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Abstract

Background. Nanotechnology addresses the challenge of targeted drug and nucleic acid
delivery to cancer cells through the design of intelligent carriers. This study was
conducted to design a smart nanocarrier based on PCL/Chitosan/PEG functionalized with
hyaluronic acid (HA) for the delivery of siRNA to breast cancer cells (MCF-7).
Methods. The physicochemical properties of the synthesized nanoparticles were analyzed
using 'H-NMRand TGA. Zeta potentialand nanoparticle size were assessed
using dynamic light scattering (DLS), confirming successful synthesis.

Results. DLS analysis revealed that after loading SiRNA-FAM, the size of PCPH
nanoparticles increased  from201+7 nmto294+9 nm, andthat of PEl
nanoparticles from 186+11 nm to 220+6 nm. Meanwhile, SIRNA loading reduced the zeta
potential of PCPH nanoparticles from +1.72+0.52 mV to -2.5£0.50 mV. The results
showed that at neutral pH, PEI/SIRNA-FAM exhibited significantly higher release
than PCPH after 480 minutes, whereas in an acidic environment, both nanoparticles
released siRNA-FAM at a similar rate. Cytotoxicity assessment indicated that PCPH
nanoparticles carrying siRNA had significant inhibitory effects on the growth of MCF-7
cells. The results of gel electrophoresis confirmed that PCPH nanoparticles effectively
interacted electrostatically with siRNA-FAM, neutralizing its negative charge and halting
its migration in the gel.

Conclusion. PCL-Chitosan-PEG-HA nanoparticles serve as a biocompatible and targeted
system for SiRNA delivery to cancer cells, demonstrating high efficiency in targeted gene
therapy.

Practical Implications. The findings of this study represent a significant step toward
more personalized and effective cancer treatments using nanotechnology.

How to cite this article: Yaghoubi H, Noruzpour M. Engineering of multifunctional nanocarriers based on biopolymers
for siRNA delivery, selective targeting, and enhanced biostability in MCF-7 cell lines. Med J Tabriz Uni Med Sciences.
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Extended Abstract

Background

Nanotechnology provides an effective and safe

Breast cancer is a major global health challenge,
and conventional treatments such as chemotherapy,
radiotherapy, surgery, and hormone therapy are
limited by severe side effects, damage to healthy
tissues, and drug resistance. Therefore, safer and more
targeted therapeutic approaches are required.

platform for selective drug and gene delivery. In this
study, PCL—Chitosan—PEG-HA nanoparticles were
designed for targeted siRNA delivery into MCF-7
breast cancer cells. PCL enabled sustained release,
chitosan improved siRNA loading and protection,
PEG enhanced stability and circulation time, and
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hyaluronic acid facilitated CDas receptor-mediated
targeting. The nanoparticles were evaluated for
physicochemical properties, biocompatibility,
cytotoxicity, and gene delivery efficiency,
demonstrating their potential for effective and
targeted breast cancer therapy.

Methods
All chemicals and culture media were obtained

from standard commercial suppliers, including
Merck, Sigma-Aldrich, and Biowest. The MCF-7
breast cancer cell line was provided by the Pasteur
Institute of Iran.

Chitosan was dissolved in acetic acid, while PEG-
HA was activated using EDC/NHS chemistry. The
activated PEG-HA was added to the chitosan solution,
followed by pH adjustment and continuous stirring.
The product was precipitated, dialyzed, and freeze-
dried. For the preparation of PCPH nanoparticles,
PCL and Chitosan-PEG-HA were dissolved in
chloroform, mixed dropwise, stirred for 24 hours,
purified by dialysis, and freeze-dried.

PCPH or PEI polymers were mixed with siRNA-
FAM solution using solvent diffusion and sonication
methods. PVA and PVP solutions were added to
stabilize the nanocapsules. Excess solvent was
removed by centrifugation, and nanoparticles were
collected and freeze-dried.

A survivin  (BIRC5)-targeting siRNA-FAM
sequence was designed and synthesized by Santa Cruz
Biotechnology.

Sense strand: 5-GCAUUCGUCUCCACUUGCATT-3’
Antisense strand: 5'-UGCAAGUGGAGACGAAUGCTT-3'

Structural characterization was performed using
'H-NMR. Particle size and zeta potential were
analyzed by DLS, while magnetic properties were
evaluated using VSM.

