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New promising potential in fighting atherosclerosis: HDL and

reverse cholesterol transport
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Abstract: Atherogenesis and cardiovascular disease (CVD) mortality remain an outstanding population health
risk. Its importance grows with rising affluence leading to obesity in the developing countries. Inspite of an
enormous initial enthusiasm related to the breakthrough success with the statins, there remains a substantial
residual risk of CVD. While statins are effective in lowering the low density lipoproteins, LDL (the ,bad” choles-
terol), the residual risk is also related to unsatisfactorily low levels of high density lipoprotein, HDL (the ,good”
cholesterol). It has been long known that low levels of HDL are associated with CVD as an independent risk
factor. The original concept of a direct transfer of cholesterol from LDL to HDL has been proved to be over-
simplified. Recent studies confirm direct participation of HDL in anti-atherogenesis by promoting the efflux of
cholesterol contained in the foam cells that constitute atherosclerotic lesions. The challenge is to identify thera-
peutic interventions aimed at raising HDL, thus assisting statins that have until recently been mostly used as
a monotherapy (Fig. 5, Ref. 26). Full Text in PDF www.elis.sk.
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CVD remains a major cause of worldwide morbidity and mor-
tality despite therapeutic advances that control many risk factors
such as the LDL to attain levels lower than previously possible.
Several large statin trials and meta-analyses have demonstrated
a reduction in LDL and CVD morbidity and mortality (1). This
promoted optimistic predictions that the CVD in the near future
will cease to be the predominant cause of population mortality. In
reality, some West European countries (e.g France) distinguished
themselves by a prominent drop in CVD mortality, CVD becoming
a lower threat than neoplasms. Yet, in Central Europe and mainly
in the European East, CVD reamains the most prominent health
threat, the main cause of mortality (2) (Fig. 1).

Atherosclerosis: The present concept

Existing consensus on the pathogenesis of atherosclerosis is the
result of advances in understanding of the lipoprotein metabolism
in the 1950s and in 1960s, and also in achievements of modern
cellular biology in the 1970s (3-5).

Atherosclerosis is associated with increased endothelial per-
meability of monocytes under the influence of adhesion molecules
(e.g. selectins E and P). This promotes endocytosis of oxidized
LDL (monocyte chemotactic protein-1, MCP-1) which carries se-
rum cholesterol. Circulating LDL particles enter the arterial wall
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Fig. 1. CVD mortality in Europe. According to WHO (2).

and accumulate in the intima, where they undergo further oxidation
and promote plaque formation. Intimal macrophages internalize
oxidized LDL particles through scavenger receptors and become
foam cells — a key process in the development of atherosclerotic
plaque (Fig. 2).

Further progression, an increase in macrophages and foam
cells, promotes the plaque instability. The arterial lumen is tenuous-
ly protected by an extracellular matrix -fibrous cap- that separates
the atherosclerotic plaque from the vessel lumen. This protective
layer tends to be weak and prone to disruption. Thrombogenic
material of the plaque becomes easily exposed to the circulating
blood and it triggers a thrombus formation with partial or com-
plete arterial occlusion.
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Fig. 2. Mechanism of atherogenesis. Partly according to Rocha and Libby (5).

A sobering fact is that the statins which primarily lower LDL-
cholesterol, only reduce the risk of atherosclerosis by 30 %. Thus
70 % of the risk of atherogenesis still has to be explained and
avoided. New data on the metabolism of HDL appear promising
at filling at least a part of this residual risk.

HDL structure, metabolism and reverse cholesterol transport

Our knowledge of HDL dates back to 1929 when Mache-
boeuf at the Pasteur Institute in Paris isolated a lipoprotein, later
recognized as HDL. Then in early 1950s, it was discovered that
patients with CVD had low levels of HDL. This lipoprotein ab-
normality was recognized as a significant and an independent risk
factor for CVD (6-12).

