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Snail-induced CD44high cells in HNSCC  
with high ABC transporter capacity exhibit  
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Abstract: CD44high head and neck squamous cell carcinoma (HNSCC) cells with cancer stem cell (CSC)-like prop-
erties have been speculated to be involved in resistance to apoptosis induced by anti-cancer drugs and thereby 
associated with tumor recurrence. To clarify the chemotherapeutic resistance of CD44high HNSCC cells, we exam-
ined the apoptotic effects of cisplatin and docetaxel in sorted populations (i.e., CD44high/ESAlow, CD44high/ESAhigh 
and CD44low cells) from the HNSCC cell line HTB-41. Furthermore, we examined whether Snail, which leads to the 
epithelial to mesenchymal transition (EMT) program, can induce formation of CD44high/ESAlow cells in an HNSCC 
cell population. CD44high/ESAlow cells showed mesenchymal features and potent resistance to both cisplatin- and 
docetaxel-induced apoptosis. siRNA knockdown of ABCC2 significantly induced apoptosis of CD44high/ESAlow cells in 
the presence of cisplatin, while ABCG2 knockdown induced apoptosis of those cells in the presence of docetaxel. 
These findings suggest that strong resistance to cisplatin by CD44high/ESAlow cells may be attributable to a high level 
of ABC transporter activity. Furthermore, development of CD44high/ESAlow cells was induced in the HNSCC cell line 
OM-1 by Snail transfection and those sorted from OM-1 cells harboring a Snail-transgene showed strong resistance 
to cisplatin- and docetaxel-induced apoptosis. Our results indicate that CD44high/ESAlow HNSCC cells play important 
roles in cisplatin and docetaxel resistance caused by high drug efflux activity. Furthermore, Snail may be involved 
in induction of both mesenchymal characteristics and CSC-like properties of HNSCC cells. A better understanding 
of the phenotypic plasticity of HNSCC cells is necessary to improve the results of chemotherapy with cisplatin and 
docetaxel.
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Introduction

Head and neck squamous cell carcinoma 
(HNSCC) is the sixth most prevalent cancer 
worldwide with high morbidity, with approxi-
mately 500,000 new cases diagnosed each 
year [1, 2]. Despite recent advances in treat-
ment options including combinations of sur-
gery, radiation, and chemotherapy, the survi- 
val rates of affected patients have not been 
sufficiently improved [3-5]. Mortality is mainly 
related to local recurrence and metastasis. 
Furthermore, since most chemotherapeutic 
agents lack selective cancer efficacy, resis-
tance to those drugs is commonly observed. It 

is vital to elucidate the molecular mechanisms 
that contribute to drug resistance in order to 
improve therapeutic approaches for treating 
patients with head and neck cancer. 

Tumor recurrence and metastasis are thought 
to be associated with a small population of can-
cer cells with stem cell-like properties (i.e., can-
cer stem cells; CSCs) in HNSCC [6]. CSCs have 
been speculated to be involved in resistance to 
apoptosis induced by anti-cancer drugs and 
thereby related to tumor recurrence [7], thus it 
is necessary to clarify the mechanisms of ther-
apeutic resistance in these cells. CD44 was 
previously identified as a significant marker of 
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CSCs in HNSCC [8]. Using FACS analysis of  
the expressions of CD44 and epithelial speci- 
fic antigen (ESA), HNSCC cells with an eleva- 
ted expression of CD44 and mesenchymal 
characteristics (i.e., CD44high/ESAlow cells) were 
sorted and shown to have CSC properties, such 
as high clonogenic ability and tumor forming 
ability [9]. In addition, CD44high/ESAlow cells ex- 
hibited high resistance to 5-FU-induced apop-
tosis along with a high level of DPD express- 
ion [10]. These results indicate the possibility 
that CD44high/ESAlow cells may be involved in 
high resistance to other chemotherapeutics in 
patients with HNSCC. In the present study, we 
investigated the sensitivity to platinum and 
docetaxel, as well as the expression of drug 
efflux transporters, known as ATP-binding cas-
sette (ABC) transporters, in sorted HNSCC cells 
(CD44high/ESAlow, CD44high/ESAhigh, CD44low). Fur- 
thermore, we examined whether Snail, which 
leads to the epithelial to mesenchymal tran- 
sition (EMT) program, can induce the deve- 
lopment of CD44high cells with high resistance 
to chemotherapeutics used to treat HNSCC.

