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Cholesterol deposition plays a central role in
atherogenesis. The accumulation of lipid
material is the result of an imbalance between
the influx and efflux of cholesterol within the
arterial wall. High levels of plasma low-density
lipoprotein-cholesterol are considered the
major mechanism responsible for the influx
and accumulation of cholesterol in the arterial
wall, while high-density lipoprotein (HDL)cholesterol seems responsible for its efflux.
The mechanism by which cholesterol is
removed from extra-hepatic organs and delivered to the liver for its catabolism and excretion is called reverse cholesterol transport
(RCT). Epidemiological evidence has associated high levels of HDL-cholesterol/ApoA-I with
protection against atherosclerotic disease, but
the ultimate mechanism(s) responsible for the
beneficial effect is not well established. HDLs
are synthesized by the liver and small intestine
and released to the circulation as a lipid-poor
HDL (nascent HDL), mostly formed by ApoA-I
and phospholipids. Through their metabolic
maturation, HDLs interact with the ABCA1
receptor in the macrophage surface increasing
their lipid content by taking phospholipids and
cholesterol from macrophages becoming
mature HDL. The cholesterol of the HDLs is
transported to the liver, via the scavenger
receptor class B, type I, for further metabolization and excretion to the intestines in the form
of bile acids and cholesterol, completing the
process of RCT. It is clear that an inherited
mutation or acquired abnormality in any of the
key players in RCT mat affect the atherosclerotic process
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Introduction
Despite tremendous advancements in therapeutic strategies in the last 20 years, cardio[page 38]
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vascular disease (CVD) are still the number
one cause of mortality and morbidity worldwide, with atherosclerosis and its thrombotic
complications being responsible for most of
CVD deaths.1 Atherosclerosis is a diffuse
process characterized by the lipids deposition
and other blood-borne material within the
arterial wall of almost all vascular territories.
On one hand, low-density lipoprotein-cholesterol (LDL-C) penetrates into the subendothelial space as a consequence of endothelial dysfunction (which is considered the very initial
step of atherosclerosis), where it can be oxidized (oxLDL-C); oxLDL-C is highly toxic, and
as part of a mechanism of defense, it is phagocytized by the vessel wall macrophages.
Furthermore, oxLDL-C triggers a series of proinflammatory reactions via different mediators, perpetuating the activation and recruitment of monocytes-macrophages and other
inflammatory cells. Macrophages, engulfed by
lipid material, ultimately become foam cells,
which may undergo apoptotic death, release
cholesterol to the vessel wall and, more importantly, inflammatory substances like tissue factor and metalloproteinases, thus making atherosclerotic lesions more prone to rupture. On
the other, high-density lipoprotein-cholesterol
(HDL-C) is essential in cholesterol efflux from
the arterial wall (Figure 1) and its transport to
the liver for further metabolism and final
excretion via the intestine (Figure 2), a
process called reverse cholesterol transport
(RCT). Thus, lipid accumulation within the
arterial wall may be the result of an imbalance
between cholesterol influx by LDL-C and efflux
by HDL-C.2

m

High-density lipoproteincholesterol, reverse cholesterol
transport, and cardiovascular
risk: a tale of genetics?

In many epidemiological studies high levels
of HDL-C are associated with a reduced risk of
CVD, while low HDL-C levels linked to an
increased risk.3 Conversely, it has been shown
that the incidence of HDL-C below 35 mg/dL
was ≈3-fold higher among men with premature (<60 years of age) coronary heart disease
than in age-matched controls.4 In addition, a
post-hoc analysis of the TNT study5 showed
that HDL-C levels in patients receiving statins
were predictive of major cardiovascular events
(MACE) across the study cohort, both when
HDL-C was considered as a continuous variable and when subjects were stratified according to quintiles of HDL-C. Even among study
subjects with LDL-C levels below 70 mg/dL,
those in the highest quintile of HDL-C levels
were at less risk for MACE than those in the
lowest quintile (Figure 3). However, recent
[Cardiogenetics 2013; 3:e7]
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human studies evaluating two different cholesterol ester transfer protein inhibitors
(torcetrapib and dalcetrapib) have cast some
doubt on the good cholesterol HDL hypothesis.
Despite a significant increase in HDL-C levels
no beneficial cardiovascular outcomes was
reported.6 However, abundant evidence in animals models show that increased HDL is associated with decreased atherosclerosis progression or even regression, thus a new theory has
surfaced, that HDL-C levels may not be an ideal
predictor of cardiovascular risk, rather HDL-C
function may be a better indicator.7
In this review, we will discuss one of the
major functions of HDL, namely its role in promoting RCT, along with several genetic mechanisms by which RCT can become dysfunctional, and new clinical evidence linking HDL-C
functionality to cardiovascular outcomes.

