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Summary

Purpose: In the present study, we made an attempt to elu-
cidate the role of oversecretion of interleukin-4 (IL-4) in
cancer stem cells (CSCs) of head and neck squamous cell
carcinoma (HNSCC).

Methods: HNSCC samples were analyzed for the presence
of CSCs by flow cytometry. In addition, we have performed
drug and apoptosis resistance assays to determine the role
of IL-4 in CSCs.

Results: HNSCC samples contained 3.3% of CD133+ can-
cer stem like side population (SP) cells in HNSCC which dis-
played infinite cell proliferation and they had high self-re-

Introduction

HNSCC is one of the most common malignan-
cies worldwide. Despite recent advances in treat-
ment strategies, the patients still develop disease
relapse within 2-5 years and therefore the overall
survival rate remains very low [1-3]. According to
the CSC theory, the presence of a small population
of tumor-initiating cells are termed as “cancer
stem cells”, responsible for chemotherapy failure
and tumor recurrence [1-3]. These CSCs are high-
ly potent of self-renewal, differentiation, overex-
pression of stemness genes (such as CD133, CD44,
etc), drug/apoptosis resistance and they are high-
ly tumorigenic [4-6]. Therefore, it is essential to

newal capacity. These CD133+ cells displayed enhanced
expression of IL-4, which promoted multidrug and apopto-
sis resistance. After neutralizing IL-4, the CD133+ SP cells
became more sensitive to drug treatment and apoptosis.
Conclusions: Our data suggest that the autocrine secre-
tion of IL-4 is a potential target for the development of nov-
el anticancer drugs to prevent the CSCs-mediated therapy
failure and tumorigenesis.

Key words: apoptosis, CD133, chemotherapy, interleu-
kin-4, tumor recurrence

understand the precise moleculat mechanism of
CSC-mediated tumorigenesis for the development
of novel anticancer drugs.

One of the most popular methods used so far
to isolate CSCs is Hoechst 33342-dye exclusion
assay. During fluorescence-activated cell sorting
(FACs), a small population of cancer cells which
efflux the Hoeschst 33342 dye out of the cell fall
on the left side quadrant of the dot plot analy-
sis of FACs [7]. These cells are designated as SP
cells which share all the remarkable features of
CSCs [8-12]. Interestingly, these SP cells have en-
hanced expression of ATP binding cassette pro-
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tein (ABCG2) involved in drug efflux function and
thus responsible for therapy failure [8,9]. Studies
have reported that autocrine expression of IL-4 is
a T cell response, involved in accelerating antia-
poptotic and cell cycle machineries in different
cell lines [13,14]. Very recently, it was reported
that autocrine secretion of IL-4 in CSCs protects
from apoptosis and thereby it promotes the CSCs
survival rate [15,16]. Based on these interesting
findings, in the present work we made an attempt
to address the possibly significant role of over-
produced IL-4 in CSCs-mediated tumorigenesis
in HNSCC. The experimental design, results and
conclusion of this paper are described in detail
below.

Methods

Cell culture from primary HNSCC samples

Human HNSCC samples were collected from the
patients at the time of surgery in the Department of
Otolaryngology, according to the approved Institute
Ethics Committee of the Tumor Hospital of Jilin Prov-
ince. Patients details: number of patients: 17; age range:
35-49 years; type: recurrence; region: oral cavity, mu-
cous membrane and nasopharynx; stage: metastases to
the lungs. The obtained primary tumor samples were
minced with blades into small pieces and then enzy-
matically digested with collagenase (Sigma-Aldrich,
St.Louis, MO, USA), hyaluronidase (Sigma-Aldrich),
and DNase (Sigma-Aldrich), and then incubated for 2
hrs at 37°C supplied with 5% CO,. After pipetting every
15 min, cell disaggregates were washed twice with
phosphate buffered saline (PBS) (Sigma-Aldrich), and
then subjected to centrifugation in order to remove the
cell debris. Cell suspension was filtered and the result-
ing single cells were placed under stem cell suspension
culture conditions, consisted of serum-free Dulbecco’s
Modified Eagle’s Medium (DMEM) (Sigma-Aldrich)
F12 medium supplemented with N2, B27, human re-
combinant epidermal growth factor (EGF 20 ng/ml)
(Sigma-Aldrich), and human basic fibroplast growth
factor (bFGF 20 ng/ml, Sigma-Aldrich).

