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Abstract. Cancer stem cells are a sub‑population of cancer 
cells with self‑renewal activity that play key roles in tumor 
resistance to chemotherapy and radiation. Several cancer stem 
cell markers have been identified to correlate with clinical prog‑
nosis. However, which marker is associated with which cancer 
stem cell characteristic is unclear. The present study aimed to 
clarify the relationship between cancer stem cell markers asso‑
ciated with drug resistance acquisition and the characteristics 
of cancer stem cells. We generated cisplatin‑resistant head 
and neck squamous cell carcinoma cells by culturing cells in 
increasing concentrations of cisplatin. The cisplatin‑resistant 
head and neck squamous cell carcinoma cells also acquired 
multidrug resistance and were named resistant HSC‑3 
(R HSC‑3) cells. R HSC‑3 showed no differences in cell 
proliferation or cell cycle distributions compared with parental 
cells. R HSC‑3 cells showed increased drug excretion ability 
and elevated expression of ATP‑binding cassette subfamily G 
member 2 (ABCG2), a drug excretion pump. R HSC‑3 cells 
also highly expressed CD44, a cancer stem cell marker, and 
exhibited enhanced cell invasion and spheroid formation 
abilities. Furthermore, the stem cell‑related factor SRY‑box 
transcription factor 9  (SOX9) was identified as increased in 

R HSC‑3 cells by microarray analysis. Knockdown experi‑
ments showed that SOX9 and ABCG2 were involved in the 
drug excretion ability of R HSC3 cells and ABCG2 was 
involved in the spheroid formation ability of R HSC‑3 cells. 
These results indicate that CD44, SOX9 and ABCG2 expres‑
sion levels were enhanced in head and neck squamous cell 
carcinoma cells that acquired multidrug resistance and that 
these molecules are important for maintaining cancer stem 
cell characteristics. Overall, regulating CD44, SOX9 and 
ABCG2 may be a strategy to inhibit cancer stem cells.

Introduction

Cancer stem cells (CSCs) are a minor population of cells 
within tumors that show high self‑renewal ability and have the 
capacity for differentiation, resulting in cancer cell heteroge‑
neity and thus playing a key role in tumor development (1). 
In a minimum definition, CSCs exhibit stem cell‑like 
self‑renewal properties and high differentiation ability (2,3). 
Previous studies have shown that CSCs or cancer initiating 
cells are significantly correlated with poor prognosis (4,5) 
and resistance to tumor treatments including radiation and 
chemotherapy (6,7). CSCs represent a small population that 
are in a quiescent state; thus, they show resistance to some 
chemotherapies that target the cell cycle and remain in tumors 
after treatment. CSCs are thus considered to be the cells that 
initiate recurrence (8). Research has focused on CSC markers 
as novel targets for cancer treatment.

Various molecules associated with clinical prognosis or 
recurrence have been reported as CSC markers. CD44 has 
been well established as a CSC marker in numerous tumor 
types (9). In our previous study, we showed that induction 
of CD44, a CSC marker in head and neck squamous cell 
carcinoma, caused resistance to apoptosis in response to DNA 
damage (10). We also showed that combination chemotherapy 
inhibited tumor recurrence in a head and neck squamous 
cell carcinoma xenograft mouse model, possibly through 
suppressing the expression of CD44 (11).

Several studies have explored the mechanism of drug 
resistance acquisition in tumors. Some reports indicated 
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that drug resistance is acquired after expression of drug 
excretion pumps, including multidrug resistance mutation 1 
(MDR1) and ATP‑binding cassette subfamily G member 2 
(ABCG2) (12,13). ABCG2 is significantly expressed and drug 
resistant inside population cells, which exhibit characteristics 
of CSCs of head and neck squamous cell carcinoma (14,15). 
Clinically, ABCG2 positivity is significantly correlated 
with poor prognosis in right‑sided colon cancer (16). CSCs 
have been demonstrated to express drug efflux transporters. 
Notably, MDR1 and ABCG2 are also CSC markers in several 
types of tumors including head and neck cancer (16,17).

Various CSC markers related to clinical prognosis have 
been reported. However, the association between these CSC 
markers and the characteristics of CSCs at the cellular level 
is unknown. Whether the developed cancer cells that acquire 
multidrug‑resistance express CSC markers is unknown, and 
whether the markers are associated with CSC characteristics 
is unclear.

