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4, Rationale:

Chronic kidney disease (CKD) is defined as abnormalities of kidney structure or function,
present for >3 months, with implications for health®. It affects >10% adults in the U.S. and
across the world? 3. The clinical impact of CKD is substantial: major complications include end
stage kidney disease (ESKD), cardiovascular disease (CVD), and mortality*. As a

chronic, complex, and heterogeneous disease, CKD is influenced by multiple genomic and
environmental factors. CKD is estimated to have high heritability (30-75%)°. Genome-wide
association studies (GWAS) have identified genetic susceptibility locus for estimated glomerular
filtration rate (eGFR) and albuminuria (urine albumin-to creatinine ratio [ACR])® °, which are
measurements of kidney function and change in these markers can be valid surrogate end points
for clinical trials in early stage of CKD*°. However, the genetic basis of reduced kidney function
is becoming clearer but the proteomic expression and mechanisms are largely unknown.

Proteins often express gene functions and their variation in the human body. Alterations of
protein structure or abundance can lead to changes in phenotype. Previous studies have found
that the concentrations of multiple proteins in blood were significantly associated with reduced
kidney function or kidney disease risks''**. However evidence from large-scale studies that
systematically evaluating the relationships between global plasma proteins and genetically
reduced kidney function need to be generated.

Therefore, we propose to relate polygenic risk scores (PRS) to plasma proteins to discover
proteins whose levels are associated with high polygenic risk of reduced kidney function,
measured as low eGFR and high albuminuria, within the Atherosclerosis Risks in Communities
(ARIC) Cohort. We will also identify pathways enriched with these proteins (separately for
eGFR and ACR; and will consider if high and low PRS are mirror images of one another or not)
by pathway analysis. Our study results will shed light on the potential mechanism of genetically
reduced kidney function on the observed patterns of plasma proteins.

5.  Main Hypothesis/Study Questions:

We hypothesize that genetic susceptibility for reduced kidney function aggregated in a PRS will
be related to altered blood concentrations of a range of proteins in specific pathways (e.g.
inflammation and fibrosis), potentially identifying new risk factors and targets for therapy.

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).

Inclusion criteria:

(i) Attended visit 3 or visit 5.

(if) Have SOMAscan protein measurements available from plasma sample collected at visit 3 or
visit 5.

(iii) Have valid genetic measurements and genome-wide imputation.

Exclusion criteria:



(i) Non-white and non-black participants.
(if) Non-white participants in Washington County and Minnesota.

Exposure variables:

PRSs of (i) low eGFR and (ii) high alouminuria calculated using GWAS results from the
CKDGen Consortium (Wuttke et al and Teumer et al). We will build (i) global PRSs and (ii) PRSs
generated using index SNPs only for low eGFR and high albuminuria separately. All PRSs will
be race specific (white / black).

Generation of global PRSs will be performed as follows: (i) download the GWAS summary
statistics for low eGFR and high alouminuria from the CKDGen Consortium, (ii) filter out non-
genome-wide-significant SNPs, (iii) remove SNPs that were not available in ARIC or did not
match the ARIC data, (iv) conduct LD clumping using PLINK with r? cutoff = 0.1 and use the
remaining SNPs as risk alleles, and (v) calculate the weighted sum of the number of risk alleles
possessed by an individual, in which the weight will be taken as the effect estimate associated
with each SNP. For PRSs generated using index SNPs only, the risk alleles will be the index
SNPs identified by the CKDGen Consortium, and the score will also be calculated as the
weighted sum of the number of risk alleles. In addition, for both (i) global PRSs and (ii) PRSs
generalt;ad using index SNPs only, we will use LDpred as secondary method to calculate the
scores™.

Outcome variables:

Around 4000 proteins per person measured using plasma collected at visit 3 (1993-1995) and 5
(2011-2013). The proteins were measured using a Slow Off-rate Modified Aptamer
(SOMAmer)-based capture array (SomaLogic, Inc, Boulder, Colorado), which uses modified
DNA bases rather than antibodies.

Analytic Plan:

(1) Plasma proteins associated with PRSs of low eGFR and high albuminuria: we will use linear
regression models to examine the extent to which PRSs are associated with each protein (natural
log transformed) at visit 3 and visit 5 separately. Analyses will be adjusted for age at sample
acquisition and sex. Bonferroni corrected p-values will be used as significance threshold. We
will compare the results between visit 3 and visit 5 results. If we observe major differences, we
will also examine the PRSs in relation to changes in protein levels over time.

(ii) Protein pathway enrichment: we will perform enrichment analysis based on KEGG
PATHWAY to identify pathways with over representation of the PRS-associated proteins®.
Since KEGG has a selective list of proteins and pathways, we will use WikiPathways as
supplemental resources.
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