FACS analysis

Cells were cultured in DMEM with 10% fetal bo-
vine serum (FBS, Sigma-Aldrich), supplemented with
antibiotics (penicillin 100 U/ml and streptomycin
50 pg/ml) and maintained in T-75 flasks at 37°C in a
humidified 5% CO, and 95% air atmosphere. Cells be-
coming 90% confluent were removed from the culture
flask using Trypsin-EDTA (0.25% - 53mM EDTA, Sig-
ma-Aldrich), washed, and suspended in 10% DMEM.
For cell count hemocytometer was used.

Study groups: Control: cells labeled with Hoechst
33342 dye (Life Technologies, Carlsbad, CA, USA) alone

(N=9); Drug-treated cells: cells treated with verapamil
(Life Technologies) and Hoechst 33342 dye (N=9). Ap-
proximately 10°¢ cells/ml of 10% DMEM were labeled
with Hoeschst 33342 stock (sigma)-bis-benzimide (5
pl/ml) either with dye alone or in combination with
ABC transporter inhibitor verapamil - 0.8 ul/ml. Then,
cells were counterstained with 2 pg/ml PI (propidium
iodide, Sigma-Aldrich). The cells were sorted using
flow cytometer and were cultured and maintained in
DMEM/F-12 supplemented with 10% FBS. The Hoechst
33342 emission was first split by using a 610-nm di-
chroic short-pass filter, and the red and the blue emis-
sions were collected through 670/30- and 450/65-nm
bandpass filters, respectively.

In vitro proliferation activity assay

The sorted SP and non-SP cells were seeded in a
96-well plate at 2x10° cells/well and then cultured in
a CO; incubator. Each group was set up in triplicate.
Cell proliferation activity was measured every day for 7
days. Each well was supplemented with CCK-8 solution
(10nl) and incubated in CO; incubator for 2-3 hrs. The
optical density (OD) was determined at 450 nm. These
data were used to calculate cell growth graphs based on
the mean value of OD4so and standard deviation values
for each well.

Differentiation assay

The differentiation assay was performed as per the
previously described protocol [17].

Western blot analysis

For Western blot analysis, proteins were extracted
from the SP and non-SP cells, and protein concentration
was determined using the Bradford assay [18]. Follow-
ing sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and transfer to a membrane, the
gels were treated with the primary antibody (rabbit an-
ti-human IL-4:1000) and subsequently incubated with
secondary antibody (goat anti-rabbit IgG with alkaline
phosphatase markers) and a chemiluminescence rea-
gent for Western blot (Enhanced chemoluminescence
to agent/ECL, Western Blotting Detection Reagents).

Blots were detected and scanned by using a densi-
tometer (Biorad GS-710). An equal concentration of the
proteins was loaded per lane and GAPDH was used as
loading control.

Clone formation efficiency

The sorted SP and non-SP cells were resuspended
at a density of 1000 cells/ml in tumor sphere medium
consisting of serum-free 1:1 mixture of Ham’'s F-12/
DMEM, N2 supplement, 10 ng/ml human recombinant
bFGF, and 10 ng/ml epidermal growth factor (EGF) and
subsequently cultured in ultra-low attachment plates
for about 2 weeks. Sorted SP and non-SP cells were

JBUON 2015; 20(5):1351



1352

Role of interleukin (IL-4) in multi-drug and apoptosis resistance

seeded at a low density of 20 cells/L and the number of
generated spheres (>100 mL) was counted after 7 days
of culture. The values represented in the graph are the
mean of three independent experiments.

