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Cardiovascular disease (CVD) is the first cause of death in the
Western world and its prevalence is increasing in Eastern Europe and devel-
oping countries. The main cause of CVD is atherosclerosis.1-3Atherosclerosis
is a chronic inflammatory disease of the vessel wall that occurs in the large
and medium-sized arteries of the body. Although risk factors for atheroscle-
rosis include hyperlipidemia, dietary habits, hypertension, cigarette smoking,
and physical inactivity, genetic factors also contribute to the development of
atherosclerosis.1-3 The function of lipoproteins, apolipoproteins, enzymes, and
lipid transfer factors that play a role in lipoprotein metabolism, inflammation,
and atherosclerosis will be outlined in more detail in this introduction.    



1. Lipoproteins and lipid metabolism

Cholesterol and triglycerides (TG) are the most important lipids in the circu-
lation. Cholesterol is a constituent of cellular membranes and is essential for
the synthesis of steroid hormones and bile acids, whereas TG is a precursor
of free fatty acids (FFA) that are used as an energy source in skeletal muscle
or heart, or stored as TG in adipose tissue. For distribution of these lipids
through the body, they are packaged in water-soluble lipoproteins, which con-
sist of a lipid core rich in cholesteryl esters (CE) and TG, surrounded by a
phospholipid (PL)-rich shell that is stabilized by unesterified cholesterol and
one or more apolipoproteins.4 Apolipoproteins are involved in the generation
of lipoproteins, and modulate the activity of plasma enzymes and transfer fac-
tors involved in lipoprotein metabolism. Based on their density, lipoproteins
are divided into five classes: chylomicrons, very-low-density-lipoproteins
(VLDL), intermediate-density-lipoproteins (IDL), low-density-lipoproteins
(LDL), and high-density-lipoproteins (HDL) that exhibit different lipid con-
tents and apolipoprotein composition. The characteristics of the various
lipoproteins are listed in Table 1.4-6 Lipoproteins mediate lipid transport,
which can be divided into three different pathways: the exogenous pathway,
the endogenous pathway, and reverse cholesterol transport.

Chylomicron VLDL IDL LDL HDL
Source Intestine Liver VLDL VLDL Liver+intestine
Diameter (nm) 75-1200- 30-80 25-35 18-25 5-12
Density (g/mL) <0.95 0.95 -1.006 1.006 -1.019 1.019 -1.063 1.063 -1.210
Mobility* Origin Pre-ß- slow pre -ß ß a
Composition**
Triglycerides 88 55 23 6 4
Phospholipids 7 18 20 22 30
Cholesteryl esters 3 13 31 41 14
Free cholesterol 1 6 7 9 5
Protein 1-2 8 19 22 47
Apolipoproteins AIV AV - - AI,AII,AIV,AV

B48 B100 B100 B100 -
CI,CII,CIII,CIV CI,CII,CIII,CIV CI,CII,CIII,CIV - CI,CII,CIII,CIV
E E E - E

Table 1. Physical properties and composition of human plasma lipoproteins.

* According to the electrophoretic mobility of plasma α- and β-globulins on agarose gel 
electrophoresis.
**Expressed as percentage of total weight. Modified from Wasan and Cassidy.4

α
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1.1. Exogenous pathway

The exogenous pathway involves the uptake of lipids by the intestine and
their transport to the liver in chylomicrons. Cholesterol and TG are the most
common dietary lipids. In the intestinal lumen, TG is hydrolyzed by pancre-
atic lipase into monoacylglycerol and FFA, upon which they are absorbed by
enterocytes in the intestinal wall, and re-esterified into TG. After microsomal
TG transfer protein (MTP)-mediated lipidation of apolipoprotein (apo)B48,
the resulting particles, termed chylomicrons, are secreted into the lymph.8;9
These nascent chylomicrons consist mainly of TG (88%), the remainder being
phospholipids (PL), cholesterol, cholesteryl esters (CE), apoB48, apoAI,
apoAII, and apoAIV. After secretion into the lymph, chylomicrons enter the
circulation, where apoAI, apoAII, and apoAIV are exchanged with HDL, and
apoCI, apoCII, apoCIII, apoCIV and apoE are acquired from circulating
lipoproteins. Concomitantly, TG from chylomicrons undergo lipolysis cat-
alyzed by lipoprotein lipase (LPL),10 that is associated with heparan sulfate
proteoglycans (HSPG) on the luminal site of vessels.11 LPL hydrolyzes TG,
thereby delivering liberated FFA to adipose tissue for storage, to skeletal mus-
cle and heart as an energy source, and to the liver for storage or generation of
lipoprotein particles.12 In addition, TG from chylomicrons are exchanged for
CE from HDL via the activity of cholesteryl ester transfer protein (CETP).13
CETP is a transfer factor, that is expressed in humans, yet not in mice.14As a
result, chylomicron remnants that are reduced in size and relatively enriched
in CE in their core are formed. During lipolysis, excess surface PL are trans-
ported to HDL via the activity of PL transfer protein (PLTP).15 Then, these
remnants possibly associate first with the scavenger receptor BI (SR-BI) or
HSPG on the liver,16 or are directly taken up via apoE-recognition receptors,
such as the LDL receptor (LDLr) and the LDLr related protein (LRP).17;18 In
addition, HSPG on the liver can internalize chylomicron remnants.19

1.2. Endogenous pathway

The endogenous pathway involves lipid transport from the liver to peripheral
tissues. The liver produces VLDL particles that consist of cholesterol and TG
derived from chylomicron remnants or de novo synthesis.20 MTP mediates
lipidation of apoB100 (and in mice also apoB48) with TG and cholesterol,21;22
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resulting in the generation of nascent VLDL particles that contain also small
amounts of apoCI, apoCII, apoCIII, apoCIV, apoE,23 and apoAV.24 VLDL is
then secreted into the circulation. Similar to chylomicrons, VLDL is enriched
with apoCI, apoCII, apoCIII, apoCIV, and apoE in the circulation, and TG
from VLDL are exchanged for CE from HDL via the activity of CETP.13 Like
chylomicrons, VLDL can undergo lipolysis catalyzed by LPL,10 resulting in
the formation of FFA for storage in adipose tissue or use as an energy source
for skeletal muscle or heart.12 During the lipolysis of VLDL, PL are transport-
ed to HDL via the activity of PLTP,15 whereas TG are also exchanged with CE
via the activity of CETP.13 These processes result in the formation of IDL,
which is partly cleared by the liver via apoE-recognizing receptors LDLr and
LRP,17;18;25 and probably also HSPG.19;26 The remainder is processed more
extensively by LPL and hepatic lipase (HL), and becomes depleted of many
apolipoproteins, resulting in relatively CE-rich LDL with apoB100 as its sole
apolipoprotein. LDL can be recognized and taken up by the LDLr on the liver
and peripheral tissues, using apoB100 as its ligand.25 In the liver, LDL under-
goes lysosomal hydrolysis and cholesterol can be re-esterified into CE via
acyl CoA:acyl transferase 2 (ACAT2),27 or converted into bile acids or vita-
min D.28;29 The peripheral tissues that can take up LDL include adrenals,
testes, and ovaries where LDL-derived cholesterol serves as precursor for
steroid hormones.30
In addition, LDL can be modified in the circulation by for example oxygen
radicals, resulting in the formation of minimally modified LDL (mmLDL)
and oxidized LDL (oxLDL) that both can induce endothelial activation and
monocyte to macrophage differentiation in the vessel wall. Subsequently,
mmLDL/oxLDL can be taken up by the scavenger receptor A (SRA) or CD36
in macrophages. 

1.3. Reverse cholesterol pathway 

To maintain cholesterol homeostasis, excess cholesterol in extrahepatic tis-
sues is returned to the liver via HDL, to be eventually excreted via the bile
into the faeces, which is known as the classical reverse cholesterol pathway.31
In addition, recent findings suggest that cholesterol is secreted from the cir-
culation directly into the intestine and that the liver is not involved in this
process.32 The first step of HDL formation is represented by the synthesis of
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apoAI by the liver and intestine, and secretion of apoAI into the circulation.
Then, ATP binding cassette (ABC)A1 transporter in the liver and the intestine
mediate cholesterol and PL efflux to apoAI, and small discoidal HDL3 parti-
cles are formed.33;34 These particles also contain apoE, apoCs, apoAII,
apoAIV, apoAV,24 and are further lipidated via ABCA1-mediated cholesterol
and PL efflux and ABCA7-mediated PL efflux from macrophages, resulting
in mature HDL2 and HDL1 particles.33;35 HDL2 and HDL1 are good acceptors
for subsequent cholesterol efflux from macrophages, as mediated by ABCG1
and SR-BI.36 The enlargement of the HDL particles is facilitated by PLTP-
mediated transfer of PL from chylomicrons, VLDL, and IDL. PLTP is also
involved in the transfer of PL between the different subforms of HDL.15
During the maturation of HDL3 into HDL1, the acquired cholesterol is esteri-
fied into CE in the core of HDL, mediated by lecithin:cholesterol acyl trans-
ferase (LCAT). Therefore, the core of HDL1 mainly consists of CE.36
Subsequently, CE from HDL is delivered to the liver. Several receptors and
transfer proteins are involved in this process. In mice, that do not express
CETP,14 the majority of HDL-CE is selectively taken up via the SR-BI.37 In
addition, CE from apoE-rich HDL1 can be recognized and taken up by the
liver via the LDLr.38;39 In humans, HDL-CE can be exchanged for TG from
apoB-containing lipoproteins, mediated by CETP.40As a result, in humans the
majority of HDL-CE is taken up by the liver via apoB-containing lipopro-
teins.41 In addition, it has been postulated recently that hepatocyte-associated
CETP itself can take up HDL-CE, independent of the SR-BI and the
LDLr.42;43
Both in mice and humans, the lipolysis of TG in HDL is efficiently catalyzed
by hepatic lipase (HL),44 while endothelial lipase (EL) catalyzes the lipolysis
of PL from HDL.45 CE that have returned to the liver are hydrolyzed and used
for VLDL or HDL formation. Alternatively, cholesterol is secreted into the
bile either as neutral sterols or bile salts, which requires the cholesterol trans-
porters ABCG5 and ABCG8, that form an obligatory heterodimer.46 The
exogenous, endogenous, and reverse cholesterol pathways in lipoprotein
metabolism are summarized schematically in Figure 1.



Figure 1. Schematically overview of pathways involved in lipoprotein metabolism. 
Explanation of pathways is described in text. Enzymes and transfer factors are boxed. LDLr,
low-density-lipoprotein receptor. LRP, LDLr-related-protein. SR-BI or SRA, Scavenger recep-
tor BI or A. FFA, free fatty acids. EL/HL/LPL, endothelial, hepatic, or lipoprotein lipase. TG,
triglycerides. CE, cholesteryl esters. AI/B/E, apolipoprotein AI/B/E. VL/I/HDL, very-low-/
intermediate-/high-density-lipoprotein. ABCA1/G1/G5/G8, ATP binding cassette transporter
A1/G1/G5/G8. LCAT, lecithin:cholesterol acyl transferase. CETP/PLTP, cholesteryl ester or
phospholipid transfer protein. 