Materials and methods

Cell cultures and fluorescence-activated cell 
sorting

The human HNSCC cell line HTB-41 was ob- 
tained from American Type Culture Collection 
(ATCC) (Manassas, VA, USA). HTB-41 and the 
HNSCC cell line OM-1 [11] were cultivated in 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
with 10% FBS under 5% CO2 in air at 37°C. For 
re-plating and assays, cells were released into 
the suspension using Accutase (Innovative Cell 
Technologies, San Diego, CA). To examine the 
effect of PGE2, cells were exposed to me- 
dium without FBS for 48 hours. PGE2 (Sigma-
Aldrich, St. Louis, MO) was added at a final  
concentration of 10 μg/ml. SC-51089 (Enzo 
Life Science, PA) was used as an EP1 receptor 
inhibitor at a final concentration of 100 μg/ 
ml and AH-6809 (Cayman Chemical, Michigan, 
USA) as an EP1/EP2 receptor inhibitor at a  
final concentration of 100 μg/ml.

Fluorescence-activated cell sorting

FACS analyses using an anti-CD44-PE-conju-
gated antibody and anti-ESA-APC-conjugated 
antibody, both from BD Biosciences (Tokyo, 
Japan) were performed, with 7-AAD (BD Bio- 

sciences) used to exclude dead cells. Samples 
were assayed using a Becton Dickenson FAC- 
SCalibur™ (BD Biosciences). Cells with a high 
expression of CD44 and low expression of  
ESA (CD44high/ESAlow), those with a high ex- 
pression of both markers (CD44high/ESAhigh), 
and those with low a level of CD44 express- 
ion (CD44low) were sorted using a Becton Dic- 
kenson FACSAria device. The obtained data 
were analyzed using FACS Diva version 6.1.1 
software (BD Biosciences).

Apoptosis analyses

Cisplatin (Wako, Osaka, Japan) and docetaxel 
(LKT Laboratories, St. Paul, MN) were used to 
induce apoptosis in FACS-sorted populations  
of HNSCC cells. Cells at 5.0×104 were seed- 
ed into 6-well plates, then after 24 hours  
were exposed to 5 µg/ml cisplatin or 1 µg/ml 
docetaxel for 48 hours. Cells were collected 
and stained with 7-AAD and Annexin V-Cy5 (BD 
Pharmingen, San Diego, CA) before FACS ana- 
lysis to identify AnnexinV-positive apoptotic 
fractions. The results are expressed as the 
mean ± SD for 3 independent experiments.

Side population analysis

Cells (1.0×106 cells/ml) were labeled with 2.0 
μg/ml Hoechst 33342 (Sigma-Aldrich) for 90 
minutes at 37°C. The control cells were incu-
bated in the presence of 30 μg/ml verapa- 
mil (Sigma-Aldrich). Analysis of the side popu- 
lation was performed using FACSAria II (BD 
Biosciences). Dead cells were identified on the 
basis of 7-AAD (BD Pharmingen) staining and 
excluded.

