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What a momentous year we had in 2005! After a full year in 
our new building, I still marvel at our great good fortune to be 
here in the heart of Mission Bay, where UCSF and biotechnology 
companies are working to create one of largest concentrations of 
biomedical researchers in the country. 

All around us, the community is being built. UCSF has already 
occupied several research facilities, and more are in progress or 
planned. Our second ÿoor has been completed and leased to 
the biotechnology company FivePrime. Construction of the þrst 
building in the òbiotechnology corridoró has also begun right 
next door. 

From the beginning of Gladstone, we have sought the advice 
of the best outside reviewers we could þnd. This year was no 
different. The Advisory Council of 25 outstanding individuals 
has been a constant source of valuable advice and continuing 
guidance for our fundraising campaign. And our Scientiþc Ad-
visory Boards have continued to help us to keep our scientiþc 
programs focused and moving forward. I thank them all for ev-
erything they have done for Gladstone.

I was particularly pleased with two activities this year. First, 
Gladstone partnered with the National Student Leadership Con-
ference to encourage students to pursue careers in medicine and 
science. Scholarships from Gladstone enabled nine outstanding 
minority high school students to attend the NSLCõs Medicine 
and Health Care program. Second, to celebrate our extraordi-
nary diversity, we initiated our World of Gladstone program, a 
series of cultural and artistic events. 

Again this year we welcomed new faculty members. In June, 
Deepak Srivastava assumed the directorship of the Gladstone 
Institute of Cardiovascular Disease, ushering in a new era. His 
leadership is already evident in the new research focus on con-
genital heart disease and stem cell biology. Benoit Bruneau has 
accepted an appointment as associate investigator at GICD, and 
will soon bring his expertise in cardiac development to the Insti-
tute. In October, Paul Muchowski joined the Gladstone Institute 
of Neurological Disease. His innovative use of yeast genetics 
and biophysics will undoubtedly lead to exciting advances in 
our understanding of Huntingtonõs disease and other neurode-
generative disorders. 

Despite challenges, we have had the pleasure of òlearningó to 
live in our wonderful new building this year, and our scientiþc 
program has thrived, as described more fully in the pages that 
follow. With considerable satisfaction, I can note some indicators 
of the quality of our research accomplishments. Warner Greene 
was accorded a rare honor: election to the Institute of Medicine 

of the National Academy of Sciences. Dr. Srivastava published 
three papers in the prestigious journal Nature. Steven Finkbeiner 
received the Lieberman Award of the Hereditary Disease Foun-
dation and the þrst annual Taube Symposium prize for outstand-
ing research on Huntingtonõs disease.  In addition, our success 
in obtaining grant funding from the NIH remains well above the 
national average. And the number of our publicationsñparticu-
larly those in þrst-tier journalsñhas continued to increase. 

Our extraordinary year culminated with Gladstone being hon-
ored twice by The Scientist. In the magazineõs annual surveys of 
academic and research institutions, Gladstone was ranked the 
3rd best place to work in academia and the 12th best place for 
postdoctoral fellows to work. 

The exciting work described in this annual report reÿects the 
dedication, imagination, and hard work of our wonderful sci-
entiþc and administrative staffs. I thank each and every one 
of them and look forward 
to continuing our mis-
sion to contribute to the 
health and well-being 
of all humankind.



Heart disease continues to be the leading cause of death in 
adults and children. In addition to the severe mortality associ-
ated with cardiovascular disorders, morbidity is signiþcant in 
the 5 million adult survivors with heart failure and 1 million 
survivors of congenital heart malformations. 

The year 2005 represented a milestone in the distinguished 26-
year history of the Gladstone Institute of Cardiovascular Dis-
ease and launched a new era for GICD. Under the direction 
of Robert W. Mahley from 1979 to 2005, GICD made seminal 
contributions to understanding the etiology of atherosclerotic 
heart disease and became recognized as an important scien-
tiþc force in the cardiovascular þeld. While this emphasis con-
tinues, in 2005, GICD began to expand into scientiþc areas of 
enormous potential involving developmental and stem cell bi-
ology and human genetics. Joint Gladstone-UCSF search com-
mittees in these two areas were started and have already cul-
minated in the recruitment of Benoit Bruneau, a rising star in 
the area of cardiac differentiation, as an associate investigator. 
Three additional faculty recruitments are expected to create a 
rich environment that will encourage synergistic interactions 
among all members of GICD and allow discovery into the ge-
netic predisposition of various forms of heart disease and po-
tential regenerative therapies for those with disease.

