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Abstract
Background and purpose: Head and neck squamous cell carcinoma (HNSCC) is a malignant tumor in which
the overexpression of epidermal growth factor receptor (EGFR) is associated with malignancy. For the treatment
of HNSCC, cetuximab (CIT) as an anti-EGFR antibody is prescribed in combination with anticancer
chemotherapy drugs for greater effectiveness.
Experimental approach: In this work, a CIT-targeted immunoliposome loaded with cisplatin (CP) and
docetaxel (DTX) was developed to allow co-administration of the antibody and the anticancer chemotherapy
drugs and selective delivery to HNSCC cells. Developed immunoliposomes were characterized for particle sizes,
PDI, zeta potential, surface morphologies, and encapsulation efficiency. Moreover, additional in vitro studies
were conducted, including cytotoxicity against HN5 cell line, and cellular uptake studies.
Findings/Results: The final targeted liposomes exhibited an average diameter of 68.65 = 3.4 nm; PDI and zeta-
potential were respectively around -7.9 + 1.7 mV and 0.35 £ 0.05. The encapsulation efficacy of DTX and CP
within the immunoliposomes was approximately 95 + 4% and 85 + 4%, respectively. Flow cytometric analysis
revealed that the cellular uptake rate of final immunoliposomes was significantly higher than that of the naked
liposomes, indicating that CT conjugation on the surface of nanoliposomes facilitated higher accumulation via
receptor-mediated endocytosis. Moreover, co-encapsulation of CP and DTX into CIT-immunoliposomes
increased the apoptosis by 24.06% compared to single-drug nanoformulations.
Conclusions and implications: The results indicated that nanoliposomes anchored with CIT enhanced drug
accumulation and cytotoxicity in cancer cells and reduced the likelihood of adverse side effects, paving the way
for more effective cancer therapies.
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INTRODUCTION

Head and neck squamous cell carcinoma
(HNSCC) presents a complex spectrum of
diseases, encompassing tumors originating in
various regions such as the lip/oral cavity,

hypopharynx, oropharynx, nasopharynx, or
larynx, each characterized by distinct
epidemiological  profiles, etiologies, and

therapeutic challenges. Despite advancements in
surgical, chemotherapy, and radiation treatments,
HNSCC remains a significant health concern
globally, ranking as the sixth most common
malignancy and accounting for approximately
6% of all cancer cases, with an estimated 1-2%
of cancer-related deaths (1). In the United States
alone, an estimated 73,080 new cases were
projected in 2020 (2). Despite therapeutic
innovations, survival rates for HNSCC patients
have stagnated over recent decades, primarily
due to high rates of locoregional recurrence and
distant metastasis (3). Conventional treatments,
notably radiotherapy and chemotherapy, often
lack specificity and are associated with
considerable side effects and drug resistance,
compromising  treatment  efficacy  (4).
Chemotherapy, a cornerstone in cancer therapy,
frequently employs polypharmacy strategies to
enhance efficacy and overcome multidrug
resistance (MDR) (5). However, resistance
development during treatment and adverse
effects pose significant challenges to a
successful outcome (6,7).

A key innovation in cancer therapy is the
development of co-delivery systems that allow
for the simultaneous delivery of multiple agents
with complementary mechanisms of action.
Such systems aim to maximize therapeutic
efficacy by overcoming drug resistance and
promoting synergistic effects on cancer cells
(8,9). However, achieving effective co-delivery
is technically challenging, particularly when
combining agents with diverse
pharmacokinetics and cellular uptake pathways
(4). Among the well-established
chemotherapeutic agents, cetuximab (CIT),
docetaxel (DTX), cisplatin (CP), and
methotrexate (MTX) offer unique anticancer
mechanisms; CIT targets epidermal growth
factor receptor (EGFR) to inhibit cancer cell
proliferation and angiogenesis (10). By
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targeting EGFR, CIT disrupts signaling
cascades involved in cancer cell proliferation,
invasion, and angiogenesis, with relatively mild
side effects compared to traditional
chemotherapeutic agents (11). DTX inhibits
microtubule mobility, leading to cell mitotic
arrest, while CP induces DNA damage, mainly
through intra-strand cross-links, resulting in
apoptotic cell death (12-14). Nanotechnology-
based approaches, particularly lipid-based
nanoparticles such as liposomes, provide a
novel solution to these challenges. Liposomes
offer enhanced permeability retention effects,
facilitating targeted delivery to tumor sites. In
this study, we introduce an innovative CIT-
decorated liposome (immunoliposome)
designed for the co-delivery of DTX and CP,
providing targeted, dual-drug therapy directed
at HNSCC cells (15,16). By combining these

