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Supplementary Results
Mouse model of DN

While most mice not develop many features of DN, mouse lines with endothelial
dysfunction, endothelial nitric oxide synthase-deficient (eNOS™) lines, display most features
of human DN except for renal insufficiency'*. We decided to adopt this system to test the
effects of TonEBP haplodeficiency on the development of DN. For this, we bred the TonEBP
haplo-deficient animals onto the eNOS™ line. Type 1 diabetes was induced as described in Fig
1 and the animals were analyzed 7 weeks later. Supplementary Table 1 summarizes
physiological parameters of TonEBP** mice and their TonEBP** littermates on the eNOS™
and eNOS™* backgrounds. All the parameters were comparable between the TonEBP**
animals and their TonEBP*"* littermates, except that renal hypotrophy indicated by reduced
ratio of kidney weight over body weight lessened in the TonEBP*2 animals on the eNOS™
background. Reduced renal TonEBP expression in the TonEBP** animals were confirmed on

both the eNOS” and eNOS*"* backgrounds (Fig 3a, b).

Association of TOonEBP polymorphisms with inflammatory, vascular and renal function markers

in humans

In view of our primary animal TonEBP haplo-deficiency findings as noted above, and
previously published associations of TonEBP expression and/or gene variants with
inflammation®®, rheumatoid arthritis”8, atherosclerosis®, and DN in humans'® and in animals
(see above), we hypothesized that genetic variation in TonEBP would be associated with
subclinical inflammatory, vascular and renal phenotypes. To test this hypothesis, we performed
a look-up of genetic association results carried out in 878 participants from the HAPI Heart
Study*, a study of the genetic determinants of cardiometabolic health carried out in the Old

Order Amish founder population of Lancaster, County, PAfrom 2002 - 2006. HAPI Heart Study



participants were 20 years of age or older, relatively healthy with a homogenous genetic and
environmental background population, and free of any medications at the time of study.

Characteristics of study participants are summarized in Supplementary Table 2.

Phenotypes measured in the HAPI Heart Study and relevant to this report related to
inflammation and renal function included: serum IL-18 an inflammatory cytokine,
homocysteine, matrix metalloprotease-1 (MMP-1), matrix metalloprotease-9 (MMP-9), C-
reactive protein (CRP), monocyte count and white blood cell count (WBC) as markers of
systemic inflammation*?*3, Renal function phenotypes included: albuminuria and estimated
glomerular filtration rate (eGFR). Resting protocol based systolic and diastolic blood pressure
(SBP and DBP) measures were also obtained while participants were off any anti-hypertensive

medications.

All HAPI Heart Study participants underwent whole genome sequencing as part of the
NHLBI-sponsored Trans-Omics in Precision Medicine (TOPMed) program. For this report we
considered all sequenced variants within the TonEBP gene plus variants + 2 kb away with a
minor allele frequency (MAF) of 3%. From these 320 SNPs, using Haploview, we identified 16
haplotype blocks!. We then identified all single haplotype tagging SNPs (Supplementary

Figure 1) and looked at the association between the identified SNPs and our phenotypes.

For each phenotype or trait, we identified the top associated signals with a P value < 0.05
(Table 1). We defined statistical significance threshold based on a Bonferroni correction for
the number of haplotype blocks (p value <0.05/16 = 0.003). Considering that our animal model
demonstrated the effect of TonEBP haplo-deficiency on these phenotypes, increasing the a-
priori probability of true associations, we also identified SNP based associations with p values
< 0.05 but > 0.003 as suggestive. For our inflammatory phenotypes, we found significant
associations between rs72783114 with serum MMP-1 (8 = -0.31, p = 0.0003) and suggestive
association with serum WBC (8 = 0.06, p = 0.04). We also found rs564919090 to be

significantly associated with serum MMP-1 (8 = 0.28, p = 0.001), independently of rs72783114



(Table 1). Given our previous findings of higher TonEBP expression in monocytes from
individuals with DN*°, we also looked at the association with absolute monocyte values, which
were available in a different group of 473 healthy Amish and found a significant association
between rs118095741 with absolute monocyte count (§ = 47.3, p = 0.002). We also found
rs74956396 to be suggestively associated with serum IL-18 (B8 = 0.52, p = 0.009) and
homocysteine (B = -0.61, p = 0.008), while rs244416 was independently also suggestively
associated with IL-18 (B = -0.22, p = 0.009). For our blood pressure phenotypes, we found
rs2287970 to be significantly associated with DBP (8 = 1.4, p = 0.003) and suggestively with
SBP (B = 1.65, p = 0.04). Lastly, for our renal phenotypes, we found a significant association
between rs17297179 with eGFR (B = 6.3, p = 0.003) and suggestive association between
rs17232663 with albuminuria (f = 0.36, p = 0.008). Given that blood pressure (BP) can affect
renal function and vice versa, we secondarily adjusted for BP in our eGFR and albuminuria
outcomes, as well as adjusted for eGFR with our BP outcomes, which did not meaningfully
alter the results. Lastly, the noted associations with our inflammatory markers were also

independent of eGFR and BP.

