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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any watranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Involvement of lipoproteins in the development of atherosclerosis

Hypercholesterolemia, and particularly an increase in levels of plasma low
density lipoproteins (LDL), is a well documented epidemiologic risk factor for the
development of atherosclerotic cardiovascular disease. Further, it haé been
demonstrated that LDL accumulate in arterial lesions ranging from the
preatherosclerotic fatty streak to the mature fibrous plaque. More recently, there has
been an impressive body of evidence suggesting that a major factor leading to the
atherogenicity of LDL is oxidative modification [1]. LDL lipid oxidation products have
been found to be cytotoxic to endothelial cells, and to trigger a number of tissue
inflammatory responses, including recruitment and retention of white blood cells, and
stimulation of cellular growth factors. Furthermore, oxidation of LDL leads to
modification of its principal protein component, apoB-l 00, such that it is no longer
recognized by high-affinity LDL receptors, but instead becomes a ligand for scavenger
receptors on tissue macrophages. Unlike LDL receptors, scavenger receptors are not
regulated by cholesterol levels, and thus excessive tissue accumulation of LDL can lead
to engorgement of macrophages and appearance of lipid droplets that give rise to the
typical apearance of "foam cells” which are prominent components of the fatty streak.

. Oxidized LDL may also potentiate processes that lead to formation of the mature
atherosclerotic plaque, including stimulation of smooth muscle cell proliferation, and

alteration in platelet function.



More recently, reduced levels of high-density lipoproteins (HDL) have been
shown to be yet another powerful independent predictor of risk for atherosclerosis [2].
While the precise mechanism for the inverse relationship of HDL to cardiovascular
disease risk has not been determined, a number of possibilities have been suggested.
The ability of HDL to mediate efflux of cellular cholesterol has led to the notion that
HDL may promote “reverse cholesterol transport” from arterial tissues to the liver for
uptake and excretion [3]. Other studies have indicated that HDL concentrations are
inversely related to levels and rates of plasma clearance of triglyceride-rich lipoproteins
[4], and thus low HDL levels may reflect transient accumulation of potentially
atherogenic remnants of these lipoproteins. Finally, there has been recent evidence that
HDL may reduce the accumulation of oxidized lipids in LDL. Whatever mechanisms
may be involved, the potential for HDL to directly influence atherosclerosis risk has
been demonstrated recently in animal models, most convincingly in transgenic mice in
which high level expression of human apoA-], the major HDL protein, leads to
increased plasma HDL concentrations and marked reduction in the extent of aortic fatty

streaks [5].

Interrelated coronary disease risk factors: the atherogenic lipoprotein phenotype

Until recently, a statistical lack of correlation between levels of LDL- and HDL-
cholesterol in plasma has led to the conclusion that increased levels of LDL and reduced
levels of HDL contribute independently to the risk of developing atherosclerotic
cardiovascular disease . However, we and others have demonstrated that LDL are
heterogeneous and comprise a number of discrete subclasses which differ in particle
size and density [6]. Levels of the largest and most buoyant LDL (LDL-I), measured by
ultr'acentrifugal techniques, are strongly positively correlated with HDL cholesterol
concentrations, while levels of smaller, denser LDL (principally LDL-III) are inversely

correlated with HDL. Furthermore, LDL-III levels are associated with relatively



increased concentrations of triglyceride-rich lipoproteins, including relatively
atherbgenic lipolytic "remnants” measured as intermediate density lipoproteins (IDL).
Increased levels of small, dense LDL have been associated with increased risk of
coronary artery disease, and changes in levels of these particles have been related to
disease progression as assessed by coronary angiography [6,7]. There has been recent
evidence that smaller LDL particles have properties which lead to reduced uptake by
high-affinity LDL receptors, increased binding to arterial wall proteoglycans, and
increased susceptibility to copper-induced oxidation in vitro [7]. Therefore, high levels
of small, dense LDL may contribute to increased coronary disease risk directly, and also
by virtue of highly intercorrelated changes in other lipoprotein classes.

Analysis of LDL subclasses by non-denaturing gradient gel electrophoresis has
led to the identification of a subclass pattern characterized by predominance of small
LDL, designated LDL subclass pattern B (Figure 1) [8]. The prevalence of pattern B in
 the general population is approximately 25%, but varies as a function of age and
gender, being relatively uncommon in children and in premenopausal women. The
remainder of the population has a predominance of lérger LDL (pattern A) or an
intermediate pattern (approximately 10-15% of subjects).

