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General introduction 

Cardiovascular disease (CVD) is the primary cause of mortality worldwide and 
likely to be the greatest threat to the public health in the 21st century. 
Atherosclerosis eventually leading to Coronary artery disease (CAD) 
represents the main contributor to CVD 1. The key role of lipoproteins (LDL, 
HDL and VLDL) in humans and mice is the major focus of this introduction. In 
particular, epidemiology, genetics, and the underlying physiological 
mechanisms through which lipoproteins, apolipoproteins and enzymes 
modulate lipoprotein metabolism and affect atherosclerosis are described. 

ABBREVIATIONS 

APO: Apolipoprotein 
ABCA1/G1: ATP-binding cassette A1/G1 
ABCG5/G8: ATP-binding cassette G5/G8 
ANGPTL3: Angiopoietin-like protein 3 
CAD:  Coronary artery disease 
CD36: Cluster of differentiation 36 
CETP: cholesteryl ester transfer protein  
CM: Chylomicron 
CVD: Cardiovascular disease 
FED: Fish-eye disease 
FFA: Free fatty acids 
FH: Familial Hypercholesterolemia 
FLD: Familial LCAT deficiency  
GALNT2: polypeptide N-acetylgalactosaminyltransferase 2 
GPR146: G protein-coupled receptor 146 
GRS: Genetic risk score  
HDL: High-density lipoprotein 
HDL-c: High-density lipoprotein cholesterol 
HL: Hepatic lipase 
HMGCoA: Hydroxymethylglutaryl-CoA synthase 
HSPG: Heparan sulfate proteoglycans  
IDL: Intermediate-density lipoprotein 
IMT: Intima media thickness 
LCAT: Lecithin–cholesterol acyltransferase  
LDL/LDLR: Low-density lipoprotein/Low-density lipoprotein receptor 
LDL-c: Low-density lipoprotein cholesterol 
LPL: Lipoprotein lipase 
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CHAPTER 1 

LRP1: LDL receptor-related protein 1 
MetRS: Metabolic risk score  
OxLDL: Oxidized low-density lipoprotein 
PCSK9 : Proprotein convertase subtilisin kexin type 9 
RCT: Reverse cholesterol transport 
SMC: Smooth muscle cells  
SR-BI: scavenger receptor  BI 
SREBP: sterol regulated binding protein  
TG/TRL: Triglycerides/Triglyceride-rich lipoprotein  
VLDL: Very low-density lipoprotein 

A Tale of Two Hypotheses: Endothelium injury versus Lipids accumulation 

The pathogenesis of atherosclerosis is driven by inflammation and lipid 
accumulation. Some refer to the disease as a lipid driven inflammatory 
disorder 2. More importantly, the chronic endothelial injury and lipid 
hypotheses are not reciprocally exclusive but tightly linked in the final 
culmination of cellular and molecular events. A brief historical and general 
overview underlying the two hypotheses is presented below.  

Chronic Endothelial Injury Hypothesis 

The endothelial injury hypothesis was first introduced by Ross and Glomset in 
1970, which initially postulated that the first step in the development of 
atherosclerosis was due to the endothelial cell uncovering, based on 
pathophysiological evidence in humans and animals 3.   
Although this theory has been widely accepted, it is currently considered as 
the precursor that gives rise to the atherosclerotic process and is associated 
with increased lipids accumulation at the site of lesion 4–6. Briefly, this theory 
is based on the idea that repetitive insult to the endothelium provokes its 
dysfunction, followed by a series of pathophysiological events (Figure 1). 
Several components responsible for the immune response to the altered 
endothelium, such as monocytes, leukocytes and specific subsets of T-
lymphocytes attach to the endothelial cell surface following the release of 
both growth regulatory molecules and chemo-attractants 7. This results in 
increased permeability of the endothelial cell layer. In particular, the 
leukocytes migrate to the sub-endothelial area, among the minute junctions 
of the endothelial cells, and accumulate within the innermost layer or intima. 
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General introduction 

A key factor responsible for injury to the vascular wall is the presence of high 
levels of oxidized low-density lipoproteins (oxLDL) the uptake of which drives 
the conversion of monocytes to macrophages 8. Indeed, macrophages 
accumulate modified lipoproteins through scavenger cell receptors such as 
SRA and CD36 and turn into what are commonly called “foam cells”. As the 
process continues, lymphocyte and foam cell build-up create the basis for the 
initial lesion or “ fatty streak” 9.  Furthermore, it is postulated that fatty 
streaks often occur at regions with prominent intimal smooth muscle storage. 
In addition,  more pronounced lesions develop as a consequence of constant 
migration and proliferation of cells which form a fibrous cap or fibrous 
plaque 2,10,11.  

