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Atherosclerosis is the primary lesion of heart attacks and strokes. It consists of intimal plaques with characteristic structure: a fibrous cap with smooth muscle-like cells, macrophages, leucocytes and more smooth muscle cells beneath, and a core of necrotic debris, cholesterol crystals, and calcification. Layers of fibrin clots over the plaque further diminish the arterial lumen till complete occlusion. There have been many hypotheses to explain atherosclerotic lesions. The first was the cholesterol or lipid deposition (insudation) theory: a simple deposition of cholesterol due to high cholesterol levels in the circulating blood. Later developments focused on other mechanisms, particularly on the smooth muscle cell or monoclonal migration from the muscular layer to the intima, which was found to even precede the cholesterol deposition. Meanwhile, platelets have been found to secrete many substances whenever they aggregate and release their granules. Among the secreted substances is PDGF or platelet-derived growth factor, a strong mitogen and chemoatrractant particularly for smooth muscle cells. The endothelial injury hypothesis proposes that platelets aggregate on the site of injured endothelium, release PDGF, and bring about the muscle cell migration from media to intima. With the fuller understanding of the various lipoproteins, their individual structure, roles and metabolism, as well as their interactions with the endothelial and other cells of the body, the reasons for the atherogenecity of LDL and VLDL and the protective effects of HDL are better understood.

INTRODUCTION


Atherosclerosis is that type of arteriosclerosis characterized by patchy nodular thickening of the intima, plaque formation, and proneness to development of thrombosis and occlusion of the vessel. The blood vessels with predilection for atherosclerosis are the aorta, coronaries, and the cerebral and peripheral arteries. Yet, these vessels are neither uniformly nor equally affected. In each vessel, there are particular areas with higher predilection, namely, the arch of the aorta, the extramural portions of the coronary arteries, and those segments with bifurcations, branchings, curvatures, and higher flow. The most common complications of this pathologic condition are ischemic heart disease and heart attacks, cerebral strokes (CVA), and brain degeneration, localized or diffuse. Among Filipinos, there are more cases of CVAs than heart attacks. Less common are aortic aneurysms, peripheral vascular insufficiency with gangrene of the toes or even legs. The leg vessels are affected more than the arm vessels.

Risk Factors

Atherosclerosis is a multifactorial disease (Fig. 1). Its occurrence has been positively associated with several pathogenic factors termed risk factors, namely:


1. Aging


2. Genetic (hereditary)


3. Obesity


4. High fat, high caloric diet


5. Hyperlipidemia or hyperlipoproteinemia


6. Smoking


7. Hypertension


8. Diabetes


9. Stress


10. Lack of exercise


Aging may cause atherosclerosis through a time-dependent wearing down process, which means that the repair processes are slowly overcome by the degenerative processes of aging. Aging is known to be associated with reduced synthesis of proteins and enzymes. The altered characteristics of collagen and elastic fibers, the reduced number of function of cell receptors, the reduced synthesis of the apolipoprotien A-1 of HDL (Fig.1) are now recognized sign of atherosclerosis.


Hereditary is a well-known determinant and shows its importance in the differences in the tendency to develop heart attacks and brain strokes between those with strongly positive and those with negative family histories of cardiovascular disease.


Aging and heredity are factors we cannot control – not yet. But definitely controllable to a greater or lesser extent, and for that reason most important, are smoking, hypertension, diabetes, exercise and high fat diet, and hyperlipidemia.


My assigned topic this afternoon does not permit discussion of smoking, hypertension, and exercise; suffice it say that stopping smoking (Gordon, Kannel and McGee 1974), control of hypertension (Kannel, Gordon and Schwartz 1971) and, to some extent, good regular exercise have dramatically reduced the rate of cardiovascular disease and mortality. Another very important point that should be stressed is the “synergy of risk factors” (Criqui 1986): coronary artery disease (CAD) mortality rate per 1000men increases from 13 to 23, 44 and 82 with 0, 1, 2 or 3 risk factors. The more risk factors a person have, the higher the chances of his developing atherosclerosis and coronary artery disease. One who is obese, does not exercise, has hypertension, and smokes has a 6 1/2 times greater chance of developing CAD. 

