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Cardiovascular disease (CVD) is the fi rst cause of death in the Western world and 
its prevalence is increasing in Eastern Europe and developing countries.1 Lipid 
abnormalities, including increased levels of apolipoprotein (apo)B-containing 

lipoproteins and decreased levels of high-density lipoprotein (HDL), are important 
CVD risk factors. In the past decades the understanding of lipid metabolism has in-
creased tremendously, particularly by the development of several mouse models that 
are  genetically modifi ed (i.e. transgenic mice and knockout mice) with respect to genes 
involved in lipid metabolism. The research described in this thesis was designed to gain 
further insight into the roles of apoCI, lipoprotein lipase (LPL), and cholesteryl ester 
transfer protein (CETP) in lipid metabolism. The major conclusions and implications 
of our fi ndings as well as the future perspectives will be discussed in this chapter.

Role of LPL in Lipid Metabolism

LPL is crucially involved in the hydrolysis of triglycerides (TG) in apoB-containing li-
poproteins. Many factors have been shown to infl uence LPL activity, including apolipo-
proteins (i.e. apoCII, apoCIII, apoE, and recently also apoAV) and lipoprotein binding 
sites and receptors (i.e. heparan sulphate proteoglycans [HSPG], VLDL receptor, and 
CD36) (for schematic representation see Fig. 1). In this thesis, we have identifi ed apoCI 
as an additional factor that inhibits LPL activity. This apoCI-mediated inhibition of LPL 
can explain the hypertri glyceridemia that is observed in APOC1 transgenic mice.2 Previ-
ously, it was thought that the hypertriglyceridemia in these mice was caused by inhibi-
tion of the apoE- mediated uptake of lipoprotein remnants. It was suggested that apoCI 
would either displace or mask apoE, thereby preventing the uptake of remnants via the 
low-density lipoprotein receptor (LDLr) or the LDLr related protein (LRP). However, 
we have now  demonstrated that the hyperlipidemic effect of apoCI still exists in apoe-

/- and lrp- ldlr-/-vldlr-/- mice, and is therefore not dependent on apoE or these receptors. 
Although our experimental setup does not exclude potential additional hyperlipidemic 
effects of  apoCI via apoE and the receptors, these effects are minor as compared to LPL 
 inhibition since apoE-defi ciency in mice does not cause marked hypertriglyceridemia. 

Which mechanisms may underlie the apoCI-mediated inhibition of LPL? ApoCII 
is needed in very small quantities to catalyze LPL-mediated lipolysis. Theoretically, 
 apoCI might reduce the LPL-activity by reducing the amount of apoCII on VLDL par-
ticles. However, this is unlikely since the amount of apoCII on VLDL particles is simi-
lar in APOC1 transgenic mice as compared to wild-type controls.3 Nevertheless, apoCI 
might not displace but mask apoCII, thereby possibly hampering the binding of apoCII 
to LPL, which has been proposed to be essential to provide LPL with a high local con-
centration of TG near the active site of LPL.4 It is also unlikely that apoCI reduces the 
LPL-mediated lipolysis by decreased binding of the lipoprotein particles to the nega-
tively charged heparan sulphate proteoglycans (HSPG), thereby preventing the lipo-
proteins to come in close proximity with LPL. ApoCI is highly positively charged due 
to a high arginine/lysine content, which would thus even be expected to increase the 
binding affi nity for HSPG. Indeed, VLDL from APOC1 transgenic mice bound equally 
well to heparin-Sepharose as VLDL from wild-type mice.3 Anyway, the LPL-inhibito-
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ry properties of apoCI do not appear to involve HSPG binding, since we showed that 
apoCI inhibits the LPL-mediated lipolysis in vitro in the absence of HSPG, which has 
also been reported by others5,6 A new potential explanation for the apoCI-mediated 
inhibition of lipolysis is presented by the recent fi nding that apoAV enhances LPL-
mediated lipolysis.7,8 Although the exact mechanism of LPL activation by apoAV is still 
under debate, it probably involves positioning of TG-rich lipoprotein particles in close 
proximity to the HSPG where LPL resides. Although displacement of apoAV by apoCI 
is unlikely, as apoAV is tightly anchored into the lipoproteins due to its hydrophobic 
nature, masking of the apoAV-domain(s) that are important in LPL activation could re-
sult in inhibition of LPL. Nevertheless, if the apoCI-mediated inhibition of LPL occurs 
via apoAV, it is unlikely to be the only mechanism, since apoCI still inhibits LPL in an in 
vitro system where only apoCII as a co-factor is present. ApoE has also been reported 
to inhibit LPL activity. Its positive arginine residues appeared to be involved in LPL 
inhibition, since elimination of their charges by modifi cation with cyclohexadione com-
pletely  abolished the inhibitory effects of apoE,9 probably by bringing about substrate 
dissociation from LPL. It is conceivable that apoCI acts in a similar way as apoE. If this 
is the case,  neutralization of the positively charged lysine residues in apoCI may also 
prevent the inhibitory effect on LPL.  

