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Supplementary Table 3.  ROC and likelihood ratios
ROC 


(AUC)
Positive Predictive Value 


PPV (95%CI)
Negative Predictive Value 


NPV (95% CI)
Renal AR90 predictor Adult Training 0.99 94%(87.67%-97.19%) 94.95%(91.25%-97.14%)


Adult Validation 0.91 31.35%(31.22%-43.92%) 98.28% (95.78%-99.31%)
Pediatric Validation 1 100% 100%


Blood AR90 predictor Adult Training 0.99 94.59%(89.11%-97.40%) 94.83%(85.69%-98.25%)
Pediatric Validation 0.79 85.71%(63.26%-95.43%) 70%(44.44%-87.19%)


Early AR8 predictor Duke dataset 0.71 70.59%(57%-81.29%) 74.47%(64.17%-82.61%)
Public dataset 0.77 66.67%(16%-95.45%) 83.18%(81.01-85.14%)








Supplementary Table 1. AR associated 90 probe sets


Probe ID Symbol
Expression 


in AR
AR vs. STA (5year) 
Renal (MWU test) 


AR vs. STA (24mon) 
Blood (MWU test) 


AR survival              
(cox-regression)


223660_at ADORA3 up 1.65E-07 0.00063 9.37E-05
232304_at AK026714 up 1.82E-08 1.56E-07 0.00016
222024_s_at AKAP13 up 7.76E-11 0.00011 9.16E-08
227438_at ALPK1 up 2.23E-15 2.26E-05 2.63E-12
221039_s_at ASAP1 up 4.30E-12 0.00048 2.90E-06
228439_at BATF2 up 9.77E-30 0.00030 1.97E-18
242268_at CELF2 up 2.25E-32 1.66E-05 6.39E-18
1556323_at CELF2 up 3.89E-12 3.31E-07 5.86E-12
211316_x_at CFLAR up 7.70E-12 1.13E-07 3.57E-06
211862_x_at CFLAR up 4.39E-05 5.47E-05 0.00027
222934_s_at CLEC4E up 3.25E-20 2.23E-05 2.48E-09
211287_x_at CSF2RA up 2.71E-25 0.00029 1.04E-17
823_at CX3CL1 up 9.54E-16 0.00024 7.59E-07
220252_x_at CXorf21 up 1.44E-16 4.34E-05 1.25E-06
222858_s_at DAPP1 up 4.55E-23 6.74E-05 8.36E-09
1556820_a_at DLEU2 up 1.35E-15 1.71E-05 9.60E-09
1556821_x_at DLEU2 up 6.54E-21 0.00029 3.65E-07
227780_s_at ECSCR up 1.17E-13 6.74E-05 3.18E-05
207610_s_at EMR2 up 6.52E-33 0.00026 9.67E-10
214605_x_at GPR1 up 1.28E-15 0.00067 0.00030
211040_x_at GTSE1 up 2.67E-18 2.04E-05 0.00024
1555629_at HAVCR2 up 4.08E-10 0.00021 1.45E-05
230529_at HECA up 1.32E-19 3.15E-05 8.57E-12
200905_x_at HLA-E up 2.75E-42 9.88E-05 3.35E-19
213418_at HSPA6 up 3.37E-27 0.00032 2.44E-08
204786_s_at IFNAR2 up 4.04E-15 3.32E-06 3.36E-08
209575_at IL10RB up 1.24E-19 0.00074 2.08E-13
210184_at ITGAX up 5.36E-20 0.00075 4.99E-09
213803_at KPNB1 up 3.53E-05 0.00050 0.00015
207857_at LILRA2 up 7.71E-23 0.00072 3.36E-07
232623_at LOC100128751 up 5.21E-12 0.00011 9.53E-06
215223_s_at LOC100129518 up 2.28E-10 0.00021 3.77E-05
227384_s_at LOC102725188 up 8.33E-25 0.00020 4.35E-06
230505_at LOC145474 up 4.22E-09 3.78E-08 0.00067
1562511_at LYST up 0.00034 1.22E-06 4.69E-07
235421_at MAP3K8 up 4.48E-19 2.93E-06 2.53E-12
210869_s_at MCAM up 3.15E-19 2.81E-05 4.91E-06
200797_s_at MCL1 up 7.38E-24 0.00023 4.78E-11
230805_at MIR142 up 8.83E-15 0.00095 2.89E-10
229934_at mir-223 up 1.70E-28 0.00035 3.48E-12
208082_x_at MKRN4P up 1.51E-15 1.55E-06 0.00051
227066_at MOB3C up 1.60E-07 0.00022 1.72E-05
232724_at MS4A6A up 3.53E-32 2.69E-07 7.96E-12
214780_s_at MYO9B up 1.66E-12 4.93E-06 1.85E-05







