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Abstract

Despite considerable progress in the development of new therapies to control atherosclerosis and its complications, coronary heart
disease (CHD) remains the number one cause of degath in the Western world. While low high-density lipoprotein (HDL) has been
associated with increased risk for CHD, raising HDL to reduce risk of disease has yet to be accepted as a standard therapeutic
drategy. Currently available drugs that raise HDL (e.g., nicotinic acid, fibric acid derivatives, peroxisome proliferator-activated
receptor agonists, and statins) also affect low-dengity lipoprotein (LDL) and other lipid congtituents, making independent interpre-
tation of their HDL-raising effect difficult to tease apart. Nevertheless, basic science studies suggest that HDL has multiple benefi-
cid effects, and current efforts to develop new pharmacologic products with potent HDL-elevating effects may herald a day when
HDL elevation becomes part of standard management of atherosclerotic diseases.
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Introduction

THE PAST HALF-CENTURY has seen tremendous
progress in the fight against coronary heart disease
(CHD). Modern medical therapy has resulted in a
nearly 70% decrease in CHD-related deaths since
1950 (Fig. 1; 1). Yet despite this achievement,
CHD remains the number one killer of Americans,
with 1 in 5 Americans succumbing to this disease
(2). With the aging of the American population, the
socioeconomic impact of CHD will probably in-
crease. While aging itself cannot be prevented, a
lifestyle of healthy diet and exercise, and avoid-
ance of tobacco products, can reduce one’s risk
level for the disease; appropriate pharmacologic
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Fig. 1. Age-adjusted death rates in the United States secondary
to coronary heart disease (CHD) and non-cardiovascular
causes (Non-CV) by year, standardized to death rate in 1965 =
100 (1). This graph highlights some key clinical trials that may
have played arole in the decline of CHD-related deaths, and
future innovation will be needed to continue this progress.

CABG: coronary artery bypass graft; MIAMI: Metoprolol in
Acute Myocardia Infarction; 1SIS-2: Second International
Study of Infarct Survival; 4S: Scandinavian Simvastatin Sur-
vival Study; HOPE: Heart Outcomes Prevention Evaluation.

therapy can also help. For example, cholesterol-
lowering statins decrease cardiovascular events by
20—40%; they have become aroutine part of CHD
management. Fewer than half of all patients with
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ACS = acute coronary syndrome

apoA-I = gpolipoprotein A-I

CETP= cholesterol ester transfer protein
CHD = coronary heart disease

CIMT = carotid intima-media thickness
DGAT2 = diacylglyceral acyltransferase 2
DM = diabetes mellitus

ETC-216 = gpoA-I Milano

HDL = high-density lipoprotein

HPETE = hydroperoxyei cosatetraenoic acid
HPODE = hydroperoxyoctadecadienoic acid
HRT = hormone replacement therapy

IDL = intermediate-density lipoprotein
IVUS = intravascular ultrasound

Glossary

LDL = low-density lipoprotein

LDLr = LDL receptors

LRPr = LDL-related protein receptors

PGI, = prostacyclin

PON = paraoxonase

PPAR-o. = peroxisome proliferator-activated receptor-o.
RCT = reverse cholesterol transport

SERM = sdlective estrogen receptor modulator
TFPI = tissue factor pathway inhibitor

TG =triglycerides

TIA = transgent ischemic attack

TNF = tumor necrosis factor

TZD = thiazolidinedione

VLDL = very-low-density lipoprotein

symptomatic CHD were receiving lipid-lowering
therapy in 2001 (2), but less than three years later,
a national registry of patients admitted for CHD-
related problems reveal ed that 88% received a cho-
lesterol-lowering agent as one of their discharge
medications (3). With all this progress, it remains
somewhat frustrating that CHD is still the number
one cause of death; therefore, considerable re-
search is being undertaken to develop new phar-
macologic strategies to further combat this epi-
demic. While statins have become a mainstay of
modern CHD therapy, they primarily address one
component of the lipid profile: low-density
lipoprotein (LDL), the “bad cholesterol.” As LDL
is aggressively lowered, progression of atheroscle-
rosis slows and patients with CHD have fewer
deaths and heart attacks (4, 5). If LDL levels are
optimized by aggressive use of statins, additional
lowering may not result in meaningful additional
benefit; therefore, raising high-density lipoprotein
(HDL) has attracted attention as a potential thera-
peutic adjunct to statin therapy.

