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Supplementary Figure 1. C3 is upregulated in senescent cells. (A–D) Box-and-whisker plots showing transcripts per million (TPM) derived from RNA-sequencing analysis in Non-SnC and SnC human fibroblasts. Cell lines analyzed include BJ (A), HFF (B), HDF (C), and MRC-5 (D). Boxes represent the interquartile range (IQR; 25th–75th percentiles), the center line indicates the median, whiskers extend to 1.5 × IQR, and individual data points beyond the whiskers are shown as outliers, where applicable.
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Supplementary Figure 2. Validation of C3 knockdown in HDFs. (A) Western blot analysis showing C3 protein expression levels in HDFs following transfection with either siRNA control-transfected cells (si-NC) or a target-specific siRNA (siC3). β-actin was utilized as an internal loading control.
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Supplementary Figure 3. C3 depletion did not attenuate senescence and SASP in HDFs. (A-H) SASP-associated gene mRNA levels from RNA-sequencing data. Relative mRNA expression of Lcp1 (A), Edn1 (B), Igfbp5 (C), Vgf (D), Serpine1 (E), Icam1 (F), Fgf1 (G), Fgf2 (H), and qPCR analysis of SASP factors and classical senescence markers (Mmp1, P21, P16, C3, Tnfα, Igfbp4, Igfbp5, Igfbp6, Hgf, Gmcsf, Il1β, Il6, Il8, Infγ, Fgf7, Cxcl1, Cxcl2, Cxcl3, Ccl2, and Ccl8) (I) in the HDF cell line. Data are presented as relative fold change, and statistical comparisons are indicated. Young denotes non-senescent HDFs, IR denotes irradiation-induced senescent HDFs, and IS denotes IR-SnCs transfected with C3-targeting siRNA (IR-SnC + siC3). (J) Representative Western blot analysis of C3 protein expression in IR-SnC HDFs following transient or stable C3 depletion. Cells were transfected with siNC, siC3, or transduced with C3-targeting short hairpin RNA (shC3), with β-actin serving as the loading control. Data are representative of at least three independent biological experiments. (K-M) Representative bright-field and fluorescence microscopy images (K). Top row: SA-β-Gal staining. Scale bar, 100 μm. Middle row: EdU incorporation assay showing proliferating cells. Scale bar, 100 μm. Bottom row: Corresponding DAPI nuclear staining. Scale bar, 100 μm. Images are representative of at least three independent biological experiments. Quantification of SA-β-Gal (L) and EdU (M) in the HDF cell line. Data are presented as mean ± SEM, and statistical significance was determined using one-way ANOVA with Tukey’s post hoc or Dunnett’s multiple comparison test.
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Supplementary Figure 4. Quantitative analysis of C3 and senescence markers in HELFs.  (A–C) Relative protein quantification of P53 (A), C3 (B), and P21 (C) determined by densitometric analysis of immunoblots and normalized to β-actin. (D) Quantification of SA-β-Gal-positive cells. (E) Quantification of EdU-positive cells. Experimental groups included Non-SnC, IR-SnC, IR-SnCs transfected with C3-targeting siRNA (siC3 + IR), and IR-SnCs transfected with P53-targeting siRNA (siP53 + IR). Data are presented as mean ± SEM from three independent biological experiments, with individual biological replicates shown as dots. Statistical significance is indicated in the figure.
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[bookmark: _GoBack]Supplementary Figure 5. Phenotypic profiling of frailty and multiorgan function in TBI mice. (A–C) Frailty assessment, including overall frailty index (A), individual frailty index components (B), and longitudinal body weight (C). (D–F) Renal function and spontaneous locomotor activity, including serum BUN (D), serum creatinine (E), and time spent in the center zone during the open-field test (F). (G–I) Anxiety-related behavior and motor coordination assessed by center distance ratio (G), center time ratio (H), and pole test (I). (J–O) Neuromuscular function, echocardiographic measurements, and serum creatine kinase (CK) levels, including forelimb grip strength (J), left ventricular internal diameter at end-diastole (LVIDd; K), interventricular septal thickness at end-systole (IVSs; L), interventricular septal thickness at end-diastole (IVSd; M), left ventricular internal diameter at end-systole (LVIDs; N), and serum CK concentrations (O). Data are presented as mean ± SEM, with individual biological replicates shown as dots. Statistical significance is indicated in the figure.
