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T94
Role of apolipoprotein E in atherosclerosis 
regression.

Robert Raffai, Sam Loeb, Karl Weisgraber
J. David Gladstone Research Institutes 

Apolipoprotein (apo) E has been proposed to play sev-
eral roles, independent of lipid lowering, in promoting 
the regression of atherosclerosis. To investigate these 
roles in vivo, we have assessed atherosclerosis regres-
sion hypomorphic apoE (Apoeh/h) mice. These mice ex-
press ~2–5% of normal levels of an apoE4-like variant in 
plasma, maintain near-normal plasma lipid levels, and do 
not develop atherosclerosis on a chow diet. Diet-in-
duced hypercholesterolemia can be reversed in these 
mice within 3 weeks of resumption of a chow diet, or 
by restoring normal plasma apoE levels by Cre-mediated 
gene repair of the Apoeh/h gene, in Apoeh/h Mx1-Cre 
transgenic mice. We compared the extent of atheroscle-
rosis covering the abdominal aorta in three groups of 
Apoeh/h Mx1-Cre transgenic mice. In group 1, the mice 
were fed an atherogenic diet for 18 weeks, resulting in 
plasma cholesterol levels of 1044 +/- 75 mg/dl and athe-
rosclerotic lesions that covered 5.86% of the abdominal 
aorta (n=17), as determined by staining with Sudan IV. 
In group 2, the mice were fed the atherogenic diet for 
18 weeks and then a chow diet for 12 weeks. These 
mice maintained~2–5% of normal plasma apoE levels, 
displayed an 80% reduction in plasma cholesterol levels 
(184 +/- 23 mg/dl), and had atherosclerotic lesions that 
covered 2.96% of the abdominal aorta (n=7). In group 3, 
the mice were fed the atherogenic diet for 18 weeks 
and then induced to produce normal plasma levels of 
apoE by Cre-mediated gene repair and maintained on a 
chow diet for 12 weeks. These mice displayed plasma 
cholesterol levels of 168 +/- 18 mg/dl and had lesions 
that covered 2.72% of the abdominal aorta (n=6). In 
conclusion, an 80% reduction in plasma cholesterol lev-
els for 12 weeks resulted in 50% regression of diet-in-
duced atherosclerosis in the abdominal aorta. Further-
more, restored apoE levels in plasma did not 
significantly influence the regression of lipid-associated 
atherosclerotic lesions. We are currently investigating 
the influence of apoE on the cellular composition of 
atherosclerosis lesions in the aortic root of the heart by 
immunohistochemical and a genomics approach. We are 
also extending our study by including a longer period of 
regression in both groups of mice to further elucidate 
apoE’s role in the regression of nonlipid constituents, in-
cluding cellular and matrix components.
 

T95
Pathways of catabolism of oxidized phos-
pholipids.

Peter Friedman and Agnes Boullier
University of Califorina, San Diego

Cigarette smoke has been shown to contain a variety of 
free radicals and it has been proposed that they cause 
the incorporation of oxygen (oxidation of) in low-densi-
ty lipoproteins (LDL). The oxidation of LDL has been 
correlated to atherogenesis through a variety of path-
ways. The process involves non-specific fragmentation, 
oxidative breakdown and modification of both the lip-
ids and the protein of LDL. The process yields a variety 
of bioactive products, including aldehyde-containing 
phospholipids, which can cross-react with any primary 
amine (i.e. peptides or phospholipid head-groups) to 
yield Schiff base products. CD36 is a macrophage scav-
enger receptor, shown to be associated with the uptake 
of oxidized LDL. Because the epitope of CD36 mediates 
macrophage uptake of oxidized LDL, a series of oxi-
dized phospholipids and its peptide complexes have 
been synthesized, characterized and their binding has 
been determined. The binding study of these lipid ad-
duct to the CD36 scavenger receptor allowed determin-
ing the molecular structure of the phospholipid head-
group, necessary for the CD 36 recognition. 
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T96
Smoking, insulin resistance, & c-reactive 
protein.