Israel Charo, senior investigator, found that signaling by frac-
talkine, a novel chemokine, via its receptor, CX3CR1, recruits 
monocytes to the vascular smooth muscle. Deletion of the 
fractalkine receptor in mice resulted in smaller atherosclerotic 
lesions among apolipoprotein (apo) E mutants on a high-fat 
diet. These results suggest that drugs that block the fractal-
kine/CX3CR1ð/ð axis might be valuable therapeutic agents.



Bruce Conklin, associate investigator, established an efþcient 
system to test the function of hormone signaling via G-pro-
tein-coupled receptors in cardiomyocytes derived from em-
bryonic stem cells. Continued generation of mutant ES cell 
lines through BayGenomics, a large-scale effort to inactivate 
all genes in mouse ES cells, provided a growing pool of ES cells 
for functional studies in embryoid bodies. Further reþnements 
of the Gene Map Annotator and Pathway Proþler (GenMAPP) 
program developed in the Conklin lab allowed genome-wide 
analyses of signaling pathways in embryonic stem cells. 

Robert V. Farese, Jr., senior investigator, further characterized 
enzymes that regulate fat synthesis and their relationships to 
diabetes and obesity. After spending 2005 on sabbatical in 
Peter Walter õs laboratory at UCSF, Dr. Farese is incorporat-
ing the elegant tools of yeast genetics into his studies to under-
stand the fundamental mechanisms of lipid accumulation.

Robert W. Mahley, senior investigator, continued large complex 
trait genetic studies to identify loci linked to high density lipo-
protein levels in the Turkish population. For example, his labo-
ratory found rare alleles of apoA5 linked to high triglycer-
ide levels in Turks that may help in identifying mechanisms 
and risk stratiþcation for cardiovascular disease.

Wendy Peters, staff research investigator, investigated the role of 
chemokine receptors in trafþcking of immune cells to sites of 
infection, particularly those involving tuberculosis.

Robert Pitas, senior investigator, developed a mouse model of 
excessive lipoprotein(a) (Lp(a)), a risk factor for atherosclerosis, 
and showed that Lp(a)-induced vascular disease may be related 
to increased oxidized phospholipids in the Lp(a) complex.

Deepak Srivastava, senior investigator, found that human mu-
tations in the NOTCH1 gene cause a common trait affecting 
cardiac valve formation and calciþcation, which may lead to 
novel interventions and preventive modalities for valve disease. 
His laboratory also established a critical role for microRNAs in 
regulating differentiation of cardiac progenitor cells and mainte-
nance of cardiac muscle, also involving the Notch pathway.

Karl Weisgraber, senior investigator, solved the crystal structure 
of apoE in its lipid-bound form, explaining the requirement 
of lipid binding for interaction of apoE with the low density 
lipoprotein receptor. 

The move to Mission Bay has put Gladstone at the epicenter 
of one of the most exciting scientiþc efforts in the country. We 
have forged cooperative relationships with numerous groups, 
including the UCSF Cardiovascular Research Institute, with 
whom we began a joint seminar series; the Center for Human 
Genetics and the Program in Developmental and Stem Cell Bi-
ology, which are both integrally involved in our new areas of 
expansion; and numerous UCSF departments that are becom-
ing increasingly invested in the success of our programs.

In 2005, we recognized Dr. Mahley and Dr. Weisgraber for their 
inspiring leadership of GICD at an elegant dinner at the Gold-
en Gate Club. We will honor Dr. Mahleyõs contributions with 
a mini-symposium in 2006 entitled òCardiovascular Disease: 
The Road to Discovery.ó The symposium will feature mem-
bers of our distinguished scientiþc advisory board, including 
Michael Brown, Nobel laureate, who has maintained a fruitful 
collaboration with Dr. Mahley and GICD investigators for the 
last 30 years.

