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Preface

For the purpose of this text, we brought together experts in the area of vas-
cular physiology and pathophysiology to discuss their views concerning the
etiology of various vascular disease states. The need to better understand the
nature of diseased blood vessels is underscored by the fact that nearly 43 mil-
lion Americans have one or more forms of heart or blood vessel disease, ac-
counting for more deaths (51 %) than all other causes combined. Furthermore,
these figures do not include the dibilitating vasculopathy associated with dia-
betes melitus, a disease affecting an additional 10 million Americans. Aside
from the severe morbidity and mortality rates, the economic costs of these
diseases are by far the largest for any single diagnostic group of diseases and
accounted for an estimated $80 billion in 1979 alone. In organizing this mon-
ograph, it was our intent to explore hypotheses relating to three major under-
lying blood vessel disease states: atherosclerosis, hypertension and
vasospasm. We did not try to put together an up to the moment state of the art
review. Instead, it was our goal to integrate new information into the existing
conceptual basis of our understanding of how blood vessels become diseased,
and what might be done once the disease process has established itself. The
book is divided into three major sections:

Section I deals with problems associated with the role of lipids in vascular
function and includes information on the development and regression of ath-
erosclerosis and pharmacological approaches to lowering blood lipid levels.
In addition, the use of transluminal angioplasty in restoring blood flow in
plaque occluded vessels is reviewed along with the short- and long-term im-
pact of this procedure of arterial wall function.

Included in this section are in-depth discussions of the role of various lipids
in arterial smooth muscle function, apart from their role in the genesis of ath-
erosclerosis. The effects of cholesterol enrichment on cell membranes and
smooth muscle contractility is presented along with discussions on the role of
membrane phosphatidylinositol metabolism in excitation-contraction cou-
pling, as well as calcium binding to smooth muscle cell membrane phospho-
lipids. In addition, a potential role for platelet activating factor (AGEPC or
PAF) in circulatory hemodynamics is presented.

xiii
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Section II addresses the mechanistic basis of smooth muscle function and
how it might be altered in hypertension. The role of calcium in excitation-
contraction coupling in normal smooth muscle as well as calcium interactions
with smooth muscle membranes in hypertension is developed. Chapters pre-
senting biochemical and physiologic approaches taken to help clarify our
understanding of the manner in which the contractile proteins mediate vas-
constriction in normal and hypertensive arteries are also reviewed. In addi-
tion, electrophysiological alterations associated with hypertension are
described as are alterations in calcium dependent ion fluxes across the smooth
muscle membranes. Lastly, the use of and directions for new research for
antihypertensive drug therapy is presented, including a review of calcium
antagonists and their mechanism of actions.

Section III entertains possible models which might explain the mechanistic
basis for arterial vasospasm describing smooth muscle, endothelial and neu-
ronal factors as well as noncellular factors which could contribute to the de-
velopment of this potentially life-threatening condition.

This book is therefore directed to the vascular biologist, whether a physi-
cian-scientist or basic scientist, young or old, in the hope that it may stimulate
new ideas for future progress in this most vital area of medicine.

Because this monograph was compiled from the proceedings of the A.N.
Richards Symposium sponsored by the Physiological Society of Philadelphia,
the editors wish to express their gratitude to the Society for making this work
possible. We are also grateful to those who participated in the symposium and
authored the various chapters, not only for their efforts but also for their co-
operation and patience in helping to complete this task. In addition, we would
also like to thank Miss Maxine Blob for her secretarial assistance.

On behalf of the Physiological Society of Philadelphia, we wish to grate-
fully acknowledge the financial support of the following corporate sponsors:
Wallace Laboratories, Stuart Pharmaceuticals, Hoffmann-LaRoche, Inc.,
Revlon Health Care Group, Smith Kline & French Laboratories, Bristol-
Meyers Company, McNeil Pharmaceutical, Sandoz, Inc., American Critical
Care, Schering Corporation, The Upjohn Company, and Wyeth Laboratories.

Thomas N. Tulenko, Ph.D.
Robert H. Cox, Ph.D.
Philadelphia, Pa.
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PATHOGENESIS OF THE ATHEROSCLEROTIC LESION:
CURRENT CONCEPTS OF CELLULAR AND BIOCHEMICAL EVENTS

Richard W. St. Clair, Ph.D.

Department of Pathology
Bowman Gray School of Medicine
Winston-Salem, North Carolina 27103

Atherosclerosis and its principal clinical sequelae,
coronary heart disease and stroke, were not recognized as
significant health problems until about the beginning of
the 20th century. This is no doubt due to a variety of
factors including enhanced awareness of these diseases by
medical personnel, eradication of many acute infectious
diseases, increased life span, changing life styles and
dietary patterns, and an actual increase in the incidence
of atherosclerosis (Working Group on Arteriosclerosis of
NHLBI 1981). Atherosclerosis is not new to modern times
as it has been found in severe form in the oldest Egyptian
mummies (Leibowitz 1970; Ruffer 1911). The era of
experimental atherosclerosis dates back to the early
1900's to the work of  Anitschkow (1933) on
cholesterol-induced atherosclerosis, in rabbits.