Reverse cholesterol transport
and high-density lipoproteincholesterol functions
The atheroprotective properties of HDL-C
(i.e. antioxidant, anti-inflammatory, endothelial cell maintenance functions, mediator of
RCT) are well known. Although these activities
have not been directly compared, it is likely
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Figure 1. High-density lipoprotein (HDL) particles start out as apolipoproteins produced
by the liver, called apoA1. Precursor molecules are released in HDL called pre-B-HDL,
incorporating small quantities of cholesterol and lipids, especially phospholipids (PL).
ATP-binging cassette transports (ABC) proteins transport various molecules across extraand intra-cellular membranes. Cholesterol from non-hepatic peripheral tissues is transferred to HDL by the ABCA1. ABCG1 and ABCG4 are necessary for the further lipidation required becoming spherical particles HDL. The free cholesterol (FC) is converted to
cholesteryl esters (CE) by the enzyme lecithin-cholesterol acyltransferase (LCAT).
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that RCT plays a crucial role in anti-atherogenic effect of HDL-C. The RCT hypothesis
proposes that HDL-C accepts cholesterol from
the periphery, such as arterial wall cells, and
deliver it to the liver for excretion via the bile
salts. In 1990 the pioneering work of Badimon
et al. employed HDL-C as a therapeutic agent:
it was the first preclinical evidence that plaque
regression is feasible, showing that HDL-C
infusion regressed pre-existing lesions in a
rabbit model of atherosclerosis.8 Other HDL-Celevating interventions corroborated this finding in animals9 and in humans.10
HDLs are a heterogeneous group of particles, different in size, shape, density, cholesterol and phospholipid content, as well as in
apolipoprotein composition. The life cycle of
HDL begins with apolipoprotein A-I (ApoA-I)
being synthesized by the liver and, after interaction with hepatic ATP-binding cassette
transporter 1 (ABCA1), is secreted into plasma
as lipid-poor ApoA-I. The maturation process
starts by acquisition of cholesterol and phospholipids (PLs) via ABCA1-mediated efflux
from the liver and the transfer of cholesterol,
PLs, and apolipoproteins from chylomicrons
and vey low-density lipoproteins (VLDL) during lipoprotein-lipase-mediated lipolysis to
form nascent pre- -HDLs. Additional cholesterol and PLs is acquired from cells in extrahepatic tissues via ABCA1-mediated efflux,
progressively generating more cholesterolenriched particles. The enzyme lecithin-cholesterol acyltransferase (LCAT), carried on
HDLs, esterifies the free cholesterol (FC) to
cholesteryl ester (CE), which migrate to the
core of the HDL-particle to form mature HDLs
that can acquire additional lipid via ABCG1
and SR-BI-mediated efflux2 (Figure 1).
Thus, genetic variants in any of the key players in RCT may be of great importance for cholesterol accumulation and/or removal, ultimately modifying the atherosclerotic process.
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ATP binding cassette family
The ATP binding cassette (ABC) family is a
large conserved family of transmembrane proteins, which require energy (ATP) to transport
substrates from the cytoplasm out of the cell or
into specific intracellular organelles against
concentration gradients. This family have
been subdivided into either full or half transporters and into 7 subgroups (A–G), based on
sequence similarity and domain organization.11 Type A1 is ubiquitously expressed in
humans and promotes efflux of PLs and FC
from cells to lipid-poor ApoA-I. It is essential
for normal lipidation of lipid-poor ApoA-I as
well as for regulation of apoptosis and inflammation. In its functional absence ApoA-I is rapidly catabolized and it does not reach maturity.