RNA extraction and quantitative RT-PCR analy-
sis

RNA was extracted using an RNAeasy micro kit 
(Qiagen, Hilden, Germany), and then 1 µg of 
total RNA was subjected to RT using a High 
Efficient Reverse Transcription Kit (TOYOBO, 
Osaka, Japan). Quantification of mRNA levels 
was performed using a CFX connect real-time 
PCR detection system (BioRad, Hercules, CA) 
and SYBR Green PCR Master Mix (TOYOBO). 
The reaction mixture contained 1.0 µg cDNA, 
12.5 µl SYBR Green Mix, and 10 µmol of each 
pair of oligonucleotide primers. GAPDH was 
used as the reference mRNA control. The PCR 
program was performed as follows: initial melt-
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Figure 1. CD44high/ESAlow cells show mesenchymal characteris-
tics and high tumor sphere forming ability. A. HTB-41 cells were 
stained for CD44 and ESA, then the gates for FACS were posi-
tioned as illustrated to collect CD44high/ESAlow, CD44high/ESAhigh, 
and CD44low populations. B. The CD44high/ESAlow cells showed 
distinct spindle-like formation, while the CD44high/ESAhigh popu-
lation was mostly composed of round and cuboidal cells, and 
CD44low cells were composed of small densely packed cells. 
C. mRNA expressions of vimentin, Snail, and E-cadherin. CD-
44high/ESAlow cells showed significantly increased expressions 
of vimentin and Snail as compared with CD44high/ESAhigh and 
CD44low cells. CD44high/ESAhigh cells had a significantly high ex-
pression of E-cadherin. D. Side population (SP) analysis. After 
Hoechststaining, FACS analysis showed that 7.5%, 5.6%, and 
0.9% of the cells in the CD44high/ESAlow, CD44high/ESAhigh, and 
CD44low cell fractions, respectively, were SP cells. *Statistically 
significant, as shown by a P-value <0.05.
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ing at 95°C for 10 minutes, followed by 40 
cycles at 95°C for 15 seconds, 60°C for 30  
seconds, and 72°C for 40 seconds. Results are 
expressed as the mean ± SD for 3 indepen- 
dent experiments. Semi-quantitative RT-PCR 
was performed with 28 cycles of denaturing  
at 95°C for 30 seconds, then annealing at  
57°C for 30 seconds and extension at 72°C  
for 60 seconds. The PCR products were se- 
parated by electrophoresis on 2% agarose  
gels and visualized by staining with ethidium 
bromide. The primer sequences were as fol-
lows: vimentin; 5’-CCCTCACCTGTGAAGTGGAT- 
3’ (sense) and 5’-GACGAGCCATTTCCTCCTTC-3’ 
(antisense), E-cadherin; 5’-GAACGCATTGCCAC- 
ATACAC-3’ (sense) and 5’-AGCACCTTCCATGAC- 
AGACC-3’ (antisense), Snail; 5’-CAAGGAATAC- 
CTCAGCCTGG-3’ (sense) and 5’-CATCTGAGTG- 
GGTCTGGAGG-3’ (antisense), ABCC2; 5’-TGAG- 
CAAGTTTGAAACGCACAT-3’ (sense) and 5’-AG- 
CTCTTCTCCTGCCGTCTCT-3’ (antisense), ABC- 
G2; 5’-GCTGCAAGGAAAGATCCAAG-3’ (sense) 
and 5’-TCCAGACACACCACGGATAA-3’ (antisen- 
se), CD44; 5’-TCCAACACCTCCCAGTATGACA-3’ 
(sense) and 5’-GGCAGGTCTGTGACTGATGTACA- 
3’ (antisense), ESA; 5’-CAATGCAGGGTCTAAA- 
AGCTG-3’ (sense) and 5’-CACCCATCTCCTTTAT- 
CTCAGC-3’ (antisense), and G3PDH; 5’-GTGA- 
ACCATGAGAAGTATGACAAC-3’ (sense) and 5’-A- 
TGAGTCCTTCCACGATACC-3’ (antisense).

Introduction of Snail through viral infection

Using our previously reported method, we pre-
pared a pool of OM-1 cells harboring the Snail 
transgene (OM-1 Snail pool) using a retrovi- 
rus vector [12]. Briefly, Snail (GenBank acces-
sion number: AF155233) ORF cDNA was am- 
plified from an OM-1 cDNA library using LA Taq 
with a GC Buffer kit (TakaraBio, Shiga, Japan). 
Virus host cells (HEK293FT cells) were co-
transfected with a viral vector plasmid (pBa- 
be-puro; Cosmo Bio, Tokyo, Japan) and pack- 
aging plasmid (pVSV-G; Invitrogen) using Fu- 
GENE6 (Roche, Basel, Switzerland). After 48 
hours, the viral supernatant was used to in- 
fect the OM-1 cells.

Statistical methods

Statistical analysis was performed using Stu- 
dent’s t-test or one-way analysis of variance 
(ANOVA). At least 3 independent samples were 
used for each experiment. P values less than 
0.05 were regarded as statistically significant. 