Population-based studies in humans showed that increased levels of apoCI protein 
in plasma, due to the HpaI promoter polymorphism,10 were correlated with increased 
plasma TG.11 Our fi ndings that apoCI inhibits LPL in vitro and in mice indicate that 
there might be a causal relationship between higher apoCI plasma levels and higher 
plasma triglycerides in humans. ApoCI may also be a genetic factor that modulates type 
III hyperlipidemia in homozygote APOE*2 carriers. Most of the subjects with type III 

Figure 1. Schematic representation of reg-

ulators of obesity. CI, CIII, E, B , AV, apolipo-

proteins CI,CIII, E, B, AV; FFA, free fatty acids; 

HSPG, heparan sulphate proteoglycans; LPL, li-

poprotein lipase; TG, triglycerides; VLDLr, very 

low-density lipoprotein receptor.
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hyperlipidemia are APOE*2-homozygotes, whereas only 10% of the APOE*2 homozy-
gotes develops the hyperlipidemia. Therefore, additional genetic and/or environmental 
factors are needed to induce hyperlipidemia, and it is thus tempting to speculate that 
apoCI is one of them. We have demonstrated that increased levels of apoAV reduced 
the hypertriglyceridemia in APOE*2 knockin mice. Similarly, apoCI might present a 
factor leading to hypertriglyceridemia in APOE*2/2 individuals. To address these hy-
potheses, studies are needed to determine the apoCI plasma levels in large hyperlipi-
demic cohorts, or APOE*2/E*2 cohorts with and without hyperlipidemia, to investigate 
the possibility of increased levels of apoCI as an additional factor in (APOE*2-related) 
hyperlipidemia. 

Reduced LPL activity in mice (i.e. by defi ciency for LPL, the VLDLr, or CD36) re-
sults in raised plasma TG levels, decreased generation of FFA, concomitant with a lean 
phenotype and resistance to diet-induced obesity.12-14 In reverse, mice lacking apoCI-
II, a potent inhibitor of LPL, are more susceptible to develop diet-induced obesity.15 
Thus, it seems that there is a positive correlation between LPL activity and body weight. 
However, it is likely that over a long-term period the same amount of TG are hydro-
lyzed by inhibited LPL as compared to more active LPL, which would generate similar 
amounts of fatty acids (FA). It can be speculated though that the short-term excess of 
FA  generated by more active LPL, stimulates FA-uptake in adipose tissue, whereas slow 
lipolysis of TG may result in usage of FA rather than storage. In line with our observa-
tion that apoCI is an inhibitor of LPL activity, overexpression of APOC1 is associated 
with protection against diet-induced obesity.16 In addition to the fact that apoCI re-
duces LPL activity per se, apoCI also appears to bind FA (M. Westerterp, unpublished 
results), which may prevent FA from being taken up by underlying tissues. It would be 
interesting to know whether the factors that modulate LPL activity in mice, including 
apoCI, are also predictive for the development of obesity in humans. This can be inves-
tigated by correlation studies between e.g. plasma apoCI levels, plasma TG levels, and 
body-mass-index (BMI) in a large group of healthy individuals, adjusted for confound-
ing factors such as food intake and physical inactivity. For example, these associations 
could be studied in carriers of the apoCI HpaI promoter polymorphism, which have 
increased plasma levels of apoCI as compared to suitable controls. These studies are 
important since hyperlipidemia increases the risk of CVD development, whereas pre-
vention of obesity decreases this risk. Both hyperlipidemia and prevention of obesity 
are caused by decreased LPL activity, at least in mice, thus a delicate balance should 
probably be maintained.  

Role of CETP in Lipid Metabolism

Whether CETP activity is either pro- or anti-atherogenic remained a matter of debate 
(Fig. 2).17-20 As studies in humans are associative and the effect of CETP defi ciency on 
lipid metabolism and atherosclerosis in humans gave confl icting results, we addressed 
the role of CETP in mice that are naturally defi cient for CETP. APOE*3-Leiden (E3L) 
mice have a moderate hyperlipidemia resulting in a lipoprotein profi le that appeared to 
resemble that of humans.21,22 In addition, E3L mice respond to lipid lowering therapies 
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such as statins and fi brates.23 We found that expression of CETP by E3L mice resulted 
in severely aggravated atherosclerosis. 