Figure 2. Schematic view of reverse cholesterol transport. Apia-I is responsible for the
metabolic fate of high-density lipoprotein (HDL) cholesterol HDLs and it is synthesized
by the liver. HDLs are released to the circulation as a lipid-poor HDL (nascent HDL),
mostly formed by Apia-I and phospholipids (PL). Through their metabolic maturation,
HDLs interact with the ABCA1, ABCG1 and also SR-B1 receptor in the macrophage surface and peripheral tissue increasing their lipid content by taking PLs and cholesterol
becoming spherical HDL. The cholesterol of the HDLs is transported to the liver, via the
scavenger receptor class B, type I (SR-BI), for further metabolization and excretion to the
intestines in the form of bile acids and cholesterol, completing the process of reverse cholesterol transport.
[Cardiogenetics 2013; 3:e7]
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unexpected data came also from transgenic
mice where over expression of human ABCG1
in either LDLR-/- or ApoE-/- hypercholesterolemic mice did not attenuate atherosclerosis development.23
Finally, it has been also displayed that
ABCA1, ABCG1, and HDL inhibit the proliferation of hematopoietic stem and multipotential
progenitor cells and connect expansion of
these populations with leukocytosis and accelerated atherosclerosis.24

Scavenger receptor BI

y

SR-BI is the membrane HDL receptor,
encoded by SCAR-BI gene. It mediates cholesterol transfer to/from HDL (direction depends
on cholesterol gradient) and also the selective
uptake of other lipids (i.e. CE, PLs, triglycerides), thus promoting depletion of HDL-C
core lipids. In mammals, liver is the only organ
capable to synthesize/metabolize cholesterol;
thus, cholesterol transport to the liver is essential for its removal from the body. HDL-C is
transferred to the hepatocyte via SR-BI, for further metabolization and excretion into the
intestine in the form of bile acids and cholesterol, completing the process of RCT. During
its transport to the liver, mature HDLs can
transfer part of its CE to VLDL-C and LDL-C via
cholesteryl ester transfer protein (CETP).2
Mutations, deletions and other abnormali-
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with chronic inflammation, macrophage accumulation, lymphocyte infiltration, and elevated
cytokines levels, cytokine receptors and matrix
remodeling enzymes. This was a result in part
of the impaired ability of ABCG1-/- pulmonary
macrophages to efflux surfactant-derived cholesterol.17 Lipidation of ApoE-containing
lipoproteins in glial cells in the brain is also
ABCG1 dependent.18 Mice knock-out for
ABCG1/ABCA1 demonstrated that loss of both
transporters resulted in an even more striking
lipid-accumulation phenotype in macrophages
and specific tissues than in single knock-out
mice.19
ABCG1 is highly expressed in endothelial
cells, where it mediates cholesterol efflux to
exogenous HDL in vitro and, as recently
reported, it balances vasoconstriction/vasodilation by expression of active endothelial nitric
oxide synthase.20
Unclear results come from animal studies
involving ABCG1-/- mice, that are not hypercholesterolemic and, consequently, do not develop
spontaneous atherosclerosis.21 It has been
observed that transplantation of bone marrow
cells from ABCG1-/- mice into hypercholesterolemic LDLR-/- atherosclerosis-prone mice22
induced a moderately significant increase in
lesion size23 as well as significant decreases
(20-50%) of plaque.22 These paradoxical
results were attributed to increased susceptibility of the macrophages to apoptosis or to an
increase in ABCA1 expression and secretion of
apoE22 from ABCG1-/- macrophages. Moreover,
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In Tangier disease a complete loss of function
mutations in ABCA1 gene was found, with virtually absence of HDL-C and very low levels of
ApoA-I, as well as cholesterol accumulation in
peripheral macrophage-enriched tissue.12
To date, more than 100 mutations in ABCA1
gene have been identified, most of which are
misses. The latest described affects the acceptor splice site of intron 20 assessing its impact
on pre-mRNA splicing.13
Animal studies indicate that ABCA1 and
ABCG1 play a key role in facilitating cholesterol efflux and RCT. Mice deficient in ABCA1
or ABCG1 have a marked increase in foam-cell
accumulation and atherosclerosis.14 Furthermore, heterozygosity for an ABCA1 mutation
(K776N) confers two- to three-fold risk of CVD.
This mutation is localized in the middle of the
ABCA1 protein in a domain predicted to be
transmembrane or very close to the extracellular surface; functionality of this area is still
unknown. This residue is of particular interest
because: i) is completely conserved between
species; ii) the amino acid substitution results
in a change in side chain charge (basic to
uncharged polar); iii) K776N is relatively frequent in Caucasians (3/1000); iv) diseasecausing mutations have been identified in the
corresponding region of a closely related gene,
the cystic fibrosis transmembrane conductance regulator.15
A very large pool of FC is the adipose tissue
that it’s known to support cholesterol efflux to
HDL/ApoA-I in vitro. In contrast to liver and
macrophages, adipocytes cholesterol efflux is
controlled by ABCA1 and SR-BI, but not ABCG1,
and is suppressed by some inflammatory
adipocytokines.16
ABCG proteins are unique half transporters
with the ABC domain localized to the aminoterminal side of the transmembrane part.
Homodimers G1:G1 and G4:G4 and heterodimer G5:G8 have a role in transporting
sterols across membranes.11 Early studies
showed that macrophages express high levels
of ABCG1 mRNA when converted to lipidloaded foam cells by incubation with modifiedLDL or specific oxysterols, or following the
induction of the nuclear receptor liver-X-receptor. ABCG1 is highly expressed in multiple tissues (i.e. lung, brain, kidney, spleen) while it
is low/undetectable in hepatocytes and enterocytes, suggesting that, unlike ABCA1, ABCG1
has no role in lipid absorption or lipoprotein
secretion.
The physiological importance of ABCG1 was
revealed upon analysis of ABCG1−/−LacZ knockin mice. Surprisingly, the major phenotype
involved massive lipid accumulation in the
lungs of these mice, particularly in alveolar
macrophages and, to a lesser extent, the surfactant-secreting type-2 cells. This deposition
was age dependent, accelerated by a high-fat
diet, and so severe that the lungs turned white,
[page 40]