There is clearly an urgent need to address the etiology and risk 
factors of cardiovascular disease while building the scientiþc 
basis for novel therapeutic development. With the breadth of 
investigation and the areas of expansion, GICD is poised to 
be a leading force in cardiovascular science and will continue 
to strive for scientiþc excellence. The rich scientiþc environ-
ment at Gladstone and UCSF, the new physical facility, and the 
òGladstone Modeló of encouraging high-risk, high-reward sci-
ence should keep us on the cutting edge for years to come. The 
continued commitment and dedication of an unusually bright 
collection of trainees and scientists in GICD creates an environ-
ment conducive to creative discovery. I am thrilled to partici-
pate in shaping the future of GICD and eagerly anticipate our 
many successes and contributions.



The Lipid Disorders Training Center at the Gladstone Institute 
of Cardiovascular Disease is entering its 16th year of educating 
health care providers about the management of cardiovascular 
disease risk factors. Since the program began in 1991, over 3000 
persons have attended. Two-and-one-half day basic courses and 
one-day updates for prior attendees are offered several times 
annually. The basic courses include instruction in the physiol-
ogy and pathophysiology of plasma lipid metabolism, hyper-
tension, and diabetes mellitus. The evidence supporting the use 
of diagnostic procedures and therapies is reviewed, and exten-
sive time is devoted to therapies, especially those involving diet, 
exercise, and weight management. Safe and appropriate use of 
medications is also reviewed.
An entire day is devoted to a demonstration clinic, during which 
attendees see Gladstone Lipid Clinic patients. Participants usu-
ally describe this òhands onó clinical learning experience as a 
highlight of the course. There is also extensive discussion of 
cases of the attendees. In addition to physicians, about half of 
those attending are nurses, pharmacists, and dieticians. These 
nonphysician health care providers mostly come from one of 
several very large health maintenance organizations where they 
manage thousands of high-risk patients.
The update courses provide information about new diagnostic 
methodologies for assessing risk of sustaining a clinical vascular 
disease event and the treatment implications of recently com-
pleted clinical studies. New drug therapies are reviewed and sig-

niþcant developments in lifestyle management are discussed. 
A healthy lifestyle can reduce vascular disease risk by 50% or 
more and is additive to the beneþts of drug therapy and inva-
sive treatments (angioplasty, stenting, and bypass surgery). Pa-
tient compliance with lifestyle change recommendations is difþ-
cult, and our focus on these issues is uniformly the most popular 
feature of our teaching efforts. 
In the coming years, new information will be forthcoming re-
garding weight management, preventing the development of 
diabetes mellitus in genetically susceptible patients, and better 
diagnostic strategies to identify patients at high risk of develop-
ing their þrst vascular disease event. The Gladstone Lipid Dis-
orders Training Center provides almost immediate access to this 
new information and its therapeutic implications.



Atherosclerosis begins early in life with the formation of fatty-
streak deposits of lipid-laden macrophages in arteries. Research 
in our laboratory has sought to understand why monocytes 
leave the bloodstream and enter the artery wall to ingest lipids 
and contribute to fatty-streak formation.
Monocyte trafþcking is orchestrated by chemokines, which 
have been implicated in the pathogenesis of atherosclerosis, 
glomerulonephritis, and infectious diseases. We are particularly 
interested in two chemokinesñmonocyte chemoattractant pro-
tein 1 (MCP-1) and fractalkineñand their receptors. We cloned 
the gene for the MCP-1 receptor, chemokine receptor 2 (CCR2), 
created CCR2 knockout mice, and found that they were resis-
tant to diet-induced atherosclerosis. We are currently creating 
GFP-CCR2 knock-in mice, in which the CCR2 promoter drives 
expression of green ÿuorescent protein. Because one copy of 
CCR2 is sufþcient to confer wildtype activity, we will be able to 
use intravital microscopy to track the movement of CCR2-posi-
tive monocytes in CCR2GFP/+ mice.
Recently, we investigated potential roles for CCR2 in diet-in-
duced insulin resistance and the metabolic syndrome. In collab-
oration with investigators at Columbia University, we showed 
that CCR2 is critical for macrophage recruitment to adipose tis-
sue and contributes to insulin resistance, possibly through re-
lease of cytokines. 
Fractalkine, a novel chemokine anchored to vascular wall cells 
by a mucin stalk linked to a transmembrane domain, is also in-