Two large family studies have provided evidence for heritability of pattern B.
The results of complex segregation analysis in these families are consistent with a major
gene underlying the expression of pattern B, with a prevalence of 0.25, and autosomal
dominant or co-dominant inheritance [8]. As suggested by the prevalence data,
penetrance of the genetic trait is maximal in men older than age 20 and in.
postmenopaual women, suggesting that hormonal or developmental factors have
important influences on the production of small, dense LDL. Recently, pattern B has
been linked to a genetic locus at or near the LDL receptor on the short arm of

chromosome 19p, further strengthening the evidence for a genetic determinant of this

phenotype [9].



Consistent with the relationships of small, dense LDL to levels of other
lipoprotéins, individuals with LDL subclass pattern B have been shown to have
significantly higher levels of triglyceride-rich lipoproteins and apoprotein B, and léwer
levels of HDL, than subjects with pattern A [8](Table 1). The relationship of LDL size to
triglyceride levels is particularly strong. Pattern B is highly prevaleht at levels of
triglyceride greater than 120-140 mg/dl, and reductions to below this range with
nicotinic acid have been shown to result in suppression. of the pattern B phenotype.

In a case-control study, LDL subclass pattern B has been associated with up to a
three-fold increased risk of myocardial infarction [10]. Statistical analyses have
indicated that the risk associated with small, dense LDL cannot be dissociated from
concomitant changes in other lipids and lipoproteins, particularly plasma triglyceride.
Thus, the lipoprotein profile associated with pattern B has been designated the

"atherogenic lipoprotein phenotype" [8].

Small, dense LDL and the insulin resistance syndrome

The lipoprotein variations in this phenotype are similar to those which have been
described for patients with both non-insulin dependent diabetes mellitus (NIDDM) and
insulin resistance. Recent studies in a population of 691 women have indicated that
approximately 1/3 of subjects with impaired glucose tolerance and 2/3 of subjects with
NIDDM have either pattern B or the intermediate subclass pattern, and that in non-
diabetic subjects, pattern B is strongly associated with elevated fasting and two-hour
post-load insulin levels [11]. Furthermore, consistent with other studies of the insulin
resistance syndrome, pattern B is associated with increased blood pressure [11]. While
there is a significant tendency for small, dense LDL to be associated with increased
relative body weight and upper body obesity [12], the relationships of LDL particle size
to insulin resistance and elevations in blood pressure are independent of body mass

index and waist to hip girth ratio [11].
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These findings indicate that LDL subclass pattern B is an integral part of the
"tangled web" of interrelated coronary disease risk factors associated with insulin
resistance [13]. It may be that the pathologic features of this lipoprotein profile,
including the relative atherogenicity of small, dense LDL and IDL, contribute
importantly to the increased risk of cardiovascular disease in subjects with insulin
resistance and hyperténsion. Furthermore, pattern B serves as a marker for a common
genetic trait which may underlie a substantial portion of the familial predisposition to
coronary artery disease in the general population. Studies of hormonal, dietary, and
pharmacologic influences on expression of this atherogenic phenotype should lead to
more effective identification and management of high-risk individuals, and improved
approaches to disease prevention in high-risk families.
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Table 1. Adjusted Plasma Lipid, Apolipoprotein, Lipoprotein Mass Levels by Atherogenic
Lipoprotein Phenotype

ALP phenotvpe A ALP phenotvpe B

n Mean=SD n Meant+SD
Total cholesterol* _ 208 17737 93 197140
Triglyceride’* , 208 69426 93 141£79
VLDL cholesterol** 208 14+5 93 - 28+16
LDL cholesterol$ 208 116+35 - 92 126+36
HDL cholesterol* 208 4615 92 37x14
Apo A-T# 206 131£29 92 122431
Apo B* 206 76+34 93 98+36
VLDL mass'* 151 1831 . 60 111468

LDL mass . _

Large* ' 151 119438 60 87434
Small* | 151 . 164+55 60 221464

IDL mass* 181 20+14 60 38+17
'HDL, mass* 151 - 55144 60 13126
HDL, mass o 151 189+47 60 18059

ALP, atherogenic lipoprotein phenotype; VLDL, very low density lipoprotein; LDL, low density
lipoprotein; HDL, high density lipoprotein; IDL, intermediate density lipoprotein

Values are give as mean®SD mg/dl.

Mean values are adjusted to 50-year-old men with analysis of covariance and adjusting for age,
gender, and relative weight.

* p<0.001, ¥ p<0.05, for difference in means between phenotype A and phenotype B

subjects based on analysis of covariance.

T Log,, ransformation used in calculations; reported values based on antilogs.
Originally published in Circulation 82/2; 498 (1990).
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FIGURE LEGEND

Figure 1. Analysis of low density lipoprotein subclasses by non-denaturing 2-16%

gradient gel electrophoresis.
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