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4. Rationale:  

von Willebrand factor (VWF) is a multimeric glycoprotein ligand that is essential in the 

initiation of hemostasis at the site of vessel injury. VWF can also be prothrombotic by 

mediating platelet adhesion to inflamed endothelial cells and platelet aggregation under 

pathological high shear stress found at sites of arterial stenosis. VWF-induced platelet 

aggregation not only occludes arteries, but also activates platelets to release 

proinflammatory cytokines and chemokines that propagate endothelial injury. VWF 

multimers are secreted by endothelial cells and platelets under conditions such as 

systemic inflammation and hyperlipidemia. As such, plasma VWF antigen serves as one 

of the most widely used markers for endothelial injury. Multiple correlation studies have 

shown that elevated plasma levels of VWF are associated with smoking, elevated 

cholesterol levels, diabetes mellitus, hypertension, and atherothrombosis.
1
 Some studies 

have shown that VWF levels are an independent predictor for ischemic heart disease and 

stroke.
2
 There is also substantial evidence that implicates VWF in the terminal 

thrombotic complications of acute coronary syndromes, including animal models of 

VWF-dependent occlusive coronary thrombosis.
3
 Given these findings, it is important to 

understand and eventually regulate VWF expression.   

It is known that both environmental and genetic factors impact plasma levels of VWF 

multimers. Studies have demonstrated that 66% of the variations in plasma VWF levels 

are genetic and 30% of which is determined by ABO blood type.
4
 We have recently 

constructed VWF haplotypes for European (EA) and African Americans (AA) and, as 

expected, found them to be significantly different (Figure 1). We have also analyzed 78 

VWF SNPs for ARIC subjects of European descent and found 18 of them (and associated 

haplotypes) to significantly associate with VWF antigen levels (the manuscript [#1497] 

has been approved and submitted recently). However, we were unable to compare SNP 

and haplotype distributions between subjects of European and African descent because 

ABO for African American has only recently been genotyped for the entire ARIC cohort. 

In addition, the recent International 1000 Genomes Project promises to survey more than 

25 world wide ethnicities using the next generation sequencing platforms. The data is 

quickly becoming available to the community. With this information now available, we 

propose to conduct a follow up study to specifically 1) identify SNPs and haplotypes of 

the VWF gene that are associated with VWF antigen levels in African Americans, 2) 

identify differential SNP and haplotypes that may be unique for either ethnic group, and 

3) determine whether any SNPs and haplotypes found in African American subjects 

correlate with cardiovascular or cerebrovascular disease. 4) characterize the SNP and 

haplotype distributions in control individuals in the ethnicities studies by the 1000 

Genomes Project. 

5. Main Hypothesis/Study Questions: 

We hypothesize that 1) African Americans have a different set of SNPs (and haplotypes) 

that associate with VWF antigen levels in plasma; 2) ABO genotypes have different 

impacts on VWF antigen levels in subjects of African and European descents, and 3) 

specific SNPs and haplotypes in the VWF gene of African Americans associate with 

incidence of CHD and stroke.  



 

ALTERNATIVE HYPOTHESIS: 

We hypothesize that: 

1) In spite of having different haplotype maps; African American haplotypes with an 

association with VWF Ag level will localize to a similar location on the VWF gene as the 

haplotypes found to have an association in subjects of European descent.  If this is true, 

it will lend support to the hypothesis that this particular place on the VWF gene plays an 

important role in VWF regulation/synthesis and is more than an association.   

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 propose to: 

1. In collaboration with Dr. Fuli Yu of the Human Genome Sequencing Center at 

Baylor College of Medicine, we have constructed separate VWF gene haplotype 

maps for subjects of African and European descent using fastPHASE program 

(Figure 1).  

2. Determine the association of VWF SNPs and haplotypes with baseline ARIC 

VWF Ag levels in African Americans. VWF Ag level is treated as a quantitative 

trait. We plan to study the haplotype association using a linear mixture model 

approach
5
, which has three different methods. First is a linear regression with the 

haplotype estimates from fastPHASE. The other two methods do not require prior 

estimation of haplotypes: a score test method
6
 and a linear mixture model 

approach
7
. The latter might be more powerful than the traditional approach, the 

score test method, due to it inherent dimension reduction treatment. After the 

stratified analyses are performed, we will then evaluate (analysis of covariance) 

whether there are interactions between any VWF haplotype and ABO blood type 

(cohort). 

3. Identify specific SNPs and haplotypes that are common or unique in their 

association with VWF antigen levels in subjects of African and European descent.  

4. Carry out similar SNP and haplotype analyses in the 1000 Genomes data set. 

5. We did not detect any correlation between VVWF SNPs/Haplotypes and 

atherothrombotic disease in subjects of European descent. Here, we propose to 

perform analyses to determine if any VWF SNPs and haplotypes (overall or 

within a specific blood type) associate with the incidence of (1) definite or 

probable myocardial infarction plus definite fatal CHD, (2) ischemic stroke, (3) 

diabetes in African Americans. The analysis will involve proportional hazards 

regression for the incidence endpoints and logistic regression for prevalence 

endpoints. 

6. Confounding variables for analysis: gender, total cholesterol, HDL, age, smoking 

status, and hypertension. 

 

Inclusion/exclusion:  



The entire ARIC cohort, including subjects who have data on plasma VWF antigen (Visit 

1) and SNPs in VWF gene. ABO status has been genotyped for the ARIC cohort. 
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Figure 1. Haplotypes of VWF SNPs in ARIC cohort (top panel: EA and bottom panel: AA).  
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