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4. Rationale:
Type 2 diabetes (T2D) development has a complex pathophysiology characterized by

disruptions in cell signaling and metabolic homeostasis across multiple organ systems. Peripheral
and hepatic insulin resistance, pancreatic beta cell dysfunction, perturbations in macronutrient
handling, aberrant distributions of adipose tissue, elevated BMI, and blood lipid abnormalities
are all typical manifestations; however, affected individuals present with different combinations
of these phenotypes (1-3). And while lifestyle factors such as physical inactivity and diet are
well-known risk factors for disease development (4,5), genetic susceptibilities also influence risk
(6-8) and, critically, may contribute to the phenotypic heterogeneity of T2D (9,10).

So far genome-wide association studies have identified over 450 gene variants
significantly related to T2D (7-9, 11,12), though most variants have shown relatively modest
magnitudes of association with disease, <10% increased risk per allele (12-14). In an effort to
more thoroughly capture genetic risk, investigators have aggregated dozens to millions of
common gene variants, most of which do not meet the genome-wide significance threshold (p <
5 x 107%), in polygenic risk scores (PRSs) (6, 7, 9). PRSs for T2D have shown varying degrees of
efficacy with early scores providing marginal improvement risk discrimination beyond that of
typical clinical factors (15, 16), while others have been proven informative—e.g., a recent study
showed that individuals with PRS values in the top 2.5% were at 3.4-fold and 9.4-fold greater
risk compared to those at the median and bottom 2.5%, respectively (7).

Further refining this approach, PRSs comprised of clusters of gene variants have been
developed to interrogate the distinct manifestations and disease heterogeneity of T2D. In a recent
study by Goodarzi et al. (10), 106 gene variants were partitioned by their pathophysiological
phenotypes, generating four PRSs with mutually exclusive variants: 1) beta cell dysfunction: 52
variants shown to be related to glucose-stimulated insulin secretion, proinsulin, beta-cell
differentiation or proliferation, insulin processing or hyperglycemia; 2) insulin resistance: 30
variants identified by associations derived from oral glucose tolerance test, euglycemic-
hyperinsulinemic clamp, insulin suppression test, or the frequently sampled intravenous glucose
tolerance test; 3) lipodystrophy: 12 variants related lipoatrophy or adipose tissue storage shifting
from peripheral and subcutaneous compartments to visceral and hepatic compartments; and
finally 4) 12 variants related to BMI and blood lipids. Building upon this research, we propose to
explore these phenotype-derived PRSs and their associations with proteomic signature outcomes.

T2D proteomics research has so far examined aspects including, but not limited to,
associations with prevalent T2D, its complications, and responses to pharmacotherapies (17-19),
yet no studies have interrogated the PRSs of T2D. We hypothesize that this approach may
identify pathways through which gene variants contribute to pathophysiology, provide a more
complete understanding of T2D heterogeneity, and reveal potential upstream signaling cascades
for targeted pharmacotherapies. However, given the novelty in this area, it must be
acknowledged that this proposal has a number of limitations. Perhaps most critically, our
hypotheses are contingent on the variants within each PRS sharing pathways or converging on
a common pathway. PRSs comprised of variants with heterogeneous mechanisms will show
weaker, if any, associations with proteins.



5. Main Hypothesis/Study Questions:

Main Hypothesis: PRSs for beta cell dysfunction, insulin resistance, lipodystrophy and
BMI+lipid aberrations will be associated with distinct proteomic signatures.

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).

Design: cross-sectional. Proteomic data were measured at Visit 3 samples using SOMAscan v
4.0. This approach quantifies 4,931 human proteins through an aptamer-based platform. The
substantial protein coverage of SOMAscan v 4.0 and the over 11,000 ARIC participants with
available data provide the opportunity to characterize proteomic signatures associated with the
genetic risk for distinct T2D manifestations. Visit 3 was selected for the primary analysis due to
the larger sample size, fewer comorbidities, and less extensive medication use.

Data from Visit 5 will serve as an internal replication sample.

Inclusion/Exclusion: We will exclude participants who are not black or white, do not have
SOMAscan data at visit 3 or the corresponding genetic variants, or failed QC for SNPs or
proteins. To avoid finding medication effects, participants taking diabetes medications at the
sample visit for SOMAscan will also be excluded.