2. Atherosclerosis

Hyperlipidemia is an important risk factor for atherosclerosis. Atherosclerosis
is driven by both increased VLDL/LDL-cholesterol levels and increased TG,
often accompanied by low HDL-cholesterol levels.1 Other risk factors for
atherosclerosis involve inflammation and hypertension.1 Atherosclerosis is a
disease of the vessel wall and occurs principally in large and medium-sized
elastic and muscular arteries.3 This section describes how atherosclerotic
lesions develop, from the healthy vessel wall to eventual plaque rupture and
the formation of a thrombus that causes acute clinical events, such as myocar-
dial infarction and stroke, by occluding the vessel lumen leading to ischemia
of underlying tissue. In addition, this section describes treatment of athero-
sclerosis, and mouse models used to study atherosclerosis development.
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2.1. Pathogenesis of atherosclerosis

The intact vessel wall consists of three layers: the intima, media, and adven-
titia. The intima is formed by a layer of endothelial cells at the luminal side
of the vessel, and is separated from the media by an elastic membrane, the
internal elastic lamina. The media is a layer of smooth muscle cells (SMC)
that are embedded in an interstitial matrix, containing elastin and collagen,
and separated from the adventitia by the external elastic lamina, composed of
collagen, elastin fibres, and fibroblasts.1;3 In addition, a fourth layer has been
described consisting of proteoglycans, glycoproteins, and absorbed plasma
proteins, termed the glycocalyx, that is present on the luminal side of the ves-
sel, on the intima.47
The initial step in the development of atherosclerosis is injury of the endothe-
lial cell layer. Most likely, this occurs at specific sites of arteries, such as
branches, bifurcations, and curvatures, where alterations of blood flow
decrease shear stress, making these sites more prone to endothelial cell
damage.3 Inflammatory molecules, that come into the circulation as a result of
a bacterial infection, mmLDL or oxLDL induce endothelial activation, re-
sulting in an inflammatory response, the start of the development of an
atherosclerotic lesion.3 The endothelial cells start to express selectins (P- and
E-selectin), and intracellular and vascular adhesion molecules (ICAM-1 and
VCAM-1), resulting in adhesion of monocytes and T-cells to the endothelial
wall, and increased permeability of the endothelial cell layer.3 The glycocalyx
is likely to serve as a barrier for monocyte adhesion,47;48 thus might be athero-
protective, however its role in atherosclerosis is still subject of ongoing
research. The monocytes start rolling on the endothelium, and migration of
monocytes and T-cells into the arterial wall is stimulated, in part by oxLDL
that induces the expression of chemotactic molecules by endothelial cells,
such as monocyte chemoattractant protein 1 (MCP-1).49 Also the receptor for
MCP-1, chemokine receptor 2 (CCR2), is upregulated on monocytes upon
hypercholesterolemia,50 leading to entry of monocytes in the subendothelial
space, where they start to multiply and differentiate into macrophages.
Monocyte to macrophage differentiation depends on factors such as (granulo-
cyte-) macrophage colony-stimulating factor (GM-CSF), interleukin-1 (IL-1),
tumour necrosis factor α (TNFα), and interferon γ (IFNγ), secreted by SMCs,
endothelial cells, and other leukocytes. 
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These processes are associated with upregulation of scavenger receptors and
Toll-like receptors on macrophages.2
Macrophages subsequently take up modified forms of LDL, mediated by the
scavenger receptors SRA and CD36,3 followed by degradation in the lyso-
some. The liberated cholesterol is then esterified with fatty acids into choles-
teryl esters, catalyzed by the enzyme ACAT1.51 By excessive storage of cho-
lesterol as CE, these macrophages develop into foam cells, which, together
with some T-cells, form an initial lesion called the fatty streak.2 The
macrophage can release its cholesterol through efflux, which involves sever-
al pathways. Free cholesterol can be fluxed out of the cell, concomitant with
apolipoproteins, as described for apoE.52 Active cholesterol and PL efflux
occurs via ABCA1 and PL efflux also via ABCA7, mainly to small, HDL3
particles, thereby causing maturation of HDL into HDL2 and HDL1.35;53
ABCG1 and SR-BI constitute the pathways that mediate cholesterol efflux to
HDL2 and HDL1,53;54 as described in section 1.3. 
The Toll-like receptors present on foam cells are activated upon binding of
molecules with pathogen-like molecular patterns, such as heat shock protein
60 and oxLDL.2 

Figure 2. Pathogenesis of atherosclerosis. 
For explanation see text. The development of an atherosclerotic lesion is schematically present-
ed, from the monocyte adhesion to the thinning of the fibrous cap. mLDL, modified low-den-
sity-lipoprotein. MCP-1, monocyte chemoattractant protein-1. SR, Scavenger receptor. TLR,
Toll-like receptor. IFNγ, interferon γ. MMP, matrix metalloproteinase. Figure kindly provided
by Menno de Winther, and minimally modified. 



19

General Introduction

In addition, Toll like receptors are activated by exogenous ligands that come
into the circulation as a result of an infection with Gram-negative bacteria.
Upon multiplication or lysis, these bacteria secrete lipopolysaccharide (LPS)
that activates the Toll like receptor 4 (TLR4). Subsequently, signal cascades
are initiated, involving the nuclear factor κB (NFκB) and the MAP kinase
pathway,55 leading to the secretion of cytokines.2 Among these cytokines are
IL-1 and TNFα that, next to increasing monocyte-to-macrophage differentia-
tion continuously, induce the migration of SMCs from the media into the inti-
ma and the subsequent pro- liferation of SMCs.2 SMCs can also take up
lipids, thereby contributing to foam cell formation. In addition, SMCs start to
synthesize and secrete connective tissue matrix, and also collagen, thereby
forming a protective layer over the fatty streak, the fibrous cap.2 Activated T-
cells that differentiate into type 1 helper T (Th1) effector cells secrete IFNγ,
that augments the synthesis of IL-1 and TNFα leading to SMC proliferation.2
As the accumulated foam cells within the lesions continue to take up modi-
fied LDL, a lipid core is formed. Once cholesterol cannot be efficiently stored
anymore, it becomes cytotoxic, and the cells go either in necrosis or apopto-
sis, resulting in formation of a necrotic core with extracellular lipid accumu-
lation in the form of cholesterol crystals. As long as the fibrous cap is stable,
the atherosclerotic plaque cannot release its content into the circulation.
However, collagen production by SMCs can be inhibited by for example
IFNγ secreted by Th1 cells.56 When the fibrous cap is poor in SMCs and col-
lagen, it becomes thin and much more prone to rupture. In addition, these
advanced plaques contain a large necrotic lipid pool and an abundancy of
macrophages,57;58 that secrete matrix metalloproteinases (MMPs), such as col-
lagenases and elastases that can degrade the extracellular matrix synthesized
by SMCs in the fibrous cap. After rupture of the fibrous cap, the underlying
necrotic core is exposed to the blood flow. Massive tissue factor expression
by cells in the necrotic core results in activation of the coagulation cascade
and accumulation of platelets at the site of rupture. This leads to the forma-
tion of a thrombus that may occlude the vessel entirely, resulting in an abro-
gated oxygen supply to underlying vital tissue. In fact, thrombus formation is
the major cause of acute clinical events, such as myocardial infarction and
stroke.2 The processes involved in the development of atherosclerosis are
summarized in Figure 2.
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2.2. Treatment of atherogenic dyslipidemia

Treatment of atherogenic dyslipidemia nowadays is mainly focused on
decreasing pro-atherogenic VLDL/LDL-levels, as increased VLDL/LDL-
cholesterol and TG are important risk factors for atherosclerosis and may be
an initial sign of susceptibility to atherosclerosis.
Statins are most widely used to treat atherosclerosis. Statins inhibit the
enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase that
catalyzes the rate-limiting step in cholesterol biosynthesis in the liver, leading
to reduction of VLDL production. The liver compensates for reduced choles-
terol biosynthesis by increasing LDLr expression, and subsequently LDL lev-
els in the circulation decrease.25 In addition, statins have been shown to
increase HDL levels to some extent,59 and exert anti-inflammatory properties,
which may add to their anti-atherosclerotic action.60;61 Meta-analysis of
70.000 subjects in 25 studies showed that statins reduce LDL-cholesterol lev-
els up to 40%, thereby decreasing CVD mortality by 23%,62 whereas no
results on HDL-cholesterol were reported. 
Next to statins, fibrates decrease VLDL and LDL-cholesterol; however their
mode of action is mainly aimed at decreasing hypertriglyceridemia. Fibrates
activate peroxisome proliferator-activated receptor α (PPARα), causing stim-
ulation of LPL-mediated TG catabolism via increased hepatic LPL mRNA
expression and decreased hepatic apoCIII expression.63-65 In addition, fibrates
reduce VLDL production.66 Both processes lead to reduction of pro-athero-
genic hypertriglyceridemia. Furthermore, fibrates increase HDL cholesterol
levels through transcriptional induction of apoAI by PPARα,66;67 and exert
anti-inflammatory effects.61 A meta-analysis of 16.802 subjects in 53 trials
showed that fibrates decrease TG by 36%, decrease LDL-cholesterol by 8%,
and increase HDL-cholesterol by 10%, thereby decreasing CVD mortality by
25%.67 Despite the marked reductions in VLDL and LDL levels by statins,
and TG reduction and HDL increase by fibrates, these drugs still do not pre-
vent all the cases of CVD. As a low HDL level is the primary lipid abnormal-
ity in ~50% of men with coronary heart disease,68 and prospective epidemio-
logical studies have shown a strong inverse correlation between HDL choles-
terol levels and CVD,69 recent interests to treat CVD are aimed at increasing
HDL levels. As described in the sections 1.3 and 2.1, HDL induces cholesterol
efflux from macrophages.



21

General Introduction

In addition, HDL neutralizes inflammatory molecules and may decrease the
oxidation level of LDL. Inhibition of CETP constitutes a novel approach in
order to increase anti-atherogenic HDL with concomitant decrease of pro-
atherogenic VLDL/LDL levels.70 Two experimental CETP inhibitors, JTT-
705 and Torcetrapib, have been shown to increase HDL-cholesterol in
humans.71-74 Torcetrapib (120 mg, daily) increased HDL-cholesterol by 60%
in individuals with low HDL-cholesterol,72 and decreased atherosclerosis
development in rabbits. In phase I and II clinical trials, its only side effect
seemed to be the induction of high blood pressure. Unexpectedly, recent
phase III trials had to be terminated prematurely, since the combination of
Torcetrapib and atorvastatin was found to induce more deaths in people with
CVD than atorvastatin alone.75 The question whether this effect was com-
pound-specific or related to CETP inhibition in general is under current inves-
tigation, as well as the effects of other CETP inhibitors on atherosclerosis.

2.3. Mouse models for atherosclerosis

Wild-type mice are not suitable for atherosclerosis research because they
express, in contrast to humans, low total cholesterol levels (~2 mM versus ~5
mM) with high levels of anti-atherogenic HDL and low levels of pro-athero-
genic VLDL. Therefore, to study the effects of genes involved in athero-
genesis and the effects of experimental anti-atherogenic drugs on atheroscle-
rosis, several mouse models have been developed. Nowadays, the hyperlipi-
demic apoe-/-, ldlr-/-, and APOE*3-Leiden mice are the most common used to
study atherosclerosis. 
The apoe-/- mouse is prone to spontaneous atherosclerosis development on
chow diet because of the largely abolished remnant uptake by the liver, via the
HSPG, LRP, and LDLr,76-78 and because of the largely reduced cholesterol
efflux from macrophages, as apoE is a potent cholesterol acceptor.79;80 The
ldlr-/- mouse is less prone to atherosclerosis development as it is only devoid
of clearance of apoB-containing particles via the LDLr, resulting in less ele-
vated VLDL/LDL-cholesterol levels on a chow diet (~6 mM) as compared to
apoe-/-mice (~10 mM). However, the ldlr-/- mouse develops atherosclerosis on
a cholesterol-rich diet.81;82 
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Also the APOE*3-Leiden mouse has been generated to study atherosclerosis.
These mice express a human mutant of the APOE3 gene, as first discovered
in hyperlipidemic patients,83;84 resulting in the attenuated hepatic clearance of
APOE*3-Leiden containing lipoproteins via the LDLr.85 Female APOE*3-
Leiden mice exhibit a human-like cholesterol distribution over their lipopro-
teins on a cholesterol-rich diet, and are susceptible to atherosclerosis de-
velopment on this diet.85 Their VLDL-cholesterol levels are highly responsive
to the cholesterol levels in their diet,85;86 and, in contrast to apoe-/- and ldlr-/-
mice, they show a human-like response to statins and fibrates, with respect to
lowering of apoB-containing lipoproteins.87;88 
It should be realized that atherosclerosis development in these mouse models
is not completely identical to atherosclerosis development in humans. Most
models, except for the ldlr-/- mouse, do not express human-like LDL. In addi-
tion, unlike humans, none of these models express CETP, and clinical events
as induced by plaque rupture do not seem to occur spontaneously in mice.
However, mice are still well-suited to study the mechanisms underlying the
pathogenesis of the onset and progression of atherosclerosis. The APOE*3-
Leiden mouse may be the preferred mouse model, since the clearance of
apoB-containing lipoproteins is attenuated yet not abrogated as in apoe-/- and
ldlr-/- mice, which is very similar to the clearance of these lipoproteins in
humans. The choice for the optimal mouse model should thus be based on the
expected mechanism of action of the gene and drug of interest on atheroscle-
rosis development.
In all of these mouse models, the development of atherosclerosis is not only
related to induced levels of apoB-containing lipoproteins and HDL, yet also
to chronic inflammation, which is a risk factor per se for atherosclerosis
development.2 As outlined in section 2.1., Gram negative bacteria, such as
Chlamydia pneumoniae, secrete lipopolysaccharide (LPS) upon multiplica-
tion or lysis. Inoculation with C. pneumoniae accelerates the development of
atherosclerosis in APOE*3-Leiden transgenic, apoe-/-, and ldlr-/- mice.89-91 In
addition, chronic treatment with LPS accelerates atherosclerosis in apoe-/-
mice.92 Studies with LPS, administrated in a peri-adventitial cuff, showed that
the effects of LPS on atherosclerosis are largely dependent on the TLR4, as
the intimal lesion formation was dramatically decreased in the absence of
TLR4.93 It would be interesting to unravel other genetic factors that affect this
process.
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3. Roles of LPL, CETP, and apolipoprotein CI in lipoprotein metabolism
and atherosclerosis

As outlined above, lipoprotein receptors, plasma enzymes, transfer factors,
and apolipoproteins are involved in the production, processing, and clearance
of lipoproteins and the development of atherosclerosis. This section will give
more insights in the role of the enzyme LPL, the transfer factor CETP, and
apoCI in lipoprotein metabolism and atherosclerosis development.

