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New Dimension of Statin Action on ApoB Atherogenicity
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Summary: Newer, moreeffective statinsare powerful agents
for reducing el evated levelsof low-density lipoprotein (LDL)
cholesterol and thereby lowering the risk of coronary heart
disease (CHD) and related adverseevents. Although LDL re-
mains the primary target of therapy for reducing CHD risk,
increased interest is focusing on apolipoprotein B (apoB)-
containing lipoprotein subfractions—particularly very-low-
density lipoprotein (VLDL), VLDL remnants, and interme-
diate-density lipoproteins (IDL)—as secondary targets of
therapy. Elevated apoB isknown to be an important risk fac-
tor for CHD, and dysregulation of the metabolism of apoB-
containing lipoproteins is involved in the progression of
atherosclerosis. Statins reduce circulating concentrations of
atherogenic apoB-containing lipoproteins by decreasing the
production of VLDL intheliver and, thus, the production of
VLDL remnantsand LDL. Statinsalsoincreasethe clearance
of these particles through upregulation of LDL receptorsin
theliver. Effortsto devel op statinswith enhanced lipid-mod-
ifying propertiesare ongoing. The optimal statin would offer
a high degree of inhibition of 3-hydroxy-3-methylglutaryl
coenzymeA (HMG-CoA) reductase, aprol onged duration of
action, hepatic selectivity for maximal upregulation of LDL
receptors, and a low potential for drug—drug interactions.
Recent studies have shown that rosuvastatin, anew agent in
thisclass, demongtratesthese quaities. Rosuvadtatinisahigh-
ly effective inhibitor of HMG-CoA reductase, is relatively
nonlipophilic, hasahalf-life of approximately 20 h, exhibits
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hepatic selectivity, has little systemic availability, and hasa
low potentia for drug—druginteractionsbecause of itslimited
degree of metabolism by the cytochrome P-450 system. A re-
cent double-blind, crossover study reveded that treatment
with rosuvastatin resulted in marked reductionsin gpoB-con-
taining lipoproteinsin patients with type llaor 11b dydlipid-
emia. By reducing the number of atherogeniclipoprotein par-
ticles, rosuvastatin decreases the atherosclerotic burden in
hyperlipidemic patients at high risk for CHD and related ad-
Verse outcomes.
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Introduction

Sinceitsinception in the 1980s, the Nationa Cholesterol
Education Program (NCEP) has focused on low-density
lipoprotein (LDL) cholesteral astheprincipal target of therapy
aimed at reducing the risk of coronary heart disease (CHD)
and related adverse events in patients with dydipidemial=
Statins have emerged as the most effective pharmacologic
agentsfor reducing LDL levels, and numerouslarge-scaetri-
als have confirmed that these effectstrand ate into significant
decreasssin therisk of CHD events.®~ However, themost re-
cent NCEP guidelines (NCEP ATPII1), issued in May 2001,
a so recognize theimportance of non-high-density lipoprotein
(non-HDL) cholesterol asasecondary target of therapy inin-
dividualswith high triglyceride (TG) levels.3 Theterm “non-
HDL cholesterol” refersto the combined cholesterol content
of LDL and other atherogenic apolipoprotein B (apoB)-con-
taining lipoprotein subfractions—namely, very-low-density
lipoprotein (VLDL), VLDL remnants, intermediate-density
lipoproteins (IDL), and dso lipoprotein(a) when present in
significant quantities. Highlevelsof serum gpoB areimportant
risk factors for ischemic heart disease, and dysregulation of
apoB-containing lipoproteins is involved in atherosclerotic
progression.8.®

Concentrationsof gpoB-containing, non-HDL particlesare
elevated in atherogenic lipoprotein phenotypes, of which type
Ilaand type b dydipidemiaarethemost common. Thetype
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I1a phenotype is characterized by elevated LDL and normal
TG concentrations, wheress the type 11b phenotype (also
known asmixed or combined dydlipidemia) isassociated with
hypercholesterolemiaand elevated levelsof TG-rich lipopro-
teins. Both phenotypesfrequently giveriseto premature car-
diovascular morbidity and mortality.

Because of the growing attention to the role of non-HDL
cholesterol in aherogenesis, it is of interest to consider
whether the potent effectsof statinson LDL cholesteral levels
extend to other apoB-containing lipoproteinsaswell.

In Vivo M etabolism of AtherogenicLipoproteins

An understanding of lipoprotein metabolism in normolipi-
demic and hyperlipidemic patients is essentia in gaining a
perspective on the actionsof datins. Theliver secretesVLDL
particlesthat are precursorsof VL DL remnants, which subse-
guently may be transformed into IDL and LDL.10 This cas-
cade occursastheresult of theactionsof lipoprotein lipaseand
hepaticlipase. However, al apoB-containing particlesaresig-
nificantly enriched while circulating in the plasmaby the ac-
tion of the cholesteryl ester transfer protein, which transfers
cholesterol, in the form of its ester, from HDL to these parti-
cles. Under normolipidemic conditions, this pathway can ac-
count for up to approximately 50% of the cholesterol taken up
by the liver.! Hepatic uptake of these particles is primarily
mediated by the LDL receptor, as identified in the work for
which Brown and Goldstein were awarded the Nobel Prize.12
Thecirculating concentrations of these particlesare dependent
ontherateof their production aswell astheir rates of intravas-
cular remodeling and removal from the plasmacompartment.