agents within an immunoliposome
functionalized with CIT, our approach
enhances cellular uptake and amplifies

anticancer efficacy while reducing off-target
effects. This unique triple-targeting system
represents a significant advancement in co-
delivery methodologies, improving therapeutic
outcomes for HNSCC patients by enhancing
specificity and minimizing side effects (17).
This study introduces a novel approach
utilizing CIT-decorated immunoliposomes
loaded with DTX and CP (IL CP/DTX). We
evaluate the efficacy of this multi-drug
formulation (IL CP/DTX) against HNSCC cells
(HN-5) through in vitro cytotoxicity assays and
apoptosis assessments. This novel formulation
is expected to address the limitations of
conventional therapies by offering a multi-
faceted approach that enhances treatment
specificity, effectiveness, and safety.

MATERIALS AND METHODS

Materials

Annexin-V/propidium  iodide (PI), CP,
cholesterol (Chol), CIT, fetal bovine serum (FBS),
RPMI1640, trypsin 0.25%, penicillin/
streptomycin (100X), (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium  bromide (MTT), N-
succinimidyl-S-acetylthioacetate (SATA),
ethylenediaminetetraacetic acid (EDTA), bovine
serum albumin (BSA), and dimethyl sulfoxide



(DMSO) were acquired from Sigma Aldrich
(Hamburg, Germany). DTX was purchased from
Arasto Pharmaceutical Chemicals Inc. (Saveh, Iran).
Cell culture materials were procured from Gibco
Co. (UK). Distearoylphosphatidylethanolamine-
poly(ethylene  glycol) (DSPE-PEG) (2000)
Maleimide, and mPEG (2000) were obtained from
Avanti Polar Lipids, Inc. (Birmingham, AL).

Preparation of nanoliposomes

Unilamellar liposomes were prepared using
the thin-layer hydration-extrusion method (18).
A lipid mixture consisting of soybean
lecithin/Chol/mPEG2000-DSPE/Mal
PEG2000-DSPE (60:40:2:0.5 mole ratio) was
dissolved in chloroform, and 4 mg of DTX was
added to the mixture.

The thin lipid film was rotaevaporated for
30min and hydrated for 20 min using
phosphate-buffered saline (PBS) pH7.4
containing CP for a final concentration of
1000 pyg/mL  of the drug. The resulting
multilamellar liposomes were extruded five
times through a polycarbonate membrane with a
pore size of 100 nm by an extrusion machine to
obtain unilamellar nanoliposomes (Tabriz, Iran).

Preparation steps of thiolated CIT

CIT (5 mL, 1.5 mL containing 7.5 mg drug)
was transferred to the upper section of an
Amicon filter (molecular cut-off 100 kD,
Millipore Sigma, Burlington, MA) and washed
with diluted PBS ten times to remove glycine
amino acids. Forty microliters of SATA
dissolved in DMSO were added to the mixture
and stirred for 2 h at 4 °C. The solution was
washed with PBS ten times to remove
unreacted SATA.

Seventy milligrams of hydroxylamine and
14.6 mg of EDTA were dissolved in 1 mL of
PBS, and 250 pL of the mixture was added to
CIT containing SATA wunder a nitrogen
atmosphere. Unreacted hydroxylamine and
EDTA were removed by washing the solution
with PBS ten times.

Development of immunoliposomes

Eight hundred microliters of the thiolated
solution were added to the liposomal
suspension and stirred for 4 h at 4 °C. The thiol
groups act as a crosslinker with the maleimide
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groups of the DSPE-PEG2000-Mal lipid,
forming a thioether bond. The final formulation
was purified by ultrafiltration at 2200 g for 60 min
using the filter Amicon with cut off 300000 kD,
followed by a washout process with PBS to
remove the non-bound ligand. To prevent particle
aggregation, liposomes were incubated with 1
mM of l-cysteine, which blocks the free
maleimide radicals, preventing the formation of a
disulfide bond. The immunoliposome was stored
at 4 °C until use (19).

Characterization of nanoliposomes

The particle size, polydispersity index (PDI),
and zeta potentials of the prepared nanoliposomes
were measured by dynamic light scattering (DLS;
Zetasizer-ZS, Malvern, UK). The morphology of
the synthesized nanoliposomes was studied via
scanning electron microscopy (SEM; EM 3200,
KYKY, China) and transmission electron
microscopy (TEM; LEO 906, Zeiss, 100 kV,
Germany).

