 18‑21 g) 
were obtained from Beijing Huafukang Bioscience Co., Ltd. 
Mice were housed with free access to regular chow diet under 
specific  pathogen‑free  conditions  at  23±3˚C with  35±5% 
humidity and 12‑h light/dark cycles. raised under standard 
conditions. Mice were subcutaneously injected with 100 µl cell 
suspension with PBS as the vehicle (1x106 cells/ml) of SCR 
negative control or shRNA‑TRIB3 SCC9 cells into the right 
flank. Mice in the SCC9 SCR group (n=4) received an injec‑
tion of SCR SCC9 cells and mice in the SCC9 shRNA‑TRIB3 
group (n=4) received an injection of shRNA‑TRIB3 SCC9 
cells. Tumor volume was measured every 7 days according 
to the following equation: Volume=0.5 x length x width2. At 
the end of the experiment (5 weeks), the mice were sacrificed 
by cervical dislocation and tumors were excised. The tumors 
were photographed and weighed. The maximum tumor 
volume observed was 698 mm3. All animal experiments were 
approved by the Institutional Animal Care and Use Committee 
of the Chinese People's Liberation Army General Hospital.

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism (version 5; GraphPad Software, Inc.). Data 

are presented as the mean ± standard deviation. Comparisons 
between two groups were analyzed using the unpaired 
Student's t‑test. All experiments were performed in triplicate. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

TRIB3 is upregulated in OSCC tissues. Firstly, TRIB3 
mRNA expression levels in 30 paired OSCC tissues and 
corresponding normal tissues were measured. TRIB3 mRNA 
expression was higher in 21/30 OSCC tissues compared with 
the corresponding normal tissues (Fig. 1A). In addition, 
TRIB3 protein expression levels were also higher in OSCC 
tissues compared with the corresponding normal tissues 
(Fig. 1B), which was consistent with the RT‑qPCR results. As 
indicated by data obtained from the GEPIA database, TRIB3 
expression was higher in the 520 tumor tissues compared 
with the 44 normal tissues (Fig. 1C). Furthermore, the 
overall survival rate of the TRIB3‑low/medium group was 
significantly improved compared with the TRIB3‑high group 
(P=0.006; Fig. 1D). Based on the expression analyses and the 
data obtained from the GEPIA database, the results indicated 

Figure 2. TRIB3 overexpression and knockdown in OSCC cell lines. (A) Endogenous TRIB3 expression levels in OSCC and normal oral cell lines were 
measured by western blotting. Flag and TRIB3 expression levels following TRIB3 overexpression in HSC3 and Cal27 cells were (B) determined by western 
blotting and (C) semi‑quantified. TRIB3 expression levels following TRIB3 knockdown in SCC9 and SCC15 cells were (D) determined by western blotting 
and (E) semi‑quantified. **P<0.01 and ***P<0.001 vs. vector/SCR. TRIB3, tribbles pseudokinase 3; OSCC, oral squamous cell carcinoma; SCR, scrambled; 
shRNA, short hairpin RNA. 
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that TRIB3 was upregulated in OSCC tissues compared with 
normal tissues.

TRIB3 overexpression and knockdown in OSCC cell lines. 
Based on the results obtained from the clinical data, it was 
hypothesized that TRIB3 might influence OSCC cell prolif‑
eration. Firstly, endogenous TRIB3 expression levels in several 
human OSCC cell lines (SCC9, HSC3, Cal27 and SCC15) 
and a normal oral cell line (HOK) were investigated. TRIB3 
expression was higher in SCC9 and SCC15 cells compared 
with HSC3, Cal27 and HOK cells (Fig. 2A). To identify the 
function of TRIB3 in OSCC cells, HSC3 and Cal27 cells were 
transduced with empty p23 vector or TRIB3 overexpression 

vector (Flag‑TRIB3) plasmids. In addition, shRNA‑TRIB3 
was used to knockdown TRIB3 expression in SCC9 and 
SCC15 cell lines. Transfection efficiency was verified via 
western blotting (Fig. 2B‑E).