Several other mouse models expressing CETP have been described with respect to 
atherosclerosis development, but they also gave confl icting results. CETP expression in 
APOC3-transgenic mice24 and LCAT-transgenic mice,25 reduced atherosclerosis. These 
mice are not able to hydrolyze TG and to deliver HDL-cholesteryl esters to the liver, re-
sulting in the accumulation of large TG-rich particles and large CE-rich HDL particles, 
respectively. This is not comparable to the human situation, where mainly LDL accu-
mulates. Therefore, the results obtained in these models can not be used as indicators 
of the effect of CETP expression on atherosclerosis in humans. Apoe-/- and ldlr-/- mice 

Figure 2. Schematic, simplifi ed representation of human reverse cholesterol transport. CETP mediates the ex-

change of neutral lipids between apoB-containing lipoproteins and HDL. In addition CETP seems to decrease cholesterol effl ux 

from macrophages, at least via SR-BI. Recent data indicate that cell-bound CETP may be involved in the hepatic uptake of HDL-

cholesteryl esters.55 ABC, ATP-binding cassette transporter; AI, AV, B-100, CI, E: apolipoproteins AI, AV, B-100, CI, E; CETP, 

cholesteryl ester transfer protein; LCAT, lecithin:cholesterol acyl transferase; LDLr, low-density lipoprotein receptor; LRP, LDLr 

related protein; mHDL, mature HDL; nHDL, nascent HDL; SRA, scavenger receptor class A; SR-BI, scavenger receptor class B 

type I.

displayed more severe atherosclerotic lesions upon CETP expression.26 Although these 
last models support our fi ndings, they are quite extreme as compared to the human 
physiology. Apart from its crucial role in uptake of lipoproteins, apoE also plays an 
important role in the apoE-mediated cholesterol effl ux from macrophages. In mice, 
the turnover of VLDL is more rapid than in humans, which at least partly explains the 
low levels of LDL in mice as compared in humans. However, by completely deleting 
either apoE (i.e.  apoe-/- mice) or the LDL receptor (i.e. ldlr-/- mice), the clearance of 
apoE- and apoB-containing particles is virtually completely blocked. Since in E3L mice, 
the uptake of apoB-containing lipoproteins is attenuated but not blocked, our model 
ex pressing CETP most closely resembles the human situation as compared to the other 
mouse models. In general it seems that, when the expression of CETP provides an ad-
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ditional pathway to excrete the accumulated TG or cholesteryl esters, as observed in 
APOC324 and LCAT transgenic mice,25 respectively, it will be anti-atherogenic. How-
ever, if the receptor-mediated hepatic uptake of apoB-containing lipoproteins is re-
tarded, accumulation of cholesterol in these lipoproteins by the action of CETP will be 
atherogenic. Based on our fi ndings it is likely that CETP constitutes a pro-atherogenic 
factor in humans. 

It is tempting to speculate whether benefi cial effects regarding atherosclerosis de-
velopment can be expected from the recently developed CETP inhibitors. One of the 
major concerns regarding CETP inhibition is the possibility that it results in a reduc-
tion of the reverse cholesterol transport (RCT). This has been supported by the fact that 
subjects defi cient in CETP show an increase in HDL-cholesterol levels,27 which sug-
gests an important role for the (V)LDL-pathway in the removal of HDL-cholesterol in 
humans and is not operative in the absence of CETP. In addition, the effl ux of periph-
eral cholesterol towards the remodelled HDL may be decreased, thereby further reduc-
ing the RCT. It is promising that we found that CETP expression or atorvastatin- and
fenofi brate-mediated inhibition of CETP did not hamper the total fl ux of HDL-
cholesteryl esters in mice. Inhibition of CETP by torcetrapib in CETP.E3L mice
dose-dependently increased HDL levels (W. de Haan, H.M. Princen, L.M. Havekes, 
P.C.N. Rensen, unpublished results), which is in line with the increases in HDL that 
were found upon treatment of humans with either torcetrapib or JTT-705.28-31 To take 
a more closer look on the effects of CETP inhibition on RCT, the effl ux of macrophage-
cholesterol and subsequent excretion via the liver into the bile should be studied in 
CETP.E3L mice according to the method by Zhang et al.32 However, it should be kept 
in mind that HDL-cholesterol is very effi ciently cleared to the liver via SR-BI in mice, 
whereas mice do normally not express CETP to shuttle cholesterol towards apoB-con-
taining lipoproteins. In rabbits, the clearance of HDL-cholesteryl esters from plasma 
is only partially mediated by the direct uptake of HDL-CE, as 25-70% is cleared after 
CETP-dependent transfer to apoB-containing lipoproteins.33,34 Turnover studies dem-
onstrated that also in rabbits CETP inhibition did not compromise the removal of HDL-
cholesteryl esters from plasma.34 In humans, it has been shown that the CE output from 
plasma is even almost solely facilitated via apoB-containing lipoproteins, whereas se-
lective and holo-particle uptake of HDL-cholesteryl esters by the liver could not be de-
tected.35 This suggests that CETP-mediated CE transfer might constitute a major path-
way in humans, with only a small contribution of selective HDL-CE uptake,35 which 
is in sheer contrast with the predominant involvement of SR-BI in selective uptake of 
HDL-cholesteryl esters in mice. Kinetic studies in humans by Brousseau et al.36 showed 
that the torcetrapib- mediated inhibition of CETP (120 mg/day or 120 mg twice a day) 
did not alter the fecal concentrations of neutral sterols and bile acids in subjects with 
low HDL-cholesterol (<40 mg/dl). Thus, also in humans the RCT pathway seems not to 
be compromised by partial CETP inhibition, indicating that HDL is still functional with 
respect to cholesterol effl ux from macrophages and cholesterol transport back to the 
liver. In addition, it might be speculated that other properties of HDL than effl ux (e.g. 
anti-oxidative, anti-infl ammatory, antithrombotic, antiapoptotic properties) are altered 
by the inhibition of CETP. Although information in humans is scarce, ad ministration 
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of JTT-705 showed an improvement in antioxidative status of HDL in a small group 
of subjects with low HDL (n=19).37 Taken together, the fact that HDL-cholesteryl es-
ter fl ux is not hampered by CETP inhibition, in addition to increased levels of HDL-
 cholesterol and a possible improvement in antioxidative status of HDL, holds promise 
for therapies based on CETP inhibition. Administration of CETP inhibitors to CETP.
E3L mice should provide valuable information whether inhibition of CETP is indeed 
anti-atherogenic and HDL from these mice should be fully characterized with respect 
to size, type, and anti- atherogenic properties. 