Encapsulation efficiency

The unloaded DTX was separated by an
Amicon filter (Ultra-0.5, Millipore, molecular
cut-off 30 kD); for this process, 1 mL of the
formulation was diluted with 1 mL ethanol 40%,
and this mixture was heated and subjected to a
sonication process. The resulting solution was
poured into the upper chamber of the Amicon
filter and centrifuged at 4000 rpm for 10 min. The
solution gathered at the Amicon filter's bottom
section was free DTX. High-performance liquid
chromatography (HPLC) was used to
investigate the unloaded DTX formulation.
Chromatographic analyses were performed with
a Knauer C18 column (Eurospher II, 10 pum, 250
x 4.6 mm, Berlin, Germany) and acetonitrile and
water (45:55, v/v) as the mobile phase, which was
pumped at a rate of 1 mL/min. The required
wavelength was 230 nm (20). The unloaded CP
was determined by Amicon Ultra-0.5 (Millipore,
molecular cut-off 30 kD).

For this process, 1 mL of formulation was
diluted with 1 mL of distilled water and the
mixture was poured into the upper chamber of the
Amicon filter and centrifuged at 4000 rpm for 10
min. The solution that was gathered at the bottom
section of the Amicon filter was free CP and was
determined at 310 nm using a spectrophotometer,
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Ultrascope 2000® (Pharmacia Biotech, UK) (21).
The encapsulation efficiency of the synthesized

nanoliposomes was calculated using the
following equation:
Encapsulation ef ficiency (%)

_ Totaldrug — freedrug % 100

Total drug

To determine the coupling efficiency of CIT,
1 mL of formulation was diluted with distilled
water and centrifuged at 80000 rpm for 30 min
using the ultracentrifuge. A Bradford protein
assay determined the unbound CIT amount in
the supernatant solution. BSA was used as a
standard protein to plot a calibration curve.

Cell culture

Human head and neck squamous cell
carcinoma (HNS) cells were obtained from the
National Cell Bank of Iran, Pasteur Institute
(NCBI), and cultured in RPMI 1640
supplemented with 10% FBS, penicillin, and
streptomycin at 37 °C in 5% CO2 and 95% air
with more than 95% humidity.

I n vitro cytotoxicity

The biocompatibility and cytotoxicity of the
IL CP/DTX were assessed by MTT assay on the
HNS cell line. Cells were seeded into a 96-well
plate and treated with a medium containing
various concentrations of the IL CP/DTX, and
blank liposomes for 48 h. The optical density
values were measured at 570 nm with a
microplate reader (EIx808, Biotek, Winooski,
VT). The combination index was estimated to
assess the synergistic effect based on ICso
values acquired from individual drugs alone
and combination treatment (22).

In vitro celular uptake

Flow cytometry analysis was used to
estimate the cellular uptake of
immunoliposomes against HNS5 cell line.
Rhodamine B (RhB) was used as a fluorescent
agent for its fluorescent properties. Cells were
seeded in six-well plates, treated with single
liposomes loaded with RhB (LRhB) and
immunoliposomes loaded with RhB (ILRhB),
and incubated. After 2, 4, 8,12, 24, and 48 h,
cellular uptake was evaluated based on RhB
fluorescence using a FACS Calibur flow
cytometer.
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In vitro cell apoptosis
Annexin V/PI double staining assay
Apoptosis-mediated cell death of tumor cells
was studied using FITC-labeled Annexin V/PI
according to the manufacturer's protocol (23).
HN5 cell line (2-3 x 10° cells/well) was
incubated at 37 °C with 5% COz for 24 h in the
presence of the mixture of L CIS/DTX and IL
CIS/DTX. Untreated cells were used as a
control. Cells were trypsinized, washed twice
with cold PBS, and centrifuged for 5 min at
3000 rpm. After removal of the supernatants,
the cells were resuspended in 100 pL. Annexin
V binding buffer and then incubated for 20 min
in 5 uL of annexin V FITC. PI solution (5 pL,
1 mg/mL) was added to each cell. The apoptotic
cells were specified and analyzed by a FACS
Calibur flow cytometer.

Statistical analysis

Each experiment was repeated three times,
and the mean and standard deviation were
calculated. A two-way ANOVA followed by
Tukey’s post hoc test was used to assess the
main effects of treatment concentration and
drug type, as well as their interaction on cell
viability using GraphPad Prism version 9.0.2
(San Diego, CA, USA). A P-value < 0.05 was
considered statistically significant.

