
MOLECULAR MEDICINE REPORTS  18:  1651-1659,  2018

Abstract. Migration and invasion are the most important 
characteristics of human malignancies which limit cancer 
drug therapies in the clinic. Tongue squamous cell carcinoma 
(TSCC) is one of the rarest types of cancer, although it is 
characterized by a higher incidence, rapid growth and greater 
potential for metastasis compared with other oral neoplasms 
worldwide. Studies have demonstrated that the phenolic 
compound obovatol exhibits anti‑tumor effects. However, the 
potential mechanisms underlying obovatol‑mediated signaling 
pathways have not been completely elucidated in TSCC. The 
present study investigated the anti‑tumor effects and potential 
molecular mechanisms mediated by obovatol in TSCC cells 
and tissues. The results of the present study demonstrated 
that obovatol exerted cytotoxicity in SCC9 TSCC cells, and 
inhibited their migration and invasion. In addition, obovatol 
induced apoptosis in SCC9 TSCC cells by increasing caspase 
9/3 and apoptotic protease enhancing factor 1 expression levels. 
Western blot analysis demonstrated that obovatol inhibited 
the expression of pro‑epidermal growth factor (EGF), Janus 
kinase (JAK), and signal transducer and activator of transcrip-
tion (STAT) in SCC9 TSCC cells. A study of the molecular 
mechanisms demonstrated that depletion of EGF reversed the 
obovatol‑mediated inhibition of SCC9 TSCC cell growth and 
aggressiveness. Animal experiments indicated that obovatol 
significantly inhibited TSCC tumor growth and increased the 
number of apoptotic cells in tumor tissues. In conclusion, the 

results of the present study provided scientific evidence that 
obovatol inhibited TSCC cell growth and aggressiveness 
through the EGF‑mediated JAK‑STAT signaling pathway, 
suggesting that obovatol may be a potential anti‑TSCC agent.

Introduction

Oral cancer is characterized by high incidence and mortality 
rates in developing countries, and is the 11th most common 
cancer in the world  (1). Tongue squamous cell carcinoma 
(TSCC) is the most common oral malignancy with different 
histopathological symptoms and etiopathogenesis of tumori-
genesis (2,3). Epidemiological data have indicated alterations 
in the demographic profile of patients suffering from TSCC (4). 
Although numerous advanced anticancer treatments have been 
proposed for use in the clinic, TSCC has been traditionally 
considered to be associated with frequent recurrence and 
metastasis, and a poor prognosis, due to rapid migration and 
invasion  (5). Local migration to parenchymal tissues and 
long distance metastasis to organs are the principal reasons 
underlying the mortality rate of TSCC and the poor survival 
rate among patients with TSCC (6). Therefore, understanding 
the potential mechanisms of TSCC cell growth and aggres-
siveness is important to inhibit tumor metastasis and improve 
survival for patients.

Obovatol is a phenolic compound extracted from the 
bark of Magnolia obovata, which is renowned for its phar-
macodynamic functions of antioxidation, neuroprotection, 
antithrombosis, anti‑inflammation and antitumor. Previously, 
obovatol has been observed to exhibit growth inhibitory effects 
on tumor cells and tissues through the induction of apoptotic 
cell death (7,8). A study demonstrated that obovatol inhibited 
prostate and colon cancer cell growth by inducing apoptosis 
and inhibition of the nuclear factor‑κB signaling pathway (9). 
Another report indicated that obovatol inhibited colorectal 
cancer growth and aggressiveness by suppressing tumor cell 
proliferation and inducing apoptosis, and that it may therefore 
be a potent inducer of tumor cell apoptosis and a potent anti-
tumor agent (10). Additionally, obovatol may induce apoptosis 
in non‑small cell lung cancer cells via C/EBP homologous 
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protein activation, activated caspase 9/3 and apoptosis regu-
lator Bax, and that it attenuated the expression of cyclin D1 in 
A549 and H460 non‑small cell lung cancer cells (11).