Figure 1. Atherosclerosis: an Inflammatory disease. The figure depicts a 
detailed atherosclerotic process starting from the endothelial injury and 
culminating with plaque formation. Source: http://www.medscape.org/ 
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CHAPTER 1 

The Lipid Hypothesis 

In the early 20th century Nikolai Anitschkow, a Russian experimental 
pathologist, observed and first demonstrated that feeding rabbits a high-
cholesterol diet produced arterial lesions that closely resembled those of 
human atherosclerosis 12. Unknowingly successful, his research set the basis 
of what is known as “lipid hypothesis”. Despite this latter stirred up much 
controversy in the cardiovascular community through decades it is still 
considered to be one of the most notable mechanisms leading to CVD 
although a few pockets of stout resistance persist 13,14. The lipid theory is 
based on the notion that an increase in LDL-c levels leads to infiltration of LDL 
particles into the vascular wall. This takes place via cholesterol-enriched 
circulating monocytes that are more likely to adhere to injured endothelium 
where they migrate into the intima of the artery and become macrophages. 
To be of note several subsequent discoveries in understanding the processes 
underlying atherosclerosis were made based on its principles. In particular, 
the secretion of factors including interleukin-1 (IL-1), tumour necrosis factor α 
(TNF α), interferon γ (IFN γ) and macrophage colony-stimulating factor (GM-
CSF) 10,15 were found to cause SMCs to proliferate thereby promoting diffuse 
intimal thickening. SMCs can also take up lipids, thereby contributing to foam 
cell formation. As this process continues, more immune cells are recruited 
into the intima where they proliferate triggering augmented infusion of 
lipoproteins which aggregate and become oxidized or enzymatically modified 
16. The next step which leads to the formation of  a protective layer over the 
fatty streak, the fibrous cap 10 is initiated by SMCs through the secretion of 
connective tissue matrix and collagen. However, as a consequence of 
excessive uptake and storage of modified LDL within foam cells (lipid core) 
cholesterol becomes cytotoxic and cells undergo either in necrosis or 
apoptosis, leading to the formation of a necrotic core with extracellular lipids 
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, the fibrous cap can become unstable 
and prone to rupture when it is poor in SMCs and collagen content. This can 
have dramatic consequences as the necrotic core becomes exposed to the 
blood flow resulting in the coagulation cascade activation and accumulation of 
platelets at the site of rupture. A thrombus can be formed which may occlude 
the blood vessel, thereby preventing oxygen supply to the underlying vital 
tissue and resulting in myocardial infarction and stroke.10  
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General introduction 

Pathogenesis of the vessel wall 

Atherosclerosis thus features with the constant accumulation of cholesterol in 
the arterial wall, along with connective tissue factors, followed up by 
proliferation of SMCs, infiltration of macrophages and formation of thrombus 
17. Despite several common or systemic factors may affect its progression over 
time, only particular regions of the circulatory system, such as coronary, 
cerebral and renal arteries are generally affected. The initial stages of the 
disease are characterized by an abluminal growth of the lesion and the 
progression may differ from complete arrest in a few cases to very rapid with 
interposing phases of relative latency 18.  

Of note, the accumulation of lipids starts prematurely in the aorta (within 
fetal life period), whereas it manifests in the coronary arteries in the second 
stage of life and finally in the cerebral arteries in the last decade of life. While 
some lesions decline with time others become more severe. Branch points 
appear to be the predisposed sites where the focal development is seen, 
conversely higher tendency is shown by the proximal parts and the bending of 
smaller vessels 19.  With this regard endothelial shear stress, defined as the 
tangential force resulting from the resistance of the flowing blood on the 
endothelial surface of the blood vessel, has been shown to play a key role in 
the localization of atherosclerosis in specific regions of the arterial tree as 
mentioned above 20,21. In addition, more developed atherosclerotic plaques 
are initially detected in the intima of three main vessels such as the aorta, 
carotid and coronary arteries 22. 