The independent t-tests were used for the in
vitro cellular uptake and cell viability between
L CP: DTX (1:2), and IL CP: DTX (1:2).

RESULTS

Preparation and characterization of nanoliposomes

Nanoliposomes were successfully fabricated
using the thin-film hydration-extrusion
technique. The characterization data for
different formulations showed a narrow size
distribution and negative zeta potential for all
prepared formulations. According to Fig. 1A,
before CIT coupling, the liposomes exhibited a
mean diameter of 58.56 = 4.2 nm and a PDI of
0.28 + 0.03, indicating a uniform particle
distribution. Following CIT attachment, a slight
increase in size and PDI was observed, with the
size increasing to 68.65 + 3.4 nm and the PDI
to 0.35 £ 0.05 (Fig. 1A). The zeta potential for
blank liposomes was -17.7 £ 0.9 mV, which
increased to -7.99 £ 1.7 mV after CIT coupling
(Fig. 1B).



SEM images revealed particles with sizes
under 100 nm, homogenous distribution, and
spherical morphology (Fig. 1C). TEM images
corroborated  these  findings,  showing
predominantly spherical particles with a bilayer
structure (Fig. 1D). The encapsulation efficacy
of DTX and CP within the immunoliposomes
was approximately 95 + 4% and 85 = 4%,

respectively. Bradford's assay was
successfully performed to confirm the
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conjugation of CT on the liposome surface.
Bradford's assay is a colorimetric method to
estimate the protein content in a sample.
Quantitative estimation of CT, using BSA
as a standard, was done to calculate the
amount of protein conjugated on the surface
of  freshly prepared nanoliposomes.
The results showed that the degree of
conjugation of CT to the nanoliposome
surface was 90.5%.

Immunoliposomes
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Fig. 1. Characterization of prepared liposomes (1) and immunoliposomes (2) showing: (A) size distribution, (B) zeta
potential, (C) scanning electron microscopy (SEM) image, and (D) transmission electron microscopy (TEM) image.
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Cellular uptake

The quantitative cellular uptake of LRhB
and ILRhB was determined via flow cytometric
analysis on HNS cells. Figure 2 shows a time-
dependent cell uptake. The fluorescent intensity
of cells treated with ILRhB was significantly
higher than that of cells treated with LRhB.

Cell cytotoxicity and cell apoptosis

In the first phase of the experiment, the
effect of co-delivering CP and DTX on HNSCC
cancer was measured using the MTT assay.
This test assessed the cytotoxic effects of L CP,
L DTX, and L CP/DTX at ratios of 1:1, 1:2, and
1:4, and IL CP/DTX on HN-5 cell viability.
After 48 h of treatment, cell viability
significantly decreased. ICso values for L CP and
L DTX were estimated to be 22.63 and 11.59
uM, respectively (Fig. 3A). To determine the
optimal combinational ratio of CP and DTX in
liposomal formulations, ICso values were
measured, revealing values of 7.59, 5.53, and
993 uM at ratios of 1:1, 1:2, and 1:4,
respectively. The evaluation of immune
targeting effects on cell cytotoxicity efficacy
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showed a decrease in ICso from 5.53 to 3.83 uM
for IL CP/DTX at the optimal 1:2 ratio (Fig. 3B).

In the second phase of the experiment, the
effect of the prepared samples on the activation
of apoptosis pathways and DNA fragmentation
was measured using the annexin V/PI staining
technique. Apoptosis was quantitatively
assessed by staining HN-5 cells with annexin
V/PI following treatment with CP, DTX, L
CP/DTX (1:2), and IL CP/DTX for 48 h, with
blank liposomes serving as a negative control.
HN-5 cells treated with blank liposomes
exhibited negligible apoptosis. Apoptosis rates
of 16.6%, 25.0%, and 29.3% were observed for
free L CP, L DTX, and L CP/DTX (1:2),
respectively, compared to blank liposomes
(control group). Furthermore, the apoptosis rate
for IL CP/DTX was 47.7%. Co-encapsulation
of CP, DTX, and CIT increased the apoptosis
rate by 24.06% compared to individual drug
formulations, highlighting the efficacy of IL
CP/DTX nanoparticles in inducing higher
apoptosis  than single-drug-loaded nano
formulation and non-targeted nanoparticles

(Fig. 4).
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Fig. 2. Cellular uptake of LRhB and ILRhB reveals the apoptotic effects and nuclear changes induced by the formulations.

