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Table S1. Primary and Secondary Antibodies Used for Western Blotting
	Antibody
	Catalog Number
	Manufacturer
	Application
	Dilution

	MG53
	ab238252
	Abcam, USA
	Western blot
	1:1000

	Caveolin-1
	ab2910
	Abcam, USA
	Western blot
	1:2000

	GAPDH
	ab8245
	Abcam, USA
	Western blot
	1:3000

	ALOX12
	PA5-78760
	Thermo Fisher Scientific, USA
	Western blot
	1:1000

	ACSL4
	PA5-27137
	Thermo Fisher Scientific, USA
	Western blot
	1:1000

	FTH1
	sc-376594
	Santa Cruz Biotechnology, USA
	Western blot
	1:1000

	Anti-rabbit IgG-HRP
	31460
	Thermo Fisher Scientific, USA
	Secondary Ab
	1:2000

	Anti-goat IgG-HRP
	A8919
	Sigma-Aldrich, USA
	Secondary Ab
	1:2000
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Fig. S1. Body Weight During the 5-Week Swimming Intervention.
Body weight was recorded on days 0, 7, 14, 21, 28, and 35 in sedentary and swim mice. Data are presented as mean ± SD (n = 14 mice per group). *P < 0.05; **P < 0.01.
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Fig. S2. Liver-Selective MG53 Knockdown and Baseline Safety Assessment of Ad-shMG53.
(A) Representative immunoblots of MG53 in the gastrocnemius muscle, myocardium, lung, kidney, and liver after hydrodynamic tail-vein delivery of Ad-shMG53 or Ad-shNeg. (B) Densitometric quantification of MG53 protein abundance normalized to β-actin. (C) MG53 mRNA levels in the indicated tissues. (D) Serum MG53 concentrations. (E) Representative H&E-stained liver sections obtained under baseline conditions (scale bar, 100 μm). (F) Suzuki histological injury scores. (G–I) Serum AST, ALT, and lactate dehydrogenase (LDH) levels, respectively. Data are presented as mean ± SD (n = 5–7 mice per group). *P < 0.05; **P < 0.01.
Abbreviations: Ad-shMG53, adenovirus encoding MG53-specific short hairpin RNA; Ad-shNeg, negative-control adenovirus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; H&E, hematoxylin and eosin; LDH, lactate dehydrogenase; MG53, mitsugumin 53 (TRIM72).
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Fig. S3. Hepatic Delivery Kinetics and Dose-Escalation Safety Assessment of TAT–MG53.
(A) Representative fluorescence images showing the hepatic distribution of labeled TAT–MG53 at 30 min, 1 h, 2 h, 6 h, 8 h, and 12 h after administration. (B) Quantification of hepatic MG53 fluorescence intensity. (C) Fourteen-day Kaplan–Meier survival curves after administration of vehicle or TAT–MG53 at 3.0, 6.0, or 9.0 mg/kg. (D–G) Serum AST, ALT, creatinine, and blood urea nitrogen (BUN) levels, respectively. Data are presented as mean ± SD (n = 5–7 mice per group for fluorescence and biochemical analyses; n = 12 mice per group for survival analysis). *P < 0.05; **P < 0.01.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; MG53, mitsugumin 53 (TRIM72); TAT–MG53, transactivator of transcription–MG53 fusion protein.
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