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Exercise mitigates aging-related diseases by modulating cardiolipin synthesis and remodeling
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[Abstract] Cardiolipin, a pivotal lipid crucial for sustaining mitochondrial function, undergoes dynamic remodeling to accommodate
fluctuating energy demands across both physiological and pathological contexts. Alterations in cardiolipin composition not only serve as
indicators of mitochondrial functional states but also are intricately linked to the pathogenesis of numerous diseases, including
cardiomyopathy, Parkinson’ s disease, and age-related sarcopenia. Notably, exercise plays a crucial role in mitigating the detrimental
health impacts of chronic diseases by modulating both the composition and levels of cardiolipin across various tissues. In this review,
we provide a comprehensive synthesis of the latest advancements in understanding cardiolipin dynamics during exercise and
pathological conditions, highlighting the synergistic interplay between mitochondrial biogenesis and cardiolipin biosynthesis in
orchestrating mitochondrial function and accommodating shifts in energy metabolism.
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R N a-syn 8 A FRIEIE N, PR IX RN E BEMZ
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P HE A0 07 ) A0 A 22 R AT R (Al ADD R 9T
SR B EE T, Beah, s HE s RE NS (e 2R
RLAR AW G B, o535 SR A4 T g, 15 InC i I 1)
A R E B o XA Bl T 4 5O UL B R B
TV B P 4 52 , 345 B ek 2% DR 562 2 5| /e 1) JUL PR . 2 0k
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.
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This figure illustrates the consequences of cardiolipin deficiency, including calcium ion overload leading to oxidative stress, impaired mitochondrial

protein import and degradation;, alterations in cardiolipin composition due to ALCAT1 overexpression caused by aging, lipid accumulation, and disruption

of iron-sulfur cluster synthesis leading to ferroptosis. These dysfunctions collectively contribute to the development of aging-related diseases.
B ORAEERZ 3 R E A KRR R F20E

Figure 1 The impact of cardiolipin deficiency on aging-related diseases
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Exercise training can coordinate mitochondrial biogenesis and cardiolipin biosynthesis through multiple signaling pathways to meet the body’ s

changing energy demands. Many of these pathways directly activate peroxisome proliferator-activated receptor (PPAR)y coactivator- la (PGC-1a).

PGC-1a interacts directly with its effector nuclear receptors, such as the estrogen-related receptor (ERR) and PPAR, to regulate genes involved in

nearly all aspects of mitochondrial energy metabolism.

B2 z#hifFS S BAY AT REHLE

Figure 2 Potential mechanisms of exercise-induced cardiolipin synthesis
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