Atherosclerosis is a complex pathologic process
affecting a number of arteries, some more than others.
These changes initially involve the intimal layer of the
arterial wall in which there is focal accumulation of a
variety of complex 1lipids, proteins and carbohydrates;
cellular components such as smooth muscle cells and
macrophage-Tike cells; blood and blood constituents and,
in more advanced lesions, high concentrations of mineral,
particularly calcium.

Although some debate exists, the first pathologic
change in atherosclerosis is generally agreed to be the
fatty streak (Working Group on Arteriosclerosis of NHLBI
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1981; McGill 1977). Fatty streaks contain both
intracellular (foam «cells) and extracellular 1lipids,
principally in the intima. This results in only a slight
elevation of the normal intimal surface, but because of
the fat content gives the surface a yellow, streaked
appearance upon gross observation, resulting in the term
fatty streak. Since it is not possible to observe the
same artery multiple times over the Tlifetime of an
individual, the natural history of atherosclerosis can
only be deduced from autopsy studies carried out on
individuals of a variety of ages who have died of natural
or accidental causes. By far, the most comprehensive of
these is the Geographic Pathology Study conducted in the
1950's and 1960's (McGill 1968). This study compared the
extent and severity of atherosclerosis in 19 countries
with individuals of widely different ethnic, racial and
socioeconomic background and revealed that fatty streaks
develop to a similar extent in all populations during the
first two decades of 1ife. These so-called juvenile fatty
streaks, consisting principally of cholesteryl-ester-laden
foam cells, develop 1in the coronary arteries at sites
where more advanced lesions, fibrous plaques, are found in
older individuals. In the aorta, however, juvenile fatty
streaks are most prevalent in the proximal portion while
fibrous plaques are most extensive in the abdominal
segment (McGill 1977). When this information is coupled
with the fact that fatty streaks at all sites are more
severe 1in blacks and females, while the extent and
severity of atherosclerosis is greatest in white males, it
suggests that under certain conditions some fatty streaks
progress to fibrous plaques while others remain stationary
or may even regress (McGill 1977). Alternatively, some
fibrous plaques may develop from nonfatty streak
precursors.

Fibrous plaques develop 1in the abdominal aorta and
coronary arteries after the age of about 20 and in the
thoracic aorta and cerebral arteries after age 30 (Eggen,
Solberg 1968; Solberg et al 1968; Solberg, Eggen 1971;
Solberg, McGarry 1972). This represents about a 15- to
20-year delay from the first appearance of fatty streaks
to the appearance of fibrous plaques. Whereas there is
little difference among geographic locations in the extent
of fatty streaks that develop up to about age 20, the
extent and severity of fibrous plaques varies widely among
populations and closely parallels the clinical incidence
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of coronary heart disease (Eggen, Solberg 1968; Solberg et
al 1968; McGill 1968; Solberg, Eggen 1971; Solberg,
McGarry 1972; Kagan et al 1976). As a result, the factors
that are responsible for the progression of certain fatty
streaks to fibrous plaques (or the development of fibrous
plaques from other precursor lesions) are of key
importance in understanding  the pathogenesis  of
atherosclerosis. Autopsy studies have shown that known
risk factors such as elevated ©plasma cholesterol
concentrations, high blood pressure, cigarette smoking and
lTow HDL cholesterol levels are associated with accelerated
fibrous plaque formation (Solberg, Strong 1983).
Together, however, all of these risk factors can explain
only about 25% of the individual variability in
atherosclerosis as measured at autopsy (Holme et al
1981). This suggests either that there are other
yet-to-be-identified risk factors or that local factors at
the level of the arterial wall play an important role in
the pathogenesis of atherosclerosis. The importance of
the arterial wall itself in determining susceptibility to
atherosclerosis is supported by studies with animal models
such as the pigeon, in which major differences exist in
susceptibility and resistance to atherosclerosis between
breeds that otherwise have identical risk factors (St.
Clair 1983a). These local factors clearly do not act in
isolation, but instead interact in an as yet poorly-
understood fashion with a variety of environmental and
genetically-mediated risk factors.

It is the purpose of this paper to review some of the
principal biochemical and cellular changes in
atherosclerotic arteries and to summarize the current
concepts of the pathogenesis of atherosclerosis.
Particular emphasis will be placed on our current
understanding of the interaction of blood constituents,
such as Tlipoproteins, with the cells of the arterial
wall. It must be kept in mind, however, that
understanding of the pathogenesis of atherosclerosis is
rapidly developing, and many of our current concepts may
have to be altered as new information is obtained.

BIOCHEMICAL CHANGES IN THE ATHEROSCLEROTIC ARTERY

The principal biochemical changes characteristic of
atherosclerotic lesions are well known (St. Clair 1976)
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Fig. 1: Major biochemical changes in the atherosclerotic
lesion.

and are summarized in Fig. 1. The size of the arrows in
Fig. 1 denotes the relative magnitude of the change. The
hallmark of atherosclerosis is the accumulation of
cholesterol 1in the arterial wall. In cholesterol-fed
animals, or in fatty streak lesions from human beings,
cholesteryl oleate is the major form of cholesterol that
accumulates (Day, Wahlqvist 1970; Geer, Guidry 1964; Geer,
Malcolm 1965; Kiiinert, Krug 1971; Smith et al 1967; St.
Clair 1976). Initially, cholesteryl esters accumulate
within foam cells, but as the lesions become more fibrous
and necrotic, large amounts of extracellular cholesteryl
esters are also found. The cholesteryl ester composition