Gerald Reaven, Fahim Abbasi, Phillip S. 
Tsao
Standford University 

There is general agreement that atherogenesis is an in-
flammatory process involving the vessel wall, and that 
elevated levels of C-reactive protein (CRP) appear to of-
fer a highly sensitive means to identify individuals with 
clinically significant evidence of vascular inflammation.  
Some reports have shown that CRP levels are increased 
in smokers.  Since insulin resistance (IR) also appears to 
be more prevalent in smokers, it seemed useful to assess 
the contribution of IR to the elevated levels of CRP in 
these individuals.  Therefore, IR was quantified in 36 
nondiabetic smokers at the end of a 180 minute infu-
sion of octreotide, insulin, and glucose.  Under these 
particular conditions, the higher the SSPG concentra-
tion, the more insulin resistant the individual.  In addi-
tion, CRP was determined with a highly sensitive assay 
(normal values less than 8.2 mg/L).  Mean±SD concen-
trations of CRP and SSPG were 1.1±0.9 mg/L (range 0.2-
4.5 mg/L) and 132±58 mg/dL (range 50-250 mg/dL), re-
spectively.  CRP ≥10 mg/L (the value often used as indi-
cator of an abnormally elevated CRP level) was not seen 
in the total sample population. In addition, 71% of smok-
ers within the insulin resistant (SSPG >200 mg/dL) 
group had CRP levels above the median (0.9 mg/L) in 
comparison to only 33% within the insulin sensitive 
(SSPG <96 mg/dl) group (P = 0.11). No strong correla-
tion existed between BMI and CRP values in smokers (r 
= 0.16, P = 0.37).  In conclusion:  (1) no smokers in our 
study had high CRP levels further supporting prior stud-
ies showing rare numbers of smokers with elevated 
CRP levels; (2) insulin resistant smokers tended to have 
higher CRP levels when compared to insulin sensitive 
smokers. 

T97
Chronic nicotine exposure induces sus-
tained reentrant right atrial flutter in dogs 
with chronic myocardial infarction. impli-
cations to human atrial flutter.

Mizuho Miyauchi,Yasushi Miyauchi, 
Shengmei Zhou, Michael C. Fishbein,  
William J. Mandel, Peng-Sheng Chen
University of Califorina, Los Angeles

The goals of this research project are to determine the 
mechanisms of nicotine&#8217;s adverse effects on the 
progress of cardiac disease caused by myocardial infarc-
tion (MI) (heart attack). Nicotine exposure regardless of 
its source, i.e., smoking, nicotine gums and patches has 
been shown to promote atrial fibrillation (AF) and atrial 
flutter (AFL) in patients with heart disease. The mecha-
nism(s) of nicotine-related atrial arrhythmias remain un-
known. AF/AFL constitutes the most common cardiac 
arrhythmias in man which often require hospitalization 
for termination. AF and AFL are associated with in-
creased incidence of heart failure, stroke and sudden 
cardiac death. To test the hypothesis that acute and 
chronic nicotine exposure promotes AF/AFL we studied 
12 dogs with 4-5 week-old MI caused by permanent oc-
clusion of the left anterior coronary artery which causes 
significant neural and functional changes (remodeling) 
of the atria.
   