Cisplatin is used as the first‑line chemotherapy treatment 
of head and neck squamous cell carcinoma in clinical prac‑
tice (18). In this study, we investigated how CSC markers are 
related to the characteristics of CSCs such as self‑renewal 
ability, pluripotency, drug resistance, and cell invasion ability 
in cisplatin‑resistant HNSCC cells.

Materials and methods

Cell culture and generation of cisplatin‑resistant cells. The 
HNSCC cell line HSC‑3 was obtained from Riken Cell Bank 
(Ibaraki, Japan). Cells were cultured in Dulbecco's modified 
Eagle's medium (DMEM; Life Technologies Japan Ltd., 
Yokohama, Japan) supplemented with 10% fetal bovine serum 
(FBS; Life Technologies Japan Ltd.) and antibiotics (100 U/ml 
penicillin and 100 µg/ml streptomycin 25 µg/ml) at 37˚C in a 
humidified atmosphere containing 5% CO2.

To generate cisplatin‑resistant cells, HSC‑3 cells were 
initially cultured in medium containing 1 µM cisplatin; 
the cisplatin concentration was then slowly increased up 
to 100 µM. The generated cell line was viable in medium 
containing cisplatin at 200 µM for over 2 days.

Cell viability assay. The viability of cells treated with various 
drugs was measured using 3‑(4,5‑dimethylthiazol‑2‑yl)‑ 
2,5‑diphenyltetrazolium bromide with a Cell Proliferation 
Kit I (Roche Diagnostics, Mannheim, Germany) following the 
manufacturer's instructions. The absorbance was measured 
at 595 nm with a TECAN SpectraFluor plus XFluor4 
software (Tecan Japan Co., Ltd.). All data are presented as 
the means ± standard deviations of at least three independent 
experiments. To calculate the half maximal inhibitory concen‑
tration (IC50), a cell proliferation curve was created from the 
cell viability assay; the value that inhibited cell proliferation 
by 50% was calculated. The IC50 value was determined from 
the results from at least three experiments.

Immunofluorescence. Cells were cultured for 48 h in six‑well 
covered glass chamber slides. After two washes with phos‑
phate‑buffered saline (PBS) containing 1% bovine serum 
albumin (Sigma‑Aldrich), cell surface Fc receptors were blocked 
with IgG (Santa Cruz Biotechnology Inc.) on ice for 15 min. The 

cells were then stained with a 1:100 dilution of a fluorescein 
isothiocyanate (FITC)‑conjugated anti‑CD44 monoclonal anti‑
body (BD Biosciences) or an isotype‑matched FITC‑conjugated 
IgG control antibody (BD Biosciences) for 30 min at 37˚C. 
After washing, the cells were analyzed using an ECLIPSE Ti‑U 
microscope equipped with an Intensilight C‑HGFI illumination 
system (Nikon Co., Ltd.). Digital images were processed with 
NIS Elements D version 4.0 imaging software (Nikon Co., 
Ltd.) and Adobe Photoshop elements 10 version 10.0 (Adobe 
Systems).

Efflux pump assay. Cells (1x105 cells) were plated in 96‑well 
tissue culture plates, wall black/clear bottom (Sigma‑Aldrich) 
and cultured overnight. After cells achieved 70% confluency, 
the medium was aspirated and cells were washed twice with 
PBS(+) with glucose buffer: PBS with CaCl2.·2H2O (0.9 mM), 
MgCl2·12H20 (0.33 mM) and glucose (10 mM). Next, 100 µl 
PBS(+) with glucose buffer was added per well and cells 
were incubated for 1 h at 37˚C. The buffer was aspirated 
and replaced with 100 µl Calcein‑AM (4 mM solution; 
PromoKine, Heidelberg, Germany) in DMEM and the plate 
was incubated for 1 h at 37˚C. After aspiration of the medium, 
cells were washed with ice‑cold PBS(+) and lysed in 100 µl 1% 
SDS/PBS for 10 min in the dark at room temperature. Calcein 
incorporated into cells, indicated by intense yellow‑green 
fluorescence, was assessed using TECAN SpectraFluor plus 
XFluor4 software (Tecan Japan Co., Ltd., Kawasaki, Japan). 
All data are presented as the means ± standard deviations of at 
least three independent experiments.

