Bzl SPANDIDOS
7] ,§, PUBLICATIONS

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 43: 1635-1642, 2019

Enhanced antiproliferative effect of resveratrol in head and neck
squamous cell carcinoma using GE11 peptide conjugated liposome
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Abstract. The present study describes the preparation of
a dodecapeptide YHWYGYTPQNVI (GE11)-conjugated
liposome bound with polyethylene glycol to enhance the thera-
peutic effect of resveratrol (RSV) in head and neck cancer cells.
The results indicated that (RSV)-loaded GEl1-conjugated
liposomes (RSV-GL) exhibited a high entrapment efficiency
of >95%, with an active drug loading level of 19.5% w/w.
Release kinetics revealed that RSV was released in a slow and
sustained manner from the RSV-GL and RSV-loaded liposome
(RSV-L) nanoparticulate systems. The epidermal growth factor
receptor (EGFR)-overexpressing squamous cell carcinoma
HN cells specifically internalized GE11 surface-conjugated
liposome in a manner that was markedly increased compared
with that of the non-targeted carrier. Consistently, RSV-GL
exhibited a significantly increased cytotoxic effect compared
with that of the non-targeted nanoparticles. Notably, RSV-GL
induced significantly increased proportions of early (~60%)
and late (~10%) apoptotic cells in head and neck cancer cell
populations. To the best of our knowledge, the application and
development of EGFR-targeted peptide-conjugated liposome
system for RSV delivery has not been studied previously in
the treatment of head and neck cancer. In addition, RSV-GL
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exhibited the greatest antitumor efficacy compared with any
other group. RSV-GL exhibited a 2-fold decrease in tumor
volume compared with the free RSV and a 3-fold decrease in
volume compared with the control. Overall, the nanomedicine
strategy described in the present study may potentially advance
the chemotherapy-based treatment of head and neck cancer,
with promising applications in other EGFR-overexpressing
tumors.

Introduction

Head and neck squamous cell carcinoma (SCC) constitutes an
entire group of epithelial cancer types, including cancer of the
lip, oral, salivary glands, pharynx and larynx (1). According
to one estimate, 600,000 incident cases of HNSCC occur
every year worldwide (2). At present, surgery is performed in
combination with radiotherapy or chemotherapy to treat cancer
of the head and neck (3,4). However, these treatment strategies
generally result in significant side effects and decreases in
patient quality of life. In particular, chemotherapy started at
an early stage may be effective; however, cancer cells often
develop resistance and delivering large amounts of the drug
locally to specific tumor sites remains a challenge (5,6).
Therefore, the development of strategies that increase the local
concentration of drugs in the tumor tissues is required.

In this regard, resveratrol (RSV), a naturally occurring
polyphenolic compound (flavonoid) has been demonstrated to
exhibit multiple key properties, including anti-inflammatory,
anti-oxidant, anti-aging, cardio-neuro protective and antitumor
effects (7-9). RSV serves an important role in the suppression
of cancer cell proliferation, tumor ablation, angiogenesis and
cancer metastasis (10). RSV has been revealed to inhibit the
proliferation of HL60, MCF-7, SW480 and U251 glioma cells
by inducing apoptosis (11,12). However, the efficacy of RSV is
limited due to its low levels of solubility; therefore, the present
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study aimed to combine RSV with a nanocarrier and evaluate
its anticancer effect in head and neck cancer (13).

Nanoparticles have been wide investigated as drug delivery
carriers with cancer targeting applications. A poorly soluble
drug may be stably incorporated in the nanoparticles and
thereby its solubility and bioavailability is improved (14-16).
Among all the carriers, liposomes have been widely studied
for their suitability for systemic application (17). At present,
a number of commercial liposomal formulations are avail-
able including Doxil®, Myocet® and LipoPlatin (18,19).
The systemic circulation of liposomes may be improved by
the surface conjugation of polyethylene glycol (PEG) as a
hydrophilic shell. The nanosize and hydrophilic layer of PEG
confers prolonged blood circulation and decreases the level of
reticuloendothelial (RES)-mediated plasma clearance (20,21).
Nanoparticles may passively accumulate in the tumor tissues
via the enhanced permeation and retention (EPR) effect. In
order to additionally increase the cancer specificity, liposomes
may be conjugated with specific ligands that bind to the extra-
cellular domains of cancer cells (22). Among all the molecular
targets, epidermal growth factor receptor (EGFR) is overex-
pressed in head and neck cancer and its activation is expected
to inhibit the tumor cell proliferation and enhance apoptosis in
cancer cells (23,24). Various EGFR inhibitors include tyrosine
kinase inhibitors, immunoconjugates, oligonucleotides and
epidermal growth factor (EGF). A number of studies have
conjugated EGF on the surface of nanoparticles to target
cancer cells (25-27). In the present study, the dodecapeptide
YHWYGYTPQNVI (GE11) was conjugated onto the surface
of nanoparticles. The GE11 peptide is able to selectively bind
to the EGFR but with decreased mitogenic activity compared
with that of other EGF blockers (28).