volved in atherogenesis. We created mice lacking the fractalkine 
receptor (CX3CR1ð/ð) and found that they were protected in a het-
erotopic cardiac allograft model. Most recently, we showed that 
fractalkine is highly expressed in vascular wall smooth muscle 
cells in Apoeð/ð mice fed a high-fat diet. Interestingly, CX3CR1ð/ð 
mice on a high-fat diet had much smaller atherosclerotic lesions 
than wildtype littermate controls. Thus, fractalkine is critical for 
monocyte recruitment and capture. Drugs that block the fractal-
kine/CX3CR1ð/ð axis might be valuable therapeutic agents. 
CXCL16, a chemokine that is structurally similar to fractalkine, 
might also have a role in atherosclerosis. We made CXCL16ð/ð 
mice and crossed them with mice lacking the low density lipo-
protein (LDL) receptor. Because CXCL16 is a scavenger receptor 
for oxidized LDL and can capture Th1-polarized CXCR6-ex-
pressing T cells, we expected that deletion of CXCL16 would 
be atheroprotective. Surprisingly, lesion size was increased in 
CXCL16ð/ð mice lacking the LDL receptor. Experiments are cur-
rently in progress to elucidate the role of CXCL16 in atherogen-
esis and to understand how it can be atheroprotective. 



Hormone receptors help to coordinate the development and 
function of tissues, such as the heart. The largest known family 
of receptors for hormones and drugs are the G proteinðcoupled 
receptors (GPCRs), encoded by over 700 human genes. To better 
understand the role of GPCRs in vivo, we use computational 
methods (bioinformatics) to identify/reþne new pathways and 
high-throughput experimental methods (functional genom-
ics) in embryonic stem cells (ESCs) to experimentally test these 
pathway circuits.
Our pathway-oriented bioinformatics effort has concentrated 
on developing a free, publicly distributed software package, 
GenMAPP (Gene Map Annotator and Pathway Proþler, www.
GenMAPP.org). GenMAPP is now used by researchers world-
wide (>13,000 registered users), and this community is helping 
us shape the future of pathway-oriented bioinformatics. We are 
expanding this open-source program to allow genome-wide, 
pathway-oriented analysis for all types of functional genomic 
data, such as genetic variation, disease association studies, and 
analysis of functional genomic experiments. 
Our functional genomic experiments focus on GPCR signaling 
pathways in ESCs. We use high-throughput gene inactivation 
methods (short interfering RNA and gene trapping) in ESCs, 
and then analyze ESC-derived cardiomyocytes. Interrogation 
of ESC differentiation at the level of gene transcription and 
alternative splicing with new microarray designs allow us to 
examine, at an unprecedented level of resolution, the molecu-
lar changes that guide cell transition. We are involved in Bay-

