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4. Rationale:

clonal hematopoiesis of indeterminate potential (CHIP), a pre-malignant state characterized by
accumulated somatic mutations (e.g., DNMT3A, TET2, ASXL1) that predispose to clonal
expansion of hematopoietic stem cells (HSCs), has been established as a causal risk factor for
coronary artery disease (CAD) in both human and mice models!®. However, the underlying
mechanisms remains largely unknown. The plasma proteome consists of thousands of secreted
proteins that involve in the physiological and pathological functions; thus, it can be a reservoir of
biomarkers for capturing the biological processes between CHIP and CAD"#,

5.  Main Hypothesis/Study Questions:

We propose to leverage the vast genomic and proteomic data resources in ARIC as well as 4
other cohorts in TOPMED, Jackson Heart Study (JHS), Multi-Ethnic Study of Atherosclerosis
(MESA), Cardiovascular Health Study (CHS), Framingham Heart Study (FHS), to study the
interplay between CHIP, plasma proteome, and CAD.

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) Have SOMAscan protein measurements available from plasma sample collected at visit 2 or
visit 3

(if) Have CHIP variables called from whole exome sequencing data collected at visit 2 or visit 3

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

Exposure variables:

CHIP variables including presence of CHIP, presence of CHIP with variant allele fraction (VAF)
> 10%, in DMNT3A somatic mutation carriers with CHIP, in TET2 carriers with CHIP, and in
ASXL1 carriers with CHIP

Outcome variables:

(i) ~5000 proteins per person measured using plasma collected at visit 2 using SOMAmer-based
capture array.

(ii) Prevalent and incident CAD

Analytic Plan:

Aim & analysis 1: Examine the associations between CHIP and serum proteomics levels. CHIP
has been measured and grouped through whole exome sequencing or whole genome sequencing
(WES or WGS) and levels of ~1,300 (~5,000 in ARIC) serum proteins have been measured
using the SOMAscan platform® in JHS, MESA, CHS, FHS, and ARIC (N=1821, 947, 936, 1723,
and ~8200 respectively). We plan to use mixed models to evaluate the association between CHIP




and proteomics using random intercepts and random slopes to account for the variations in CHIP
and proteomics associations across cohorts. CHIP will be modeled in multiple forms: presence of
CHIP, presence of CHIP with variant allele fraction (VAF) > 10%, in DMNT3A somatic
mutation carriers with CHIP, and in TET2 carriers with CHIP. We will stratify by race and adjust
for age, sex, batch, first 10 principal components (PCs) of ancestry, as well as probabilistic
estimation of expression residuals (PEER) to account for potential latent factors. Association
testing will be performed in each cohort separately and then meta-analyzed. We tentatively plan
to conduct independent replication in WHI (N=1,200), where proteomics was measured using the
Olink platform'®. Given the differences between the Somalogic and Olink platforms, this
replication may be subject to changes.

Aim & analysis 2: Assess for evidence of causal relationships between CHIP and proteomic
markers of CHIP identified in aim 1 and evaluate the mediation effects of proteomic markers for
the CHIP-associated CAD risk. We will include both prevalent and incident CAD cases for
primary analysis in consideration of power and focus on incident cases in secondary analysis
given its high clinical importance. We plan to use bi-directional Mendelian randomization to dig
deeper into the causality and use mediation analysis to quantify how much of the CHIP-CAD
risk is mediated through proteomics markers of CHIP. For proteomic markers of CHIP that
demonstrated causal relations and/or mediation effects, we will follow up with pathway analysis
as well as functional validation in aim 3.

Future work: Functionally validate the findings in CHIP-induced mice models through
engrafting TET2, DNMT3A, or other CHIP mutations into bone marrow*. Those studies are
separate from TOPMed data and analyses.
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