In the present study, liposomes and nanoparticles conju-
gated with the GE11 surface peptide were prepared to increase
the anticancer effects of RSV. We hypothesized that surface
conjugation of the liposome with the targeting ligand would
improve the anticancer effect effectively compared with
that of non-targeted nanoparticles. The targeting efficiency
of the nanoparticles was examined in squamous cell carci-
noma (SCC) HN cancer cells. The anticancer effect was
evaluated using MTT cytotoxicity and apoptosis assays in
EGFR-overexpressing SCC HN cells.

Materials and methods

Materials. Egg L-a-phosphatidylcholine (EPC) and diste-
roylphosphatidylethanolamine-PEG (2000) (DSPE-PEG),
and 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
PEG-maleimide (DSPE-PEG2000-MAL) were purchased
from Avanti Polar Lipids,Inc. (Alabaster, AL, USA). Cholesterol
and RSV were purchased from Sigma-Aldrich; Merck KGaA
(Darmstadt, Germany). GE11 (YHWYGYTPQNVIGGGGC),
which is a specific peptide for EGFR, was purchased from
GL Biochem (Shanghai) Ltd. (Shanghai, China). All other
chemicals were of reagent grade and used without additional
purification.

Preparation of RSV-loaded GEII-conjugated liposomes. The
RSV-loaded liposome (RSV-L) was prepared by a thin-film
hydration technique. In brief, EPC, DSPE-PEG, DSPE-PEG-Mal
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and cholesterol at a molar fraction of 59:10:5:26 were added to
2 ml chloroform and placed in a round bottomed flask. Then,
20% w/w RSV was also added (20% w/w lipid). The organic
solvents were evaporated by rotary evaporator by rotation
(0.2x g) at 60°C for 1 h and to produce a thin film. PBS was added
to the thin film and hydrated for 1 h at 60°C. The suspension
was then extruded 21 times through a polycarbonate membrane
with a pore size of 200 nm (Avanti Polar Lipids, Inc.). The
drug-loaded liposomes were stored in a refrigerator until use.
To conjugate the peptide, GE11 was dissolved in HEPES buffer
(Sigma-Aldrich; Merck KGaA) and reacted with liposomes
containing DSPE-PEG-Mal (1:5 molar ratio) and incubated at
24°C for 15 h in the dark. The unconjugated GE11 was removed
by ultracentrifugation at 24°C and 4,000 x g for 15 min.

Particle size and morphology. The average particle size and
polydispersity index, a measure of uniformity of particle size
distribution and surface charge, were evaluated by dynamic
light scattering using a Nano-Z590 Zetasizer instrument
(Malvern Instruments, Ltd., Malvern, UK). The suspension was
diluted with distilled water and examined at 25°C. The experi-
ment was performed in triplicate using 3 independent samples.
The morphology of the particles were evaluated using trans-
mission electron microscopy (TEM) by field-emission TEM
using a JEM-2100F microscope (JEOL, Ltd., Tokyo, Japan).
The suspension was stained with 2% phosphotungstic acid and
placed on a copper grid for 15 min at 24°C. The sample was
dried and observed under a microscope at x10,000.