Acute intravenous nicotine infusion at a rate of 
2.5&#956;g/min (N=6) in normal dogs produced no 
AF/AFL. In contrast however, chronic nicotine delivery 
through subcutaneously implanted mini-osmotic pumps 
loaded with 2-4 gram nicotine base that continuously 
delivers nicotine over a 4-week period, induced sus-
tained atrial flutter (AFL) during regular atrial pacing in 
all 6 dogs studied. The AFL, had a cycle length of 
135±13msec similar to human AFL, and could be termi-
nated by atrial pacing (N=6). Mapping atrial epicardial 
activation during AFL with 1,792 bipolar electrode with 
1mm spatial resolution and 12 lead-endocardial Halo 
(circular) catheter showed the presence of a clockwise 
(13 episodes) and counterclockwise (17 episodes) mac-
ro-reentrant excitation in the right atrium. The rotating 
reentrant wavefront during AFL used the intercaval-tri-
cuspid valve isthmus pathway and circulated around the 
crista termianlis muscle bundle. Isthmus ablation with 
the Halo catheter using radiofrequency energy com-
pletely prevented the reinduction of the AFL confirming 
the critical importance of the isthmus in the mainte-
nance of AFL as is the case in human common AFL. No 
AFL could be induced with acute nicotine in MI dogs 
(N=3) and non-MI sham-operated dogs (N=3) or chronic 
nicotine in normal dogs (N=3). Chronic nicotine in MI 
dogs reduced (P<0.01) the maximum slope of the atrial 
electrical restitution using monophasic action potentials 
and significantly increased atrial interstitial fibrosis by 8  
                                                (Continued on next page)
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T97 (Continued)

fold in the right (P<0.01) but only by 2 fold in the left 
atrium (P=0.08). Mean plasma nicotine and its metabo-
lite cotinine levels were 75±68 ng/ml and 60±34 ng/ml 
respectively. 
 
We conclude that chronic nicotine exposure at plasma 
levels seen in regular smokers, promotes sustained reen-
trant AFL in dogs with chronic MI that resembles human 
AFL. To our knowledge this is first animal model of AFL 
that develops during the course of a disease. Chronic 
nicotine as is the case in the lungs, upregulates collagen 
synthesis and promotes atrial fibrosis leading to the for-
mation of sustained AFL that can be terminated by elec-
trical stimulation or isthmus ablation. 
 
This study strongly suggests that cessation of nicotine 
intake in patients with MI may prevent AFL/AF in hu-
mans reducing the high costs of hospitalization and the 
serious harmful consequences including sudden cardiac 
death. 

T98
Comprehensive evaluation of the ischemic 
leg.

Dwight Nishimura, Jin Lee, Jong Park, 
Brian Hargreaves, Eric Olcott, Bob Hu
Standford University 

The goal of this project is to develop and evaluate mag-
netic resonance (MR) imaging methods for assessing the 
blood vessel anatomy and blood flow in patients with 
peripheral vascular disease (PVD).  The vast majority of 
patients with PVD have a history of cigarette smoking. 
This project consists of three research areas: 1) imaging 
blood vessel anatomy; 2) measuring global blood flow; 
and 3) assessing muscle perfusion.  No other imaging 
modality is able to provide such comprehensive infor-
mation.
 
For anatomical vessel imaging, the goal is to produce 
high-contrast blood images with minimal background 
signal.  We have developed a new MR vessel imaging 
method based on a sequence called steady-state free 
precession (SSFP).  In SSFP images, blood appears signif-
icantly brighter than surrounding muscle.  By combin-
ing SSFP with a rapid three-dimensional (3D) imaging 
sequence, we are able to produce high resolution (1 
mm isotropic) lower-leg vessel images in less than 90 
seconds.
 
To measure blood flow in the lower leg, we have been 
evaluating a fast version of an MR method called phase 
contrast (PC).  Within an brief scan time of about 6 sec-
onds and without cardiac gating, we are able to measure 
the time-averaged blood flow through the major vessels 
feeding the lower leg.  Because of its speed and lack of 
heart synchronization, our method promises to be con-
venient to apply in a clinical environment.  We have con-
ducted several studies to characterize the accuracy and 
consistency of this method.
 
The third area of study concerns perfusion imaging in 
the lower leg. We obtain such information by perform-
ing a dynamic first-pass contrast study.  We have de-
signed a fast 3D sequence that produces a volumetric 
datea set every 2.8 seconds.  With repeated volumetric 
scanning over 200 seconds, an assessment of perfusion 
over the entire lower leg is possible.  We have conduct-
ed initial scans on smokers with PVD and have demon-
strated the method's ability to show regions of compro-
mised perfusion as compared to normal subjects.
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