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The pH-responsive behavior and RGD peptide—mediated targeting of drug-loaded CHNPs enable selective
suppression of breast tumor growth and angiogenesis.

Abstract

Breast cancer is one of the most frequently diagnosed cancers among women around the globe. It is
usually addressed through chemotherapy, radiation, and surgical interventions—methods that are often
hindered by toxicity, non-specificity, and resistance to drugs. This study, presented at ICRAN 2025,
introduces a nanotechnology-based strategy that uses RGD peptide-conjugated chitosan nanoparticles
(RGD-CHNPs) for the targeted treatment of breast cancer. Raloxifene (RIx), a selective estrogen recep-
tor modulator, was incorporated into these nanoparticles to boost therapeutic effectiveness. The RGD-
CHNPs demonstrated improved stability and cellular absorption in the acidic tumor environment typical
of breast cancer. By targeting the avp3 integrin by the conjugation of RGD enhanced the efficient de-
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livery of RIx to cancer cells, inducing apoptosis and inhibiting both migration and angiogenesis. In vivo
imaging validated the selective accumulation of Cy5.5-labeled RGD-CHNPs within tumors, and the
RIx-RGD-CHNPs substantially decreased tumor growth without harming normal tissues. These results
highlight the complementary advantages of pH responsiveness and RGD-mediated targeting, position-
ing RGD-CHNPs as an encouraging platform for safe and effective treatment of breast cancer.

Keywords:

Breast cancer, RGD targeting, Chitosan NPs, Raloxifene, estrogen receptor, dual targeting

Introduction

Breast cancer, a leading global malignancy,
faces challenges like drug resistance, off-tar-
get toxicity, and limited therapeutic selectiv-
ity [1-3]. Conventional treatments such as
chemotherapy and endocrine therapy often
cause systemic side effects and lack tumor
specificity. Nanotechnology-based drug de-
livery systems, particularly chitosan nanopar-
ticles (CHNPs), offer promising solutions due
to their biocompatibility, biodegradability,
ease of surface modification, and cationic pH-
sensitive nature [4].
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Figure 1: Prof. Gopal C. Kundu (Director R & D, KIIT Deemed to be University), delivering a talk at

Discussion

The current study, presented at the Interna-
tional Conference on Recent Advances in Na-
nomedicine 2025 (ICRAN 2025), highlights
the work of Yadav et al. on RGD-functional-
ized chitosan nanoparticles (RGD-CHNPs)
loaded with raloxifene (Rlx)—a selective es-
trogen receptor modulator with known anti-
proliferative and anti-angiogenic potential
[5]. The central objective was to achieve dual
targeting through pH-responsiveness and
avp3-integrin receptor-mediated recognition,
thereby enhancing therapeutic efficacy while
minimizing systemic toxicity.

ICRAN 2025 as one of the three distinguished speakers (Prof Rodney Hill, and Dr. B. Saravanakumar)

during Technical Session-1V.
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Experimental Design and Key Findings

Nanoparticle Preparation and Characteriza-
tion

Stable formulations of Rlx-loaded CHNPs
and RGD-conjugated CHNPs were synthesized
via ionic gelation. Physicochemical characteri-
zation confirmed:

e Narrow size distribution with average di-
ameter ~150-200 nm

e Positive surface charge and excellent sta-
bility under physiological and mildly acidic
conditions

e Enhanced zeta potential and colloidal sta-
bility at acidic pH mimicking the tumor mi-
croenvironment [5].
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pH-Dependent Uptake and Cytotoxicity

In vitro studies revealed that nanoparticle up-
take was significantly increased under acidic
pH (6.5), consistent with the tumor milieu.
RGD conjugation enhanced integrin-mediated
uptake of raloxifene, increasing intracellular
accumulation and apoptosis over non-targeted
formulations [5].

Anti-Migratory and Anti-Angiogenic Effects

Functional assays demonstrated that Rlx-
RGD-CHNPs markedly inhibited cell migra-
tion and suppressed angiogenesis in endothelial
co-culture systems. This inhibition correlated
with reduced VEGF expression and Akt phos-
phorylation, highlighting interference with the
angiogenic and tumor-promoting signaling cas-
cades [5].
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Figure 2: Prof. Gopal C. Kundu with two of the participants during the poster session at ICRAN 2025.

In Vivo Tumor Targeting and Therapeutic Ef-
ficacy

In murine breast tumor xenografts, Cy5.5-la-
beled RGD-CHNPs selectively accumulated
within tumor tissues, providing real-time opti-
cal visualization of nanoparticle localization.
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Treatment with RIx-RGD-CHNPs resulted in
substantial tumor regression without detectable
systemic toxicity. Hematological and biochem-
ical analyses confirmed normal liver and kid-
ney function, validating the biosafety of the for-
mulation [5].
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Mechanistic Insights which are abundantly expressed on the tumor
vasculature and metastatic cells.

Molecular signaling inhibition: Downregu-
lation of Akt phosphorylation and VEGF ex-
pression suppresses tumor progression and an-
giogenesis, respectively [5].

The study demonstrates a synergistic mecha-
nism combining:

pH-responsive release: Acidic tumor micro-
environment enhances drug release kinetics
from CHNPs.

Integrin-targeted delivery: RGD ligands
mediate selective binding to avp3 integrins,

Conclusions

The findings presented in this session underscore the translational potential of RGD-functionalized
chitosan nanoparticles for precision drug delivery in breast cancer. The dual-targeted RIx-RGD-CHNPs
demonstrated:

e High tumor selectivity

e Efficient intracellular drug delivery

e Significant inhibition of angiogenesis and tumor growth

e Excellent biocompatibility and minimal systemic toxicity

This study highlighted RGD-functionalized chitosan nanoparticles as promising integrin-targeted,
pH-responsive nanocarriers for raloxifene delivery, offering tumor-specific efficacy across diverse
breast cancer subtypes with reduced systemic toxicity. The convergence of bio-responsive materials,
peptide targeting, and advanced imaging tools signifies a milestone toward precision-guided and per-
sonalized therapeutics. As the community moves forward, continued collaboration among researchers,
clinicians, and regulatory bodies — as fostered by platforms such as ICRAN — will be essential to
translate these promising nanotechnologies into clinical reality.
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