In Figure 2 the process of reduction of the artery diameter over time is 
illustrated. Despite the pronounced dissimilarity in the evolution of lesion 
makeup, stroke, ischemic coronary disease, transient ischemic attacks and 
peripheral artery disease are amid the most common clinical features of fully-
developed lesions and ruptured plaques 23. 
The result of atherosclerosis is a decreased tissue perfusion and due to its 
chronic nature secondary ducts may evolve in the long term. As a result 
unstable plaques may rupture in a process known as thromboembolism, 
which is causally associated with atherosclerosis and responsible for unstable 
angina and acute coronary syndromes 24. 
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Figure 2. The progressive development of atherosclerosis. The vascular 
lumen diameter is decreased following atheroma maturation which results in 
reduced tissue perfusion, unstable plaques and thrombosis complications. 
Furthermore, peripheral artery disease, ischemic heart disease or 
cerebrovascular disease may be present as clinical manifestations. 
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Overview of Lipoprotein Metabolism 

Because of their hydrophobic nature both cholesterol and triglyceride 
molecules are carried within lipoprotein particles that perform crucial 
functions of transporting both dietary and endogenously produced lipids 25. 
Lipoproteins represent a package of neutral lipids (triglyceride and esterified 
cholesterol) confined within a monolayer envelope made of phospholipids, a 
protein component (apolipoproteins) and a minor portion of unesterified 
cholesterol. Based on their density, lipoproteins are classified into five 
categories: chylomicrons (CM), very-low-density-lipoproteins (VLDL), 
intermediate-density-lipoproteins (IDL), low-density-lipoproteins (LDL), and 
high-density-lipoproteins (HDL) with different lipid and apolipoprotein 
composition. The characteristics of the major lipoproteins are listed in Table 1 
26. Lipoproteins mediate lipid transport, which can be differentiated into three 
different pathways: the exogenous pathway (dietary), endogenous pathway 
(hepatic) and reverse cholesterol transport (Figure 3). The exogenous and 
endogenous pathways rely on large triglyceride-laden lipoproteins which are 
secreted from the intestine (chylomicrons) or liver (VLDL) and subsequently 
“trimmed” into less buoyant lipoproteins or remnants that are ultimately 
taken up by various tissues through receptor-mediated mechanisms.  
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CHAPTER 1 

Table 1. Characteristics of major lipoproteins. 

Lipoprotein 
class 

Density 
(g/ml) 

Electrophoretic 
Mobility* 

Diameter 
(mm) 

% Composition 

TG CE FC PL P ApoA ApoB ApoC ApoE 

CM <0.94 Origin 75 – 
1200 

86 3 2 7 2 I/IV B48 I-IV E 

VLDL 0.94 – 
1.006 

Pre-beta 30 – 80 55 12 7 18 8 V B100 I-IV E 

IDL 1.006 – 
1.019 

Slow pre-beta 25 – 35 23 29 9 19 19 - B100 I-IV E 

LDL 1.019 – 
1.063 

Beta 18 – 25 6 42 8 22 22 - B100 - - 

HDL2 1.063 – 
1.125 

Alpha 9 – 12 5 17 5 33 40 I,II,IV,V - I-IV E 

HDL3 1.125 – 
1.210 

Alpha 5 – 9 3 13 4 35 55 I,II,IV,V - I-IV E 

* According to the electrophoretic mobility of plasma α- and β-globulins on agarose gel.

CM, chylomicrons ; VLDL, very low-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; 
HDL, high-density lipoprotein; TG, triglyceride; CE, cholesteryl ester; FC, free cholesterol; PL, phospholipids; P, protein; 
Apo, apolipoprotein.
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Figure 3. Lipid transport. Lipids derived from diet are packaged in the form of 
CM in the small intestine (1). The TG content of CM is then hydrolyzed by LPL 
into glycerol and free fatty acids (FFA) (2) which can be taken up by peripheral 
tissues, such as skeletal, heart muscle and adipose tissue (3) or by the liver for 
storage or generation of lipoprotein particles (4). The CM remnants are 
processed mostly by the liver through recognition of apolipoprotein apoE by 
either LDLR or the LDL receptor-related protein 1 (LRP1). By contrast, de novo 
synthesized lipids are produced by the liver as VLDL (5) and its TG content 
hydrolyzed and the lipoprotein converted into intermediate-density 
lipoprotein (IDL), following hydrolysis by LPL and HL into LDL (7). Cholesterol is 
also delivered to the periphery to provide energy source (7) and finally 
transported back to the liver via reverse-cholesterol pathway with cellular 
cholesterol efflux as the first step (8).  