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Supplementary Figure 6. C3 knockout did not affect senescence burden in TBI mice. (A-C) RT-qPCR analysis of senescence and SASP gene expression. (A) Relative mRNA expression of C3, P21, P16, Lmnb1, Tgfβ, Tnfα, Ccl5, Mmp3, Ccl2 and Il1β in the liver tissue of non-TBI wild-type (WT), wild-type TBI (WT-TBI), and C3 knockout TBI (C3KO-TBI) mice. (B) Relative mRNA expression of C3, P21, P16, Lmnb1, Tgfβ, Tnfα, Ccl5, Mmp3, Ccl2, and Il1β in kidney tissue of WT, WT-TBI, and C3KO-TBI mice. (C) Relative mRNA expression of C3, P21, P16, Lmnb1, Tgfβ, Tnfα, Il6, Mmp3, Ccl2 and Il1β in spleen tissue of WT, WT-TBI, and C3KO-TBI mice. Data are presented as mean ± SEM (n = 8, 10, 7 mice, respectively, for WT, WT-TBI, and C3KO-TBI groups). Data were analyzed using one-way ANOVA with Tukey’s post hoc or Dunnett’s multiple comparison test.
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Supplementary Figure 7. Intracellular C3 depletion blocks the senolytic efficacy of ABT263. (A) Representative Western blot showing C3 knockdown efficiency in HELFs following transient (siC3) or stable (shC3) gene silencing. β-actin served as the loading control. (B) Cell viability dose–response curves of Non-SnC and IR-SnC HELFs treated with increasing concentrations of ABT263 (0.01–10 μM). siC3-transfected IR-SnCs were supplemented with 20 μg/mL recombinant human C3 for 12 h before exposure to ABT263 for 24 h. Dose–response curves and corresponding IC₅₀ values are shown for Non-SnCs, IR-SnCs, siC3-treated IR-SnCs, and siC3-treated IR-SnCs supplemented with recombinant human C3 in the figure. (C–F) Relative protein expression of C3 (C), BCL-W (D), P21 (E), and P16 (F) determined by densitometric analysis of Western blots from Non-SnC and IR-SnC HELFs treated with ABT263 in combination with control siNC or siC3. Data are presented as mean ± SEM from three independent biological experiments. Individual biological replicates are shown as dots, and statistical significance is indicated in the figure.
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[bookmark: OLE_LINK2]Supplementary Figure 8. C3 knockdown attenuates bortezomib-induced apoptosis in senescent HELFs. (A) Representative Western blot analysis of BCL-2, BCL-XL, BCL-W, cPARP, and cCaspase-3 expression in Non-SnC and IR-SnC HELFs transfected with control siNC or C3-targeting siC3, and treated with or without bortezomib (BTZ), as indicated. β-actin served as the loading control. Blots are representative of three independent biological experiments.
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Supplementary Figure 9. Knockdown of C3 attenuates bortezomib-mediated apoptosis in senescent HDFs.  (A) Representative fluorescent images (left) and quantification (right) of SA-β-Gal staining in Non-SnC and IR-SnC HDFs transfected with control siNC or C3-targeting siC3 and treated with vehicle (VEH) or bortezomib (BTZ; 0.1 or 3.0 μM), as indicated (Scale bar, 100 μm). Quantification is presented as the percentage of SA-β-Gal-positive cells. (B) Representative flow cytometry plots (left) and quantification (right) of Annexin V/propidium iodide (PI) staining in Non-SnC and IR-SnC HDFs transfected with siNC or siC3 and treated with vehicle or bortezomib (BTZ), as indicated. Total apoptotic cells were quantified as the percentage of Annexin V-positive cells. Data are presented as mean ± SEM from three independent biological experiments, with individual biological replicates shown as dots. Statistical significance is indicated in the figure. (C) Representative Western blots (top) and corresponding densitometric quantification (bottom) of cPARP and cCaspase-3 expression in Non-SnC and IR-SnC HDFs transfected with control siNC or siC3 and treated with vehicle (VEH) or bortezomib (BTZ), as indicated.  Data are presented as mean ± SEM from four independent biological experiments. Statistical significance is indicated in the figure.
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Supplementary Figure 10. Health and biochemical profiling of aged C3KO mice treated with ABT263. (A) Body weight of young, wild-type aged (Age-WT), wild-type aged + ABT263 (Age + ABT), and C3 knockout aged + ABT263 (Age-C3KO + ABT) mice. Quantitative analysis of complete blood count, including HCT (B), RBC (C), LYM (D), HGB (E), GRAN (F), MCH (G), WBC (H), MON (I), MCV (J), MPV (K), and MCHC (L). (M-Q) Tissue weights of the liver (M), lung (N), kidney (O), heart (P), and spleen (Q). Quantitative analysis of blood biochemistry, including AST (R) and ALT (S). Data are presented as mean ± SEM (n = 7, 7, 6, 8 mice, respectively) and analyzed using one-way ANOVA with Tukey’s post hoc or Dunnett’s multiple comparison test. One sample for blood cell count testing (B-L) was removed due to hemolysis.
