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Research progress on mitochondrial dysfunction and human diseases

Ming Gao
Xi'an Medical College, Xi'an, Shaanxi

[ Abstract] Mitochondria, as the "energy factories" of cells and hubs for signal transduction, play a crucial
role in maintaining cellular homeostasis. Cutting-edge research in recent years has shown that mitochondrial
dysfunction, including defects in oxidative phosphorylation, excessive production of reactive oxygen species,
imbalance in mitochondrial dynamics (fusion/fission), impaired mitochondrial autophagy, and mitochondrial DNA
mutations, is far from merely causing classic mitochondrial diseases. Instead, it is widely involved in and drives the
occurrence and development of numerous major human diseases. This review systematically summarizes the core
molecular mechanisms of mitochondrial dysfunction, with a focus on its key role in various diseases, such as
metabolic disorders (e.g., diabetes and its cardiorenal complications), neurodegenerative diseases, autoimmune
diseases, tumors, and musculoskeletal diseases. Studies reveal that mitochondria deeply engage in disease
pathological networks by releasing damage-associated molecular patterns (such as mtDNA) to activate innate
immunity (such as the cGAS-STING pathway), coordinating stress responses through endoplasmic reticulum-
mitochondria tight interaction, and performing fine epigenetic regulation through non-coding RNAs. In terms of
diagnostic and therapeutic strategies, emerging mitochondrial-targeting probes, in vivo mitochondrial function
detection, extracellular vesicle-based mitochondrial transfer techniques, and intervention methods targeting
mitochondrial autophagy, dynamics, and specific proteins (such as Metadherin, TIPE1) provide new perspectives for

the precise diagnosis and treatment of related diseases. Traditional Chinese medicine also shows unique potential in
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regulating mitochondrial homeostasis. In summary, mitochondria have become a core target for understanding

common pathological physiological mechanisms of diseases and developing novel therapies. Future research needs

to further integrate multi-omics and cutting-edge technologies to advance mitochondrial medicine towards clinical

translation.

[ Keywords] Mitochondria; Mitochondrial dysfunction; Metabolic diseases; Neurodegenerative diseases;

Mitochondrial autophagy; Interorganelle communication
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