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Abstract. Tongue squamous cell carcinoma (SCC) is a most 
common type of oral cancer. Due to its highly invasive nature 
and poor survival rate, the development of effective pharma‑
cological therapeutic agents is urgently required. Quercetin 
(3,3',4',5,7‑pentahydroxyflavone) is a polyphenolic flavonoid 
found in plants and is an active component of Chinese herbal 
medicine. The present study investigated the pharmacological 
effects and possible mechanisms of quercetin on apoptosis of 
the tongue SCC‑derived SAS cell line. Following treatment 
with quercetin, cell viability was assessed via the MTT assay. 
Apoptotic and necrotic cells, mitochondrial transmembrane 
potential and caspase‑3/7 activity were analyzed via flow 
cytometric analyses. A caspase‑3 activity assay kit was used 
to detect the expression of caspase‑3 activity. Western blot 

analysis was performed to examine the expression levels of 
proteins associated with the MAPKs, AMPKα, GSK3‑α/β 
and caspase‑related signaling pathways. The results revealed 
that quercetin induced morphological alterations and 
decreased the viability of SAS cells. Quercetin also increased 
apoptosis‑related Annexin V‑FITC fluorescence and caspase‑3 
activity, and induced mitochondria‑dependent apoptotic 
signals, including a decrease in mitochondrial transmembrane 
potential and Bcl‑2 protein expression, and an increase in 
cytosolic cytochrome c, Bax, Bak, cleaved caspase‑3, cleaved 
caspase‑7 and cleaved poly (ADP‑ribose) polymerase protein 
expression. Furthermore, quercetin significantly increased 
the protein expression levels of phosphorylated (p)‑ERK, 
p‑JNK1/2 and p‑GSK3‑α/β, but not p‑p38 or p‑AMPKα in SAS 
cells. Pretreatment with the pharmacological JNK inhibitor 
SP600125 effectively reduced the quercetin‑induced apop‑
tosis‑related signals, as well as p‑ERK1/2 and p‑GSK3‑α/β 
protein expression. Both ERK1/2 and GSK3‑α/β inhibitors, 
PD98059 and LiCl, respectively, could significantly prevent the 
quercetin‑induced phosphorylation of ERK1/2 and GSK3‑α/β, 
but not JNK activation. Taken together, these results suggested 
that quercetin may induce tongue SCC cell apoptosis via the 
JNK‑activation‑regulated ERK1/2 and GSK3‑α/β‑mediated 
mitochondria‑dependent apoptotic signaling pathway.

Introduction

Oral cancer has been reported to have an increased prevalence 
in males and in older individuals; >90% of patients with oral 
cancer are diagnosed with oral squamous cell carcinoma 
(SCC) (1‑3). The risk factors for oral cancer include smoking, 
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alcohol intake and betel nut chewing (4‑6). In 2017, the Global 
Burden of Disease Study estimated the oral disease to affect 
3.5 billion population worldwide. Furthermore, oral cancer 
has been reported was top 15 most common cancers world‑
wide and caused ~180,000 deaths each year, according to the 
International Agency for Research (7). It has also been reported 
that >600 new cases of oral cancer are diagnosed every year 
in Australia (6,8). Furthermore, the incidence rate of oral 
cavity SCC has been reported to be 146.2 cases per 100,000 
person‑years for areca/betel quid chewers in Taiwan (3,9). 
The five‑year survival rate reported was poor in a Taiwanese 
patient study (10). In a previous study of oral cavity SCC, it 
was reported that tongue SCC was more prevalent compared 
with cancer of other oral cavity sites (by ~39%) in a young 
population (11). In order to increase the survival rate, the 
development of therapeutic agents for tongue SCC is ongoing.

Quercetin (3,3',4',5,7‑pentahydroxyflavone) is catego‑
rized as a flavonol and is an important polyphenol of the 
flavonoid family, which has been detected in numerous 
fruits and vegetables, such as apples, cranberries, blue‑
berries and onions (12‑14). Quercetin is also an active 
component in several Chinese herbal medicines, such as 
Flos Sophorae Immaturus, Hypericum japonicum Thunb. 
and Yang‑Yin‑Qing‑Fei‑Tang (15,16). A number of biological 
effects of quercetin have been reported, including antiviral, 
anti‑inflammatory and antioxidant effects (17,18). Furthermore, 
quercetin has been reported to possess anticancer poten‑
tial (19,20). However, the underlying molecular mechanisms of 
quercetin in tongue SCC have remained to be fully elucidated.

Apoptosis is a well‑known anticancer mechanism. The 
induction of apoptotic pathways to trigger cancer cell death 
has been explored in anticancer drug investigations in which 
damaged cells were removed through extrinsic or intrinsic 
pathways (21,22). MAPK has been indicated to be involved 
in cancer cell apoptosis. Furthermore, numerous studies have 
reported that the activation of JNK is a key signaling process 
for cancer cell apoptosis via various stimulators (3,23‑27). 
However, to the best of our knowledge, the molecular mecha‑
nisms of quercetin in tongue SCC cell apoptosis remain to be 
clarified. Therefore, the present study investigated the phar‑
macological effects and possible mechanisms of quercetin on 
the apoptosis of tongue SCC‑derived SAS cells. The roles of 
MAPK and GSK3‑α/β signals and the involvement of mito‑
chondrial dysfunction in quercetin‑induced tongue SCC cell 
apoptosis and death were examined and clarified.