Immunoblot analysis. Whole‑cell extracts were obtained 
with a lysis buffer (10x Cell Lysis buffer; Cell Signaling 
Technology, Beverly, MA, USA) supplemented with 1 mM 
PMSF and one tablet of protease inhibitor cocktail (Complete, 
EDTA‑free; Roche Diagnostics GmbH). Protein concentrations 
were assayed, and equal amounts of protein were subjected 
to 8% SDS‑polyacrylamide gel electrophoresis, followed 
by immunoblotting with anti‑CD44 mouse monoclonal 
antibody, anti‑cleaved PARP rabbit monoclonal antibody, 
anti‑SOX9 rabbit monoclonal antibody, anti‑E‑cadherin 
mouse monoclonal antibody, anti‑Vimentin rabbit monoclonal 
antibody, anti‑FGF9 rabbit monoclonal antibody (all from Cell 
Signaling Technology), anti‑breast cancer resistance protein 
(ABCG2) rabbit polyclonal antibody and anti‑β‑actin anti‑
body (Sigma‑Aldrich). Membranes were then incubated with 
corresponding peroxidase‑conjugated secondary antibodies 
(anti‑rabbit IgG antibody or anti‑mouse IgG antibody; Cell 
Signaling Technology), and the positive bands were visualized 
by chemoluminescence (Clarity™ Western ECL substrate; 
Bio‑Rad). The images were developed with an ImageQuant™ 
LAS500 Imaging System (GE Healthcare Bio‑Sciences AB). 
For semi‑quantitative analysis of protein expression, the 
protein bands were quantified by densitometry using Image 
J (National Institutes of Health). The expression of the target 
protein relative to the expression of β‑actin was calculated.

Flow cytometry analysis. Cells were harvested by trypsiniza‑
tion, washed with PBS (‑), and centrifuged; cell pellets were 
resuspended in FACS buffer (PBS containing 0.5% bovine 
serum albumin). The cells were stained for 30 min at 4˚C with a 
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FITC‑conjugated anti‑human CD44 antibody (BD Biosciences, 
San Jose, CA, USA) or an isotype‑matched FITC‑conjugated 
IgG control antibody (BD Biosciences). Data acquisition and 
analysis were performed using an EC800 Flow Cytometry 
Analyzer with EC800 analysis software (Sony Biotechnology 
Inc.). All data are presented as the means ± standard deviations 
of at least three independent experiments.

Real‑time polymerase chain reaction. Total RNA was purified 
using the RNeasy Mini kit (Qiagen), and 600 ng of total RNA 
was used for reverse transcription with an iScript™ Advanced 
cDNA Synthesis Kit (Bio‑Rad). The real‑time polymerase 
chain reaction contained 1 µl of cDNA sample diluted 20x, 
1 µl each of forward and reverse primers (final, 500 nM), 7 µl 
of nuclease‑free water, and 10 µl of SsoAdvanced SYBR Green 
Supermix (Bio‑Rad). The Bio‑Rad PrimePCR assay system 
was used with the following primers: PrimePCR™SYBR 
Green Assay: ABCG2, human; or PrimePCR™SYBR Green 
Assay: CD44, human. As a control, we used PrimePCR™SYBR 
Green Assay: GAPDH, human. The reaction cycles were an 
initial 5 min at 95˚C, followed by 45 cycles of 95˚C for 10 sec 
and 72˚C for 10 sec. The reactions and absolute quantification 
analyses were performed with a Thermal Cycler Dice Real 
Time System TP800 (Takara Bio).

Small interfering RNA (siRNA) transfection. siRNAs specifi‑
cally targeting human ABCG2 (siRNAs #1 and #2, IDs s18056 

and s18057), CD44 (siRNA #1 and #2, IDs s2681 and s2682), 
and SOX9 (siRNAs #1 and #2, IDs s13306 and s532658) were 
obtained from Life Technologies (Carlsbad, CA, USA). Cells 
were plated in six‑well plates (1x105 per well) and transfected 
with siRNAs for 3 days in antibiotic‑free media using siRNA 
Lipofectamine RNAiMAX and OPTI‑MEM I reduced serum 
medium (Invitrogen, Carlsbad, CA, USA), in accordance with 
the Lipofectamine protocol. After 72 h of transfection, the cells 
were used for experiments. siRNA transfection was confirmed 
by immuno blotting (Fig. S1). The efficacy of knockdown 
by siRNAs was determined by calculating the inhibition of 
protein expression with the following results: siSOX9#1 
90.1%, siSOX9#2 93%, siABCG2#1 12%, siABCG2#2 61%, 
siCD44#1 81%, and siCD44#2 83% (Fig. S1).

