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Abstract:

Introduction: Triple-negative breast cancer (TNBC) represents a particularly aggressive form of cancer
that is notoriously difficult to treat due to the absence of hormone receptors and HER2 expression.
Traditional therapeutic strategies have limited efficacy and are often accompanied by significant side
effects. Lapatinib, a tyrosine kinase inhibitor, has shown potential against TNBC; however, its clinical
application is hindered by poor aqueous solubility and systemic toxicity. This study explores a novel drug
delivery system aimed at enhancing the therapeutic index of Lapatinib through encapsulation with Human
Serum Albumin (HSA), a biocompatible and non-toxic carrier recognized for its excellent drug binding
capacity.

Objectives: This research aims to improve the therapeutic efficacy and selectivity of Lapatinib for TNBC
treatment by employing Human Serum Albumin as a delivery platform. By encapsulating Lapatinib within
HSA nanoparticles, the study seeks to enhance its solubility, enable controlled drug release, and reduce
the systemic toxicity typically associated with chemotherapy.

Methods: Lapatinib was incorporated into HSA via hydrophobic interactions, with the resultant HSA-LAP
complexes characterized using spectroscopic methods (UV and fluorescence spectroscopy), Atomic Force
Microscopy (AFM), and Transmission Electron Microscopy (TEM) to evaluate structural integrity and drug
loading efficiency. In vitro cytotoxicity was assessed using the MTT assay on the 4T1 breast cancer cell line
to determine IC50 values. The study also incorporated apoptosis assays (Annexin V/PI staining and
caspase activation) and wound healing assays to investigate anti-migratory properties. In vivo efficacy was
evaluated using a BALB/c mouse model, measuring tumor growth suppression and survival extensions.
Biodistribution studies were facilitated by radiolabeling HSA-LAP with Technetium-99m (99mTc) to observe
tumor-targeting abilities.

Results: The encapsulation process preserved the structural integrity of HSA with minor conformational
changes observed. In vitro assays demonstrated that HSA-LAP exhibits significantly enhanced anti-
proliferative and pro-apoptotic effects on TNBC cells compared to free Lapatinib, with a notable decrease
in IC50 values (1.05 pg/mL for HSA-LAP vs. 5.47 pg/mL for LAP). Furthermore, the synergistic combination
with VGB3, a VEGFR1/2-targeting peptide, resulted in a dramatic ICso reduction to 0.2 ug/mL, and a notable
increase in apoptosis rates to 50.2%. In the in vivo model, tumor growth was profoundly reduced by 59%
with HSA-LAP and 89% when combined with VGB3, together with improved survival rates relative to
standard treatment modalities. Biodistribution analysis confirmed preferential uptake of HSA-LAP by tumor
tissues, suggesting enhanced targeting and retention capabilities.

Conclusion: These findings affirm the potential of HSA as a highly effective delivery system for Lapatinib,
significantly augmenting its anticancer potency against TNBC. The research highlights the merits of using
HSA in drug formulation, offering optimized delivery profiles that mitigate systemic toxicity. Moreover, the
impactful results of the combined therapy with VGB3 warrant further exploration and development,
potentially offering a transformative approach in treating aggressive breast cancer subtypes.
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