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4. Rationale: The APOL1 high-risk genotypes, present in 13% of black Americans, have been
associated with incident and progressive chronic kidney disease (CKD).1® In the African
American Study of Kidney Disease and Hypertension (AASK), having two copies of the APOL1
risk variants (high-risk; G1/G1, G1/G2, or G2/G2) was associated with a 1.88-fold higher risk of
CKD progression, defined as a doubling of serum creatinine or end-stage renal disease (ESRD),
compared to having one or no copies (low-risk; G1/G0, G2/G0, GO/G0). However, 40% of



AASK participants with two copies of the APOL1 risk variants did not experience CKD
progression over a median follow-up of 9 years.* Similarly, Grams et al. previously reported in
ARIC that black participants with the APOL1 high-risk status had a significantly higher risk of
incident ESRD and faster rate of eGFR decline compared to black participants with the APOL1
low-risk status yet there was significant overlap in the distributions of average yearly eGFR
slopes among the two APOL1 risk groups.® Given that not all individuals with the APOL1 high-
risk status develop kidney disease during their lifetime, a “second hit” is likely necessary. To
date, in vitro studies have demonstrated that activation of the innate immunity pathway increases
APOL1 expression in podocytes and endothelial cells® and that higher levels of APOL1 protein,
particularly G1 and G2, are associated with increased cytotoxicity in human embryonic kidney
cells.” In mouse models, transgenic podocyte expression of the APOL1 risk variants has also
been associated with albuminuria and azotemia.” Taken together, these studies suggest that
proteins play an integral role in the pathogenesis of APOL1-associated kidney disease. On the
other hand, the association of APOL1 high-risk status with mortality is less clear, with some
studies suggesting no association®® and other studies suggesting a lower risk of mortality.®° We
propose to leverage proteomics data from ARIC Visits 3 and 5 to better understand the complex
interplay of APOL1 risk variants, the plasma proteome, and kidney disease.

5. Main Hypothesis/Study Questions:

Our overarching hypothesis is that proteomic pathways will provide insight on how the APOL1
risk variants lead to kidney disease.

Aim 1: To identify proteins and pathways with different levels in persons with the APOL1 high-
risk alleles compared to the low-risk alleles in African-American ARIC participants.

Aim 2: To determine whether higher levels of APOL1 protein and other APOL1 high-risk
genotype-associated proteins are associated with incident CKD, ESRD, and mortality in both
African-American and white ARIC participants.

Aim 3: To perform a genome-wide association study (GWAS) detecting genetic markers of
higher APOL.1 protein (and other APOL1 high-risk genotype-associated proteins) levels
separately in African-American and white ARIC participants. We will also explore the risk
associations of identified genotypes with CKD in external datasets using Mendelian
randomization methods.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Design: We will conduct analyses of the ARIC cohort, treating Visit 3 (1993-1995) as the
baseline visit.

Study Population: The study population will consist of African-American ARIC participants
with APOL1 genotyping and proteomics data from Visits 3 and/or 5. In sensitivity analyses, we
will also consider white ARIC participants as a comparison group.



Exposure: For Aim 1, the primary exposure will be APOL1 genotype status. We will utilize a
recessive genetic model with the APOL1 high-risk status defined as having 2 risk alleles and the
low-risk status defined as having 0 or 1 risk allele. In sensitivity analysis, we will also consider
additive models. For Aim 2, the exposure of interest will be APOL1 protein (and other APOL1
high-risk genotype-associated proteins) levels of APOLL1 at Visit 3 and in secondary analysis we
will explore protein levels at Visit 5. For Aim 3, the exposures will be genetic markers in the
genome.

Outcomes: For Aim 1, the outcome will be proteomics data previously measured from Visits 3
and Visit 5 samples using the SomaScan Platform (SomaLogic, Inc). For Aim 2, the outcomes
will be: 1) incident CKD; 2) incident ESRD; and 3) mortality. We will also consider rate of
eGFR decline as an exploratory outcome. Creatinine-based and/or cystatin-based Chronic
Kidney Disease Epidemiology (CKD-EPI) Collaboration equations will be used to estimate
GFR.1112 Consistent with prior ARIC publications, incident CKD will be defined as having any
one of the following: 1) an eGFR <60 ml/min/1.73 m? at follow-up (accompanied by a >25%
eGFR decline relative to baseline; 2) CKD-related hospitalization or death based on the
International Classification of Diseases (ICD) 9 or 10 codes; or 3) ESRD as identified by the US
Renal Data System (USRDS) registry.* For exploratory analyses of eGFR decline, at the time
of ESRD onset, eGFR will be imputed as 15 ml/min/1.73 m2. Mortality will be determined from
active surveillance techniques, including linkage to the National Death Index for the latter
outcome.® For Aim 3, outcomes will be APOL1 protein (and other APOL1 high-risk genotype-
associated proteins) levels at Visit 3 and in secondary analysis we will explore protein levels at
Visit 5.

Statistical Analysis: We will use descriptive statistics, including means, medians, and
proportions to compare baseline characteristics by APOL1 genotype status at Visit 3. Formal
testing will be performed using student’s t-test or Wilcoxon rank-sum test for continuous
variables and chi-squared for categorical variables. We anticipate that the distributions of
proteins will be skewed: we plan to transform (e.g., log base-2) to achieve a more normal
distribution. For Aim 1 (n~2,700), linear regression models will be used to study the associations
of APOL1 risk status with proteins in the proteome. Bonferroni correction will be used to
account for multiple comparisons. Model 1 will be unadjusted; Model 2 will adjust for age, sex,
and center; Model 3 will further adjust for eGFR at Visit 3; and Model 4 will further adjust for
cholesterol, HDLc, diabetes, systolic blood pressure, anti-hypertension medication at Visit 3. All
analyses will be performed adjusting and not adjusting for European ancestry. When using Visit
5 as a baseline, Model 3-4 will also adjust for urine ACR. For Aim 2 (n~2,700), Cox
proportional hazards models will be constructed to study the associations of APOL1 protein at
Visit 3 and change in APOLL1 protein from Visit 3 to Visit 5 with: 1) incident CKD; 2) incident
ESRD; and 3) mortality. We will adjust for the same covariates as in Aim 1. To examine the
association of APOL1 protein with subsequent eGFR decline, we will fit linear mixed-effects
models with random intercepts and random slopes, adjusting for the same covariates as above
except eGFR, which will be the independent variable. We will assess for effect modification by
age, sex, and diabetes through the use of stratified analyses and inclusion of an interaction term
with APOLL protein level. We will perform these analyses overall and within African-American
participants only. For Aim 3 (n~11,500), we will perform a GWAS to identify genetic markers



that are associated with higher APOLL1 protein levels separately within African-American and
white ARIC participants. Given the low prevalence of APOL1 alleles among individuals of
European ancestry, all white participants will be imputed as having the APOL1 low-risk
genotypes.>® Analyses for Aims 2 and 3 will be repeated for other APOL1 high-risk genotype-
associated proteins identified in Aim 1.

Limitations: We acknowledge that our proposed study has a few limitations. First, we are only
using data from Visit 3 onwards. Still, duration of follow-up for the current proposed study is
still long (up to 17 years). Second, the SOMA is an aptamer based platform and the accuracy of
protein identification is not always known. Third, power is limited for Mendelian randomization
analyses, which requires us to evaluate associations in other, larger datasets such as CKD-Gen
and the UK Biobank. Fourth, the renal toxicity of APOL1 risk variants may be related to the
APOL1 protein that is synthesized locally in the kidney rather than circulating plasma levels.*"8
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