Microarray analysis. Total RNA was isolated from HSC‑3 
and R HSC‑3 cell lines using the RNeasy Mini kit (Qiagen) 
following the manufacturer's instruction. The cRNA was 
amplified, labeled using an Agilent low‑Input QuickAmp 
labeling Kit, One‑color (Agilent Technologies) and then 
hybridized to a 60K Agilent 60‑mer oligomicroarray 
(SurePrint G3 Human GE microarray 8X60K Ver3.0; Agilent 
Technologies) following the manufacturer's instructions. The 
hybridized microarray slides were scanned using an Agilent 
scanner. Relative hybridization intensities and background 
hybridization values were calculated using Agilent Feature 
Extraction Software (9.5.1.1). The raw signal intensities 

Figure 1. Cisplatin‑resistant head and neck squamous cell carcinoma cells acquire multidrug resistance. (A) Cell proliferation curves of the parental HSC‑3 
and R HSC‑3 cell lines treated with cisplatin, SN‑38, docetaxel, doxorubicin and erlotinib are presented. Data at each time point was determined by setting the 
initial number at seeding as 100%. Data are presented as the mean ± standard deviation (n=3). (B) Cell proliferation rate of HSC‑3and R HSC‑3 cells. Student's 
t‑test HSC‑3 vs R HSC‑3. (C) Representative histograms of cell cycle analysis and % of cells in each cell cycle phase. (D) Western blotting of the apoptosis 
marker cleaved PARP in cells treated with cisplatin for 24 h. **P<0.01. R HSC‑3, drug‑resistant HSC‑3; PARP, poly (ADP‑ribose) polymerase; cPARP, cleaved 
PARP.
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and flags for each probe were calculated from hybridiza‑
tion intensities (gProcessedSignal) and spot information 
(gIsSaturated) following the procedures recommended by 
Agilent (Flag criteria on GeneSpring Software; absent (A): 
‘Feature is not positive and significant’ and ‘Feature is not 
above background’, marginal (M): ‘Feature is not Uniform’, 
‘Feature is Saturated’, and ‘Feature is a population outlier’, and 
Present (P): others). The raw signal intensities of all samples 
were normalized by quantile algorithm with ‘preprocessCore’ 
library package (19) on Bioconductor software (20). To identify 
up‑ and down‑regulated genes, we calculated Z‑scores (21) and 
ratios (non‑log scaled fold‑change) from the normalized signal 
intensities of each probe for comparison between control and 
experiment samples. We established the following criteria to 
identify up‑ and down‑regulated genes: up‑regulated genes, 
Z‑score ≥2.0 and ratio ≥1.5‑fold; and down‑regulated genes, 
Z‑score ≤‑2.0 and ratio ≤0.66.

Cell invasion assay. Cell invasion analysis was performed using 
BD Falcon culture inserts (Becton Dickinson and Company, 
Franklin Lakes, NJ, USA), which contain 8‑µm pores in poly‑
ethylene terephthalate membranes. Briefly, 1x105 cells were 
resuspended in serum‑free medium and added to the upper 
Transwell chamber in a 12‑well plate. The lower chamber was 
filled with serum‑free DMEM or DMEM containing 10% 
fetal bovine serum. After 24 h, cells remaining on the upper 
surface of the membrane were removed with a cell scraper. 
Invaded cells to the membrane were fixed with cold 6.0% (v/v) 
glutaraldehyde for 30 min and stained with 0.5% (w/v) crystal 
violet. Cells were counted in 10 high‑power microscope fields. 
All data are presented as the means ± standard deviations of at 
least three independent experiments.

Statistical analysis. All quantitative data are presented as the 
mean ± SD. Data from multiple groups were evaluated using 
one‑way analysis of variance followed by Tukey‑Kramer 
test in Fig. 1D, 3A, 3B and 4B. A paired student's T test was 
performed to compare two groups in Fig. 1B, 1C, 2A, 2B and 
2D. Values of P<0.05 were considered statistically significant. 
All statistical analyses were performed using Statistics 
Analysis software for Mac Ver. 3.0 (Esumi Co. Ltd., Tokyo, 
Japan).

