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Chapter 9 

General discussions 





General discussions 

This last chapter summarizes findings from the overall thesis in a consecutive 
order describing its major achievements in the elucidation of molecular 
pathways and physiological mechanisms relevant to atherosclerosis, lipid and 
glucose metabolism. Further discussion is provided on the added value of 
each chapter to the research field and its potential to be translated into 
innovative strategies to improve human health. The general scope of this 
thesis embraced the functional characterization of novel players or new roles 
of old players involved in lipid, glucose homeostasis and atherosclerosis. This 
was addressed by means of a wide-range of approaches including 
epidemiological studies, in vitro and in vivo validation models.  

Three main sections were described as follows: the first part was focused on 
the characterization of known (LRP1) and novel (GPR146) receptors in lipid 
metabolism (Chapters 3 and 4). The role of established factors directly 
influencing HDL maturation (LCAT) or indirectly affecting HDL remodelling 
through TG  (ANGPTL3) and their effect on cardiovascular disease is covered in 
Chapters 5 and 6. Finally, factors affecting triglycerides (LPL, APOA5) and 
carbohydrate metabolism (GALNT2) were studied in the context of metabolic 
syndrome in Chapters 7 and 8. 

To start with, the review article described in chapter 2 is a thorough 
illustration of our current knowledge of Mendelian disorders of HDL 
metabolism. We used the knowledge gained from studies in humans and mice 
to depict key players that have a large effect on HDL cholesterol levels 
through their direct roles in HDL and importantly also in triglyceride 
metabolism. Based on this information we discussed how HDL is synthesized, 
remodelled 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. Of note, some of the key 
players reported in this review, such as LCAT, ANGPTL3, GALNT2 and LPL were 
also the main focus of further studies detailed in this thesis. The added value 
of this review to the lipid field lies in the concrete effort to carefully describe 
the strong correlations between HDL and TG, often considered as separate 
entities, but which must be regarded, in view of their recognized complex 
interplay as “co-joint entities”. 

In the first section, the role of two receptors in lipid metabolism is discussed. 
In chapter 3, we show that the LDL receptor-related protein 1 (LRP1) has a 
physiological role in human HDL metabolism. In particular, epidemiological 
evidence that common variation at the LRP1 gene locus (rs11613352) is 
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CHAPTER 9 

significantly associated with low HDL-C/ high triglycerides and apoAI but not 
with apoB levels in the Copenhagen City Heart Study (CCHS) was provided.  In 
line, we found lower HDL-C levels in heterozygous carriers of the rare 
Val3244Ile and Glu3983Asp mutations in LRP1 compared to family controls 
whereas triglyceride levels were moderately higher. Functional in vitro studies 
indicated that both mutations decrease LRP1 expression and stability. 
Corroborating recent observations in liver-specific Lrp1 knockout mice, we 
showed that these mutations reduce the cellular content of Cathepsin D and 
increase the accumulation of Prosaposin which in turn leads to diminished 
trafficking of ABCA1 to the cell surface. In contrast to previous mouse studies 
we also observed increased SR-BI protein levels which may further contribute 
to the reduced HDL-C levels in our study subjects. Combined, the data suggest 
that LRP1 plays a pivotal role both in de novo HDL formation and HDL 
cholesterol uptake by its effect on the cellular surface expression of ABCA1 
and SR-BI, respectively. However, validation of these findings through efflux 
studies to ApoAI and HDL and HDL uptake experiments is deemed to provide 
firmer conclusions. In addition, the relevant role of LRP1 in humans has also 
been recently advocated by Webb et al., who reported the association 
between a CAD risk allele at rs11172113 and reduced expression of LRP1 in 
atherosclerotic and nonatherosclerotic arterial wall, as well as eQTLs in 
omental and subcutaneous adipose tissue 1. This finding adds to the current 
knowledge, however, molecular insights on the mechanism(s) by which this 
locus affects CAD are necessary to provide a better understanding of the 
underlying pathophysiology and in turn developing suitable strategies to 
specifically target LRP1 in relevant human tissues 2,3.   

A novel receptor, G-protein-coupled receptor 146, regulating blood lipid levels 
is described in chapter 4. This genetic locus was, through GWAS 4, initially 
associated with increased plasma total cholesterol (TC) levels and later with 
triglycerides by an in silico co-expression analysis with lipoprotein lipase (LPL), 
the major enzyme involved in TG lipolysis in the circulation.  