Real-time reverse transcription (RT)-polymerase chain re-
action (PCR)

Total RNA was extracted and complementary DNA
was prepared using Reverse Transcriptase kit (Fermen-
tas, Burlington, Canada). Real-time RT-PCR analysis
was subsequently performed on an iCycler IQ real-time
detection system (Bio-Rad), using IQ Supermix with
SYBR-Green (Bio-Rad). The sequences of human specif-
ic primers used were as follows: ABCG2 - (F: GGA TGA
GCC TAC AAC TGG CTT and R: CTT CCT GAG GCC AAT
AAG GTG); OCT4 - (F: TCG AGA ACC GAG TGA GAG GC
and R: CAC ACT CGG ACC ACA TCC TTC); EpCAM - (F:
CTG CCA AAT GTT TGG TGA TG and R: ACG CGT TGT
GAT CTC CTT CT); CD133: (F: TCT TGA CCG ACT GAG
AC and R: ACT TGA TGG ATG CAC CAA GCA C). BCL-2:
(F: ACA CTG TTA AGC ATG TGC CG and R: CCA GCT CAT
CTC ACC TCA CA); GAPDH - (F: TCT GCT CCT CCT GTT
CGA CA and R: AA AGC AGC CCT GGT GAC C). GAPDH
was used as a house keeping gene. The PCR parame-
ters used to set PCR reactions are: Initial denaturation
- 90°C 45 sec; annealing - 60°C for 45 sec; extension
-720C for 30-45 sec; cycles — 30. The data represented in
the graph are the average values of three independent
experiments. The amplified products were separated
by electrophoresis on ethidium bromide-stained 1.2%
agarose gels. Image ] was used to measure the band in-
tensity. The values presented in the graph are the mean
from three independent experiments.

Immunofluorescence staining

The sorted SP and non-SP cells were fixed onto
glass slides in ice-cold 4% paraformaldehyde (4°C,10
min), blocked with normal serum for 30 min, and in-
cubated with mouse monoclonal CD133 (1:200) for one
hour. After washing the slides with PBS, they were
incubated with FITC-conjugated chicken anti-rat 1gG
overnight in the dark. Nuclei were counterstained with
4,6-diamidino-2-phenylindole (DAPI) and viewed under
fluorescence microscopy. All images were processed by
Adobe Photoshop version CS6.

TUNEL assay

The rate of apoptosis was analyzed by TUNEL as-
say by using detection kit (Boehringer Mannhein, Ger-
many).

Cell resistance assay

Approximately 1x10° cells/plate were cultured in
96-well plates and treated with the chemotherapeutic
drugs at the following concentrations: 5-FU with a con-
centration of 10 pg/ml, oxaliplatin (100 mM), paclitax-
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el 30 ng/ml and cisplatin 5 mg/ml. The mean value of
ODuso obtained was represented as a graph. Cell resist-
ance in both groups was calculated using the following
formula: Cell resistance rate (%) = (experimental group
ODuso value/control group ODasse value) x 100. Similar-
ly, the cells were pretreated for 24 hrs or not with 10
mg/ml of anti-IL-4 and subsequently the cell viability
was measured after treatment with the drugs. The val-
ues presented in the graph are the mean of three inde-
pendent experiments.

Statistics

One-way analysis of variance (ANOVA) and Stu-
dent’s t-test were performed to determine significant
differences between the treatment and control groups.
A probability level of p<0.05 or <0.01 was considered as
statistically significant.

Results

Existence of CD133+ cancer stem cell in HNSCC

By FACS sorting, 3.3% of cancer stem-like SP
cells from HNSCC have been purified (Figure 1A),
which were further subjected to immunocyto-
chemistry. As shown in Figure 1B, the FACs-sort-
ed SP cells displayed CD133 overexpression when
compared to the main population (non-SP) cells.
In addition, RT-PCR analysis revealed that the
transcriptional regulations of CD133 in SP cells
were significantly upregulated (Figure 1C).