The present study investigated the inhibitory effects of 
obovatol on the growth and aggressiveness of SCC9 TSCC cells. 
The present study examined obovatol‑mediated pro‑epidermal 
growth factor (EGF)‑mediated Janus kinase (JAK)‑signal 
transducer and activator of transcription (STAT) signaling in 
SCC9 TSCC cells. The results demonstrated that obovatol may 
induce apoptosis in SCC9 TSCC cells by increasing caspase 
9/3 and apoptotic protease enhancing factor 1 (Apaf‑1) expres-
sion levels mediated by the EGF‑induced JAK‑STAT signaling 
pathway.

Materials and methods

Ethics statement. The present preclinical study was performed 
according to the recommendations in the Guide for the Tianjin 
First Center Hospital (Dental; Tianjin, China). All experimental 
protocols and animals were approved by the Committee on the 
Ethics of Animal Experiments in Defence Research of Tianjin 
First Center Hospital (TFCH‑023/0016; Tianjin, China). All 
surgery was performed under intravenous sodium pentobar-
bital (37 mg/kg). The present study was additionally approved 
by the Ethical Committee of Tianjin Stomatological Hospital 
and Maxillofacial Surgery (Tianjin, China).

Cells and reagents. SCC9 cells were purchased from the 
American Type Culture Collection (Manassas, VA, USA) 
and tumor cells were cultured in minimum essential medium 
(MEM; Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
supplemented with 10% fetal calf serum (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). Cells were 
cultured in an incubator at 37˚C and 5% CO2.

MTT assay. SCC9 cells (6x103 cells) were treated with obovatol 
(5.00 mg/ml) in 96‑well plates for 24 h in triplicate for each 
condition, with PBS as a control. MTT (20 µl; 5 mg/ml) was 
added to each well subsequent to incubation at 37˚C. All plates 
were further incubated for 4 h and the medium was subse-
quently removed, and 100 µl dimethyl sulfoxide was added 
into the wells to solubilize the crystals. The optical density 
was measured using a ELISA reader (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA) at wavelength of 450 nm.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total mRNA was isolated from SCC9 cells using 
an RNA Easy Mini Extract kit (Sigma‑Aldrich; Merck KGaA). 
RNA samples with a A260/A280 ratio between 1.8 and 2.0 
were used to synthesize cDNA via RT using SuperScript 
III Reverse Transcriptase (Thermo Fisher Scientific, Inc.). 
Reaction conditions for RT were: 65˚C for 5 min, 50˚C for 
35 min and 85˚C for 5 min. The expression of fibronectin (FN), 
vimentin (VM), E‑cadherin (ED), EGF and JAK in SCC9 
cells was detected using an SYBR® Green Real‑Time PCR 
Master Mixes (Thermo Fisher Scientific, Inc.), with β‑actin 
expression as an endogenous control. All procedures were 
performed according to the manufacturer's protocol. qPCR 
reaction conditions were: 95˚C for 45 sec (initial denaturation), 
followed by 40 cycles of 95˚C for 15 sec (denaturation), 60˚C 

for 45 sec (anealing/elongation) and 72˚C for 30 sec (final 
extension). All the primers were synthesized by Invitrogen 
(Invitrogen; Thermo Fisher Scientific, Inc.). Primer sequences 
were: FN forward, 5'‑CCC​ACC​GTC​TCA​ACA​TGC​TTA​
G‑3', reverse 5'‑CTC​GGC​TTC​CTC​CAT​AAC​AAG​TAC‑3'; 
VM forward, 5'‑TCT​ACG​AGG​AGG​AGA​TGC​GG‑3', reverse 
5'‑GGT​CAA​GAC​GTG​CCA​GAG​AC‑3'; ED forward, 5'‑GTC​
AGT​TCA​GAC​TCC​AGC​CC‑3', reverse 5'‑AAA​TTC​ACT​CTG​
CCC​AGG​ACG‑3'; EFG forward, 5'‑GTG​CAG​CTT​CAG​GAC​
CAC​AA‑3', reverse 5'‑AAA​TGC​ATG​TGT​CGA​ATA​TCT​TGA​
G‑3'; JAK forward, 5'‑AAG​CTT​TCT​CAC​AAG​CAT​TTG​GTT​
T‑3', reverse 5'‑AGA​AAG​GCA​TTA​GAA​AGC​CTG​TAG​TT‑3' 
and β‑actin forward, 5'‑GAC​CTC​TAT​GCC​AAC​ACA​GT‑3' 
and reverse 5'‑AGT​ACT​TGC​GCT​CAG​GAG​GA‑3. Relative 
mRNA expression levels were determined using 2‑ΔΔCq (12). 
The final results were presented in the n‑fold manner compared 
with β‑actin.