Materials and methods

Materials. Quercetin and other chemicals (including 
SP600125, PD98059 and LiCl), unless specified otherwise, 
were purchased from MilliporeSigma. Quercetin (to prepare 
the stock solution) was dissolved and diluted in DMSO. To 
the control wells, the maximum volume of DMSO used in the 
experiments was added, which was <1% per well and did not 
induce any cytotoxicity. Laboratory plasticware was obtained 
from Falcon (Corning Life Sciences). Mouse and rabbit 
monoclonal antibodies specific for caspase‑3 (cat. no. 9661), 
caspase‑7 (cat. no. 9491), poly(ADP‑ribose) polymerase 
(PARP) (cat. no. 9542), phosphorylated (p)‑JNK (cat. no. 9255), 
p‑ERK1/2 (cat. no. 4377), p‑p38 (cat. no. 9216), p‑AMPKα 

(cat. no. 4188), p‑GSK3‑α/β (cat. no. 9331), cytochrome c (cat. 
no. 11940), Bcl‑2 (cat. no. 15071), Bax (cat. no. 89477), Bak 
(cat. no. 12105), JNK‑1 (cat. no. 3708), ERK1/2 (cat. no. 9102), 
p38 (cat. no. 8690), AMPKα (cat. no. 2532), GSK3‑α/β (cat. 
no. 5676), β‑actin (cat. no. 8457) and secondary antibodies 
[horseradish peroxidase (HRP)‑conjugated anti‑mouse IgG 
(cat. no. 7076) or anti‑rabbit IgG (cat. no. 7074)] were purchased 
from Cell Signaling Technology, Inc.

Cell culture. The human tongue SCC‑derived cell line SAS 
(JCRB0260) was purchased from Japanese Collection of 
Research Bioresources Cell Bank. SAS cells were cultured in 
a humidified chamber containing a 5% CO2‑95% air mixture at 
37˚C. All cells were maintained in culture medium containing 
45% Dulbecco's modified Eagle's medium, 45% Ham's F12 
medium and 10% fetal calf serum (all from Gibco; Thermo 
Fisher Scientific, Inc.). Cells were seeded to 6‑ or 24‑well culture 
plates for each experiment and allowed to grow for 12‑18 h (the 
recover overnight), and then treated with quercetin (10‑300 µM) 
for different time intervals in the absence or presence of the 
inhibitors of SP600125 (20 µM), PD98059 (20 µM) or LiCl 
(100 µM) for 30 min at 37˚C prior to treatment with quercetin.

Morphological analysis. The changes in cell morphology 
were detected according to a previous study (28). The cells 
were cultured on a glass slide at a density of 1x106 cells/well at 
37˚C. After 24 h, a photomicrograph was obtained with a 20x 
objective lens using a cooled CCD camera attached to a Zeiss 
Axiovert 135‑TV Inverted Fluorescence Phase Microscope 
(Zeiss AG).

Cell viability. An MTT assay was used to determine the effect 
of quercetin on the viability of SAS cells. The cells were 
cultured in a 24‑well plate at a density of 2x105 cells/well. 
After recovery overnight, the culture medium was removed 
and the cells were washed twice with PBS. Fresh medium with 
quercetin (10‑300 µM) or cisplatin (10 µg/ml; as a positive 
control) was then added. After 24 h at 37˚C, the cells were 
washed twice with PBS and fresh medium was added with 
30 µl MTT (2 mg/ml; MilliporeSigma) at 37˚C for 4 h. The 
medium was then removed and cells were washed twice with 
PBS. DMSO was added to dissolve the blue formazan crystals 
in cells and the absorbance of cells was detected at a wave‑
length of 570 nm to determine cell viability using an ELISA 
reader (model 550; Bio‑Rad Laboratories, Inc.).

Annexin V‑FITC/propidium iodide (PI) staining for apoptosis 
detection. The externalization of phosphatidylserine residues 
on the outer plasma membrane of cells is an early event during 
apoptosis, which may be detected by annexin V (29). To assess 
quercetin‑induced apoptosis and necrosis, flow cytometry was 
performed using the Annexin V‑FITC‑PI assay kit (BioVision, 
Inc.). SAS cells were seeded at 2x105 cells/well in a 24‑well 
plate and incubated with quercetin (10‑100 µM) at 37˚C for 
24 h. Subsequently, the cells were incubated using 0.05% 
trypsin/EDTA for 1 min to detach the cells, which were then 
centrifuged (200 x g at 4˚C for 5 min), re‑suspended in 100 µl 
binding buffer, transferred to a 5‑ml fluorescence‑activated 
cell sorting tube and combined with 5 µl Annexin V‑FITC 
and 10 µl PI (50 µg/ml). After incubation for 30 min at room 
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temperature in the dark, 400 µl binding buffer was added 
to each tube and the samples were immediately analyzed 
using flow cytometry (FACScalibur; BD Biosciences) using 
CellQuest software (version 5.1; BD Biosciences). Four cell 
populations were identified as follows: the viable cell popula‑
tion was in the lower‑left quadrant (low FITC and PI signals), 
the early apoptotic population was in the lower‑right quadrant 
(high FITC and low PI signals), the late apoptotic population 
was in the upper‑right quadrant (high FITC and PI signals), 
and the necrotic population was in the upper‑left quadrant (low 
FITC and high PI signals).