Figure 3. A post-hoc analysis of the TNT trial showing that high levels of high-density
lipoprotein-cholesterol (HDL-C) significantly reduced the 5-year risk of major CV
events, even in patients with low-density lipoprotein-cholesterol (LDL-C) (<70 mg/dL).
Using multivariate analysis, the authors explored whether HDL-C levels are clinically
relevant in patients who achieve the LDL-C goal of <70 mg/dL for very–high-risk
patients. Analysis of the TNT data showed that as HDL-C values increased from quintile
1 to quintile 5, there were significant reductions in the occurrence of major CV events in
this cohort of statin-treated patients with LDL-C <70 mg/dL. Notably, the risk of major
CV events was 39% lower among patients in the highest HDL-C quintile (HDL-C ≥55
mg/dL) compared with patients in the lowest HDL-C quintile (<37 mg/dL).The finding
that HDL-C remained a significant predictor of major CV events in patients with verylow LDL-C supports the clinical relevance of HDL-C as a therapeutic target. Statintreated patients who achieve a low LDL-C goal still have a substantial residual risk that
can perhaps be reduced by increasing the HDL-C concentration.

[Cardiogenetics 2013; 3:e7]
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ApoA-I is the major protein of HDLs and it is
the key player in removing cholesterol from the
macrophages/foam cells in the vessel wall.2
The structure of ApoA-I has been subject of
intense study because elevated levels of HDLs
correlate strongly with a reduced risk for atherosclerosis.3 In addition to its ability to solubilize lipids, ApoA-I serves as the major activator
of LCAT and promotes cellular cholesterol
efflux.2
Two naturally occurring human mutations
of ApoA-I (arginine to cysteine substitution),
have been identified. In ApoA-IM this mutation
occurs at residue 173, whereas in ApoA-I Paris
(apoA-Ip) it occurs at residue 151. These mutations are interesting because wild-type ApoA-I
(ApoA-Iwt) does not contain any cysteine
residue.29 Paradoxically, heterozygous individuals for either mutation are at a reduced risk
for atherosclerosis despite low HDL-C levels.30
Reconstituted HDLs containing homodimers of
either ApoA-IM or ApoA-Ip were similar to HDLs
containing ApoA-Iwt in their ability to clear
dimyristoyl-phosphatidyl-choline emulsions, to
promote cholesterol efflux30 and to activate
LCAT, although this ability is at a decreased
efficiency compared to reconstituted HDLs
containing ApoA-Iwt.2
Furthermore, HDLs containing ApoA-IM or
ApoA-Ip form either homodimers of ApoA-Iwt or
heterodimers of ApoA-Iwt and ApoA-II. ApoA-IM
forms reconstituted HDLs with two distinct
diameters containing either two or four molecules of ApoA-I present as homodimers. These
reconstituted HDLs are of a size comparable to
the HDLs containing ApoA-Iwt. ApoA-Ip forms
reconstituted HDLs with three distinct diameters. Despite an high atherogenic lipid profile,
consisting in very low plasma HDL-C and moderate hypertriglyceridemia, ApoA-IM carriers
present low cardiovascular risk as reported by
Sirtori and Franceschini in a small group of
people in Limone sul Garda, Italy, who shared
that common lipid profile.31 This apparent paradox is explained, at least in part, by an
enhanced capacity of serum from ApoA-IM carriers to promote cell cholesterol efflux through
the ABCA-1 transporter and by an extremely
prolonged elimination half-life due to a dimeric form that apparently enhanced the capacity
to remove cholesterol, thus having a dramatic
impact on cardiovascular risk.31
The efficiency of ApoA-IM to remove cholesterol and reduce pre-existing atherosclerotic
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lesion has been highly investigated.32,10,29 In
animal models, administration of recombinant
ApoA-IM results in a reduced plaque size, lower
lipid and macrophage plaque content,
decreased TF and MMP levels, lower inflammation profile and enhanced RCT.29,32 In humans,
5 weekly injections induced a significant
plaque reduction.10 However, whether ApoA-IM