Cells invasion and migration assays. SCC9 cells were incu-
bated with obovatol (5.00 mg/ml). SCC9 cells were suspended 
at a density of 1x106 in 500  µl serum‑free MEM. Cells 
were seeded at the top of BD BioCoat Matrigel Migration 
Chambers (BD Biosciences, Franklin Lakes, NJ, USA), and 
MEM containing 20% fetal calf serum (Sigma‑Aldrich, Merck 
KGaA) was applied to the lower chamber. Cells were incu-
bated at 37˚C for 24 h and 0.5% crystal violet (Sigma‑Aldrich; 
Merck KGaA) staining was performed at room temperature 
for 20 min to analyze cell migration, according to the manu-
facturer's protocol. For the migration assay, SCC9 cells were 
seeded into a control insert (BD Biosciences) instead of a 
Matrigel Migration Chamber. SCC9 cell migration and inva-
sion was counted in at least three randomly stained fields 
using a light microscope (magnification, x100) (Olympus 
Corporation, Tokyo, Japan) for every membrane.

Small interfering RNA (siRNA) transfections. SCC9 cells 
(5x105 cells in 100 µl MEM) were cultured to 85% conflu-
ence and transfected with siRNA (40 nM; 5'‑CAG​CAT​CTG​
TCT​AAT​CAA​A‑3') targeting EGF (EGFKD) or scrambled 
siRNA (5'‑AATCAATCCATCCTT‑3') by incubating with 
Lipofectamine™ RNAi MAX (Invitrogen; Thermo Fisher 
Scientific, Inc.) at 37˚C in a CO2 incubator for 4 h according 
to the manufacturer's protocols, followed by incubation in 
MEM at 37˚C for 48 h prior to harvest. siRNA targeting 
EGF and scrambled siRNA were obtained from GenePharma 
(Shanghai, China).

Western blotting. SCC9 cells were homogenized in radioim-
munoprecipitation assay buffer (Thermo Fisher Scientific, 
Inc.) containing protease inhibitor and were centrifuged at 
3,800 x g at 4˚C for 10 min. The supernatant of the mixture 
was used for the analysis of protein expression. Concentration 
of protein samples was measured by Bicinchoninic Acid assay. 
Then, 10% SDS‑PAGE gel electrophoresis was performed 
using 30 µg protein from each sample, followed by transfer to 
a polyvinylidene difluoride membrane. For western blotting, 
primary antibodies (Abcam, Cambridge, UK) were added 
following blocking with 5% skimmed milk for 1 h at 37˚C. 
Primary antibodies included: Rabbit anti‑CDK1 (1:1,000; 
ab131450, Abcam), anti‑CDK2 (1:1,000; ab64669, Abcam), 
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anti‑FN (1:1,000; ab23750, Abcam), anti‑VM (1:1,000; 
ab137321, Abcam), anti‑ED (1:1,000; ab1416, Abcam), 
anti‑Caspase‑3 (1:1,000; ab13847, Abcam), anti‑Caspase‑9 
(1:1,000; ab2324, Abcam), anti‑Apaf‑1 (1:1,000; ab53152, 
Abcam), anti‑p53 (1:1,000; ab131442, Abcam), anti‑Bcl‑2 
(1:1,000; ab32124, Abcam), anti‑JAK (1:1,000; ab125051, 
Abcam), anti‑STAT (1:1,000; ab32520, Abcam), anti‑phos-
phorylated (p)JAK (1:1,000; ab138005, Abcam), anti‑pSTAT 
(1:1,000; ab76315, Abcam), anti‑PDGF (1:1,000; ab124392, 
Abcam), anti‑VEGFR (1:1,000; ab32152, Abcam), anti‑EFG 
(1:1,000; ab10409, Abcam), and anti‑β actin (1:1,000; 
ab6276, Abcam). The membrane was incubated with all 
mentioned primary antibodies for overnight (8‑10 h) at 37˚C. 
Membranes were subsequently incubated with horseradish 
peroxidase‑conjugated anti‑immunoglobulin G for 24 h at 
4˚C (1:10,000; ab6721, Abcam). The results were visualized 
using a chemiluminescence detection system (LumiGLO; 
Cell Signaling Technology, Inc., Danvers, MA, USA). Relative 
expression levels of each protein were normalized to endog-
enous control β‑actin using ImageJ v2 (National Institutes of 
Health, Bethesda, MD, USA).