*P<0.1, **P <0.01, ***P < 0.001 indicate the significant differences between the designated groups. LRhB, Liposomes
loaded with Rhodamine B; ILRhB, immunoliposomes loaded with Rhodamine B. Data are expressed as mean + SD
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Fig. 4. Evaluation of apoptosis in HN-5 cells treated with blank liposomes (serve as control group), liposomal cisplatin
(L CP), liposomal docetaxel (L DTX), liposomal co-formulation of docetaxel and cisplatin (L CP:DTX 1:2), and
immunoliposomes of docetaxel and cisplatin (IL CP:DTX).

DISCUSSION

The current study demonstrates the
successful preparation and characterization of
nanoliposomes and immunoliposomes for the
targeted co-delivery of CP and DTX to
HNSCC. Utilizing the thin-film hydration-
extrusion technique, we achieved a robust
nanoformulation with a mean diameter of 58
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nm and a relatively uniform particle distribution
(PDI of 0.28). Post-CIT attachment, the particle
size, and PDI increase confirmed successful
conjugation, which is essential for enhanced
cellular interaction and stability in biological
environments. The thiol groups of CIT act as a
crosslinker with the maleimide groups of the
DSPE-PEG2000-Mal lipid, forming a thioether
bond. The zeta potential shift observed in our
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study, from -17.7 mV to -7.99 mV post-CIT
attachment, is consistent with reports by
Khashayar et al., who found that antibody
conjugation increases the =zeta potential,
improving nanoparticle stability and cellular
uptake (24). The positive shift in zeta potential
after CIT coupling confirms the successful
presentation of CIT on the surface of
nanoliposomes due to its positive charge at
physiologic pH. The isoelectric point of CIT is
8.48. In another study, CIT attachment did not
affect the main particle characteristics, as none
of the assayed parameters reached a statistically
significant difference among formulations (25).
Petrilli et al. did not find any statistically
significant  differences in  size  and
polydispersity ~ between liposomes and
immunoliposomes containing 5-FU. However,
the coupling of CIT to  obtain
immunoliposomes slightly decreased the zeta
potential of the dispersion (26).

The high encapsulation efficiency for both
DTX (95 + 4%) and CP (85 £ 4%) within the
immunoliposomes underscores the potential of
these nanocarriers to deliver a substantial
payload to cancer cells. These values are
comparable to those reported by Pakdaman
Goli et al., who achieved encapsulation
efficiencies of 99.6% for gemcitabine and 91%
for CP in similar liposomal formulations,
indicating the robustness of our encapsulation
method (27). In another study, the
encapsulation efficiency obtained for the
hydrophilic anticancer drug (5-FU) into
liposomes and immunoliposomes was 45.8 +
2.0 and 44.1 + 2.6, respectively (26). The high
encapsulation efficiency for CP in this study
could be due to the appropriateness of the ratios
of liposome ingredients used and the
effectiveness of the applied method. Flow
cytometric analysis revealed a significantly
higher cellular uptake of ILRhB compared to
LRhB, demonstrating the enhanced targeting
capability conferred by cetuximab conjugation.

This greater uptake of the immunoliposomes
is likely due to endocytosis mediated through
the interaction between CIT and EGFR. This
targeted delivery is crucial for maximizing
therapeutic efficacy while minimizing off-
target effects. Our results are in agreement with
those of Yue et al., indicating that CIT-
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conjugated liposomes exhibited significantly
higher cellular uptake and cytotoxicity in
EGFR-positive cancer cells compared to non-
targeted liposomes (28). In another study,
encapsulation of oxaliplatin into CIT-
immunoliposome improved its
pharmacokinetics, allowing a more selective
and efficient internalization of liposomes and
delivery to the tumor (25). It has been
demonstrated that CIT-conjugated liposomes
significantly enhanced the delivery and efficacy
of 5-FU in skin squamous carcinoma cells,
corroborating our findings of improved cellular
uptake and cytotoxicity in HNSCC cells (29).
Cytotoxicity assays conducted on HN-5 cells
using the MTT assay showed that the co-
delivery of CP and DTX significantly reduced
cell wviability, with IL CP demonstrating
superior efficacy over  non-targeted
formulations. The ICso value for IL CP/DTX
was markedly lower at the optimal 1:2 ratio,
highlighting the synergistic effect of the co-
delivery system. This significantly improved
cytotoxicity may be attributed to the small size
of the prepared particles, their ability to
undergo cellular uptake, and the improvement
in the intracellular concentration of anticancer
chemotherapy drugs. This finding is consistent
with studies conducted by Asadollahi et al.,
which reported enhanced cytotoxicity and
reduced ICso values for targeted co-delivery of
chemotherapeutic agents in nanoformulations
(20). In another study, CIT-targeted liposomes
containing oxaliplatin decreased ICso values 2-
4 fold in HT-29 and SW-480, which
demonstrated significant resistance to free
oxaliplatin, reaching nearly similar efficacy as
in the more sensitive HCT-116 cells (25). In
another study, the folate-decorated
biodegradable poly (lactide-co-glycolide)
(PLGA) nanoparticles were developed for
tumor targeting of anticancer agents. Due to the
overexpression of the folate receptor on tumor
surface, folate has been efficiently employed as
a targeting moiety for various anticancer agents
to avoid their non-specific attacks on normal
tissues and also to increase their cellular uptake
within target cells. The average size and
encapsulation efficiency of the prepared
PLGA-folate nanoparticles were found to be
around 115 + 12 nm and 57%, respectively. The