Caspase‑3 activity assay. Caspase‑3 activity was assessed 
as previously described by Lee et al (28) and a Caspase‑3 
Activity Assay Kit (cat. no. 5723) was used (Cell Signaling 
Technology, Inc.). The cells were cultured in a 24‑well plate 
at a density of 2x105 cells/well. After treatment with quercetin 
(10, 30 and 50 µM) or cisplatin (10 µg/ml; as a positive control) 
at 37˚C for 24 h, the cells were lysed and the caspase‑3/CPP32 
substrate (Ac‑DEVD‑AMC; 10 µM) was added for 1 h at 37˚C. 
The fluorescence of cleaved substrates was determined using 
a spectrofluorometer (Spectramax; Molecular Devices, LLC) 
at an excitation wavelength of 380 nm and an emission wave‑
length of 460 nm.

Determination of mitochondrial transmembrane potential 
(MMP). The alteration of MMP was monitored by flow cytom‑
etry as previously described by Chen et al (30). The cells 
were harvested and washed twice with PBS. All samples were 
stained with DiOC6 (40 nM) for 30 min at 37˚C and the fluo‑
rescence of DiOC6 was analyzed by FACSscan flow cytometry 
(BD Biosciences), using CellQuest software (version 5.1; 
BD Biosciences).

Detection of caspase 3/7 activity. Caspase 3/7 is widely 
accepted as a reliable indicator of apoptosis (31). A 
FLICA DEVD‑FMK Caspase 3/7 Assay Kit (cat. no. 94; 
ImmunoChemistry Technologies, LLC) was used to deter‑
mine apoptosis by flow cytometry. SAS cells were seeded 
at 2x105 cells/well in a 24‑well plate and incubated with 
quercetin (50 µM) in the absence or presence of SP600125 
(20 µM), PD98059 (20 µM), or LiCl (100 µM) at 37˚C for 24 h. 
Subsequently, the cells were collected in 1.5‑ml Eppendorf 
tubes, centrifuged at 200 x g for 5 min at 4˚C, washed twice 
with PBS and stained with fluorescent probes for 10 min in a 
dark environment at room temperature. Caspase 3/7 activity 
was determined based on the fluorescence intensity in cells 
using flow cytometry (FACScalibur; BD Biosciences) using 
CellQuest software (version 5.1; BD Biosciences).

Western blot analysis. Western blot analysis was performed 
according to a previously described protocol (28). In brief, 
the cells were lysed using Protein Extraction Solution (cat. 
no. 17081; iNtRON Biotechnology, Inc.) and the protein 
concentration was determined using a bicinchoninic acid 
protein assay kit (Pierce; Thermo Fisher Scientific, Inc.). 
Protein samples (50 µg) were resolved by SDS‑PAGE 
(a 13.5% gel for caspase‑3, ‑7, cytochrome c, Bcl‑2, Bax, Bak; 
a 9% gel for p‑JNK, JNK‑1. P‑ERK1/2, ERK1/2, p‑p38, p38, 
p‑AMPKα, AMPKα, p‑GSK3‑α/β, GSK3‑α/β and β‑actin) 

and transferred to polyvinylidene difluoride membranes. 
PBS‑0.05% Tween‑20 (PBST) containing 5% nonfat dry 
milk was used to block the membranes for 1 h at room 
temperature. The blots were then probed with primary anti‑
bodies (1:1,000 dilution) for 12‑16 h at 4˚C. The blots were 
washed twice with 0.1% PBST and were then probed with 
HRP‑conjugated secondary antibodies (1:5,000 dilution) for 
1 h at 4˚C. The antibody‑reactive bands were revealed using 
an Immobilon® Western Chemiluminescent HRP substrate 
kit (MilliporeSigma) and analyzed using a luminescent 
image analyzer (ImageQuant™ LAS‑4000; GE Healthcare 
Bio‑Sciences). The bands underwent densitometric analysis 
using ImageJ version 1.50d software (National Institutes of 
Health). For the detection of cytosolic cytochrome c expres‑
sion levels, the cells were detached, washed twice with PBS, 
and then homogenized with a pestle and mortar in the extrac‑
tion buffer [0.4 M mannitol, 25 mM MOPS (pH 7.8), 1 mM 
EGTA, 8 mM cysteine, and 0.1% (w/v) bovine serum albumin]. 
The cell debris was removed via centrifugation at 6,000 x g 
for 2 min. The supernatant was centrifuged at 12,000 x g for 
15 min to pellet the mitochondria. The cytochrome c levels 
in the supernatants (cytosolic fraction) were detected using 
western blot analysis. For the detection of the phosphorylated 
proteins and total proteins, the membrane was first probed 
with the p‑protein antibody and analyzed. Subsequently, the 
same membrane was washed and stripped with western blot 
stripping buffer (cat. no. ab270550; Abcam) according to the 
manufacturer's instructions. After stripping, the membrane 
was probed with the total protein antibody and re‑analyzed.