In vitro release study. The dialysis bag was immersed in water
for 8 h prior to the commencement of the study. The samples
(RSV-L and RSV-GL; 1 ml drug-loaded suspension) were
packed in the dialysis bag and ends were sealed appropriately.
The bag was immersed in PBS (pH 7.4) and maintained at
37°C. The samples were collected at pre-determined time
intervals and replaced with equal amounts of fresh buffer.
The amount of drug released in the medium was calculated
using a high performance liquid chromatography (HPLC)
method. A 10 ul sample was used. A Jasco HPLC system
(pump PU-2089, autosampler AS-2057 and LC-Net II/ADC
controller; Jasco, Inc., Easton, MD, USA) was coupled to a
fluorometric detector (Jasco FP-2020, A excitation = 330 nm
and A emission = 374 nm). Synergi 4 p HydroRP 80A and
Luna 5 ¢ 100A CI18 analytical columns (250x4.60 mm;
Phenomenex, Inc., Torrance, CA, USA) were used. The mobile
phase comprised of methanol: ACN: 0.1% phosphoric acid in
water (60:10:30 v/v) with a flow rate of 1 ml/min. Ibuprofen
was used as the internal standard, and injection volume was
20 pl with flow rate of 1 ml/min and isocratic flow was adapted.

Cell culture. The SCC HN cancer cell line (SCC-VII) was
purchased from Soochow University Cell Bank (Suzhou, China)
and grown in Dulbecco's modified Eagle's medium (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) media supplemented
with 10% fetal bovine serum (Thermo Fisher Scientific, Inc.)
and 1% antibiotic mixture. The cells were grown at 37°C with
65% humidity.

Cellular uptake of GE11-conjugated liposomes. Rhodamine-B
(Sigma-Aldrich; Merck KGaA) was used as a fluorescent probe
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to track the intracellular uptake of nanoparticles. The SCC HN
cells were seeded in a 6-well plate (3x10°) and incubated over-
night at 37°C. The cells were then exposed to 10 ug RSV-L
and RSV-loaded GEl11-conjugated liposomes (RSV-GL) and
incubated for 2 h at 37°C. The cells were then washed and
extracted using 5% trypsin. The cells were washed again and
reconstituted in a PBS buffer. The cellular internalization of
the RSV-L and RSV-GL was studied using a FACSCalibur
flow cytometer (BD Biosciences, San Jose, CA, USA).
BD CellQuest Pro software (version 5.1; BD Biosciences).

Cytotoxicity assay. The cytotoxicity potential of individual
formulation was evaluated by a CellTiter 96® AQueous One
Solution Cell Proliferation MTT assay (Promega Corporation,
Madison, WI, USA). The cells were seeded at a density of
1.5x10* cells/well in a 96-well plate and incubated for 24 h
at 37°C. The old medium was replaced with new medium
containing unbound RSV, RSV-L and RSV-GL, and incu-
bated at 37°C for 24 h with 50 ug liposome in each group.
The following day, the medium was removed, and cells were
washed twice with PBS. The cells were treated with MTS
solution as per the manufacturer's protocol. The absorbance
of each well was studied using a microplate reader a 490 nm.
Control cells were treated with dimethyl sulfoxide alone and
a separate control was established using non-treated cells. All
experiments were performed in triplicate.

Apoptosis assay. The apoptosis of cancer cell was studied
using an Annexin V-fluorescein isothiocyanate (FITC)/prop-
idium iodide (PI) staining protocol. Briefly, cells were seeded
at a density of 2x10° cells/well in a 12-well plate and incu-
bated for 24 h at 37°C. The old medium was replaced with
new medium containing unbound RSV, RSV-L and RSV-GL
(0.1 to 10 pg/ml), respectively and incubated for 24 h at 37°C.
Following incubation, cells were washed twice with PBS and
extracted. The cells were centrifuged at 200 x g for 4 min
at 8°C, and the pellets was reconstituted with binding buffer
(100 pl; BD Biosciences). The cells were stained with 2 ul
Annexin V-FITC and 2 pl PI (BD Biosciences) and incubated
for 15 min at 24°C. The volume was made up to 1 ml and exam-
ined using a FACSCalibur flow cytometer (BD Biosciences)
and CellQuest Pro software (version 5.1; BD Biosciences).