Phenotypic characterization of CD133+ SP cells in
HNSCC

The in vitro cell proliferation assay revealed
that CD133+ SP cells possessed infinite cell pro-
liferation capacity compared to non-SP cells (Fig-
ure 2A) and became more confluent on the 7% day.
Further, the morphology of SP cells was aberrant-
ly changed and started to form fibroblast-like fila-
ments produced on the 7% day (Figure 2B). How-
ever, these changes were not observed in non-SP
cells. The sphere formation assay revealed that
production of CD133+ cells was highly efficient
to generate more tumor spheres compared with
non-SP cells (Figure 3A). Next, we evaluated the
expression level of stem cell surface genes in
CD133+ cells by RT-PCR analysis. As shown in
Figure 3B, the transcriptional regulation stem-
ness genes, such as Oct-4 and EpCAM, was signif-
icantly upregulated in CD133+ SP cell cells when
compared to non-SP cells. From these data, it is
obvious that CD133+ SP cells possessed elevated
stemness proteins, and might actively be involved
in the regulation of self-renewal and invasion of
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Figure 1. Analysis of cancer stem like side population (SP) cells in HNSCC. A: Cells were stained using
Hoechst 33342 dye and analyzed using flow cytometry. SP cells of 3.3% are outlined as gated population from
main population (non-SP cells). The prevalence of SP cells was significantly diminished to 0.7% upon treatment
with verapamil. B: Representative images of immunofluorescence staining of SP and non-SP cells. C: RT-PCR
analysis, showing elevated mRNA expression of CD133 in SP cells. Quantification graph from the data of three
separate independent experiments. GAPDH was used as a house-keeping gene. Bars represent standard devia-

tion. **p<0.01.

SP cells.

CD133+ SP cells resist multidrug treatment and ap-
optosis

The CD133+ SP cells were treated with several
anticancer drugs (5-FU, oxaliplatin, cisplatin and
paclitaxel). After treatment with the above men-
tioned drugs, the survival rate of CD133+ SP cells
was much higher (more than 70%) compared with
non-SP cells (Figure 4A). Subsequently, the num-
ber of CD133+ SP cells that underwent apoptosis

was significantly less than in non-SP cells (Figure
4B). In addition, the relative mRNA expression
of ABCG2 was significantly elevated in conjunc-
tion with the elevation of antiapoptotic gene bcl-2
(Figure 4C). These data clearly suggested that the
presence of CD133+ SP cells was responsible for
chemotherapy failure and tumor recurrence.

Oversecretion of IL-4 in SP cells are the major factors
involved in chemo/apoptosis resistance

We found that autocrine production of IL-4
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Figure 2. SP cells displayed rapid proliferation and high differentiation. A: In vitro proliferation asaay showing
that cell proliferation rate of SP cells was significantly higher than non-SP cells. B: The morphology of CD133+
SP cells changed on the 5th day, showing filamentous structures like fibroplasts. Bars represent standard devia-

tion. *p<0.05;**p<0.01.

was much higher in CD133+ SP cells than in non-
SP cells (Figure 5A). In addition, in order to ad-
dress the significant role of IL-4 in CD133+ SP
cells, we have presented them in IL-4 neutraliz-
ing antibody [19] and subsequently evaluated the
drug resistance and apoptosis rate of CD133+ SP
cells. After neutralization of IL-4, the CD133+ SP
cells became more sensitive to multidrug treat-
ment and their survival rate was significantly re-
duced (Figure 5B). Similarly, the positive apopto-
sis number of CD133+ SP cells was increased after
IL-4 neutralization (Figure 5C). Hence, these data
suggested that hypersecretion of IL-4 in CD133+
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SP cells was crucial for multidrug and apoptosis
resistance in HNSCC SP cells.