HDL is popularly known as the “good choles-
terol.” Population studies have demonstrated that
as HDL levels increase, the incidence of CHD de-
creases. An analysis of four epidemiologic studies
conducted in the United States suggested a 2—3%
decrease in CHD risk for each 1% increase in HDL
(6). The inverse relationship between HDL and
CHD invites speculation that raising HDL may be
an ideal therapeutic goal, to help decrease CHD.
Furthermore, low HDL levels are very common
among Americans, and 26.4% of those over 20
years old (39% of men and 15% of women) have
low HDL (defined as HDL less than 40 mg/dL) (2,
7). Guidelines adopted by the American Heart As-
sociation, however, stop short of recommending
HDL elevation as a specific therapeutic goal, pri-

marily for three reasons (8). First, correlation does
not imply causation; low HDL level and CHD may
be related, but some other factor that affects both
HDL and CHD may be the true culprit. Second,
currently available therapies that have an HDL-
raising effect also affect atherogenic lipoproteins
such as LDL, so the effect that can be attributed
solely to the HDL increase is difficult to tease out
(Table 1; 8—10). Third, lifestyle changes such as
taking up exercise and quitting smoking also raise
HDL, and these interventions come without phar-
macologic side effects. Nonetheless, with 20% of
American deaths from CHD, new interventions are
necessary, and research continues to accumulate
supporting HDL elevation as a potential target. In
this review, we explore the rationale behind this

strategy.

The Role of HDL in Lipid Metabolism

Cholesterol in the body is composed chiefly of
LDL (“bad”) and HDL (“good”). LDL deposits
lipids in the arterial wall, making the artery nar-
rower, but HDL transports the lipids back to the
liver. This balance between LDL and HDL is criti-
cal to the rate of formation of atherosclerotic le-
sions. If the proportion of LDL to HDL is raised,
then more lipids will be deposited in arterial walls,
leading to greater CHD, but if the ratio of HDL to
LDL is elevated, then atherosclerotic lesions may
regress, contributing to areduction in heart attacks
(Fig. 2).

Understanding this balance between LDL and
HDL allows one to see the promise of HDL-ele-
vating therapy. Designing therapeutic strategies,
however, requires a greater understanding of how
reverse cholesterol transport works. HDL playsa
central role in lipoprotein metabolism (Fig. 3). The
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Fig. 2. The balance of LDL to HDL tips the scale toward ath-
erosclerotic progression if there is more LDL or toward re-
gression if there is more HDL.
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Fig. 3. Therole of HDL in lipoprotein metabolism. HDL may
prevent atherosclerotic development by engaging in reverse
cholesterol transport from the arterial wall to the liver as well
as blocking oxidized LDL particles from accumulating in the
artery.

liver secretes apolipoprotein A-lI (apoA-1), which
acts like an empty vessel to accumulate lipids.
Once the apoA-| has absorbed lipids from the arte-
rial wall, it becomes HDL. HDL may accept addi-
tional free cholesterol from the vessel wall via an-
other pathway on vessel wall macrophages (11).
The lipid-laden HDL may then transport the re-
moved cholesterol to the liver for disposal. This
process, termed “reverse cholesterol transport”
(RCT), is the principal mechanism behind the hy-
pothesized benefit of HDL elevation. Much recent
attention has focused upon a second HDL-based
RCT mechanism. Cholesterol within HDL istrans-
ferred to LDL by aprotein called “ cholesterol ester
transfer protein” (CETP), and this LDL may be re-
turned to the liver by LDL receptors (LDLr) and
LDL-related protein receptors (LRPr) (12). HDL
also prevents arterial wall macrophages from ab-
sorbing oxidized LDL by hydrolyzing it (13). The
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final mechanism by which HDL may prevent ather-
osclerosis is by decreasing the number of endothe-
lial cell adhesion molecules, which serve as an
entry point for monocytesinto the arterial wall (14).

Understanding the biology of HDL allows usto
speculate upon the effects of potential therapeutic
targets on its metabolic pathway. Increasing apoA-I
or decreasing CETP, for example, would probably
increase the quantity of HDL; however, RCT may
not necessarily increase in both situations—if the
elevation in HDL is limited to lipid-laden HDL
without hepatic uptake, then HDL elevation alone
may falsely indicate clinical benefit. If HDL eleva-
tion, however, successfully results in reduction in
lipid content within the vascular wall, then the ath-
erosclerotic lesion may resemble a more stable
plaque that is lipid-poor and with a thicker fibrous
cap rather than a lipid-rich plaque with a thin fi-
brous cap, which is more vulnerable to rupture that
can cause myocardial infarctions (15).