1560706_at NEDD9 up 1.09E-24 8.17E-08 4.93E-08
201502_s_at NFKBIA up 6.65E-19 3.25E-05 2.43E-07
224303_x_at NIN up 2.82E-07 0.00028 4.50E-05
228499_at PFKFB4 up 1.27E-10 2.80E-08 0.00033
204958_at PLK3 up 2.49E-11 0.00034 4.01E-07
38269_at PRKD2 up 2.55E-12 0.00092 1.74E-06
217762_s_at RAB31 up 1.04E-26 1.83E-06 2.78E-11
232722_at RNASET2 up 4.75E-20 6.12E-06 5.33E-08
233880_at RNF213 up 0.00027 0.00061 1.79E-08
1566079_at RPS16P5 up 1.26E-13 0.00084 3.57E-10
1559882_at SAMHD1 up 4.82E-26 0.00051 3.01E-13
211429_s_at SERPINA1 up 0.00030 0.00032 3.73E-05
1559034_at SIRPB2 up 5.93E-10 9.85E-09 6.66E-10
237426_at SP100 up 6.68E-19 3.60E-06 1.78E-10
208392_x_at SP110 up 5.01E-22 0.00064 2.75E-12
209761_s_at SP110 up 4.99E-20 4.96E-05 1.01E-11
1556601_a_at SPATA13 up 1.14E-10 0.00029 8.40E-06
1556203_a_at SRGAP2 up 3.99E-11 2.36E-05 0.00062
236259_at STK4 up 2.86E-07 4.41E-05 1.76E-09
207643_s_at TNFRSF1A up 2.73E-07 2.46E-07 3.29E-05
213261_at TRANK1 up 3.01E-26 0.00068 1.70E-12
203234_at UPP1 up 5.36E-05 0.00015 3.43E-05
211800_s_at USP4 up 3.92E-08 2.23E-06 1.29E-07
225273_at WWC3 up 8.85E-12 4.63E-06 5.64E-07
212860_at ZDHHC18 up 4.98E-09 2.16E-06 3.40E-05
215706_x_at ZYX up 4.44E-09 0.00093 0.00090
202053_s_at ALDH3A2 down 1.90E-12 5.08E-06 9.95E-06
217988_at CCNB1IP1 down 5.62E-12 0.00071 5.09E-05
230656_s_at CIRH1A down 1.38E-11 4.04E-07 0.00077
223978_s_at CRLS1 down 4.11E-13 1.71E-05 1.71E-07
224870_at DANCR down 5.04E-11 2.56E-05 2.55E-05
212503_s_at DIP2C down 2.54E-14 0.00012 0.00022
204143_s_at ENOSF1 down 4.27E-12 9.34E-07 0.00020
212231_at FBXO21 down 2.00E-10 1.78E-08 0.00026
220642_x_at GPR89A down 4.09E-16 2.30E-05 1.11E-05
211569_s_at HADH down 6.77E-17 8.02E-08 0.00041
201035_s_at HADH down 3.97E-10 6.51E-05 0.00059
238001_at KCTD6 down 2.92E-09 8.74E-05 5.80E-05
212053_at LOC102724985 down 9.53E-15 3.71E-08 0.00052
223177_at NT5DC1 down 1.79E-13 3.83E-06 0.00092
203335_at PHYH down 2.92E-15 1.04E-05 0.00019
218194_at REXO2 down 1.03E-12 0.00014 0.00079
1553118_at THEM4 down 7.54E-12 0.00081 0.00055
223105_s_at TMEM14B down 1.18E-05 2.58E-05 0.00017
223282_at TSHZ1 down 1.24E-11 4.30E-08 0.00082
227907_at TUBGCP4 down 1.23E-09 0.00018 5.20E-05








Supplementary Table 2. Enrichr gene set enrichment analysis of AR up-regulated gene from AR90
Reactome_2016 Terms Combined Score Genes from AR90
Cytokine Signaling in Immune 
system_Homo sapiens_R-HSA-1280215


29.21 IFNAR2, SP100, IL10RB, PELI1, MAP3K8, 
SAMHD1, CSF2RA, KPNB1, TNFRSF1A, HAVCR2, 
HLA-E


Immune System_Homo sapiens_R-HSA-
168256


26.21 IFNAR2, SP100, IL10RB, DAPP1, MYO9B, 
SAMHD1, LILRA2, CSF2RA, TNFRSF1A, HLA-E, 
NFKBIA, RNF213, PELI1, MAP3K8, CLEC4E, 
KPNB1, HAVCR2


