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Atherosclerosis is a focal disease of the large and medium sized arteries
in areas of disturbed blood flow caused by endothelial injury, dysfunction
and local inflammation [1]. Coronary heart disease (CHD) is the most common
cause of death in western countries and in developing countries it accounts
for over 4.5 million deaths annually [2]. Dyslipidaemia has been identified as
a main cause of CHD and in particular an imbalance between the
atherothrombotic (LDL-c and lipoprotein remnants) and atheroprotective
(HDL-c) lipoproteins in plasma [3].
Reverse cholesterol transport has been described as a major function of
high density lipoprotein (HDL) for the last few decades. In addition HDL also
exerts antioxidant, antiinflammatory and antithrombotic properties. HDL
functions against lipid peroxidation, alters the expression of cytokines and
endothelial function, acts as an acceptor for oxidized phospholipids, blocks
oxidation of apo B lipoproteins and opposes insulin resistance [4, 5]. When
acute phase or chronic inflammatory response is present as in atherosclerosis,
HDL can be proinflammatory and proatherogenic.
Plasma HDL level is an inverse predictor of future atherothrombotic
events. The Framingham study (HDL concentrations predicting cardiovascular
risk) shows that 40% of events occurred in people with normal HDL levels [6].
In some instances increased plasma HDL levels can result from reduced
catabolism due to blockage in the dynamic flow of HDL lipids from peripheral
tissues to the liver [7]. In this scenario, measuring HDL levels alone may not
be accurate in assessing the cardiovascular risk. This has raised the question
of whether measuring HDL quality rather than quantity would help in better
prediction of atherosclerotic coronary artery disease.
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Structure of HDL
HDL consists of a hydrophobic core made of triglycerides and cholesteryl
ester. Free cholesterol, phospholipids and apolipoproteins (apo AI, AII, C,E,
AIV, J and D) form an outer amphipathic layer. Apo AI is the principal protein,
determines the atheroprotective function of HDL through its interaction with
scavenger receptor class B type 1(SR-B1) [7]. Mature spherical HDL contains
45-55% (mass %) apoproteins, 26-32% phospholipids, 15-20% esterified
cholesterol, 3-5% free cholesterol and approximately 5% triglycerides. When
cholesterol in the discoid HDL particle is esterified, the HDL discs are converted
into spherical HDL particles by lecithin cholesteryl acyl transferase (LCAT)
(densities range from 1.063 to 1.21g/ml). Though HDL is considered as a
single entity in clinical practice, recent two dimensional non denaturing
electrophoresis has revealed a number of HDL subspecies and altered levels
of these will predispose to CHD [8]. HDL also contains enzymes like
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paraoxonase, lecithin cholesterol acyl transferase, cholesterol ester transfer
protein and also acetyl hydrolase platelet activation factor (PAFAH) which are
important in determining the antioxidant property of HDL [9]. Proteomic analyses
have proved the role of HDL in innate immunity: out of 48 proteins isolated in
HDL, 23 proteins are involved in immune/inflammatory functions [10].

Functions of HDL
Reverse Cholesterol Transport (RCT)
RCT is cholesterol efflux from the arterial macrophages. The lipid
deposited at the site of atherosclerotic lesions are removed and transported
to the liver, bile and faeces for catabolism, thus attenuating the progression
of atherosclerosis. This involves specific transporters like adenosine tri
phosphate - cassette binding transporter (ABCA1), ABCG1, ABCG4 and LCAT
activity. The esterification of HDL by LCAT generates mature HDL particles
HDL2 and HDL3. HDL3 promotes cholesterol efflux more effectively than the
other HDL subclasses but plasma HDL levels measure the cholesterol content
of nascent HDL, HDL2 and HDL3 and thus it becomes a marker for RCT that
can be less relied upon. After cholesterol efflux, scavenger receptor B1 (SRB1),
hepatocytes and steroid producing cells uptake the mature HDL particles. In
addition, the cholesterol esters can be transferred to LDL and VLDL – the apo
B containing lipoproteins through cholesteryl ester transfer protein (CETP).
Hepatic lipase can act on the subsequent HDL rich in triglycerides and can
generate small HDL particles [11].