Results

CD44high HNSCC cells showed both epithelial 
and mesenchymal phenotypes

Cells from the HNSCC cell line HTB-41  
were fractionated by fluorescence-activated 
cell sorting (FACS) to isolate CD44high/ESAlow, 
CD44high/ESAhigh, and CD44low cells from gates 
positioned as shown in Figure 1A. Among th- 
ese HTB-41 cells, CD44high/ESAlow cells show- 
ed distinct spindle formation (Figure 1B), and 
high expression levels of vimentin and Snail 
(Figure 1C). Furthermore, CD44high/ESAhigh cells 
exhibited round and cuboidal formations, and  
a high expression of E-cadherin (Figure 1B,  
1C), while CD44low cells were composed of 
small and densely packed cells (Figure 1B). Cell 
fractions with high ABC transporter activity 
were observed as a side population (SP) by 
Hoechst 33342 dye staining. Using FACS analy-
sis, the percentage of SP cells among the 
CD44high/ESAlow, CD44high/ESAhigh, and CD44low 
cell fractions was found to be 7.5%, 5.6%, and 
0.9%, respectively (Figure 1D). In addition, cells 
with high ABC transporter activity were found  
in the CD44high/ESAlow and CD44high/ESAhigh po- 
pulations, while the CD44low group showed a 
very low percentage of SP cells (Figure 1D). 

CD44high/ESAlow cells exhibited strong apoptotic 
resistance to cisplatin and docetaxel with high 
expression of the ABC transporter gene

To clarify chemotherapeutic resistance in each 
sorted population, we examined the apopto- 
tic effects of cisplatin and docetaxel using 
FACS analysis of cells stained with Annexin 
V-Cy5. Significant differences in the percen- 
tages of apoptotic cells were found among the 
groups, with apoptotic cells shown to com- 
prise 9.2±1.9%, 13.0±0.77%, and 26.8±0.54% 
of the CD44high/ESAlow, CD44high/ESAhigh, and 
CD44low fractions of HTB-41 cells, respectively 
(Figure 2A). Thus CD44high/ESAlow cells show- 
ed the most potent resistance to cisplatin-in- 
duced apoptosis, while CD44low cells had the 
most marked sensitivity toward induced cell 
death. The ABC transporter MRP2 (ABCC2) can 
mediate cisplatin efflux, thus ABCC2 expres-
sion has been implicated in cisplatin resistance 
[13]. We found that ABCC2 mRNA expression 
was significantly increased in CD44high/ESAlow 

cells among the sorted populations (Figure 2B). 
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Figure 2. CD44high/ESAlow cells exhibit high resistance to cisplatin-induced apoptosis. A. Apoptotic cell death in each 
of the cell populations was detected by Anexin V staining at 48 hours after cisplatin treatment. The percentage of 
apoptotic cells was 9.2±1.9%, 13.0±0.77%, and 26.8±0.54% in the CD44high/ESAlow, CD44high/ESAhigh, and CD44low 
populations, respectively. B. mRNA expression of ABCC2. The CD44high/ESAlow cells showed a higher level of ABCC2 
mRNA expression as compared with CD44high/ESAhigh and CD44low. C. siRNA knockdown of ABCC2 in CD44high/ESA-
low cells. ABCC mRNA expression was significantly inhibited by siRNA knockdown. D. The percentage of cisplatin-
induced apoptotic cells in the CD44high/ESAlow population was significantly increased by siRNA knockdown of ABCC2. 
*Statistically significant, as shown by a P-value <0.05.

Figure 3. CD44high/ESAlow cells exhibit high resistance to docetaxel-induced apopotsis. A. Apoptotic cell death after 
docetaxel treatment. The percentage of apoptotic cells in the CD44high/ESAlow, CD44high/ESAhigh and CD44low popula-
tions was 8.42±0.10%, 18.8±0.32%, and 25.3±0.11%, respectively. B. mRNA expression of ABCG2. CD44high/ESAlow 
cells showed a higher level of ABCG2 mRNA expression as compared to CD44high/ESAhigh and CD44low cells. C. siRNA 
knockdown of ABCG2 in CD44high/ESAlow cells. ABCG mRNA expression was significantly inhibited by siRNA knock-
down. D. The percentage of docetaxel-induced apoptotic cells was significantly increased by siRNA knockdown of 
ABCG2 in CD44high/ESAlow cells. *Statistically significant, as shown by a P-value <0.05.