In vivo antitumor efficacy analysis and immunostaining.
The animal study was approved by the Institutional Animal
Ethical Committee of the Shenzhen Peking University-Hong
Kong University of Science and Technology Medical Center
(Shenzhen, China). Female nude mice (~20 g; 5 weeks old)
were purchased from the Chinese Academy of Sciences
(Shanghai, China). Animals were housed in separate cages
(16 animals with 4 animals per cage) and maintained under a
controlled atmosphere (50+7% humidity, 21+1°C) with a 12 h
light/dark cycle. The animals had free access to food and water
throughout the study period. The tumor xenograft model was
developed by injecting 1x10° cells in 100 pl growth media into
the right flank of female BALB/c nude mice. The tumors were
allowed to grow until 100 mm? and then experiments were
initiated. The mice were randomly divided into four groups:
The control; RSV; RSV-L; and RSV-GL groups, with 8 mice
in each group. The mice were injected with 10 mg/kg RSV
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(equivalent concentration) three times (with 3-day intervals)
via a tail vein injection. The tumor volume was measured
using Vernier Caliper and calculated using the formula
V = (length x width?)/2. All animals were sacrificed, and
tumors were surgically removed and examined histologically.
Hematoxylin and eosin (H&E) staining was performed on the
tumor slices following fixing with 10% formalin solution for
20 min at 24°C. The images were obtained at x40 magnification
using a fluorescence microscope (1X81; Olympus Corporation,
Tokyo, Japan).

Statistical analysis. Statistical analysis was performed using
Student's t-test for pairs of groups and one-way analysis of
variance followed by Tukey's post hoc test for multiple groups
in Excel (Microsoft Corporation, Redmond, CA, USA). All
data are expressed as the mean + standard deviation. P<0.05
was considered to indicate a statistically significant differ-
ence. For the cell viability assay, data were assessed using
GraphPad Prism software v.7.0 (GraphPad Software, Inc.,
La Jolla, CA, USA).

Results and Discussion

In the present study, the dodecapeptide GE11 was conjugated
onto the surface of nanoparticles (Fig. 1). RSV, which serves
an important role in the suppression of cancer cell prolifera-
tion, tumor ablation, angiogenesis and cancer metastasis, was
selected as the nanoparticle. We hypothesized that surface
conjugation of liposome with targeting ligand would improve
the anticancer effect effectively compared with that of
non-targeted nanoparticles.

Physicochemical characterizations of RSV-GL. The average
particle size of RSV-GL was observed to be ~185 nm compared
with ~130 nm for RSV-L (Table I) with a surface charge of
-23.4+0.98 mV. The increase in particle size in the case of
RSV-GL was primarily attributed to the conjugation of GL
on its surface (Fig. 2). The particle size of RSV-GL in culture
medium was observed to be ~208 nm. A slight increase in the
particle size in culture medium may be due to the adsorption of
proteins on the surface. It has been suggested that nanocarriers
with an average size between 100-200 nm will extravasate
into the tumor tissues preferentially via the EPR effect (25).
General features of tumors include leaky blood vessels and
poor lymphatic drainage. In these conditions, a nanocarrier
may extravasate into the tumor tissues via the leaky vessels
by the EPR effect. The dysfunctional lymphatic drainage
in tumors retains the accumulated nanocarriers and allows
them to release drugs into the vicinity of the tumor cells.
Experiments using liposomes of different mean sizes have
suggested that the threshold vesicle size for extravasation into
tumors is ~400 nm (29,30), but previous studies have indicated
that particles with diameters <200 nm are more effective (20).
In addition, the presence of PEG on the outer surface will
increase the blood circulation. The small particle size also
allows it to escape from RES-based systemic clearances (31).
Entrapment efficiency and loading efficiency are
two important parameters that determine the entrapment
capacity of the liposomal carrier. The results of the present
study demonstrated that RSV-GL exhibited a high entrapment
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Table I. Physicochemical characteristics of drug-loaded formulations.

Nanoparticles ~ Size, nm Surface charge, mV  Polydispersity index Entrapment efficiency, % Loading efficiency, %
Blank L 104.3+1.65 -214+1.14 0.089 - -

RSV-L 129.5+1.65 -24.1+1.19 0.112 96.2+1.18 8.95+1.28
RSV-GL 187.5+2.13 -23.4+0.98 0.145 94.2+1.26 7A45+1.57

RSV, resveratrol; L, GL, GE11-conjugated liposomes.