Interferon Signaling_Homo sapiens_R-HSA-
913531


15.97 IFNAR2, SP100, SAMHD1, KPNB1, HLA-E


Death Receptor Signalling_Homo 
sapiens_R-HSA-73887


15.27 USP4, CFLAR, TNFRSF1A


TNFR1-induced proapoptotic 
signaling_Homo sapiens_R-HSA-5357786


12.55 USP4, TNFRSF1A


Interferon alpha/beta signaling_Homo 
sapiens_R-HSA-909733


11.84 IFNAR2, SAMHD1, HLA-E


MyD88 cascade initiated on plasma 
membrane_Homo sapiens_R-HSA-975871


11.82 NFKBIA, PELI1, MAP3K8


Toll Like Receptor 10 (TLR10) 
Cascade_Homo sapiens_R-HSA-168142


11.78 NFKBIA, PELI1, MAP3K8


Toll Like Receptor 5 (TLR5) Cascade_Homo 
sapiens_R-HSA-168176


11.73 NFKBIA, PELI1, MAP3K8


TRAF6 mediated induction of NFkB and 
MAP kinases upon TLR7/8 or 9 
activation_Homo sapiens_R-HSA-975138


11.72 NFKBIA, PELI1, MAP3K8


MyD88 dependent cascade initiated on 
endosome_Homo sapiens_R-HSA-975155


11.66 NFKBIA, PELI1, MAP3K8


Toll Like Receptor 7/8 (TLR7/8) 
Cascade_Homo sapiens_R-HSA-168181


11.62 NFKBIA, PELI1, MAP3K8


Toll Like Receptor 9 (TLR9) Cascade_Homo 
sapiens_R-HSA-168138


11.58 NFKBIA, PELI1, MAP3K8


MyD88:Mal cascade initiated on plasma 
membrane_Homo sapiens_R-HSA-166058


10.62 NFKBIA, PELI1, MAP3K8


Signaling by Interleukins_Homo sapiens_R-
HSA-449147


10.60 IL10RB, PELI1, MAP3K8, CSF2RA, HAVCR2


Toll Like Receptor 2 (TLR2) Cascade_Homo 
sapiens_R-HSA-181438


10.54 NFKBIA, PELI1, MAP3K8


Toll Like Receptor TLR1:TLR2 
Cascade_Homo sapiens_R-HSA-168179


10.51 NFKBIA, PELI1, MAP3K8


Toll Like Receptor TLR6:TLR2 
Cascade_Homo sapiens_R-HSA-168188


10.44 NFKBIA, PELI1, MAP3K8


GO_Biological_Process_2017 Terms Combined Score Genes from AR90







type I interferon signaling pathway 
(GO:0060337)


31.72 IFNAR2, SP100, SAMHD1, HLA-E


neutrophil degranulation (GO:0043312) 25.78 RAB31, SERPINA1, RNASET2, HSPA6, ITGAX, 
KPNB1


defense response to protozoan 
(GO:0042832)


22.46 BATF2, LYST


leukocyte chemotaxis (GO:0030595) 22.45 LYST, CX3CL1
positive regulation of inflammatory 
response (GO:0050729)


20.73 NFKBIA, CX3CL1, TNFRSF1A


positive regulation of I-kappaB kinase/NF-
kappaB signaling (GO:0043123)


19.82 AKAP13, PELI1, CFLAR, TNFRSF1A


apoptotic process (GO:0006915) 19.17 NFKBIA, PLK3, CFLAR, STK4
regulation of extrinsic apoptotic signaling 
pathway via death domain receptors 
(GO:1902041)


17.83 SP100, CFLAR


positive regulation of interleukin-4 
production (GO:0032753)


17.33 HAVCR2, HLA-E


filopodium assembly (GO:0046847) 16.80 SPATA13, SRGAP2
defense response to virus (GO:0051607) 16.80 IFNAR2, SAMHD1, LYST
positive regulation of NF-kappaB 
transcription factor activity (GO:0051092)


14.49 NFKBIA, PRKD2, CFLAR


negative regulation of apoptotic process 
(GO:0043066)


14.37 NFKBIA, PLK3, CFLAR, MCL1


negative regulation of DNA binding 
(GO:0043392)


13.28 NFKBIA, SP100


regulation of heart contraction 
(GO:0008016)


13.07 ADORA3, CELF2


regulation of small GTPase mediated signal 
transduction (GO:0051056)


12.91 AKAP13, MYO9B, SRGAP2


I-kappaB kinase/NF-kappaB signaling 
(GO:0007249)