3.1. Lipoprotein lipase

As mentioned in section 1.1 and 1.2, LPL hydrolyzes VLDL and chylomi-
crons in order for TG-derived FFA to be taken up into tissues.10;12 LPL is
expressed in almost all tissues, yet most abundantly in adipose tissue, skele-
tal muscle, and heart.94-96 The regulation of LPL is tissue-specific and depend-
ent on the nutritional status, reflecting FA requirements of the respective tis-
sues at a specific time point, and LPL thus functions as a gatekeeper for FA
entry into tissues.12;97-99 Postprandial LPL activity is high in adipose tissue,
whereas in the fasted state, LPL activity is high in muscle.12;97;100 LPL secre-
tion from cells to the capillary surface is mediated by the VLDL receptor
(VLDLr) that functions as an intracellular chaperone protein.101 Upon secre-
tion, LPL binds to HSPG at the luminal side of the capillary blood vessels.97
Catalytically active LPL consists mainly of a homodimer of two non-cova-
lently linked glycoproteins of equal size.102;103 This LPL dimer is in equilibri-
um with the LPL monomer that can undergo a conformational change there-
by losing its catalytic activity, and has lower affinity for HSPG as compared
to dimeric LPL. Monomeric LPL can travel with lipoproteins and enhance
their binding to the LDLr,104;105 LRP,106-108 VLDLr,101;109 and HSPGs,110;111
thereby exerting a bridging function in the clearance of those lipoproteins. 
The catalytically active dimer of LPL, requires, in order to catalyze lipolysis
of chylomicrons or VLDL, its co-factor apoCII.112;113After lipolysis, the gen-
erated FFA are taken up by the underlying tissues either by passive diffusion
or by active transport,114;115 via fatty acid transporters including CD36,116;117
FA transporter protein (FATP),118 and plasma membrane FA-binding protein
(FABPpm).119;120
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Next to apoCII, other apolipoproteins have been shown to affect LPL activi-
ty. ApoAV has been shown to activate LPL in vitro and in mice in vivo,121
however, it is not clear as yet whether apoAV also activates LPL in humans
and as such contributes to lowering of TG. In addition to LPL activators,
inhibitors of LPL have also been described. ApoCIII seems to be the most
prominent LPL-inhibitor, and apoCIII levels are consistently associated with
plasma TG levels in humans.122;122;123 In addition, apoE has been reported to
inhibit LPL.124;125 Recent observations from our laboratory have identified
apoCI as an LPL inhibitor.123 Overexpression of human apoCI in mice results
in hypertriglyceridemia as a result of LPL inhibition.123 However, it is still
unclear whether physiological expression levels of endogenous apoCI can
also affect LPL activity. 
Decreased LPL expression has been associated with increased VLDL-TG lev-
els and decreased obesity in mice. Mice deficient for LPL have extremely ele-
vated VLDL-TG and show reduced subcutaneous fat stores in their short
lifespan of 18 h,126 and adipose tissue-specific lpl-/-mice show reduced obesi-
ty on the ob/ob background.127 In addition, reduced LPL expression as a con-
sequence of deficiency of the VLDLr, the intracellular chaperone protein for
LPL, resulted in decreased diet-induced obesity.128 As the lipolysis of TG is
hampered in the absence of the VLDLr,129 and less FFA were taken up by adi-
pose tissue, reduced LPL activity probably plays a role in the reduction in
obesity in vldlr-/-mice. Also mice transgenic for the LPL inhibitor apoCI were
protected against diet-induced obesity.130 Inversely, deficiency for the LPL
inhibitor apoCIII resulted in increased diet-induced obesity.131
With respect to atherosclerosis, LPL activity in plasma and LPL in the vessel
wall differently affect this disease in mice.132 Whereas systemic LPL overex-
pression has been associated with decreased atherosclerosis on the apoe-/- and
ldlr-/- background,133;134 LPL overexpression in macrophages of the vessel
wall resulted in increased atherosclerosis in apoe-/- and ldlr-/-mice.135-137 The
anti-atherogenic effect of plasma LPL is probably related to decreased hyper-
lipidemia by enhanced VLDL-TG lipolysis, while the pro-atherogenic effect
of LPL in the vessel wall may result from enhanced local lipoprotein uptake
due to its bridging function.
In humans, the mutations in LPL D9N and N291S, that occur in up to 5% of
the general population, are associated with decreased lipolytic activity of
LPL, elevated TG, decreased HDL and a higher incidence of cardiovascular
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disease (CVD).138-145 In contrast, the gain of function mutation S447X leads
to decreased TG, increased HDL, and meta-analyses of association studies
between the mutation and CVD indicate an overall lower incidence of
CVD.146-149 Nevertheless, there are also indications for increased CVD, and
the mechanisms as how this polymorphism sorts its effects are still under
investigation.147

3.2. Cholesteryl ester transfer protein

The glycoprotein CETP mediates the exchange of CE and TG between apoB-
containing lipoproteins and HDL.13 Not all mammalian species express
CETP.14;150 For example, rats and mice do not express CETP, whereas
humans, monkeys, rabbits, and hamsters do.14;150 In humans, CETP mRNA is
expressed predominantly in adipose tissue, liver, and spleen, with lower
expression levels in the small intestine, adrenal gland, kidney, skeletal mus-
cle, and heart.150;151 To evaluate the contribution of CETP to plasma lipid
metabolism and atherosclerosis development, the CETP gene has been intro-
duced in mice. These CETP transgenic mice express CETP predominantly in
the liver yet also in adipose tissue and spleen.152-154 CETP expression is main-
ly regulated by the liver X receptor (LXR).155 As a consequence, CETP
expression is highly upregulated in mice fed a hypercholesterolemic
diet,153;156 because the levels of oxysterols, the endogenous ligands for
LXR,157 increase in the liver. The introduction of CETP in mice shifts the cho-
lesterol distribution from HDL to VLDL.152 Feeding LXR agonists to the
CETP-expressing species hamsters and Cynomolgus monkeys induced a
similar shift,158 and increased the shift in CETP-expressing mice.159 CETP
thus determines the ratio of VLDL/LDL cholesterol to HDL cholesterol to a
great extent.13
As a result of mediating the exchange between CE from HDL and TG from
VLDL/LDL, plasma CETP might be anti-atherogenic by facilitating the trans-
port of HDL-cholesterol via apoB-containing lipoproteins to the liver, where
they are taken up by the SR-BI, LDLr, and LRP. Recent results indicate that
hepatocyte-associated CETP itself can also take up CE from HDL, independ-
ently of the SR-BI and the LDLr/LRP.42;43 On the other hand, CETP expres-
sion might be pro-atherogenic, because of increased levels of pro-atherogenic
VLDL/LDL concomitant with decreased HDL levels.
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The role of CETP in lipoprotein metabolism and atherosclerosis has been
studied in several mouse models. In the traditional mouse models for study-
ing atherosclerosis development, i.e. in apoe-/- and ldlr-/-mice, CETP expres-
sion appeared to be pro-atherogenic.160 Other atherosclerosis studies, in
APOC3 transgenic and LCAT transgenic mice, revealed that CETP expression
is anti-atherogenic.161;162 APOC3 mice accumulate particularly TG-rich
VLDL as a result of LPL inhibition, enabling a massive flux of TG from
apoB-containing lipoproteins to HDL,163 which may result in an accelerated
clearance of TG-rich HDL particles via HL. As a consequence, smaller, cho-
lesterol-poor HDL particles are formed,163 that may have higher anti-athero-
genic potential by more efficiently inducing cholesterol efflux. LCAT trans-
genic mice accumulate apoE-rich HDL1, that is not efficiently cleared by the
liver and are, therefore, more susceptible to atherosclerosis.161 CETP expres-
sion in LCAT mice provides an extra pathway of delivering HDL-cholesterol
to the liver, resulting in normalization of the HDL particle size161 and pre-
sumably increasing its cholesterol-accepting potency. However, it was shown
recently that HDL from CETP deficient humans, which shares similarities
with HDL from LCAT transgenic mice, is a potent cholesterol acceptor.164
Taken together, studies in mice show conflicting results regarding the role of
CETP in atherosclerosis development. On the other hand, CETP inhibition in
rabbits that naturally express CETP has been consistently associated with
decreased atherosclerosis.165-167
The role of CETP in atherosclerosis in humans is also still undergoing debate.
In humans, the main quantity of HDL-CE is exchanged for TG from apoB-
containing lipoproteins, mediated by CETP,40 indicating that this HDL-CE is
cleared via the LDLr/LRP pathway.41 Humans that are deficient for CETP
show increased atherosclerosis despite increased HDL levels.168;169 However,
more recently, decreased atherosclerosis has been reported in CETP-deficient
subjects, although the effects were not significant.170 As HDL isolated from
these individuals is still a potent cholesterol acceptor in vitro,164 it is likely
that the observed increased atherosclerosis is not the consequence of the
reduced cholesterol efflux accepting potency of HDL in plasma. In contrast,
the C629A promoter polymorphism,171 and the C629A,G971A,C1337T pro-
moter polymorphism are associated with increased CETP levels concomitant
with decreased HDL-cholesterol.172 In addition, the C629A promoter is also
associated with increased progression of CVD.171;173 Collectively, studies in
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mice and humans show that CETP expression can be either pro- or anti-
atherogenic and more research regarding the role of CETP in atherosclerosis
is warranted, before CETP inhibition can be used as a therapeutic approach to
treat CVD in humans. With respect to the human situation, it would be in-
teresting to investigate the effect of CETP on atherosclerosis in the APOE*3-
Leidenmouse model that is a mouse model with a humanized lipoprotein pro-
file, as described in section 2.3.

3.3. Apolipoprotein CI

ApoCI is present on chylomicrons, VLDL, and HDL, and circulates in the
plasma at a concentration of ~6 mg/dl.122 It is the smallest member of the
apolipoprotein family (6.6 kDa), consists of 57 amino acids, and contains two
amphipathic class II α-helices in the N-terminus (residues 7-29) and C-termi-
nus (residues 38-52), connected by a unordered linker (residues 30-37).122;174
ApoCI has a high content of lysine (16 mol%), and its isoelectric point is the
highest of all the apolipoproteins (6.5).175-177 It readily exchanges between
particles due to self-association in an aqueous environment.122 The structure
of apoCI is represented in figure 3. ApoCI is expressed in the liver, brain, adi-
pose tissue, lung, and spleen.122;178 The apoCI expression is highest in the
liver, and the expression in the lung and the spleen is probably due to the pres-
ence of resident macrophages in these tissues.178 