Discussion

To date, the presence of CSCs is of great con-
cern since they are responsible for treatment fail-
ure and tumor recurrence. Current conventional
therapies are able to kill most of the neoplastic
cells whereas CSCs escape, remain dormant dur-
ing treatment and constitute the minimal residual
disease (MRD) [20]. Hence, it is crucial to charac-
terize the CSCs in order to elucidate the factors
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Figure 3. HNSCC SP cells showed high self-renewal capacity. A: Clone formation efficiency revealed that SP
cells could rapidly generate more tumor spheres than non-SP cells. B: Quantification graph from RT-PCR analy-
sis showing elevated transcriptional regulation of stemness genes in SP cells than in non-SP cells. Bars repre-

sent standard deviation. **p<0.01.

and signaling pathways involved in the CSCs-me-
diated tumorigenesis and invasion.

Most common methods for the purification of
CSCs are Hoechst 33342 dye exclusion, based on
the expression of stem cell surface proteins [7,8].
Several studies reported that upregulation of drug
efflux proteins and downregulation of cell death
signaling factors are involved in the CSCs-medi-
ated multidrug and apoptosis resistance [21,22].
Based on Hoechst 33342 dye exclusion assay,
2.7% cancer stem like SP cells were isolated from
HNSCC cell lines, such as M3a2 and M4e [23], and
they were able to initiate more tumor spheres in

vitro. By using the same technique, we also identi-
fied about 3.3% SP cells in HNSCC samples whose
prevalence was reduced to 0.9% upon treatment
with verapamil (inhibitor of ABC transporter
protein), confirming thus the role of ABC trans-
porter protein in drug efflux. Similar to previous
findings, these SP cells displayed increased ex-
pression of CD133, Oct-4 and EpCAM, which are
essential for the maintenance of self-renewal and
metastasis [24,25].

Another remarkable feature of cancer stem
like SP cells are resistance to DNA targeting
drugs. In the present work, the FACs purified HN-
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Figure 4. HNSCC SP cells showed high multidrug and apoptosis resistance. A: Comparison of cell survival
rate between SP and non-SP cells after treatment with the DNA targeting drugs (5-FU, oxaliplatin, cisplatin and
paclitaxel). B: The number of SP cells that underwent apoptosis was significantly lower than in non-SP cells. C:
Quantification graph of RT-PCR analysis showing that the relative mRNA expression of ABC transporter gene
ABCG?2 and antiapoptotic gene Bcl-2 were significantly upregulated in SP cells. Bars represent standard devia-
tion. **p<0.01..
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Figure 5. Secretion of IL-4 was the cause for drug and apoptosis resistance of SP cells. A: Western blot analysis
showing elevated secretion of IL-4 in SP cells. Comparison of cell viability (B) and apoptosis rate (C) of SP cells
after pretreatment with anti-IL-4 for 24 hrs. Bars represent standard deviation. **p<0.01.
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SCC SP cells showed increased resistance to sev-
eral chemotherapeutic drugs (5-FU, oxaliplatin,
cisplatin and paclitaxel) and consequently the rate
of apoptosis was significantly reduced. Possibly
this is due to upregulation of ABC genes and an-
tiapoptotic genes as we showed that the relative
mRNA expression of these genes was significant-
ly elevated in HNSCC SP cells. But the molecular
links between these two different mechanisms are
not clear so far. However, we speculate that there
might be other additional factors involved in drug
and apoptosis resistance of CSCs.

Recent reports in colon cancer showed that
autocrine secretion of IL-4 alters the apoptosis
rate and promotes cell survival of SP cells [15,16].
Similarly, we also found increased autocrine se-
cretion of IL-4 in HNSCC SP cells. Upon neutral-
ization of IL-4, the SP cells showed reduced cell
proliferation and became more sensitive to mul-
tidrug treatment and apoptosis. In line with these
findings, there are reports showing that oversecre-
tion of IL-4 and IL-10 are involved in promoting
cell survival by accelerating cell death resistance
signals [13,14]. Therefore, these findings clearly
indicate that IL-4 secretion is the crucial factor
for the enhanced cell survival rate of CSCs.
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