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Materials and Methods
Cell culture 
MSCs used in this study were obtained from StemBioSys (San Antonio, TX, USA) at passage P1, characterized by the minimal criteria defined by the International Society for Cell & Gene Therapy (ISCT)1 and maintained in culture as previously described2. MSCs from passages 4–6 were used for the study. The HK-2 cell line (ATCC, Manassas, VA, USA) was cultured in Keratinocyte Serum-Free media (Gibco, Waltham, MA, USA), supplemented with 0.05 mg/mL Bovine Pituitary Extract (BPE) and 5 ng/mL human recombinant Epidermal Growth Factor (EGF) in a humidified incubator under 20% O2 and 5% CO2 at 37°C. All cells were detached using Accutase (Sigma-Aldrich, St. Louis, MO, USA), washed twice with PBS and pelleted by centrifugation at 500 g for 5 mins prior to being injected into an animal.

Cell assays
Cellular ATP content was measured using a CellTiter-Glo Luminescence assay kit (Promega, Madison, WI, USA). Apoptosis was assessed via colorimetric detection of histone-associated DNA fragments by Cell Death Detection ELISAPLUS (Roche, Basel, Switzerland). Mitochondrial ROS production was determined by fluorometric assessment of intracellular superoxide radical by mitoROSTM 580 (Cayman Chemicals, MI, USA). JC-1 dye fluorescence (Thermo Fisher Scientific, MA, USA) was used to measure mitochondrial membrane potential (MMP) and colorimetric assessment of the ratio between Cytochrome c oxidase subunit I (COX-1) and Succinate Dehydrogenase enzyme subunit A (SDHA) was used to measure mitogenesis using the MitoBiogenesis™ In-Cell ELISA Kit (Abcam, Cambridge, UK). 

Transcriptomics data analysis
Genes with an absolute read count <5 in at least three samples were filtered out. Hierarchical clustering was performed using uncentered correlation and single-linkage clustering in Cluster 3.03 and temporal modules were identified by computing a similarity score between two joining elements/dendrograms in the distance matrix with Pearson correlation (R). Functional annotation of DEGs was performed using Database for Annotation, Visualization and Integrated Discovery (DAVID)4. 