Exogenous Pathway 

In the exogenous pathway, apo B-48 is produced by intestinal cells and 
packaged with mostly triglyceride. The CM are released firstly in the lymphatic 
system, and ultimately the circulatory system (1). Despite playing a marginal 
role in the metabolism and structure of CM either apoA-I or A-IV are also 
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associated with these lipoprotein particles when secreted by the intestine, 
whereas apolipoprotein CI,II, III and E are added in the circulation upon 
transfer from HDL 27. Chylomicrons undergo rapid hydrolytic processing in 
peripheral tissues through which they are being converted into CM remnants 
by the action of Lipoprotein Lipase (LPL). The latter is associated with heparan 
sulfate proteoglycans (HSPG) on the luminal site of vessels 28, and it is the 
major enzyme responsible for hydrolyzing triglycerides with the use of its  co-
factor ApoCII 29 (2). This results in the production of glycerol and free-fatty 
acids (FFA), which can be stored in the adipose tissue as fat, used as energy 
source in the heart and skeletal muscle 30 after being reconverted to 
triglycerides (3) or delivered to the liver for storage or generation of 
lipoproteins 31. Moreover, TG from chylomicrons can also be exchanged for CE 
from HDL via the activity of cholesteryl ester transfer protein (CETP), which is 
present in humans (not in mice) 32,33. Left over are named “remnants” 
consisting of cholesterol, phospholipids, apolipoproteins and much less 
triglyceride. Most of the apoAs and a portion of the apoCs are transferred to 
HDL and the remaining remnants particles are available for catabolism by the 
liver. This can occur via an LDL receptor-related protein (LRP1) or LDL receptor 
(4), both of which endocytose the remnants into lysosomes, where hydrolysis 
of the remaining lipoprotein components takes place 34,35. 

Endogenous Pathway 

The endogenous pathway starts in the liver where cholesterol and triglyceride 
are synthesized and released in the form of VLDL, which contains apo B-100, 
apoC I, II, III and E. As for chylomicrons, apoCII functions as a cofactor for LPL, 
which hydrolyzes much of the triglyceride within VLDL29 (5). The result of 
delipidation is a less buoyant IDL particle. Further hydrolysis by both LPL and 
hepatic lipase (HL) brings about loss of most of the triglyceride content, as 
well as apoE, leaving an even less buoyant LDL particle, containing apo B-100 
as its primary apolipoprotein and esterified cholesterol as its major lipid 
component. Subsequently, cholesterol can be routed to peripheral tissues (6) 
to maintain cell viability or serve as  precursor for steroid hormones synthesis 
36. Alternatively, LDL can undergo lysosomal hydrolysis in the liver after LDL 
receptor-mediated uptake 37 (7). Cholesterol can also be re-esterified into CE 
via acyl CoA:acyl transferase 2 (ACAT2) 38 or converted into bile acids or 
vitamin D 39,40.   
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Reverse Cholesterol Transport 

In order to maintain cholesterol homeostasis, excess cholesterol in 
extrahepatic tissues is transported back to the liver via HDL to be catabolized 
and excreted via the bile into the feces in a process coined as reverse 
cholesterol transport (RCT). The process of formation, remodeling and 
catabolism of HDL is explained in detail in chapter 2. Briefly, the first step of 
HDL biogenesis is characterized by the synthesis of apoAI by the liver and 
small intestine followed by the early acquisition of phoshpholipids (PL) and 
free cholesterol (FC) through ATP binding cassette transporter A1 (ABCA1) 
activity, which results in the production of pre-β-HDL at the cellular 
membrane and its secretion into the bloodstream. In the circulation, nascent 
HDL matures through the acquisition of cholesteryl ester (CE) that are 
generated by lecithin:cholesterol acyltransferase (LCAT). The enrichment of 
the core of HDL with CE causes HDL to become spherical and less dense 
(generating the larger HDL3 and HDL2 subclasses) 41. The enlargement of the 
HDL particles is also enabled by PLTP-mediated transfer of PL from 
chylomicrons, VLDL, and IDL and between different HDL species 42.   In 
addition, HDL2 and HDL1 are acceptors for subsequent cholesterol efflux from 
cholesterol-loaded macrophages, as mediated by ABCG1 and SR-BI 43. In the 
classical RCT model, HDL-C is ultimately transported to and taken up by the 
liver (8). Numerous receptors and transfer proteins play a key role in this 
process. In mice, which lack CETP 33, the majority of HDL-CE is selectively 
taken up via the SR-BI 44 or LDL receptor 45,46.  In humans, cholesteryl ester 
transfer protein (CETP) facilitates transfer of CE from HDL to triglyceride-rich 
lipoprotein (TRL) in exchange for triglycerides (TG). As a result, the majority of 
HDL-CE is taken up by the liver via apoB-containing lipoproteins 47. The HDL’s 
atheroprotective effect is in part due to its ability to mobilize excess 
cholesterol from lipid laden artery-wall macrophages 48 via ATP-binding 
cassette transporters ABCA1 and ABCG1, whose expression is increased when  
accumulating too much cholesterol. HDL that has accepted cholesterol from 
artery-wall macrophages returns to the circulation and transports cholesterol 
(CE) back to the liver where it is taken up. Here cholesterol can be used for 
VLDL and HDL formation or it is secreted into the bile either as neutral sterols 
or bile salts, which requires the cholesterol transporters ABCG5 and 
ABCG8 49,50. 
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CHAPTER 1 

