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Apoproteins: predictors of coronary heart disease?

Cholesterol and triglycerides circulate in the blood in lipo-
protein particles, which also contain phospholipids and
apoproteins. The risk of coronary heart disease is directly
related to the amount of cholesterol circulating in low density
lipoproteins' and may independently be inversely related to
high density lipoprotein cholesterol, although this remains
controversial.”¢ Interest has now focused on whether apo-
protein concentrations may be related to the risk of coronary
heart disease.

Apolipoproteins are genetically determined components
of lipoproteins and influence the conformation, receptor
binding, and metabolism of the lipoproteins. They are
classed as apo A, B, C, D, and E (with subclasses) and can
now be measured by several techniques.”” Lipoprotein
metabolism is complex; and virtually all the apoproteins can
exchange between different lipoprotein molecules. Dietary
triglycerides absorbed through the gut are incorporated into
chylomicrons—large particles that contain triglycerides,
cholesterol, phospholipid, and apo B48, Al, All, and AIV.
In the lymphatics the chylomicrons acquire apo CI, CII,
CIIL," and E, mainly from high density lipoproteins. Very
low density lipoprotein is mainly synthesised in the liver and
contains large quantities of triglyceride and apo B100, C, and
E as its major apoproteins. Once in the systemic circulation
chylomicrons and very low density lipoprotein particles are
metabolised, mainly by lipoprotein lipase in adipose tissue
and muscle. The apo CII in the particle increases the activity
of this enzyme,"” while the apo CIII inhibits uptake by the
liver.” Thus the triglycerides of chylomicrons and very low
density lipoproteins reach the sites where they are used and
where they are hydrolysed. The fatty acids released are a
major energy source, particularly for muscle, and are the
precursors for adipose tissue triglyceride stores.

Once the bulk of the triglyceride has been removed from
chylomicrons and very low density lipoprotein these particles
disintegrate, leaving chylomicron remnants and low density
lipoprotein. Apo A, CII, and CIII are lost and reaggregate
with other molecules to form the heterogeneous group of
high density lipoprotein particles. Apo Al is particularly
important in high density lipoprotein particles. Chylomicron
remnants, which contain apo B48 and apo E as their main
apoproteins, are cleared by the liver through a receptor
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system more or less specific for apo E3 and apo B48." The
cellular uptake of the cholesterol rich low density lipoprotein
is also largely mediated by a high affinity cell surface
receptor.” This low density lipoprotein receptor present on
many cells recognises apo B100 and apo E. After being taken
into the cells low density lipoprotein is digested by lyso-
somes. Cholesterol and triglycerides are thus made available
to cells, but there are many ways in which this process may be
impaired.

Several clearly defined inherited apoprotein disorders
result in increased morbidity. Disorders with high density
lipoprotein concentrations below the 10th centile have been
described and include those with absent apo AI* and
abnormal apo As. The latter group include Tangier’s disease,
in which high density lipoprotein concentrations are low
because of a deficiency of normal apo AI and AIl. A
deficiency of apo Al and of apo CIII has been described in a
family with premature coronary heart disease, xanthomas,
and reduced high density lipoprotein but normal total
cholesterol concentrations.”” This defect is associated with a
rearrangement in the apo AI/CIII gene locus. Other poly-
morphisms identified in the region of the apo Al and CIII
genes are associated with hypertriglyceridaemia,"” reduced
high density lipoprotein concentrations, and a high incidence
of coronary heart disease.” The different types of disorders
resulting in reduced high density lipoprotein concentrations
appear to be associated with different susceptibility to
coronary heart disease. The reasons are often not clear,
although in Tangier’s disease the reduced concentration of
low density lipoprotein resulting from disordered apo A and
C metabolism may explain why the risk of coronary heart
disease is not high. The absence of apo CII is associated with
severe hypertriglyceridaemia and chylomicronaemia® owing
to reduced lipoprotein lipase activity, and these patients have
a high risk of acute pancreatitis.

Apo E synthesis is controlled by several alleles which
specify the synthesis of apo E2, E3, E4, and other forms, and
possession of the different apo Es is related to a variable
incidence of hyperlipidaemia.” People with the uncommon
type III hyperlipidaemia, who have a greatly increased risk of
premature atherosclerosis, nearly always have only E2/E2,
which is less well recognised by the liver receptors than E3;
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and very low density lipoprotein containing apo E2 is also less
readily converted to low density lipoprotein.” This may lead
to the accumulation of chylomicron remnants and very low
density lipoprotein in the circulation; and apo E characterisa-
tion can help in the accurate diagnosis of this hyper-
lipidaemia. An additional factor does, however, appear to be
necessary because 1% of the population have this genotype
but few have the clinical problem. Another form of hyper-
lipidaemia in which abnormal apoprotein concentrations
have been found is familial combined hyperlipidaemia. In
this condition cholesterol, triglyceride, and apo B concentra-
tions are high” and there is a high risk of coronary heart
disease.

Considering the complex and vital role of apoproteins and
the association with some specific disorders demonstrated
above, it is hardly surprising that there is a general associa-
tion between the concentration of some apoproteins and the
incidence of coronary heart disease. Avogaro and others
reported in 1979 that survivors of myocardial infarction had
higher concentrations of apo B and lower concentrations of
apo Al than controls.* Associations between high apo B and
low apo Al concentrations and various manifestations
of coronary heart disease have been confirmed in several
other small retrospective case control studies.”” In addition,
marked abnormalities of apo B concentrations have
been found in a few people with slightly raised total and low
density lipoprotein cholesterol®* and in some with raised
plasma triglycerides.* This could help to explain the uncer-
tain relation between hypertriglyceridaemia and coronary
heart disease if, as suggested by Sniderman et al,* those with
raised low density lipoprotein apo B are at higher risk.

Apo Al and apo B are the major apoproteins of high
density lipoprotein and low density lipoprotein respectively,
and alterations in the concentrations of these apoproteins
may merely reflect changes in the concentration of the
lipoproteins. An important question under investigation is
whether measuring individual apoproteins provides a better
indication of risk of coronary heart disease than measuring
lipoproteins. Avogaro and others found that the ratios of total
cholesterol to apo B and of apo Al to apo B were no better
than total and high density lipoprotein cholesterol at predict-
ing coronary heart disease below 50 but were slightly better
in older people.”* DeBacker also reported that the apo B to
apo Al ratio contributed to the discrimination between
survivors of myocardial infarction and controls.”? Other
studies have not shown apo Al to be better than high density
lipoprotein at predicting the risk of coronary heart disease,”
and data from the main prospective study suggested that high
density lipoprotein cholesterol was more help

Thus it is not yet clear whether measuring individual
apoproteins provides a better independent assessment of risk
than the investigations available now in most laboratories.
Measuring fasting triglyceride and cholesterol concentra-
tions, together with high density lipoprotein and low density
lipoprotein cholesterol in some cases, generally provides an
adequate clinical assessment of risk and information on
which to plan treatment. Carefully conducted case-control
and cohort studies are necessary to clarify the role of
apoprotein measurement in predicting risk of coronary heart
disease in the population. Measurement of apoproteins has,
however, increased our knowledge of lipid metabolism and
might tell us more about the relation between coronary heart
disease and other diseases such as diabetes. Currently
apoprotein determination is useful in investigating patients
with suspected type III hyperlipidaemia and families with
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unusual lipid problems and a high risk of coronary heart
disease.
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