Statins and fi brates are currently the most widely prescribed drugs to reduce CVD 
risk by improving the lipoprotein profi le. In addition to major reductions in LDL-
 cholesterol and TG levels, respectively, these drugs increase HDL-cholesterol levels by 
5-15%.38-42 We showed administration of atorvastatin and fenofi brate increased HDL 
levels in CETP.E3L mice but not in E3L mice, which was related to the drug-mediated 
inhibition of CETP activity. Thus, a reduction in CETP expression can, at least partly, 
explain the elevation in HDL-levels that is observed after treatment with these drugs in 
humans. Strikingly, subjects with CVD carrying the rare CETP TaqIB promoter poly-
morphism, resulting in higher plasma CETP activity and a more atherogenic lipid pro-
fi le, have more benefi t from statin treatment compared to controls, and the progression 
of atherosclerosis was slowed down.43,44 This suggests not only that the level of CETP 
activity is physiologically important for the benefi t that can be obtained with statins, 
but also that CETP inhibition might be an important strategy to improve CVD risk.

   The fi rst trials of CETP inhibitors with clinical endpoints are eagerly awaited, 
and will probably be reported in 2007.45 Based on those data, it should be possible to 
estimate the importance of CETP inhibition for CVD risk reduction in humans. Until 
then, studies with CETP inhibitors in CETP.E3L mice can provide valuable information 
regarding the effects that can be expected in humans.

ApoCI as a Potential Therapeutic Target

ApoCI is the sole HDL apolipoprotein responsible for the inhibition of CETP both in 
vitro and in vivo.46,47 CETP transgenic mice that overexpress human APOC1 display 
decreased specifi c CETP activity.48 Since CETP inhibition is generally thought to be 
desirable for reduction of CVD risk, apoCI may be a lead in the search for CETP in-
hibitors. However, it was disappointing that absolute levels of CETP activity increased 
in CETP.APOC1 mice, due to the apoCI-induced hyperlipidemia. Similarly, pilot 
data indicated that adenoviral transfer of human APOC1 in CETP.E3L mice result in 
hypertri glyceridemia, without an effect on CETP activity as judged by the failure to 
increase HDL-cholesterol (unpublished data C.C. van der Hoogt, M. van Santen, L.M. 
Havekes, K. Willems van Dijk, P.C.N. Rensen). To develop an apoCI-based therapy to 
in hibit CETP, it would be of great interest to identify the domains within apoCI that are 
 responsible for the hyperlipidemic as well as the CETP inhibitory effects. 

ApoCI consists of two amphipathic α-helix structures (N-terminal residues 7-29; 
C-terminal residues 38-52), separated by a fl exible, unstructured spacer (Fig. 3).49 To 
date, two groups of researchers claimed to have identifi ed the domain in apoCI that is 
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it was not reported whether the N-terminal fragment was still able to form an α-helix 
structure and bound to HDL, which could be questioned since not the complete amino-
acid sequence of the N-terminal helix was included. Previous studies have shown that 
CETP activity is positively correlated with HDL electronegativity in vitro.53,54 Taken 
together, it can be hypothesized that the highly positively charged amphipathic helix 
structure of apoCI is required for CETP inhibition. In addition, the presence of (part 
of) the fl exible linker region may be a prerequisite for the inhibition of CETP. Since Du-
mont et al.52 reported that the C-terminal fragment of apoCI inhibits CETP to a lesser 
extent than full-length apoCI, the length of the helix might also play an important role. 
Further studies are needed to confi rm these suggestions.