The role of major blood lipids and CVD risk 

Atherosclerosis commonly refers to as chronic disease of the vessel wall and 
implies the synergy of both genetic and environmental factors. The 
etymological term originates from the Greek words athere “or storage of 
lipid” and sclerosis ‟hardening”, respectively. Multiple epidemiological studies 
have provided valuable insights into the natural history and risk factors 
associated with the development and prognosis of atherosclerotic 
cardiovascular disease. This has paved the way for several intervention 
studies and clinical trials aimed at primary and secondary prevention of CVD 
51. There is ample evidence in the literature supporting the key role of blood 
lipids (LDL, HDL, TG) as major risk factors for CVD 52–55. Figure 4 illustrates  the 
hazard ratios for coronary heart disease of triglyceride, HDL-c, and non–HDL-c 
levels 56.  

Figure 4. Hazard Ratios for Coronary Heart Disease or Ischemic Stroke Across 
Quantiles of Usual Triglyceride, HDL-C, and Non–HDL-C Levels. Source: JAMA. 
2009;302(18):1993.  
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Insights from low-density lipoprotein cholesterol studies 

The causal link of elevated low-density lipoprotein cholesterol (LDL-C) with 
coronary artery disease events in observational studies has been recognized 
on the basis of randomized trials of LDL-C-lowering drugs 52,53. From a 
biological and physiological viewpoint evidence of the causative role of LDL 
cholesterol in atherosclerosis has emerged following studies in humans and 
animal models. A landmark study that paved the way to a flourishing research 
field is undoubtedly the discovery that mutations in the LDL receptor cause 
familial hypercholesterolemia (FH) 57. Such outstanding breakthrough which 
led Goldstein and Brown winning the Nobel prize in 1985 came about by 
examination of homozygous patients. Their research led to the conclusion 
that a high affinity receptor (termed LDLR) able to take up LDL particles 
existed with a feed-back mechanism to suppress cholesterol synthesis 57. This 
mechanism is known to be mediated through sterol regulated binding protein 
(SREBP) 58. In line with that, the regulation of LDL is finely tuned. All cells have 
the ability to synthesize cholesterol through the HMGCoA reductase pathway, 
an effective manner when cholesterol is not readily available. This is well 
proven by the effect of the statins which inhibit HMGCoA reductase, 
upregulate the LDL receptor, lower cholesterol in the circulation and reduce 
cardiovascular events by about 30% 59. Further research has provided other  
targets for treatment that also have the potential to reverse atherosclerosis. 
The most remarkable example is Proprotein convertase subtilisin kexin type 9 
(PCSK9) discovered through genetic studies back in 2003 by Abifadel et al., as 
causal gene for autosomal dominant hypercholesterolemia 60. It acts as an 
important regulator of the liver LDL receptor expression by binding and 
directing it towards the lysosomal compartment for degradation. This results 
in decreased LDL receptor surface localization, increased plasma LDL-c levels 
and accelerated atherosclerosis 60,61. Antibodies directly targeting PCSK9 have 
recently been approved for use in the clinic with significant reduction in LDL-c 
levels and risk of cardiovascular events on a background of statin therapy 62,63. 
Next to PCSK9 a number of recent studies have identified novel mechanisms 
and candidates to play key roles in the tight post-translational regulation of 
LDLR expression 64–66.   