Other Protective Effects of HDL

HDL has other effects beyond RCT that reduce
atherosclerosis. The antioxidant, anti-inflamma-
tory, endothelial function enhancement, and an-
tithrombotic properties of HDL suggest a benefi-
cial effect independent of RCT (Fig. 4).

Antioxidant Effects

Oxidized LDL attracts monocytes, and when
monocytes consume oxidized LDL, they become
foam cells. Foam cells cause platelets to become
more active, smooth muscle cellsto proliferate and
thicken the arterial wall, and arteries to constrict
by decreasing nitric oxide, a potent vasodilator
(16). As an antioxidant, HDL can inhibit the oxi-
dation of LDL, thereby preventing these steps

Antiatherosclerotic activities of HDL

Antioxidant

Anispoptrc | sniinfmmatory

REVERSE CHO TRANSPORT

Fig. 4. Atheroprotective features of HDL include effects be-
yond reverse cholesterol transport.
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from occurring. The reason for HDL’s antioxidant
effect may simply be its high antioxidant content,
but HDL also contains several enzymes which di-
rectly prevent LDL oxidation. HDL transports an
enzyme called paraoxonase (PON), which cat-
alyzes the degradation of oxidized LDL phospho-
lipids (17). If these oxidized phospholipids were
not degraded, they could stimulate an inflamma-
tory response and subsequent monocyte adhesion
to the endothelium, accelerating atherosclerosis
(18). The importance of PON’s antioxidant effect
has been further demonstrated in animal studies. In
the absence of PON activity, HDL loses its athero-
protective effect in a mouse model (19), but in-
creased expression of apoA-I increases PON activ-
ity (20). Furthermore, genetically modified ani-
mals that do not have PON are more susceptible to
atherosclerosis (21), but those that overexpress
PON have less atherosclerosis (22). Population
studies of humans confirm the benefit of PON. Pa-
tients with more PON have fewer heart attacks
(23), and low PON activity in a cohort of adult
men was associated with more heart attacks (24).
ApoA-I itself may also exert an anti-oxidant effect
by reducing the “seeding molecules’ hydroperox-
yeicosatetraenoic acid (HPETE) and hydroperoxy-
octadecadienoic acid (HPODE), which induce the
oxidation of lipoprotein phospholipids (25).

Anti-inflammatory Effects

Experimental evidence suggests that HDL may
be directly anti-inflammatory. HDL inhibits an en-
zyme called sphingosine kinase in endothelial cells;
this action decreases sphingosine 1-phosphate, a
key molecule in mediating inflammatory processes
also mediated by tumor necrosis factor (TNF) (26).
Inapig model, HDL inhibited expression of IL-1a-
induced E-selectin, another marker of inflamma-
tion, by endothelial cellsin vivo and ex vivo, further
suggesting anti-inflammatory benefit (27).

Endothelial Function

Atherogenesis starts with a dysfunctional en-
dothelium (28). Endothelial dysfunction initiates a
cascade of events leading to blood that more easily
clots, loss of nitric oxide, which causes blood ves-
sels to constrict, and leukocyte adhesion and mi-
gration, which accelerates atherosclerotic plaque
formation (Fig. 5; 29); but HDL improves en-
dothelial function. Endothelial cells exposed to
HDL decrease adhesion molecule expression,
which prevents macrophage accumulation within
the arterial wall (30). Also, in hypercholes-
terolemic men with endothelial dysfunction and

HDL AND ATHEROTHROMBOSIS—CHOI 693

Lipid

Platelels oxk:"g‘ram Macrophages

Lumen aggregation wm  adhesiordmigration
18
(,33 i, ﬂ =
NO G P_,\ y r[ =\
Endothelium —._ 1 | B
' E_-‘ }ucor' JT-IL
Media =

SMC mugration &
profiferation

SMC relaxation SMC contrachon

Normal Endothelium Dysfunctional Endothelium

Fig. 5. Endothelial dysfunction initiates atherogenesis. Dysfunc-
tional endothelium facilitates atherosclerosis development via
impaired endothelium-dependent vasodilation, upregulated
platelet aggregation and thrombogenicity, increased macrophage
adhesion and migration and SMC proliferation (29).

