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Principal component 1

Figure S1. PCA plot for the WGBS data of microdissected 10 human Kidney
tubules. X-axis and Y-axis represent PC1 and PC2, respectively.



Hyper-DMRs
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Figure S2. Enrichment analysis of transcription factor (TF) binding motifs in
the DMRs using HOMER package. Top 5 TF binding motifs are selected based
on p-values.



ETS1 PU.1 FLI

Estimated proten expression log,, (ppm) Estmated proten expression kg, (ppm) Estmated protemn expression kog,, (ppm)
24 @ . ° e84 0 9 . o ' . ’

2 ) .
| | |

[ ©&lood & Immune

B nNervous
Muscoskeletal
Internal

Reproductive

L
[l secretory
o

Figure S3. Estimated protein expression levels in various tissue and cell types
(1). Blood cell types are marked red.



A Hyper-DMRs

# Term Name

regulation of generation of precursor metabolites and energy
Notch signaling pathway

'de novo' posttranslational protein folding

pattern specification involved in metanephros development
negative regulation of osteoblast differentiation

nephron tubule development

ventral spinal cord interneuron fate commitment

renal tubule development

regulation of metanephros development

ventral spinal cord interneuron differentiation

positive regulation of release of cytochrome c from mitochondria
pattern specification involved in kidney development
positive regulation of glial cell differentiation
platelet-derived growth factor receptor signaling pathway
positive regulation of gliogenesis

metanephric nephron development

nephron tubule formation

body morphogenesis

protein heterooligomerization

negative regulation of glial cell proliferation

B

# Term Name

immune system process

immune response

defense response

regulation of immune system process

innate immune response

regulation of immune response

positive regulation of immune system process
cellular response to type | interferon

cell activation

response to type | interferon

type | interferon-mediated signaling pathway
hemopoiesis

regulation of cell activation

regulation of leukocyte activation

cellular response to cytokine stimulus
cytokine-mediated signaling pathway
hematopoietic or lymphoid organ development
immune system development
interferon-gamma-mediated signaling pathway
response to cytokine stimulus

Figure S4. GREAT functional annotation analysis of the hyper- (A) and hypo-

DMRs (B).
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2.37E-13 5.05E-11 3.06
1.33E-10 1.80E-08 2.06
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Figure SS. Selected gene set enrichment analysis (GSEA) results of genes that
are increased and decreased in DKD. Color represents relative expression level
of each gene from low (blue) to high (red) in DKD samples. (A) Genes associated
with fatty acid metabolism. (B) Genes associated with 7NF signaling via NFKB.



Upregulated in control

GS(GeneSets) _____________________________SIZEES__NES INOMp.val FDRg-val |

OXIDATIVE_PHOSPHORYLATION 198 0.70 3.52 0.000 0.000
FATTY_ACID_METABOLISM 154 0.57 2.78 0.000 0.000
ADIPOGENESIS 195 0.51 2.55 0.000 0.000
BILE_ACID_METABOLISM 112 049 2.29 0.000 0.000
XENOBIOTIC_METABOLISM 197 0.44 2.23 0.000 0.000
PEROXISOME 102 0.49 2.20 0.000 0.000
GLYCOLYSIS 196 0.33 1.68 0.000 0.004
HEME_METABOLISM 193 0.33 1.63 0.000 0.005
MYC_TARGETS_V2 58 0.38 1.57 0.008 0.008
DNA_REPAIR 142 0.28 1.37 0.007 0.045
MTORC1_SIGNALING 199 0.27 1.37 0.009 0.043
KRAS_SIGNALING_DN 180 0.27 1.36 0.006 0.043
UV_RESPONSE_UP 154 0.28 1.35 0.026 0.046
PANCREAS_BETA CELLS 33 036 1.29 0.076 0.069
CHOLESTEROL_HOMEOSTASIS 73 029 1.24 0.112 0.096
MYC_TARGETS_V1 199 024 1.20 0.043 0.120
REACTIVE_OXIGEN_SPECIES_PATHWAY 47 029 1.13 0.235 0.206
PROTEIN_SECRETION 95 0.24 1.09 0.270 0.267
UNFOLDED_PROTEIN_RESPONSE 112 0.22 1.00 0.421 0.441

Upregulated in DKD
GS (GenesSets) ________________________________[SIZE[ES__NES INOMp-val FDRg-val |