Figure 3. Structure of human apoCI. ApoCI consists of two α-helical structures, residues 7-29
(with a mobile hinge region involving residues 12-15) and residues 38-52, which are linked by
a structurally unordered region (residues 30-37). Figure kindly provided by Jimmy Berbée. 
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The APOC1 gene is part of the APOE/APOC1/APOC4/APOC2 gene cluster
on chromosome 19, which is regulated by the hepatic control region (HCR)
in the liver179-181 and by an LXR response element in macrophages.182 In the
liver, APOC1 mRNA expression is upregulated after activation of a DR1
motif of the HCR by the TR4 orphan nuclear receptor,179 whereas in
macrophages, APOC1 mRNA expression is upregulated by the formation of
an obligatory heterodimer between LXRα/β and the retinoic X receptor
(RXR).182 Since the apoCI propeptide contains a signal peptide that is cleaved
co-translationally in the endoplasmatic reticulum (ER), newly synthesized
apoCI is not retained intracellularly but is secreted from cells.183
ApoCI affects the activity of several enzymes and receptors involved in
VLDL metabolism. It inhibits the apoE-mediated binding of IDL and VLDL
to LRP and the LDLr in vitro,184-186 and the apoE-mediated binding of VLDL
to the VLDLr in vitro.187 Mice overexpressing human apoCI hemizygously
(APOC1+/0 mice) and homozygously (APOC1+/+ mice) show elevated levels
of plasma cholesterol and TG, which correlate positively with the expression
level of the transgene.188;189 These increased lipid levels have initially been
explained by the apoCI-mediated inhibition of apoE-mediated clearance of
IDL and VLDL by the LDLr and LRP, also in vivo.188 However, these mice
showed a predominant hypertriglyceridemia, which is not observed in apoe-/-
mice, and more recent results showed that in the absence of apoE, VLDL-TG
and VLDL-cholesterol are still elevated in APOC1+/0 mice, indicating that
additional mechanism(s) should contribute to the hyperlipidemia in APOC1+/0
mice.123;190 Indeed, we recently showed in vitro and in vivo that apoCI is a
potent inhibitor of LPL,123 which can fully explain the combined hyperlipi-
demia in APOC1+/0 and APOC1+/+ mice. However, whether physiological
endogenous apoCI expression affects VLDL metabolism in normolipidemic
and hyperlipidemic mice by modulating LPL activity has not been addressed
in detail. 
In addition, apoCI affects plasma factors involved in HDL metabolism. It
activates LCAT, at least in vitro, yet to a lower extent than apoAI, the main
activator of LCAT.191 As compared to apoAI, apoCI activates LCAT by 10-
45%, dependent on the lipid substrate. Also apoE2 and apoE3 are LCAT acti-
vators, albeit weaker than apoAI.122;174;192 In addition, it has been shown that
apoCI inhibits hepatic lipase (HL) in vitro.190;193 More apolipoproteins exert
this effect, as also apoAI, apoAII, apoCIII, and apoE inhibit HL in vivo.193
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HDL-cholesterol levels are decreased in apoc1-/- mice,194 and increased in
wild-type mice that were injected with a human apoCI adenovirus (C.C. van
der Hoogt et al., unpublished observations). These data suggest that apoCI
also modulates HDL metabolism in vivo, presumably by activation of LCAT
and/or inhibition of HL. 
Next to its effects on VLDL and HDL metabolism separately, apoCI inhibits
CETP that affects both VLDL and HDL metabolism described in section
3.2.175;195A first study in dyslipidemic baboons showed that a naturally occur-
ring N-terminal peptide of apoCI that contained the first 38 amino acids (4
kDa, pI=7.1) inhibited CETP activity in vitro and in vivo.196 In humans, of all
the apolipoproteins on HDL, apoCI appeared to be the only apolipoprotein
that reduces CETP activity.175 Interestingly, a recent study using human CETP
showed that the CETP-inhibitory effect of human apoCI was mainly due to its
C-terminal peptide (residues 34-54).197 The effect of apoCI on CETP activity
has also been studied in vivo in CETP transgenic mice.195;198 Interestingly,
endogenous apoCI expression appeared to inhibit CETP effectively,195 reflec-
ted by decreased VLDL cholesterol and increased HDL cholesterol. In
APOC1+/0.CETP mice, apoCI also effectively inhibited CETP, as measured in
endogenous CETP activity assays, however, this was not reflected by an
increased HDL and a decreased VLDL.193;198 It appeared that the effect of
apoCI on CETP inhibition was completely overruled by the aforementioned
effect of apoCI on LPL and the apoE-recognition receptors on the liver result-
ing in hyperlipidemia.198 As a consequence of the hyperlipidemia in
APOC1+/0 mice, LXR-mediated transcription of CETP in the liver increased,
leading to increased total CETP levels in plasma.198As a result, the inhibition
of CETP by apoCI did not translate in expected changes of VLDL and HDL
levels. Thus, in APOC1+/0 mice, yet not in apoc1-/- mice, the CETP-inhibito-
ry effect of apoCI is secondary to the VLDL clearance-inhibiting effects of
apoCI with respect to the overall effect of apoCI on plasma lipid levels.
Not many apoCI polymorphisms are known in humans. In American Indian
and Mexican humans, one polymorphism has recently been found that
involves the substitution of the tyrosine on position 45 for serine.199 Though
studies with synthesized apoCI suggested that the variant had a higher prefe-
rence for VLDL and a lower preference for HDL,199 the functionality of this
apoCI mutation still needs to be determined. 
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Furthermore, the HpaI polymorphism in the promoter region of APOC1 has
been described, resulting in increased expression of APOC1 and elevated
TG.200;201 However, the correlation between apoCI levels and TG levels is not
very strong, and the effects of APOC1 on TG levels are in linkage disequili-
brium with APOE2 and APOE4, yet not APOE3.201 Collectively, it still needs
to be determined whether apoCI is a causal factor in determining VLDL-TG
levels in humans.    
The role of apoCI in LPL inhibition probably relates to the finding that
APOC1+/+ mice are protected against the development of obesity, either diet-
induced, or on the ob/ob background, as described in section 3.1.130 Next to
protection against obesity, APOC1+/+ mice exhibit cutaneous abnormalities,
including sebaceous and meibomian gland atrophy and lack of sebum produc-
tion, resulting in excessive hair loss.202 Although these mice exhibit elevated
levels of FFA in plasma and decreased levels of wax esters and TG in their
skin, the mechanism behind the cutaneous abnormalities has not been eluci-
dated yet. 
In addition to its roles in lipoprotein metabolism, we have recently demon-
strated that apoCI binds to lipopolysaccharide (LPS), thereby disaggregating
LPS, and increasing the inflammatory response to LPS by macrophages in
vitro and in mice in vivo.203 Increased apoCI expression in mice (APOC1+/0
versus wild-type versus apoc1-/-) thus resulted in an apoCI dose-dependent
increase in the inflammatory response against intropulmonal infection with
the Gram-negative bacterium Klebsiella pneumoniae. In fact, by effectuating
a more efficient inflammatory response, apoCI increased the anti-bacterial
attack and protected against K. pneumoniae-induced septic death.
Though many roles of apoCI in lipoprotein metabolism and also inflamma-
tion have now been described, it is not clear yet whether apoCI plays a role
in atherosclerosis. APOC1 mRNA expression is highly induced during mono-
cyte to macrophage differentiation (85-fold),204 and 25-fold upregulated in
macrophages treated with 1 µM of the LXR agonist T013017,182 indicating
that apoCI might indeed play a role in macrophage foam cell formation and
thus atherosclerosis development. In vitro data show that apoCI induces
ABCA1-mediated cholesterol efflux, at least from human epithelial (Hela)
cells.205 Cholesterol efflux from macrophages is considered anti-atherogenic.
In addition, apoCI activates LCAT,191 and increased LCAT activity was
shown to be anti-atherogenic in apoe-/- mice.206;207 Furthermore, apoCI



31

General Introduction

inhibits CETP,175;195-197 which might be considered anti-atherogenic. On the
other hand, apoCI inhibits LPL,123 and systemic LPL inhibition in plasma
might be considered pro-atherogenic by increasing VLDL/LDL levels.133;134
In fact, human APOC1 overexpression increases atherosclerosis in apoe-/-
mice, which was presumably the consequence of dramatically increased lev-
els of VLDL-TG and VLDL-cholesterol.190 Other studies have indicated that
apoCI increases the apoptosis of aortic smooth muscle cells in vitro via
recruiting neutral sphingomyelinase, a condition that might accelerate plaque
rupture in vivo, and thus be pro-atherogenic.208 As apoCI increases the LPS-
induced inflammatory response in macrophages in vitro and in mice in
vivo,203 and LPS accelerates atherosclerosis in apoe-/- mice in vivo,92 apoCI
expression may also be pro-atherogenic in the context of chronic inflamma-
tion. Overall, the role of endogenous apoCI in atherosclerosis development,
related to hyperlipidemia and inflammation, requires more extensive
research.

4. Outline of Thesis

In this thesis studies were performed to elucidate the mechanisms behind the
effects of apoCI and CETP on plasma lipoprotein metabolism and atheroscle-
rosis development.
Although the role of apoCI in lipoprotein metabolism has been quite exten-
sively studied in mice, these studies mainly addressed the effects of human
apoCI overexpression instead of the effects of physiological endogenous
apoCI expression. Therefore, in chapter 2, the role of endogenous apoCI on
lipoprotein metabolism in apoe-/- mice was investigated. The apoe-/- back-
ground was used to exclude potential effects of apoCI on lipoprotein metab-
olism that are sorted via inhibition of the apoE-mediated remnant clearance.
In chapter 3, studies were performed to investigate the mechanism(s) behind
the observation that APOC1+/+ mice are protected against obesity and the
cutaneous abnormalities of these mice, since clues have been found that these
effects may not simply be explained by apoCI-induced LPL inhibition. 
Apart from these systemic effects of apoCI on lipoprotein metabolism, it has
also been suggested that apoCI affects local lipid homeostasis in
macrophages, as its expression is highly upregulated during monocyte to
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macrophage differentiation and upon incubation of macrophages with ago-
nists of the lipid sensor LXR. As macrophages play an important role in sev-
eral stages of atherosclerosis development, these findings suggest that apoCI
might affect atherosclerosis. The effects of apoCI expression on atherosclero-
sis development are described in chapter 4. In addition to its role in lipopro-
tein metabolism, apoCI increases the LPS-induced response in vivo and in
macrophages in vitro. Therefore, the effect of apoCI on LPS-induced athero-
sclerosis was investigated in chapter 5.
The role of CETP in atherosclerosis is still undergoing debate and a human-
like mouse model to study the effect of CETP modulation on plasma lipopro-
tein metabolism and atherosclerosis development is lacking. In chapter 6,
human CETP transgenic mice were cross-bred with the humanized APOE*3-
Leidenmouse, and the effect of CETP expression on plasma lipid metabolism
and atherosclerosis development was investigated. 
The results obtained from these studies and the implications of these studies
for future research are described in chapter 7.

References
1. Glass CK, Witztum JL. Atherosclerosis: The road ahead. Cell. 2001;104:503-516.
2. Hansson GK. Mechanisms of disease - Inflammation, atherosclerosis, and coronary artery disease. N

Engl J Med. 2005;352:1685-1695.
3. Ross R. Mechanisms of disease - Atherosclerosis - An inflammatory disease. N Engl J Med.

1999;340:115-126.
4. Wasan KM, Cassidy SM. Role of plasma lipoproteins in modifying the biological activity of

hydrophobic drugs. J Pharm Sci. 1998;87:411-424.
5. Ginsberg HN. Lipoprotein physiology. Endocrinol Metab Clin North America 1998;27:503-519.
6. Mahley RW, Innerarity TL, Rall SC, Jr., Weisgraber KH. Plasma lipoproteins: apolipoprotein struc-

ture and function. J Lipid Res. 1984;25:1277-1294.
7. Phan CT, Tso P. Intestinal lipid absorption and transport. Front Biosci. 2001;6:D299-D319.
8. Green PH, Riley JW. Lipid absorption and intestinal lipoprotein formation. Aust N Z J Med.

1981;11:84-90.
9. Hussain MM, Kancha RK, Zhou Z, Luchoomun J, Zu H, Bakillah A. Chylomicron assembly and

catabolism: role of apolipoproteins and receptors. Biochim Biophys Acta. 1996;1300:151-170.
10. Fielding CJ, Renston JP, Fielding PE. Metabolism of cholesterol-enriched chylomicrons. Catabolism

of triglyceride by lipoprotein lipase of perfused heart and adipose tissues. J Lipid Res. 1978;19:705-
711.

11. Goldberg IJ. Lipoprotein lipase and lipolysis: central roles in lipoprotein metabolism and atherogen-
esis. J Lipid Res. 1996;37:693-707.



33

General Introduction

12. Zechner R. The tissue-specific expression of lipoprotein lipase: implications for energy and lipopro-
tein metabolism. Curr Opin Lipidol. 1997;8:77-88.

13. Ha YC, Calvert GD, Mcintosh GH, Barter PJ. A Physiologic Role for the Esterified Cholesterol
Transfer Protein - In vivo Studies in Rabbits and Pigs. Met-Clin Exp. 1981;30:380-383.

14. Jiao S, Cole TG, Kitchens RT, Pfleger B, Schonfeld G. Genetic heterogeneity of lipoproteins in inbred
strains of mice: analysis by gel-permeation chromatography. Metabolism. 1990;39:155-160.

15. Huuskonen J, Olkkonen VM, Jauhiainen M, Ehnholm C. The impact of phospholipid transfer protein
(PLTP) on HDL metabolism. Atherosclerosis. 2001;155:269-281.

16. Out R, Kruijt JK, Rensen PC, Hildebrand RB, de Vos P, van Eck M, Van Berkel TJ. Scavenger recep-
tor BI plays a role in facilitating chylomicron metabolism. J Biol Chem. 2004;279:18401-18406.

17. Mahley RW. Apolipoprotein E: cholesterol transport protein with expanding role in cell biology.
Science. 1988;240:622-630.

18. Mahley RW, Hui DY, Innerarity TL, Beisiegel U. Chylomicron remnant metabolism. Role of hepat-
ic lipoprotein receptors in mediating uptake. Arteriosclerosis. 1989;9:I14-I18.

19. Macarthur JM, Bishop JR, Stanford KI, Wang L, Bensadoun A, Witztum JL, Esko JD. Liver heparan
sulfate proteoglycans mediate clearance of triglyceride-rich lipoproteins independently of LDL
receptor family members. J Clin Invest. 2007;117:153-164.

20. Gibbons GF. Assembly and secretion of hepatic very-low-density lipoprotein. Biochem J.
1990;268:1-13.

21. Greeve J, Altkemper I, Dieterich JH, Greten H, Windler E. Apolipoprotein B mRNA editing in 12 dif-
ferent mammalian species: hepatic expression is reflected in low concentrations of apoB-containing
plasma lipoproteins. J Lipid Res. 1993;34:1367-1383.

22. Tietge UJ, Bakillah A, Maugeais C, Tsukamoto K, Hussain M, Rader DJ. Hepatic overexpression of
microsomal triglyceride transfer protein (MTP) results in increased in vivo secretion of VLDL
triglycerides and apolipoprotein B. J Lipid Res. 1999;40:2134-2139.

