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a b s t r a c t

Blood levels of triglyceride-rich lipoproteins (TRL) increase postprandially, and a delay in their clearance
results in postprandial hyperlipidemia, an important risk factor in atherosclerosis development. Athero-
sclerosis is a multifactorial inflammatory disease, and its initiation involves endothelial dysfunction,
invasion of the artery wall by leukocytes and subsequent formation of foam cells. TRL are implicated
in several of these inflammatory processes, including the formation of damaging free radicals, leukocyte
activation, endothelial dysfunction and foam cell formation. Recent studies have provided insights into
the mechanisms of uptake and the signal transduction pathways mediating the interactions of TRL with
leukocytes and vascular cells, and how they are modified by dietary lipids. Multiple receptor and non-
receptor mediated pathways function in macrophage uptake of TRL. TRL also induce expression of adhe-
sion molecules, cyclooxygenase-2 and heme-oxygenase-1 in endothelial cells, and activate intracellular
signaling pathways involving mitogen-activated protein kinases, NF-jB and Nrf2. Many of these effects
are strongly influenced by dietary components carried in TRL. There is extensive evidence indicating that
raised postprandial TRL levels are a risk factor for atherosclerosis, but the molecular mechanisms
involved are only now becoming appreciated. Here, we review current understanding of the mechanisms
by which TRL influence vascular cell function.
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1. Introduction

Atherosclerotic cardiovascular disease is a primary cause of
death worldwide [1] and the single most common cause of death
in developed countries [2,3]. The development of atherosclerotic
lesions begins with dysfunction of the vascular endothelium, fol-
lowed by activation and recruitment of monocytes to the artery
wall, where they differentiate in macrophages and take up choles-
terol and other lipids from the plasma lipoproteins to form foam
cells. The accumulation of these lipid-engorged cells, together with
the proliferation of vascular smooth muscle cells (VSMC), causes
fatty streaks, the first visible arterial lesions, to appear [4,5]. It
has been known for many years that low density lipoprotein
(LDL), particularly when oxidatively modified, plays a major role
in atherosclerosis initiation and development [6], and the
molecular mechanisms involved in its effects have been studied
extensively [7–9]. In recent years, however, it has become clear
that postprandial lipemia, which is caused by the raised levels of
triglyceride-rich lipoproteins (TRL) present in the blood after a
meal containing fat, is also a risk factor for the disease [10–12].
Postprandial lipemia is induced by fat meals containing >30 g
[13,14], and, given that on average in Western countries 3–4 meals
containing of 20–40 g fat are consumed each day, it has been esti-
mated that raised levels of TRL may persist for 18 h per day in
these populations [15].

After absorption in the intestine, dietary lipids are packaged
into large TRL called chylomicrons (CM), and secreted into lymph
and ultimately into the blood via the thoracic duct. Lipolysis by
lipoprotein lipase (LPL) in extrahepatic capillary beds then con-
verts the CM to smaller, but still triglyceride (TG)-rich, chylomi-
cron remnants (CMR) which are cleared from the circulation by
the liver [16,17]. The fatty acids derived from the TG delivered in
CMR may either be used by the liver or re-synthesized into new
TG and returned to the blood (together with cholesterol and
phospholipid) in very low density lipoprotein (VLDL) [18]. Thus,
blood levels of CM, CMR and VLDL all contribute to postprandial
lipemia [19] and these lipoproteins are collectively known as
TRL. In humans, TRL derived from the intestine (CM and CMR) con-
tain apolipoprotein (apo) B48, while those derived from the liver
(VLDL) contain apoB100 [16,19].

It has become clear over the past two decades that atheroscle-
rosis is a chronic inflammatory disease. Inflammatory processes
have been shown to be important in both the initiation and pro-
gression of lesion development [20,21]. Evidence indicates that
postprandial lipemia is pro-inflammatory, with each meal causing
a transient change, known as postprandial metabolic inflammation
[12,22], and TRL are thought to play a major role in a number of the
inflammatory processes involved, including the excessive forma-
tion of damaging free radicals, leukocyte activation, endothelial
dysfunction and foam cell formation [12,23,24].

Since experimental, epidemiological and clinical evidence for
considering non fasting TRL as a risk factor for atherosclerosis is
now very strong [10–12,14,22–27], a better understanding of the
molecular events by which they influence lesion initiation and
development is of great importance. In this article, we review re-
cent studies which have begun to delineate the receptors and sig-
nal transduction pathways mediating the potentially atherogenic
interactions of TRL with circulating leukocytes and cells of the
vasculature, and how they are influenced by dietary components
carried in the particles, including the type of fat (saturated, unsat-
urated or oxidized) and other micronutrients.

2. Postprandial lipoproteins and atherosclerosis

Zilversmit first suggested that postprandial lipemia may play a
role in atherogenesis about thirty years ago [28]. Although this idea
was slow to gain acceptance, in recent years a great deal of epide-
miological, clinical and experimental evidence has accumulated to
support the proposal, and there is now a consensus that non-fast-
ing TRL levels are a clinically significant risk factor for atheroscle-
rosis and the progression of cardiovascular disease [12,29–33].
Atherosclerosis progression has been linked with delayed clear-
ance of TRL [12,34–36] and postprandial hyperlipidemia is impli-
cated in the increased risk of premature atherosclerosis in
patients with common metabolic conditions such as obesity, dia-
betes and the metabolic syndrome [26,37–39]. Furthermore, in
two Japanese studies involving sudden death cases, the majority
of cardiac deaths were found to be associated with postprandial
hyperlipidemia and plasma remnant lipoprotein levels rather than
with LDL cholesterol, leading the authors to propose that plasma
remnant lipoprotein concentration is a major pathological factor
in cardiovascular events [40,41]. Supporting evidence is also pro-
vided by three recent large scale prospective studies, which re-
ported an association between non-fasting plasma TG levels and
the incidence of cardiovascular events which was independent of
other risk factors [10,42,43]. Postprandial hyperlipidemia or in-
creased plasma TRL levels have also been shown to be related to
increased thickness of the carotid artery intima in humans
[44,45] and in experiments with a rabbit model of postprandial
hypertriglyceridemia [46].

The role of TRL as a risk factor for atherosclerosis is also sup-
ported by the concept of ‘residual risk’ [39]. Statin therapy aimed
at lowering LDL cholesterol reduces cardiovascular events by about
one third, leaving a residual two thirds which do not appear to be
related to LDL, and the ‘residual risk’ is greater for subjects under-
going treatment for diabetes or the metabolic syndrome than in
healthy individuals [47,48]. Thus, it has been proposed that the
‘residual risk’ of atherosclerosis is dependent on plasma remnant
lipoprotein concentrations in addition to LDL cholesterol [39].
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