ALLOGRAFT_REJECTION 198 -0.76 -3.19 0.000 0.000
INTERFERON_GAMMA_RESPONSE 197 -0.70 -2.88 0.000 0.000
INFLAMMATORY_RESPONSE 198 -0.65 -2.73 0.000 0.000
IL6_JAK_STAT3_SIGNALING 83 -0.71 -2.67 0.000 0.000
INTERFERON_ALPHA_RESPONSE 94 -0.68 -2.64 0.000 0.000
EPITHELIAL_MESENCHYMAL_TRANSITION 197 -0.64 -2.64 0.000 0.000
TNFA_SIGNALING_VIA_NFKB 199 -0.58 -2.42 0.000 0.000
KRAS_SIGNALING_UP 194 -0.54 -2.26 0.000 0.000
COMPLEMENT 195 -0.53 -2.20 0.000 0.000
E2F_TARGETS 199 -0.52 -2.20 0.000 0.000
G2M_CHECKPOINT 198 -0.51 -2.13 0.000 0.000
IL2_STAT5_SIGNALING 198 -0.51 -2.08 0.000 0.000
MITOTIC_SPINDLE 199 -0.45 -1.89 0.000 0.000
APICAL_JUNCTION 195 -0.43 -1.82 0.000 0.000
APOPTOSIS 160 -0.44 -1.79 0.000 0.000
UV_RESPONSE_DN 144 -0.44 -1.79 0.000 0.000
ANGIOGENESIS 36 -0.52 -1.67 0.004 0.002
COAGULATION 132 -0.38 -1.50 0.002 0.011
TGF_BETA_SIGNALING 54 -0.42 -1.44 0.031 0.024
WNT_BETA_CATENIN_SIGNALING 41 -0.43 -1.42 0.044 0.029
PISK_AKT_MTOR_SIGNALING 104 -0.36 -1.41 0.025 0.029
ANDROGEN_RESPONSE 100 -0.35 -1.36 0.044 0.049
P53_PATHWAY 199 -0.32 -1.33 0.029 0.061
HEDGEHOG_SIGNALING 35 -0.36 -1.14 0.272 0.286
HYPOXIA 195 -0.27 -1.11 0.238 0.332
ESTROGEN_RESPONSE_EARLY 199 -0.26 -1.09 0.280 0.355
ESTROGEN_RESPONSE_LATE 199 -0.25 -1.05 0.371 0.426
SPERMATOGENESIS 113 -0.26 -1.02 0.423 0.485
MYOGENESIS 196 -0.24 -1.01 0.464 0.485
APICAL_SURFACE 44 -0.25 -0.84 0.733 0.827
NOTCH_SIGNALING 32 -0.26 -0.81 0.741 0.851

Figure S6. Gene set enrichment analysis (GSEA) results of genes that are
upregulated in control or in DKD .
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Figure S7. The expression of 7nf in mouse Kidney cells as identified by single
cell RNA sequencing.



dCas9-Tet1CD dCas9-Tet1CD_IM

Cas9
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CTR

Figure S8. Generation of cell lines with dCas9-Tetl. (A) Relative transcript
level of Cas9 in the control, dCas9-Tet1CD cell clones and dCas9-TetlCD IM
cells. (B) Representative images of Cas9 immunostaining of control, dCas9-
Tetl1CD cells and dCas9-TetlCD IM cells. Data are presented as means = SEM
and analyzed by one-way ANOVA with Tukey’s post hoc tests.
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Figure S9. Bisulfite PCR sequencing. (A) Bisulfite sequencing analysis of TNF
DMR in control and dCas9-Tet1CD cells transfected with DMR sgRNAs. Batch 2
and 3 were independent experiment. (B) Combined methylation level of 13 CpG
loci in TNF DMR in cells. Data are presented as means = SEM.
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Figure S10. TNF transcript level of dCas9-Tet1CD or control cells transfected
with guide RNA. Relative transcript level of 7NF in Cas9 control (CTR), dCas9-
TetlCD cells or dCas9-TetlCD IM cells transfected with single sgRNA 1, 2,

3. Data represent means = SE.
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Figure S11. Gene expression results showing the expression levels of
TNFRSFIB gene in human control and DKD samples. In human patient
samples TNFRSFIB gene expression was associated with interstitial fibrosis and
kidney function (eGFR). P-value was calculated using linear regression models
adjusted for age, sex, race, diabetes and hypertension (2).
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Figure S12. Representative kidney histological images of control, diabetic or
mice treated with TNF. (A) Schematic diagram of STZ and TNF treatment and
urine collection. (B) Representative images of H&E stained kidney sections from
control STZ-treated and STZ/TNF-treated mice. Scale bars, 20 um.
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Control DKD

Subjects (no.) 5 5
Females — no. (%) 3(60.0) [1(20.0)
Mean Age (years) (SD) 45.6 (12.7)[70.8 (8.3)

Race — no. (%)

Asian 0(0.0) 0 (0.0)
Caucasian 3(60.0) 4(80.0)
African American 0(0.0) 1 (20.0)
Hispanic 0(0.0) 0 (0.0)
Multiracial 2 (40.0) 10(0.0)
Unknown 0(0.0) 0 (0.0)