Apoptosis assay. SCC9 cells were grown to 90% conflu-
ence. Apoptosis was assessed by incubating the cells with 
obovatol (5.00 mg/ml) for 24 h. Following incubation, SCC9 
cells were trypsinized and collected. The cells were washed 
in PBS, adjusted to 1x106 cells/ml and labeled with annexin 
V‑fluorescein isothiocyanate (FITC) and propidium iodide 
(annexin V‑FITC kit; BD Biosciences). SCC9 cells were 
analyzed using a FACScan flow cytometer (BD Biosciences). 
The percentage of labeled SCC9 cells undergoing apoptosis 
in each group was determined and calculated using BD Cell 
Quest pro software v5.1 (BD Biosciences).

Animal study. Male Balb/c (specific pathogen free) nude mice 
(age, 6‑8 weeks, 20‑25 g) were purchased from Shanghai 
SLAC Laboratory Animal Co., Ltd. (Shanghai, China). Mice 
were raised in laminar airflow cabinets under a 12 h light/dark 
cycle at a constant temperature of 20‑26˚C and humidity of 
30‑70%. Animals were fed an ad libitum diet of irradiated 
and sterilized dry food and sterile drinking water. SCC9 cells 
(1x107) were mixed with 100 µl PBS and injected subcutane-
ously into the flanks of Balb/c mice (n =80). Xenografted mice 
were divided into two groups (n=40 mice/group) and received 
treatment with obovatol (5.00 mg/kg) once a day for 6 days 
following tumor implantation (diameter, 5‑8 mm). The tumor 
volumes were calculated according to a previous method (13). 
A fraction of the mice (n=10 mice/group) were sacrificed and 
tumor sections were obtained for further analysis on day 24. 
The remaining animals (n=30 mice/group) were housed until 
day 120 to observe the survival rate of experimental mice. 
Control mice were not treated. 

Immunohistochemistry. TSCC tissues isolated from experi-
mental mice were fixed in formaldehyde (10%) for 24 h at 
room temperature, followed by embedding in paraffin. Tumor 
tissues were sliced into tumor sections with a thickness of 
8 µm. Antigen retrieval was performed by incubating with 
10 mM citrate buffer (pH 6.0) at 95‑100˚C for 10 min. Slides 
were allowed to cool for 20 min, followed by two washes with 

PBS, 5 min each and xylene was used to deparaffinize the 
tissue, prior to rehydration by descending series of alcohol. 
Then tissue sections were blocked using 10% fetal bovine 
serum (Invitrogen; Thermo Fisher Scientific, Inc.) in PBS at 
room temperature for 1 h, followed by incubation with primary 
antibodies, including rabbit anti‑Caspase‑3, anti‑Caspase‑9, 
anti‑Apaf‑1, anti‑EFG, anti‑JAK and anti‑STAT. Subsequently, 
tissues were washed with PBS twice for 5 min per wash and 
incubated with secondary antibody to Rabbit Immunoglobulin 
G‑H&L (Biotin, 1:1,000, ab97049, Abcam) in a humidi-
fied chamber at room temperature for 30 min. Following 
washing, color development was performed by adding 
3,3'‑Diaminobenzidine (DAB; Sigma‑Aldrich; Merck KGaA). 
Signals were observed under a light microscope (magnifica-
tion, 20x, Olympus). A Ventana Benchmark automated 
staining system (Ventana Medical Systems, Inc., Tucson, AZ, 
USA) was used for observation of protein expression levels.