Certain dterationsin lipoprotein metabolism result in ele-
vated plasmaconcentrations of atherogenic lipoprotein parti-
cesintypesllaandllbdydipidemia(Fig. 1). Thesetwoforms
of atherogenic dydipidemia are often characterized by an
overproductionof VLDL intheliver, or by delayed catabolism
of VLDL, or both, leading to elevated concentrations of
VLDL remnantsand, ultimately, of LDL. The plasmapool of
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Fic.1 Invivometabolism of apoB-containing lipoproteinsintypes
Ilaand I1b dydipidemia. ApoB = gpolipoprotein B, LDL-R = low-
density lipoprotein receptor, VLDL = very-low-density lipoprotein.

VLDL remnantsis thereby increased, and their half-livesin
plasma are extended. When these particles accumulate, their
presence at high concentrations favors the accumulation and
deposition of cholesteral in peripherd tissuesand particularly
in the arterial wall. Elevated levels of such particles set the
stagefor thedevelopment and progression of lipid-rich athero-
sclerotic plague.

Effectsof Statinson ApoB-Containing Lipoproteins

Statinsact intwo waysto reducecircul eting concentrations
of apoB-containing lipoproteins (Fig. 2). First, these agents
reduce the production of VLDL particlesin the liver by ap-
proximately 10to 15%, resulting in decreased production of
VLDL remnantsand of LDL.13 Of greater importance, how-
ever, isincreased clearance via LDL receptors, which isre-
sponsiblefor the major reductionsin levelsof these particles
inindividual sreceiving statin therapy.2* Numbersof LDL re-
ceptors, especialy intheliver, areincreased, because satins
inhibit the key enzymein endogenous cholesterol synthess:
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) re-
ductase. A reductioninthecholesterol pool resultsin upregu-
lation of LDL receptor expression, mediated by activation of
the nuclear transcription factor, SREBP. This upregulation
leadsto enhanced clearance of atherogenic lipoproteinsand,
therefore, to reductionsin the plasmapool of these particles.
The atherosclerotic burdeninindividualswith typellaor I1b
dydipidemiaisconsequently reduced on statin treatment.

The nature of the atherogenic particlesthat predominatein
typellaandtypellb dydipidemiadetermineshow statinsnor-
malize atherogeniclipoprotein phenotypes. Themajor athero-
genic particles in type Ila dydipidemia are large, buoyant
LDLs (LDL-I and LDL-II subtypes), which are enriched in
cholesteryl esters. Incontragt, typel1b dydipidemiaistypified
by increasesin TG-rich VLDL, VLDL remnants, and small,
denseLDL (LDL-I11).15.16
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Fic.2 Effectsof statins on atherogenic apoB-containing lipopro-
teinsintypesilaand I1b dydipidemia. HM G-CoA-R = 3-hydroxy-
3-methylglutaryl coenzymeA receptor, LDL =low-density lipopro-
tein. Other abbreviationsasinFigure 1.
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Characterigticsof an | deal Hypothetical Statin

Theoptimal statinwould beonethat producesahigh degree
of inhibition of HMG-CoA reductase, hasaprolonged dura-
tion of action, istargeted to theliver for maxima upregulation
of LDL receptors, and hasalow potentia for drug—drug inter-
actions.1” In addition, such an agent would offer pharmacol og-
ic propertiesdesigned to diminish thepossibility of adverseef-
fectsin peripherd tissues. A favorableeffect ontheentirelipid
profileis very important, asislack of metabolism by the cy-
tochrome P-450 system.

The ideal statin would produce significant reductions in
coronary events and be cost-effective for both primary and
secondary prevention.1® Other desirable characteristicswould
include:

« Daily administration not affected by mealsor timeof day

« Tolerability and efficacy regardlessof patient characteris-

ticssuch asage or weight

» An accompanying educational program for physicians

and patientsto enhance understanding of treatment

Recent observations from studies of a new gtatin, rosuva
statin, provide insightsinto the progpects for achieving these
objectives.

Phar macologic Char acteristicsof Rosuvastatin

Likeother agentsinitsclass, therosuvastatin moleculehas
acharacteristic pharmacophore group that interacts with the
binding site of HM G-CoA reductase (Fig. 3).1” However, the
other components of this moleculeare distinct from those of
other statins. In particular, rosuvastatin has a polar methane
sulfonamide group that renders the molecule relatively hy-
drophilic.17-19 Thelog D vaue of rosuvastatin (—0.33 at pH
7.4) is considerably lower than the values for cerivastatin,
simvadtatin, fluvastatin, and atorvastatin (log D >1.0 and
<2.0) andiscloser to that of pravastatin (log D = —0.84).20
This characterigtic of relative hydrophilicity means that the
moleculeisrdatively hepatose ective, with limited nonhepat-
ictissueuptake.
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Fic.3 Structure and relative lipophilicity of rosuvastatin.
Reproduced from Ref. No. 16 with permission.