is more powerful than ApoA-Iwt is still controversial. To date, it has been proven that recombinant HDLs carrying ApoA-IM exerts greater
anti-inflammatory and plaque stabilizing properties than wild-type HDLs.33
The genes coding for apolipoprotein (i.e.
ApoA-I, ApoC-III, ApoA-IV and ApoA-V) are
located in clusters on chromosome 11, and
some of the patients with complete deficit of
ApoA-I have deletions also in more genes of
this complex. Mutations in these genes, critical in the synthesis and in the catabolism of
HDLs, can induce marked changes in HDL-C
plasma levels. The complete ApoA-I deficiency
leads to the absence of plasma HDLs with
increased plasma and tissue levels of FC,
resulting in the development of corneal opacities and planar xanthomas and finally premature CVD. On the other hand, increasing ApoAI plasma levels is associated with a significant
reduction of the residual cardiovascular risk.34
Over expression of functional ApoA-I/HDL can
be easily achieved by gene transfer with
regression of pre-existing atherosclerotic
lesion.9
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levels.29 This effect was associated with an upregulation of vessel wall ABCA-1, as well as
hepatic and arterial-wall SR-BI up-regulation.
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ties of SCAR-BI gene and/or SR-BI protein may
modify cholesterol levels, in particular HDL,
with different incidence of atherosclerosis and
CVD.25
Over expression of SR-BI reduces HDLC/ApoA-I plasma concentrations because of
accelerated clearance. In mice, hepatic SR-BI
over expression resulted in increased
macrophage RCT (despite reduced plasma
HDL-C levels) while SR-BI deficiency was
associated with markedly increased atherosclerosis, reduced RCT, lipid deposition and
atherosclerosis in the aorta despite increased
HDL-C levels. It seems to exist an inverse relation between hepatic SR-BI expression and
atherosclerosis.25 Different studies in SR-BI
deficient mice on the of ApoE-/- or either LDLR-/background results in early and markedly
accelerated atherosclerosis and mortality.
Moreover, bone marrow transplantation from
SR-BI-deficient mice into LDLR-/- or ApoE-/mice increases atherosclerosis, consistent
with a protective role of macrophage SR-BI.26
In murine hepatocytes expression of mutant
SR-BI reduced to half the cholesterol uptake
from HDL compared to hepatocytes expressing
wild-type SR-BI. In particular, carriers of the
P297S mutation have increased HDL-C levels
and a reduced capacity for cholesterol efflux
from macrophages, although the carotid artery
intima-media thickness was similar in carriers
and in non-carriers. Platelets from carriers
have increased non-esterified cholesterol content and impaired function.27 However, the
P297S is not the only known mutation. Two
polymorphisms of the SR-BI gene promoter
have been identified. One is an 11-bp deletion
at the transcription start site, corresponding to
a specific protein binding site (Sp1) that prevents binding of Sp1, thus reducing transcriptional activities. It is associated with significant increase in HDL-C levels and explained
≈0.5% of the variation in HDL-C levels in this
population.27 The other mutation is a C T substitution at position −142.
Some studies have also described, in addition, mutations that affect in particular female
suggesting that the genetic basis of dyslipidemias and the cause of coronary disease can
varies between men and women. In particular,
combined genotypes for a silent variant in
exon 8 and the intron 5 polymorphisms are
strongly associated with TG:HDL-C ratio, an
important risk factor for atherosclerosis and
metabolic syndrome. Interestingly, the same
associations were not found in men.28
Moreover, SR-BI expression may be modified by alterations affecting other stages of the
RCT. Very interesting is the relation between
ApoA-I and SR-BI, in particular ApoA-I Milano
(ApoA-IM). It has been reported that recombinant ApoA-IM administration involves an
important reduction in the hepatic and aortic
cholesterol content without altering plasma