Results

Cisplatin‑resistant head and neck squamous cell carcinoma 
cells acquire multidrug resistance. In this study, we used 
the human head and neck squamous cell carcinoma cell line 
HSC‑3. To establish cisplatin‑resistant cells, we cultured cells 
in the presence of a low concentration (1 µM) of cisplatin 
and continued the cell culture with gradually increasing 
concentrations of cisplatin. Finally, we acquired a cell group 
that maintained survival even with cisplatin 100 µM. The half 
maximal inhibitory concentration (IC50) of cisplatin in the 
parental HSC‑3 cells was 0.7±0.2 µM, whereas the IC50 of 
cisplatin‑resistant HSC‑3 cells was 20.3±6.3 µM (Fig. 1A and 
Table I). Furthermore, the cisplatin‑resistant HSC‑3 cells were 
also resistant to other drugs with different mechanisms of 
action (Table I). Therefore, we named this multidrug‑resistant 
cell line as resistant HSC‑3 cells (R HSC‑3).

We evaluated the cell proliferation rate of R HSC‑3 cells and 
found no significant difference in cell proliferation compared 
with HSC‑3 cells (Fig. 1B). Most anti‑cancer agents that target 
the cell cycle exert their effects in cancer cells with abnormal 
proliferation; these agents do not work for CSCs. CSCs remain 
in G0 phase (quiescent phase) (22,23) and therefore targeting 
the quiescent CSCs remains challenging (24).

We also performed cell cycle analysis and found no signifi‑
cant difference in the cell cycle distribution of the drug‑resistant 
and parental cells (Fig. 1C). Notably, R HSC‑3 cells treated 
with cisplatin showed reduced expression of cleaved PARP, 
which is a marker of apoptosis, compared with the parental 
HSC‑3 cells (Fig. 1D). These data indicated that the R HSC‑3 
cells showed no significant difference in cell proliferation and 
cell cycle distribution compared with the parental strain but 
failed to undergo apoptosis in response to cisplatin.

Increased drug excretion in the multidrug‑resistant head and 
neck squamous cell carcinoma cell line. The expression of 
drug transporters is closely associated with drug resistance 
of cancer cells (25), and previous studies indicated that one 
of the mechanisms for acquiring drug resistance in cancer 
cells is the aberrant activity of drug efflux pumps in cancer 
cells (26). Therefore, we next examined the drug efflux func‑
tion of R HSC‑3 cells using calcein‑AM efflux assays. In 
this assay, cells are cultured with cisplatin in the presence of 
calcein‑AM; the uptake of calcein‑AM, monitored by fluo‑
rescence imaging, reflects the amount of cisplatin in cells. In 
R HSC‑3 cells cultured with cisplatin concentrations ranging 
from 50 to 200 µM, the intracellular fluorescence did not 
increase, indicating that the drug excretion ability of R HSC‑3 
cells was significantly higher (P<0.01) than that of parental 
cells (Fig. 2B). We also found that the ABCG2 transporter was 
expressed at higher levels in the resistant cells compared with 
the parental cells (Fig. 2C‑D).

We evaluated the expression of CD44, a marker of cancer 
stem cells in cancer including head and neck cancer, and found 
that the mRNA and protein levels of CD44 were increased in 
R HSC‑3 cells compared with levels in parental HSC‑3 cells 
(Fig. 2A). Flow cytometric analysis showed that the number 
of CD44‑positive cells in HSC‑3 cells was 98%, but that in R 
HSC‑3 was not significantly different from 100%. However, 
while the mean fluorescence intensity (MFI) was 63.1 in 
HSC‑3 cells, the MRI in R HSC‑3 was significantly increased 
to 150.8 (P<0.01) (Fig. 2C and D).

Together, these results showed that head and neck squa‑
mous cell carcinoma cells with acquired multidrug resistance 

Table I. Half maximal inhibitory concentration (IC50) of 
chemotherapy reagents in HSC‑3 and R HSC‑3 cells.

Treatment Unit IC50 HSC‑3 R HSC‑3

Cisplatin mM 0.7±0.2 20.3±6.3
SN‑38 nM 7.1±1.7 22.2±3.7
Docetaxel nM 0.9±0.2 6.6±1.2
Erlotinib mM 0.2±0.04 31.9±2.0
Doxorubicin nM 26±6 223±16
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exhibited increased drug efflux function and elevated expres‑
sion of the ABCG2 transporter compared with the parental 
cells. The drug‑resistant cells also exhibited increased 
expression of CD44.