® Resveratrol

Resveratrol-loaded liposome

GE 11

GE11-conjugated resveratrol-
loaded liposome

Figure 1. Schematic illustration of preparation of GE11-conjugated resveratrol-loaded liposomal formulations. GE11, dodecapeptide YHW YGYTPQNVIL.

efficiency of >95% with an active drug loading 19.5% w/w,
indicating the excellent characteristics of the present carrier
(Table I). This may be attributed to the fact that RSV has high
hydrophobic characteristics that allow integration into the
lipid bilayer of the liposome.

In vitro drug release study. The drug release study was
performed in PBS (pH 7.4) at 37°C. It was observed that RSV
was released in a slow and sustained manner from the RSV-L
and RSV-GL nanoparticulate systems (Fig. 3). For example,
~30% of RSV was released from the nanocarriers after
24 h, while ~70% of the drug was released after 72 h from
RSV-GL. The slightly decreased drug release rate observed
in the RSV-GL group compared with RSV-L was primarily
attributed to the presence of GL on the outer surface. During
initial time points, significant differences between the RSV-L
and RSV-GL nanoparticles were observed (P<0.05). It should
be noted that no initial high rate of release was observed, indi-
cating that all of the drugs were stably loaded into the cores of
the nanoparticles, and none had been absorbed onto the surface
of the carrier. This is crucial, as a sustained release of drugs
from the nanocarrier system will be a beneficial characteristic
for its proposed cancer-targeting applications (32).

In vitro cellular uptake analysis. The cellular uptake effi-
ciency of individual nanoparticles was evaluated by FACS

analysis. The cancer cells were treated with respective formu-
lations and cellular uptake was observed after 2 h incubation
(Fig. 4). As observed, rhodamine-B loaded RSV-L exhibited
definite internalization of the carrier in the cancer cells, while
RSV-GL exhibited significantly increased cellular uptake in
cancer cells compared with the RSV-L nanoparticles. The
EGFR-overexpressing SCC HN cells specifically internalized
the GL11 surface conjugated liposome in a manner that was
markedly increased compared with that of the non-targeted
carrier. The liposomes were internalized via a specific
receptor-mediated active internalization triggered by the
binding of the GEI11 peptides to the EGFR-overexpressing
head and neck cancer cells. This increased cellular uptake of
nanocarrier is expected to increase the therapeutic efficacy in
cancer cells (33,34).

In vitro cytotoxicity assay. The in vitro cytotoxicity of
individual formulations was evaluated by MTT assay. As
observed, unbound RSV and RSV-loaded nanoparticles exhib-
ited a typical time-dependent cytotoxic effect in head and neck
cancer cells (Fig. 5). It was observed that NP encapsulation
of RSV increased the therapeutic effect in cancer cells. To be
specific, RSV-GL exhibited a significantly increased cytotoxic
effect compared with that of the non-targeted nanoparticles
(P<0.05). The half maximal inhibitory concentration values
of unbound RSV, RSV-L and RSV-GL were 4.5, 22.5 and
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Figure 2. Particle size distribution of RSV-L and RSV-GL. The particle size
evaluated by means of dynamic light scattering analysis. RSV, resveratrol;
GEl1, dodecapeptide YHWYGYTPQNVI; RSV-L, RSV-loaded liposome;
RSV-GL, RSV-loaded GE11-conjugated liposomes.
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Figure 3. In vitro release study of RSV from RSV-L and RSV-GL. The
release of the drug from the nanoparticle was evaluated by means of
high-performance liquid chromatography. "P<0.05 vs. RSV-L. RSV,
resveratrol; GE11, dodecapeptide YHWYGYTPQNVI; RSV-L, RSV-loaded
liposome; RSV-GL, RSV-loaded GE11-conjugated liposomes.

34.6 ug/ml, respectively. The superior anticancer effect of
RSV-GL was attributed to the specific receptor-mediated
active internalization of RSV-GL, which triggered the binding
of the GEI11 peptides to the EGFR-overexpressing head and
neck cancer cells and resulted in increased intracellular
concentrations and a cytotoxic effect.