Reverse transcription‑quantitative PCT (RT‑qPCR) analysis. 
The mRNA expression levels of Bcl‑2, Bax, Bak, caspase‑3, 
caspase‑7, caspase‑9 and PARP were analyzed using RT‑qPCR 
as described in a previous study (32). Cells were cultured in 
a 10‑cm2 dish and incubated with quercetin (50 µM) in the 
absence or presence of SP600125 (20 µM), PD98059 (20 µM) 
or LiCl (100 µM) at 37˚C for different time intervals (2‑16 h). 
Subsequently, total intracellular RNA was extracted using an 
RNeasy kit (Qiagen GmbH) according to the manufacturer's 
protocol. To eliminate genomic DNA (gDNA), the sample was 
added to DNase I. Subsequently, the sample was incubated at 
room temperature for 15 min and heated to 70˚C for 10 min to 
denature DNase I, and then rapidly placed on ice. To reverse 
transcribe RNA into cDNA, 5 µg RNA was added to a reaction 
buffer: 2.5 mM deoxynucleotide mix, 40 U/µl RNAase inhibitor 
(Promega Corporation), 100 nmol random hexamer primers, 
1X reverse transcriptase (RTase) buffer (which was supplied 
with the RTase enzyme) and 30 units AMV RTase enzyme, to 
which nuclease‑free water was added to reach a final volume 
of 20 µl. The temperature steps of the RT reaction consisted of 
10 min at room temperature, 15 min at 42˚C and 5 min at 95˚C 
and then the sample was placed on ice. The real‑time SYBR 
Green primers for human caspase‑3, caspase‑7, caspase‑9, 
PARP, Bcl‑2, Bax, Bak and β‑actin used in the present study 
are shown in Table I. Each sample (2 µl) was assessed using 
Real‑Time SYBR Green PCR reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) and transgene‑specific primers in a 
25‑µl reaction volume, and amplification was performed using 
an ABI StepOnePlus™ Sequence Detection System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The cycling 
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conditions consisted of 2 min at 50˚C, 10 min at 95˚C, 40 cycles 
at 95˚C for 30 sec and 60˚C for 1 min. Real‑time fluorescence 
detection was performed during the 60˚C annealing/extension 
step of each cycle. Melt‑curve analysis was performed on 
each primer set to ensure that no primer dimers or nonspe‑
cific amplifications were present under the optimized cycling 
conditions. After 40 cycles, data analysis was performed 
using StepOne™ software (version 2.1; Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The fold differences in mRNA 
expression between the treatment and control groups were 
determined using the relative quantification method, which 
utilizes qPCR efficiencies and normalizes them to a house‑
keeping gene (β‑actin was used in the present study), thus 
comparing relative Cq changes (ΔCq) between the control and 
experimental samples. The fold change values were calculated 
using the expression 2‑ΔΔCq, where ΔΔC represents ΔCqcondition of 

interest‑ΔCqcontrol (33). Prior to conducting the statistical analyses, 
the fold change from the mean of the control group was calcu‑
lated for each individual sample (including the individual 
control samples to assess the variability in this group).

Statistical analysis. Data are presented as the mean ± standard 
deviation of at least four independent experiments. All data 
analyses were performed using SPSS software version 12.0 
(SPSS, Inc.). Significant differences among the groups were 
assessed by one‑way analysis of variance followed by Tukey's 
post‑hoc test to identify group differences. P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

Quercetin induces apoptosis in human tongue SCC SAS cells. 
The present study first investigated whether quercetin had an 
apoptotic effect on tongue SCC cells. Cells were treated with 

quercetin (10‑300 µM) for 24 h. As shown in Fig. 1A, quercetin 
(30 and 50 µM) markedly induced morphological changes (as 
indicated by the arrows), including cell shrinkage, as observed 
by an inverted phase‑contrast microscope. Furthermore, cell 
viability was significantly decreased following treatment with 
quercetin (10‑300 µM; Fig. 1B). The 50% lethal concentra‑
tion (LC50) in SAS cells was ~50 µM quercetin (Fig. 1B). As 
determined by flow cytometry, the fluorescence intensity of 
Annexin V‑FITC (Fig. 1C‑a and b) and the percentage of apop‑
totic cells (as indicated by high Annexin V‑FITC + low PI plus 
high Annexin V‑FITC + high PI signals; Fig. 1C‑c) were signifi‑
cantly increased in quercetin‑treated cells in a dose‑dependent 
manner. However, quercetin did not induce cell necrosis in 
quercetin‑treated ASA cells (Fig. 1C). Furthermore, caspase‑3 
activity was also significantly and dose‑dependently increased 
in cells treated with quercetin (Fig. 1D). Cisplatin (10 µg/ml), 
as a positive control, was used to induce cytotoxicity (Fig. 1B) 
and apoptosis (Fig. 1D) in SAS cells. These results indicated that 
quercetin may be capable of inducing SAS cell apoptosis and 
death.