Hypercholesterolemia and History 

In the 1940-1960s, the focus was on cholesterol triglycerides and phospholipids. Cholesterol had been found in the atherosclerotic plaques and in the blood in high levels. Anitschkov (1925) had fed rabbits a high cholesterol diet and they developed atherosclerosis. Other animals similarly fed also developed atherosclerosis. Human populations in various parts of the world were studied. Those with high serum cholesterol and high fat content in their diet, and who were obese, were found to have much higher rates of coronary artery disease and mortality than leaner populations with lower fats in their diet and correspondingly lower serum cholesterol. (Keys et al. 1950, Keys et al. 1954a, Keys et al.1954b, Bronte-Stewart, Keys and Brock 1955, Keys et al. 1956, Keys 1957). Prospective long-term studies of selected populations, like the Framingham study (Kagan et al. 1962, Mann et al. 1962, Dawber and Kannel 1962, Gordon and Kannel 1972, Gordon et al. 1977) confirmed not only the positive correlation between high-fat diet, serum cholesterol and, to a lesser extent, triglycerides with coronary heart disease, but also the importance of high blood pressure, diastolic as well as systolic (Kannel, Gordon, and Schwartz 1971), and smoking (Gordon, Kanel and McGee 1974).

Hyperlipidemia and Hyperlipoproteinemia


For accuracy, the term hypercholesterolemia, although descriptive of high serum total cholesterol levels, is no longer acceptable. The preferred terms are hyperlipidemia or hyperlipoproteinemia. Cholesterol and triglycerides do not travel as such in the circulation but are transported in lipoproteins. These are carrier-bodies whose envelop consists of phospholipids sprinkled with apoproteins, which being polar are hydrophilic and can travel in the blood (Table 1). Triglycerides are transported from the intestines in chylomicrons; triglycerides synthesized in the liver are carried to the tissues in very low-density lipoproteins (VLDLs). Cholesterol is transported from the liver and intestines to the tissues also by VLDL which is gradually transformed and reduced to intermediate- and low density lipoproteins (IDL and LDL). Since the cholesterol content, percentage wise, is highest in the LDL bodies, high LDL and hypercholesterolemia are practically synonymous. Reverse cholesterol transport from the tissues back to the liver is by means of high-density lipoprotein (HDL) (Roheim 1986). Hence, the cholesterol in the HDL (HDL-C) is “good” and not atherogenic because it is on its way to the liver to be excreted.


Tryglecerides are important energy source when their component fatty acids are liberated {by lipoprotein lipase (LPL) and hepatic lipase} and oxidized in the mitochondria of body cells. Chylomicrons that carry the exogenous or dietary triglycerides are very large bodies and do not penetrate the endothelial protector lining. Thus, they play very little role if any in the atherosclerosis. The endogenous triglycerides carried in the VLDL are also split up by lipases, but this operation is carried out a great extent in the VLDL receptors of the endothelial cells. The VLDL consequently loses more and more of its triglycerides load till it is finally reduced in size to an IDL, and ultimately to an LDL in the plasma. This transformation occurs in the blood circulation as well as in peripheral tissues. Some of the VLDL does not become LDL but remains as “remnant” and is taken up by the remnant receptors of the liver.


Aside fro the loss of triglycerides and reduction in size, the important change in VLDL is in its apoprotein coating. The proteins of VLDL are apo A-1, B, E and a little C. Apo E and Apo A-1 are transferred to HDL and exchanged for apo C initially. In the end, however, all the A-1, C, and E will have been transferred, leaving the “daughter” LDL with only apo B in its coat. The type of apoprotein is most important since the receptors recognize lipoprotein bodies by their coating of apoprotein. Thus the ultimate step in lipoprotein catabolism is the uptake of LDL by the apo B/LDL receptors of endothelial cells, macopahages, smooth muscles, and other cells. The LDL is then internalized by the cell through a process called endocytosis and transported to the lysosome for digestion by lysosomal enzymes. The apoproteins are split-up into amino acids, the triglycerides into fatty acids, and the cholesterol esters into the linoleic and oleic acids and free cholesterol. The free cholesterol exerts an inhibitory action on the HMG-CoA reductase, thereby limiting the rate of cholesterol synthesis. The free cholesterol also exerts a                down-regulating action on LDL receptor activity. These prevent the cell from being overloaded with cholesterol. 


Cholesterol is an essential component of cell membranes; this is its major use. Other uses of cholesterol are as raw material for synthesis of corticosteroid and sex hormones, and for synthesis of bile acids. These are quantitatively minor. Hence excess cholesterol tends to be deposited in the intimal layers of blood vessels to contribute in the formation of atherosclerotic plaque.