Gpr146 -/- mice were regenerated to study the role of this receptor in the 
regulation of blood lipid levels. In a first group-housing experiment Gpr146-/- 
mice (still harbouring the Neo cassette, an antibiotic resistance marker used 
for targeting the Gpr146 gene locus), assigned to either high fat or high-fat 
+0.25 added cholesterol, displayed a hypolipidemic phenotype with decreased
plasma levels of cholesterol (HDL) and triglyceride (VLDL). In addition, the
same animals seemed to be protected against diet-induced obesity. However,
whereas the lipid phenotype was replicated in the same mice when they were
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instead single-housed, the initial effect on body weight gain could not be 
validated. In an attempt to identify the regulators responsible for the 
observed hypolipidemic phenotype we performed targeted proteomics on 
liver homogenates as well as in plasma of the same mouse strain. In line with 
decreased lipid levels, the proteins levels of the LDL receptor-related protein 1 
(LRP1) and Syndecan-1 (SDC1), known key players involved in the hepatic 
uptake of chylomicrons and triglyceride-rich lipoproteins remnants, were 
increased in the liver of KO animals. Furthermore, the plasma levels of APOC3, 
an established inhibitor of LPL, were significantly reduced in the Gpr146-
deficient mice which pointed at the our finding of co-regulation of the 
receptor with LPL. However, these preliminary findings require additional 
confirmation.  

To study the underlying hypolipidemic phenotype several experiments 
including VLDL secretion, catabolism and de novo lipogenesis are ongoing. In 
addition, given the notion that Gpr146 is co-regulated with LPL, relevant 
tissues including adipose and skeletal muscle, where both genes are highly 
expressed, are currently being analysed by quantitative PCR and RNA 
sequencing to gain more insights on the potential role of this candidate in the 
periphery. In this regard, the generation of Gpr146 conditional knockout mice 
has been initiated to allow for tissue specific studies while in addition viral 
mediated overexpression in the liver will allow for getting a better overall 
insight in how intracellular signalling can render such pronounced effects.

Another crucial point which deserves further attention concerns the 
translational aspect of our study. To validate the role of GPR146 in humans, 
we genotyped the GWAS lead SNP 4 in the Copenhagen City Heart Study. The 
association of the lead SNP with total cholesterol appeared to be related to 
weak increases of cholesterol in both LDL and HDL (as well as ApoAI and 
ApoB) in the homozygotes for the rare allele but this did not reach statistical 
significance. The relatively small effect of the SNP on total cholesterol 
combined with the above notion of a dual effect on LDL and HDL cholesterol 
likely explains why, in this study, no effects on ischemic heart disease and 
myocardial infarction were identified. To study this more in detail, we are 
currently performing the same studies in the Copenhagen General Population 
Study, a much larger prospective-based cohort (n>100.000), and preliminary 
results indeed appear to validate the above notions. In addition, studies into 
(rare) large effect GPR146 variants are also needed to provide more clues into 
this matter. 
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Moreover, in view of the fact that GPCRs are recognized to play key roles in 
the regulation of numerous human physiological processes, they have a great 
potential to be used as therapeutic targets for a broad spectrum of disorders. 
The lack of a known ligand for this orphan receptor has so far seriously limited 
our ability to study the signalling cascade leading to the activation of 
downstream effector molecules and consequent regulation of plasma lipid 
levels. To bridge this gap, collaborative efforts are ongoing to test potential 
receptor-activating ligands using in vitro models and a wide-range of ligand 
screening platforms. This might in turn significantly improve our 
understanding of how the receptor works, how it can be modulated and 
ultimately how it can be selectively targeted. 