Genomics, a large-scale, academic collaboration with the goal 
of inactivating all genes in mouse ES cells (www.genetrap.org). 
By focusing on ESC-derived cardiac myocytes, we can exam-
ine entire signal transduction cascades, allowing us to identify 
the key regulatory elements. 
We have also engineered GPCRs called RASSLs (receptors ac-
tivated by small synthetic ligands) that are unresponsive to en-
dogenous natural hormones, but are still activated by synthetic 
small-molecule drugs. RASSLs will be powerful probes to ex-
amine GPCR signaling in complex systems, including stem cellð
derived tissues. By combining pathway-oriented bioinformatics 
with high-throughput experimental methods that probe these 
pathways, we are gaining insights into the molecular basis for 
hormonal control of cardiovascular development and function.
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Excessive accumulation of triglycerides in fat cells causes obe-
sity and, in other tissues, is associated with type 2 diabetes, fatty 
liver disease, and heart failure. Thus, understanding the mecha-
nisms of fat synthesis and storage is of great importance.
Our laboratory studies the mechanisms of fat synthesis and stor-
age. We cloned many enzymes that synthesize nonpolar lipids 
and characterized their functions biochemically and physiologi-
cally in genetically modiþed mice. 
Much of our research focuses on understanding how triglycer-
ides are synthesized and stored. Triglyceride formation is cata-
lyzed by acyl CoA:diacylglycerol acyltransferase (DGAT) en-
zymes. We identiþed the genes for DGAT1 and DGAT2, potential 
targets for treating obesity, diabetes, and fatty liver disease. 
DGAT1 is important in regulating energy balance. Mice lack-
ing DGAT1 have ~50% less body fat. On a fat-rich diet, they are 
resistant to obesity and diabetes. Intriguingly, loss of DGAT1 
activates pathways of energy utilization. Conversely, mice with 
high levels of DGAT1 in adipose tissue are prone to obesity 
but not diabetes. We hypothesize that DGAT1 levels in fat cells 
regulate cell size and the endocrine function of fat, and we are 
utilizing fat with altered DGAT1 expression to identify factors 
that modulate insulin and leptin sensitivity. DGAT1 also plays 
roles in developmental processes. Mice lacking DGAT1 have im-
paired mammary gland development and altered hair growth.  

Ongoing studies are focused on how DGAT1 modulates these 
processes and, in studies led by Sylvaine Cases, whether DGAT1 
modulates the proliferation of mammary cancer cells.
Mice lacking DGAT2 are almost totally deþcient in triglycerides 
and die shortly after birth, suggesting different functions for this 
enzyme than for DGAT1. We recently identiþed a key difference 
in their substrates. In the test tube, DGAT2 utilizes primarily 
diacylglycerol; DGAT1 also uses monoacylglycerols, long-chain 
alcohols, and retinol (vitamin A). Ongoing studies are address-
ing whether these differences are important in living organisms.
The DGATs also likely have different roles in cellular triglyc-
eride metabolism. To acquire expertise in this area, Dr. Farese 
spent 2005 on sabbatical leave in the laboratory of Peter Wal-
ter at UCSF.



Since 1990, we have conducted a large-scale epidemiological 
study of risk factors for heart disease in Turkey. The Turkish 
Heart Study has shown that high density lipoprotein cholesterol 
(HDL-C) levels are 10ð15 mg/dl lower in Turks than in western 
Europeans or Americans and are associated with a 25ð30% in-
crease in hepatic lipase activity. This striking reduction in HDL-
C is primarily genetic in origin and occurs after puberty. HDL-C 
levels decrease to 37 mg/dl from ~55 mg/dl in males and to 42 
mg/dl from ~58 mg/dl in females. 
More recently, we looked for single nucleotide polymorphisms 
in candidate genes that may be associated with lipid abnor-
malities. Analysis of 2000ð3000 random Turkish DNA samples 
showed that the TaqIB polymorphism in the gene for cholesterol 
ester transfer protein is associated with 5ð15% lower HDL-C 
levels in individuals with the B1B1 genotype, with a further 8ð
10% decrease in smokers. In addition, common polymorphisms 
in the ABCA1 gene were associated with lower HDL-C, and rare 
alleles in the apoA5 gene with higher triglycerides.
As part of a larger international study (Genetic Epidemiology 
of the Metabolic Syndrome), genome-wide scans for quantita-
tive-trait loci that affect triglyceride and HDL-C levels were 
conducted in 40 Turkish families with atherogenic dyslipidemia. 
Signiþcant linkage to triglycerides was found at chromosome 

11q22 (LOD = 3.34), which is near the apoAI/AIV/CIII/A5 lo-
cus. For HDL-C, linkage was identiþed at chromosome 15q22 
(LOD = 3.05), which is near the hepatic lipase locus.
Although candidate gene studies have not identiþed a single 
factor responsible for the low HDL-C levels in Turks, they may 
suggest that multiple genes contribute independently to and 
interact with environmental factors. Further reþnement of the 
genetic loci for triglycerides and HDL-C is under way.