Reverse cholesterol transport by HDL is the only way of carrying cholesterol back to the liver for excretion in the bile. But biliary excretion is not efficient because of antero-hepatic recirculation whereby the bile acids and the free cholesterol secreted with the bile is reabsorbed by the intestines and returned to the liver for reuse.

Pathogenesis of Atherosclerosis


Besides the lipoproteins, there are now at least four other bodies that are believed to interplay closely in the production of an atherosclerotic plaque (Castelli 1977, Ross 1986):


1. Endothelium. Injury to the endothelium appears to be the initiating factor. This leads to the release by the endothelium of at least two hormones (a) a thromboxane to attract platelet aggregation on to the site of injury, and (b) an endothelial type of PDGF (platelet-derived growth factor) to attract smooth muscle cells and macrophages.


2. Platelet aggregation on the injured endothelium and release of (a) thromboxane A2 to promote more platelets to aggregate: (b) PDGF to attract smooth muscle cells and macrophages.


3. Smooth muscle cells. Migration of smooth muscle cells from media to intima as first described by Benditt and Benditt (1973).

4. Migration of macrophages for phagocytosis of lipids and secretion of chemotactic factors.


5. Secretion of collagen, elastin, and glycosaminoglycans by the migrant smooth muscle cells.


6. Accumulation of LDL and modified LDL and uptake by their respective receptors in the endothelium macrophage and smooth muscle cells, and release of free cholesterol which may be deposited as crystals.


7. Continued clotting and formation of thrombus layers over the plaque.






Figure1. Risk factors in the development of arteriosclerosis.
Role of Hyperlipoproteinemia in Atherosclerosis 


Are the lipids simply passive passengers in the interplay between endothelium, platelets, smooth muscle cells and macrophages, or do they play an inciting role? What causes injury to the endothelium? Smoking is believed to produce chemical irritation of not only the respiratory passages but also the endothelium. Increased intravascular pressure and eddy formation can be mechanically injurious. There is some evidence that hyperlipoproteinemia may induce endothelial injury, perhaps also mechanically. And hyperlipoproteinemia may induce increased platelet aggregation and thrombosis, as well as cellular proliferation and build up of connective tissues in the intima to hasten the formation of the artherosclerotic plaque.

Prevention of Artherosclerotic and Cardiovascular Mortality


The state of medical knowledge has not yet quite reached the point where we can say that we can prevent atherosclerosis. But we have much evidence that the following are the most effective ways of reducing cardiovascular disease and mortality:


1. Lowering serum total cholesterol and LDLC. The Lipid Research Clinics intervention trials have shown a 50%   decrease in CVD rate with 25% decrease in total cholesterol or 35% decrease in LDL – cholesterol. This means a 1% fall in total cholesterol reduces the CVD risk by 2% (Lipid Research Clinics 1984). The cholesterol can be lowered by means of a bile acid sequestrant, cholestyramine. The other means of lowering hyperlipidemia by diet changes, particularly the use of polyunsaturated fatty acids, are discussed by the other speakers in this symposium.


2. Stopping smoking (Gordon, Kanel and McGee 1974).


3. Control of hypertension (Kannel, Gordon and Schawartz 1971) and diabetes, which aside from its hyperlipidemia and hypertensive complications, may have other primary atherogenic potential.


4. Elevating HDL particularly HDL2. HDL is inversely associated with CVD risk, meaning, the higher the HDL, the less the coronary risk (Gordon et al. 1977). However, it is not yet definitely established whether raising HDL by agents now known to raise HDL (such as cholestyramine, nicotinic acid, estrogens, gemfibrozil, clofibrate, and alcohol) will in fact prevent atherosclerosis and coronary heart disease. 


Table 1. Site of production and function of lipoproteins
	Lipoprotein class
	Major lipid
	Site of production
	Function

	Chylomicrons (Chylo)
	Triglyceride
	Intestine
	Transport of exogenous lipids

	Very low-density lipoproteins  (VLDL)
	Triglyceride
	Liver and intestines
	Transport of endogenous triglycerides

	Intermediate-density lipoproteins (IDL)
	Cholesterol and triglyceride
	Metabolic by-products of chylo & VLDL catabolism
	

	Low-density lipoproteins (LDL)
	Cholesterol
	Metabolic end-product of VLDL catabolism
	Transport of cholesterol and phospholipids to peripheral cells and precursor of steroids

	High-density lipoproteins (HDL)
	Cholesterol and phospholipid
	Liver and intestines, and metabolic end-product of chylo catabolism
	Transport of cholesterol from peripheral cells to lier (reverse cholesterol transport) and precursor of steroids
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