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Regression of Atherosclerosis

Extensive studies during the past decade on the pathogenesis of atherosclerotic
plaques have established the relationship between serum cholesterol levels and
vascular atheroma.' The aim of intervention has now shifted from the arrest of
progression of the plaque to its regression. Though regression would imply the
return of the vascular waIl to its pristine normal state (reversal), in the present
context regression would mean vascular remodeIling and repair- to achieve a
hear 'normal' state of the vessel waIl which does not interfere with blood flow.
Regression is a complex phenomenon which involves lowering of both the
intra- and extraceIlular lipid content, resorption of the necrotic core of the
plaque and transformation of its ceIlular components such as cessation of
smooth muscle proliferation and regression of the foam ceIls.

Cholesterol feeding in several animal models such as rabbits, pigeons, swine
. and non-human primates induces atherogenesis. These atherosclerotic lesions
(sometimes caIled cholesterolosis) regress with cessation of the atherogenic
diet. 2 The extent of regression varies directly with the duration of cholesterol
feeding and the time taken for serum cholesterol to return to normal levels. The
lipids of the plaque egress via lymphatics and by migration of the macrophages
which have phagocytosed the lipids out of the vessel waIl. The biochemical
processes in regression involve augmentation of cholesterol hydrolysis and an
increase in coIlagen and calcium content of the plaque. There is a decrease in
total cholesterol, cholesterol esterification, foam ceIl content and intimal thick-
ness.? But the aetiology of atherosclerosis in humans is so diverse that cholesterol
feeding results from animals may not be justifiably extrapolated to humans.
The differences in the morphology, topography and the sequence of pathological
evolution of lesions in experimental animals and humans have led some
pathologists to believe that these lesions are not one and the same. 3
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According to Blakenhorn and Kramsclr' atherosclerosis consists of atherosis
(lipid deposition) as well as sclerosis (collagenosis). While atherosis is determined
by factors influencing lipid deposition in the vessel wall, sclerosis reversal may
be mediated by an endothelial derived relaxing factor (EDRF).s Atherosis
contributes to sclerosis by reducing EDRF production. To these two may be
added the component of thrombosis which not only occurs as a superadded
event but also affects the growth and remodelling of the plaque.

It has been widely accepted that experimental atherogenesis does not require
either endothelial denudation or platelet degranulation, the two principal
tenets of the response to injury hypothesis. ()The presence of an autocrine
growth control mechanism in the plaque has been recognized recently as relating
the B chain of human platelet-derived growth factor to the sis oncogene."
Moreover, the immuno-inflammatory aspects of the process have been high-
lighted by the recognition of the various lymphokines" released by the activated
macrophages and the presence of activated Tvlymphocytes? within the plaque.
There is clear importance of regulating the growth control mechanism and
immuno-inflammation within the plaque in order to achieve arrest or regression
of atherosclerosis.

The production of cholesterol varies in different lipid phases of the athero-
sclerotic plaque. \0 Whereas plaque cholesterol existing as a solubilized form in
the liquid crystalline phospholipid bilayer has a high rate of turnover, crystalline
cholesterol which constitutes up to 40% of plaque-free cholesterol is resistant
to mobilization and hence constitutes a major obstacle to regression of the
plaque. The fibrous cap of the plaque and the abundant fibrous stroma constitute
additional physical barriers for the egress of this extracellular cholesterol.
The regression of early uncomplicated plaques would be easier than regression
of advanced and complicated lesions, thus emphasizing the need for early
intervention.

Besides cholesterol, insulin has been recently implicated in the pathogenesis
of atherosclerosis. II The link between regional obesity (increased abdominal
adiposity), glucose intolerance, hyperinsulinaemia and atherosclerotic vascular
disease is now the focus of experimental and epidemiological research. Hyper-
insulinaemia has been found to be a major coronary risk factor in South Asian
immigrants who have high coronary mortality rates in the UK. 12

Results of several clinical studies on the angiographic arrest or regression of
atherosclerosis are now available. Initially the femoral artery and recently the
coronary arteries have been used to evaluate the effects of various dietary or
drug interventions through serial angiographic studies. A low cholesterol
vegetarian diet" and cholestyramine+' have been shown to reduce the proportion
of patients with angiographic progression of coronary artery disease. The
cholesterol lowering atherosclerotic study (CLAS)IS was the first to
demonstrate significant angiographic regression of atherosclerotic plaques in a
randomized, placebo-controlled, selectively blinded investigation of 162 non-
smoking men who had had coronary bypass surgery. A combination of colestipol
and niacin substantially retarded progression in both native arteries and bypass
.grafts. This accomplished a favourable change in serum lipid fractions and the
benefits were evident across a range of cholesterol values from 180 to 350 mgldl.
More significant was the regression of atherosclerotic lesions in 16% of the
drug-treated patients as compared to 2% of the placebo group.

The CLAS study raises several questions. Will the more potent and more
palatable HMG CoA reductase inhibitors achieve similar or better results?
Would larger reductions in cholesterol by drugs or more rigorous diets further
increase the benefit? What would be the 'trade off in terms of side-effects or
increasing the risk of non-vascular diseases? Probucol is a new drug which acts
on the reverse cholesterol system and reduces serum cholesterol. It inhibits the
formation of foam cells, the metabolism of oxidized low density lipoproteins in
the plaque and the secretion of interleukin 4 by the macrophages, and enhances
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the efflux of cholesterol from fibroblasts in the plaque .15 How effective is it in
promoting the regression of atherosclerotic lesions? These and other related'
questions are the focus of more than twenty different trials currently in progress.

Recent information about the mobile nature of the lipid phase of the
atheromatous plaque and the clinical results of the CLAS study would have us
believe that regression of atherosclerosis is a fact and not a myth. The clinical
translation of this regression to improved survival would require investigation
by trials with a large number of patients. The multifactorial aetiology of
atherosclerosis in humans emphasizes that attempts to realize regression of the
plaque be multipronged. The importance of control of hypertension and cessation
of smoking cannot be overemphasized. The role of hyperinsulinaemia and
modifications of lifestyle in the control of atherosclerosis also need to be better
understood. Attempts to lower serum cholesterol levels must be coupled with
control of immuno-inflammatory events within the plaque. How effectively
and safely can all this be accomplished constitutes the agenda for broad-based
scientific research in this important area.
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