Preliminary in vitro fi ndings indicated that both the N-terminal helix (residues 1-30 
or 1-38) and the C-terminal helix (residues 35-57) of apoCI did not result in inhibition of 
LPL-mediated TG hydrolysis at emulsion TG:helix=19:1 molar ratios, whereas mature 
apoCI already decreased LPL activity up to 35% at a emulsion TG:apoCI=19:0.5 molar 
ratio (unpublished observations by CC van der Hoogt, M van Santen, LM Havekes, 
PCN Rensen). If this turns out to be consistent, experiments are needed to provide in 

responsible for CETP inhibition, but the results are inconsistent. Initially, Kushwaha et 
al.50 identifi ed the N-terminal fragment of baboon apoCI (residues 1-38) as the CETP 
inhibitory protein in this species. A later report by the same group, demonstrated that 
also a synthetic peptide representing the N-terminal fragment (residues 1-38) of hu-
man apoCI inhibited CETP both in baboons and in cynomolgus monkeys.51 In contrast, 
Dumont et al.52 showed that the C-terminal helix of apoCI (residues 34-54) inhibits 
CETP, probably by reducing in the electronegativity of HDL that results in less affi nity 
for CETP. The N-terminal fragment of apoCI (residue 4-25) was not able to alter the 
electronegativity of HDL, nor to disrupt CETP-lipoprotein complexes. Unfortunately, 

Figure 3. Schematic, simplifi ed representation of domains in human apoCI. The proposed domains for CETP bind-

ing,52,51 LPS binding,56 and lipoprotein binding57 are depicted. CETP, cholesteryl ester transfer protein; LPL, lipoprotein lipase; 

LPS, lipopolysaccharide.
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vivo evidence whether parts of apoCI might induce CETP inhibition but not yet the 
undesired hypertriglyceridemic effects. This could be established by administration of 
well-designed adenoviral vectors expressing the desired part(s) of apoCI, to CETP ex-
pressing mice. In case we can show that such an apoCI-fragment induces CETP inhibi-
tion without development of hyperlipidemia, the fragment might either be considered 
as potential drug or as a lead to design new CETP inhibitors.

Concluding Remarks

Although it should be realized that several factors determining the risk for CVD, such 
as many genetic factors, are hard to treat, dyslipidemia is a treatable risk factor. This 
research showed that apoCI is an inhibitor of LPL, thereby preventing obesity. How-
ever, overexpression of apoCI induces hypertriglyceridemia, which may be considered 
atherogenic. On the other hand, apoCI is known as the endogenous inhibitor of CETP. 
If a domain could be identifi ed within apoCI that is responsible for the inhibition of 
CETP, but does not result in hypertriglyceridemia, such a domain may be considered 
as potential drug or as a lead to design new CETP inhibitors. In this thesis we tried 
to get more insight into the roles of apoCI, LPL, and CETP in lipid metabolism. The 
data illustrate that 1) the activity of LPL is crucially determined by the relative abun-
dance of apolipoproteins like apoCI, apoAV, apoCIII, and apoE, 2) CETP presents a 
pro- atherogenic factor in mice resembling human lipid distribution over lipoproteins, 
and 3) at least in CETP.E3L mice, a reduction in CETP activity is the cause of fenofi -
brate- and atorvastatin-induced increase in HDL-cholesterol. 

References

1.  Hansson GK. Infl ammation, atherosclerosis, and coronary artery disease. N Engl J Med. 2005;352:1685-1695.

2.  Jong MC, Gijbels MJ, Dahlmans VE, Gorp PJ, Koopman SJ, Ponec M, Hofker MH, Havekes LM. Hyperlipi-

demia and cutaneous abnormalities in transgenic mice overexpressing human apolipoprotein C1. J Clin Invest. 

1998;101:145-152.

3.  Shachter NS, Ebara T, Ramakrishnan R, Steiner G, Breslow JL, Ginsberg HN, Smith JD. Combined hyperlipi-

demia in transgenic mice overexpressing human apolipoprotein Cl. J Clin Invest. 1996;98:846-855.

4.  Wang CS. Structure and functional properties of apolipoprotein C-II. Prog Lipid Res. 1991;30:253-258.

5.  Ekman R and Nilsson-Ehle P. Effects of apolipoproteins on lipoprotein lipase activity of human adipose tissue. 

Clin Chim Acta. 1975;63:29-35.

6.  Havel RJ, Fielding CJ, Olivecrona T, Shore VG, Fielding PE, Egelrud T. Cofactor activity of protein components 

of human very low density lipoproteins in the hydrolysis of triglycerides by lipoproteins lipase from different 

sources. Biochemistry. 1973;12:1828-1833.

7.  Fruchart-Najib J, Bauge E, Niculescu LS, Pham T, Thomas B, Rommens C, Majd Z, Brewer B, Pennacchio LA, 

Fruchart JC. Mechanism of triglyceride lowering in mice expressing human apolipoprotein A5. Biochem Biophys 

Res Commun. 2004;319:397-404.

8.  Schaap FG, Rensen PC, Voshol PJ, Vrins C, van der Vliet HN, Chamuleau RA, Havekes LM, Groen AK, van Dijk 

KW. ApoAV reduces plasma triglycerides by inhibiting very low density lipoprotein-triglyceride (VLDL-TG) pro-

duction and stimulating lipoprotein lipase-mediated VLDL-TG hydrolysis. J Biol Chem. 2004;279:27941-27947.



Chapter 9

160

9.  Rensen PC and van Berkel TJ. Apolipoprotein E effectively inhibits lipoprotein lipase-mediated lipolysis of chy-

lomicron-like triglyceride-rich lipid emulsions in vitro and in vivo. J Biol Chem. 1996;271:14791-14799.