TRIB3 overexpression promotes the proliferation of OSCC 
cell lines. The MTT assay indicated that HSC3 and Cal27 
cell proliferation was significantly increased at 4, 5 and 
6 days post‑transfection in the TRIB3 overexpression group 
compared with the untreated group (P<0.01; Fig. 3A and B). 
Furthermore, the crystal violet assay suggested that TRIB3 
overexpression markedly promoted the colony formation 
ability of HSC3 and Cal27 cells compared with the untreated 

Figure 3. TRIB3 overexpression promotes OSCC cell proliferation. The effect of TRIB3 overexpression on (A) HSC3 and (B) Cal27 cell proliferation was 
assessed. The effect of TRIB3 overexpression on the colony formation ability of (C) HSC3 and (D) Cal27 cells was assessed (magnification, x4). The absor‑
bance values of the crystal violet assay in (E) HSC3 and (F) Cal27 cells. **P<0.01 and ***P<0.001 vs. vector. TRIB3, tribbles pseudokinase 3; OSCC, oral 
squamous cell carcinoma; OD, optical density. 
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group (Fig. 3C and D), which reflected the enhanced prolifera‑
tive ability of the TRIB3‑overexpression HSC3 and Cal27 cells. 
Furthermore, the absorbance values of TRIB3‑overexpression 
HSC3 and Cal27 cells were significantly higher compared 
with untreated cells (P<0.01; Fig. 3E and F).

TRIB3 knockdown suppresses the proliferation of OSCC 
cell lines. TRIB3‑knockdown SCC9 and SCC15 cell lines 

were established by transfection with shRNA‑TRIB3 and a 
non‑targeting control lentivirus (SCR). Similar to the over‑
expression experiments, the proliferation of the SCR‑ and 
shRNA‑TRIB3‑transfected cell lines was assessed. The 
MTT assay results indicated that SCC9 cell proliferation 
was significantly reduced  in  the TRIB3 knockdown group 
at 4, 5 and 6 days post‑transfection compared with the untreated 
group (P<0.05; Fig. 4A). Similarly, SCC15 cell proliferation 

Figure 4. TRIB3 knockdown inhibits OSCC cell proliferation. The effect of TRIB3 knockdown on (A) SCC9 and (B) SCC15 cell proliferation was assessed. In 
addition, the effect of TRIB3 knockdown on the colony formation ability of (C) SCC9 and (D) SCC15 cells was assessed (magnification, x4). The absorbance 
values of the crystal violet assay in (E) SCC9 and (F) SCC15 cells. *P<0.05, **P<0.01 and ***P<0.001 vs. SCR. TRIB3, tribbles pseudokinase 3; OSCC, oral 
squamous cell carcinoma; SCR, scrambled; OD, optical density. 
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at 3, 4, 5 and 6 days post‑transfection was significantly reduced 
in the TRIB3 knockdown group compared with the untreated 
group (P<0.05; Fig. 4B). Furthermore, the crystal violet assay 
results indicated that the colony formation ability of SCC9 and 
SCC15 cells was significantly lower in TRIB3‑knockdown 
cells compared with untreated cells (P<0.01; Fig. 4C‑F).

TRIB3 knockdown suppresses OSCC cell tumorigenesis 
in vivo. To verify the in vitro results in vivo, control and 
TRIB3‑knockdown SCC9 cells were subcutaneously injected 
into the right flank of nude mice and tumor growth was moni‑
tored (Fig. 5A). The mean tumor weight in the shRNA‑TRIB3 
group was significantly lower compared with the SCR group 
(n=4; P=0.001; Fig. 5B). Similarly, the mean tumor volume of 
the shRNA‑TRIB3 group was significantly lower compared 
with the SCR group at 3, 4 and 5 weeks post‑injection (n=4; 
P<0.05; Fig. 5C), which suggested that TRIB3 knockdown 
suppressed OSCC cell‑mediated tumour growth in vivo. The 
results were consistent with the in vitro results, which indicated 
that TRIB3 knockdown inhibited OSCC cell proliferation. In 
addition, AKT phosphorylation was notably increased in the 
shRNA‑TRIB3 group compared with the SCR group (Fig. 5D).