We did not find an association with CRP. This might be accounted for by the modest
number of individuals in our study, as in a previous secondary analysis of a uric acid meta-
GWAS in which we participated, a modest association between the rs7193778 and CRP was
noted, though other TonEBP SNPs were not tested*®. We also did not find an association

between our selected TonEBP variants and MMP-9.

Box plot graphs showing the mean values and distribution for each of our significantly
associated measures stratified by genotype can be seen in Supplementary Fig 2. Locus zoom
plots showing location of significantly associated SNPs with each phenotype can be seen in

Supplementary Fig 3.

We also explored the functional annotation for our top identified SNPs which are

summarized in Supplementary Table 3. Of these eight SNPs of interest, five of them had



enhancer activity defined with H3K27AC marker in various tissues, but rs2287970 and
rs17297179 were also notable as active enhancer with DNase hypersensitivity, which
suggests them to be functionally active. Variation in rs2287970 also results in change in

various motifs with zinc-finger domain such as WTN1 and Znf143 (Supplementary Table 3).



Supplementary Table 1. Physiological parameters of experimental animals.

eNOS (+/+) eNOS (-/-)
Parameter TonEBP (+/+) TonEBP (+/A) TonEBP (+/+) TonEBP (+/A)
VH STz VH STz VH STz VH STz

Body weight (g) 289:+0.6 | 241:08 | 289+09 | 228207 | 244+07 | 20708 | 243206 | 208+0.6
;(;]dgr}g;”BOdy LRl 143+0.6 | 17109 | 13.2+04 | 164409 | 7.7:04 | 129+04 | 86+06 | 156+0.4*
Blood glucose (mg/dL) 163+ 12 453+31 | 150+18 | 482+34 198+12 | 560+31 | 177+22 | 577+13
el CemplEl;7 1894+ 130 | 787+110 | 1627+173 | 813+31 | 1205+107 | 541+36 | 1057+109 | 545%25
(mmoL/kg)

(BILOS%L“)rea nitrogen 11.7+08 | 200+19 | 126+07 | 17.9+11 | 284423 | 25322 | 305+13 | 32.3+1.9
FEna (%) 0.47+0.08 | 0.85£0.24 | 1.16+0.28 | 2.38£0.72 | 0.64+0.10 | 1.17+0.17 | 0.41£0.05 | 1.15+0.21

Mice were bred to generate littermates of TonEBP** or TonEBP** animals on eNOS*"* or
eNOS™ background as indicated. Animals were injected with vehicle (VH) or streptozotocin
(STZ) to induce diabetes as described in Fig 1. 7 weeks later, body weight and kidney weight
were measured; serum and urine samples were collected to determine blood glucose, urine
osmolality, blood urea nitrogen, and fractional excretion of sodium (FEna). Mean = SE, n = 8.
#p< 0.05 compared to TonEBP**, eNOS™.



Supplementary Table 2. Clinical characteristics (mean £ SD; median (IQR)) of the 868 Old Order
Amish enrolled in the HAPI Heart Study, Lancaster County, Pennsylvania

Characteristic Men (n=460) Women (n=408)
Age (years) 42.2 + 13.6 45.4 + 14.2
BMI (kg/m2) 25.6 + 3.2 27.8 + 55
Total cholesterol (mg/dl) 202.5 + 44.3 215.7 £ 49.0
Triglycerides (mg/dl) 63.9 + 1.7 73.8 + 454
SBP (mm Hg) 1215 + 12.6 121.4 + 16.9
DBP (mm Hg) 77.6 + 8.8 75.8 + 8.4
Diabetes (%) 0.9 1.0
Current smokers (%) 20.0 0.0
Lipid-lowering meds (%)° 1.0 1.0
Antihypertensive meds (%)° 0.2 0.3
IL-1B (pg/mL) 0.7:31{3%7180-.11.38) 0.7:31{8%7181-.11.22)
LALlP gl 2.3&%82-':7) 3.3{3.%2-55.5)
MMP-9 (ng/ml) 473%?53-43325) 451131('26;?('5%3?)
CRP (pgim) 050317) 100624
eGFR (ml/min/1.73m?) 101.0+£17.7 90.0+17.4

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HAPI, Hereditary and Phenotype
Intervention; meds, medication; SBP, systolic blood pressure.