Quercetin induces mitochondrial damage in human tongue 
SCC SAS cells. The present study next examined whether the 
mitochondrial pathway was involved in quercetin‑induced SAS 
cell apoptosis. Cells were treated with quercetin (50 µM) for 6 
or 24 h. As shown in Fig. 2A and B, the MMP was significantly 
decreased and cytosolic cytochrome c protein expression was 
effectively increased in quercetin‑treated cells. Furthermore, the 
expression levels of mitochondrial apoptosis‑related proteins 
were also detected. Both Bax and Bak protein expression levels 
were time‑dependently increased, whereas Bcl‑2 protein expres‑
sion was time‑dependently decreased in response to quercetin 
(Fig. 2C‑a). Cisplatin (10 µg/ml), as a positive control, was used 
to induce apoptosis‑related protein expression in SAS cells 

Table I. Primer sequences used for reverse transcription‑quantitative PCR analysis.

Gene Sequence (Refs.)

Human caspase‑3 F: 5'‑GACTCTAGACGGCATCCAGC‑3' (57)
 R: 5'‑TGACAGCCAGTGAGACTTGG‑3' 
Human caspase‑7 F: 5'‑AGTGACAGGTATGGGCGTTC‑3' (57)
 R: 5'‑CGG CATTTGTATGGTCCTCT‑3' 
Human caspase‑9 F: 5'‑CTGAGCCAGATGCTGTCCCAT‑3' (58)
 R: 5'‑CTGAGCCAGATGCTGTCCCAT‑3' 
Human PARP F: 5'‑GCAGAGTATGCCAAGTCCAACAG‑3' (59)
 R: 5'‑ATCCACCTCATCGCCTTTTC‑3' 
Human Bcl‑2 F: 5'‑TTAGATCTATGGCGCACGCTGGGAGAAC‑3' (60)
 R: 5'‑CGAATTCTCACTTGTGGCTCAGATAGG‑3' 
Human Bax F: 5'‑CTTTTGCTTCAGGGTTTCATCC‑3' (61)
 R: 5'‑TTGAGACACTCGCTCAGCTTCT‑3' 
Human Bak F: 5'‑ATGGTCACCTTACCTCTGCAA‑3' (62)
 R: 5'‑TCATAGCGTCGGTTGATGTCG‑3' 
Human β‑actin F: 5'‑GGCGACGAGGCCCAGA‑3' (63)
 R: 5'‑CGATTTCCCGCTCGGC‑3' 

F, forward; PARP, poly(ADP‑ribose) polymerase; R, reverse.
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Figure 1. Effects of quercetin on cell morphology and viability in human tongue squamous cell carcinoma SAS cells. (A) Cells were treated with quercetin 
(30 and 50 µM) for 24 h. The morphological changes of cells were observed under an inverted phase‑contrast microscope (magnification, x400). (B) Cells 
were treated with quercetin (10‑300 µM) for 24 h. Cell viability was determined using the MTT assay. (C‑a) Apoptosis was determined by staining with the 
Annexin V‑FITC apoptosis assay kit and analyzed using flow cytometry, and quantitative analysis of the (C‑b) percentage of phosphatidylserine exposure on 
the outer cellular membrane and (C‑c) early and late apoptotic cells (Annexin V+/PI‑ and Annexin V+/PI+) was detected. (D) Cells were treated with quercetin 
(10‑50 µM) for 24 h. Caspase‑3 activity was examined by a Caspase‑3 Activity Assay Kit. Cisplatin (10 µg/ml) was used as a positive control. In B‑D, data are 
presented as the mean ± standard deviation of four independent experiments with triplicate determination. *P<0.05 vs. vehicle control.
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Figure 2. Continued.
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(Fig. 2C‑a and D‑a). In addition, the protein expression levels of 
cleaved caspase‑3, caspase‑7 and PARP were time‑dependently 
increased in SAS cells following quercetin exposure (Fig. 2D‑a). 
Moreover, quercetin decreased Bcl‑2, and increased Bax, Bak, 
caspase‑3, caspase‑7 and PARP mRNA expression levels in 
SAS cells (Fig. 2C‑b and D‑b). These results suggested that the 
mitochondrial pathway may be involved in quercetin‑induced 
apoptosis in human tongue SCC SAS cell cells.