The second part of this thesis concerns in depth studies of established factors 
with roles in HDL maturation (LCAT) and HDL remodeling through TG 
(ANGPTL3). In particular, in Chapter 5 we investigated the role of functional 
mutations causing Familial LCAT deficiency (FLD) or Fish-eye disease (FED) in 
preclinical atherosclerosis. These two types of LCAT syndromes are both 
characterized by nearly absent HDL cholesterol in carriers of two affected 
alleles. Corneal opacity is the most common feature in FLD and FED cases 
whereas anemia, proteinuria and renal disease are clinical features of only 
FLD carriers5. Biochemically, the lack of LCAT catalytic activity is complete in 
FLD patients thereby affecting the ability of the enzyme to esterify free 
cholesterol on both HDL and LDL. As a consequence, cholesteryl esters (CE) 
are virtually absent in plasma. In FED patients, however, the enzyme loses its 
capacity to esterify cholesterol in HDL, but it retains the ability to esterify 
cholesterol on apolipoprotein (apo)B-containing lipoproteins (VLDL and LDL). 
As a result, plasma CE are mainly associated with LDL5. Despite almost half-
century of LCAT research, the role of this enzyme in human atherogenesis has 
remained controversial. Historically, the impact of defective LCAT function on 
preclinical atherosclerosis was studied in two main cross-sectional 
observational studies performed in The Netherlands and Italy, respectively. 
However, conflicting results were reported by Hovingh et al., showing 
heterozygous carriers of mutations, mostly diagnosed with FED, to be 
associated with increased atherosclerosis 6 whereas Calabresi et al., reported 
carriers of LCAT mutations, mostly FLD subjects, to be associated with 
reduced carotid atherosclerosis 7. In view of such divergent outcomes, we 
tested the hypothesis that mutations causing FLD and FED truly have different 
effects on atherogenesis. To this purpose data from the Dutch and Italian 
cohorts were combined in the largest available LCAT dataset to date and used 
to re-read the carotid IMT (intima media thickness) measurements. Taken 
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together our data unequivocally underscored for the first time that FLD and 
FED mutations indeed have a different effect on preclinical atherosclerosis. 
Whereas carriers of FLD mutations exhibited decreased carotid 
atherosclerosis, indicating a reduced risk of cardiovascular disease, FED 
showed increased atherosclerosis compared to controls which reached 
borderline statistical significance. Since HDL-c levels were identical amongst 
carriers of FLD or FED mutations, this suggests that this parameter is unlikely 
to account for the observed reductions in IMT in FLD subjects. By contrast, the 
origin of such discrepancy is likely attributable to significantly decreased LDL-c 
due to the lack of the ability of LCAT to esterify cholesterol on (V)LDL in FLD 
compared to FED carriers. Complete absence of LCAT activity leads to virtually 
absent esterified cholesterol which cannot be transferred to LDL by the action 
of CETP. In view of the recognized atherogenic role of LDL-c, this may explain 
the reported differences in preclinical atherosclerosis.  This chapter adds 
value to the LCAT field in that it provides evidence that FLD and FED must be 
not only be considered as two distinct syndromes on the basis of biochemical 
characteristics as well as renal insufficiency but also when it comes to 
preclinical atherosclerosis. This insight indicates that LCAT protein therapy 8 
(beyond attempts to alleviate the severe clinical impact of a lack of LCAT in 
FLD patients), to reduce atherosclerosis may need reconsideration. 

Chapter 6 addressed the role of non-coding variants affecting the 
angiopoietin-like 3 (ANGPTL3) locus, previously associated with coronary 
artery disease risk, levels of low-density lipoprotein cholesterol (LDL-c), 
triglycerides and ANGPTL3 mRNA transcript in several independent GWAS. 
This member of the angiopoietin-like proteins, a family of secreted 
glycoproteins, expressed in the liver, functions as inhibitor of lipoprotein 
lipase 9 and endothelial lipase 10 and through the fibrinogen-like domain, 
induces endothelial cell adhesion and migration 11. In addition to the 
associations between common polymorphisms and plasma lipids, 
confirmation of the importance of this locus as mediator of human lipid 
metabolism, was given by the identification of loss of function mutations in 
ANGPTL3 to be associated with familial combined hypolipidemia 12. However, 
the extensive linkage disequilibrium at this locus has hindered so far efforts to 
identify the potential functional non-coding variants. 

