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Vascular stiffness develops as calcifi cation, fi brosis and destruc-
tion of the elastic network progress during “normal” aging. Arterial 
stiffness becomes a major determinant of hemodynamic changes 
and of negative consequences on vital organs. There is mounting 
evidence that this process is not passive, but involves local cell-
matrix interactions and a phenotypic change of vascular smooth 
muscle cells. Diabetes is a condition where vascular stiffening 

occurs earlier in life. Diabetes is a complex disease with several 
metabolic alterations that could contribute to the acceleration of 
arterial stiffness. We will present results on the impact of advanced 
glycation end-products, and their interaction with specifi c recep-
tors (RAGE), in this setting, using novel animal models of macro-
vascular complications of diabetes.

Myocardial infarction (MI) and risk factors for MI such low-density 
lipoprotein cholesterol (LDL-C) have an inherited basis.  To identify 
the specifi c DNA sequence variants that confer susceptibility to MI, 
we have conducted association studies testing polymorphisms 
across the genome for association with MI or LDL-C.  We have iden-

tifi ed >40 different genetic loci associated with MI or LDL-C.  In 
this lecture, I will describe the genetic discovery studies for MI and 
plasma lipid concentrations and discuss the potential clinical ap-
plication of these fi ndings in predicting risk for MI.

Evaluating the accumulation of platelets, intravital models have 
yielded novel insights about the mechanisms of thrombus forma-
tion. The concept that accumulated platelets are not necessarily 
activated led us to study the dynamics of platelet activation in 
vivo. Using high-speed confocal microscopy and exploiting an 
antigen on platelets that does not change with platelet activation 
(GpIbβ), we can monitor platelet activation in time and in space in 
vivo. In the laser-injured cremaster arteriole model, as a marker of 
platelets, we used a Dylight-488-tagged antibody against GpIbβ. 
As markers of platelet activation, we used Dylight-647-tagged: 
antibody against P-selectin as a indication of α-granule release; 
Fab fragment of an antibody against integrin αIIb whose expression 
increases upon activation; or Diannexin, a homodimer of annexin 
A5, that binds phosphatidylserine with high a�  nity.  Every 20 sec 

for 5 min, 80 two-color slices of the thrombi were imaged using 
high-speed (AOTF) two-color confocal microscopy.  Whereas the 
αIIb was di� usely expressed throughout the thrombi, P-selectin and 
Diannexin  signals tended to be patchy and localized to the area 
of thrombi adjacent the vessel wall.  An activation ratio (activation 
marker � uorescence/GpIbβ � uorescence) was measured over the 
entire thrombus at each time point after injury, and the time to half 
maximal activation ratio (tMR) was determined. The tMR for αIIb, 
P-selectin and Diannexin were 51±8, 93±10 and 104±17 sec, re-
spectively.  In mice given the anti-platelet agent acetylsalicylic acid 
(ASA, 1.25 µg/g) orally prior to injury, there was an almost 2-fold 
increase in tMR for αIIb but no e� ect on tMR for P-selectin. Thus, this 
method distinguishes components that represent platelet activa-
tion events; this will useful to evaluate platelet inhibitors in vivo.

Platelets are anucleate cells that are not amenable to traditional 
forward genetic analysis. In collaboration with the Broad Institute 
Probe Development Center, we have performed a chemical genetic 
analysis of platelet activation. Chemical genetics involves exposure 
of cells to a library of small molecules, identi� cation of active com-
pounds, and determination of the target of these small molecules. 
We have used an assay designed to identify both allosteric inhibi-
tors of Protease Activated Receptor-1 (PAR1) and inhibitors that se-
lectively target granule release. This assay monitors PAR1-mediated 
dense granule release using a luciferase detection system. Primary 
screening involved over 300,000 compounds assayed in duplicate. 
Con� rmational assays and counterscreening for luciferase inhibitors 
identi� ed 137 compounds that inhibited PAR1-mediated dense 

granule release. Twenty eight compounds were selected based on 
their IC50s in con� rmatory assays, selectivity in other bioassays, and 
chemical structure. Known platelet inhibitors were excluded. Of the 
28 compounds, 16 compounds potently inhibited SFLLRN-induced 
α-granule release. IC50s for these compounds ranged from <0.3 to 
1 μM. All 16 compounds also inhibited SFLLRN-induced of αIIbβ3

activation. Although characterization of these novel platelet inhibi-
tors is still underway, one compound demonstrated characteristics 
of an allosteric inhibitor of select G protein coupled receptors. This 
compound inhibited thrombus formation in vivo with an IC50 of 1 
mg/kg. The results demonstrate the utility of forward screening to 
identify new probes for evaluating mechanisms of platelet activa-
tion and for identifying novel strategies for antiplatelet therapy.