CAM: cell adhesion molecule; CRP: C-reactive protein; ET:
endothelin; MCP: monocyte chemotactic protein; M-CSF:
monocyte colony stimulating factor; MMP: matrix metallo-
proteinase; NO: nitric oxide; PAl: plasminogen activator in-
hibitor; PGI2: prostacyclin; SMC: smooth muscle cell; TF: tis-
sue factor; tPA: tissue type plasminogen activator; TxAZ2:
thromboxane A2; VEGF: vascular endothelial growth factor.

low HDL, infusion of HDL restored endothelial
function by restoring NO bioavailability (31, 32).
Also, HDL may exert an anti-apoptotic effect upon
vascular endothelial cells, which prevents these
cells from self-destructing (33). The prevention of
apoptosis may make a plague less vulnerable to
rupture. Therefore, HDL may help across the spec-
trum of atherosclerotic disease by preventing initi-
ation of atherogenesis by improving endothelial
function, and additionally decreasing atheroscle-
rotic burden and increasing plaque stability for pa-
tients with advanced disease.

Anti-thrombotic Effects

When atherosclerotic plaques rupture, throm-
bus formation occurs—it is this thrombus that can
have devastating consequences if it completely oc-
cludes the vessel. Experimental evidence suggests
that HDL is also anti-thrombotic, which may help
to prevent this type of vessel closure, and the my-
ocardial infarctions that result. In astudy of hyper-
cholesterolemic men, serum HDL level was a sig-
nificant independent predictor of platelet thrombus
formation within the Badimon perfusion chamber
(34). Also, addition of apoA-I inhibited arterial
thrombus formation in a mouse model (35). In an
in vitro study, HDL enhanced inactivation of coag-
ulation factor Va, thereby reducing thrombogenic-
ity (36). In another in vitro model, the protein com-
ponents of HDL, specifically apoA-I and apoA-I11,
were found to activate fibrinolysis, which is the
process by which thrombi are broken down (37).
HDL would, therefore, shift the hemostatic bal-
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ance to fibrinolysis over thrombosis, which is fa-
vorable to the patient vulnerable to acute coronary
syndrome (ACS). Tissue factor potently increases
thrombogenicity, and HDL also has been shown to
contain a tissue factor pathway inhibitor (TFPI)
(38). HDL and apoA-I have also been shown to de-
crease the procoagulant activity of red blood cells
(39). Oxidized LDL is particularly thrombogenic
(40), and by reducing LDL, HDL would be addi-
tionally anti-thrombotic. HDL also stabilizes
prostacyclin (PGl ), which prevents thrombus for-
mation between platelets and the vessel wall (41).
Therefore, the current evidence suggests an overall
anti-thrombotic effect of HDL.

Pre-clinical Evidence for the Effects of HDL
Elevation

Teasing apart the effects of HDL in clinical tri-
as has been difficult, as the medications used to
study the effect of HDL elevation affect the para-
meters of other lipids as well (e.g., LDL, triglyc-
erides [TG], etc.). The direct effect of HDL, how-
ever, has been demonstrated in animal models. In
the semina work on HDL infusion by Badimon et
a. (42), HDL infusion into rabbits fed with a high-
cholesterol diet resulted in decreased progression
and regression of established atherosclerotic lesions
and aortic lipid content. In another study, plaque re-
gression, as measured by intravascular ultrasound
(IVUS), was seen after direct infusion of apoA-I
Milano into hypercholesterolemic rabbits within 72
hours, suggesting that reverse cholesterol transport
is extremely rapid with this drug (43). Interestingly,
apoA-l Milano infusion was also shown to reduce
in-stent restenosis in a pig coronary artery model,
suggesting that the effect of apoA-I Milano may ex-
tend beyond just RCT and include reduction of this
complication of stent placement (44).

Current Treatment Options for HDL Elevation

Table 1 lists cardiovascular drugs that are
known to raise HDL. However, their multiple ef-
fects upon other lipid parameters, as mentioned
above, limit our ability to understand their effect on
HDL independent of their effect on LDL and TG.

Niacin

Niacin is a B complex vitamin used for the
treatment of high cholesterol since the 1950s.
Niacin makes apoA-I last longer in the body, facil-
itating greater RCT by making apoA-l more avail-
able (45). Niacin aso inhibits an enzyme, hepatic
diacylglycerol acyltransferase 2 (DGATZ2), which
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TABLE 1
Effect of Lipid-Lowering Drugs on Lipid Profile
HDL LDL TG

Nicotinic acid +15t0+35% —-5t0-25%  —20to—-50%
Fibric-acid derivatives +10t0+35% —-5t0—-20%  —20to—50%
Satins +5t0+15% —18t0-55% —7t0—-30%
Thiazolidinediones ~ +5t0+13% —-4t0+16%  —261t0+2%
Bileacid sequestrants +3to+5%  —15t0-30% —1to+1%
Ezetimibe +1to+5%  —18t0-20% —5t0-11%

The effects of currently available pharmacol ogic agents upon the lipid
profile (8—10). Drugsthat raise HDL affect other lipid parameters,
increasing the difficulty of determining the effect on CHD ettributable
to HDL elevation aone.

HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG:
triglycerides.

helps to make triglycerides destined for very-low-
density lipoprotein (VLDL) (46). These effects of
niacin cause an increase in HDL and decrease in
LDL and TG, changes which have been demon-
strated to reduce the complications of atheroscle-
rotic disease.

In the Coronary Drug Project (CDP), a ran-
domized, double-blind, placebo-controlled trial
involving 8,341 men with prior myocardial in-
farction, which was started in 1966 (47), patients
taking niacin had significantly fewer cardiovascu-
lar events and lived longer than those who re-
ceived placebo (48). Niacin therapy, however,
may be difficult for patients to tolerate, since it
can cause flushing of the skin. Some 85% of pa-
tients taking immediate-release niacin experience
flushing (49); in fact, 75% of patients in the
niacin arm of the CDP dropped out of the study,
mostly because of flushing (50). Slow-release
niacins have reduced this side effect and have
made this class of drugs more tolerable—only a
quarter of patients taking the slower-release
niacins experience flushing (49). Still, for those
patients experiencing the problem, adhering to
this regimen can be difficult. Niacin has also been
criticized for making control of glucose more dif-
ficult (51); however, the CDP data suggest that
this effect upon control of blood sugar does not
significantly impact upon patients (48).

Fibric Acid Derivatives

Fibrate binding to peroxisome proliferator-ac-
tivated receptor-a. (PPAR-a) receptors causes an
upregulation of a cascade of genes involved in en-
dothelial function and RCT (29). The only fibrates
currently approved for use in the U.S. are fenofi-
brate and gemfibrozil, but other fibrates used in
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other countries include bezafibrate, ciprofibrate
and clofibrate. Fenofibrate also prolongs the life-
span of apoA-I, and it promotes the breakdown of
VLDL, intermediate-density lipoprotein (IDL),
and LDL (52). Ciprofibrate stimulates the arterial
wall to give up itslipid content to HDL (53). Sim-
ilar to niacin, gemfibrozil has also been shown to
decrease synthesis of triglycerides and decrease
apoB secretion (54). The net effect upon the lipid
profile is similar to that found with niacin—de-
creased TG and LDL, increased HDL.

The largest trials of fibric acid derivatives in
CHD patients are the CDP, which had 2,248 men
with CHD on clofibrate (50); the Bezafibrate In-
farction Prevention trial (BIP) with 3,090 adults
with CHD on bezafibrate (55); the Helsinki Heart
Study (HHS) with 4,081 hypercholesterolemic
men on gemfibrozil (56); and the Veterans Affairs
High-Density Lipoprotein Intervention Trial (VA-
HIT) with 2,531 men with low HDL and CHD on
gemfibrozil (57). While the CDP and BIP trials
showed no benefit with fibrate (50, 55), the other
trials did. HHS showed a one-third decrease in the
incidence of CHD (56), and the VA-HIT demon-
strated a 22% reduction in non-fatal myocardial in-
farction or death from coronary causes (57). At-
tributing the benefit exclusively or primarily to
HDL elevation remains difficult; in the VA-HIT,
for example, HDL increased by only 6%, but TG
decreased by 31%. Therefore, these trials need to
be carefully interpreted before one can reach afirm
conclusion about the relationship between HDL
and cardiovascular risk reduction.

Statins

The benefit attributable to HDL elevation is
even more difficult to determine in statin trials.
Statins have great ability to reduce LDL, but only
limited ability to raise HDL. Furthermore, the ef-
fect on HDL differs depending on the statin, and
higher doses do not necessarily translate into
higher HDL. For example, in the Statin Therapies
for Elevated Lipid Levels compared Across doses
to Rosuvastatin (STELLAR) trial, the percent in-
crease in HDL decreased as the dose of atorva-
statin (the most commonly prescribed statin in the
United States) doubled (Table 2; 58). In an analy-
sisthat pooled data from 19 statin trials to examine
the link between HDL and CHD, an effect of HDL
on morbidity and mortality could not be deter-
mined, as the HDL effects in many of these trials
were minimal (59). Nevertheless, because of their
potent LDL-lowering effect, statins are the first-
line treatment for dyslipidemia and for primary
and secondary prevention of CHD.
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TABLE 2
Changein HDL by Atorvastatin Dose

Atorvastatin Dose HDL Increase

(mg/dL + SEM)
10 mg 29+005
20 mg 24+005
40 mg 22+004
80 mg 114002

HDL level by aorvastetin dose in the STELLAR trial (error bars rep-
resent standard error) (58). Asthe dose of atorvastatin doubles, the
effect upon HDL elevation declines, and the change across dl doses
ismodest. Statins exert their effect primarily upon LDL and are not
good monotherapy choices for HDL elevation aone.

