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Introduction: Mitochondrial dysfunction and impaired mitochondria–ER crosstalk are emerging as central mechanisms in COPD pathogenesis, driving oxidative stress, defective mitophagy, apoptotic signaling, and persistent inflammation following cigarette smoke (CS) exposure.

Aims: To delineate the role of mitochondrial dysfunction and mitochondria–ER axis dysregulation in CS-induced COPD and to evaluate the modulatory potential of naltrexone (NTX).

Methods: Transcriptomic analysis of GEO dataset (GSE197751) identified dysregulated mitochondrial genes. In vivo validation in CS-exposed mice assessed mitochondrial dynamics (DRP1, Fis1, MFN1/2, OPA1), PINK1/Parkin signaling, VDAC1, COXIV, ROS generation, and inflammatory pathways with NTX intervention

Results: CS exposure significantly dysregulated fusion–fission proteins, activated PINK1/Parkin-mediated mitophagy, altered VDAC1 and COXIV expression, and enhanced NOX4-dependent ROS generation. These alterations were accompanied by increased TLR4 signaling and apoptotic activation. NTX administration markedly restored mitochondrial dynamics, reduced oxidative stress, and attenuated inflammatory and apoptotic signaling.

Discussion: CS-induced COPD is characterized by disrupted mitochondrial homeostasis and aberrant mitochondria–ER crosstalk, amplifying oxidative stress and inflammatory cascades. NTX significantly restored mitochondrial integrity and attenuated redox and apoptotic imbalance, supporting mitochondria–ER communication as a mechanistic and therapeutic target in COPD.