Multidrug‑resistant head and neck squamous cell carcinoma 
cells exhibit characteristics of CSCs. Next, we analyzed the 
characteristics of R HSC‑3 cells. To evaluate the self‑renewal 
ability of cells, we performed spheroid formation assays and 
found that the formation of spheroids was significantly higher 
in R HSC‑3 cells than in HSC‑3 cells (P<0.01) (Fig. 3A). R 
HSC‑3 also showed significantly increased cell invasion 
(P<0.01) (Fig. 3B). Additionally, R HSC‑3 cells showed low 
E‑cadherin and high vimentin expression that characterized an 
epithelial‑mesenchymal transition‑phenotype compared with 
the parental cells (Fig. 3C). These results indicated that the 
multidrug‑resistant head and neck squamous cell carcinoma 
cells showed enhanced spheroid formation and invasion ability 
compared with the parental cell line.

Increased expression of SOX9 in multidrug‑resistant head and 
neck squamous cell carcinoma cells. To evaluate the expres‑
sion of stem cell‑related genes in R HSC‑3 cells, we performed 
microarray analysis. We found that the stem cell‑related 

genes PAX8, SOX9, NOG, and MMP24 were significantly 
increased and ETV4, METTL3, HMGA2, SOX2, and FGFR3 
were significantly decreased (Table II, Fig. 4A). Although 
we tried to confirm protein level, only SOX9 expression was 
detected. Immunoblot showed that the expression of SOX9 
was significantly increased in R HSC‑3 cells compared with 
parental cells (Fig. 3C). We therefore speculated that SOX9 
may also be involved in the characteristics of CSCs in the 
multidrug‑resistant head and neck squamous cell carcinoma 
cells.

SOX9 has a cell‑autonomous effect in Sertoli cells. 
Furthermore, previous studies revealed that SOX9 upregulates 
FGF9 to generate a SOX9/fibroblast growth factor 9 (FGF9) 
feed‑forward loop (27). FGF family (including FGF9) signals 
regulate a variety of cellular processes during embryogenesis 
and carcinogenesis (28). We found that FGF9 expression was 
increased in R HSC‑3 cells (Fig. 3C).

SOX9, CD44, and ABCG2 are involved in the character‑
istics of CSCs. We next examined the roles of CD44, SOX9 
and ABCG2 in the drug excretion ability, spheroid forma‑
tion ability, and cell invasion ability of R HSC‑3 cells using 
siRNA‑mediated silencing. We found that drug excretion 
ability was significantly decreased by knockdown of SOX9 

Figure 2. Expression levels of CD44 and ABCG2 are enhanced in acquired multidrug‑resistant head and neck squamous cell carcinoma cells. (A) CD44 
protein and mRNA expression in HSC‑3 and R HSC‑3 were determined by immunofluorescence, immunoblotting and reverse transcription‑quantitative PCR. 
(B) Drug efflux pump assay with calcein‑AM in cells treated with cisplatin at 50, 100 and 200 µM for 24 h. (C) Flow cytometry evaluation of the expression 
levels of ABCG2 and CD44. (D) Comparison of % positive cells (left panel) and MFI (right panels) of flow cytometry data. *P<0.05 and **P<0.01 versus HSC‑3 
cells. ABCG2, ATP‑binding cassette subfamily G member 2; R HSC‑3, drug‑resistant HSC‑3; MFI, mean fluorescence intensity.
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(P<0.05) and by knockdown of ABCG2 (P<0.01) in R HSC‑3 
cells; in contrast, knockdown of CD44 had no impact on 
drug excretion activity (Fig. 4B). Furthermore, no significant 
change was observed in spheroid formation in R HSC‑3 cells 
with knockdown of SOX9 or CD44, but the knockdown of 
ABCG2 reduced spheroid formation ability (Fig. 3A). We 
observed a significant decrease (P<0.01) in migration of cells 
with knockdown of CD44, SOX9, and ABCG2 compared with 
controls (Fig. 3B).

Discussion

In this study, we generated a drug‑resistant head and neck 
squamous cell carcinoma cell line. We examined whether the 
multidrug‑resistant cells exhibited characteristics of CSCs 
and which CSC‑related molecules are associated with the 
characteristics of CSCs.