23. Cushley RJ, Okon M. NMR studies of lipoprotein structure. Annu Rev Biophys Biomol Struct.
2002;31:177-206.

24. O'Brien PJ, Alborn WE, Sloan JH, Ulmer M, Boodhoo A, Knierman MD, Schultze AE, Konrad RJ.
The novel apolipoprotein A5 is present in human serum, is associated with VLDL, HDL, and chy-
lomicrons, and circulates at very low concentrations compared with other apolipoproteins. Clin
Chem. 2005;51:351-359.

25. Brown MS, Kovanen PT, Goldstein JL. Regulation of plasma cholesterol by lipoprotein receptors.
Science. 1981;212:628-635.

26. Mahley RW, Ji ZS. Remnant lipoprotein metabolism: key pathways involving cell-surface heparan
sulfate proteoglycans and apolipoprotein E. J Lipid Res. 1999;40:1-16.

27. Parini P, Davis M, Lada AT, Erickson SK, Wright TL, Gustafsson U, Sahlin S, Einarsson C, Eriksson
M, Angelin B, Tomoda H, Omura S, Willingham MC, Rudel LL. ACAT2 is localized to hepatocytes
and is the major cholesterol-esterifying enzyme in human liver. Circulation. 2004;110:2017-2023.

28. Chiang JY. Regulation of bile acid synthesis: pathways, nuclear receptors, and mechanisms. J
Hepatol. 2004;40:539-551.

29. Nebert DW, Russell DW. Clinical importance of the cytochromes P450. Lancet. 2002;360:1155-
1162.

30. Xie C, Richardson JA, Turley SD, Dietschy JM. Cholesterol substrate pools and steroid hormone lev-
els are normal in the face of mutational inactivation of NPC1 protein. J Lipid Res. 2006;47:953-963.



34

Chapter 1

31. Badimon JJ, Fuster V, Badimon L. Role of high density lipoproteins in the regression of atheroscle-
rosis. Circulation. 1992;86:III86-III94.

32. Kruit JK, Groen AK, Van Berkel TJ, Kuipers F. Emerging roles of the intestine in control of choles-
terol metabolism. World J Gastroenterol. 2006;12:6429-6439.

33. Timmins JM, Lee JY, Boudyguina E, Kluckman KD, Brunham LR, Mulya A, Gebre AK, Coutinho
JM, Colvin PL, Smith TL, Hayden MR, Maeda N, Parks JS. Targeted inactivation of hepatic Abca1
causes profound hypoalphalipoproteinemia and kidney hypercatabolism of apoA-I. J Clin Invest.
2005;115:1333-1342.

34. Brunham LR, Kruit JK, Iqbal J, Fievet C, Timmins JM, Pape TD, Coburn BA, Bissada N, Staels B,
Groen AK, Hussain MM, Parks JS, Kuipers F, Hayden MR. Intestinal ABCA1 directly contributes to
HDL biogenesis in vivo. J Clin Invest. 2006;116:1052-1062.

35. Wang N, Lan D, Gerbod-Giannone M, Linsel-Nitschke P, Jehle AW, Chen W, Martinez LO, Tall AR.
ATP-binding cassette transporter A7 (ABCA7) binds apolipoprotein A-I and mediates cellular phos-
pholipid but not cholesterol efflux. J Biol Chem. 2003;278:42906-42912.

36. Zannis VI, Chroni A, Krieger M. Role of apoA-I, ABCA1, LCAT, and SR-BI in the biogenesis of
HDL. J Mol Med. 2006;84:276-294.

37. Acton S, Rigotti A, Landschulz KT, Xu S, Hobbs HH, Krieger M. Identification of scavenger recep-
tor SR-BI as a high density lipoprotein receptor. Science. 1996;271:518-520.

38. Innerarity TL, Pitas RE, Mahley RW. Receptor binding of cholesterol-induced high-density lipopro-
teins containing predominantly apoprotein E to cultured fibroblasts with mutations at the low-densi-
ty lipoprotein receptor locus. Biochemistry. 1980;19:4359-4365.

39. Tall AR. An overview of reverse cholesterol transport. Eur Heart J. 1998;19 Suppl A:A31-A35.
40. Inazu A, Brown ML, Hesler CB, Agellon LB, Koizumi J, Takata K, Maruhama Y, Mabuchi H, Tall

AR. Increased high-density lipoprotein levels caused by a common cholesteryl-ester transfer protein
gene mutation. N Engl J Med. 1990;323:1234-1238.

41. Schwartz CC, VandenBroek JM, Cooper PS. Lipoprotein cholesteryl ester production, transfer, and
output in vivo in humans. J Lipid Res. 2004;45:1594-1607.

42. Gauthier A, Lau P, Zha XH, Milne R, McPherson R. Cholesteryl ester transfer protein directly medi-
ates selective uptake of high density lipoprotein cholesteryl esters by the liver. Arterioscler Thromb
Vasc Biol. 2005;25:2177-2184.

43. Zhou H, Li Z, Silver DL, Jiang XC. Cholesteryl ester transfer protein (CETP) expression enhances
HDL cholesteryl ester liver delivery, which is independent of scavenger receptor BI, LDL receptor
related protein and possibly LDL receptor. Biochim Biophys Acta. 2006;1761:1482-1488.

44. ApplebaumBowden D, Kobayashi J, Kashyap VS, Brown DR, Berard A, Meyn S, Parrott C, Maeda
N, Shamburek R, Brewer HB, SantamarinaFojo S. Hepatic lipase gene therapy in hepatic lipase-defi-
cient mice - Adenovirus-mediated replacement of a lipolytic enzyme to the vascular endothelium. J
Clin Invest. 1996;97:799-805.

45. Ordovas JM. Endothelial lipase: a new member of the family. Nutr Rev. 1999;57:284-287.
46. Yu L, Gupta S, Xu F, Liverman AD, Moschetta A, Mangelsdorf DJ, Repa JJ, Hobbs HH, Cohen JC.

Expression of ABCG5 and ABCG8 is required for regulation of biliary cholesterol secretion. J Biol
Chem. 2005;280:8742-8747.

47. Nieuwdorp M, Meuwese MC, Vink H, Hoekstra JB, Kastelein JJ, Stroes ES. The endothelial glyco-
calyx: a potential barrier between health and vascular disease. Curr Opin Lipidol. 2005;16:507-511.
48. Mulivor AW, Lipowsky HH. Role of glycocalyx in leukocyte-endothelial cell adhesion. Am J
Physiol Heart Circ Physiol. 2002;283:H1282-H1291.



35

General Introduction

49. Navab M, Berliner JA, Watson AD, Hama SY, Territo MC, Lusis AJ, Shih DM, Van Lenten BJ, Frank
JS, Demer LL, Edwards PA, Fogelman AM. The Yin and Yang of oxidation in the development of
the fatty streak. A review based on the 1994 George Lyman Duff Memorial Lecture. Arterioscler
Thromb Vasc Biol. 1996;16:831-842.

50. Han KH, Han KO, Green SR, Quehenberger O. Expression of the monocyte chemoattractant protein-
1 receptor CCR2 is increased in hypercholesterolemia. Differential effects of plasma lipoproteins on
monocyte function. J Lipid Res. 1999;40:1053-1063.

51. Miyazaki A, Sakashita N, Lee O, Takahashi K, Horiuchi S, Hakamata H, Morganelli PM, Chang CC,
Chang TY. Expression of ACAT-1 protein in human atherosclerotic lesions and cultured human
monocytes-macrophages. Arterioscler Thromb Vasc Biol. 1998;18:1568-1574.

52. Zhang WY, Gaynor PM, Kruth HS. Apolipoprotein E produced by human monocyte-derived
macrophages mediates cholesterol efflux that occurs in the absence of added cholesterol acceptors. J
Biol Chem. 1996;271:28641-28646.

53. Asztalos BF, Llera-Moya M, Dallal GE, Horvath KV, Schaefer EJ, Rothblat GH. Differential effects
of HDL subpopulations on cellular ABCA1- and SR-BI-mediated cholesterol efflux. J Lipid Res.
2005;46:2246-2253.

54. Kennedy MA, Barrera GC, Nakamura K, Baldan A, Tarr P, Fishbein MC, Frank J, Francone OL,
Edwards PA. ABCG1 has a critical role in mediating cholesterol efflux to HDL and preventing cel-
lular lipid accumulation. Cell Metab. 2005;1:121-131.

55. Michelsen KS, Doherty TM, Shah PK, Arditi M. Role of Toll-like receptors in atherosclerosis. Circ
Res. 2004;95:e96-e97.

56. Libby P. Changing concepts of atherogenesis. J Intern Med. 2000;247:349-358.
57. Kullo IJ, Edwards WD, Schwartz RS. Vulnerable plaque: pathobiology and clinical implications. Ann

Intern Med. 1998;129:1050-1060.
58. Libby P, Geng YJ, Aikawa M, Schoenbeck U, Mach F, Clinton SK, Sukhova GK, Lee RT.

Macrophages and atherosclerotic plaque stability. Curr Opin Lipidol. 1996;7:330-335.
59. 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 syn-
dromes. N Engl J Med. 2004;350:1495-1504.

60. Kleemann R, Princen HMG, Emeis JJ, Jukema JW, Fontijn RD, Horrevoets AJG, Kooistra T, Havekes
LM. Rosuvastatin reduces atherosclerosis development beyond and independent of its plasma cho-
lesterol-lowering effect in APOE*3-Leiden transgenic mice - Evidence for antiinflammatory effects
of rosuvastatin. Circulation. 2003;108:1368-1374.

61. Kleemann R, Verschuren L, de Rooij BJ, Lindeman J, de Maat MM, Szalai AJ, Princen HM, Kooistra
T. Evidence for anti-inflammatory activity of statins and PPARalpha activators in human C-reactive
protein transgenic mice in vivo and in cultured human hepatocytes in vitro. Blood. 2004;103:4188-
4194.

62. Wilt TJ, Bloomfield HE, MacDonald R, Nelson D, Rutks I, Ho M, Larsen G, McCall A, Pineros S,
Sales A. Effectiveness of statin therapy in adults with coronary heart disease. Arch Intern Med.
2004;164:1427-1436.

63. Malmendier CL, Lontie JF, Delcroix C, Dubois DY, Magot T, De Roy L. Apolipoproteins C-II and
C-III metabolism in hypertriglyceridemic patients. Effect of a drastic triglyceride reduction by com-
bined diet restriction and fenofibrate administration. Atherosclerosis. 1989;77:139-149.



36

Chapter 1

64. Schoonjans K, Peinado-Onsurbe J, Lefebvre AM, Heyman RA, Briggs M, Deeb S, Staels B, Auwerx
J. PPARalpha and PPARgamma activators direct a distinct tissue-specific transcriptional response via
a PPRE in the lipoprotein lipase gene. EMBO J. 1996;15:5336-5348.

65. Staels B, Vu-Dac N, Kosykh VA, Saladin R, Fruchart JC, Dallongeville J, Auwerx J. Fibrates down-
regulate apolipoprotein C-III expression independent of induction of peroxisomal acyl coenzyme A
oxidase. A potential mechanism for the hypolipidemic action of fibrates. J Clin Invest. 1995;95:705-
712.

66. Chapman MJ. Fibrates in 2003: therapeutic action in atherogenic dyslipidaemia and future perspec-
tives. Atherosclerosis. 2003;171:1-13.

67. Birjmohun RS, Hutten BA, Kastelein JJ, Stroes ES. Efficacy and safety of high-density lipoprotein
cholesterol-increasing compounds: a meta-analysis of randomized controlled trials. J Am Coll
Cardiol. 2005;45:185-197.

68. Genest JJ, McNamara JR, Salem DN, Schaefer EJ. Prevalence of risk factors in men with premature
coronary artery disease. Am J Cardiol. 1991;67:1185-1189.

69. Gordon DJ, Rifkind BM. High-density lipoprotein--the clinical implications of recent studies. N Engl
J Med. 1989;321:1311-1316.

70. Barter PJ, Brewer HB, Jr., Chapman MJ, Hennekens CH, Rader DJ, Tall AR. Cholesteryl ester trans-
fer protein: a novel target for raising HDL and inhibiting atherosclerosis. Arterioscler Thromb Vasc
Biol. 2003;23:160-167.

71. 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.

72. 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 cho-
lesteryl ester transfer protein inhibition on high-density lipoprotein subspecies, apolipoprotein A-I
metabolism, and fecal sterol excretion. Arterioscler Thromb Vasc Biol. 2005;25:1057-1064.

73. Clark RW, Sutfin 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 torce-
trapib. Arterioscler Thromb Vasc Biol. 2004;24:490-497.

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

75. Tall AR, Yvan-Charvet L, Wang N. The failure of torcetrapib: was it the molecule or the mechanism?
Arterioscler Thromb Vasc Biol. 2007;27:257-260.

76. Plump AS, Smith JD, Hayek T, Aalto-Setala K, Walsh A, Verstuyft JG, Rubin EM, Breslow JL.
Severe hypercholesterolemia and atherosclerosis in apolipoprotein E-deficient mice created by
homologous recombination in ES cells. Cell. 1992;71:343-353.