The high-density lipoprotein cholesterol and triglycerides paradigm 

In contrast to LDL, uncertainty exists on the causal link between HDL-c and 
triglycerides and CVD. Epidemiological studies show unequivocal robust 
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associations of triglycerides and HDL-C with CVD (the association being 
positive for triglycerides and negative for HDL-c) 54. However, it is important 
to note that following statistical adjustments such associations hold true for 
HDL-c but not for TG 54. More importantly, randomized clinical trials with HDL-
C or triglyceride modifying drugs have, so far, failed to show the foreseen 
benefit. The culprits of these findings may be due to  reverse causality 67 or by 
confounding factors (in case HDL-C or triglyceride levels mark another causal 
risk factor without being themselves causal) 68. Alternatively, the failure of 
clinical trials may be the result of inadequate selection of drug targets or 
compounds and selected patients populations 55,69,70. Nevertheless, therapies 
that target HDL are still deemed beneficial in view of the numerous functions 
HDL is involved in, such as neutralization of inflammatory molecules and 
reduction in the oxidation level of LDL 71,72. As a result, the research 
community and pharmaceutical industry turned their focus on HDL 
functionality rather than HLD-c plasma levels per se 73–75. As for LDL, 
molecular insights into the role of HDL in lipid metabolism have also come 
from the discovery of human carriers of mutations in genes affecting HDL 
biogenesis (APOA1 and ABCA1), maturation (LCAT), remodelling  (CETP) and 
catabolism. (LIPC, LIPG) 41 (see chapter 2). 

As far as TG metabolism is concerned, LPL represents the key enzyme involved 
in the hydrolysis of TRL. Over the past few years genetic studies have 
identified loss of function mutations in genes playing a central role as 
modulators, inhibitors and activators of LPL activity. Among others are APOC3, 
ANGPTL3,4, and GALNT2 to name but a few (chapter 2). Interestingly, some of 
them have proven to be valuable drug targets. The best example concerns 
with the development of inhibitors of APOC3 synthesis (thereby reducing 
plasma TG levels), following the findings of two large genetic studies, in which 
people with loss of function mutations in APOC3 had a significantly lower risk 
of having CVD events 76,77. 

Additional risk factors 

Beside blood lipid levels several other risk factors, such as smoking, gender, 
age, ethnicity, obesity, T2D and family history have been shown to be of 
paramount importance in the development of atherosclerotic lesion 78. 
Interestingly, several studies have indicated that even acculturation into 
western societies may also be an independent risk factor contributing to the 
phenotype. Nevertheless, diet, physical inactivity and stress are amongst 
consequences of acculturation which are widely recognized as potential risk 
factors for cardiovascular disease 79. Among the most important risk factors 
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accounting for increased CVD risk and which was also explored in Chapter 7 
and 8 is the Metabolic Syndrome (MetS). This is characterized by 
simultaneous occurrence of conditions including obesity, impaired glucose 
tolerance, hypertriglyceridemia, decreased HDL-c, and/or hypertension. Due 
to its increasing global prevalence this poses a public healthcare problem. 
Several causes can synergistically act together, such as genetic, environmental 
and metabolic factors, mediated by caloric intake and physical activity 80,81. 
More importantly, these defects are mediated and interconnected by complex 
molecular and physiological pathways that influence energy homeostasis from 
cells to organs and at systemic level. In addition to increasing the risk of CVD 
and type 2 diabetes 82, the metabolic syndrome also predisposes an individual 
to other co-morbidities, such as non-alcoholic fatty liver disease 83, cancer 84, 
kidney and pancreatic dysfunction 85.  

Outline of the thesis 

The main goal of this thesis is to functionally characterize putative key players 
involved in dyslipidemia, impaired glucose homeostasis and atherosclerosis. In 
particular, major attention is given to key molecular pathways and 
physiological mechanisms relevant to diseased phenotypes by means of 
human prospective cohort studies, cellular and animal models. In chapter 2 
we extensively review the current knowledge on Mendelian disorders of HDL 
metabolism by using the genetic handholds in both humans and mice to 
describe the major players that have a large effect on HDL cholesterol levels 
through their roles in HDL and triglyceride metabolism. Using this information 
it is discussed how HDL is produced, remodeled in the circulation, affected by 
factors that control the metabolism of triglyceride-rich lipoproteins, how it 
helps maintain cellular cholesterol homeostasis, and, finally, how it is 
catabolized.    

