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Hyperalphalipoproteinemia (HALP) is a lipid disorder characterized by elevated plasma high-density lipoprotein
cholesterol (HDL-C) levels above the 90th percentile of the distribution of HDL-C values in the general population.
Secondary non-genetic factors such as drugs, pregnancy, alcohol intake, and liver diseases might induce HDL
increases. Primary forms of HALP are caused by mutations in the genes coding for cholesteryl ester transfer
protein (CETP), hepatic lipase (HL), apolipoprotein C-lll (apo C-Ill), scavenger receptor class B type | (SR-BI) and
endothelial lipase (EL).

hyperalphalipoproteinemia HDL CETP polymorphisms cardiovascular disease

| 1. Introduction

The pathophysiology of other forms of HALP is not well characterized, and it is still unknown if the increased
production or reduced catabolism of HDL are the cause of this lipid disorder . Epidemiological studies have
demonstrated a strong inverse relationship between low HDL-C levels and risk for developing atherosclerotic
cardiovascular disease (ASCVD) @Bl Low plasma HDL-C levels strongly correlate with high CV risk, but
genetically determined low HDL-C levels are not associated with an increased risk for ASCVD, suggesting that low
HDL-C levels per se are not a cause of cardiovascular diseases 2B, Epidemiological studies have shown

contradictory results on the relationship between high HDL levels and CV risk in subjects with primary HALP €I,

| 2. HDLs Physiology

HDLs are characterized by a heterogenous sub-population of lipoprotein particles, which undergo remodeling and
transformation processes mediated by several plasma enzymes and transcription factors 8. HDL particles are
involved in the so-called “reverse cholesterol transport (RCT)”, a pivotal pathway involved in the return of excess
cholesterol from peripheral tissues to the liver for excretion in the bile and eventually in the feces. Besides their
major role in promoting cell cholesterol efflux and reverse cholesterol transport, HDLs may exert atheroprotective
activity by preventing endothelial dysfunction [, a key step in the development of atherosclerosis. Besides the
antioxidative properties of apoA-I, the HDL accessory protein—paraoxonase 1 (PON1)—may exert an important
role in determining the antioxidative capacity of HDL particles, and is implicated in reverse cholesterol transport
and atheroprotective effects [29,

Although in this review we will mainly focus on the primary familial causes of HALP, it is worth mentioning that

several conditions are known to be associated with elevated HDL-C levels. In users of combination oral
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contraceptives, the rising effect of estrogen is partly counter-regulated by the presence of added progestin such
levonorgestrel, which exerts an androgenic effect by decreasing the Apo-Al synthesis and increasing LPL activity
(L1 The liver is one of the main sites for HDL catabolism 121 and in some chronic conditions, such as biliary
cirrhosis, HDLs may accumulate in the bloodstream because of a defect in their catabolism giving rise to
secondary HALP 12, Several classes of commonly used drugs in clinical practice exert effects both on HDL levels

and functions through various mechanisms.

| 3. Primary Causes of HALP

According to Japanese epidemiological data, 27.6% of Japanese subjects with HDL cholesterol 60 mg/dl, and
31.4-32.5% of those with HDL-cholesterol > 80 mg/dl are carriers of CETP gene mutations 12, Moreover, in
CETP-deficient subjects, HDL size correlates inversely with the CETP mass and activity, and HDLs are larger not
only in normal subjects but also in patients with other forms of HALP 14l On the other hand, males with
considerably elevated HDL-C levels (>1.6 mmol/L), regardless of the CETP gene status, had a low frequency of

cardiovascular disease (coronary heart disease)

Polymorphisms in the HL gene promoter act as modifiers of HDL-C levels, but the moderate increase in HDL
induced by these polymorphisms cannot explain the high HDL levels observed in primary HALP.APO-
CllIl.Apolipoprotein CllI (Apo-Clll) is a small apolipoprotein synthesized mainly in the liver and regulates plasma TG
homeostasis by inhibiting lipoprotein lipase (LPL) activity 2. Apo-ClII plays an important role in HDL metabolism
as well as in TG physiology. Loss of function of APO-CIII gene mutation carriers exhibits 39% lower plasma TG
levels, 22% higher plasma HDL-C levels, 16% lower plasma LDL-C levels, and reduction in CVD risk 28171 Two
novel loss-of-function mutations which affect the splice site of theAPOC3gene (c.13-2A > G and ¢.55+1G > A) have
been identified and associated with plasma HDL-C levels above the 95th percentile and an atheroprotective lipid
profile (18],