Supplementary Text

Technical description of BIRI vs UIRI model
In our study, we optimized a 30 mins ischemia duration, which reproducibly induced consistent and sustained AKI (based on serum BUN and creatinine) without compromising survival in male C57BL/6 mice aged 6–8 weeks. When comparing the effects of unilateral-IRI (UIRI) and bilateral-IRI (BIRI) over 7 days, both models showed an increase in BUN and serum creatinine levels over 24–72 h, with a peak at 48 h. However, BIRI mice showed a 2.7-fold increase in BUN and 3.7-fold increase in creatinine compared to UIRI mice at 48 h (Supplementary Fig. 8a, 8b), while survival for BIRI mice was reduced to ~30% in comparison to ~72% for UIRI mice over 7 days (Supplementary Fig. 8c). These data confirm the robustness and clinical relevance of our BIRI-AKI model. 
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Figure. S1.
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Fig. S1. a Representative image showing the induction of ischemia-reperfusion injury using BIRI technique used in schematic for Fig. 2a. Comparison of serum b BUN and c creatinine in BIRI-AKI mice for different ischemia times (n=6). Statistical analysis. b-c: Results are expressed as min to max data distribution with IQR range and median. Statistical significance was determined using a non-parametric Kruskal-Wallis test, followed by 2-stage linear step-up procedure of Benjamini, Krieger, and Yekutieli for evaluating pairwise comparisons between the groups. ***P ≤ 0.001. 
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Fig. S2. a Bar plot showing the contribution of different PC-axes towards the total observed variance during the progression of BIRI-AKI. b Top 50 genes by absolute loading from PC1–PC6 and their contribution to each of the PCs. Changes in mRNA expression for c tubular injury markers, d mitochondrial stress markers and e inflammatory markers between 0–48 h during the progression of BIRI-AKI (n=6). f Volcano plot of significant Differentially Expressed Genes (DEGs), with absolute log2(foldchange) ≥ 1.5 and p.adj < 0.05, at 24 h following sham surgery in mice. g Top GO biological pathways upregulated (red) and downregulated (blue) at 24 h following sham surgery in mice sorted using p.value < 0.05. Statistical analysis. c–e: Results are expressed as min to max data distribution with IQR range and median. Statistical significance was determined using a non-parametric Kruskal-Wallis test, followed by 2-stage linear step-up procedure of Benjamini, Krieger, and Yekutieli for evaluating pairwise comparisons between the groups. *P ≤ 0.05; **P ≤ 0.01, and ***P ≤ 0.001. 
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Fig. S3. a Schematic showing the method for locoregional IA delivery of MSCs into kidney following BIRI-AKI. b Representative images for the biodistribution of 1x 106 Luc+BM-MSCs in lung and kidney following IV and IA delivery at 24 h. c Kaplan-Meier analysis for survival following different doses of BM-MSCs via IA delivery in mice following BIRI-AKI (n=10). d Kaplan-Meier analysis showing survival for IA vs IV infusion of 0.75 x 106 BM-MSCs per animal following BIRI-AKI (n=10). Renal functional indices for serum e BUN and f creatinine at 24 h following sham surgery with IA delivery of 0.75 x 106 BM-MSCs per animal (n=6). g Representative H&E images of renal cast formation following sham surgery with IA delivery of BM-MSCs (scale bar = 250 m). Black arrowhead: cast formation. Statistical analysis. c,d: Statistical significance between groups determined using Log-rank test. e,f: Results are expressed as min to max data distribution with IQR range and median. Statistical significance was determined using a non-parametric Kruskal–Wallis test, followed by 2-stage linear step-up procedure of Benjamini, Krieger, and Yekutieli for evaluating pairwise comparisons between the groups. *P ≤ 0.05; ***P ≤ 0.001, and ****P ≤ 0.0001. Luc+: Luciferase expressing; IV: intravenous; IA: intraarterial. 
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Fig. S4. a Representative H&E images of renal cast formation at 24 h following BIRI-AKI w/ and w/o treatment with MSCs (scale bar = 250 m). Black arrowhead: cast formation. Bubble plots showing transcriptomic changes (count) and relative contribution of each mRNA to the cell population (ratio) for b Distal convoluted tubule (DCT) and c Collecting Duct (CD) cells at 24 h following BIRI-AKI w/ and w/o treatment with MSCs (n=4). BM: BM-MSCs; UC: UC-MSCs.
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Fig. S5. a Principal Component Analysis (PCA) showing overall changes in mRNA expression between healthy and BIRI-AKI mice w/ and w/o treatment with MSCs (n=4). b Unsupervised hierarchical clustering of combined significant DEGs, with absolute log2(foldchange) ≥ 1 and FDR < 0.05, for BIRI-AKI mice w/ and w/o treatment with MSCs, showing distinct mRNA clusters with weighted correlation (R) > 0.1(red). c Heatmap visualization of clusters with change in mRNA expression following treatment with UC-MSCs relative to healthy controls (n=4). d Pie chart showing relative contribution of different cellular components for clusters associated with (c). Changes in expression of cytokines e TNFa and f IL1b in HK-2 cells using an in vitro cellular injury model w/ and w/o co-culture with MSCs for 24 h (n=6). g Multiplexed ELISA for changes in pro-inflammatory cytokine expression in kidney tissue following BIRI-AKI w/ and w/o treatment with MSCs (n=4). h Representative gating for flow cytometric identification of M1(CD86+) and M2 (CD206+) macrophage polarization in the kidney tissue of healthy and BIRI-AKI mice at 24 h. Statistical analysis. e,f: Results are expressed as min to max data distribution with IQR range and median. Statistical significance was determined using a non-parametric Kruskal–Wallis test, followed by 2-stage linear step-up procedure of Benjamini, Krieger, and Yekutieli for evaluating pairwise comparisons between the groups. *P ≤ 0.05; **P ≤ 0.01, and ****P ≤ 0.0001. BM: BM-MSCs; UC: UC-MSCs.
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Fig. S6. a Changes in Cx43 (Gja1) mRNA and protein expression in BM-MSCs following knockdown with scrambled siRNA (si-NC) and siRNA (si-Cx43) at 48 h. b Changes in mRNA expression of apoptosis markers Bax, Bcl2 and Caspase 3 in BM-MSCs at 48 h following silencing of Cx43 (n=8). Changes in levels of c mitoROS, d ATP, and e cAMP in BM-MSCs at 48 h following silencing of Cx43 (n=12). Changes in serum f BUN and g creatinine at 24 h following BIRI-AKI w/ and w/o treatment with BM-MSCs and Cx43siBM-MSCs (n=6). h Flow cytometric quantification of CD11b+Ly6G+ neutrophils in kidney tissue at 24h following BIRI-AKI and treatment with BM-MSCs and Cx43siBM-MSCs (n=6). i ELISA-based quantification of Myeloperoxidase (MPO) enzyme activity in the BIRI-AKI kidney following treatment with BM-MSCs and Cx43siBM-MSCs (n=6). Statistical analysis. b–i: Results are expressed as min to max data distribution with IQR range and median. Statistical significance was determined using a non-parametric Kruskal–Wallis test followed by 2-stage linear step-up procedure of Benjamini, Krieger, and Yekutieli for evaluating pairwise comparisons between the groups. *P ≤ 0.05; **P ≤ 0.01, and ****P ≤ 0.0001. 
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Fig. S7. a Confocal image used for the magnified representation (white box) of mitochondrial transfer from BM-MSCs and Cx43si-BM-MSCs to HK-2 cells in Fig. 6a [Blue: Hoechst 33342 staining of HK-2 and BM-MSCs nucleus. Green: Tubulin Tracker-FITC staining of HK-2. Red: MitoTracker Red staining of mitochondria in BM-MSC. Scale = 50 µm]. b Gating strategy for the quantification of mitochondrial transfer to injured HK-2 cells from BM-MSCs following co-culture in an in vitro cellular IRI injury model. c Changes in renal tissue mRNA expression of mitochondrial genes in normal (n=9) and AKI (n=39) renal biopsies (source data: GSE139061). 






























[image: ]Figure. S8
Fig. S8. Comparison of serum a BUN and b creatinine following UIRI and BIRI over a course of 7 days (n=6). c Kaplan-Meier analysis showing the survival of animals (n=10) over a period of 7 days following both UIRI-AKI and BIRI-AKI. Statistical analysis. a,b: Results expressed as mean ± SD (n=6). Statistical significance was determined using a mixed ANOVA followed by Sidak’s post hoc correction for evaluating multiple pairwise comparison. c: Statistical significance between groups determined using Log-rank test. *P ≤ 0.05 , **P ≤ 0.01 and ***P ≤ 0.001. 




Data S1. (separate file)
Primer sequences for qRT-PCR 

Data S2. (separate file)
DEGs for BIRI-AKI
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