Apoptosis assay. The antitumor efficacy of individual formu-
lations was additionally evaluated by an apoptosis assay using
a flow cytometer (Fig. 6). For this assay, cells were treated with
respective formulations and then stained with an Annexin V/PI
staining kit. A total of ~9% of the cells treated with RSV
were identified to be in early apoptosis. Conversely, RSV-L
induced a relatively increased apoptosis effect, with ~17.5% in
early and ~4% in late apoptosis. Notably, RSV-GL induced a
significantly increased early (~60%) and late (~5%) apoptotic
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Figure 4. In vitro cellular uptake analysis of RSV-L and RSV-GL using FACS
flow cytometry. The rhodamine-B was used as a fluorescent probe to evaluate
cellular uptake. "P<0.05 vs. RSV-L. RSV, resveratrol; GE11, dodecapeptide
YHWYGYTPQNVI; RSV-L, RSV-loaded liposome; RSV-GL, RSV-loaded
GELl1-conjugated liposomes.
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Figure 5. In vitro cytotoxicity assay of unbound RSV, RSV-L and RSV-GL
in head and neck cancer cells. The cytotoxicity assay was determined by
MTT assay. "P<0.05 vs. RSV-L. RSV, resveratrol; GE11, dodecapeptide
YHWYGYTPQNVI; RSV-L, RSV-loaded liposome; RSV-GL, RSV-loaded
GEl1-conjugated liposomes.

effect in head and neck cancer cells (P<0.01) compared with
the RSV-L-treated cells. The increased populations of early
and late apoptotic cells in the RSV-GL-treated cancer cells
compared with control demonstrates an enhanced anticancer
effect of the ESV-GL nanoparticle system. The increased
proportion of cells in early apoptosis compared with late
apoptosis may be due to the limited incubation period of 24 h.
The enhanced apoptosis effect was due to the enhanced
cellular accumulation of nanoparticles attributed to the
receptor-mediated endocytosis (35).

In vivo antitumor efficacy and immunohistology analysis.
The in vivo antitumor efficacy was performed in SCC-bearing
xenograft mice (Fig. 7A). As demonstrated, tumors in the
untreated animal model grew continuously at every time point.
The unbound RSV exhibited a limited effect on tumor growth,
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Figure 7. In vivo anticancer efficacy study in squamous cell carcinoma-bearing xenograft model. (A) Tumor volume measurement. (B) Hematoxylin and eosin
histology staining analysis. The animals were treated with respective formulations (unbound RSV, RSV-L and RSV-GL) and the experiments were initiated
when the tumor volumes reached ~100 mm?. *“"P<0.0001 vs. RSV. RSV, resveratrol; GE11, dodecapeptide YHW YGYTPQNVI; RSV-L, RSV-loaded liposome;

GL, GEl1-conjugated liposomes.

and the effect on tumor growth of RSV-L nanoparticle was
slightly improved compared with the unbound RSV group.
Notably, RSV-GL demonstrated significant antitumor efficacy
compared with any other group (P<0.0001). RSV-GL exhib-
ited a 2-fold decrease in tumor volume compared with the
free RSV group, and a 3-fold decrease in volume compared
with the control. The final tumor volumes were 1,152, 985,
768 and 467 mm? for the control, unbound RSV, RSV-L
and RSV-GL groups, respectively. The improved anticancer
efficacy of RSV-GL was attributed to the specific affinity of
GEI11 towards the overexpressed EGFRs in the cancer cells.
The presence of PEG on the outer surface and smaller particle

size attributed to the decreased tumor burden (36-38). The
histological analysis was performed by H&E staining analysis
(Fig. 7B). The tumors in the control group exhibited darker
stained nuclei, indicating continuous tumor cell proliferation,
whereas RSV-GL demonstrated high numbers of apoptotic
nuclei and a marked decrease in the proportion of cancerous
cells.

In conclusion, the GE11-conjugated PEGylated liposome
was successfully prepared to enhance the therapeutic effect of
RSV in head and neck cancer cells. The EGFR-overexpressing
SCC HN cells specifically internalized the GE11 surface
conjugated liposome in a manner that was markedly increased
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compared with that of the non-targeted carrier. Consistently,
RSV-GL exhibited a significantly increased cytotoxic effect
compared with that of non-targeted NPs. Notably, RSV-GL
induced significantly increased proportions of early (~60%)
and late (~10%) apoptotic head and neck cancer cells. To the
best of our knowledge, the application and development of an
EGFR-targeted peptide-conjugated liposome system for RSV
delivery has not been studied previously in the treatment of
head and neck cancer. Overall, the nanomedicine strategy
described in the present study may potentially advance the
chemotherapy-based treatment of head and neck cancer, with
promising applications in other EGFR-overexpressing tumors.
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