SiRNA release profiles were studied under
physiological and acidic pH conditions to simulate
healthy and tumor microenvironments. Released
SiRNA was quantified at scheduled intervals.

MCF-7 cells were treated with different
concentrations of nanocapsules. Cell viability and
IC50 values were determined using the MTT assay.

Protection against plasma degradation was
assessed by agarose gel electrophoresis. Gene delivery
efficiency was evaluated in MCF-7 cells using flow
cytometry and fluorescence microscopy.

Experiments were performed in triplicate. Data were
analyzed using one-way ANOVA and Duncan’s test in
SPSS version 22 at a significance level of P < 0.05.

Results
The 1H-NMR spectrum confirmed the successful

synthesis of PCPH nanoparticles and the presence of
all structural components (Figure 1A), with
characteristic PEG, hyaluronic acid, and chitosan
peaks indicating effective conjugation. TGA analysis
showed two-step thermal degradation for PCL and
chitosan, while PEG-HA and PEI exhibited multi-step
degradation patterns (Figures 1B and C), supporting
successful  nanostructure  formation. = PCPH
nanoparticles displayed multiple degradation stages
and reduced thermal stability compared to individual
polymers.

DLS results revealed that siRNA-FAM loading
increased particle size from 201+7 nm to 29449 nm
and shifted zeta potential from +1.72+0.52 mV to
—2.50+£0.50 mV, confirming successful SiRNA
complexation. Similar trends were observed for PEI
nanoparticles, validating efficient sSiRNA loading and
stable nanocomplex formation.

The release behavior of siRNA-FAM from
PCPH/siRNA-FAM and PEI/siRNA-FAM
nanocapsules showed time-dependent release at pH
7.4, with higher release from PEI after 480 minutes,
while similar release was observed at pH 4.8 (Figures
2A and 2B).

PCPH nanoparticles, with or without SiRNA-
FAM, exhibited significantly lower cytotoxicity
compared with PEI-based formulations (Figure 2C).
The ICso values of PCPH formulations were higher
than the maximum tested concentration (400 pg/mL),
indicating favorable biocompatibility. In contrast,
PEI/SiRNA-FAM showed the lowest ICsy value,
reflecting higher toxicity toward MCF-7 cells.
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Figure 1. (A) 1H-NMR spectrum of PCPH nénoparticlésr; TGAth
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Figure 2. Release profile of sSiRNA-FAM from PCPH/siRNA-FAM and PEI/siRNA-FAM nanocapsules in PBS buffer at (A) pH 7.4 and
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Figure 3. (A) Effect of PCPH and PEI nanoparticles on neutralization of the negative charge of siRNA; (1) PCPH/siRNA-FAM, (2) free
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SiRNA-FAM, and (3) PEI/siRNA-FAM. (B-D) Fluorescence microscopy images of MCF-7 cells treated with (B) free sSiRNA-FAM, (C)
PEI/siRNA-FAM nanocapsules, and (D) PCPH/siRNA-FAM nanocapsules. (E) Flow cytometry analysis of MCF-7 cells treated with
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The results of gel electrophoresis demonstrated
that PCPH nanoparticles effectively inhibited SiRNA
migration, confirming strong electrostatic interactions
between chitosan amino groups and siRNA phosphate
groups (Figure 3A). Flow cytometry and fluorescence
microscopy further confirmed efficient cellular uptake
and intracellular delivery of siRNA-FAM into MCF-
7 cells by PCPH nanocapsules (Figures 3B-E).

Discussion
A PCL-Chitosan-PEG-HA nanocarrier was

developed in this study for targeted siRNA delivery in
breast cancer therapy to overcome limitations of
conventional treatments, including low selectivity,
toxicity, and drug resistance. Physicochemical

analyses  confirmed  successful  nanoparticle
formation, structural stability, and efficient SIRNA
loading, indicated by changes in particle size and zeta
potential. PEG improved stability and circulation
time, while chitosan enhanced siRNA binding and
protection. The system showed pH-responsive release
with higher siRNA release in acidic tumor
environments. Biocompatibility tests indicated low
cytotoxicity. Enhanced cellular uptake and enzymatic
protection were observed due to electrostatic
interactions. Hyaluronic acid enabled CDa4 targeting
in MCF-7 cells, ensuring selective internalization.
Overall, the nanoplatform demonstrated efficient
delivery, controlled release, and strong potential for
breast cancer gene therapy applications.
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