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4. Rationale:

Plasma HDL (e.g., HDL-Cholesterol or significant HDL proteins such as apoA-1, apoE, apoJ)
has potential protective roles in preventing brain amyloid deposition and central arterial stiffness,
slowing down cognitive decline, reducing incident dementia, and attenuating brain atrophy in
older adults.™* Preclinical studies suggest that these neuroprotective roles of HDL and its
associated proteins are likely due to their abilities to clear amyloid in the brain,® protect the
integrity of brain endothelium, cerebral vasculature, and blood brain barrier (BBB), and reduce
chronic neuroinflammation.®*2 Although apoA-1 is a major HDL protein that makes up its 70%
of the HDL protein content, HDL contains over one hundreds of other proteins. Most preclinical
studies did not discern individual HDL-associated protein’s contributions to the protective
effects on neurocognitive outcomes. In addition, there are networks of proteins in HDL (i.e.,
identified by unweighted protein co-expression analysis) and it is unclear whether a few major
networked HDL proteins mediate the effect of apoA-1 through their own subnetworks in HDL.
Most of the epidemiological studies evaluated a few significant HDL-associated proteins (apoA-
1, apoE, apoJ) in unfractionated plasmal3" HDL is a component of plasma. Because majority
of HDL -associated proteins do not exist exclusively on HDL, it is unclear whether the
neuroprotective effects of HDL-associated proteins are dependent upon their physically
residence on fractionated HDL.

In the last few years, we have developed an anion exchange fast protein liquid chromatography
(AEX-FPLC) method to physically separate or fractionate HDL from plasma. Furthermore, we
developed a label free quantitative mass spectrometry method to identify proteins in fractionated
HDL and their relative abundance. As part of the ARIC Ancillary 2015.19, we applied these
methods for biochemical analysis of plasma samples of 66 ARIC participants without dementia
collected at the ARIC-NCS baseline and identified 124 proteins in fractionated HDL from
plasma. Many of these proteins in fractionated HDL are involved in inflammation, innate
immunity (complement activation), and coagulation cascade.'® Plasma proteins involved in
coagulation and complement pathways (e.g., apoJ) have been induced by exercise interventions,
and they reduce neuroinflammation and improve memory in animal models of AD.%°
Interestingly, many of these exercise-induced neuroprotective proteins are also found in HDL,
raising the possibility that proteins in fractionated HDL which are involved in innate immunity
(complement activation) and coagulation cascade have protective effects on neurocognitive
outcomes in older adults.

This manuscript proposal aims to: 1a) identify specific proteins in fractionated HDL that are
associated with neuroimaging outcomes [brain amyloid deposition measured by PET, various
brain volumes (e.g., AD-signature region volume, frontal and temporal volumes), white matter
hyperintensity (WMH) volume] in older adults enrolled in Atherosclerosis Risk in Community
(ARIC); 1b) identify the same proteins in fractionated HDL that are associated with central
arterial stiffness; 2a) to examine the topology of HDL protein networks and how the major
networked proteins mediate the effects of apoAl on neuroimaging outcomes and central arterial
stiffness; 2b) relate HDL protein networks to neuroimaging outcomes and central arterial
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stiffness; 3) to examine whether neuroprotective effects of plasma HDL-associated proteins are
dependent upon their physical residence on fractionated HDL.

5. Main Hypothesis/Study Questions:

Study Question 1a: Which proteins among the 124 proteins identified in fractionated HDL are
significantly associated with neuroimaging outcomes [brain amyloid deposition measured by
PET, central arterial stiffness, brain volumes (e.g., AD- signature region volume, frontal and
temporal volumes), white matter hyperintensity (WMH) volume in older adults?

Study Question 1b: Which proteins among the 124 proteins identified in fractionated HDL are
significantly associated with central arterial stiffness outcomes in older adults?

Study Question 2a: How do the major networked proteins in fractionated HDL mediate the effect
of apoA1l on neuroimaging outcomes and central arterial stiffness?

Study Question 2b: How are the protein networks in HDL associated with neuroimaging
outcomes and central arterial stiffness?

Study Question 3: Are the associations of 124 proteins identified in fractionated HDL proteins
with these neuroimaging outcomes and central arterial stiffness dependent upon their physical
residence on fractionated HDL? To answer this question, we will compare the associations
between the 124 proteins we identified in fractionated HDL versus the same 124 proteins whose
concentrations were already measured in plasma based on SomaLogic.

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 use a cross-sectional study design to determine the associations between proteins in
fractionated HDL proteins and neuroimaging outcomes [(brain amyloid deposition measured by
PET), brain volumes (e.g., AD- signature region volume, frontal and temporal volumes), white
matter hyperintensity (WMH) volume] and central arterial stiffness. We will use a cohort study
design to determine the associations between proteins in fractionated HDL and incident dementia
in an exploratory analysis. We randomly chose 66 ARIC participants who were selected from the
ARIC-PET study (please see the eligibility criteria) whose plasma samples were collected at the
ARIC Visit 5/ARIC-NCS baseline.

Eligibility criteria

ARIC-NCS baseline participant inclusion criteria for the study were: 1) have “frozen never-
thawed” fasting plasma samples available at the ARIC-NCS baseline; 2) were adjudicated
without dementia at the time of the ARIC-NCS baseline blood collection; 3) had undergone brain
MRI scans at the ARIC-NCS baseline; and 4) had undergone PET scans with 18F-AV-45
(florbetapir) in the ARIC-PET study in 2012-15 (baseline).
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Biochemical Analysis

Label Free Quantitative Proteomics analysis of proteins in fractionated HDL

We established an anion exchange fast protein liquid chromatography (AEX-FPLC) to
fractionate HDL, LDL, IDL and VLDL. We applied this AEX-FPLC to fractionated plasma
lipoproteins (VLDL, IDL, LDL, and HDL) using frozen-never thawed plasma samples from the
66 participants. We then applied a label free quantitative MS-based proteomics method, based on
data independent acquisition (DIA), for untargeted analysis of proteins in HDL, LDL, IDL, and
VLDL. We used Spectronaut™ (Biognosis, Switzerland), a proprietary software for DIA
proteomics analysis, to process the MS data and establish protein identification and relative
abundance for subsequent data processing and statistical analysis. Even though we have
quantitative data of proteins in fractionated HDL, LDL, IDL and VLDL, we will only use the
data on the 124 proteins identified in fractionated HDL in this manuscript proposal.