10.  Xu Y, Berglund L, Ramakrishnan R, Mayeux R, Ngai C, Holleran S, Tycko B, Leff T, Shachter NS. A common Hpa 

I RFLP of apolipoprotein C-I increases gene transcription and exhibits an ethnically distinct pattern of linkage 

disequilibrium with the alleles of apolipoprotein E. J Lipid Res. 1999;40:50-58.

11.  Hubacek JA, Pitha J, Adamkova V, Skodova Z, Lanska V, Poledne R. Apolipoprotein E and apolipoprotein CI 

polymorphisms in the Czech population: almost complete linkage disequilibrium of the less frequent alleles of 

both polymorphisms. Physiol Res. 2003;52:195-200.

12.  Goudriaan JR, Tacken PJ, Dahlmans VE, Gijbels MJ, van Dijk KW, Havekes LM, Jong MC. Protection from 

 obesity in mice lacking the VLDL receptor. Arterioscler Thromb Vasc Biol. 2001;21:1488-1493.

13.  Goudriaan JR, den Boer MA, Rensen PC, Febbraio M, Kuipers F, Romijn JA, Havekes LM, Voshol PJ. CD36 defi -

ciency in mice impairs lipoprotein lipase-mediated triglyceride clearance. J Lipid Res. 2005;46:2175-2181.

14.  Strauss JG, Frank S, Kratky D, Hammerle G, Hrzenjak A, Knipping G, von Eckardstein A, Kostner GM, Zechner 

R. Adenovirus-mediated rescue of lipoprotein lipase-defi cient mice. Lipolysis of triglyceride-rich lipoproteins is 

essential for high density lipoprotein maturation in mice. J Biol Chem. 2001;276:36083-36090.

15.  Duivenvoorden I, Teusink B, Rensen PC, Romijn JA, Havekes LM, Voshol PJ. Apolipoprotein C3 defi ciency re-

sults in diet-induced obesity and aggravated insulin resistance in mice. Diabetes. 2005;54:664-671.

16.  Jong MC, Voshol PJ, Muurling M, Dahlmans VE, Romijn JA, Pijl H, Havekes LM. Protection from obesity and 

insulin resistance in mice overexpressing human apolipoprotein C1. Diabetes. 2001;50:2779-2785.

17.  Hirano K, Yamashita S, Matsuzawa Y. Pros and cons of inhibiting cholesteryl ester transfer protein. Curr Opin 

Lipidol. 2000;11:589-596.

18.  Le Goff W, Guerin M, Chapman MJ. Pharmacological modulation of cholesteryl ester transfer protein, a new 

therapeutic target in atherogenic dyslipidemia. Pharmacol Ther. 2004;101:17-38.

19.  Stein O and Stein Y. Lipid transfer proteins (LTP) and atherosclerosis. Atherosclerosis. 2005;178:217-230.

20.  Watts GF. The Yin and Yang of cholesteryl ester transfer protein and atherosclerosis. Clin Sci (Lond). 2002;103:595-

597.

21.  van den Maagdenberg AM, Hofker MH, Krimpenfort PJ, de B, I, van Vlijmen B, van der BH, Havekes LM, Frants 

RR. Transgenic mice carrying the apolipoprotein E3-Leiden gene exhibit hyperlipoproteinemia. J Biol Chem. 

1993;268:10540-10545.

22.  van Vlijmen BJ, van den Maagdenberg AM, Gijbels MJ, van der BH, HogenEsch H, Frants RR, Hofker MH, 

Havekes LM. Diet-induced hyperlipoproteinemia and atherosclerosis in apolipoprotein E3-Leiden transgenic 

mice. J Clin Invest. 1994;93:1403-1410.

23.  van Vlijmen BJ, Pearce NJ, Bergo M, Staels B, Yates JW, Gribble AD, Bond BC, Hofker MH, Havekes LM, Groot 

PH. Apolipoprotein E*3-Leiden transgenic mice as a test model for hypolipidaemic drugs. Arzneimittelforschung. 

1998;48:396-402.

24.  Hayek T, Masucci-Magoulas L, Jiang X, Walsh A, Rubin E, Breslow JL, Tall AR. Decreased early atheroscle-

rotic lesions in hypertriglyceridemic mice expressing cholesteryl ester transfer protein transgene. J Clin Invest. 

1995;96:2071-2074.

25.  Foger B, Chase M, Amar MJ, Vaisman BL, Shamburek RD, Paigen B, Fruchart-Najib J, Paiz JA, Koch CA, Hoyt 

RF, Brewer HB, Jr., Santamarina-Fojo S. Cholesteryl ester transfer protein corrects dysfunctional high density li-

poproteins and reduces aortic atherosclerosis in lecithin cholesterol acyltransferase transgenic mice. J Biol Chem. 

1999;274:36912-36920.

26.  Plump AS, Masucci-Magoulas L, Bruce C, Bisgaier CL, Breslow JL, Tall AR. Increased atherosclerosis in ApoE and 

LDL receptor gene knock-out mice as a result of human cholesteryl ester transfer protein transgene expression. 