This thesis addresses three main topics. The first section which includes 
Chapter 3 and 4 is focused on the role of receptors in dyslipidemia. In 
particular Chapter 3 concerns with the characterization of a novel role of LRP1 
in human HDL metabolism. Naturally occurring mutations in human LRP1 
were found to affect HDL metabolism through ABCA1 and SR-BI. This study is 
the first of its kind to shed light on a physiological role of LRP1 in human lipid 
metabolism thereby adding to the complexity and importance of the 
appropriate cellular organization of proteins and lipoprotein receptors that 
control blood lipids levels. In Chapter 4 we provide preliminary findings on the 
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characterization of a newly identified receptor GPR146 (G-protein coupled 
receptor 146) with respect to lipid metabolism. Identified as one of the new 
leads in GWAS on lipid traits and found to be highly co-expressed with LPL, 
this promising lipid candidate has been studied in a murine knockout animal 
featuring with hypolipidemic phenotype following high-fat cholesterol diet 
feeding. Moreover, we validated the role of GPR146 in humans by studying 
the association of the GWAS lead SNP with lipid parameters, apolipoproteins 
and cardiovascular endpoints in the Copenhagen City Heart Study (CCHS). In 
this chapter, we also provide insights into potential molecular mechanism(s) 
through which this novel receptor regulates blood lipid levels.  

Chapters 5 and 6  concern in depth studies of established factors directly 
influencing HDL maturation (LCAT) or indirectly affecting HDL remodelling 
through TG. In Chapter 5 we shed new light on the role of functional 
mutations causing Familial LCAT deficiency (FLD) and Fish-eye disease (FED) in 
preclinical atherosclerosis. The impact of defective LCAT function on 
preclinical atherosclerosis has previously been studied in two main cross-
sectional observational studies performed in The Netherlands and Italy, 
respectively. However, controversial findings were reported by the two 
groups. This study aimed to find the origin of previous discrepancies in 
atherosclerosis. With this regard data from the Dutch and Italian cohorts were 
combined and used to re-analyse the carotid IMT measurements. Our findings 
unequivocally highlight remarkable discrepancies between FLD and FED 
subjects, with FLD being associated with reduced carotid atherosclerosis and 
FED being associated with neutral/detrimental effects on preclinical 
atherosclerosis. 

In Chapter 6 we studied the role of non-coding variants affecting the 
ANGPTL3 locus, previously associated with coronary artery disease, levels of 
low-density lipoprotein cholesterol (LDL-c), triglycerides and ANGPTL3 mRNA 
transcript. In particular by using several experimental approaches including 
regulatory annotations from ENCODE, combined with functional in vivo 
assays, statistical approaches (eQTL/lipid colocalisation), and traditional in 
vitro methodologies, we provide evidence of a functional variant (rs10889352) 
affecting the ANGPTL3 regulome. This proof-of-concept study illustrates the 
power of combining multiple genome-wide datasets with laboratory data to 
localise functional non-coding variation and provides a model for analysis of 
regulatory variants from GWAS.  
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The  third section of this thesis addresses factors affecting carbohydrate 
metabolism and triglycerides and their importance in the context of metabolic 
syndrome. In Chapter 7 we investigated the value of both genetic (GRS) and 
metabolic risk score (MetRS) models in predicting future CVD events. By using 
a prospective population-based study, the European Prospective Investigation 
of Cancer-Norfolk cohort, we provide evidence that both TG GRS and MetRS 
scores are in a stepwise manner associated with plasma TG levels and future 
CVD risk. In the context of hypertriglyceridemia and Metabolic syndrome in 
Chapter 8 we studied the role of Galnt2 knockout mouse model in lipid and 
carbohydrate metabolism. Following high-fat diet feeding knockout animals 
display obesity, hypertriglyceridemia, low HDL-c levels, impaired glucose 
clearance and hyperinsulinemia features reflecting the metabolic syndrome. 
Major focus of this chapter is dedicated to understand the molecular 
mechanism(s) and substrates in vivo that associate the GalNac-T2 activity with 
glucose and insulin regulation.  

Finally, in the last chapter (Chapter 9) we critically discuss the functional and 
physiological relevance of our findings in the context of lipid/glucose and 
atherosclerosis with a major focus on the identified key molecular pathway(s). 
In addition, the translational aspects of our research findings and their 
potential for improving human health are discussed. 
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