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Introduction. Triple negative breast cancer (TNBC), comprising 15–20% of breast cancers, is a highly aggressive subtype with limited treatment options. Drug repositioning offers a cost-effective and time-efficient strategy to identify novel therapies. Adapalene (ADA), a synthetic retinoid, exhibits promising anticancer activity but suffers from poor aqueous solubility, low bioavailability, and rapid clearance. To overcome these limitations, we developed a pH-responsive lipo-polymeric nanoparticles (Ada-LPNs) platform for selective delivery of ADA in the acidic tumor-microenvironment.
Aims. To develop Ada-LPNs and evaluate their therapeutic efficacy and safety in TNBC models.
Methods. Ada-LPNs were formulated using the nanoprecipitation method and characterized for size, morphology, zeta potential (ζ), polydispersity index (PDI), entrapment efficiency (EE%), plasma stability, and pH-responsive drug release. MDA-MB-231 cells were used for cytotoxicity assessment (MTT assay), cell cycle analysis (flow cytometry), and FITC-labelled cellular uptake (confocal microscopy). Female BALB/c mice bearing orthotopic 4T1 tumors were randomized (n=10/group) to receive PBS, blank-LPNs, free ADA (15 mg/kg, i.v.), or Ada-LPNs (equivalent dose) every other day for 7 days. Tumor growth, median survival, histopathology, and Ki-67 expression were assessed post-treatment.
Results. Ada-LPNs (size 116.77 ± 4.68 nm, PDI 0.309 ± 0.02, ζ potential -32.61 ± 3.04 mV, EE% 87.3 ± 2.9%) demonstrated excellent colloidal stability in plasma and pH-responsive sustained release (63.0 ± 2.46% at pH 5.5 vs 21.1 ± 1.15% at pH 7.4 after 24 hours; p<0.001). In-vitro, Ada-LPNs reduced cell viability (IC50 = 15.76 ± 0.49 µg/ml) and induced S-phase arrest (19.6 ± 0.24% vs. 13.9 ± 0.23% control; p<0.05). In vivo, Ada-LPNs achieved superior tumor growth inhibition (85.08 ± 0.49% vs. 71.44 ± 0.54% for free ADA; p<0.001), prolonged median survival (control = 31 days, free adapalene = 42 days, Ada-LPNs = 52 days; log-rank p<0.01), and markedly reduced Ki-67 expression, without affecting body weights.
Discussion. This study provides the first in-vivo evidence of ADA’s anticancer activity in TNBC, demonstrating its therapeutic potential beyond dermatology. Ada-LPNs enhanced efficacy and prolonged survival while ensuring safety. These findings highlight a promising novel targeted strategy with high translational potential for TNBC treatment.