Exposure: PRSs will be generated from the below gene variants for each of the four distinct

T2D pathogenic phenotypes:

Beta cell dysfunction:

PROX1 rs340874
PROX1 rs114526150
THADA rs80147536
ADCY5 rs11708067
IGF2BP2 rs6780171
IGF2BP2 rs150111048
IGF2BP2 rs11717959
WEFS1 rs1801212
WEFS1 rs10937721
ANKH rs146886108
ZBED3 rs4457053
RREB1 rs9379084
RREBL1 rs9505097

GCK rs878521

LEP rs791595

ANK1 rs13262861
ANK1 rs4736819
SLC30A8 rs3802177
GLIS3rs10974438
CDKN2A/B rs10811660
CDKN2A/B rs10757283
ABO rs505922

GPSML1 rs28505901
CDC123/CAMK1D rs11257655
HHEX/IDE rs10882101
HHEX/IDE rs1112718

KCNQ1 rs2237897
KCNQ1 rs445084
KCNJ11 rs5213
TMEMZ258 rs102275
CENTD2/ARAPL rs77464186
MTNR1B rs10830963
MTNR1B rs57235767
KLHDCS rs10842994
HNF1A rs56348580
SPRY?2 rs1359790
C2CD4A/B rs8037894
HMG20A rs1005752
PRC1 rs12910825



CDKAL1 rs7756992
CENPW rs11759026
DGKB rs10228066
JAZF1 rs1708302
DUSP9 rs5945326

Insulin resistance:

MACF1 rs3768321

FAMG3A rs145904381
GCKR rs1260326

CEP68 rs2249105

CEP68 rs2052261
GRB14/COBLL1 rs10195252
IRS1 rs2972144

PPARG rs11709077

KIF9 rs11926707
ADAMTS9 rs9860730

Lipodystrophy:

LYPLAL1 rs2820446
PIK3R1 rs4976033
YTHDC2 rs10077431
EBF1 rs3934712

BMI and blood lipids:

POC5 rs2307111
TFAP2B rs3798519
NRXN3 rs17836088
FTO rs1421085

TCF7L2 rs7903146
TCF7L2 rs34855922
KCNQ1 rs234853
KCNQ1 rs2237895
ZHX3 rs17265513

FAM13A rs1903002
PDGFC rs28819812
ARL15 rs702634

ANKRDS55 rs465002

ANKRDS55 rs9687832

VEGFA rs11967262
KLF14 rs1562396
PLEKHAL rs2280141
PLCB3 rs35169799
CCND1 rs61881115

VEGFA rs6458354
SOGA3 rs2800733
MIR3668 rs2982521
LPL rs10096633

NFATS rs862320
MCA4R rs523288
ZMIZ1 rs703967,
MAP3K11 rs1783541

ZZEF1 rs1377807
HNF1B rs10908278
TTLL6 rs35895680

MPHOSPH9 rs4148856
BCAR1 rs72802342
BCAR1 rs3115960
CMIP rs2925979
BCL2A rs12454712
TM6SF2 rs8107974
PEPD rs10406327
GIPR rs10406431
GIPR rs2238689

PIM3 rs112915006

ITPR2 rs718314
ZNF664 rs7978610
MAP2K7 rs4804833
EYAZ2 rs6063048

BPTF rs61676547
TOMMA40/APOE rs429358
HNF4A rs11696357
PNPLAS3 rs738408

Outcome: Natural log2-transformed SomaScan protein levels will serve as the outcome variable,
and ARIC analytic recommendations for the SomaScan data will be followed. The proteins were
assessed using a Slow Off-rate Modified Aptamer (SOMAmer)-based capture array (SomaL.ogic,
Inc, Boulder, Colorado). Non-human proteins and proteins with unacceptable QC will be
removed (eg have large CV (e.g. > 20%), poor reproducibility between the blind duplicate pairs,

or non-specific binding).

Data analysis:

Multiple linear regression analysis in which the PRS will serve as the independent variable and
SOMAscan protein levels will serve as dependent variables. For each SNP, the number copy of
the risk allele as reported by Goodarzi et al. (10) will be modeled. The PRS will be calculated as



the weighted sum of the number of risk alleles. Weighted sums will be derived from relative risk
estimates for T2D as previously reported (10, 20, 21). Models will be adjusted for age at visit 3,
sex, principal components for ancestry, estimated glomerular filtration rate, and field center. We
will analyze the PRSs as both continuous and categorical variables (i.e., top quintile vs
remaining). The categorical PRSs may capture additional proteins associated with high genetic
risk for that metabolic phenotype. Statistical significance will be determined after Bonferroni
correction for the number of proteins. Analyses in Black and white individuals will be run
separately and associations compared between groups. As a replication step, we will repeat the
analyses using data collected at visit 5. We will also seek replication of significant findings in
external cohorts that have published GWAS for SOMAscan proteins.

To aid in the interpretation of the results, we will use Ingenuity Pathway Analysis to identify the
most relevant signaling and metabolic pathways, molecular networks, and biological
functions for associated proteins.

Limitations: It must be acknowledged that relying on PRSs categorized by T2D phenotypes
may too broadly presume that common pathways influence each pathophysiology through
the selected clusters of gene variants. For example, PRSs comprised of variants that share
pathways or converge on a common pathway would be expected to more strongly associate
with proteomic signatures; however, PRSs comprised of variants with heterogeneous
pathways which converge on the overt phenotype will show weaker associations. Caution
will have to be exercised in interpreting these latter results.
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