77. vanRee JH, Vandenbroek WJAA, Dahlmans VEH, Groot PHE, Vidgeonhart M, Frants RR, Wieringa
B, Havekes LM, Hofker MH. Diet-Induced Hypercholesterolemia and Atherosclerosis in
Heterozygous Apolipoprotein E-Deficient Mice. Atherosclerosis. 1994;111:25-37.

78. Zhang SH, Reddick RL, Piedrahita JA, Maeda N. Spontaneous Hypercholesterolemia and Arterial
Lesions in Mice Lacking Apolipoprotein-e. Science. 1992;258:468-471.
79. Linton MF, Atkinson JB, Fazio S. Prevention of atherosclerosis in apolipoprotein E-deficient
mice by bone marrow transplantation. Science. 1995;267:1034-1037.



37

General Introduction

80. van Eck M, Herijgers N, Yates J, Pearce NJ, Hoogerbrugge PM, Groot PH, Van Berkel TJ. Bone mar-
row transplantation in apolipoprotein E-deficient mice. Effect of ApoE gene dosage on serum lipid
concentrations, (beta)VLDL catabolism, and atherosclerosis. Arterioscler Thromb Vasc Biol.
1997;17:3117-3126.

81. Ishibashi S, Brown MS, Goldstein JL, Gerard RD, Hammer RE, Herz J. Hypercholesterolemia in low
density lipoprotein receptor knockout mice and its reversal by adenovirus-mediated gene delivery. J
Clin Invest. 1993;92:883-893.

82. Ishibashi S, Goldstein JL, Brown MS, Herz J, Burns DK. Massive xanthomatosis and atherosclero-
sis in cholesterol-fed low density lipoprotein receptor-negative mice. J Clin Invest. 1994;93:1885-
1893.

83. de Knijff P, van den Maagdenberg AM, Stalenhoef AF, Leuven JA, Demacker PN, Kuyt LP, Frants
RR, Havekes LM. Familial dysbetalipoproteinemia associated with apolipoprotein E3-Leiden in an
extended multigeneration pedigree. J Clin Invest. 1991;88:643-655.

84. Havekes L, de Wit E, Leuven JG, Klasen E, Utermann G, Weber W, Beisiegel U. Apolipoprotein E3-
Leiden. A new variant of human apolipoprotein E associated with familial type III hyperlipoproteine-
mia. Hum Genet. 1986;73:157-163.

85. Van vlijmen BJM, Vandenmaagdenberg AMJM, Gijbels MJJ, Vanderboom H, 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.

86. Van vlijmen BJM, vanDijk KW, vantHof HB, vanGorp PJJ, vanderZee A, Vanderboom H, Breuer
ML, Hofker MH, Havekes LM. In the absence of endogenous mouse apolipoprotein E, apolipopro-
tein E*2(Arg-158->Cys) transgenic mice develop more severe hyperlipoproteinemia than
apolipoprotein E*3-Leiden transgenic mice. J Biol Chem. 1996;271:30595-30602.

87. Delsing DJ, Jukema JW, van de Wiel MA, Emeis JJ, van der LA, Havekes LM, Princen HM.
Differential effects of amlodipine and atorvastatin treatment and their combination on atherosclero-
sis in ApoE*3-Leiden transgenic mice. J Cardiovasc Pharmacol. 2003;42:63-70.

88. Delsing DJM, Post SM, Groenendijk M, Solaas K, Van der Boom H, van Duyvenvoorde W, De Wit
ECM, Bloks VW, Kuipers F, Havekes LM, Princen HMG. Rosuvastatin reduces plasma lipids by
inhibiting VLDL production and enhancing hepatobiliary lipid excretion in ApoE*3-Leiden mice. J
Cardiovasc Pharmacol. 2005;45:53-60.

89. Ezzahiri R, Nelissen-Vrancken HJ, Kurvers HA, Stassen FR, Vliegen I, Grauls GE, van Pul MM,
Kitslaar PJ, Bruggeman CA. Chlamydophila pneumoniae (Chlamydia pneumoniae) accelerates the
formation of complex atherosclerotic lesions in ApoE*3-Leiden mice. Cardiovasc Res. 2002;56:269-
276.

90. Liu L, Hu H, Ji H, Murdin AD, Pierce GN, Zhong G. Chlamydia pneumoniae infection significantly
exacerbates aortic atherosclerosis in an ldlr-/- mouse model within six months. Mol Cell Biochem.
2000;215:123-128.

91. Moazed TC, Campbell LA, Rosenfeld ME, Grayston JT, Kuo CC. Chlamydia pneumoniae infection
accelerates the progression of atherosclerosis in apolipoprotein E-deficient mice. J Infect Dis.
1999;180:238-241.

92. Ostos MA, Recalde D, Zakin MM, Scott-Algara D. Implication of natural killer T cells in atheroscle-
rosis development during a LPS-induced chronic inflammation. Febs Lett. 2002;519:23-29.

93. Vink A, Schoneveld AH, van der Meer JJ, van Middelaar BJ, Sluijter JP, Smeets MB, Quax PH, Lim
SK, Borst C, Pasterkamp G, de Kleijn DP. In vivo evidence for a role of toll-like receptor 4 in the
development of intimal lesions. Circulation. 2002;106:1985-1990.



38

Chapter 1

94. Cryer A. Tissue lipoprotein lipase activity and its action in lipoprotein metabolism. Int J Biochem.
1981;13:525-541.

95. Merkel M, Eckel RH, Goldberg IJ. Lipoprotein lipase: genetics, lipid uptake, and regulation. J Lipid
Res. 2002;43:1997-2006.

96. Yacoub LK, Vanni TM, Goldberg IJ. Lipoprotein lipase mRNA in neonatal and adult mouse tissues:
comparison of normal and combined lipase deficiency (cld) mice assessed by in situ hybridization. J
Lipid Res. 1990;31:1845-1852.

97. Goldberg IJ, Merkel M. Lipoprotein lipase: physiology, biochemistry, and molecular biology. Front
Biosci. 2001;6:D388-D405.

98. Olivecrona G, Olivecrona T. Triglyceride lipases and atherosclerosis. Curr Opin Lipidol. 1995;6:291-
305.

99. Zechner R, Strauss J, Frank S, Wagner E, Hofmann W, Kratky D, Hiden M, Levak-Frank S. The role
of lipoprotein lipase in adipose tissue development and metabolism. Int J Obes Relat Metab Disord.
2000;24 Suppl 4:S53-S56.

100. Olivecrona T, Bergo M, Hultin M, Olivecrona G. Nutritional regulation of lipoprotein lipase. Can J
Cardiol. 1995;11 Suppl G:73G-78G.

101. Takahashi S, Suzuki J, Kohno M, Oida K, Tamai T, Miyabo S, Yamamoto T, Nakai T. Enhancement
of the Binding of Triglyceride-Rich Lipoproteins to the Very-Low-Density Lipoprotein Receptor by
Apolipoprotein-e and Lipoprotein-Lipase. J Biol Chem. 1995;270:15747-15754.

102. Iverius PH, Ostlund-Lindqvist AM. Lipoprotein lipase from bovine milk. Isolation procedure, chem-
ical characterization, and molecular weight analysis. J Biol Chem. 1976;251:7791-7795.

103. Olivecrona T, Bengtsson-Olivecrona G, Osborne JC, Jr., Kempner ES. Molecular size of bovine
lipoprotein lipase as determined by radiation inactivation. J Biol Chem. 1985;260:6888-6891.

104. Medh JD, Bowen SL, Fry GL, Ruben S, Andracki M, Inoue I, Lalouel JM, Strickland DK, Chappell
DA. Lipoprotein lipase binds to low density lipoprotein receptors and induces receptor-mediated
catabolism of very low density lipoproteins in vitro. J Biol Chem. 1996;271:17073-17080.

105. Salinelli S, Lo JY, Mims MP, Zsigmond E, Smith LC, Chan L. Structure-function relationship of
lipoprotein lipase-mediated enhancement of very low density lipoprotein binding and catabolism by
the low density lipoprotein receptor. Functional importance of a properly folded surface loop cover-
ing the catalytic center. J Biol Chem. 1996;271:21906-21913.

106. Beisiegel U, Weber W, Bengtsson-Olivecrona G. Lipoprotein lipase enhances the binding of chylomi-
crons to low density lipoprotein receptor-related protein. Proc Natl Acad Sci U S A. 1991;88:8342-
8346.

107. Chappell DA, Fry GL, Waknitz MA, Muhonen LE, Pladet MW, Iverius PH, Strickland DK.
Lipoprotein lipase induces catabolism of normal triglyceride-rich lipoproteins via the low density
lipoprotein receptor-related protein/alpha 2-macroglobulin receptor in vitro. A process facilitated by
cell-surface proteoglycans. J Biol Chem. 1993;268:14168-14175.

108. Williams SE, Inoue I, Tran H, Fry GL, Pladet MW, Iverius PH, Lalouel JM, Chappell DA, Strickland
DK. The carboxyl-terminal domain of lipoprotein lipase binds to the low density lipoprotein recep-
tor-related protein/alpha 2-macroglobulin receptor (LRP) and mediates binding of normal very low
density lipoproteins to LRP. J Biol Chem. 1994;269:8653-8658.

109. Argraves KM, Battey FD, MacCalman CD, McCrae KR, Gafvels M, Kozarsky KF, Chappell DA,
Strauss JF, III, Strickland DK. The very low density lipoprotein receptor mediates the cellular catab-
olism of lipoprotein lipase and urokinase-plasminogen activator inhibitor type I complexes. J Biol
Chem. 1995;270:26550-26557.



39

General Introduction

110. Mulder M, Lombardi P, Jansen H, Van Berkel TJ, Frants RR, Havekes LM. Heparan sulphate proteo-
glycans are involved in the lipoprotein lipase-mediated enhancement of the cellular binding of very
low density and low density lipoproteins. Biochem Biophys Res Commun. 1992;185:582-587.

111. Mulder M, Lombardi P, Jansen H, Van Berkel TJ, Frants RR, Havekes LM. Low density lipoprotein
receptor internalizes low density and very low density lipoproteins that are bound to heparan sulfate
proteoglycans via lipoprotein lipase. J Biol Chem. 1993;268:9369-9375.

112. 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.

113. LaRosa JC, Levy RI, Herbert P, Lux SE, Fredrickson DS. A specific apoprotein activator for lipopro-
tein lipase. Biochem Biophys Res Commun. 1970;41:57-62.

114. Abumrad N, Coburn C, Ibrahimi A. Membrane proteins implicated in long-chain fatty acid uptake by
mammalian cells: CD36, FATP and FABPm. Biochim Biophys Acta. 1999;1441:4-13.

115. Yu YH, Ginsberg HN. Adipocyte signaling and lipid homeostasis: sequelae of insulin-resistant adi-
pose tissue. Circ Res. 2005;96:1042-1052.

116. Abumrad NA, el Maghrabi MR, Amri EZ, Lopez E, Grimaldi PA. Cloning of a rat adipocyte mem-
brane protein implicated in binding or transport of long-chain fatty acids that is induced during
preadipocyte differentiation. Homology with human CD36. J Biol Chem. 1993;268:17665-17668.

117. Harmon CM, Abumrad NA. Binding of sulfosuccinimidyl fatty acids to adipocyte membrane pro-
teins: isolation and amino-terminal sequence of an 88-kD protein implicated in transport of long-
chain fatty acids. J Membr Biol. 1993;133:43-49.

118. Schaffer JE, Lodish HF. Expression cloning and characterization of a novel adipocyte long chain fatty
acid transport protein. Cell. 1994;79:427-436.

119. Berk PD, Wada H, Horio Y, Potter BJ, Sorrentino D, Zhou SL, Isola LM, Stump D, Kiang CL, Thung
S. Plasma membrane fatty acid-binding protein and mitochondrial glutamic-oxaloacetic transaminase
of rat liver are related. Proc Natl Acad Sci U S A. 1990;87:3484-3488.

120. Zhou SL, Stump D, Sorrentino D, Potter BJ, Berk PD. Adipocyte differentiation of 3T3-L1 cells
involves augmented expression of a 43-kDa plasma membrane fatty acid-binding protein. J Biol
Chem. 1992;267:14456-14461.

121. Schaap FG, Rensen PCN, Voshol PJ, Vrins C, van der Vliet HN, Chamuleau RAFM, Havekes LM,
Groen AK, van Dijk KW. ApoAV reduces plasma triglycerides by inhibiting very low density
lipoprotein-triglyceride (VLDL-TG) production and stimulating lipoprotein lipase-mediated VLDL-
TG hydrolysis. J Biol Chem. 2004;279:27941-27947.

122. Jong MC, Hofker MH, Havekes LM. Role of ApoCs in lipoprotein metabolism - Functional differ-
ences between ApoC1, ApoC2, and ApoC3. Arterioscler Thromb Vasc Biol. 1999;19:472-484.

