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4. Rationale: Eicosanoids are metabolites derived from the oxidation of arachidonic acid or
other polyunsaturated fatty acids. They function in diverse physiological systems and
pathological processes including inflammation, immune responses, endothelial function, and
hemostasis.! There are multiple subfamilies of eicosanoids, including prostaglandins,
thromboxanes, leukotrienes, and hydroxyeicosatetraenoic acids (HETES), among others. The



major enzyme families involved in the synthesis of eicosanoids are known (Figure, page 6), and
include cyclooxygenases (COXs), lipoxygenases (LOXs), and cytochrome P450 enzymes.
However, to what extent genetic variation at these loci modulate blood levels of eicosanoids, and
whether there are other genetic regulators, for example relevant to eicosanoid elimination, is
unknown.

Recent advances in LC-MS based profiling now permit the high throughput measurement of
hundreds of eicosanoids and eicosanoid-related metabolites in samples obtained from large
human cohorts,? providing an opportunity to conduct a genome wide association study (GWAS)
of circulating eicosanoids. Several GWAS of other circulating blood metabolites (“mGWAS”)
have been conducted to date. These studies have shown that many loci have relatively large
effect sizes on metabolite levels, as compared to GWAS for common diseases. As a result,
significant findings have emerged from samples as small as 284 subjects.®> Many of these loci
encode enzymes or transporters directly involved with the given metabolite’s disposition,
highlighting potential therapeutic targets. Other associations have been at loci previously
associated with a complex disease, raising the possibility that the metabolite is a causal
participant in the disease process. Building on this framework, we seek to conduct a GWAS of
plasma eicosanoids, with the goal to understand the genetic determinants of circulating
eicosanoid levels.

5. Main Hypothesis/Study Questions:

Our overarching hypothesis is that many eicosanoids will have identifiable genetic determinants
that provide insight into their synthesis, transport, and/or metabolism.

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 2 (1991-1993) as the
baseline visit.

Study Population: The study population will consist of European-American (EA) and African-
American (AA) ARIC participants with eicosanoid data from Visits 2.

Exposure: Genetic markers in the genome (SNPs)
Outcomes: Plasma eicosanoid levels, measured by LC-MS

Statistical Analysis: We will use descriptive statistics, including means, medians, and
proportions to summarize baseline characteristics at Visit 2. We anticipate that the distributions
of eicosanoids will be skewed: we plan to transform (e.g., log base-2 or inverse-normal) to
achieve a more normal distribution. Genotype data will be imputed to a common set of SNPs
using TopMed (Freeze 5 on GRCh38) as a reference panel using the Michigan Imputation



Server.* SNPs will be removed if they are not bi-allelic, have poor imputation quality (<0.1), or
have minor allele frequency <1%.

We will perform genome wide association studies on eicosanoids among individuals with
genetic and eicosanoid data, examining EA and AA cohorts separately. The association between
eicosanoids and the genetic variants will be estimated by linear regression, adjusted for age, sex,
and the first five genetic principal components (PCs) and eicosanoid PCs, using Fast Association
Tests (FAST) software.> We chose five PCs on the basis of previous studies, but in sensitivity
analyses, we will also evaluate results adjusted for ten genetic and eicosanoid PCs. Statistical
significance will be set at a threshold of 5 x 108/# of eicosanoids according to Bonferroni
adjustment in the EA cohort; we will explore meta-analysis with results in the replication AA
cohort given our observation of preserved effect sizes in previous metabolite GWAS. For each
eicosanoid, we will identify the index SNP as the variant with the lowest p value withina 1 Mb
genomic radius. Index SNPs will be annotated through linkage with the SNiPA web-tool based
on the 1000 Genomes phase 3 v5 and Ensembl v87 datasets.5’

For index SNPs, we will conduct statistical fine-mapping using SuSiE.®° Colocalization
with gene expression signals in tissue and whole blood will be performed using the coloc.fast
function from the R package ‘gtx’ with default parameters using the GTEXx V8 data.! In
addition, we will perform colocalization analyses of the replicated SNPs with existing GWAS
summary statistics of 778 phenotypes and diseases performed in 450,000 UK Biobank
participants using the coloc.fast function.!

Limitations: We acknowledge that our proposed study has a few limitations. First, the accuracy
of eicosanoid identification is not always known. Second, we will not have replication in an
external cohort. Third, our study will not consider rare variants.
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