Terminal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) to detect renal cell apoptosis. Paraffin‑embedded 
sections (10% formaldehyde‑fixed) were subjected to antigen 
retrieval following dewaxing and dehydration as aforemen-
tioned. The tissue sections were incubated with proteinase 
K (20 µg/ml in Tris/HCl, pH 7.4‑8.0 from Thermo Fisher 
Scientific, Inc.) at room temperature for 15‑30 min and washed 
twice with PBS. Subsequently, the tissues were placed in 
methanol solution containing 3% H2O2 at room temperature 
for 5 min, followed by washing with PBS for 1 min. The 
TUNEL reaction mixture (50 µl) was added and incubated 
at 37˚C with tissue in a wet box for 60 min, followed by 3 
washes with PBS. Transformation pod/TUNEL pod (50 µl; 
Sigma‑Aldrich; Merck KGaA) was then added and incubated 
at 37˚C with tissue in a wet box for 60 min, followed by 3 
washes with PBS. Finally, DAB substrate solution (50‑100 µl) 
was added and incubated with tissue at room temperature for 
10 min, followed by 3 washes with PBS. Hematoxylin staining 
was performed at 37˚C for 15 min and the slides were sealed. 
The sealed slides were observed under microscope.

Statistical analysis. All data are presented as the mean ± stan-
dard deviation of triplicate dependent experiments, and 
were analyzed using Student's t‑tests or one‑way analysis of 
variance (Tukey honest significant difference post hoc test). 
All data were analyzed using SPSS 19.0 software (IBM 
Corp., Armonk, NY, USA) and GraphPad Prism version 5.0 
(GraphPad Software, Inc., La Jolla, CA, USA), in addition 
to Microsoft Excel 2010 (Microsoft Corporation, Redmond, 
WA, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results 

Obovatol inhibits TSCC cell growth and aggressiveness 
through cell cycle arrest and downregulation of metas‑
tasis‑associated protein expression. The inhibitory effects 
of obovatol on the growth and aggressiveness of TSCC cells 
were analyzed in the present study. The results demonstrated 
that obovatol significantly inhibited SCC9 TSCC cell growth 
(Fig. 1A). The expression levels of cyclin dependent kinase 
(CDK)1 and CDK2 were downregulated in SCC9 TSCC cells 
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following obovatol administration (Fig. 1B). As presented in 
Fig. 1C and D, migration and invasion assays demonstrated 
that treatment with obovatol suppressed the migration and 
invasion of SCC9 TSCC cells. It was additionally observed 
that the expression levels of FN, VM and ED were decreased 
by treatment with obovatol, as determined by RT‑qPCR and 
western blot analyses (Fig. 1E‑F). The results of the present 
study indicated that obovatol administration inhibited the 
growth and aggressiveness of SCC9 TSCC cells.

Obovatol induces apoptosis in TSCC cells through regulation 
of apoptosis‑associated gene expression. The pro‑apoptotic 
effects of obovatol in TSCC cells were analyzed in the present 
study. The results demonstrated that treatment with obovatol 
promoted apoptosis in SCC9 TSCC cells (Fig.  2A). Cell 
viability analysis demonstrated that obovatol enhanced the 
cellular atrophy of SCC9 TSCC cells (Fig. 2B). It was observed 
that caspase‑3, caspase‑9 and Apaf‑1 expression levels were 
increased in SCC9 TSCC cells, as determined by western 
blotting (Fig. 2C). The results additionally demonstrated that 
the expression levels of p53 and Bcl‑2 were downregulated 
following obovatol administration in SCC9 TSCC cells 
(Fig.  2D). These investigations suggested that treatment 
with obovatol promoted apoptosis in SCC9 TSCC cells by 
increasing pro‑apoptotic gene expression and decreasing 
anti‑apoptotic gene expression.

Obovatol inhibits the expression of EGF and downregulates 
the JAK‑STAT signaling pathway in TSCC cells. Previous 
studies suggested that EGF expression levels, and JAK‑STAT 
transcriptional activation and mRNA stabilization, may be 

associated with the proliferation and metastasis of human 
carcinoma cells (14‑16). Therefore, the present study analyzed 
EGF expression and the JAK‑STAT signaling pathway in 
SCC9 TSCC cells. As presented in Fig. 3A and B, the mRNA 
and protein levels of EGF were decreased by treatment 
with obovatol in SCC9 TSCC cells. The results additionally 
demonstrated that the mRNA and protein expression levels 
of JAK and STAT were downregulated in obovatol‑treated 
SCC9 TSCC cells (Fig. 3C and D). Treatment with obovatol 
decreased the phosphorylation levels of JAK and STAT in 
SCC9 TSCC cells (Fig. 3E). It was additionally observed that 
platelet‑derived growth factor (PDGF) and vascular endothe-
lial growth factor receptor (VEGFR) protein expression levels 
were downregulated by treatment with obovatol (Fig. 3F). 
These data suggested that obovatol may inhibit the expression 
of EGF and downregulate the JAK‑STAT signaling pathway 
in TSCC cells.