[Cardiogenetics 2013; 3:e7]

Lecithin-cholesterol
acyltransferase
LCAT within the discoid nascent HDLs catalyzes the transfer of 2-acyl groups from
lecithin to FC generating CE and lysolecithin.
The CE are more hydrophobic than FC and
moves to the core of the lipoprotein, allowing
the formation of the larger mature, spherical
shaped, HDLs. LCAT is critical for normal HDL
metabolism, because its absence results in the
inability to generate mature HDLs with normal
CE cores. A defect in LCAT function causes
extremely low HDL-C/ApoA-I levels due to rapid
catabolism35 and enhances atherosclerosis.
Human LCAT gene is localized on chromosome
16 and contains 6 exons, with 1.5 kb of coding
sequence. It is primarily expressed in the liver.
LCAT protein is secreted into the plasma and it
resides on circulating HDLs which contain its
principal activator: ApoA-I. LCAT exhibits two
activities in normal plasma: a-LCAT activity,
specific for lipoproteins with a-mobility upon
electrophoresis (i.e. HDL), and b-LCAT activity, specific for pre-b and b-migrating lipoproteins (i.e. VLDL and LDL, respectively).
However, a- and b-LCAT activities represent
[page 41]
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Cholesterylester transfer protein (CETP), also
called plasma lipid transfer protein, facilitates
the transport of CE and triglycerides between
the lipoproteins. It works at a crucial step in RCT,
collecting triglycerides from VLDL or LDL and
exchanges them for CE from HDL, and vice
versa.2 It may have both pro-atherogenic and
anti-atherogenic properties. The pro-atherogenic activity may result from: i) decrease of
RCT via the HDL/hepatic SR-B1 route, ii) reduction in overall HDL levels, potentially reducing
cholesterol efflux from the arterial wall, and iii)
increase in atherogenic LDL levels. On the other
hand, the anti-atherogenic properties may come
from an increase in indirect RCT via the
LDL/hepatic LDLR route. Thus, the question of
whether the sum effect of CETP activity is proor anti-atherogenic remains to be solved.
Different studies are still ongoing to evaluate if
CETP modulation may be a viable strategy
[page 42]
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Cholesterylester transfer protein