TRIB3 activates the AKT signaling pathway in OSCC cells. 
It has been reported that constitutive AKT activation serves 

an important role during the development and progres‑
sion of OSCC (20). To elucidate the mechanism underlying 
TRIB3‑mediated OSCC tumorigenesis, western blotting 
was performed to investigate the protein expression levels of 
p‑AKT and total AKT in TRIB3 overexpression and knock‑
down cell lines. TRIB3 overexpression markedly increased 
AKT and mTOR phosphorylation levels in HSC3 and Cal27 
cells compared with control cells, without notably altering 
the total AKT and mTOR expression levels (Fig. 6A and B). 
By contrast, TRIB3 knockdown in SCC9 and SCC15 cells 
notably reduced AKT and mTOR phosphorylation compared 
with SCR‑transfected cells, without markedly altering the 
total AKT and mTOR expression levels (Fig. 6C and D). In 
summary, the results indicated that TRIB3 promoted AKT 
activation.

Discussion

In previous years, emerging evidence has indicated that TRIB3 
is involved in tumorigenesis and cancer progression (12‑15). 
Upregulated TRIB3 expression has been associated with 
a suboptimal prognosis in colon and breast cancer (12,21). 
In addition, the expression level of TRIB3 was reported to 
display an inverse relationship with the prognosis of breast 
cancer (22). Conversely, TRIB3 upregulation was significantly 

Figure 5. TRIB3 knockdown suppresses tumor development in vivo. (A) Representative images of tumors generated by control and TRIB3‑knockdown SCC9 
cells. (B) Tumour weight. (C) Tumour volume. (D) Immunohistochemical staining of TRIB3 and p‑AKT in tumor xenografts (magnification, x400). *P<0.05 
and **P<0.01 vs. SCR. TRIB3, tribbles pseudokinase 3; p, phosphorylated; SCR, scrambled; shRNA, short hairpin RNA. 
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correlated with tumor size and lymph node or distal metas‑
tasis in patients with non‑small cell lung cancer (NSCLC), 
suggesting that TRIB3 upregulation was associated with the 
poor prognosis of NSCLC (13). Furthermore, Hong et al (15) 
demonstrated the potential oncogenic role of TRIB3 in RCC, 
reporting that TRIB3 promoted RCC cell proliferation, migra‑
tion and invasion.

In the present study, TRIB3 mRNA and protein expres‑
sion levels were markedly higher in human OSCC tissues 
compared with normal tissues. Cell proliferation was signifi‑
cantly enhanced in TRIB3‑overexpression cells compared 
with control cells. In addition, TRIB3 knockdown inhibited 
OSCC cell proliferation compared with control cells. 
Moreover, TRIB3 knockdown suppressed tumor growth 
and decreased tumor volume in vivo compared with control 
cells. The mechanism underlying TRIB3‑mediated OSCC 
tumorigenesis was also investigated. The results indicated that 
compared with control cells, AKT and mTOR phosphorylation 
was significantly increased following TRIB3 overexpression, 

whereas TRIB3 knockdown decreased AKT and mTOR phos‑
phorylation, which is crucial for tumor progression (23). Based 
on the results, it was hypothesized that TRIB3 may promote 
OSCC cell proliferation by activating the AKT signaling 
pathway. The AKT signaling pathway serves an important role 
in multiple types of cancer, including ovarian cancer, hepa‑
tocelluar carcinoma and lung cancer (24,25). The results of 
the present study were consistent with a previous study, which 
reported that TRIB3 inhibited tumorigenesis by targeting 
AKT (26). Restelli et al (26) demonstrated that TRIB3 could 
inhibit several cancer‑related processes, such as cell prolifera‑
tion and invasion, by binding to Ser473 of the AKT protein 
kinase. To the best of our knowledge, the present study was 
the first study to demonstrate the role of TRIB3 in OSCC cell 
proliferation. However, the present study had a number of 
limitations, including the lack of analysis of mTOR expres‑
sion levels via immunohistochemistry, as well as the lack of 
prognostic analysis of TRIB3 in clinical OSCC samples by 
performing a tissue microarray.

In summary, the present study indicated that TRIB3 may 
serve a critical role in OSCC cell proliferation. The results 
may improve the current understanding of the mechanisms 
underlying the biological role of TRIB3 during tumor devel‑
opment and might provide a potential therapeutic target for 
OSCC.
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