In this study, we describe a sequential methodology including a series of in
silico (regulatory annotations from ENCODE and eQTL/lipid colocalisation) and 
laboratory-based assays (electrophoretic mobility shift assay or EMSA, 
luciferase reporter assays and allele-specific formaldehyde-assisted isolation 
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of regulatory elements or FAIRE) to localise variants affecting the ANGPTL3 
regulome. In particular, of the 253 variants found to be associated with 
ANGPTL3 mRNA expression, and/or lipid traits, 46 were located within liver 
regulatory elements. Allele-specific effects on DNA-protein interactions were 
detected only for two SNPs (rs6690733 and rs10889352). Both variants also 
displayed allele specific effects on gene expression, with each allele that 
showed increased expression levels also associated with increases in ANGPTL3 
transcript expression. Examining in vivo effects on chromatin accessibility, 
only one of the two variants, rs10889352, demonstrated allele-specific effects 
with the T allele associated with a 20% increase in chromatin accessibility. The 
rs10889352 T allele may be associated with chromatin accessibility by altering 
the stability of the nucleosome complex directly from alterations in the DNA 
sequence, or, more likely from EMSA evidence, by altering the affinity of 
transcription factors which would in turn, alter chromatin dynamics. Despite 
>200 variants in very strong LD with the lead SNP, only one SNP demonstrated
likely functionality based on all bioinformatics, in vivo and in vitro analyses.
The variant rs10889352 is located outside of the coding region for ANGPTL3,
within an intron of DOCK7 and close to accessible chromatin determined by
FAIRE-seq in HepG2 cells. This might suggest complex long-range regulatory
effects on gene expression  as shown in previous studies 13. This report
illustrated the power of combining multiple genome-wide datasets with
laboratory data to localize functional non-coding variation thereby providing a
model for analysis of regulatory variants from GWAS.

Recently, the relationship between ANGPTL3 and cardiovascular disease was 
investigated by Stitziel et al, who provided substantial evidence that a loss of 
ANGPTL3 reduces the risk of coronary artery disease (CAD). This was shown 
by distinct lines of evidence including a family with complete ANGPTL3 
deficiency, a population based-study of humans with partial ANGPTL3 
deficiency and measurement of ANGPLT3 biomarker levels in patients with 
myocardial infarction (MI) 14. With this latter in mind, development of 
strategies to inhibit ANGPTL3 function have been emerging in the last few 
years. Studies using monoclonal antibody directed against ANGPTL3 were 
shown for instance to improve the lipoprotein profile in mice, 
hypertriglyceridemic monkeys and humans and decrease odds of 
atherosclerotic cardiovascular disease, suggesting that this approach might be 
clinically beneficial 15,16.   

The last part of this thesis is focused on the role of factors affecting glucose 
and triglyceride metabolism in the context of metabolic syndrome. Chapter 7
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was dedicated to assess the value of both genetic risk and metabolic risk 
scores (GRS and MetRS, respectively) models in predicting 
hypertriglyceridemia and future cardiovascular events in the European 
Prospective Investigation of Cancer-Norfolk cohort. Previous epidemiological 
genetic studies have shown a robust association between plasma triglyceride 
(TG) levels and the risk of coronary artery disease17–19 . Several single 
nucleotide polymorphisms (SNPs) with significant effects on TG levels have 
previously been identified including variants in lipoprotein lipase, 
apolipoprotein AV, Tribbles Pseudokinase 1, Glucokinase Regulator and 
Angiopoietin Like protein 4 20–23. GRSs are generally used for evaluating the 
effects of genetic susceptible factors in risk prediction models 24. Based on the 
genetic variants known to influence plasma TG levels we constructed a GRS 
and tested its ability to predict CVD events. The added value of a lipid GRS 
model for predicting CVD events has already been described for LDL-c 25. 
Indeed, lifelong exposure to genetically determined low levels was shown to 
be more strongly associated with low cardiovascular disease risk than short-
term statin-mediated low LDL-C levels 25.  

CVD events can, however, also be predicted making use of clinical instead of 
genetic parameters. Such tools include the MetRS 26. It takes into account the 
characteristics of individuals  presenting with the metabolic syndrome (MetS) 
such as increased TG, low HDL-c, obesity,  hypertension or type 2 diabetes 
mellitus 27. The hypothesis that elevated plasma TG are an independent risk 
factor for CVD was tested with GRS and MetRS. We were able to build-up a 
robust predictive model by using only three SNPs located, respectively in the 
LPL and APOA5 gene loci. A composite MetRS was generated on the number 
of metabolic syndrome criteria. The main outcomes of our study indicated 
that both GRS and MetRS were in a stepwise manner associated with 
nonfasting plasma TG levels and cardiovascular risk. Whereas MetRS, 
reflecting lifestyle and environmental factors, had a more prominent effect on 
plasma TG levels than a GRS (0.14 mmol/L per allele change versus 0.41 
mmol/L per risk score increase) they both affected CVD risk to a similar extent 
(GRS HR= 1.34 versus MetRS HR =1.43, p<0.001 for both). This is the first 
report to provide valid support that genetic and metabolic risk scores are both 
valid predictors for plasma TG levels and future CVD risk. This might have 
important clinical implications when it comes to implement treatment 
strategies plans for patients with increased triglycerides.  