Plasma concentrations of 124 proteins we found in fractionated HDL based on Somal.ogic
ARIC study has SomaLogic proteomics data for over 4000 proteins measured in plasma samples
collected at the ARIC-NCS baseline for these 66 participants. We will extract from the
Somal.ogic data plasma concentrations of these 124 proteins that we identified in fractionated
HDL to help answer Study Question 3. If these 124 proteins are not all available in the
Somal.ogic data, we will use whatever protein data is available. We will also check measurement
coefficient variants (CV%) of these proteins.

Outcomes

Central Arterial stiffness. The ARIC-NCS study already have central arterial stiffness (carotid-
femoral PWV [cfPWV] and hfPWV)?° measured for 5,638 ARIC-NCS study participants and
had follow-up measures at visit 6 or 7. We will use cfPWV and hfPWV collected at the ARIC-
NCS baseline/ARIC Visit 5.

Neuroimaging outcomes. The ARIC-NCS study already have neuroimaging measures analyzed
for 326 ARIC-NCS study participants collected as part of the ARIC-PET study at the ARIC Visit
5/ARIC-NCS baseline, including (i) amyloid deposition. We will use global SUVR from the
18F-AV-45 (florbetapir) PET scans in the ARIC-PET study for amyloid deposition in the brain;
(i) WMH volume. We will use WMH volume obtained via brain MRI scans; (iii) brain volume
data. We will use AD signature region volume as AD specific neurodegeneration, which is total
combined volume of the following brain regions: the parahippocampal, entorhinal, and inferior
parietal lobules, hippocampus, precuneus, and cuneus.? We will use other brain region volumes
such as frontal and parietal lobe cortical volumes.?? We will examine the relationship of proteins
with lobar brain volumes to determine there is neuroanatomical specificity to the link between
HDL proteins and brain volume

Other variables of interest with specific references to the time of their collection

All the variables of interests are measured at the ARIC Visit 5/ARIC-NCS baseline, except age,
sex, race, and APOE genotypes. We will include age, sex, race, APOE genotypes, HDL-
cholesterol (for fractionated HDL only) as confounders.

Summary of data analysis
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Study Questions 1a&b. We will first evaluate single proteins’ associations with neuroimaging
outcomes and central arterial stiffness, with adjustment of covariates mentioned above. We will
process the mass spectrometry proteomics data. If batch effects remain after data normalization,
we will inspect post-processed data and include batch as a covariate when appropriate. We will
log-transform data when appropriate so that the distributions of transformed data are at least
approximately normal. We will use linear-regression models for continuous outcomes or logistic
regression for dichotomized outcomes with mixed effects to identify single proteins that are
significantly associated with neuroimaging outcomes and central arterial stiffness, with
adjustment for key biological variables such as sex or APOE4 genotype and other potential
confounders as appropriate. We will use BH’s false discovery rate method? to control overall
type 1 errors for adjustment of multiple proteins and/or multiple phenotypes when appropriate.

Study Questions 2a&b. We will use the unweighted gene coexpression network analysis to
discover how HDL proteins correlate. We will identify “predominant HDL proteins” with most
associations and then perform mediation analysis to determine the effects of apoAl has through
each of these predominant proteins. Combination of these results with our univariate analysis for
Study Question 1 could demonstrate how adjustment of apoAl and its mediator can have far
reaching neuroprotective effects. In addition, we will explore network topology and associations
between network structure and cross-sectional neuroimaging outcomes and central arterial
stiffness.

Study Question 3. We will apply the same univariate analysis (described for Study Question 1)
for 124 proteins in fractionated HDL and 124 plasma proteins based on SomalL.ogic proteomics
data. We will answer Study Question 3 by comparing the strength of the associations between
124 plasma proteins versus 124 proteins in fractionated HDL with neuroimaging outcomes and
central arterial stiffness.

Anticipated methodological limitations or challenges

Since we have only 66 participants, a challenge is the limited sample size. A post hoc power
analysis was performed for power estimation, based on effect sizes from the analysis. Power was
estimated for the effect of two proteins (CPN2 and F10) on AD signature region volume across
two different models (unadjusted model and adjusted for HDL-Cholesterol level, number of
apoE4 alleles, sex and age) using simulation. For alpha=0.05 and n=61 (5 samples removed due
to outliers in protein measurement), the power for CPN2 in the unadjusted model was found to
be 0.934 and the power for the adjusted model was found to be 0.838. For alpha=0.05 and n=61,
the power for F10 in the unadjusted model was found to be 0.927 and the power for the adjusted
model was found to be 0.804.

Other limitations include: 1) for the 124 proteins we identified in fractionated HDL, we may not
find all proteins have equivalent plasma protein data in SomaLogic data set; 2) since we selected
the 66 participants randomly, sex and race as potential confounders may not make any
difference; 3) we acknowledge that proteins in fractionated HDL and proteins in unfractionated
plasma were measured by different methodologies; 4) if some proteins still have skewed or
bimodal distributions after log-2 transformed, we have to figure out an alternative statistical
model for these proteins.
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