SEM: standard error of the mean.

Thiazolidinediones

Thiazolidinediones (TZDs) are PPAR-y ago-
nists (29). TZDs make the body more sensitive to
insulin, so they are primarily used to control blood
sugar in Type |l diabetes mellitus (DM), which
makes their use particularly beneficial in addition
to statin therapy for lipid management of the dia-
betic patient. The two TZDs approved for use in
the United States—pioglitazone and rosiglita-
zone—affect lipids differently. While both raise
HDL, pioglitazone lowers TG and has little or no
effect upon LDL, whereas rosiglitazone raises
LDL and has minimal effect upon TG (Fig. 6; 60).
However, despite raising LDL, rosiglitazone de-
creased in-stent restenosis by 74% in a study of dia-
betic patients undergoing coronary intervention
(61). Also, pioglitazone in a diabetic population
and rosiglitazone in a non-diabetic CHD group
were associated with decreased progression of
carotid intima-media thickness (CIMT), which is
correlated with decreased CHD (62, 63). However,
no trial to date has demonstrated an impact of
TZDs on hard endpoints such as mortality, and as
with niacin and the fibrates, the TZDs' multiple
other effects on hyperglycemia and LDL make it
difficult to separate out their specific effect upon
HDL elevation.

Bile Acid Sequestrants

Cholestyramine, colesevelam, and colestipol
are bile acid sequestrants which block the absorp-
tion of bile from the gut to prevent this substrate of
hepatic production of cholesterol from reaching
the liver, so intestinal production of apoA-I isin-
creased (64). In the Lipid Research Clinics Coro-
nary Primary Prevention Trial, a study of 3,806 hy-
percholesterolemic men without CHD had a 19%
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Fig. 6. Comparative effects of pioglitazone and rosiglitazone
upon lipid parameters (error bars represent 95% confidence in-
tervals) (60). Although both TZDs raise HDL and both have
shown positive effects upon secondary endpoints of athero-
sclerotic disease, they have significantly different impacts
upon LDL and TG. The clinical consequences of these differ-
ences have yet to be definitively determined by morbidity or
mortality data from randomized controlled clinical trials.

TC: total cholesterol; HDL: high-density lipoprotein; LDL:
low-density lipoprotein; TG: triglycerides.

reduction in the incidence of CHD with cholestyra-
mine (65). But these drugs can be difficult to tol-
erate, as gastrointestinal side effects, especially
constipation, are common. Their effect upon HDL
elevation, though, is negligible compared to their
effect upon LDL (Table 1), so the benefits seen
with these drugs are more likely due to their effect
upon LDL.

Ezetimibe

Similar to the bile acid sequestrants, ezetimibe
prevents intestinal cholesterol absorption, but by a
different mechanism. Ezetimibe promotes efflux of
dietary cholesterol and plant sterols from the in-
testinal wall back into the lumen, thereby decreas-
ing cholesterol absorption (66). The effects upon
HDL are modest and probably outweighed by the
effect upon LDL, but it is interesting that ezetim-
ibe also reduces atherosclerosis in animal models
(67). Benefit in humans has not been conclusively
demonstrated by reduction in morbidity or mortal-
ity, but for patients with difficulty controlling cho-
lesterol with statins alone, this drug is a welcome
addition.