Antioxidant property
Lipid oxidation is the key central event for the initiation of atherosclerosis.
It initiates the formation of fatty streaks and the progression of atherosclerosis. A wide body of literature supports the antioxidant activity of HDL.
Apo A1 protects against oxidation of LDL and is a major contributor of HDL
antioxidant activity. LCAT, apart from cholesterol esterification, can hydrolyse
oxidized phospholipids of LDL. The presence of antioxidant enzymes on HDL
such as paraoxonase and acetyl hydrolase platelet activating factor prevent
the formation of oxidized LDL. Accumulation of oxidized lipids downregulates
the activity of anti oxidant enzymes present in HDL [12].
Anti-inflammatory activity
HDL has evolved as a part of the innate immune system. HDL levels fall
during the progression of atherosclerosis, a condition characterised by chronic
inflammation. HDL possesses antiinflammatory activity by downregulating
the expression of adhesion molecules which attracts oxidized LDL in the
endothelium and neutralises the effect of oxidized LDL on the vascular
endothelium. A few studies have demonstrated that HDL isolated from CAD
patients contain a specific myeloperoxidase driven tyrosine modification of
APOA1 coinciding with attenuation of cholesterol efflux with ABCA1. HDL
also reduces the platelet activation and provides anti thrombotic action
thereby benefiting the late stage of atherosclerosis [13].
Anti apoptotic activity
By facilitating the efflux of oxidized lipids, HDL diminishes apoptosis in
macrophages. HDL also stimulates endothelial nitric oxide synthase (eNOS)
diminishing endothelial dysfunction and it inhibits the coagulation cascade
through activation of factors Va and VIIa. This retards the progression of
atherosclerosis. In addition, HDL stimulates glucose uptake and fatty acid
oxidation thereby decreasing insulin resistance and increasing the insulin
secretion by the pancreas [14].
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Structural and functional changes which accompany
HDL during the process of atherosclerosis make it
'dysfunctional', thereby rendering HDL ineffective in its
anti atherogenic function. During inflammation, HDL levels
are reduced due to increased HDL catabolism, decreased
apo AI synthesis and displacement of apo AI by serum
amyloid A. In addition, anti oxidant enzymes, LCAT can
be diminished leading to inappropriate cholesterol efflux
and formation of oxidized lipids. It has been shown that
70% of South Asian immigrants with subclinical CAD had
dysfunctional HDL compared to controls [15]. HDL
isolated from lesions of CHD enhances the oxidation of
LDL, increases lipid hydroperoxides and promotes
monocyte chemotactic activity (MCP) in human arterial
wall. Myeloperoxidase which is co-localised with
macrophages targets apo AI, modifies and impairs its
function, converts HDL into dysfunctional form in humans
[16]. A cell free assay has been developed for the rapid
diagnosis of dysfunctional HDL. HDL inflammatory/anti
inflammatory index is used to classify HDL as pro
inflammatory i.e dysfunctional [17]. Dysfunctional HDL
may be converted to normal by diet, exercise, degree of fat
intake and pharmacologic approaches. Therapeutic
interventions may include inhibition of myeloperoxidase
thereby increasing the flux rate of HDL in plasma and
acceleration of RCT [18]. Statins may improve and convert
proinflammatory HDL into antiinflammatory by promoting
the formation of more favourable HDL subclasses [19].
Even with substantial progress in HDL genetics there is
lack of information in converting the basic research into
pharmaceutical designs for the treatment of dysfunctional
HDL. Orally active mimetic proteins are under development
and have shown clinical promise. Based on the existing
literature, research directions that could be explored in an
effort to create HDL-related anti-atherogenic drugs may
include, (a) the development of methods to enhance HDLmediated RCT by increasing the expression and thus
activity of the lipid transporter ABCA1 and the HDL
receptor SRB1, (b) the generation of recombinant forms of
human apoA-I with improved biological functions or
mimetic peptides with improved affinity for oxidation prone
"seeding" molecules such as HPODE and HPETE and (c)
the improvement of HDL subpopulation distribution by
enhancing the formation of select HDL subclasses linked
with increased athero protection [20].
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