HSC‑3 cells were continuously cultured in the presence 
of cisplatin and acquired resistance to cisplatin. We initially 
aimed to create cisplatin‑resistant head and neck squamous 
cell lines in several cell lines, including HSC‑2, HSC‑3, and 
SAS. However, the cell lines other than HSC‑3 gradually 

died as the concentration of cisplatin increased, and we only 
obtained cisplatin‑resistant HSC‑3 cells. The cisplatin‑resistant 
strain also acquired cross‑resistance, including resistance to 
SN‑38, docetaxel, doxorubicin, and the molecular‑targeted 
drug erlotinib. The multidrug‑resistant cell line did not show 
any significant changes in cell proliferation compared with the 
parental cell line. However, the drug excretion ability, cell migra‑
tion ability, and spheroid‑forming ability were enhanced. In 
addition, the expressions of ABCG2 and CD44 were increased 
in the drug‑resistant cells, and microarray analysis revealed 
that the expression of SOX9 was also increased. These findings 
indicated that the multidrug‑resistant head and neck squamous 
cell carcinoma cells exhibited characteristics of cancer stem 
cells. We further examined the roles of CD44, SOX9, and 
ABCG2 in the drug excretion ability, cell invasion ability, and 
spheroid formation ability of multidrug‑resistant head and neck 
squamous carcinoma cells. Our results showed that ABCG2 is 
involved in spheroid formation, SOX9 and ABCG2 are involved 
in the drug excretion ability, and CD44, SOX9, and ABCG2 are 
involved in cell invasion ability of R HSC‑3 cells.

CSCs exhibit self‑renewal ability and drug tolerance and 
contribute to tumor metastasis and recurrence (29). However, 

Figure 3. Spheroid formation and invasion ability is increased in acquired multidrug‑resistant head and neck squamous cell carcinoma cells. (A) Spheroid‑forming 
ability and (B) cell invasion ability in HSC‑3 and R HSC‑3 cells with CD44, SOX9 and ABCG2 knockdown. (C) Western blot analysis of cancer stem 
cell‑related molecules and EMT‑related proteins in HSC‑3 and R HSC‑3 cells. *P<0.05 and **P<0.01. ABCG2, ATP‑binding cassette subfamily G member 2; 
R HSC‑3, drug‑resistant HSC‑3; si, short interfering; Ctrl, control; FGF9, Glia‑activating factor; SOX9, SRY‑box transcription factor 9.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  24:  722,  2022 7

the relationship between the acquisition of drug resistance 
and the expression of CSC markers and the characteristics of 
CSC such as cell invasion and spheroid formation has not been 

clarified. In this study, we created a multidrug‑resistant head 
and neck squamous cell carcinoma cell line and analyzed stem 
cell‑related genes by microarray analysis. The results revealed 

Figure 4. Evaluation of stem cell‑related genes by microarray analysis and improvement of drug excretion ability in acquired multidrug‑resistant head and neck 
squamous cell carcinoma cells. (A) Stem cell‑related gene expression in HSC‑3 and R HSC‑3 cells shown on a heat map. (B) Efflux pump assay in cells with 
CD44, SOX9 and ABCG2 knockdown. *P<0.05 and **P<0.01. R HSC‑3, drug‑resistant HSC‑3; ABCG2, ATP‑binding cassette subfamily G member 2; SOX9, 
SRY‑box transcription factor 9; si, short interfering; Ctrl, control; ETV4, ets variant transcription factor 4; METTL3, methyltransferase like 3; HMGA2, high 
mobility group AT‑hook 2; SOX2, SRY‑box transcription factor 2; FGFR3, fibroblast growth factor receptor 3; PAX8, paired box 8; NOG, noggin; MMP24, 
matrix metallopeptidase 24.

Table II. Up‑ and downregulated stem cell related genes in HSC3 vs. R HSC‑3 cells by microarray analysis.

