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Research progress on the relationship between mitochondrial dysfunction and disease
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Shandong University of Technology, Zibo, Shandong

[ Abstract] Mitochondria, as the energy metabolism center and key signaling hub of eukaryotic cells, play a
crucial role in maintaining cellular homeostasis through their functional integrity. Recent studies have shown that
mitochondrial dysfunction is far more than just a simple energy supply shortage; it involves multiple levels such as
imbalanced reactive oxygen species (ROS) generation, calcium homeostasis disruption, metabolic reprogramming,
and dysregulation of quality control mechanisms (such as mitophagy and dynamics), becoming a core pathological
physiological link in many diseases. This review systematically summarizes the latest research progress on the
relationship between mitochondrial dysfunction and various diseases. In the field of metabolism, dysfunction is
closely related to insulin resistance, type 2 diabetes, and circadian rhythm disorders; in the nervous system, it is
increasingly clear that it has a causal relationship with neurodegenerative diseases such as Alzheimer's disease,
Huntington's disease, and Parkinson's disease, as well as mental disorders; in immunity and inflammation,
dysfunction is deeply involved in the pathogenesis of autoimmune diseases such as rheumatoid arthritis and ulcerative
colitis. Additionally, its role in cardiovascular diseases, age-related diseases, tumor occurrence and development, as
well as kidney and placenta-related diseases, has been thoroughly revealed. This paper also looks forward to treatment
strategies targeting mitochondria, such as mitochondria-targeted antioxidants and quality control regulators, and
points out the challenges and opportunities for future research in revealing tissue-specific mechanisms and
developing precise intervention methods. A deeper understanding of the role of mitochondrial dysfunction in diseases
will provide new targets and fresh perspectives for disease prevention and treatment.

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

Mitochondrial quality control; Therapeutic targets
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