123. Berbee JFP, van der Hoogt CC, Sundararaman D, Havekes LM, Rensen PCN. Severe hypertriglyc-
eridemia in human APOC1 transgenic mice is caused by apoC-I-induced inhibition of LPL. J Lipid
Res. 2005;46:297-306.

124. Huang YD, Liu XQ, Rall SC, Mahley RW. Apolipoprotein E2 reduces the low density lipoprotein
level in transgenic mice by impairing lipoprotein lipase-mediated lipolysis of triglyceride-rich
lipoproteins. J Biol Chem. 1998;273:17483-17490.

125. Huang YD, Liu XQ, Rall SC, Taylor JM, von Eckardstein A, Assmann G, Mahley RW.
Overexpression and accumulation of apolipoprotein E as a cause of hypertriglyceridemia. J Biol
Chem. 1998;273:26388-26393.



40

Chapter 1

126. Weinstock PH, Bisgaier CL, AaltoSetala K, Radner H, Ramakrishnan R, LevakFrank S, Essenburg
AD, Zechner R, Breslow JL. Severe hypertriglyceridemia, reduced high density lipoprotein, and
neonatal death in lipoprotein lipase knockout mice - Knockout mice mild hypertriglyceridemia with
impaired very low density lipoprotein clearance in heterozygotes. J Clin Invest. 1995;96:2555-2568.

127. Weinstock PH, LevakFrank S, Hudgins LC, Radner H, Friedman JM, Zechner R, Breslow JL.
Lipoprotein lipase controls fatty acid entry into adipose tissue, but fat mass is preserved by endoge-
nous synthesis in mice deficient in adipose tissue lipoprotein lipase. Proc Natl Acad Sci U S A.
1997;94:10261-10266.

128. Goudriaan JR, Tacken PJ, Dahlmans VEH, Gijbels MJJ, van Dijk KW, Havekes LM, Jong MC.
Protection from obesity in mice lacking the VLDL receptor. Arterioscler Thromb Vasc Biol.
2001;21:1488-1493.

129. Tacken PJ, Teusink B, Jong MC, Harats D, Havekes LM, van Dijk KW, Hofker MH. LDL receptor
deficiency unmasks altered VLDL triglyceride metabolism in VLDL receptor transgenic and knock-
out mice. J Lipid Res. 2000;41:2055-2062.

130. Jong MC, Voshol PJ, Muurling M, Dahlmans VEH, Romijn JA, Pijl H, Havekes LM. Protection from
obesity and insulin resistance in mice overexpressing human apolipoprotein C1. Diabetes.
2001;50:2779-2785.

131. Duivenvoorden I, Teusink B, Rensen PC, Romjjn JA, Havekes LM, Voshol PJ. Apolipoprotein C3
deficiency results in diet-induced obesity and aggravated insulin resistance in mice. Diabetes.
2005;54:664-671.

132. Clee SM, Bissada N, Miao F, Miao L, Marais AD, Henderson HE, Steures P, McManus J, McManus
B, LeBoeuf RC, Kastelein JJ, Hayden MR. Plasma and vessel wall lipoprotein lipase have different
roles in atherosclerosis. J Lipid Res. 2000;41:521-531.

133. Shimada M, Ishibashi S, Inaba T, Yagyu H, Harada K, Osuga JI, Ohashi K, Yazaki Y, Yamada N.
Suppression of diet-induced atherosclerosis in low density lipoprotein receptor knockout mice over-
expressing lipoprotein lipase. Proc Natl Acad Sci U S A. 1996;93:7242-7246.

134. Yagyu H, Ishibashi S, Chen Z, Osuga J, Okazaki M, Perrey S, Kitamine T, Shimada M, Ohashi K,
Harada K, Shionoiri F, Yahagi N, Gotoda T, Yazaki Y, Yamada N. Overexpressed lipoprotein lipase
protects against atherosclerosis in apolipoprotein E knockout mice. J Lipid Res. 1999;40:1677-1685.

135. Babaev VR, Fazio S, Gleaves LA, Carter KJ, Semenkovich CF, Linton MF. Macrophage lipoprotein
lipase promotes foam cell formation and atherosclerosis in vivo. J Clin Invest. 1999;103:1697-1705.

136. van Eck M, Zimmermann R, Groot PH, Zechner R, Van Berkel TJ. Role of macrophage-derived
lipoprotein lipase in lipoprotein metabolism and atherosclerosis. Arterioscler Thromb Vasc Biol.
2000;20:E53-E62.

137. Wilson K, Fry GL, Chappell DA, Sigmund CD, Medh JD. Macrophage-specific expression of human
lipoprotein lipase accelerates atherosclerosis in transgenic apolipoprotein e knockout mice but not in
C57BL/6 mice. Arterioscler Thromb Vasc Biol. 2001;21:1809-1815.

138. Fisher RM, Mailly F, Peacock RE, Hamsten A, Seed M, Yudkin JS, Beisiegel U, Feussner G, Miller
G, Humphries SE, . Interaction of the lipoprotein lipase asparagine 291-->serine mutation with body
mass index determines elevated plasma triacylglycerol concentrations: a study in hyperlipidemic sub-
jects, myocardial infarction survivors, and healthy adults. J Lipid Res. 1995;36:2104-2112.

139. Fisher RM, Humphries SE, Talmud PJ. Common variation in the lipoprotein lipase gene: effects on
plasma lipids and risk of atherosclerosis. Atherosclerosis. 1997;135:145-159.



41

General Introduction

140. Gerdes C, Fisher RM, Nicaud V, Boer J, Humphries SE, Talmud PJ, Faergeman O. Lipoprotein lipase
variants D9N and N291S are associated with increased plasma triglyceride and lower high-density
lipoprotein cholesterol concentrations: studies in the fasting and postprandial states: the European
Atherosclerosis Research Studies. Circulation. 1997;96:733-740.

141. Kastelein JJ, Ordovas JM, Wittekoek ME, Pimstone SN, Wilson WF, Gagne SE, Larson MG,
Schaefer EJ, Boer JM, Gerdes C, Hayden MR. Two common mutations (D9N, N291S) in lipoprotein
lipase: a cumulative analysis of their influence on plasma lipids and lipoproteins in men and women.
Clin Genet. 1999;56:297-305.

142. Mailly F, Tugrul Y, Reymer PW, Bruin T, Seed M, Groenemeyer BF, Asplund-Carlson A, Vallance D,
Winder AF, Miller GJ, . A common variant in the gene for lipoprotein lipase (Asp9-->Asn).
Functional implications and prevalence in normal and hyperlipidemic subjects. Arterioscler Thromb
Vasc Biol. 1995;15:468-478.

143. Mailly F, Fisher RM, Nicaud V, Luong LA, Evans AE, Marques-Vidal P, Luc G, Arveiler D, Bard JM,
Poirier O, Talmud PJ, Humphries SE. Association between the LPL-D9N mutation in the lipoprotein
lipase gene and plasma lipid traits in myocardial infarction survivors from the ECTIM Study.
Atherosclerosis. 1996;122:21-28.

144. Reymer PW, Gagne E, Groenemeyer BE, Zhang H, Forsyth I, Jansen H, Seidell JC, Kromhout D, Lie
KE, Kastelein J, . A lipoprotein lipase mutation (Asn291Ser) is associated with reduced HDL choles-
terol levels in premature atherosclerosis. Nat Genet. 1995;10:28-34.

145. Spence JD, Ban MR, Hegele RA. Lipoprotein lipase (LPL) gene variation and progression of carotid
artery plaque. Stroke. 2003;34:1176-1180.

146. Hokanson JE, Austin MA. Plasma triglyceride level is a risk factor for cardiovascular disease inde-
pendent of high-density lipoprotein cholesterol level: a meta-analysis of population-based prospec-
tive studies. J Cardiovasc Risk. 1996;3:213-219.

147. Rip J, Nierman MC, Ross CJ, Jukema JW, Hayden MR, Kastelein JJ, Stroes ES, Kuivenhoven JA.
Lipoprotein lipase S447X: a naturally occurring gain-of-function mutation. Arterioscler Thromb Vasc
Biol. 2006;26:1236-1245.

148. Wittrup HH, Tybjaerg-Hansen A, Nordestgaard BG. Lipoprotein lipase mutations, plasma lipids and
lipoproteins, and risk of ischemic heart disease. A meta-analysis. Circulation. 1999;99:2901-2907.

149. Wittrup HH, Nordestgaard BG, Steffensen R, Jensen G, Tybjaerg-Hansen A. Effect of gender on phe-
notypic expression of the S447X mutation in LPL: the Copenhagen City Heart Study.
Atherosclerosis. 2002;165:119-126.

150. Jiang XC, Moulin P, Quinet E, Goldberg IJ, Yacoub LK, Agellon LB, Compton D, Schnitzer-Polokoff
R, Tall AR. Mammalian adipose tissue and muscle are major sources of lipid transfer protein mRNA.
J Biol Chem. 1991;266:4631-4639.

151. Drayna D, Jarnagin AS, McLean J, Henzel W, Kohr W, Fielding C, Lawn R. Cloning and sequenc-
ing of human cholesteryl ester transfer protein cDNA. Nature. 1987;327:632-634.

152. Agellon LB, Walsh A, Hayek T, Moulin P, Jiang XC, Shelanski SA, Breslow JL, Tall AR. Reduced
high density lipoprotein cholesterol in human cholesteryl ester transfer protein transgenic mice. J
Biol Chem. 1991;266:10796-10801.

153. Jiang XC, Agellon LB, Walsh A, Breslow JL, Tall A. Dietary-Cholesterol Increases Transcription of
the Human Cholesteryl Ester Transfer Protein Gene in Transgenic Mice - Dependence on Natural
Flanking Sequences. J Clin Invest. 1992;90:1290-1295.



42

Chapter 1

154. Zhou H, Li Z, Hojjati MR, Jang D, Beyer TP, Cao G, Tall AR, Jiang XC. Adipose tissue-specific
CETP expression in mice: impact on plasma lipoprotein metabolism. J Lipid Res. 2006;47:2011-
2019.

155. Luo Y, Tall AR. Sterol upregulation of human CETP expression in vitro and in transgenic mice by an
LXR element. J Clin Invest. 2000;105:513-520.

156. Masuccimagoulas L, Plump A, Jiang XC, Walsh A, Breslow JL, Tall AR. Profound induction of
hepatic cholesteryl ester transfer protein transgene expression in apolipoprotein E and low density
lipoprotein receptor gene knockout mice - A novel mechanism signals changes in plasma cholesterol
levels. J Clin Invest. 1996;97:154-161.

157. Janowski BA, Willy PJ, Devi TR, Falck JR, Mangelsdorf DJ. An oxysterol signalling pathway medi-
ated by the nuclear receptor LXR alpha. Nature. 1996;383:728-731.

158. Groot PH, Pearce NJ, Yates JW, Stocker C, Sauermelch C, Doe CP, Willette RN, Olzinski A, Peters
T, d'Epagnier D, Morasco KO, Krawiec JA, Webb CL, Aravindhan K, Jucker B, Burgert M, Ma C,
Marino JP, Collins JL, Macphee CH, Thompson SK, Jaye M. Synthetic LXR agonists increase LDL
in CETP species. J Lipid Res. 2005;46:2182-2191.

159. Masson D, Staels B, Gautier T, Desrumaux C, Athias A, Le Guern N, Schneider M, Zak Z, Dumont
L, Deckert V, Tall A, Jiang XC, Lagrost L. Cholesteryl ester transfer protein modulates the effect of
liver X receptor agonists on cholesterol transport and excretion in the mouse. J Lipid Res.
2004;45:543-550.

160. Plump AS, Masucci-Magoulas L, Bruce C, Bisgaier CL, Breslow JL, Tall AR. Increased atheroscle-
rosis in apoE and LDL receptor gene knock-out mice as a result of human cholesteryl ester transfer
protein transgene expression. Arterioscler Thromb Vasc Biol. 1999;19:1105-1110.

161. 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 lipoproteins and reduces aortic atherosclerosis in lecithin cholesterol acyl-
transferase transgenic mice. J Biol Chem. 1999;274:36912-36920.

162. Hayek T, Masuccimagoulas L, Jiang X, Walsh A, Rubin E, Breslow JL, Tall AR. Decreased Early
Atherosclerotic Lesions in Hypertriglyceridemic Mice Expressing Cholesteryl Ester Transfer Protein
Transgene. J Clin Invest. 1995;96:2071-2074.

163. Hayek T, Azrolan N, Verdery RB, Walsh A, Chajekshaul T, Agellon LB, Tall AR, Breslow JL.
Hypertriglyceridemia and Cholesteryl Ester Transfer Protein Interact to Dramatically Alter High-
Density-Lipoprotein Levels, Particle Sizes, and Metabolism - Studies in Transgenic Mice. J Clin
Invest. 1993;92:1143-1152.

164. Matsuura F, Wang N, Chen WG, Jiang XC, Tall AR. HDL from CETP-deficient subjects shows
enhanced ability to promote cholesterol efflux from macrophages in an apoE- and ABCG1-depend-
ent pathway. J Clin Invest. 2006;116:1435-1442.

