HDAC6 Selective Inhibition Targets Triple-Negative Breast Cancer in Cell and Organoid Models
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Introduction. Triple-negative breast cancer (TNBC) is an aggressive subtype of breast cancer with limited treatment options and poor clinical outcomes. Epigenetic dysregulation, particularly involving histone deacetylases (HDACs), plays a crucial role in TNBC pathogenesis. While pan-HDAC inhibitors have demonstrated anticancer effects, their clinical use is constrained by dose-limiting toxicities due to non-selective activity.
Aims. This study aimed to evaluate the therapeutic potential of a novel selective HDAC6 inhibitor, Mesinostat, synthesized in our department, in TNBC preclinical models.
Methods. MDA-MB-231 TNBC cells and patient-derived tumor organoids (PDTOs) were treated with the selective HDAC6 inhibitor Mesinostat at concentrations ranging from 1 to 30 μM. Proliferation and viability were assessed using standard cell viability assays. Apoptosis was evaluated via cleaved Caspase-3 and PARP expression. HDAC6 selectivity was examined by Western blot analysis of α-tubulin and histone H3 acetylation. Cell cycle distribution and expression of cyclins (cyclin D1, B), CDK4, and CDC25A were analyzed by flow cytometry and real-time PCR. Markers of autophagy (BECN1, BNIP3, LC3-II) and EMT were also assessed by Western blot. Migration and colony formation assays were used to evaluate functional changes. 3D spheroid cultures were used to investigate structural integrity upon treatment. In PDTOs, viability was determined using the LIVE/DEAD immunofluorescence assay, and stemness markers were quantified by real-time PCR.

Results. In MDA-MB-231 cells, Mesinostat induced a dose-dependent antiproliferative effect and apoptosis. HDAC6 selectivity was demonstrated by enhanced α-tubulin acetylation without affecting histone H3 acetylation. Cell cycle analysis revealed S phase reduction and downregulation of cyclin D1, cyclin B, CDK4, and CDC25A. Autophagy was activated, with increased BECN1, BNIP3, and LC3-II expression. EMT markers were downregulated, leading to impaired cell migration and colony formation. In 3D spheroid cultures, Mesinostat disrupted structural integrity. In PDTOs, treatment significantly reduced viability and downregulated stemness markers.
Discussion. These results highlight the epigenetic role of HDAC6 in TNBC progression and support further development of selective inhibitors of HDAC6 as a targeted therapeutic strategy for TNBC.
