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BACKGROUND

Lipoproteins are macromolecular complexes of lipids and proteins that are synthesized by
the liver or the intestine and carry the otherwise insoluble lipid compounds through the circulation to different cells and organs of the body.
Lipoproteins are synthesized and catabolism in three distinct pathways: the chylomicron
pathway, the VLDL/IDL/LDL pathway and the HDL pathway, all of which are metabolically
interrelated. The biogenesis and catabolism of lipoproteins helps maintain lipid homeostasis.
In addition, specific lipoproteins have been implicated in the protection from or the pathogenesis of atherosclerosis.

RESEARCH

1. Regulation of the apoA-I/apoCIII gene cluster in vitro and in vivo
In vitro studies have established that the transcription of the apoA-I/apoCIII/apoA-IV
gene cluster is controlled by a common enhancer located 590-790 nucleotides upstream of the
apoCIII gene. Important factors of the in vitro activity of the enhancer are SP1, HNF-4 and possibly other nuclear receptors. Important factors for the in vitro activity of the proximal promoters are HNF-4 and possibly other nuclear receptors.
Studies of transgenic mice established that the HNF-4 binding site of the apoCIII
enhancer is required for the intestinal expression of apoA-I and apoCIII genes and enhances
synergistically the hepatic transcription of the apoA-I and apoCIII genes and possibly of the
apoA-IV genes in vivo. The three SP1 sites of the enhancer are also required for the intestinal
expression of apoA-I and apoCIII genes in vivo and for the enhancement of the hepatic transcription. The apoCIII enhancer, in combination with the proximal apoA-IV promoter, confers
hepatic and intestinal expression of the apoA-IV gene in vivo.

Figure 1. Putative mechanisms by which the apoA-I promoter and enhancer cluster is
activated in transgenic mice. (Modified from V.I. Zannis, H.-Y. Kan, A. Kritis, E.E. Zannis &
D. Kardassis, Curr. Opin. Lipidol. 12:181-207, 2001)
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The in vivo studies showed that mutations in the two proximal HREs of the apoA-I promoter permitted expression of the apoA-I gene in the liver and the intestine. The levels of the
hepatic expression of the apoA-I gene in the mouse lines carrying the mutations in the two
proximal HREs of the apoA-I promoter were approximately 15% of those observed in mice carrying the wild-type apoA-I promoter/wild-type apoCIII enhancer (Figure 1A). The most probable interpretation of these findings is that, in vivo, the apoCIII enhancer alone can drive independently the hepatic and intestinal transcription of the apoA-I gene. Similarly, mutations in
the HRE of the apoCIII enhancer that binds HNF-4 reduced the hepatic expression to approximately 20% of the WT promoter (Figure 1B) and abolished the intestinal expression of the
apoA-I gene. These findings indicate that the proximal apoA-I promoter alone can drive independently the hepatic, but not the intestinal, transcription of the apoA-I gene (Figure 1B).
When both the promoter and the enhancer are functional, the activity of the apoA-I
promoter/apoCIII enhancer cluster is 100%, indicating in vivo synergistic interactions that
lead to transcriptional enhancement (Figure 1C).
2. ApoA-I participates in several steps in the biogenesis and catabolism of
HDL
HDL is synthesized and catabolized through a complex pathway that involves apoA-I plasma enzymes, lipid transfer proteins, cell receptors and membrane-bound proteins.
To probe the pathway of biogenesis and catabolism of HDL, we have used adenovirusmediated gene transfer of apoA-I mutants in apoA-I-deficient and other mouse models. The
expectation was that these apoA-I mutants will inhibit discrete steps of the HDL pathway and
either lead to rapid catabolism or accumulation of intermediate products.
Figure 2 shows the normal pathway of biogenesis and catabolism of HDL. Superimposed
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Figure 2. Schematic representation of the defects in the HDL biogenesis pathway.
(Modified from V.I. Zannis, A. Chroni & M. Krieger, J. Mol. Med. 84:276-294, 2005).

