Additional information
Supplementary Information is available for this paper and comprises a Supplementary Information Guide, Supplementary Methods and Supplementary Tables S1–S22.



Extended Data figure and table legends
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Extended Data Fig. 1 | Fibrin(ogen) and fibrinolysis proteins across the five sampling events. Extended Data Figs 1–7 show the complete targeted 93-protein panel, partitioned by pathway group so that every protein appears exactly once across the seven figures; the twelve proteins of Figure 5 are a selection from the same panel and recur here in their pathway groups. a–e, The fibrinogen α, β and γ chains and fibrinogen-like proteins 1 and 2. f–j, Plasminogen, tPA, α-2-antiplasmin, carboxypeptidase B2 (TAFI) and PN-1. Box-and-whisker plots of log₂ normalized abundance in the N = 4 study kidneys at Start, EOF, EOC, EOW and 3Mo, with the N = 4 live-donor transplanted control kidneys overlaid in gray at Start and 3Mo. Boxes give the median and interquartile range, whiskers the full range, and symbols the individual kidneys (circles, study; diamonds, control). Beneath each panel: N entering the test, the exact permutation Friedman p across the five events, and the Benjamini–Hochberg q across the 93-protein panel. The left spine of each panel carries its pathway color.
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Extended Data Fig. 2 | Coagulation factors, the kallikrein–kinin system and the serpin inhibitors, plotted and annotated as in Extended Data Fig. 1. a–j, Factors II, V, X, XIIIA and XIIIB, plasma kallikrein, kininogen-1, protein C, the endothelial protein C receptor and protein S. k–q, Orosomucoid and the serpins A1, A5, B1, B6, C1 and D1.
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Extended Data Fig. 3 | Complement, platelet and vascular activation proteins and the neutrophil axis, plotted and annotated as in Extended Data Fig. 1. a–m, C3, C4a, C5, C8γ, C9, protectin (CD59), complement factor H, C1 inhibitor (SERPING1), ICAM-1, VCAM-1, eNOS, von Willebrand factor and GPIIIa/CD61. n–r, Elastase, progranulin, NGAL, myeloperoxidase and calgranulin A.
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Extended Data Fig. 4 | Erythrocyte, hemolysis and iron-handling proteins, plotted and annotated as in Extended Data Fig. 1. a–e, Ankyrin-1, hemoglobin α and β, haptoglobin and hemopexin. f–i, Ferritin heavy and light chains, lactotransferrin and transferrin. The erythrocyte membrane and hemoglobin species fall between Start and EOF, whereas ferritin does not change across the perfusion window and resolves only by three months.
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Extended Data Fig. 5 | Extracellular matrix and renal proximal tubule proteins, plotted and annotated as in Extended Data Fig. 1. a–g, α-smooth muscle actin, E-cadherin, collagens I and III, fibronectin, matrix metalloproteinase 9 and vimentin. h–o, Cubilin, disabled-2, IGFBP7, megalin, latexin, NaPi-IIa (SLC34A1), SGLT2 (SLC5A2) and transthyretin.
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Extended Data Fig. 6 | Metabolism, chaperone and cellular-stress proteins, plotted and annotated as in Extended Data Fig. 1. a–q, ADP-glucokinase, NADPH oxidase 2, DNAJC10, dynein light chain 2, glutathione peroxidase 1, FIH-1, heme oxygenase-1, HSP90α, HSP90β, endoplasmin, GRP78/BiP, KCMF1, lactate dehydrogenase A, NMD3, phosphoglycerate kinase 1, iPLA2β and superoxide dismutase 1.
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Extended Data Fig. 7 | Ferroptosis and lipid-peroxidation proteins, plotted and annotated as in Extended Data Fig. 1. a–g, Long-chain acyl-CoA synthetase 4, aldo-keto reductases 1C1 and 1C3, aldehyde dehydrogenase 2, glutathione peroxidase 4, glutathione S-transferase A4 and lysophospholipid acyltransferase 3.
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Extended Data Table 1 | Distribution of the Strong effect-size tier across the targeted panel. Each of the 93 panel proteins belongs to one of twelve pathway families; 92 had a valid between-group comparison. For each family the table gives the number of proteins in the panel, the number reaching the Strong tier (|r| ≥ 0.875) and the number showing complete separation (|r| = 1.0), and names every Strong-tier protein with the direction of change in the treated grafts. Rank-biserial correlation r = 2U/(N₁ × N₂) − 1 was computed from the exact Mann–Whitney test of the change from Start to 3Mo at four kidneys per group, so r takes seventeen discrete values. The Strong tier is absent from the fibrin(ogen) and ferroptosis families and concentrates in the erythrocyte, iron, neutrophil, complement and metabolic/chaperone families. Values for every protein are given in Supplementary Table S18 and Figure 6.
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Extended Data Figure 7 | ferroptosis and lipid peroxidation