In addition, siRNA knockdown of ABCC2 signifi-
cantly induced apoptosis of CD44high/ESAlow 
cells in the presence of cisplatin (Figure 2C, 

2D). These results suggest that the strong 
resistance of CD44high/ESAlow cells to cisplatin 
is attributable to a high expression of ABCC2.
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The percentage of docetaxel-induced apoptotic 
cells in the CD44high/ESAlow, CD44high/ESAhigh, 
and CD44low cell populations was 8.42±0.10%, 
18.8±0.32%, and 25.3±0.11%, respectively 
(Figure 3A). The CD44high/ESAlow group showed 
the highest level of resistance to docetaxel-
induced apoptosis among the groups (Figure 
3A). Docetaxel is considered to be a substrate 
for ABCG2 [14]. In the present study, the expre- 
ssion of ABCG2 mRNA was higher in CD44high/
ESAlow cells as compared to the other pheno- 
types (Figure 3B). In addition, siRNA knock- 
down of ABCG2 significantly induced apopto- 
sis of CD44high/ESAlow cells in the presence of 
docetaxel (Figure 3C, 3D). These results indi- 
cate that CD44high/ESAlow cells with a high ex- 
pression of the ABC transporter gene have 
potent resistance to cisplatin- and docetaxel-
induced apoptosis. 

Surviving CD44high/ESAlow cells reconstituted 
the phenotypic heterogeneity of parent cells

After treating HTB-41 parent cells with cisplatin 
for 7 days, more than 80% were apoptotic, as 

shown by FACS analysis (Figure 4A). Next, 
CD44 and ESA expressions were examined  
in the remaining viable HTB-41 cells by FA- 
CS, which showed that only CD44high/ESAlow 
cells had survived (Figure 4B). The surviving 
CD44high/ESAlow population was sorted by FACS 
and cultured for up to 8 weeks. After 4 weeks, 
ESAhigh cells were observed and the surviving 
CD44high/ESAlow cells completely reconstituted 
the phenotypic heterogeneity of the parent 
cells after 8 weeks of culture (Figure 4C). 

Exogenous PGE2 induced EMT of CD44high/
ESAhigh cells

Next, we examined the effects of PGE2 on the 
sorted populations, as our previous study 
revealed that PGE2 was more abundant in SCC 
tissues as compared to normal tissues and 
involved in resistance to apoptosis of HNSCC 
cells [15]. In the present study, we found that 
11.2% of the CD44high/ESAhigh cells were 
changed into CD44high/ESAlow cells after 48 
hours of culture in the presence of PGE2 (Figure 
5A), whereas neither the CD44high/ESAlow nor 

Figure 4. CD44high/ESAlow cells reconstitute phenotypic heterogeneity of parent cells. A. At 7 days after cisplatin treat-
ment, 84.8% of HTB-41 cells showed apoptotic cell death in FACS analysis findings. B. FACS analysis of CD44 and 
ESA in HTB-41 cells that survived after treatment with cisplatin revealed them to be CD44high/ESAlow cells. C. Analysis 
of CD44 and ESA in FACS-sorted CD44high/ESAlow cells showed that they reconstituted the phenotypic heterogeneity 
of the parent cells HTB-41 after 8 weeks.
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CD44low cells showed phenotypic change (data 
not shown). In addition, an inhibitor of the PGE2 
receptors EP1 and EP2 blocked the change into 
CD44high/ESAlow cells by CD44high/ESAhigh cells 
(Figure 5A), indicating that PGE2 is involved in 
the phenotypic change of CD44high/ESAhigh cells 
via those receptors. In addition, the mRNA ex- 
pression of Snail was increased in the pres-
ence of PGE2, whereas PGE2-induced Snail ex- 
pression was reduced in the presence of the 
EP1/EP2 receptor inhibitor (Figure 5B). These 
results suggest that exogenous PGE2 may en- 
hance EMT of CD44high/ESAhigh cells by induc- 
tion of Snail.