Quercetin induces apoptosis through the JNK, ERK1/2 and 
GSK3‑α/β signaling pathways in human tongue SCC SAS 
cells. The present study also investigated the upstream signals 
for quercetin‑induced mitochondrial apoptosis in SAS cells. 
Cells were treated with quercetin (50 µM) for 30‑120 min. As 
shown in Fig. 3, quercetin significantly and time‑dependently 
increased the protein expression levels of p‑ERK1/2, p‑JNK1/2 
and p‑GSK3‑α/β, but not those of p‑p38 and p‑AMPKα in 
SAS cells. Furthermore, the roles of JNK and ERK in quer‑
cetin‑induced apoptosis were investigated (Fig. 4). Cells were 
treated with or without a JNK inhibitor (SP600125, 20 µM) or 
an ERK inhibitor (PD98059, 20 µM) for 30 min, and were then 
treated with quercetin (50 µM) for 24 h. As shown in Fig. 4A, 
B and D, SP600125 and PD98059 effectively inhibited the 
quercetin‑induced increase in protein and mRNA expression 
levels of caspase‑3, caspase‑7, caspase‑9, PARP and Bax, and 
reversed the quercetin‑induced decrease in the protein and 

mRNA expression levels of Bcl‑2 in SAS cells. Furthermore, 
the role of GSK3 in quercetin‑induced apoptosis was assessed. 
The cells were treated with or without the GSK3 inhibitor LiCl 
(100 µM) for 30 min and were then treated with quercetin 
(50 µM) for 16 or 24 h. As shown in Fig. 4C and D, LiCl effec‑
tively inhibited the increased protein and mRNA expression 
levels of caspase‑3, caspase‑7, caspase‑9, PARP and Bax, and 
decreased the protein and mRNA expression levels of Bcl‑2 in 
quercetin‑treated cells. These inhibitors (SP600125, PD98059, 
and LiCl) could also significantly reverse the decreased MMP 
(Fig. 4E) and the increased caspase‑3/7 activity (Fig. 4F) in 
quercetin‑treated cells. These results indicated that quer‑
cetin‑induced mitochondrial apoptosis may be regulated by 
JNK1/2, ERK1/2 and GSK3 signaling pathways in SAS cells.

The present study examined the relationship between 
JNK, ERK and GSK3‑α/β signals in SAS cells in the pres‑
ence or absence of quercetin. As shown in Fig. 5A, SP600125 
effectively reduced the quercetin‑increased protein expression 
levels of p‑JNK1/2, p‑ERK1/2 and p‑GSK3‑α/β. Moreover, 
PD98059 treatment effectively reduced the quercetin‑increased 
protein expression levels of p‑ERK/12 and p‑GSK3‑α/β but 
not p‑JNK1/2 (Fig. 5B). Similarly, LiCl treatment effectively 
reduced the quercetin‑increased protein expression levels of 
p‑GSK3‑α/β and p‑ERK1/2 but not p‑JNK1/2 (Fig. 5C). These 
results suggested that JNK1/2 activation downstream‑regu‑
lated ERK1/2‑ and GSK3‑α/β‑mediated apoptotic signaling 

Figure 2. Effects of quercetin on the signals of mitochondria‑dependent apoptosis in human tongue squamous carcinoma SAS cells. (A) Cells were treated 
with quercetin (50 µM) for 6 or 24 h. The mitochondrial transmembrane potential was determined by flow cytometry. (B) Cells were treated with quercetin 
(50 µM) for 6 or 24 h. The cytosolic cytochrome c protein expression was analyzed by western blotting. (C‑a) Cells were treated with quercetin (50 µM) for 
8‑24 h. The cytosolic Bcl‑2, Bax and Bak protein expression levels were analyzed by western blotting. (C‑b) mRNA expression levels of Bcl‑2, Bax and Bak 
were analyzed by RT‑qPCR. (D‑a) Cells were treated with quercetin (50 µM) for 8‑24 h. The cleaved caspase‑3, caspase‑7 and PARP protein expression levels 
were analyzed by western blotting. Cisplatin (10 µg/ml) was used as a positive control. (D‑b) mRNA expression levels of caspase‑3, caspase‑7 and PARP were 
analyzed by RT‑qPCR. In A, C‑b and D‑b data are presented as the mean ± standard deviation of four independent experiments with triplicate determination. 
In B, C‑a and D‑a, images are representative of at least three independent experiments. Semi‑quantification was performed by densitometric analysis. Bar 
graphs are presented as the mean ± standard deviation of three independent experiments. *P<0.05 vs. vehicle control. PARP, poly(ADP‑ribose) polymerase; 
RT‑qPCR, reverse transcription‑quantitative PCR. 
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pathways may have important roles in quercetin‑induced 
tongue SCC SAS cell apoptosis.

Discussion

Oral cavity SCC has an increased prevalence in males and 
in older individuals, and has had a poor survival rate over 
the past two decades (21). The incidence of tongue SCC is 
higher than other types of oral SCC. Among 2,262 cases of 
oral cavity SCC, in patients aged 20 to 44 years, the incidence 
of tongue SCC was 39%, whereas the incidence was 23% in 
patients ≥45 years of age (11). The main treatment methods of 
tongue SCC include radiotherapy, chemotherapy and surgical 
resection; however, these clinical therapies can induce adverse 
effects, such as mucositis, skin reaction and dysphagia. 
Moreover, the prognosis and survival rates for tongue SCC 
remain poor, and development of more effective methods is 
required for prognosis and therapy (3,21,34‑36). Therefore, the 
development of therapeutic drugs for improving the prognosis 
and survival rates of tongue SCC is required.