Platelet adhesion and aggregation at sites of vascular injury are 
key events for thrombosis and hemostasis. It has been documented 
for over four decades that � brinogen (Fg) is required for platelet 
aggregation. However, using intravital microscopy, we found that 
platelet aggregation and thrombus formation occurred in mice 
lacking Fg and mice lacking both Fg and von Willebrand factor 
(Fg/VWF-/-). We further demonstrated that Fg/VWF-independent 
platelet aggregation can be induced in vitro and that β3 integrin 
is the platelet receptor required for this event. We found that both 
plasma and platelet granule protein(s) contribute to this mecha-
nism of platelet aggregation, and plasma � bronectin (pFn) sup-
ports thrombus growth. To examine whether pFn is the alternative 
β3 integrin ligand mediating this novel platelet aggregation, we 

generated Fg/VWF/pFn-/- triple knockout (TKO) mice. Surprisingly, 
platelet aggregation and thrombus formation in TKO mice were 
not abolished, but were enhanced as compared with Fg/VWF-/- 
mice. This suggests that other, currently unidenti� ed, β3 integrin 
ligand(s) exist which mediate Fg/VWF-independent aggregation. 
Our data demonstrated that pFn plays a dual role in thrombosis. We 
propose that soluble pFn is an inhibitory factor in platelet aggrega-
tion; however, insoluble pFn (e.g. formed via covalent linkage with 
� brin) may support thrombus growth. Elucidating the mechanisms 
that control pFn functional switching, and identifying the ligand(s) 
that mediates Fg/VWF-independent platelet aggregation should 
be of great interest for future studies.  

Cardiovascular medicine is increasingly focused on understand-
ing the mechanism of disease and developing new tools to assess 
future risk and make appropriate decisions regarding preventive 
care.  Although conventional risk factors contribute importantly, 
both rare and common genetic variants account for more than 
50% of coronary artery disease (CAD) susceptibility.  Thus recent 
advances in the ability to scan the human genome in an unbiased 
search for common genetic variants related to complex pheno-
types such as cardiovascular disease has opened up new avenues 
for research and clinical care.  The major goals of genome wide 
association studies for CAD are: 1) to provide new tools for the 
early identifi cation of individuals at higher risk of disease,  thus al-
lowing appropriate implementation of screening and prevention 
tools, and  2)  perhaps most importantly, to discover new biologi-

cal pathways leading to disease which will ultimately facilitate the 
development of new therapies to treat or prevent CAD.  In the last 
2 years, several genetic loci that are robustly linked to CAD risk, 
independently of known risk factors, have been discovered and 
many more are anticipated on the basis of large ongoing meta-
analyses.  Although these individually contribute modestly to 
overall CAD risk, the cumulative effect of multiple alleles is signifi -
cant and in the future, such information may be useful for clinical 
decision making.   Amongst the many single nucleotide polymor-
phisms (SNPs) across various genomic loci that have been linked 
to CAD, the greater challenge is to precisely defi ne the causative 
variants and to characterize their functional effects at the cellular 
and whole animal level.     

Vascular calcifi cation is highly prevalent and correlated with 
high rates of cardiovascular mortality in chronic kidney disease 
patients.  Recent evidence suggests that mineral, hormonal and 
metabolic imbalances that promote phenotype change in vascu-
lar cells, as well as defi ciencies in specifi c mineralization inhibi-

tory pathways may be important contributory factors for vascular 
calcifi cation in these patients.  This presentation reviews current 
mechanisms proposed for the regulation of vascular calcifi cation, 
and data supporting their potential contribution to this process in 
chronic kidney disease.

Interactions between cells and the extracellular matrix provide 
structural support in the blood vessel wall, and allow the op-
portunity for mechanotransduction.  Collagens are particularly 
abundant in the atherosclerotic plaque, and these molecules play 
both harmful and protective roles in atherogenesis. We have re-
cently described a critical role for the discoidin domain receptor 
1 (DDR1) collagen receptor tyrosine kinase during atherosclerotic 
plaque development.  Targeted deletion of DDR1 in LDLR-defi cient 
mice reduced lesion size and infl ammatory cell content but also 
accelerated matrix accumulation and promoted fi brous cap thic-
kening.  The end result was that DDR1-defi cient mice developed 
smaller, more stable plaques.  Our data support a role for DDR1 in 
the regulation of both infl ammation and fi brosis in plaque develo-
pment, and we are pursuing studies to elucidate the mechanisms 
involved.  With respect to the accelerated matrix accumulation, 

using a combination of in vitro studies with DDR1-defi cient 
smooth muscle cells, along with experiments using bone marrow 
transplantation to accomplish the deletion of DDR1 exclusively in 
host cells, we fi nd that the increased synthesis of matrix occurs 
in DDR1-defi cient smooth muscle cells, and is not infl uenced by 
deletion of DDR1 in bone marrow derived infl ammatory cells.  Fur-
thermore, our studies indicate that DDR1 plays an important role 
in mediating the deposition of calcium phosphate crystals within 
the vessel wall, as vascular calcifi cation is signifi cantly reduced in 
DDR1-defi cient atherosclerotic mice.   Taken together, our results 
suggest that DDR1 may be an important therapeutic target in 
atherosclerosis; strategies to inhibit receptor expression or func-
tion could limit infl ammation and plaque growth, and the late 
complication of vascular calcifi cation.             

Hyperlipidemias are common complex metabolic disorders that 
are associated with increased atherosclerosis risk. A mixture of 
genetic factors – in combination with diet and activity level – 
are determinants of hyperlipidemia.  These include: 1) common 
variants that are associated with plasma lipid variation with the 
‘normal range’ and whose effect size is individually small; and 2) 
rare mutations that have a large effect within biochemical path-
ways.  Individuals who have inherited numerous DNA variants are 

infrequent in the population but are very susceptible to develop 
hyperlipidemia.  Many of the genes that harbour common variants 
with small effect sizes also contain rare mutations with very large 
effects.  Combining genetic and phenomic data and using hier-
archical cluster analysis indicates that the classical Frederickson 
hyperlipidemia types share similarities at the genetic level, which 
could help to clarify diagnosis, prognostication and response to 
interventions. 