Snail-induced CD44high/ESAlow cells showed 
high resistance to cisplatin- and docetaxel-
induced apoptosis

Using a pool of OM-1 cells harboring a Snail 
transgene (OM-1 Snail pool), we previously 
found that the response of oral SCC cells to 
Snail is variable [12]. In the present study, we 
used an OM-1 Snail pool to investigate the  
population with high CD44 expression. Initially, 
we examined the expressions of vimentin, ESA, 
and CD44 in the OM-1 Snail pool. Vimentin 
mRNA expression was increased and that of 
ESA was decreased in the OM-1 Snail pool  
as compared to the control OM-1 cells (Figure 
6A). Interestingly, CD44 mRNA expression was 

also apparently increased in the OM-1 Snail 
pool (Figure 6A). Next, we performed FACS 
analysis of CD44 and ESA expressions in the 
OM-1 Snail pool. Despite the finding that 
CD44high/ESAlow cells were not detected among 
the OM-1 control cells, 15.3% of the OM-1  
Snail pool was composed of CD44high/ESAlow 
cells (Figure 6B). Next, we sorted the CD44high/
ESAlow population from the OM-1 Snail pool,  
and examined ABC transporter expression  
and apoptosis induced by cisplatin. CD44high/
ESAlow cells from that pool showed high levels  
of mRNA expressions of ABCC2 and ABCG2  
as compared to the OM-1 control cells (Figure 
6C). The percentage of cisplatin-induced apop-
totic cells among CD44high/ESAlow cells from  
the OM-1 snail pool was 8.2±0.85%, while that 
among the control cells was 28.4±1.1% (Figure 
6D). In addition, CD44high/ESAlow cells from the 
OM-1 snail pool showed a lower percentage  
of docetaxel-induced apoptotic cells as com-
pared to the OM-1 control cells (10.6±0.47% vs. 
17.9±0.25%) (Figure 6D). These results indi-
cate that Snail-induced CD44high/ESAlow cells 
have strong resistance to cisplatin- and do- 
cetaxel-induced apoptosis.

Discussion

Although platinum-based chemotherapy has 
been used for several years to treat head and 

Figure 5. Exogenous PGE2 induced phenotypic change of 
CD44high/ESAhigh cells. A. FACS analysis of CD44 and ESA 
in HTB-41 cells cultured with PGE2 for 48 hours showed 
that 11.2% were CD44high/ESAhigh cells. The percentage 
of CD44high/ESAlow cells was not increased following the 
addition of PGE2 and EP1, or the EP1/EP2 receptor inhibi-
tor. B. The mRNA expression of Snail in CD44high/ESAhigh 
cells cultured in the presence of exogenous PGE2 was 
increased, while that was decreased by addition of the 
EP1/EP2 receptor inhibitor.
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neck cancer [16], patients with advanced stage 
HNSCC show potent resistance to cisplatin, 
resulting in poor prognosis [17]. The major cyto-
toxic function of cisplatin is mediated by the 
development of DNA adducts that can lead to 
DNA double-strand breakage [18]. Cisplatin 
resistance may arise from increased efflux abil-
ity, decreased uptake, and inhibition caused by 
intracellular apoptosis-related signaling [19, 
20]. On the other hand, taxanes (i.e., docetaxel 
and paclitaxel) function as anti-cancer drugs by 
disruption of microtubule assembly, and have 

been shown to improve the prognosis of HNSCC 
patients when administered in combination 
with other chemotherapeutics such as 5-FU 
and cisplatin [21, 22]. However, alterations of 
tubulin composition by mutation and post-tran-
scriptional modification of tubulin may be 
involved in the resistance to taxanes by cancer 
cells [23]. In the present study, we found that 
ABC transporter gene expression as well as the 
percentage of cells with high ABC transporter 
activity was increased in CD44high as compared 
to CD44low cells, suggesting that CD44high cells 