Finally, in chapter 8 we studied the molecular mechanism(s) and identified 
substrates that associate the GalNac-T2 activity with glucose and insulin 
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regulation. Earlier observational studies have in this regard proposed a role 
for GALNT2 in carbohydrate metabolism: for instance, GALNT2 mRNA levels 
were significantly down-regulated in blood of diabetic and obese patients 28 
and liver of spontaneously insulin resistant, diabetic Goto-Kakizaki rats 29, 
respectively.  In addition, the GALNT2 locus has emerged as candidate gene in 
metabolic syndrome 30. Whereas the complex molecular pathway(s) through 
which this locus modulates lipid metabolism in mammals have been recently 
described in detail 31,32, its role in glucose homeostasis and insulin action has 
not yet been addressed. In Galnt2 -/- we could confirm the lipid phenotype 
(low plasma HDL-c and high TG levels) recently described by Khetarpal et al., 
in both short and longer-term experiments. However, a more complex 
metabolic phenotype, previously unnoticed, was identified in our mouse 
model. Interestingly, Galnt2 loss of function severely affected susceptibility to 
high-fat diet-induced obesity, increased levels of hepatic triglycerides and led 
to liver dysfunction. Based on a remarkable increased body-weight gain (+40% 
compared to wild-type littermates) effects in KO animals we investigated the 
potential role of GALNT2 in glucose homeostasis and insulin regulation. To this 
purpose kinetic glucose studies were performed which underscored 
significant reduction of glucose clearance rate and peripheral insulin 
resistance in KO animals compared to WT littermates. To shed light on the 
molecular mechanism(s) driving the observed phenotype, we focused on 
substrates that associate the GalNac-T2 activity with glucose and insulin 
regulation. To this purpose we systematically studied known key regulatory 
proteins in glucose metabolism and insulin resistance 33 that were likely to be 
substrates for GalNac-T2. Several candidates were prioritized including 
GLUT2, mainly expressed in the liver and pancreas, GLUT4 and INSR expressed 
in peripheral tissues, skeletal muscle and subcutaneous fat, respectively. We 
first measured protein levels of GLUT4 and INSR which were markedly 
reduced in subcutaneous fat and skeletal muscle tissues whereas GLUT2 
expression in the liver was unaffected suggesting that GLUT2 might not be a 
potential substrate for GalNac-T2. This is also in line with the absence of 
evident hepatic insulin resistance. Measurements of GLUT2 in pancreatic β-
cells are, however, also required to get more firm conclusions on this point.       

Based on Western-blot data we decided to focus our attention on GLUT4 and 
INSR. Following prediction algorithms several O-Glycosylation sites were 
identified in each of these protein and specific peptides were selected and 
used to test for GalNAc-T2 activity. Indeed, we obtained convincing evidence 
that a peptide containing the Thr residue at position 76 of GLUT4 is 
glycosylated by GalNac-T2. Interestingly, the natural mutation affecting the 
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same residue leading to a Thr to Met substitution is known to decrease 
glucose transport 34. Although we still need to establish that GLUT4 is indeed 
glycosylated using 2-dimensional gel electrophoresis and subsequent Western 
blotting to study GLUT4 isoforms, the current data suggest that loss of 
GalNac-T2 activity to glycosylate the T76 residue may render loss of proper 
glucose transport function. In addition, studies on potential glycosylation of 
INSR will provide us with further interesting clues on the observed peripheral 
insulin resistance phenotype. 

