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Background Cardiovascular disease (CVD) ismamly caused by atherosclerosis forwhich dyslipidemia (i € high (V) LDL-choles-
terol (C), high triglycerides and low HDLC is amajor risk factor To reduce the risk to develop CVD, patients w ith dyslipidem ia are
usually treated w ith lipid-low ering drugs including statins and fibrates These dugs efficiently lower (V) LDLC (up to ~ 40% ) and
generally result m amodest ncrease mn HDLC, but they only prevent a fraction of all card bvascular events ( ~ 30% ). Therefore new
therapeutic strategies to reduce cardiovascular events more efficiently are necessary HDL is clearly mversely correlated w ith CVD risk
and has been atirbuted multiple protective effects in atherosclerosis by its role in reverse cholesterol transport and its anti inflanm atory
and antroxidative properties The first clinical trials that specifically amed at mcreasing HDLC by CETP mhibition using torcetrap ih
did not show a protective effect of torcetrapib on atherosclerosis progression Despite this recent failuire HDL-raising therapy is still
generally considered as a pram ising strategy to further reduce CVD risk  Objective Our overall am was to evaluate the sign ificance
of CETP as a therapeutic target for fulure expermental antiratherosclerotic strategies Specifically we amed at (1) elucidating the
m echanisn underlying the adverse effects of CETP mhibition by torcetrapb on atherosclerosis development and (2) detem ning the
contrbution of CETP mn the HDL-raising effects of classical lipid-lowering dugs Results The CETP mhibitor torcetrapb effectively
raised HDLC i hum ans but did not reduce atherosclerosis m hum ans treated w ith the canb mation of torcetrapb and atorvastatin cam-
pared to hum ans treated w ith atorvastatin only and even increased cardovascular death rate Therefore we evaluated the antirathero-
genic potential and adverse effects of torcetrapb m APOE* 3-Leiden CETP (E3L CETP) transgenic mice a unique mouse model
w ith hum an-lke lipoprotem m etabolisn. M ice were fed a cholesterolrich dietw ith orw ithout torcetrapib (Q 01% i diet), atorvastatin
(Q 002% ) or both Torcetrapib decreased CETP activity i the absence ( — 73 ) and presence ( — 74% ) of atorvastatin and in-
creased CETP mass Torcetrapb decreased plasma cholesterol ( — 20% ), abeit to a lesser extent than atorvastatin ( — 42% ), and in-
creased HDLC 1 the absence ( + 30% ) and presence ( + 34% ) of atorvastatin = A fiter 14 weeks of dug treament atherosclertic le-
sion area was assessed i the aortic oot Torcetrapb and atorvastatin alone resulted n a sm ilar reduction n atherosclerotic lesion se-
verity as reflected by reduced lesion size ( — 43% and -4&% , respectively). Canbination therapy did not enhance the atherosclerosis-
reducing effect of atorvastatin alone Remarkably as canpared to atorvastatin torcetrapb increased plasna aldosterone (+ 13% ),
enhanced monocvte recruiment to the vascularwall ( + 4%% ) and resulied in lesions of amore unstable phenotvpe as reflected bv an
increased m acrophage-to-collagen ratio ( + 70% ). CETP inhibition by torcetrapb per se thus reduces atherosclerotic lesion size but
does not enhance the antiratherogenic potential of atorvastatin However as canpared to alorvastatin torcetrapib introduces unstable
lesionsl.

Next we evaliated the role of CETP mn the modestHDL-raising effects of the classical lipid-lowering dugs stating fibrates and
niac, which raise HDLC levels n humans up to + 1000, + 15 and + 30%, respectively Interestingly nomolipiden ic or con-
ventional hyperlipidem ic ( LDL receptor-knockout and apoE-knockout) m ice fail to respond to these drugs with respect to lowering of
(V)LDL and raising of HDL  In contrast E3L m ice do respond to these drugs w ith respect to dose-dependent decreases of (V) LDL-
C and triglycerides However they generally fail to respond to these drugs by raismgHDL-C2 A sm ice naturally lack CETP, which is
an mportant detem nant of HDL m etabolism n hum ans we reasoned that the HDL-raising effect of the classical lipid-lowering dmgs
may thus relate to the presence of CETP.

