Fucoidan enhances everolimus efficacy via ERα/Akt/mTOR pathway suppression
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Introduction. Breast cancer is a leading cause of cancer mortality, with resistance and relapse posing major challenges. This study assessed whether fucoidan, a marine-derived sulfated polysaccharide with anticancer activity, could enhance the efficacy of everolimus, a clinically approved mammalian target of rapamycin (mTOR) inhibitor.

Aims. To evaluate the combined effects of fucoidan and everolimus in vitro on MCF-7 human breast cancer cells and in vivo in a murine Ehrlich solid carcinoma model.

Methods. Cell viability was assessed by MTT assay, migration by scratch wound assay, and cell cycle/apoptosis by flow cytometry. In vivo, 40 female Swiss Albino mice (23 ± 2 g) were implanted with Ehrlich ascites carcinoma cells and tumour volumes measured twice weekly. After tumour establishment, mice were randomised into four groups (n = 10): control, fucoidan, everolimus, or combination (E+F). Treatments continued for 14 days, after which tumours were excised for ELISA analysis of survivin, ERα, VEGF, p-mTOR, and p-AKT. All procedures complied with EU Directive 2010/63/EU and were approved by the Faculty of Pharmacy, Cairo University Ethics Committee.
Results. In vitro, fucoidan synergistically enhanced everolimus activity, lowering its IC₅₀ from 4.11 μM to 1.3 μM (combination index = 0.47). E+F suppressed migration (wound closure 19.1% vs. 28.1% for everolimus and 75.7% in controls; p < 0.05). In Annexin V/PI assays, E+F reduced viable cells (87.7% vs. 95.6% in control) and increased necrosis (9.2% vs. 2.0% in control; p < 0.05). Cell cycle analysis showed S-phase arrest (77%) and reduced G₂/M (19.4%; p ≤ 0.0001). In vivo, E+F significantly delayed tumour growth compared with control and monotherapies. ELISA confirmed downregulation of survivin, ERα, VEGF, p-mTOR, and p-AKT in the combination group.
Discussion. Collectively, these findings demonstrate that fucoidan augments the anticancer efficacy of everolimus through modulation of ERα/Akt/mTOR signalling and reduction of pro-survival and angiogenic mediators. Fucoidan thus represents a promising natural adjuvant to mTOR inhibition warranting further preclinical and translational investigation.