10.06 NFKBIA, TNFRSF1A


KEGG_2019_Human Terms Combined Score Genes from AR90
TNF signaling pathway 860.63 NFKBIA, MAP3K8, CFLAR, CX3CL1, TNFRSF1A
Legionellosis 349.55 NFKBIA, HSPA6
Toxoplasmosis 292.20 NFKBIA, IL10RB, HSPA6, TNFRSF1A
Toll-like receptor signaling pathway 248.19 IFNAR2, NFKBIA, MAP3K8
Amyotrophic lateral sclerosis (ALS) 234.98 TNFRSF1A
Human cytomegalovirus infection 227.09 NFKBIA, AKAP13, IL10RB, CX3CL1, TNFRSF1A, 


HLA-E
Osteoclast differentiation 208.76 IFNAR2, NFKBIA, LILRA2, TNFRSF1A
NF-kappa B signaling pathway 174.63 NFKBIA, CFLAR, TNFRSF1A
Graft-versus-host disease 124.12 HLA-E
Autoimmune thyroid disease 122.23 HLA-E
Complement and coagulation cascades 118.73 SERPINA1, ITGAX
RIG-I-like receptor signaling pathway 104.87 NFKBIA







Necroptosis 101.20 IFNAR2, CFLAR, TNFRSF1A
Allograft rejection 99.26 HLA-E
Fructose and mannose metabolism 79.48 PFKFB4
Chagas disease (American trypanosomiasis) 74.84 NFKBIA, CFLAR, TNFRSF1A


Cytosolic DNA-sensing pathway 71.03 NFKBIA
C-type lectin receptor signaling pathway 67.63 NFKBIA, PLK3, CLEC4E
Natural killer cell mediated cytotoxicity 64.90 IFNAR2, HLA-E
Antigen processing and presentation 64.16 HSPA6, HLA-E
Sphingolipid signaling pathway 62.77 ADORA3, TNFRSF1A
Shigellosis 62.35 NFKBIA
Small cell lung cancer 61.00 NFKBIA
T cell receptor signaling pathway 49.01 NFKBIA, MAP3K8
Adipocytokine signaling pathway 47.81 NFKBIA, TNFRSF1A
B cell receptor signaling pathway 45.05 NFKBIA, DAPP1
Chronic myeloid leukemia 41.08 NFKBIA
Viral myocarditis 32.66 HLA-E
Apoptosis 32.28 NFKBIA, CFLAR, TNFRSF1A, MCL1
Pyrimidine metabolism 31.50 UPP1
Th17 cell differentiation 31.48 NFKBIA
Type I diabetes mellitus 30.04 HLA-E
Measles 29.58 IFNAR2, NFKBIA, HSPA6
Tuberculosis 27.24 PLK3, IL10RB, ITGAX, CLEC4E, TNFRSF1A
IL-17 signaling pathway 22.49 NFKBIA
Th1 and Th2 cell differentiation 19.51 NFKBIA
Non-small cell lung cancer 17.33 STK4
Insulin resistance 15.55 NFKBIA, TNFRSF1A
Influenza A 15.48 IFNAR2, NFKBIA, HSPA6, TNFRSF1A
Fc gamma R-mediated phagocytosis 13.31 ASAP1
Longevity regulating pathway 13.28 HSPA6, SOD2
JAK-STAT signaling pathway 11.25 IFNAR2, IL10RB, CSF2RA, MCL1
Parathyroid hormone synthesis, secretion 
and action


11.15 AKAP13


Human immunodeficiency virus 1 
infection


11.07 NFKBIA, SAMHD1, TNFRSF1A, HLA-E


Hepatitis C 10.88 IFNAR2, NFKBIA, CFLAR, TNFRSF1A
Peroxisome 10.60 SOD2
FoxO signaling pathway 10.44 PLK3, STK4, SOD2
Leishmaniasis 10.38 NFKBIA








Supplementary Table 4. Early AR (1year) associated 8 genes
Gene Unadjusted P-Vale Adjusted* P-Value Adjusted* OR (2.5%-97.5% CI)
HLA-E 0.01255 0.03680 5.09 (1.24-26.56)
RAB31 0.00557 0.00641 3.83 (1.58-11.21)
REXO2 0.02985 0.02090 0.51 (0.28-0.87)
ENOSF1 0.00150 0.00064 0.50 (0.32-0.72)
DIP2C 0.01278 0.00253 0.50 (0.30-0.75)
KCTD6 0.00093 0.00192 0.40 (0.21-0.68)
PDXDC1 0.00117 0.00079 0.37 (0.19-0.63)
FBXO21 0.00392 0.00089 0.25 (0.10-0.53)
*Adjusted values  based on multivariable generalized linear model including age, race, gender, 
use of depletional induction immunosuppression, and use of belatacept based maintenance 
immunosuppression.








 


 
Supplementary Figure 1: STRING gene network of the  76 gene signature identified multiple immune 


pathways. 


 