GeneSymbol Description Compare1_Zscore Compare1_ratio

MMP24 Homo sapiens matrix metallopeptidase 24 4.804045 170.8623
 (membrane‑inserted), mRNA [NM_006690]  
NOG Homo sapiens noggin, mRNA [NM_005450] 4.185133 34.99634
PAX8 Homo sapiens paired box 8, transcript variant PAX8A,  2.236811 10.71776
 mRNA [NM_003466]  
SOX9 Homo sapiens SRY (sex determining region Y)‑box 9,  2.315078 7.151924
 mRNA [NM_000346]  
ETV4 Homo sapiens ets variant 4, transcript variant 2, mRNA ‑2.73807 0.097956
 [NM_001079675]  
FGFR3 Homo sapiens fibroblast growth factor receptor 3, transcript ‑3.53021 0.110719
 variant 1, mRNA [NM_000142]  
HMGA2 Homo sapiens high mobility group AT‑hook 2, transcript ‑2.68699 0.207217
 variant 1, mRNA [NM_003483]  
METTL3 Homo sapiens methyltransferase like 3, mRNA ‑2.72488 0.147527
 [NM_019852]  
SOX2 Homo sapiens SRY (sex‑determining region Y)‑box 2,  ‑3.90926 0.014163
 mRNA [NM_003106]  
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significantly increased expressions of PAX8, SOX9, NOG, 
and MMP24 genes in drug‑resistant cells. The molecules 
were examined by western blotting (data not shown), but only 
SOX9 was detected. Although this study newly verified the 
involvement of SOX9 in the characteristics of CSCs, PAX8, 
NOG, and MMP24 will also need further detailed verification 
in the future. The stem cell‑related genes that were signifi‑
cantly reduced by microarray analysis were ETV4, METTL3, 
HMGA2, SOX2 and FGFR3 genes. Future studies should 
examine why these CSC‑related genes tended to decrease with 
the acquisition of multidrug resistance. In this study, we inves‑
tigated relationship between expression of CD44, ABCG2, 
and SOX9 and CSCs properties such as drug excretion ability, 
cell invasion ability, and spheroid‑forming ability. Our results 
showed that SOX9 and ABCG2 are involved in drug excre‑
tion ability, ABCG2 is involved in spheroid formation, and 
CD44, SOX9, and ABCG2 are involved in cell invasion ability 
of drug‑resistant cells. SOX9 forms a feed‑forward loop with 
FGF9, and we confirmed that FGF9 was also expressed in R 
HSC‑3 cells. These results indicated that SOX9 and FGF9 may 
operate through a feed‑forward loop in head and neck squa‑
mous cell carcinoma to promote metastasis and progression.

Early studies showed that the ATP‑binding proteins 
MDR‑1 and ABCG2 were involved in drug excretion of cancer 
cells (30,31). ABCG2‑positive cells exhibit drug resistance 
and epithelial‑mesenchymal transition phenotypes (32). 
Subsequent reports identified ABCG2 as one of the CSC 
markers for head and neck squamous cell carcinoma (33). 
In this study, we found that ABCG2, which is involved in 
drug excretion ability, plays a role in spheroid formation and 
invasion ability. CD44 is a CSC marker for head and neck 
squamous cell carcinoma and is significantly associated with 
prognosis (34,35). Our previous study reported that CD44 is 
involved in the inhibition of apoptosis induction and induction 
of CD44 degradation by chemotherapy may be effective in 
inhibiting tumor recurrence (10,11). We found that CD44 is 
involved in cell invasion activity of drug‑resistant cells. SOX9 
is a member of the SRY‑related high‑mobility group of box 
transcription factors. Studies showed that SOX9 is mutated 
in skeletal malformations, XY transsexuals, and campomelic 
dysplasia characterized by neonatal lethality (36), and SOX9 is 
important for the differentiation of embryonic stem cells into 
salivary glands (37). Furthermore, SOX9 is associated with 
prognosis in lung cancer and breast cancer and a risk factor 
for chemotherapy failure in head and neck cancer (38,39). Our 
study revealed that SOX9 is involved in drug excretion and cell 
invasion in R HSC‑3 cells. These findings indicated that SOX9 
may be a CSC marker of HNSCC.

In this study, we created a multidrug‑resistant head and 
neck squamous cell carcinoma cell line and showed that 
multidrug‑resistant cells exhibited characteristics of CSCs. 
Furthermore, analysis of the multidrug‑resistant squamous 
cell carcinoma cells showed that not only CD44 and ABCG2 
but also SOX9 may be new predictors of prognosis for head 
and neck cancer. We also showed that ABCG2, CD44, 
and SOX9 play roles in various CSC activities. However, 
this study was performed using in vitro experiments. 
Therefore, in vivo experiments will be required to evaluate 
whether these molecules affect tumor growth and drug 
resistance in mice.
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