The scavenger receptor class B type | (SR-BI), encoded by the SCARBL1 gene, is primarily expressed in the
steroidogenic tissues and in the liver, where it acts as an important receptor for HDLs and controls selective uptake
of the cholesterol esters by HDL 9. SR-BI is involved in the bi-directional transfer of esterified cholesterol between
cells and HDL [29 SR-BI knock-out mice exhibited a twofold increase in HDL-C plasma levels, accelerated
atherosclerosis, impairment of liver cholesterol transfer (21 and adrenal glucocorticoid-mediated stress response
(22l SCARBL rare point mutations associated with a decreased SR-BI protein expression and function have been
identified in subjects with high plasma HDL-C levels in humans [23](241[25],

Endothelial lipase (EL) is mostly involved in HDL phospholipid hydrolysis 28 through a mechanism independent
from the dissociation of lipid-free/lipid-poor apoA-I (27, EL is coded by the LIPG gene and it is expressed mainly in
endothelial cells 28] but also in other several tissues including the liver, lungs, placenta, thyroid, kidney, and
macrophages 28, EL, together with hepatic lipase (HL), exerts a negative regulation in HDL metabolism and

modulates the cholesterol efflux capacity (CEC) of serum and isolated HDL [281231 Carriers of loss-of-function
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variants of EL have a reduced lipolytic activity 2% and a lipid phenotype characterized by an increase in HDL-C

plasma levels with large HDL particles [27[28[31],

TaqIB is a silent base change affecting a nucleotide at position 277 on the first intron of the CETP gene and
represents a common polymorphism associated to increased HDL cholesterol plasma levels and to a slight
reduction in cardiovascular risk 22, Another haplotype analysis demonstrated a correlation between the -2505
CETP variant and HDL metabolism and CV risk 23, Beside the known candidate genes of primary HALP, other
genes (such APOAL, LCAT, APOA4, APOE, PLTP and PON1) involved in HDL metabolism have been reported to
modulate HDL-C plasma levels [241851[368] Although several genes have been discovered to be associated with HDL
metabolism, to date, only a small percentage of this genetic variability can be explained and their effects on HDL

phenotypes should be further investigated and probably related to environmental factors 371381,

However, recent findings provided by Mendelian randomization studies support the hypothesis that some genetic
mechanisms that raise plasma HDL cholesterol do not seem to lower risk of myocardial infarction 4B, These data
may question the concept that HALP and/or the pharmacological raising of plasma HDL cholesterol will translate
into atheroprotection and a reduction in risk of myocardial infarction 2. For example, in statin clinical trials, ApoAl
was inversely related to low CV risk, whereas HDL-C was not 4%, In summary, low HDL-C remains a significant
factor for increased disease risk, whereas high HDL-C levels are not associated with cardioprotection, and this

should prompt a re-evaluation of high HDL-C cutoffs in CVD risk calculations 41142,

The concept that targeting HDL-C may be advantageous in terms of CV risk reduction has been taken into
consideration for decades as an important treatment strategy. Niacin is a potent HDL-C-raising drug, seemingly an
attractive approach to reduce cardiac events in patients with or at risk of atherosclerotic cardiovascular disease 43I,
However, over the years, several clinical trials have failed to demonstrate benefits in terms of cardiovascular
endpoints Fibrates have been used over the years to increase HDL-C, and their effects were evaluated in several
clinical trials (the most representative are the FIELD—Fenofibrate Intervention and Event Lowering in Diabetes;
ACCORD—Action to Control Cardiovascular Risk in Diabetes; VA-HIT—Veterans Administration HDL Intervention
Trial, and the HHS—Helsinki Heart Study), although have failed in showing a significant CV risk decrease despite

an HDL-C increase “44],

| 4. CETP Inhibitors

Although torcetrapib was effective in raising HDL-C and ApoA-I and reducing LDL-C with and without an added
statin 43, phase 3 trials failed to demonstrate effects on atherosclerosis burden and cardiovascular deaths
(RADIANCE and ILLUMINATE trials) (481471 Moreover, because of an excess of overall mortality and
cardiovascular events, the development of torcetrapib was halted ©8. The excess deaths and adverse

cardiovascular events in patients taking torcetrapib have been attributed to off-target effects independent from
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CETP inhibition 42481 Moreover, meta-analysis based on clinical trials carried out with niacin, statins, fibrates and
CETP inhibitors have exhibited no decreases in CV mortality (4250,
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