Figure 6. Snail can induce CD44high/ESAlow phenotype in OM-1 cells. A. mRNA expressions of vimentin, CD44, and 
ESA in CD44high/ESAlow population from OM-1 Snail pool. The mRNA expressions of vimentin and CD44 were in-
creased, while that of ESA was decreased in those cells as compared to control OM-1 cells. B. FACS analysis of the 
OM-1 Snail pool for CD44 and ESA showed that 15.3% of those cells were a CD44high/ESAlow population. C. CD44high/
ESAlow cells from the OM-1 Snail pool showed significantly higher expression levels of ABCC2 and ABCG2 mRNA as 
compared to the OM-1 control. D. Apoptotic cell death after treatment with cisplatin or docetaxel treatment for 48 
hours. The percentage of CD44high/ESAlow cells from the OM-1 Snail pool and in the OM-1 control showing cisplatin-
induced apoptosis was 8.2±0.85% and 28.4±1.1%, respectively, while that of those showing docetaxel-induced 
apoptosis was 10.6±0.47% and 17.9±0.25%, respectively. *Statistically significant, as shown by a P-value <0.05.
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have an anti-apoptosis characteristic when ex- 
posed to chemotherapeutics based on incre- 
ased drug efflux capacity. In addition, CD44high/
ESAlow cells showed the most potent resistan- 
ce to apoptosis induced by cisplatin and 
docetaxel, while that resistance was blocked  
by knockdown of the ABC transporter gene. 
These results indicate that strong resistance  
to cisplatin and docetaxel may be associated 
with a high drug efflux capacity of the ABC 
transporter in CD44high/ESAlow cells in HNSCC.  

Biddle et al. demonstrated that CD44high/ESAlow 
HNSCC cells had both CSC properties and 
apparent mesenchymal features [9]. In addi-
tion, they showed that those cells have a capa-
bility to change their mesenchymal characteris-
tics into epithelial ones and reconstitute the 
cellular heterogeneity of parent cells, thus dem-
onstrating a tumor forming ability in animal 
models. Those observations indicate that sur-
viving CD44high/ESAlow cells have an ability to 
invade and undergo mesenchymal to epithelial 
transition (MET) to produce new tumors at a 
distant site. Therefore, it has been speculated 
that the presence of CD44high/ESAlow cells is 
related to worse prognosis (i.e., tumor recur-
rence and distant metastasis) in patients with 
HNSCC, because of their tumor initiating capa-
bility and high resistance to apoptosis [9, 10].

HNSCC cells are thought to originate from 
either stem cells of the oral epithelium or 
through dedifferentiation of cells in the early 
stage of differentiation, and known to display 
substantial heterogeneity in regard to pheno-
typic characteristics (i.e., morphology, growth, 
and motility) [24, 25]. Accumulated genetic 
alterations resulting from genomic instability 
may give rise to such phenotypic heterogeneity 
of tumor cells [26]. On the other hand, cellular 
heterogeneity may also arise from epigene- 
tic factors [27]. EMT programs are thought to 
be important regulators of phenotypic plasti- 
city in embryonic and cancer cells [28], and 
such epithelial to mesenchymal plasticity has 
been implicated in the ability of cancer patients 
to either escape from cancer therapy or have  
a poor prognosis. Snail, a transcription factor 
associated with EMT, mainly based on its re- 
pression of E-cadherin [29], is required for 
DeltaNp63 promoter activity and involved in 
enhancing the invasion ability of oral SCC cells 
[30]. In addition, this factor can be induced by 
combined treatment with the cytokines TGFβ, 

TNFα, and PDGF-D, suggesting that exogenous 
factors such as cytokines are involved in EMT 
of HNSCC cells [12]. In this study, we found  
that exogenous PGE2 also induced EMT via 
Snail in oral SCC cells with epithelial character-
istics. Importantly, EMT in individual cells of  
the Snail pool is variable and conditional, even 
when Snail is constitutively expressed in all 
cells [12]. These results indicate that Snail 
plays a vital role in driving partial (i.e., meta- 
stable) EMT in HNSCCs [31]. Furthermore, our 
findings are the first to show that Snail incre- 
ases the expression of CD44, which is a sig- 
nificant CSC marker of HNSCC. Thus, Snail  
may be importantly involved in induction of 
both mesenchymal characteristics and CSC-
like properties in HNSCC cells. 

In conclusion, CD44high/ESAlow HNSCC cells play 
a central role in resistance to cisplatin and 
docetaxel based on high drug efflux ability. 
Furthermore, Snail is importantly involved in 
induction of CD44high/ESAlow cells in HNSCC. To 
improve the results of chemotherapy for HNS- 
CC patients, a better understanding of the  
phenotypic plasticity of CD44high cells may be 
required. To advance current therapeutic ap- 
proaches, it is considered necessary to tar- 
get CD44high cells with mesenchymal charac- 
teristics in order to overcome resistance to 
apoptosis induced by cisplatin and docetaxel.
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