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3. Timeline: 



Analysis will begin immediately using visit 3 plasma protein data and focusing on identifying 
associations between plasma protein measurements and cancer polygenic risk scores in ARIC 
individuals (expected to be completed within 2 months). We will then explore direct association 
between identified proteins and risk of selected common cancers within ARIC (expected to be 
completed within another 2 months).  The manuscript is expected to be completed within 6 months 
to 1 year.  
 
4. Rationale:  
 
Genomewide association studies for cancers to date have identified many common susceptibility 
variants associated with risks. While each individual SNP contributes only small amount of risk, 
polygenic risk score (PRS), which captures genetic burden of a disease associated with multiple 
risk variants, can explain significant heritability for many diseases including cancers. There is 
currently great interest in using PRS to improve disease risk prediction. Further, it has been 
proposed that PRS for a disease can be used identify mediating biomarkers of genetic association 
in a more powerful manner than that is possible based on individual weakly associated SNPs 1-3.  
Recently, high-throughput technology, such as SOMAscan, has provided an opportunity to 
explore the role of proteins at large in mediating complex trait genetic association4. We propose 
to utilize recently available data on ~5000 SOMAscan from the large and diverse ARIC sample 
to explore relationship between cancer PRS and plasma proteome.  Further, for identified 
protein-PRS associations, we will explore potential causal basis of them by using Mendelian 
Randomization approach where the causal effects of the PRS associated proteins on the risk of 
the underlying cancers will be tested using cis-pQTLs that we have recently characterized using 
the ARIC data itself  5.   Further, for the identified proteins, we propose to investigate direct 
association between the level of proteins and prospective risks within the ARIC study for 
common cancers that have sufficient number of cases (>100 cases). Different approaches have 
complementary strengths and thus we expect they together can help to triangulate potential 
causal proteins that mediates cancer genetic associations.  
 
5. Main Hypothesis/Study Questions: 
Identification proteins that may causally mediate associations between polygenic risk scores and 
cancers. 
 
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). 
 
Construction of PRS and Selection of Cancers 
We will use data reported on PGS catalog 6 to construct polygenic risk scores across cancers. We 
will restrict analyses to cancers which has been associated with at least 10 independent common 
SNPs based on recent genome-wide association studies. Preliminary exploration indicates 
according to this criterion, we can include a total of 16 cancers in our PRS analysis. The list include 
basal cell carcinoma, glioma, melanoma, liver cirrhosis, chronic lymphoid leukemia and cancers 
of bladder, breast, cervix, colorectum, kidney cancer, lung, ovary, pancreas, prostate, and thyroid.. 
  
PRS by Proteome Analysis in ARIC 



We will construct PRS for each cancer for individuals in ARIC using prespecified weights 
available from the PGS catalog curated from the latest literatures. We have previously developed 
a QC pipeline for cleaning, transforming and adjustment for known and hidden confounder for 
association analysis of the ARIC proteome data in a linear regression framework. We will use a 
similar pipeline to perform linear regression analysis of each individual protein on each individual 
cancer PRS. For each cancer, we will also adjust for additional known cancer-specific risk factors. 
For PRS corresponding to gender specific cancers, we will restrict the analysis to individuals of 
the same gender. For cancers that affect both sexes, we will pool data and use self-reported sex as 
a covariate. We will use the ARIC European American (EA) samples as the discovery set for 
conducting PRS by proteome association analysis. For any given cancer PRS and the proteins 
which reach proteome-wide significance (p-value < 3.7x10-5), we will replicate the association in 
the ARIC African American (AA) samples. Following are our inclusion/exclusion criterion and 
required ARIC variables for our primary analysis. 
 
 
Inclusion/exclusion criteria:  
ARIC participants with: 
1) SomaLogic proteomic data at visit 3  
2) Genotype imputed using Affy 6.0.  
3)     Exclude individuals with cancer diagnosis prior to visit 3 
 
Data requirement 

1) SomaLogic Proteomic data (visit 3) 
2) Imputed genotype data 
3) Prevalent and incident cancer outcomes  
4)  covariate data: age, sex, race, study site, smoking history, body mass index, other known 

cancer risk factors 
 
Mendelian Randomization Analysis  
A PRS by protein association may not necessarily indicate a causal role of the underlying protein 
on the risk of the cancer. In fact, coincidental associations may arise due to hidden confounders 
that may influence both cancer risk and the level of the proteins. Thus, for identified proteins in 
our primary analysis, we propose to further conduct Mendelian Randomization (MR) analysis to 
investigate whether these proteins can be causally linked to risk of the underlying cancers. In this 
step, we will leverage results from our own recent study 5 that has mapped cis-pQTLs for ~2000 
genes based on comprehensive analysis of the ARIC data itself. Cis-pQTLs, which are less likely 
to be affected by horizontal pleiotropy, provide excellent instruments for robust MR analysis. 
 
Direct Association Analysis of Protein and Cancer Risk within ARIC  
For the identified proteins, we will also investigate direct association between protein levels and 
prospective cancer risk within the ARIC study. We will use the Cox proportional hazard regression 
model to relate visit 3 protein levels with post-visit 3 cancer risk after eliminating all follow-up 
times prior to visit 3. We will adjust for cancer specific risk factors as covariates. We will pool 
data across EA and AA populations with suitable covariate adjustment for race. As ARIC is a 
relatively small cohort study, the number of cancer events accrued to date is low for many 



individual cancers and thus to ensure sufficient power we will restrict this analysis to only those 
cancers which has at least 100 cases (post visit-3). 
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