LABORATORY OF LIPOPROTEIN METABOLISM AND GENETICS

on the normal pathway are various steps where the pathway can be affected by mutations in
apoA-I or the proteins that interact with apoA-I and lead to low HDL levels or cause dyslipidemia. This includes 1) lack of synthesis of HDL due to mutations in ABCA1 or apoA-I that prevent apoA-I/ABCA1 interactions; 2) failure to synthesize discoidal or spherical HDL due to fast
catabolism of minimally lipidated apoA-I (i.e., apoA-I[Leu141Arg]Pisa and apoAI[Leu159Arg]FIN); 3) induction of hypertriglyceridemia by the apoA-I[î(62-78)] and apoAI[Glu110Ala/Glu111Ala] mutants; 4) accumulation of discoidal HDL, inhibition of PLTP and the
induction of hypercholesterolemia by the apoA-[î(89-99)] mutant; 5) the accumulation of discoidal HDL due to the mutations in apoA-I that inhibit activation of LCAT (i.e., apoAI[Arg160Val/His162Ala],
apoA-I[Arg149Ala],
apoA-I[Arg51Cys]Paris
or
apoAI[Arg160Leu]Oslo). The phenotypes of categories 2 and 4 can be corrected by treatment with
LCAT. The phenotypes produced by targeted mutagenesis of apoA-I will be valuable for the
detection of similar phenotypes in humans and can serve as diagnostic and prognostic markers
of dyslipidemia and/or atherosclerosis.
3. Dual functionality of apoE in remnant clearance and the biogenesis of
apoE-containing HDL
Using adenovirus-mediated gene transfer in apoA-I- or ABCA1-deficient mice, we
obtained unequivocal evidence that apoE participates in a novel pathway of biogenesis of apoEcontaining HDL particles that also requires the functions of the ABCA1 lipid transporter and
LCAT. Infection of apoA-I-/- mice with apoE4-expressing adenoviruses increased both HDL
and the triglyceride-rich VLDL/IDL/LDL fraction and generated discoidal HDL particles.
Combined infection of apoA-I-/- mice with a mixture of adenoviruses expressing both apoE4
and human LCAT cleared the triglyceride-rich lipoproteins, increased HDL, and converted the
discoidal to spherical HDL, suggesting that LCAT is essential for the maturation of apoE-containing HDL. ABCA1-deficient (ABCA1-/-) mice treated similarly failed to form HDL particles,
suggesting that ABCA1 is essential for the biogenesis of apoE-containing HDL. Overall, the
findings indicate that apoE has a dual functionality. In addition to its documented functions in
the clearance of triglyceride-rich lipoproteins (Fig. 3, pathway I), it participates in the biogenesis of apoE-containing HDL (Figure 3, pathway II). This process is similar to that of apoA-I
(Figure 3, pathway III).

Figure 3. Participation of apoE in the remnant clearance and the HDL pathway and of
apoA-I in the HDL pathway. (Modified from K.E. Kypreos & V.I. Zannis, Biochem. J. 302:359367, 2007).
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4. Generation of apoE variants with improved biological functions
We have shown that overexpression of apoE induces hypertriglyceridemia in apoE-deficient mice, which is abrogated by deletion of the carboxy-terminal segment 260-299.
We have used adenovirus-mediated gene transfer in apoA-I-/- mice to test the effect of
four sets of apoE mutations within the 261-269 region on the formation of spherical or discoidal apoE-containing HDL as well as the induction of hypertriglyceridemia.
These studies established that substitutions of either five residues (Leu261, Trp264,
Phe265, Leu268, Val269) or three residues (Leu261, Trp264, Phe265) by Ala in either the
apoE4 or apoE2 background improved the biological functions of apoE. These substitutions
promoted formation of spherical apoE-containing HDL and also prevented apoE-induced
hypertriglyceridemia. Bioengineered apoE variants that can promote formation of spherical
apoE-containing HDL may find therapeutic applications in the future for the prevention of atherosclerosis.
5. Functions of apoE-containing HDL in the brain
ApoE is the only medium-size apolipoprotein present in the brain and alone, may contribute to lipid homeostasis in the brain. The interactions of apoE with ABCA1 in the brain promote cholesterol efflux and lead to the biogenesis of apoE-containing HDL. Once formed,
apoE-containing HDL can interact with the HDL receptor SR-BI and this interaction leads to
the uptake of cholesteryl esters and cholesterol efflux. ApoE-containing HDL may further have
anti-oxidant and anti-inflammatory functions in the brain similar to those attributed to apoAI-containing HDL. Existing evidence indicated that apoE-containing HDL through receptormediated processes may sequester A≤ away from the brain parenchyma and prevent amyloid
deposition and plaque formation. In contrast, lipid-free apoE that cannot bind to apoE-recognizing receptors may promote A≤ polymerization and plaque formation (Figure 4).

Figure 4. Schematic representation showing how brain HDL may contribute to the protection from Alzheimer's disease.
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