Obovatol inhibits TSCC cellular apoptosis through the 
EGF‑mediated JAK‑STAT signaling pathway. In order to 
identify the mechanism through which the EGF‑mediated 
JAK‑STAT signaling pathway may be inhibited by obovatol, 
alterations in the expression and phosphorylation levels of 
JAK and STAT were analyzed in EGF‑knockdown SCC9 
TSCC cells. As presented in Fig. 4A and B, EGF knock-
down (EGFKD) inhibited the obovatol‑mediated decreased 
expression and phosphorylation levels of JAK and STAT 
in SCC9 TSCC cells. Expression levels of caspase‑3, 
caspase‑9 and Apaf‑1 were increased in the EGFKD group 
compared with the EGFKD‑OB group (Fig. 4C). Notably, 
the obovatol‑induced increase in apoptosis was abolished in 

Figure 1. Effects of obovatol on TSCC cell growth and aggressiveness. (A) Effects of obovatol on SCC9 TSCC cell growth. (B) Effects of obovatol on the 
expression levels of CDK1 and CDK2 in SCC9 TSCC cells. The effects of obovatol on (C) migration (magnification, x20) and (D) invasion (magnification, 
x20) of SCC9 TSCC cells were investigated. The (E) mRNA and (F) protein expression levels of FN, VM and ED in obovatol‑treated SCC9 TSCC cells were 
determined. All data are presented as the mean ± standard error of the mean of triplicate samples. **P<0.01: Control vs. Obovatol. TSCC, tongue squamous cell 
carcinoma; CDK, cyclin‑dependent kinase; FN, fibronectin; VM, vimentin; ED, E‑cadherin.
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EGF‑knockdown SCC9 TSCC cells (Fig. 4D). These results 
indicated that treatment with obovatol induced TSCC cellular 
apoptosis through the EGF‑mediated JAK‑STAT signaling 
pathway.

In vivo anti‑cancer effects of obovatol in xenografted mice. 
The anti‑tumor efficacy of treatment with obovatol was studied 
in SCC9‑bearing mice. The results demonstrated that treat-
ment with obovatol (12 mg/kg) significantly inhibited tumor 
growth in a 24‑day experiment (Fig. 5A). Treatment with 
obovatol promoted cellular apoptosis in tumors, as determined 
by TUNEL assay (Fig. 5B). Immunohistochemistry demon-
strated that caspase‑3, caspase‑9 and Apaf‑1 expression levels 
were upregulated in obovatol‑treated tumor tissues compared 
with controls (Fig. 5C). The results demonstrated that treat-
ment with obovatol decreased the expression levels of EGF, 
JAK and STAT in tumor tissues (Fig. 5D). The results addition-
ally demonstrated that PDGF and VEGFR protein expression 
levels were downregulated by treatment with obovatol in tumor 
tissues (Fig. 5E). Notably, it was observed that treatment with 
obovatol prolonged the survival of tumor‑bearing mice in a 
120‑day observation (Fig. 5F). These outcomes suggested that 

obovatol may exhibit in vivo anti‑cancer effects and prolong 
survival in tumor‑bearing mice.

Discussion

Epidemiology has indicated that the morbidity and mortality 
rate of TSCC is increasing in young people (16). The current 
management and treatment strategy for the majority of patients 
with TSCC is partial surgical glossectomy, followed by radio-
therapy and chemotherapy in the clinic (17‑19). However, the 
rapid growth of TSCC cells, local migration towards adjacent 
tissues and long‑distance metastasis to the neck, lymphatic 
system and other organs, shortens the five‑year survival 
period (20,21). A previous study indicated that inhibiting a 
number of signaling pathways in TSCC cells may be regarded 
as a potential biomarker and therapeutic target in mobile 
TSCC (22). Evidence has demonstrated that obovatol may be 
regarded as an anti‑tumor agent, with the potential to inhibit 
tumor cell growth by inducing apoptosis and arresting the 
cell cycle in tumor cells (9). In the present study, the inhibi-
tory effects of treatment with obovatol in TSCC cells and 
tissues were analyzed in vitro and in vivo. The present study 