Combination Therapy

By combining the above drugs, an additive ef-
fect upon HDL elevation has been achieved, with
possible benefit. The Armed Forces Regression
Study (AFREGS) examined 143 military retirees
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with low HDL and CHD and found that the combi-
nation of gemfibrozil, niacin and cholestyramine
increased HDL by 36%, decreased angiographic
stenosis of the coronary arteries by 0.8%, and de-
creased cardiovascular events (death, hospitaliza-
tion, cerebrovascular event or transient ischemic
attach [TIA], revascularization) (68). The regres-
sion seen in coronary blockages is suggestive of
RCT. The HDL-Atherosclerosis Treatment Study
(HATS), another trial of patients with low HDL
and CHD, found that for patients on statin-niacin
combination therapy, HDL increased 26% and
LDL decreased 42%, with a significant 0.4% re-
gression of angiographic coronary stenosis and
60% reduction in magor adverse cardiovascular
events (69). Unfortunately this study did not com-
pare statin-niacin to niacin or statin monotherapy,
which confounds the ability to isolate the incre-
mental benefit of niacin. However, the Arterial Bi-
ology for the Investigation of the Treatment Ef-
fects of Reducing Cholesterol (ARBITER)-2 study
evaluated the impact of providing niacin to statin-
treated patients with known CHD and moderately
low levels of HDL on carotid atherosclerosis pro-
gression. The study found that the addition of
niacin to statins limited atherosclerotic progres-
sion, but those on statin monotherapy increased
their carotid atherosclerosis by a significant 5%
(70). AFREGS, ARBITER-2 and HATS collec-
tively suggest that HDL elevation may either stem
progression or even induce regression of athero-
sclerotic burden.

Currently Available Alter native Treatment
Options for HDL Elevation

Table 3 (71-76) liststreatmentsthat raise HDL,
but have unknown or mixed clinical benefit. Pheny-
toin, an antiseizure drug, raises HDL by an unknown
mechanism. Observational studies suggest a cardio-
vascular benefit (79), and in a mouse model pheny-
toin reduced aortic atherosclerosis (80). However,
conclusive randomized control trials have not been
conducted, as the side effects of this medication—
including psychomotor retardation, gingival hyper-
plasia, osteomalacia and coarse facies—and multi-
ple drug-drug interactions limit the serious consider-
ation of phenytoin as a lipid-modifying agent.

Some have speculated that the decrease in
CHD among consumers of moderate amounts of
alcohol, especially red wine, derived from alcohol’s
ability to raise HDL. It is true that alcohol elevates
HDL by increasing the availability of apoA-I (81),
and alcohol stimulates cellular cholesterol efflux, an
early step of RCT (82). However, the American
Heart Association does not recommend alcohol con-
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TABLE 3
Alternative HDL-Elevating Drugs

Changein HDL
SERM —210 +14%
HRT +71t0 +13%
Phenytoin +10to +13%
EtOH +71t0 +12%

Alternative interventions to raise HDL (71—76). These interventions
have been demonstrated to raise HDL, but the clinical relevanceis
mixed. In the case of SERMs, some may provide cardiovascular ben-
efit, but definitive randomized clinical trids are not yet completed.
HRT, though previoudly assumed to be cardioprotective, has now
fdlen out of favor with the results of the Women’s Hedlth Initiative
(WHI) study (77, 78). Phenytoin and acohol consumption are of
possible benefit but come with multiple adverse effects that limit their
clinica potential in thisregard.

SERM: sdlective estrogen receptor modulator; HRT: hormone re-
placement therapy; EtOH: ethanal.

sumption for cardiovascular reasons, counseling that
“alcohol use should be an item of discussion between
physician and patient (83).” Alcohol can also cause a
host of other medical and psychological problems, so
any gain for the heart has to be weighed against
many other potential complications.

While National Cholesterol Education Pro-
gram Adult Treatment Panel || (NCEPATP II) ad-
vised that hormone replacement theory (HRT)
should be considered as a treatment option for the
prevention of cardiovascular disease in post-
menopausal women (84), this theory has since
been soundly disproven. It had been speculated
that since HRT raises HDL and decreases LDL, it
might be cardioprotective. However, multiple clin-
ical trials have demonstrated that HRT actually in-
creases cardiovascular complications (85, 86), and
now HRT is no longer recommended for cardio-
vascular risk reduction (8).

Selective estrogen receptor modulators
(SERM) asoraise HDL (Table 3), and animal stud-
ies, clinical trial data, and population-based studies
suggest a possible benefit (86—88). However, the
effects of different SERMs vary—tamoxifen and
raloxifene minimally change total HDL and
increase certain HDL subfractions whereas
toremifene increases total HDL (71, 89). SERMs
seem to inhibit cholesterol synthesis (90). While
SERMSs are not currently used for the treatment of
cardiovascular disease, since no trial was conducted
specifically for that purpose, the Raloxifene Use for
the Heart (RUTH) trial is currently underway.
RUTH has enrolled 10,101 postmenopausal women
with heart disease or at high risk for CHD to see if
raloxifene reduces these women’s CHD risk (91).
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Emerging Approaches for HDL Elevation

The promise of HDL elevation as a means to
further reduce the risk of CHD has attracted con-
siderable interest, and investigations with this aim
are currently underway. The drugs in most ad-
vanced development are the CETP inhibitors and
apoA-I Milano.