with dalcetrapib, for a lack of clinically significant benefit despite the high HDL-C levels
achieved, raised several issues about the safety
of this strategy to reduce CVD.6 Treatment with
torcetrapib, in particular, was associated with
hypertension, maybe for an increase in plasma
levels of aldosterone and corticosterone.40
More promising results seem to come from
the last inhibitors of this family, the anacetrapib.6 Its use is not associated with increased
adrenal steroid levels observed with torcetrapib.
However large clinical trials are needed to
address its safety and efficacy in CVD patients.
On the other hand, the use of CETP agonists
(i.e. probucol) may also lead to clinical benefits.
As shown in the FAST (Fukuoka Atherosclerosis
Trial) trial, probucol treatment led to a >80%
reduction of events, compared with 40% for
pravastatin. Moreover, long-term treatment with
probucol has been also used to effectively manage severe familial hypercholesterolemia.41
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against atherosclerosis.6
Initial evidence of a link between CETP and
HDL-C levels came from the identification of
mutations in the CETP gene in subjects with
plasma lipid levels abnormalities. Numerous
gene variants of this protein have been identified in various countries, with often conflicting
phenotypic implications. In up to 2% of the general population of Japan and in 27% of people in
the Omagari region is present a nucleotide substitution (G to A) leading to a splicing mutation
of the CETP gene that results in no measurable
CETP activity and markedly raised HDL-C levels.
A second mutation, even more common than the
first one (up to 7% of the Japanese population)
has been identified, also causing CETP protein
deficiency. It occurs in exon 15 and results in a
substitution at position -442 (D442G). Interestingly, homozygous individuals for D442G
retain partial CETP activity and, consequently,
have less markedly raised HDL-C levels.37
Because of its key role in RCT, CETP mutations can produce significant changes in lipid
and lipoprotein metabolism and these changes
vary between different mutations. Moreover,
CETP protein deficiency may not only affect
overall HDL-C levels but may also result in qualitative changes in HDL, affecting their functionality. These lipoproteins may be larger in size
and CE-rich, thus with an ambiguous ability to
promote cholesterol efflux from macrophages.38
Consequently, the role played by underlying
CETP mutations on the susceptibility to develop
CVD is complex and difficult to define. However,
not all CETP gene mutations have a dramatic
effect on CETP protein levels. Various single
nucleotide polymorphisms (SNPs) of the CETP
gene have also been reported. They are associated with only small changes in plasma CETP levels and HDL-C levels. The most well-characterized CETP SNP is Taq1B at intron 1. This mutation is associated with high CETP activity, low
HDL-C levels and increased CVD risk, although
this effect may to some degree be dependent on
gender.39
Another CETP gene polymorphism, the I405V,
has been also investigated. The homozygosity
for the 405V allele is highly present in the
Ashkenazi Jews (who tend to have exceptional
longevity) and it is associated with reduced
CETP levels and a unique lipoprotein profile,
characterized by larger HDL and LDL particles,
maybe responsible of the survival advantage
leading to longevity. However, previous studies
of the I405V CETP gene polymorphism have provided contradictory findings.39 Taking into
account the lesson from CETP mutations, we
may understand and explain why pharmaceutical inhibitors of CETP, such as torcetrapib and
dalcetrapib, to increase HDL-C for prevention of
CVD lead to ambiguous results. The failure of
torcetrapib in the ILLUMINATE trial, because of
an increased cardiovascular event rate and the
premature termination of the dal-OUTCOMES
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two functional aspects of the same protein, as
only one LCAT gene is present in humans.35
To date, over 60 different mutations in
human LCAT gene have been reported which
can lead to two rare disorders: Fish-eye disease
(FED) and familial LCAT deficiency (FLD).35
FED was classified as a-LCAT deficiency
whereas FLD resulted from a lack of both aand b-LCAT activities. LCAT deficiency causes
low HDL-C levels and an excess of non-esterified cholesterol and lecithin that distributes
among plasma lipoproteins and plasma membranes. FED patients have reduced LCAT activity on HDL (a-LCAT) but near normal activity
on LDL (b-LCAT). They present the characteristic dense age-dependent corneal opacifications and HDL-C deficiency; the conserved bLCAT activity in FED appears to prevent the
development of severe clinical symptoms as
described for subjects with FLD. FLD is characterized by HDL deficiency and lipid changes in
both VLDL-C and LDL-C fractions. The major
clinical manifestations include corneal opacification, anemia, proteinuria, and renal disease.35 In these patients renal lesions began
with the deposition of lipid-like structures in
the glomerular basement membrane that progressively accumulate in the mesangium and
capillary subendothelium.36 FED and FLD subjects may have normal to elevated total cholesterol and triglycerides with similar low level of
HDL-C. Although CVD has been reported in
FLD and FED patients,35 in many cases they do
not develop clinically apparent disease. The
role of LCAT in the pathogenesis of atherosclerosis is still today controversial. Even it is an
anti-atherogenic factor, the final effect
depends by factors that modulate the RCT
pathway.

[Cardiogenetics 2013; 3:e7]

Atherosclerosis is a complex disorder resulting from the interaction between genotype (that
determine the individual’s susceptibility) and
environment (that determine the risk factors).
The relative contribution of genes and environment varies from one patient to another. As discussed above, there is no unifying genetic pattern that is associated with atherosclerosis, thus
some individuals suffer from hereditary
impaired lipoprotein homeostasis, others from
chronic inflammation or vascular calcification
that may be the prevalent cause of their
increased susceptibility. As shown by the ApoAIM population, not all the genetic variants result
in an increased atherosclerosis development.
Placing the genetic basis of the athero- and cardio-protective properties of HDL, a better understanding of HDL biology may uncover novel
opportunities to enhance its function in CVD
prevention. To date, genetic information is far
from ready for clinical use in CVD prediction.
From the personal point of view and based on
the data discussed above, promising therapeutic
interventions to increase good HDL are not so
far (i.e. infusion of recombinant HDL and/or
ApoA-I over expression), thus we should pursue
in these close strategies to achieve our goal to
reduce CVD.
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