in vitro intracellular uptakes of PLGA-folate
nanoparticles showed greater cytotoxicity on
cancer cell lines compared to non-folate
mediated carriers (30). In another study, DTX
was encapsulated into anti-EGFR
immunoliposomes. The prepared formulations
were nanosized, with high drug encapsulation
and controlled release. Immunoliposomes
showed higher uptake by EGFR-expressing
cells. Moreover, immunoliposomes were more
cytotoxic to prostate cancer EGFR-expressing
cells (31).

The apoptosis assays revealed that co-
encapsulation of CP and DTX in
immunoliposomes (IL CP/DTX) significantly
increased apoptosis rates compared to
individual drug formulations and non-targeted
nanoparticles. The apoptosis rate of 47.7% for
IL CP/DTX is particularly notable, indicating
that the immunoliposome formulation enhances
the pro-apoptotic effects of the drugs. This
enhanced apoptosis can be attributed to
improved drug accumulation in the cancer cells
and more effective disruption of cellular
processes, as similarly reported by Dianat-
Moghadam et al. in their study on targeted
liposomal drug delivery systems (32). In
another study, drug delivery strategies based on
receptor targeting with novel ligand-anchored
carriers exploiting CD44, folate, and integrin
aVpB were reviewed, as well as toll-like
receptors (TLRs) expressed on synovial
monocytes and macrophages and antigen-
presenting cells, for possible active targeting in
rheumatoid arthritis. They concluded that
common  conventional  receptors  and
multifunctional ligands that are involved in
targeting receptors or developing nanocarriers
with appropriate ligands for TLRs could
provide profound targeting drug delivery
systems for the effective treatment of RA (33).
In another study, targeted long-circulating
immunoliposomes  containing  simvastatin
(tLCLS) with an anti-EGFR antibody attached
to their surface were obtained and proved
effective in the treatment of an in-vitro
model of triple-negative breast cancers.
The  conducted  in-vitro  experiments
demonstrated that tLCLS treatment led to a
decrease in membrane order and inhibited
PI3K/Akt signalling to induce apoptosis.
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The analyses of the efficacy of the tLCLS on
the animal model indicated that
immunoliposomes were effectively delivered to
tumors (34).

Our study's findings suggest that CIT-
conjugated nanoliposomes for the co-delivery
of CP and DTX significantly enhance drug
delivery efficiency and therapeutic efficacy
against HNSCC. This targeted approach
improves drug accumulation and cytotoxicity in
cancer cells and reduces the likelihood of
adverse side effects, paving the way for more
effective cancer therapies. Future studies
should focus on in vivo assessments to further
validate the nanocarriers' therapeutic potential
and safety. Additionally, exploring the
mechanisms underlying the enhanced cellular
uptake and apoptosis induction could provide
deeper insights into optimizing these delivery
systems for clinical applications.

CONCLUSIONS

In this work, a novel therapeutic for HNSCC
treatment was investigated. IL CP/DTX
showed homogenously dispersed nanoparticles
of nano-size range (68.65 + 3.4 nm), and the
zeta potential of the preparations was -7.99 +
1.77 mV. The nanoparticles showed a
significant increase in cellular uptake in the
HNS cell line as compared to naked liposomes.
The resulting immunoliposomes potentially
combine the therapeutic activity and selectivity
of CIT with -cancerous-cell delivery of
immunoliposomes containing DTX and CP in a
single therapeutic method. We expect that
future clinical trials will confirm the potential
of DTX and CP co-loaded into
immunoliposomes against HNSCC tumors.
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