General Discussion and Future Perspectives

161

Arterioscler Thromb Vasc Biol. 1999;19:1105-1110.

27.  Yamashita S, Sprecher DL, Sakai N, Matsuzawa Y, Tarui S, Hui DY. Accumulation of apolipoprotein E-rich high 

density lipoproteins in hyperalphalipoproteinemic human subjects with plasma cholesteryl ester transfer protein 

defi ciency. J Clin Invest. 1990;86:688-695.

28.  Clark RW, Sutfi n TA, Ruggeri RB, Willauer AT, Sugarman ED, Magnus-Aryitey G, Cosgrove PG, Sand TM, Wester 

RT, Williams JA, Perlman ME, Bamberger MJ. Raising high-density lipoprotein in humans through inhibition 

of cholesteryl ester transfer protein: an initial multidose study of torcetrapib. Arterioscler Thromb Vasc Biol. 

2004;24:490-497.

29.  Brousseau ME, Schaefer EJ, Wolfe ML, Bloedon LT, Digenio AG, Clark RW, Mancuso JP, Rader DJ. Effects of an 

inhibitor of cholesteryl ester transfer protein on HDL cholesterol. N Engl J Med. 2004;350:1505-1515.

30.  de Grooth GJ, Kuivenhoven JA, Stalenhoef AF, de Graaf J, Zwinderman AH, Posma JL, van Tol A, Kastelein JJ. 

Effi cacy and safety of a novel cholesteryl ester transfer protein inhibitor, JTT-705, in humans: a randomized 

phase II dose-response study. Circulation. 2002;105:2159-2165.

31.  Kuivenhoven JA, de Grooth GJ, Kawamura H, Klerkx AH, Wilhelm F, Trip MD, Kastelein JJ. Effectiveness of in-

hibition of cholesteryl ester transfer protein by JTT-705 in combination with pravastatin in type II dyslipidemia. 

Am J Cardiol. 2005;95:1085-1088.

32.  Zhang Y, Zanotti I, Reilly MP, Glick JM, Rothblat GH, Rader DJ. Overexpression of apolipoprotein A-I promotes 

reverse transport of cholesterol from macrophages to feces in vivo. Circulation. 2003;108:661-663.

33.  Goldberg DI, Beltz WF, Pittman RC. Evaluation of pathways for the cellular uptake of high density lipoprotein 

cholesterol esters in rabbits. J Clin Invest. 1991;87:331-346.

34.  Kee P, Caiazza D, Rye KA, Barrett PH, Morehouse LA, Barter PJ. Effect of inhibiting cholesteryl ester transfer 

protein on the kinetics of high-density lipoprotein cholesteryl ester transport in plasma: in vivo studies in rabbits. 

Arterioscler Thromb Vasc Biol. 2006;26:884-890.

35.  Schwartz CC, VandenBroek JM, Cooper PS. Lipoprotein cholesteryl ester production, transfer, and output in vivo 

in humans. J Lipid Res. 2004;45:1594-1607.

36.  Brousseau ME, Diffenderfer MR, Millar JS, Nartsupha C, Asztalos BF, Welty FK, Wolfe ML, Rudling M, Bjorkhem 

I, Angelin B, Mancuso JP, Digenio AG, Rader DJ, Schaefer EJ. Effects of cholesteryl ester transfer protein inhibi-

tion on high-density lipoprotein subspecies, apolipoprotein A-I metabolism, and fecal sterol excretion. Arterio-

scler Thromb Vasc Biol. 2005;25:1057-1064.

37.  Bisoendial RJ, Hovingh GK, El Harchaoui K, Levels JH, Tsimikas S, Pu K, Zwinderman AE, Kuivenhoven JA, 

Kastelein JJ, Stroes ES. Consequences of cholesteryl ester transfer protein inhibition in patients with familial 

hypoalphalipoproteinemia. Arterioscler Thromb Vasc Biol. 2005;25:e133-e134.

38.  Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP) Expert Panel on 

Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA. 

2001;285:2486-2497.

39.  Birjmohun RS, Hutten BA, Kastelein JJ, Stroes ES. Effi cacy and safety of high-density lipoprotein cholesterol-

increasing compounds: a meta-analysis of randomized controlled trials. J Am Coll Cardiol. 2005;45:185-197.

40.  Cannon CP, Braunwald E, McCabe CH, Rader DJ, Rouleau JL, Belder R, Joyal SV, Hill KA, Pfeffer MA, Skene 

AM. Intensive versus moderate lipid lowering with statins after acute coronary syndromes. N Engl J Med. 

2004;350:1495-1504.

41.  Hersberger M and von Eckardstein A. Low high-density lipoprotein cholesterol: physiological background, clini-

cal importance and drug treatment. Drugs. 2003;63:1907-1945.