Study trajectory across the five sampling events, with the live donor transplanted group overlaid at Start and 3 Mo.
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Boxes show the four study kidneys per event (circles) and the four live donor transplanted kidneys (diamonds); the left spine colour marks the pathway block.
N = kidneys entering the test; p = exact permutation Friedman test across the five events; q = Benjamini-Hochberg FDR across the 93-protein panel.




image8.tif
Extended Data Table 1 | Distribution of the Strong effect-size tier across the targeted panel

Pathway group I;::;t::‘r;sl ?:{ gnog_’;;‘;r SC%E%%?(;\ Strong-tier proteins (1 higher, | lower in treated grafts)
Fibrin(ogen) axis 5 0 0 —

Fibrinolysis / plasminogen axis 5 0 0 —

Coagulation factors & kallikrein—kinin 10 1 1 F101

Coagulation / serpin inhibitors 7 2 0 ORM11, SERPIND11

Complement & platelet / vascular activation 13 3 3 CD591, VWF1, C51

Neutrophil / inflammation 5 4 1 GRN1t, ELANE!, MPO|, S100A8!

Erythrocyte / hemolysis 5 4 3 ANK1l, HBA(, HBB{, HPX1

Iron metabolism 4 2 2 FTH1., FTL!

ECM / fibrosis 7 2 1 CDH11t, MMP9|

Renal proximal tubule function 8 3 2 TTR1, SLC34A1!l, LXN1

Metabolism, chaperones & cellular stress 17 8 7 g(LZL\\/IZI:C;Lgl,DPNGAka:Ol, HIF1ANL, HMOX1i, HSPI0B1., HSPASL,
Ferroptosis / lipid peroxidation 7 0 0 —

All groups 93 29 20 17 lower and 12 higher in the treated grafts

Rank-biserial correlation r = 2U/(n:nz) — 1 from the exact Mann—Whitney test of the change from Start to 3Mo, four kidneys per group; r therefore takes 17 discrete values.
One of the 93 panel proteins is not evaluable between groups, so 92 were ranked. Full values for every protein are in Supplementary Table S18 and Figure 6.
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Extended Data Figure 1 | fibrin(ogen) and fibrinolysis

Study trajectory across the five sampling events, with the live donor transplanted group overlaid at Start and 3 Mo.
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Boxes show the four study kidneys per event (circles) and the four live donor transplanted kidneys (diamonds); the left spine colour marks the pathway block.
N = kidneys entering the test; p = exact permutation Friedman test across the five events; q = Benjamini-Hochberg FDR across the 93-protein panel.
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Extended Data Figure 2 | coagulation factors and serpin inhibitors
Study trajectory across the five sampling events, with the live donor transplanted group overlaid at Start and 3 Mo.
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Boxes show the four study kidneys per event (circles) and the four live donor transplanted kidneys (diamonds); the left spine colour marks the pathway block.
N = kidneys entering the test; p = exact permutation Friedman test across the five events; q = Benjamini-Hochberg FDR across the 93-protein panel.
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Extended Data Figure 3 | complement, vascular activation and neutrophil proteins
Study trajectory across the five sampling events, with the live donor transplanted group overlaid at Start and 3 Mo.
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N = kidneys entering the test; p = exact permutation Friedman test across the five events; q = Benjamini-Hochberg FDR across the 93-protein panel.
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Extended Data Figure 4 | erythrocyte /| haemolysis and iron metabolism
Study trajectory across the five sampling events, with the live donor transplanted group overlaid at Start and 3 Mo.
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Boxes show the four study kidneys per event (circles) and the four live donor transplanted kidneys (diamonds); the left spine colour marks the pathway block.
N = kidneys entering the test; p = exact permutation Friedman test across the five events; q = Benjamini-Hochberg FDR across the 93-protein panel.
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Extended Data Figure 5 | extracellular matrix and renal proximal tubule proteins
Study trajectory across the five sampling events, with the live donor transplanted group overlaid at Start and 3 Mo.
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Boxes show the four study kidneys per event (circles) and the four live donor transplanted kidneys (diamonds); the left spine colour marks the pathway block.
N = kidneys entering the test; p = exact permutation Friedman test across the five events; q = Benjamini-Hochberg FDR across the 93-protein panel.
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Extended Data Figure 6 | metabolism, chaperones and cellular stress
Study trajectory across the five sampling events, with the live donor transplanted group overlaid at Start and 3 Mo.
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Boxes show the four study kidneys per event (circles) and the four live donor transplanted kidneys (diamonds); the left spine colour marks the pathway block.
N = kidneys entering the test; p = exact permutation Friedman test across the five events; q = Benjamini-Hochberg FDR across the 93-protein panel.