Figure 2. Obovatol induces apoptosis in SCC9 TSCC cells through regulation of apoptosis‑associated gene expression. (A) Treatment with obovatol promotes 
apoptosis in SCC9 TSCC cells. (B) Effects of obovatol on the viability of SCC9 TSCC cells. (C) Effects of obovatol on caspase‑3, caspase‑9 and Apaf‑1 
expression levels in SCC9 TSCC cells. (D) Effects of obovatol on the expression levels of p53 and Bcl‑2 in SCC9 TSCC cells. All data are presented as the 
mean ± standard error of the mean of triplicate samples. **P<0.01: Control vs. Obovatol. TSCC, tongue squamous cell carcinoma; PI, propidium iodide; FITC, 
fluorescein isothiocyanate; Apaf‑1, apoptotic protease enhancing factor 1; p53, cellular tumor antigen p53; Bcl‑2, apoptosis regulator Bcl‑2. 
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Figure 4. Obovatol regulates SCC9 TSCC cellular apoptosis through the EGF‑mediated JAK‑STAT signaling pathway. The effects of EGF knockdown on 
the (A) expression and (B) phosphorylation levels of JAK and STAT in SCC9 TSCC cells. (C) The expression levels of caspase‑3, caspase‑9 and Apaf‑1 in 
EGF‑knockdown SCC9 TSCC cells. (D) Obovatol‑induced apoptosis was inhibited by knockdown of EGF in SCC9 TSCC cells. All data are presented as the 
mean ± standard error of the mean of triplicate samples. **P<0.01: EGDKD vs. EGDKD‑OB. TSCC, tongue squamous cell carcinoma; EGF, pro‑epidermal 
growth factor; JAK, Janus kinase; STAT, signal transducer and activator of transcription; Apaf‑1, apoptotic protease enhancing factor 1; KD, knockdown; 
FITC, fluorescein isothiocyanate; PI, propidium iodide; p, phosphorylated; OB, treated with obovatol.

Figure 3. Effects of obovatol on the expression levels of EGF, JAK and STAT in SCC9 TSCC cells. The effects of obovatol on the (A) mRNA and (B) protein 
expression levels of EGF in SCC9 TSCC cells were investigated. The effects of obovatol on the (C) mRNA and (D) protein expression levels of JAK and STAT 
in SCC9 TSCC cells. (E) Treatment with obovatol treatment decreased the phosphorylation levels of JAK and STAT in SCC9 TSCC cells. (F) Treatment with 
obovatol downregulated the expression levels of PDGF and VEGFR in SCC9 TSCC cells. All data are presented as the mean ± standard error of the mean 
of triplicate samples. **P<0.01: Control vs. Obovatol. TSCC, tongue squamous cell carcinoma; EGF, pro‑epidermal growth factor; JAK, Janus kinase; STAT, 
signal transducer and activator of transcription; PDGF, platelet‑derived growth factor; VEGFR, vascular endothelial growth factor receptor; p, phosphorylated. 
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additionally investigated the potential mechanism underlying 
obovatol‑mediated apoptosis stimulation and growth inhibition 
in SCC9 TSCC cells. The results indicated that treatment with 
obovatol inhibited growth and aggressiveness, and additionally 
promoted apoptosis in TSCC cells through the EGF‑mediated 
JAK‑STAT signaling pathway. In vivo assays demonstrated 
that treatment with obovatol significantly suppressed tumor 
growth and prolonged survival, suggesting that obovatol may 
be a promising anti‑cancer agent for TSCC therapy.