Initially, the beneficial influence of HDL was attributed to
modifying the LDL, lowering their level directly in the plasma.
Now it is recognized that the HDL metabolism is more complex.
A nascent flat form of cholesterol-free HDL originates in the liver
and in the intestine. The nascent HDL particles, consisting of phos-
pholipid and apolipoprotein A-I, interact with peripheral cells and
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increase in size as they circulate through the bloodstream (Fig. 3):
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Further metabohsm of HDL partlcles is complex (Fig. 4).
HDLs are capable of picking up cholesterol, from macrophages
and other cells by interaction with the ATP-binding cassette trans-
porters ABC. HDLs are then converted into mature cholesterol
ester-rich HDLs as a result of the plasma cholesterol-esterifying
enzyme lecithin-cholesterol acyltransferase (LCAT). In humans,
probably the most relevant pathway of HDL catabolism is medi-
ated by cholesteryl ester transfer protein (CETP). CETP promotes
the transfer of cholesteryl esters from antiatherogenic HDLs to
apolipoprotein B containing lipoproteins LDL, which are quickly
taken up by apo B receptors in the liver.

The so-called “reverse cholesterol transport pathway” is be-
lieved to be the main protective effect of HDL (10, 11, 14). This
pathway results in the transfer of excess cholesterol from peripheral
cells — such as macrophages in atherosclerotic plaques, to HDL,
which transfers its cholesterol to the liver for excretion in the form
of bile acids or free cholesterol. The concentration of large high
density lipoprotein particles more accurately reflect protective
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Fig. 3. Anatomy of HDL structure and subpopulations of HDL particles. Partly according to EHJ Supplement (Eur Soc Cardiol 2011).
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Fig. 4. The sheme of the reverse cholesterol transport pathway. Eplanation to figure: Scavenger receptor class B member 1 (SRB1) also known
as SR-BI is a protein that in humans is encoded by the SCARBI1 gene. SR-BI functions as a receptor for high-density lipoprotein. LDL-R —
specific receptor for LDL; ABC — ATP-binding cassette transporters of cholesterol; CETP — cholesteryl ester transfer protein, Partly accord-

ing to Remaley and Warnick (12).

action, as opposed to the concentration of total high density lipo-
proteins particles. A very large number of genetic polymorphisms
influence the serum level of HDL particles in any given individual.

Regarding HDL catabolism in man, probably the most relevant
pathway is mediated by cholesteryl ester transfer protein (CETP).
CETP promotes the transfer of cholesteryl esters from antiathero-
genic HDL to apolipoprotein B containing lipoproteins, predomi-
nantly the LDL. These are promptly taken up by the apo B liver
receptors. Animals that lack CETP, such as the rat and dog, have
very high HDL. Other species that have large amounts of CETP,
such as rabbits, monkeys and humans, have low HDL levels (13).
Therefore, inhibiting CETP appears to be an effective means to
raise HDL. However, the metabolism of HDL is complex. A very
large number of genetic polymorphisms influences the serum level
of HDL in any given individual.

The main protective effect of HDL is presumably related to a
,reverse cholesterol transport pathway*. By this mechanism ex-
cess cholesterol is transferred from peripheral cells — for instance
from macrophages in atherosclerotic plaques — to the HDL that
eventually carries its cholesterol to the liver for excretion in the
form of bile acids or free cholesterol.

HDL, cholesterol efflux capacity and atherogenesis

The Framingham Heart Study in the late 1960s revealed that
the men and women who had low levels of HDL cholesterol (less
than 0.9 mmol/L) had eight times the risk of CVD compared to
those with HDL-cholesterol levels above 1.7 mmol/L. Low lev-
els of HDL were later confirmed in a large number of clinical and
epidemiological studies to be strongly associated with an increase
in the risk of CVD.

The concept of a “reverse cholesterol transport pathway”” is now
considered to be the essential protective effect of HDL (10,11,14).
HDL circulates in various forms, including both lipid-rich and
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lesterol efflux capacity from macrophages. According to the data of
Khera et al (11).

lipid-poor subfractions. The lipid-poor prep1-HDL fractions ac-
quire cholesterol from macrophages in atherosclerotic plaques. In
this process a prominent transfer role depends on specific proteins,
ATP-binding cassette (ABC) transporters. Subsequently, choles-
terol acquired by HDL is cleared in the liver for excretion (Fig. 4).