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Supplementary Figure 11. Quantitative analysis of senescence markers, apoptosis, and pro-apoptotic proteins in the lungs of wild-type or C3KO mice treated with ABT263. (A-H) Relative protein quantification of (A) C3, (B) P21, (C) P16, (D) BCL-XL, (E) BCL-2, (F) BCL-W, (G) cCaspase-3, and (H) cPARP in lung tissue lysates. Aged and aged C3KO mice were treated with 40 mg/kg ABT263. Data are presented as mean ± SEM (n = 3 biologically independent samples) and analyzed using one-way ANOVA with Tukey’s post hoc or Dunnett’s multiple comparison test.
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Supplementary Figure 12. Effect of C3 knockout on SnC clearance by ABT263 and fibrosis in the liver of aged mice. (A-H) Quantitative mRNA expression of C3 (A), P21 (B), P16 (C), Lmnb1 (D), Ccl2 (E), Tgfβ (F), Il6 (G), and Cxcl1 (H). (I) Western blot analysis of C3, P21, P16, BCL-2, BCL-XL, BCL-W, cPARP, and cCaspase-3 in liver tissue lysates. (J-P) Relative protein quantification of (J) C3, (K) P21, (L) P16, (M) BCL-2, (N) BCL-XL, (O) cCaspase-3, and (P) cPARP. (Q) Representative TUNEL staining for apoptosis (Scale bar, 100 μm). (R) H&E and Masson’s trichrome staining in liver tissue (Scale bar, 100 μm). Data are presented as mean ± SEM (n = 7, 7, 6, 8 biologically independent samples for RT-qPCR analysis; n=3 independent samples for Western blot analysis) and analyzed using one-way ANOVA with Tukey’s post hoc or Dunnett’s multiple comparison test.
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Supplementary Figure 13. Effect of C3 knockout on SnC clearance by ABT263 in the kidney and spleen of aged mice. (A-H) Quantitative mRNA expression of C3 (A), P21 (B), P16 (C), Mmp3 (D), Il1β (E), Ccl2 (F), Il6 (G), and Lmnb1 (H). (I) Western blot analysis and quantification of cPARP, P16, P21, and BCL-XL in kidney tissue lysates. (J) Representative H&E and Masson’s trichrome staining (Scale bar, 100 μm). (K–Q) Quantitative mRNA expression of C3 (K), P21 (L), P16 (M), Mmp3 (N), Il1α (O), Lmnb1 (P) and Tgfβ (Q) in spleen tissues of mice treated with vehicle or ABT263. Data are presented as mean ± SEM (n = 7, 7, 6, 8 biologically independent samples) and analyzed using one-way ANOVA with Tukey’s post hoc or Dunnett’s multiple comparison test.
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Supplementary Figure 14. C3 depletion sustains AKT/S6K pathway activation to modulate anti-apoptotic protein expression in senescent HELFs. (A) Western blot analysis of AKT and S6K phosphorylation in Non-SnC and IR-SnC HELFs. Cells were transfected with siNC or siC3 and subsequently treated with (+) or without (-) the chemotherapy agent BTZ. Representative blots display expression levels of pAKT, total AKT, pS6K, and total S6K. β-actin served as the internal loading control.  Quantification of BCL-2 (B), BCL-W (C), and cPARP (D) is shown. Data are presented as mean ± SEM and analyzed using unpaired t-tests with Welch’s correction.
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Supplementary Figure 15. Effect of C3 knockdown and AKT inhibitor on ABT263-induced apoptosis, and co-immunoprecipitation analysis of the interaction of C3 with AKT1 and RPS6KA1. (A) Representative Annexin V/PI flow cytometry plots of IR-SnC HELFs transfected with control siNC or siC3 and treated with ABT263 and/or AZD5363, as indicated. (B) Representative co-immunoprecipitation (Co-IP) of HA-tagged C3 (C3-HA) with His-tagged AKT1 (AKT1-His). Whole HEK-293T cell lysates (Input) and anti-HA immunoprecipitates (IP: HA) were analyzed by immunoblotting using the indicated antibodies. (C) Representative Co-IP of HA-tagged C3 (C3-HA) with Flag-tagged RPS6KA1 (RPS6KA1-Flag). Whole-cell lysates (Input) and anti-Flag immunoprecipitates (IP: Flag) were analyzed by immunoblotting using the indicated antibodies.
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