Cholesterol Ester Transfer Protein (CETP)
Inhibition

Patients with inherited CETP deficiency have
elevated HDL. Homozygotes for CETP deficiency
have six times the incidence of elevated HDL, and
heterozygotes have twice the HDL levels of non-
mutants (92). While this mutation is particularly
prevalent in the Japanese population (93), and the
native Japanese have the longest lifespan as a pop-
ulation in the world, CETP deficiency may not
necessarily result in reduced CHD. In a population
study of Omagiri City, Akita Prefecture in Japan,
where CETP deficiency occurs 20 times more fre-
quently than in the general population, HDL above
70 mg/dL was associated with increased CHD
(94). This study also found that those over 80 years
of age were less likely to have the CETP mutation,
and CETP deficiency was associated with in-
creased CHD (94). Elevated HDL secondary to
CETP deficiency, therefore, may not be entirely
atheroprotective. If CETP inhibition results in ac-
cumulation of lipid-laden HDL but not lipid-defi-
cient HDL, there would be less lipid-deficient
HDL to participate in RCT. On the other hand, an-
imal models suggest that partial inhibition of
CETP reduces atherosclerosis. Whether by oral
small molecule (95), via vaccine-induced antibod-
ies to CETP (96), or via anti-sense nucleotides
against CETP (97), CETP inhibition resulted in re-
duction of atherosclerosis in rabbit models. Im-
pressive increases in HDL have been seen in
human studies of CETP inhibitors. Torcetrapib, a
small molecule inhibitor of CETP, increased HDL
by 46—-106% (98), and JTT-705, another small
molecule CETP inhibitor currently in develop-
ment, increased HDL by 34% and modestly re-
duced LDL by 7% (99). Definitive clinical trials
are underway.

apoA-l Milano

Another genetic mutation led to the development
of another drug known as apoA-1 Milano or ETC-
216. Inthevillage of Limone sul Gardain Italy, there
are approximately 40 persons who have very low
HDL (10—30 mg/dL) but nevertheless have longer
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life spans than normal (100, 101). They have a mu-
tant type of apoA-l which is now known as apoA-I
Milano. Infusions of ETC-216 reduced in-stent
restenosis in a pig model (44), reduced lipid content
of atheromatous plagues and macrophages in a
mouse model (102), and protected the in vivo rabbit
heart from regional ischemia-reperfusion injury
(103), suggesting that apoA-1 Milano, as alipid-defi-
cient apolipoprotein, may reduce atherosclerosis by
scavenging lipid from the arterial wall in RCT and by
other beneficial non-RCT related effects. Weekly
ETC-216 infusion in patients with acute coronary
syndrome resulted in a 1.1% regression of athero-
sclerotic lesions after only 5 treatments, suggesting
rapid RCT (104). Whether this regression will trans-
late into reduced cardiovascular events or paradoxi-
cally increase events through plague destabilization
remains to be discovered through additional clinical
trials. A limitation of apoA-I mimetics, though, is
that they must be administered parenterally because
gastrointestinal proteases prevent effective oral use.
IV administration would limit the potential settings
in which these drugs may be used, but inpatient use
or administration based upon a“ chemotherapy” -type
outpatient model may be successful in patients with
severe atherosclerotic burden.

Conclusion

The rationale for HDL elevation as a therapy
for CHD appears scientifically sound and the ther-
apy may provide a much-needed addition to the
pharmacologic armamentarium. HDL plays a cen-
tral role in RCT and also has antioxidant, anti-in-
flammatory, anti-thrombotic and endothelial-func-
tion-promoting characteristics. Viaits RCT mecha
nism, HDL holds the promise of not only halting
progression of atherosclerosis but also inducing a
true regression of lesions. A number of HDL-ele-
vating therapies are avail able—nicotinic acid, fibric
acid derivates, statins, TZDs, bile acid sequestrants,
ezetimibe—but these drugs alter other components
of the lipid profile, making clinical tria interpreta-
tion difficult in assessing the effect of HDL eleva-
tion alone. Still other available drugs raise HDL but
are of dubious or uncertain clinical effect upon car-
diovascular outcomes. Interventions currently in
development are more specific HDL elevators, but
future therapies await validation in clinical trials.
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