In a recently published study, Istvan and Deisenhofer
cocrystallized the catalytic domain of human HMG-CoA re-
ductase with each of the gtatins currently available or in late
clinical development.2! These researchersshowed that all the
datinsinteract with the binding site of HMG-CoA reductase,
but rosuvastatin was distinguished by twofactors. Firg, theto-
tal number of bonding interactions between the molecule and
the active site of HMG-CoA reductase—that is, the catalytic
portion—was higher than with any other statin. Second, a
unigue polar interaction wasevident between the el ectronega-
tive sulfone group of rosuvastatin and the Arg® side chain of
HMG-CoA, contributing to the potency with which the in-
hibitor bindsto the enzyme. This degree of polarity confirms
that rosuvagtatin isrelatively nonlipophilic and isalso an ex-
cdllent enzymeinhibitor.

Other work has helped elucidate the ways in which these
gructura featuresof rosuvagtetin trand ateinto pharmacolog-
ic properties, such as hepatic sdlectivity. A group studying the
inhibition of cholesteral synthesisin primary rat hepatocytes
found that the log mean 1Cso was significantly lower with
rosuvastatin than with the other available statins (p < 0.001).1°
This statigtically significant difference reflects the enhanced
potency of rosuvastatin with respect to HM G-CoA reductase
inhibition anditsability to beactively taken up and concentrat-
ed by hepatic cells, with perhapsalow rate of efflux from hep-
aticcdls, aswell. Thesameresearchersanayzed cell selectiv-
ity and found that Smvastatin and cerivastatin wererel atively
nonspecific for hepatic uptake.l® They also showed that the
| Cso valuesfor these agentsweresimilar inprimary rat hepato-
cytesandin culturedrat fibroblasts, and that cerivastatin prob-
ably has even greater sdlectivity for periphera tissuethan for
theliver.

Given that rosuvagtatin is relatively nonlipophilic, its me-
tabolism by thecytochromeP-450 (CY P) systemintheliver is
relatively low.1”- 2 Studies have found minimal or no metab-
olism of the compound by CY P 3A4 and only minor metab-
olismby CYP 2C9 or 2C19.22 Rosuvastatin has only limited
systemic availability. Its absolute bioavailahility is 20%.17
Rosuvastatin is predominantly eliminated asthe parent com-
poundinbile.l” Thedimination half-lifeis approximately 20
h, which is among the longest for a statin and provides pro-
longed action on thetarget enzymeof cholesterol synthesis.

Effectsof Rosuvastatin on ApoB-Containing
Lipoproteins

Rosuvastatin produces dose-related reductions in LDL
cholesterol that meet or exceed the decreases achieved by any
other statin monotherapy in patients with primary hyper-
cholesterolemia 2327 The effects of rosuvastatin on levels of
apoB-containing lipoproteins were examined in a double-
blind, crossover study involving 14 patientswith typelladys-
lipidemia(LDL 3.40-5.70 mmal/l, TG <2.0 mmol/l) and 18
patientswith type l1b dydipidemia (LDL 2.75-5.55 mmal/l,
TG >2.0 mmol/l).28 All patients received rosuvastatin 40
mg/day for 6 weeks. In patientswith typelladydipidemia, ro-



[-10

suvastatin reduced LDL by amean of 43%, VLDL by 40% or
more, IDL by 65%, and gpoB by 51%. In patientswithtypellb
dydipidemia, rosuvastatin reduced LDL by amean of 62%,
VLDL by 42 to50%, IDL by 50%, and apoB by 51%. Inthe
overd| study population, thereductionin LDL wasinversely
relatedto basdine TG levels(r = 0.33, p=0.034), whereasthe
reduction in TG was positively related to basdline TG levels
(r=0.58, p<0.001). Clearly then, triglyceridelowering by ro-
suvadtatinisintimately related to lipid phenotype.

Conclusion

Thegrowing recognition of theimportance of atherogenic
apoB-containing lipoproteinsin CHD isleading to agrester
appreciation of the spectrum of potentia therapeutic benefit
associated with statin therapy. Along with the continuing fo-
cus on LDL reductions as the primary means of lowering
CHD risk, there is a growing appreciation that other apoB-
containing lipoproteins, not just L DL, possessatherogenic ac-
tivity. Rosuvadtatinisassociated with marked reductionsinal
apoB-containing lipoproteins, including VLDL, IDL, and
smdll, dense LDL, inthe mgjor atherogenic dyslipidemias—
types Ila and Ilb. By reducing the number of atherogenic
lipoprotein particles, rosuvastatin decreasesthe atherosclerot-
icburdeninthese patients, who areat high risk of adverse car-
diovascular outcomes. Clinical evauetions in type 11b dydip-
idemia have shown that rosuvastatin reduces the number of
atherogenic particles by more than half. These findings hold
promise for more effective management of patients with
atherogenic dydipidemias.
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