Quercetin is a pentahydroxyflavone that occurs in several 
natural food products, particularly fruits, vegetables, black 
tea and red wine (13,14). The safe oral dose of quercetin is 
1 g/day and absorption is up to 60% (14,37). Furthermore, 

quercetin has been determined to be an active component in 
a number of Chinese herbal medicines (15,16). Quercetin has 
been reported to be a lipophilic compound that can cross the 
cellular membrane and exert cytotoxic effects on numerous 
types of cancer, including ovarian, lung, breast, nasopharyn‑
geal, kidney, colorectal, prostate and pancreatic cancer (37‑41). 
A previous study revealed that quercetin, at a concentration of 
300 µM, could induce cytotoxicity in human lung embryonic 
fibroblasts, and could induce cell death in umbilical vein endo‑
thelial cells at concentrations between 61 and 303 µM (42). The 
present study demonstrated that quercetin, at concentrations 
of 30 and 50 µM, markedly induced morphological changes, 
including cell shrinkage, in SAS cells. The LC50 of quercetin 
in SAS cells was ~50 µM; notably, this concentration did not 
induce cytotoxicity to human normal cells according to the 
findings of Matsuo et al (42).

During apoptosis, cascade protease activities are induced 
to cleave apoptosis‑related proteins, leading to rapid cell 
death (43). It has been reported that most of the stimuli that 
induce apoptosis occur through the mitochondria‑dependent 
pathway, which is affected by the mitochondrial outer 
membrane permeabilization (44). Following MMP disrup‑
tion and cytochrome c release from the mitochondria to the 
cytosol, cytosolic cytochrome c binds to the adaptor molecule 

Figure 3. Effects of quercetin on MAPK, AMPKα and GSK3‑α/β signals in human tongue squamous carcinoma SAS cells. Cells were treated with quercetin 
(50 µM) for 30‑120 min. The protein expression levels of p‑ERK1/2, p‑JNK1/2, p‑p38, p‑AMPKα and p‑GSK3‑α/β were determined by western blot analysis. 
Images are representative of at least three independent experiments. Semi‑quantification was determined by densitometric analysis. Values are expressed as 
the mean ± standard deviation of three independent experiments. *P<0.05 vs. vehicle control. AMPK, adenosine monophosphate‑activated protein kinase; 
GSK, glycogen synthase kinase; p‑, phosphorylated.
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apoptotic protease‑activating factor 1 to form the apoptosome 
and to activate caspases, including caspase‑3, caspase‑7 and 
caspase‑9 (44,45). A JNK‑regulated mitochondria‑dependent 
signaling pathway has been reported to participate in canthar‑
idin‑induced oral SCC apoptosis and death (3). Furthermore, 
quercetin has been revealed to induce cytotoxicity and oxida‑
tive stress, leading to mitochondria‑related apoptosis in tumor 

cells (37,46,47). Notably, quercetin has been shown to induce 
reactive oxygen species generation, to decrease the MMP, to 
increase the expression of proapoptotic proteins Bad, Bax and 
Bid, and to decrease the expression of antiapoptotic proteins 
Mcl‑1, Bcl‑2 and Bcl‑x, in gastric cancer cells (48). A previous 
study has also shown that quercetin may increase the cytosolic 
calcium concentration, protein expression of Bax, release 

Figure 4. Continued.
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of apoptosis‑inducing factors, and activation of caspase‑3, 
caspase‑8 and caspase‑9, and decrease the MMP and protein 
expression of Bcl‑2 in human breast cancer cells (49). An 
in vitro study has shown that quercetin alters the ratio of 
anti/proapoptotic proteins, decreases the MMP, and increases 
the release of cytochrome c, apoptosis‑inducing factor and 
Endo G from the mitochondria, leading to apoptosis‑triggered 

cell destruction in oral SCC SAS cells (50). The present study 
also demonstrated that quercetin induced apoptosis and trig‑
gered apoptosis‑related signals, including the activation of 
caspase‑3/7, cleavage of caspase‑3/7 and PARP, decrease in 
MMP, increase in cytosolic cytochrome c, increase in Bax 
and Bak protein and mRNA expression, and decrease in Bcl‑2 
protein and mRNA expression in SAS cells. These previous 