165. Gaofu Q, Jun L, Xiuyun Z, Wentao L, Jie W, Jingjing L. Antibody against cholesteryl ester transfer
protein (CETP) elicited by a recombinant chimeric enzyme vaccine attenuated atherosclerosis in a
rabbit model. Life Sci. 2005;77:2690-2702.

166. Okamoto H, Yonemori F, Wakitani K, Minowa T, Maeda K, Shinkai H. A cholesteryl ester transfer
protein inhibitor attenuates atherosclerosis in rabbits. Nature. 2000;406:203-207.

167. Rittershaus CW, Miller DP, Thomas LJ, Picard MD, Honan CM, Emmett CD, Pettey CL, Adari H,
Hammond RA, Beattie DT, Callow AD, Marsh HC, Ryan US. Vaccine-induced antibodies inhibit
CETP activity in vivo and reduce aortic lesions in a rabbit model of atherosclerosis. Arterioscler
Thromb Vasc Biol. 2000;20:2106-2112.



43

General Introduction

168. Nagano M, Yamashita S, Hirano K, Takano M, Maruyama T, Ishihara M, Sagehashi Y, Kujiraoka T,
Tanaka K, Hattori H, Sakai N, Nakajima N, Egashira T, Matsuzawa Y. Molecular mechanisms of cho-
lesteryl ester transfer protein deficiency in Japanese. J Atheroscler Thromb. 2004;11:110-121.

169. Zhong SB, Sharp DS, Grove JS, Bruce C, Yano K, Curb JD, Tall AR. Increased coronary heart dis-
ease in Japanese-American men with mutation in the cholesteryl ester transfer protein gene despite
increased HDL levels. J Clin Invest. 1996;97:2917-2923.

170. Curb JD, Abbott RD, Rodriguez BL, Masaki K, Chen R, Sharp DS, Tall AR. A prospective study of
HDL-C and cholesteryl ester transfer protein gene mutations and the risk of coronary heart disease
in the elderly. J Lipid Res. 2004;45:948-953.

171. 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 pro-
gression of coronary atherosclerosis. The Regression Growth Evaluation Statin Study Group. N Engl
J Med. 1998;338:86-93.

172. Frisdal E, Klerkx AH, Le Goff W, Tanck MW, Lagarde JP, Jukema JW, Kastelein JJ, Chapman MJ,
Guerin M. Functional interaction between -629C/A, -971G/A and -1337C/T polymorphisms in the
CETP gene is a major determinant of promoter activity and plasma CETP concentration in the
REGRESS Study. Hum Mol Genet. 2005;14:2607-2618.

173. Boekholdt SM, Sacks FM, Jukema JW, Shepherd J, Freeman DJ, McMahon AD, Cambien F, Nicaud
V, de Grooth GJ, Talmud PJ, Humphries SE, Miller GJ, Eiriksdottir G, Gudnason V, Kauma H, Kakko
S, Savolainen MJ, Arca M, Montali A, Liu S, Lanz HJ, Zwinderman AH, Kuivenhoven JA, Kastelein
JJ. Cholesteryl ester transfer protein TaqIB variant, high-density lipoprotein cholesterol levels, car-
diovascular risk, and efficacy of pravastatin treatment: individual patient meta-analysis of 13,677
subjects. Circulation. 2005;111:278-287.

174. 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.

175. Gautier T, Masson D, De Barros JPP, Athias A, Gambert P, Aunis D, Metz-Boutigue MH, Lagrost L.
Human apolipoprotein 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.

176. Marcel YL, Bergseth M, Nestruck AC. Preparative isoelectric focussing of apolipoproteins C and E
from human very low density lipoproteins. Biochim Biophys Acta. 1979;573:175-183.

177. Tournier JF, Bayard F, Tauber JP. Rapid purification and activity of apolipoprotein C1 on the prolif-
eration of bovine vascular endothelial cells in vitro. Biochim Biophys Acta. 1984;804:216-220.

178. Lauer SJ, Walker D, Elshourbagy NA, Reardon CA, Levywilson B, Taylor JM. 2 Copies of the
Human Apolipoprotein C-I Gene Are Linked Closely to the Apolipoprotein E-Gene. J Biol Chem.
1988;263:7277-7286.

179. Kim E, Xie S, Yeh SD, Lee YF, Collins LL, Hu YC, Shyr CR, Mu XM, Liu NC, Chen YT, Wang PH,
Chang C. Disruption of TR4 orphan nuclear receptor reduces the expression of liver apolipoprotein
E/C-I/C-II gene cluster. J Biol Chem. 2003;278:46919-46926.

180. Simonet WS, Bucay N, Lauer SJ, Taylor JM. A Far-Downstream Hepatocyte-Specific Control Region
Directs Expression of the Linked Human Apolipoprotein-e and C-I Genes in Transgenic Mice. J Biol
Chem. 1993;268:8221-8229.

181. Zannis VI, Kan HY, Kritis A, Zanni E, Kardassis D. Transcriptional regulation of the human
apolipoprotein genes. Front Biosci. 2001;6:D456-D504.



44

Chapter 1

182. Mak PA, Laffitte BA, Desrumaux C, Joseph SB, Curtiss LK, Mangelsdorf DJ, Tontonoz P, Edwards
PA. Regulated expression of the apolipoprotein E/C-I/C-IV/C-II gene cluster in murine and human
macrophages - A critical role for nuclear liver X receptors alpha and beta. J Biol Chem.
2002;277:31900-31908.

183. Knott TJ, Robertson ME, Priestley LM, Urdea M, Wallis S, Scott J. Characterisation of mRNAs
encoding the precursor for human apolipoprotein CI. Nucleic Acids Res. 1984;12:3909-3915.

184. Sehayek E, Eisenberg S. Mechanisms of Inhibition by Apolipoprotein C of Apolipoprotein-E-
Dependent Cellular-Metabolism of Human Triglyceride-Rich Lipoproteins Through the Low-
Density-Lipoprotein Receptor Pathway. J Biol Chem. 1991;266:18259-18267.

185. Shachter NS, Ebara T, Ramakrishnan R, Steiner G, Breslow JL, Ginsberg HN, Smith JD. Combined
hyperlipidemia in transgenic mice overexpressing human apolipoprotein CI. J Clin Invest.
1996;98:846-855.

186. Weisgraber KH, Mahley RW, Kowal RC, Herz J, Goldstein JL, Brown MS. Apolipoprotein-C-I
Modulates the Interaction of Apolipoprotein-e with Beta-Migrating Very Low-Density Lipoproteins
(Beta-Vldl) and Inhibits Binding of Beta-Vldl to Low-Density-Lipoprotein Receptor-Related Protein.
J Biol Chem. 1990;265:22453-22459.

187. Jong MC, van Dijk KW, Dahlmans VEH, Van der Boom H, Kobayashi K, Oka K, Siest G, Chan L,
Hofker MH, Havekes LM. Reversal of hyperlipidaemia in apolipoprotein C1 transgenic mice by ade-
novirus-mediated gene delivery of the low-density-lipoprotein receptor, but not by the very-low-den-
sity-lipoprotein receptor. Biochem J. 1999;338:281-287.

188. Jong MC, Dahlmans VEH, vanGorp PJJ, vanDijk KW, Breuer ML, Hofker MH, Havekes LM. In the
absence of the low density lipoprotein receptor, human apolipoprotein C1 overexpression in trans-
genic mice inhibits the hepatic uptake of very low density lipoproteins via a receptor-associated pro-
tein-sensitive pathway. J Clin Invest. 1996;98:2259-2267.

189. Simonet WS, Bucay N, Pitas RE, Lauer SJ, Taylor JM. Multiple Tissue-Specific Elements Control
the Apolipoprotein E/C-I Gene Locus in Transgenic Mice. J Biol Chem. 1991;266:8651-8654.

190. Conde-Knape K, Bensadoun A, Sobel JH, Cohn JS, Shachter NS. Overexpression of apoC-I in apoE-
null mice: severe hypertriglyceridemia due to inhibition of hepatic lipase. J Lipid Res. 2002;43:2136-
2145.

191. Soutar AK, Garner CW, Baker HN, Sparrow JT, Jackson RL, Gotto AM, Smith LC. Effect of the
human plasma apolipoproteins and phosphatidylcholine acyl donor on the activity of lecithin: cho-
lesterol acyltransferase. Biochemistry. 1975;14:3057-3064.

192. Chen CH, Albers JJ. Activation of lecithin: cholesterol acyltransferase by apolipoproteins E-2, E-3,
and A-IV isolated from human plasma. Biochim Biophys Acta. 1985;836:279-285.

193. Shinomiya M, Sasaki N, Barnhart RL, Shirai K, Jackson RL. Effect of apolipoproteins on the hepat-
ic lipase-catalyzed hydrolysis of human plasma high density lipoprotein2-triacylglycerols. Biochim
Biophys Acta. 1982;713:292-299.

194. Gautier T, Tietge UJ, Boverhof R, Perton FG, Le Guern N, Masson D, Rensen PC, Havekes LM,
Lagrost L, Kuipers F. Hepatic lipid accumulation in apolipoprotein CI-deficient mice is potentiated
by cholesteryl ester transfer protein. J Lipid Res. 2006.

195. Gautier T, Masson D, Jong MC, Duverneuil L, Le Guern N, Deckert V, De Barros JPP, Dumont L,
Bataille A, Zak Z, Jiang XC, Tall AR, Havekes LM, Lagrost L. Apolipoprotein CI deficiency marked-
ly 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.



196. Kushwaha RS, Hasan SQ, McGill HC, Jr., Getz GS, Dunham RG, Kanda P. Characterization of cho-
lesteryl ester transfer protein inhibitor from plasma of baboons (Papio sp.). J Lipid Res.
1993;34:1285-1297.

197. 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.

198. Gautier T, Masson D, Jong MC, De Barros JPP, 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 rel-
evant strategy to block cholesteryl ester transfer protein (CETP) activity in CETP transgenic mice.
Biochem J. 2005;385:189-195.

199. Wroblewski MS, Wilson-Grady JT, Martinez MB, Kasthuri RS, McMillan KR, Flood-Urdangarin C,
Nelsestuen GL. A functional polymorphism of apolipoprotein C1 detected by mass spectrometry.
FEBS J. 2006;273:4707-4715.

200. Cohn JS, Tremblay M, Boulet L, Jacques H, Davignon J, Roy M, Bernier L. Plasma concentration
and lipoprotein distribution of ApoC-I is dependent on ApoE genotype rather than the Hpa I ApoC-I
promoter polymorphism. Atherosclerosis. 2003;169:63-70.

201. Shachter NS, Rabinowitz D, Stohl S, Conde-Knape K, Cohn JS, Deckelbaum RJ, Berglund L, Shea
S. The common insertional polymorphism in the APOC1 promoter is associated with serum
apolipoprotein C-I levels in Hispanic children. Atherosclerosis. 2005;179:387-393.

202. Jong MC, Gijbels MJJ, Dahlmans VEH, van Gorp PJJ, Koopman SJ, Ponec M, Hofker MH, Havekes
LM. Hyperlipidemia and cutaneous abnormalities in transgenic mice overexpressing human
apolipoprotein C1. J Clin Invest. 1998;101:145-152.

203. Berbee 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 lipopolysac-
charide and reduces Mortality in Gram-negative sepsis. FASEB J. 2006.

204. Sugiyama A, Ishii M, Wada Y, Kohro T, Tsutsumi S, Hamakubo T, Kodama T, Hashimoto S,
Matsushima K, Aburatani H. Human genes induced during monocyte/macrophage differentiation.
Atherosclerosis. 2000;151:I:354.

205. Remaley AT, Stonik JA, Demosky SJ, Neufeld EB, Bocharov AV, Vishnyakova TG, Eggerman TL,
Patterson AP, Duverger NJ, Santamarina-Fojo S, Brewer HB, Jr. Apolipoprotein specificity for lipid
efflux by the human ABCAI transporter. Biochem Biophys Res Commun. 2001;280:818-823.

206. Furbee JW, Jr., Sawyer JK, Parks JS. Lecithin:cholesterol acyltransferase deficiency increases ather-
osclerosis in the low density lipoprotein receptor and apolipoprotein E knockout mice. J Biol Chem.
2002;277:3511-3519.

207. Ng DS, Maguire GF, Wylie J, Ravandi A, Xuan W, Ahmed Z, Eskandarian M, Kuksis A, Connelly
PW. Oxidative stress is markedly elevated in lecithin:cholesterol acyltransferase-deficient mice and
is paradoxically reversed in the apolipoprotein E knockout background in association with a reduc-
tion in atherosclerosis. J Biol Chem. 2002;277:11715-11720.

208. Kolmakova A, Kwiterovich P, Virgil D, Alaupovic P, Knight-Gibson C, Martin SF, Chatterjee S.
Apolipoprotein C-I induces apoptosis in human aortic smooth muscle cells via recruiting neutral
sphingomyelinase. Arterioscler Thromb Vasc Biol. 2004;24:264-269.

45

General Introduction