Cholesterol efflux capacity from macrophages, a measure of
HDL function, has a strong inverse association with both carotid in-
tima—media thickness and the likelihood of angiographic coronary
artery disease. The functionality of HDL for cholesterol transfer,
its efflux capacity in an individual has been revealed by using so-
phisticated techniques. Khera et al (11) used murine macrophages
radiolabeled with *H-cholesterol. Efflux mediums containing se-
rum devoid of apoprotein B were then added for 4 hours. Liquid
scintillation counting quantified the efflux of *H-cholesterol from
the macrophages. The results were compared with the carotid inti-
ma-media thickness. Division of the cohort into quartiles according
to efflux capacity from macrophages documented an evident in-
verse association between efflux capacity and CVD status (Fig. 5).
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HDL and oxidative stress

Adverse factors may impair the beneficial metabolic function
of HDL. Oxidative stress and resulting inflammatory processes
have prominent role in atherogenesis. This may also affect the oxi-
dation of lipoproteins which becomes an important component in
atherosclerosis. Oxidized LDL induces inflammation by promoting
adhesion and influx of monocytes into the intima.

Oxidation impairs not only LDL but also HDL, rendering it
dysfunctional. In patients with CVD, oxidated HDL becomes inef-
fective, yielding a pro-inflammatory and pro-oxidative phenotype
(15). There is the possibility that HDL carbamylation contributes
to foam cell formation in atherosclerotic lesions (16). Dysfunc-
tional, pro-inflammatory HDL might directly influence monocyte
gene expression and function (17).

Presently, it is difficult to dissect the complex metabolic rela-
tions between HDL and disease states. Multiple clinical studies
have identified individuals with a significant atherosclerotic bur-
den despite normal or elevated levels of HDL. Clinical conditions
associated with inflammation and oxidative stress also adversely
affect the normal functions of HDL. Other disease processes, pro-
inflammatory and proneoplastic, may also depend on metabolism
of HDL. Most recently (18) it was reported that high levels of HDL
were associated with lower risk of colon cancer.

When considering to modify the HDL level, it is important
that increases in HDL up to 40 % were not associated with higher
non-CVD death. The increase in adverse CVD events observed in
some trials where HDL cholesterol was adequate or substantially
elevated may have been related to medications used by patients
rather than to HDL cholesterol level (19).

What are the opportunities to directly promote the beneficial
role of HDL? Dysfunctional HDL may be returned to normal by
diet, exercise, modification in fat intake and by pharmacologic
interventions (20, 21). Therapeutic strategies have included nia-
cin, fibrates, thiazolidinediones and bile acid sequestrants. Newly
developed pharmacological agents include apolipoprotein A-I mi-
metics and the cholesteryl ester transfer protein (CETP) inhibitors
(22). Orally active mimetic proteins are in development and have
shown clinical promise.

The long-acting formulations of nicotinic acid remain the most
effective and best tolerated pharmacological strategy for raising
HDL in patients already on statin therapy to control LDL. Niacin
treatment was reported to cause a moderate increase in the abil-
ity of HDL to promote net cholesterol efflux (23). Anacetrapib is
a cholesterol ester transfer protein inhibitor. Treatment with anac-
etrapib had robust effects on LDL and HDL and during the study
no adverse cardiovascular effects were observed (24).

These results provide a rationale for large clinical trials to further
initial attempts at fostering the beneficial metabolic role of HDL.

Conclusion
Extensive use of statins resulted in a substantial progress in

combating CVD but there remains a residual metabolic risk. While
statins reduce LDL levels, they are not fully adequate as mono-

therapy to raise HDL or to correct HDL-associated CVD risk in
subjects with low HDL. Statins only have a modest effect on HDL.

HDL is known to protect against atherosclerosis by promoting
reverse cholesterol transport and also through antiinflammatory,
antioxidative, antithrombotic and nitric oxide effects. Individu-
als with above average level of HDL have been known to have
improved survival up to age 85 (25). Low serum levels of HDL-
C or of apolipoprotein A-1 (ApoA-1), the major protein of HDL
particles, are consistently associated with increased risk for all
forms of atherosclerotic disease and its clinical sequelae, includ-
ing myocardial infarction, stroke, and sudden death.

Decisive progress in effectively using the favorable potential
of HDL has been tempered by the complexity of the HDL mecha-
nism of action and by limited ablity to measure individual stages
of their function. HDL is a complex therapeutic target, albeit one
with immense potential for the treatment of patients with athero-
sclerosis. The clinical utility of elevating high-density lipoprotein
cholesterol (HDL-C) to reduce risk for cardiovascular morbidity
and mortality remains the subject of much debate. At present, rais-
ing HDL level holds great promise, on the basis of epidemiology
and initial trials, but we have to await the outcome of several large
clinical trials currently under way to define the clinical role of older
and novel therapies to raise HDL-C level (26).
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