At present, reports have indicated that obovatol may effi-
ciently inhibit the growth of various human cancer cells through 
regulation of cellular signaling pathways (10,11). Lee et al (23) 
reported that obovatol enhanced docetaxel‑induced prostate 
and colon cancer cell death through inactivation of nuclear 
transcription factor‑κB, and suggested that obovatol may 
possess therapeutic potential in combination with other anti-
neoplastic chemotherapeutics. Arora et al (24) indicated that 
the role of obovatol in arresting the cell cycle may potentiate 
the cytotoxic effects and induce apoptosis in human pancreatic 
cancer cells. An additional study demonstrated that treat-
ment with obovatol inhibited cell proliferation and induced 
cell death by decreasing the phosphorylation of RAC‑α 
serine/threonine‑protein kinase and serine/threonine‑protein 
kinase mTOR, which further inhibited γ‑secretase activity 
by downregulating the expression of γ‑secretase complex 
proteins, particularly γ‑secretase subunit aph‑1, in malignant 
melanoma cancer cells  (24). Although these reports have 
presented the inhibitory effects of obovatol in human cancer, 
the underlying anti‑tumor mechanism is not well understood 
in TSCC cells.

Studies have demonstrated that the inhibition of EGF 
expression contributes to the inhibition of tumor growth and 

further inhibits tumor metastasis (25,26). Al‑Hazzaa et al (27) 
reported that EGF receptor tyrosine kinase inhibitor ZD1839 
promoted cisplatin‑induced apoptosis in SCC‑15 cells. In 
addition, it has been reported that targeting of the JAK‑STAT 
signaling pathway may induce tumor cell apoptosis and 
inhibit tumor cell proliferation in tumor bearing mice treated 
with mBIIB036  (28). Furthermore, Hernandez  et  al  (29) 
demonstrated that tumor growth and aggressiveness was 
able to be mediated through JAK‑STAT‑interferon signaling 
pathways in HCT116 cells. In the present study, the results 
indicated that obovatol downregulated p53 and Bcl‑2 expres-
sion levels in TSCC cells, which led to increased apoptosis 
in SCC9 TSCC cells (30,31). It was additionally observed 
that obovatol suppressed EGF expression, and the expres-
sion and phosphorylation levels of JAK and STAT in SCC9 
TSCC cells. Obovatol treatment abolished the upregulation 
of caspase‑3, caspase‑9 and Apaf‑1 expression levels in 
SCC9 TSCCs induced by EG knockdown. The present study 
design identified that treatment with obovatol induced TSCC 
cellular apoptosis through the EGF‑mediated JAK‑STAT 
signaling pathway. 

In conclusion, the present study indicated that treat-
ment with obovatol efficiently inhibited TSCC cell growth 
through downregulation of the expression levels of CDK1 
and CDK2. The aggressiveness of TSCC cells was suppressed 
by obovatol administration via decreased expression of 
FN, VM and ED. The findings additionally indicated that 
obovatol administration induced apoptosis in TSCC cells 
through inhibition of the EGF‑mediated JAK‑STAT signaling 
pathway, which further contributed to the inhibition of tumor 
growth in vivo and prolonged the survival of tumor‑bearing 
mice. Overall, the results of the present study suggested that 

Figure 5. In vivo anti‑cancer efficacy of treatment with obovatol in TSCC cell‑bearing mice. (A) Treatment with obovatol inhibited tumor growth in 24‑day 
experiments. (B) Treatment with obovatol promoted cellular apoptosis in tumor tissues (magnification, x20). (C) Immunohistochemistry was used to analyze 
the effects of obovatol on caspase‑3, caspase‑9 and Apaf‑1 expression levels in tumors tissues (magnification, x20). (D) Effects of treatment with obovatol on 
EGF, JAK and STAT in tumor tissues (magnification, x20). (E) Effects of treatment with obovatol on PDGF and VEGFR protein expression levels in tumor 
tissues (magnification, x20). (F) Treatment with obovatol prolonged the survival of SCC9‑bearing mice in a 120‑day experiment. n=8 animals/group. All data 
are presented as the mean ± standard error. **P<0.01: Control vs. Obovatol. TSCC, tongue squamous cell carcinoma; EGF, pro‑epidermal growth factor; JAK, 
Janus kinase; STAT, signal transducer and activator of transcription; Apaf‑1, apoptotic protease enhancing factor 1; PDGF, platelet‑derived growth factor; 
VEGFR, vascular endothelial growth factor receptor.



DUAN et al:  OBOVATOL INHIBITS TSCC VIA THE EGF-MEDIATED JAK-STAT PATHWAY1658

obovatol administration may be a potential anti‑cancer agent 
for the treatment of TSCC via blockade of the EGF‑mediated 
JAK‑STAT signal pathway.
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