Clinical Characteristics
Mean Baseline eGFR (ml/min/1.73m2) (SD) 89.5 (12.2)45.4 (10.8)

Diabetes — no. (%) 1(20.0) [5(100.0)
Hypertension — no. (%) 1(20.0) 4 (80.0)
Mean BMI (kg/m?2) (SD) 31.6 (9.6) 33.5(5.8)
Interstitial Fibrosis, % of Area (SD) 4.4 (2.5) 131.0(10.2)
Lymphocytic Infiltrate (0-3) 0.0 (0.0) [2.0(0.0)

Table S1. Demographic and clinical characteristics of data sets. The values are
the mean and standard deviations shown in parentheses (SD) or the absolute
number with the percentage of patients shown in parentheses. The value for
interstitial fibrosis is the percentage of the biopsy sample showing fibrosis, with
0% being no fibrosis and 100% being complete fibrosis. The value for lymphocytic
infiltrate was scored by histology analysis of the biopsy samples (0-3).
Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass index.
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Control DKD
Subjects (no.) 69 22
Females — no. (%) 31(44.9) (12 (54.5)
Mean Age (years) (SD) 62.6 (11.3) 66.1 (12.0)
Race — no. (%)
Asian 15(21.7) 2(9.1)
Caucasian 13 (18.8) [5(22.7)
African American 25 (36.2) |7 (31.8)
Hispanic 6 (8.7) 2(9.1)
Multiracial 9(13.0) 5(22.7)
Unknown 1(1.4) 1(4.5)

Clinical Characteristics

Mean Baseline eGFR (ml/min/1.73m2) (SD) 79.9 (15.4)131.7 (17.2)
Diabetes — no. (%) 19 (27.5) (22 (100.0)
Hypertension — no. (%) 43 (62.3) 21 (95.5)
Mean BMI (kg/m?) (SD) 28.5(11.8) 27.3 (13.3)
Interstitial Fibrosis, % of Area (SD) 5.8(5.9) 34.1(28.6)
Lymphocytic Infiltrate (0-3) 0.5(0.6) 1.3(0.9)

Table S2. Demographic and clinical characteristics of the replication cohort.
The values are the mean with the standard deviation shown in parentheses (SD) or
the absolute number with the percentage of patients shown in parentheses. The
value for interstitial fibrosis is the percentage of the biopsy sample showing
fibrosis, with 0% being no fibrosis and 100% being complete fibrosis. The value
for lymphocytic infiltrate was scored by histology analysis of the biopsy samples
(0-3). Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass

index.
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Name Sequence (5'-3")

TNF DMR sgRNA1 F | CACCGGCTCATGGTGTCCTTTCCAG

TNF DMR sgRNA1 R | AAACCTGGAAAGGACACCATGAGCC

TNF DMR sgRNA2 F | CACCGCAGCAGGCAGAAGAGCGTGG

TNF DMR sgRNA2 R |[AAACCCACGCTCTTCTGCCTGCTGC

TNF DMR sgRNA3 F | CACCGGGGATGGAGAGAAAAAAACG

TNF DMR sgRNA3 R |AAACCGTTTTTTTCTCTCCATCCCC

TNF NC sgRNA1 F CACCGAAGTAGGCATGAGGGATCAC

TNF NC sgRNA1 R AAACGTGATCCCTCATGCCTACTTC

Table S3. Guide RNA primer sequences.

16



Name

Sequence (5-3")

Human BAX F ACCAGCTCTGAGCAGATCATGA
Human BAXR TGCAGCTCCATGTTACTGTCCA
Human BAK1 F GGTTTTCCGCAGCTACGTTT
Human BAK1 R TGGTCTGGAACTCTGAGTCATAGC
Human BID F CCTCCAAAGCTGTTCTGACAAC
Human BID R CCTGGCAATATTCCGGATGA
Human TP53 F TCATCTTCTGTCCCTTCCCAGA
Human TP53 R GTGTGGAATCAACCCACAGCT
Human RIPK1F | CACAGAGAAGTCGGATGTGTACAG
Human RIPK1R | TTCCCAGCAGAGCTTCATGA
Human TNF F TGCTTGTTCCTCAGCCTCTTCT
Human TNFR GGTTTGCTACAACATGGGCTAC
Mouse Bax F CCACCAGCTCTGAACAGATCAT
Mouse Bax R CAGCTCCATATTGCTGTCCAGT
Mouse Bcl2 F CCTGTGGATGACTGAGTACCTGA
Mouse Bcl2 R GTATGCACCCAGAGTGATGCA

Table S4. qPCR primer sequences.
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