Based on our current findings, a whole-body Galnt2 knockout in mice leads to 
a phenotype resembling the metabolic syndrome (MetS) and characterized by 
dyslipidemia, obesity, fatty liver, impaired glucose and insulin action. In view 
of these multi-systemic effects, it is crucial to understand whether attenuated 
Galnt2 function plays a direct role in the development of MetS and/or T2DM. 
Another interesting point to be addressed refers to the concurrent 
relationship between lipid and glucose metabolism. It is indeed known that 
these two components interact with each other at various  levels 35. 
Understanding the origin of the onset of dyslipidemia and/or insulin 
resistance in the natural setting may be newsworthy and it might in turn 
provide us with better insights on the regulatory processes underlying the 
metabolic syndrome phenotype observed in Galnt2-deficient animals. To 
answer these challenging questions, overexpression models of Galnt2 or 
restoration of the enzyme activity in deficient mice might provide us with 
novel insights. On top of that cross-breeding Galnt2-deficient mice against 
Glut4 or Insr KO mice or studying the effect of GLUT4 mutations affecting 
GalNAc-T2 activity could also help us to mechanistically dissect the underlying 
glucose phenotype. In addition, given the initial premise on the potential 
contribution of GALNT2 to metabolic syndrome and the observed GALNT2 
function in the periphery, studies in humans focusing on the analysis of 
relevant tissues such as adipose and skeletal muscle isolated from obese and 
T2DM patients would likely provide important information. This might in turn, 
help our understanding of GALNT2 biological function in the context of 
glucose metabolism and allow the implementation of better strategies to 
tackle the burden of metabolic syndrome. 

In conclusion, in this thesis we covered various topics in lipid and glucose 
homeostasis and atherosclerosis addressed in population based-cohorts and 
studies in patients (chapters 5, 7), in vitro (3 and 6) and animal models 
(chapters 4 and 8).  
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In respect to studies performed in humans, the knowledge gained on the FLD 
and FED and their effect on preclinical atherosclerosis or the added value of 
GRS and MetRS models in predicting hypertriglyceridemia and cardiovascular 
disease might have the potential to be of use for the scientific community in 
that they directly address disease states in humans. In the LCAT chapter we 
addressed the question whether LCAT is pro or antiatherogenic. The study 
unequivocally showed that mutations in LCAT have a differential effect on 
preclinical atherosclerosis which appears dependent on the capacity of 
mutated LCAT to generate cholesterol esters on the atherogenic 
apolipoprotein B-containing lipoprotein fraction. While this capacity is lost in 
carriers of FLD mutations, it is unaffected in carriers of FED mutations.  
The use of GRS models is of clinical utility in predicting future cardiovascular 
events as recently described 36. However, additional studies are necessary to 
assess whether this holds true also for triglycerides.  

In the ANGPTL3 report we provide the reader with a methodological guide for 
the validation of functional non-coding variants identified through GWAS. 
Dissecting the complex mechanisms underlying regulation of novel and old 
candidate genes is undoubtedly key for our understanding of the whole lipid 
picture. In this thesis, we provide a potential novel piece to be added to this 
intriguing puzzle described in the human LRP1 study where we highlighted a 
novel and peculiar function associated with this receptor historically known as 
modulator of triglycerides. Through several lines of evidence, we show that 
functional mutations in this gene are associated with decreased HDL-c levels 
in humans by affecting ABCA1 and SR-BI plasma membrane expression 
through a partial conserved mechanism in mammalian species. However, 
further validation assays are required to fully demonstrate its putative 
function in humans.  

With regard to the animal studies two candidate genes were characterized 
with respect to blood lipids (Gpr146) and glucose/insulin (Galnt2). In the first 
example, we described GPR146 as promising putative lipid target through 
basic lipid phenotyping experiments. The initial characterization has 
suggested a hypolipidemic phenotype in mice under high-fat diet feeding 
conditions. However, more extensive mechanistic studies in mice and humans 
are required to elucidate the physiological role of this GPCR in lipid 
metabolism.  

Interestingly, in the Galnt2 mouse model, we addressed glucose metabolism 
and insulin regulation in the context of metabolic syndrome. Ongoing 
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mechanistic studies on the identified substrates for GalNAC-T2 activity (GLUT4 
and INSR) are aimed to elucidate the molecular mechanism underlying the 
observed impaired glucose phenotype. This will hopefully help us to pin down 
to pathways that could ultimately be targeted in the next future.  

In summary, this thesis contributes to our understanding of the role of known 
receptors and factors in the lipid and atherosclerosis field (LCAT, ANGPTL3, 
LPL, APOA5). On the other hand, it also provides interesting insights on novel 
regulators and/or functions in lipid (GPR146, LRP1) and glucose metabolism 
(GALNT2). We firmly contend that the findings described in this thesis may set 
the basis for future mechanistic journeys with the ultimate aim of providing 
more insights into the biology and physiology of diseased states and in turn 
translating them into improved human health.  
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