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Introduction. Young patients with early-onset breast cancer (EOBC) diagnosed before 45 years old show poor therapeutic responses and short overall survival rates. The most significant breast cancer survival gap between younger and older patients occurs with luminal breast cancers, implying the involvement of endocrine disruption in this disease. 

Aims. The mechanisms driving the early tumorigenesis of breast cancer remain obscure. Identifying therapeutic targets for this disease remains an urgent unmet medical need. 

Methods. A higher hair level of di(2-ethylhexyl)phthalate (DEHP), an endocrine-disrupting plasticizer commonly used in making daily-used products, was found to be associated with younger age at diagnosis in breast cancer patients. Thus, DEHP exposure was used as a model to investigate the mechanisms of EOBC in vitro and in vivo.
Results. DEHP exposure accelerates tumorigenesis by increasing cancer stemness, which involves the shift of mitochondrial dynamics toward fusion and the elevation of glutamine-driven mitochondrial oxidative phosphorylation. DEHP upregulates the glutamine transporter SLC6A14 to increase glutamine uptake, fueling oxidative phosphorylation and de novo nucleotide synthesis. The upregulated SLC6A14 also exacerbated mitochondrial fusion via repressing mitochondrial fission factor (MFF) expression. Higher SCL6A14 expression in tumors is positively associated with cancer stemness markers and early onset of human breast cancer. Inhibiting SLC6A14 activity reduced cancer stemness, suppressed tumor progression, and overcame chemoresistance. 

Discussion. This study suggests that the reduction of plasticizer exposure could be an important strategy for controlling the incidence of EOBC patients. Our findings also highlighted the critical role of enhanced mitochondria fusion and glutamine-dependent oxidative phosphorylation in the early onset and progression of breast cancer and identified SLC6A14 as a potential therapeutic target for plasticizer-associated EOBC. 