3Indicates use of cigarettes, cigars, and pipes. PMedication use assessed at the time of recruitment,
before participants were asked to discontinue use, per our study protocol. IQR: interquartile
range,MMP-1: metaloproteinase-1, CRP: C-reactive protein, eGFR: estimated glomerular filteration rate
(ml/min/1.73m?2).


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3640827/table/T1/#TFN2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3640827/table/T1/#TFN3
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3640827/table/T1/#TFN3

Supplementary Table 3. In silico functional annotation of candidate TonEBP SNPs

Active

e DNAase | Conservation DNase and
hyper Phylop Motif change GTEX active
Sl O sensitivit Mean(SD) enhancer
H3K4me1l Y
. a7 15 including WWP2 .
rs2287970 47 tissues tissues 0.29 (1.07) WTL, Znf143 NPIPB14P In 40 tissues
rs72783114 10 tissues - 0.33(0.9) AIRE, Fox, HDA - -
rs564919090 0.13(0.7)
. WWP2-
rs118095741 7 tissues 0.09 (0.55) SEF1 PDXDC2P -
rs74956396 - - 0.27 (0.7) - CTD, NQ1 -
CLEC18C
rs244416 - - -0.001 (0.6) Crx CLEC18A
PDXDC2P
) HDAC2, Irf,
rs149721946 15 tissue - -0.04 (0.9) TATA, Zfp105 - -
rs17232663 - - -0.11 (0.98) Ets,SIX5 CLEC18A -
BCL, NFKB,
! ! STAT, P300, "
rs17297179 Primary T Primary T 0.40 (0.8) PRDM1, Pou2f2, Primary T
helper cell helper cell helper cell

HMG-1Y, Irf, Maf,
Nkx3, GATA




Supplementary Table 4. Primer pairs used for quantitative RT-PCR

Genes NCBI ref seq Forward Reverse

Mouse TonEBP NM_133957 AAGCAGCCACCACCAAACATGA AAATTGCATGGGCTGCTGCT
Mouse TNFa NM_013693.2 TGGGACAGTGACCTGGACTGT TTCGGAAAGCCCATTTGAGT
Mouse TLR4 NM_021297.2 TGCTGCCAACATCATCCAGGAA AGGCGATACAATTCCACCTGCT
Mouse iINOS NM_010927 TATGCTGTGTTTGGCCTTGGCT TGTGGCTCCCATGTTGCATT
Mouse COX-2 NM_011198.3 TGCTGTACAAGCAGTGGCAA AGGGCTTTCAATTCTGCAGCCA
Mouse CypA NM_008907.1 CAGCCATGGTCAACCCCACCG CTGCTGTCTTTGGAACTTTGTCTG
Mouse F4/80 NM_010130.4 CTTTGGCTATGGGCTTCCAGTC GCAAGGAGGACAGAGTTTATCGTG
Mouse IL-6 NM_031168.1 ATCCAGTTGCCTTCTTGGGACTGA TAAGCCTCCGACTTGTGAAGTGGT
Mouse MCP-1 NM_011333.3 AACTGCATCTGCCCTAAGGT AGTGCTTGAGGTGGTTGTGGAA
Mouse IP-10 NM_021274.2 CCAAGTGCTGCCGTCATTTTC GGCTCGCAGGGATGATTTCAA
Mouse IL-8 NM_011339.2 GACAGGCAGTGATGCCTAAA GACTAACGCGGGAATAGAGTATAAG
Mouse IL-1 NM_008361.3 AGGGCTGCTTCCAAACCTTTGAC ATACTGCCTGCCTGAAGCTCTTGT
Mouse RANTES NM_013653.3 ATATGGCTCGGACACCACTC CCCACTTCTTCTCTGGGTTG
Mouse IL-18 NM_008360.1 CAGCCTGTGTTCGAGGATATG TCACAGCCAGTCCTCTTACT
Mouse IFN-y NM_008337.3 TCAAGTGGCATAGATGTGGAAGAA TGGCTCTGCAGGATTTTCATG




Supplementary Fig 1. D’based haploview for all haplotype tagged SNPs across

TonEBP.
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Supplementary Fig 2. Box plot graphs showing the mean values and distribution of
phenotypes (MMP1, Monocytes, DBP, and eGFR; see Table 1) across genotypes.
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Supplementary Figure 3. Locus zoom plots showing location of all SNPs associated
significantly with the phenotypes shown in Supplementary Figure 2
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