A torvastatin (Q 01% i diet) reduced plasna cholesterol in both E3L and E3L CETPmice ( — 26% and -33% ) mamly n (V)
LDL but ncreased HDLC only mn E3L. CETP m ice ( + 52% ). H epaticmRNA expression levels of genes mvolved n HDL m etabolisn
such as Plip Abcal, Srbl and A poal were not differently affected by atorvastatin tream ent between E3L and E3L. CETP m ice H ow-
ever atorvastatin reduced the hepatic cholesterol content and down-regulated the hepatic CETP mRNA expression ( — 57% ) aswell as
the total plasna CETP level ( = 2% ) and CE transfer activity ( - 36% ) in E3L CETPm ice3 Fenofbrate (Q 004-Q 04% in diet)
dose-dependently decreased plasna TG, both in E3L and E3L CETPmice ( - 5% and -60% ), which was also caused by a strong
reduction in (V) LDL, whereas it ncreased HDLC only m E3L CETP mice (up to + 91% ). Similarly to atorvastatin fenofbrate did
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not differentially affect themain genes m HDL m etabolism betw een E3L and E3L. CETP m ice but reduced the hepatic cholesterol con-
tent aswell as the hepatic CETP mRNA expression ( — 72% ) and the plasna CE transfer activity ( — 73% ) n E3L CETPmiced Nt
acin (Q 03-1L 0% i diet) dose-dependently decreased plasna TG ( — 7P ) and cholesterol ( — 6% ), accanpanied by a dose-de-
pendent ncrease n HDLC (+ 8% ) and apoAl (+ 7% ) m E3L CETP mice Smilar to atorvastatin and fenofbrate niaci de-
creased the hepatic cholesterol content as well as the hepatic CETP mRNA expression ( — 88% ) aswell as plasma CETP mass ( -
4%% ) and activity (— 52% ) S

A beit that the prin ary m echanisn underlying the lipid-low ering effect is different betw een atorvastatin ( i e hibition of de novo
cholesterol synthesis), fenofibrate (i e stmulation of VLDL clearance) and niacin (i e mhbition of FA release fran adipose tis-
sue), themechanism underlying theirHDL-raising effect is thus very s ilar They all decrease the hepatic cholesterol conteny which
presumably resulis in a reduction of LXR-dependent CETP expression The HDL-increasing effect of these drugs can thus be explained
by the canbned effect of a reduction m CETP expression and a reduction n (V) LDL, which is the acceptor of CETPm ediated HDL-
CE transfer

Based on these data obtamed m E3L CETP m ice we have just mitiated translational studies in humans to evaluate whether the
hepatic lipid content also regulates HDL levels by affecting CETP expression Initial data showed that treament of patients w ith type 2
diabetes m ellitus w ith m etforn in had no effect on either the liver lipid content plasma CETP mass or plasnaHDLC. In contrasi piogh
itazone treamentmarkedly reduced the liver lipid content ( — 37% ), which translates into a reduction in plasma CETP mass ( —
12% ) and an increase m HDLC (+ 10% ) ( Jonker et a] unpublished observations). Conclusions W e have developed the u-
nique E3L CETP transgenic mouse as a valuable model for hum an-lke lipoprotein metabolism. By using this mouse mode] we have
been able to show that inhibition of plasn a CETP activity by torcetrapib resulied in ( presumably can pound-specific) adverse effects in-
cluding induction of unstable lesions whichmay explain the observed increased cardiovascular events and death rate in the prem aturely
tem mated ILLUM INATE trial However we also demonsirated that CETP mhibition per se did n fact reduce atherosclerosis progres-
sion Furthemore our studies m E3L CETP m ice have shown that classical lipid-low ering drugs reduce the lipid content of the liver
thereby decreasing hepatic CETP expression and mcreasing HDI, which may add to their therapeutic benefit Based on our data we
anticipate that reducing CETP activity in plasm am ay still be relevant strategy to canbat CVD, either by CETP mhbition ( provided that

new CETP mhibitors do not adversely affect the lesion phenotype) or reduction of hepatic CETP expression
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