Figure 4. Continued.
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Figure 4. Effects of selective inhibitors of JNK, ERK1/2 and GSK3 on mitochondria‑dependent apoptotic signals induced by quercetin in human tongue 
squamous carcinoma SAS cells. Cells were treated with or without (A) JNK inhibitor‑SP600125 (20 µM), (B) ERK inhibitor‑PD98059 (20 µM) or (C) GSK3 
inhibitor‑LiCl (100 µM) for 30 min, and were then treated with quercetin (50 µM) for 24 h. The protein expression levels of cleaved caspase‑3, caspase‑7, 
caspase‑9 and PARP, Bcl‑2 and Bax were determined by western blotting. (D) Cells were treated with or without SP600125 (20 µM), PD98059 (20 µM) or LiCl 
(100 µM) for 30 min, and were then treated with quercetin (50 µM) for 16 h. The mRNA expression levels of caspase‑3, caspase‑7, caspase‑9, PARP, Bcl‑2 and 
Bax were analyzed by reverse transcription‑quantitative PCR. (E and F) In addition, cells were treated with or without SP600125 (20 µM), PD98059 (20 µM) 
or LiCl (100 µM) for 30 min and were then treated with quercetin (50 µM) for 24 h. (E) Mitochondrial transmembrane potential was determined by flow 
cytometry. (F) Caspase‑3/7 activity was analyzed by measuring fluorescence intensity using flow cytometry. In A‑C, images are representative of at least three 
independent experiments. Semi‑quantification was determined by densitometric analysis. Bar graphs are presented as the mean ± standard deviation of three 
independent experiments. In D‑F, data are presented as the mean ± standard deviation of four independent experiments with triplicate determination. *P<0.05 
vs. vehicle control; #P<0.05 vs. quercetin treatment alone. GSK, glycogen synthase kinase; PARP, poly(ADP‑ribose) polymerase. 
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Figure 5. Continued.
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findings and the present results indicated the pharmaco‑
logical efficiency of quercetin in inducing apoptosis of SAS 
cells. Nevertheless, a further understanding of the molecular 
mechanisms underlying the effects of quercetin on SAS cell 
apoptosis is required.

MAPKs, including ERK1/2, JNK and p38 kinase, have 
been reported to be involved in apoptosis signaling pathways. 
Several stimuli, including DNA damage, hydrogen peroxide, 
cell surface receptor Fas, UV irradiation, heat, osmotic shock 
and chemotherapeutic drugs, can induce apoptosis‑related cell 
death (51‑53). Both JNK and p38 kinase activation have been 
shown to induce mitochondria‑related apoptosis in HepG2 
cells (53). It has also been reported that ERK1/2 activation 
is involved in stress‑induced neuronal cell apoptosis (54). In 
the present study, quercetin increased the phosphorylation 
of both JNK and ERK, but not p38, in SAS cells. Thus, the 
activation of both JNK and ERK signals may be involved in 
the quercetin‑induced apoptosis of SAS cells.

GSK3 is a serine/threonine kinase and has two isoforms, 
GSK3‑α and GSK3‑β (55). Phorbol esters, the tumor‑promoting 
reagent, have been shown to inhibit GSK3 signaling through 

the classical MAPK cascade (56). However, the distinct 
relationship between GSK3 and MAPK signals involved in 
the inhibitory effects of quercetin on SAS cell survival still 
requires further clarification. In the present study, quercetin 
significantly increased GSK3‑α/β phosphorylation in SAS 
cells. Pretreatment of the SAS cells with the specific inhibitors 
SP600125 (JNK inhibitor), PD98059 (ERK inhibitor) and LiCl 
(GSK3 inhibitor) effectively abrogated the quercetin‑induced 
apoptosis. Moreover, it was revealed that SP600125 effectively 
inhibited the phosphorylation of JNK, ERK and GSK3‑α/β, 
and PD98059 and LiCl effectively inhibited both ERK and 
GSK3‑α/β phosphorylation, but not JNK phosphorylation, 
in quercetin‑treated SAS cells. These results suggested that 
JNK activation‑mediated ERK/GSK3‑α/β signaling may 
serve a critical role in the downstream regulation of mitochon‑
dria‑dependent apoptosis in quercetin‑induced tongue SCC 
cell death.

In conclusion, the present study demonstrated that quercetin 
induced cell death in tongue SCC cells via the JNK activa‑
tion‑regulated ERK1/2 and GSK3‑α/β downstream‑mediated 
mitochondria‑dependent apoptotic signaling pathway. Future 

Figure 5. Effects of selective inhibitors of JNK, ERK1/2 and GSK3 on the quercetin‑induced phosphorylation of JNK, ERK and GSK3‑α/β in human 
tongue squamous carcinoma SAS cells. Cells were treated with or without (A) JNK inhibitor‑SP600125 (20 µM), (B) ERK1/2 inhibitor‑PD98059 (20 µM) or 
(C) GSK3 inhibitor‑LiCl (100 µM) for 30 min, and were then treated with quercetin (50 µM) for 2 h. The protein expression levels of p‑JNK1/2, p‑ERK1/2 and 
p‑GSK3‑α/β were determined by western blotting. Images are representative of at least three independent experiments. Semi‑quantification was determined 
by densitometric analysis. Bar graphs are presented as the mean ± standard deviation of three independent experiments. *P<0.05 vs. vehicle control; #P<0.05 
vs. quercetin treatment alone. GSK, glycogen synthase kinase; p‑, phosphorylated. 
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in vivo research is still required to clarify the therapeutic 
potential of quercetin in tongue SCC.
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