42.  Nissen SE, Tuzcu EM, Schoenhagen P, Brown BG, Ganz P, Vogel RA, Crowe T, Howard G, Cooper CJ, Brodie B, 

Grines CL, DeMaria AN. Effect of intensive compared with moderate lipid-lowering therapy on progression of 



Chapter 9

162

coronary atherosclerosis: a randomized controlled trial. JAMA. 2004;291:1071-1080.

43.  Kuivenhoven JA, Jukema JW, Zwinderman AH, de Knijff P, McPherson R, Bruschke AV, Lie KI, Kastelein JJ. The 

role of a common variant of the cholesteryl ester transfer protein gene in the progression of coronary atheroscle-

rosis. The Regression Growth Evaluation Statin Study Group. N Engl J Med. 1998;338:86-93.

44.  van Venrooij FV, Stolk RP, Banga JD, Sijmonsma TP, van Tol A, Erkelens DW, Dallinga-Thie GM. Common 

cholesteryl ester transfer protein gene polymorphisms and the effect of atorvastatin therapy in type 2 diabetes. 

Diabetes Care. 2003;26:1216-1223.

45.  Barter PJ and Kastelein JJ. Targeting cholesteryl ester transfer protein for the prevention and management of 

cardiovascular disease. J Am Coll Cardiol. 2006;47:492-499.

46.  Gautier T, Masson D, de Barros JP, Athias A, Gambert P, Aunis D, Metz-Boutigue MH, Lagrost L. Human apoli-

poprotein C-I accounts for the ability of plasma high density lipoproteins to inhibit the cholesteryl ester transfer 

protein activity. J Biol Chem. 2000;275:37504-37509.

47.  Gautier T, Masson D, Jong MC, Duverneuil L, Le Guern N, Deckert V, Pais de Barros JP, Dumont L, Bataille 

A, Zak Z, Jiang XC, Tall AR, Havekes LM, Lagrost L. Apolipoprotein CI defi ciency markedly augments plasma 

lipoprotein changes mediated by human cholesteryl ester transfer protein (CETP) in CETP transgenic/ApoCI-

knocked out mice. J Biol Chem. 2002;277:31354-31363.

48.  Gautier T, Masson D, Jong MC, Pais de Barros JP, Duverneuil L, Le Guern N, Deckert V, Dumont L, Bataille A, 

Zak Z, Jiang XC, Havekes LM, Lagrost L. Apolipoprotein CI overexpression is not a relevant strategy to block 

cholesteryl ester transfer protein (CETP) activity in CETP transgenic mice. Biochem J. 2005;385:189-195.

49.  Rozek A, Sparrow JT, Weisgraber KH, Cushley RJ. Conformation of human apolipoprotein C-I in a lipid-mimetic 

environment determined by CD and NMR spectroscopy. Biochemistry. 1999;38:14475-14484.

50.  Kushwaha RS, Hasan SQ, McGill HC, Jr., Getz GS, Dunham RG, Kanda P. Characterization of cholesteryl ester 

transfer protein inhibitor from plasma of baboons (Papio sp.). J Lipid Res. 1993;34:1285-1297.

51.  Kushwaha RS, McGill Jr HC, Hausheer FH. Effect of Synthetic Truncated Apolipoprotein C-I Peptide on Plasma 

Lipoprotein Cholesterol in Nonhuman Primates. J Biomed Biotechnol. 2004;2004:177-184.

52.  Dumont L, Gautier T, de Barros JP, Laplanche H, Blache D, Ducoroy P, Fruchart J, Fruchart JC, Gambert P, 

Masson D, Lagrost L. Molecular mechanism of the blockade of plasma cholesteryl ester transfer protein by its 

physiological inhibitor apolipoprotein CI. J Biol Chem. 2005;280:38108-38116.

53.  Masson D, Athias A, Lagrost L. Evidence for electronegativity of plasma high density lipoprotein-3 as one major 

determinant of human cholesteryl ester transfer protein activity. J Lipid Res. 1996;37:1579-1590.

54.  Nishida HI, Arai H, Nishida T. Cholesterol ester transfer mediated by lipid transfer protein as infl uenced by 

changes in the charge characteristics of plasma lipoproteins. J Biol Chem. 1993;268:16352-16360.

55.  Gauthier A, Lau P, Zha X, Milne R, McPherson R. Cholesteryl ester transfer protein directly mediates selective 

uptake of high density lipoprotein cholesteryl esters by the liver. Arterioscler Thromb Vasc Biol. 2005;25:2177-

2184.

56.  Berbée JF, van der Hoogt CC, Kleemann R, Schippers EF, Kitchens RL, van Dissel JT, Bakker-Woudenberg IA, 

Havekes LM, Rensen PC. Apolipoprotein CI stimulates the response to lipopolysaccharide and reduces mortality 

in Gram-negative sepsis. FASEB Journal. 2006;20:2162-2164.

57.  Rozek A, Buchko GW, Cushley RJ. Conformation of two peptides corresponding to human apolipoprotein C-I 

residues 7-24 and 35-53 in the presence of sodium dodecyl sulfate by CD and NMR spectroscopy. Biochemistry. 

1995;34:7401-7408.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


