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Postprandial lipid metabolism in relation to coronary heart disease
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The issue of whether chylomicron remnants are atherogenic has been much debated. A
number of reports, which will be discussed later, point to a relationship between impaired
metabolism of postprandial triacylglycerol-rich lipoproteins and the presence of coronary
artery disease (CAD). For the purpose of standardization, the levels of plasma lipids and
lipoproteins are generally measured in the fasting state, despite the fact that most of our
lives are spent between regular meals. For obvious reasons, no consensus has been reached
on how postprandial lipoproteins should be quantified in the clinical setting. A large body
of studies from the 1950s and 1960s focused on plasma levels of triacylglycerols after a
fatty meal in case—control studies. Unfortunately, the interest declined when it was found
that the postprandial triacylglycerol level was closely reflected by fasting plasma con-
centrations (Nestel, 1964). A few fairly recent studies have used vitamin A supple-
mentation of the test meal leading to retinyl ester (mainly retinyl palmitate; RP)
incorporation into chylomicrons and their remnants as a means of tracing intestinal lipo-
proteins in plasma. It was shown that postprandial plasma concentrations of RP were
higher in CAD patients than in healthy subjects (Simpson et al. 1990; Groot et al. 1991).
With the discovery of the normal truncated variant of apolipoprotein (apo) B, the apo B-48
which in human subjects is the structural protein of intestinally-derived triacylglycerol-rich
lipoproteins, a specific marker for chylomicrons and their remnants was found (Kane et al.
1980). The simultaneous quantification of apo B-48 and apo B-100 in subfractions of
triacylglycerol-rich lipoproteins after fat intake has led to a better understanding of the
metabolism of postprandial triacylglycerol-rich lipoproteins and of their relationship with
CAD. However, there is a complete lack of prospective studies in which postprandial lipid
metabolism has been related to future events of CAD or progression of atherosclerosis.

METABOLISM OF CHYLOMICRONS AND THEIR REMNANTS

Chylomicrons are secreted by the intestine after fat intake. Chylomicron particles contain
apo B-48 as the structural protein, which in human subjects is formed exclusively in the
intestine after tissue-specific editing of the apo B-100 mRNA (Chan, 1992), the
significance of which has not been established. Once the chylomicron particle reaches
the plasma compartment, it acquires variants of apo C, in particular apo C-II, to enable
efficient unloading of its massive triacylglycerol content after attaching to lipoprotein
lipase (EC 3.1.1.34; LPL) bound to the endothelium (Patsch, 1987). In plasma, the
chylomicrons and their remnants mix with endogenous lipoproteins. The half-life of
chylomicrons is very short; it has been estimated to be approximately 5 min (Patsch, 1987).
The bulk of remnants are taken up by the liver using apo E as a ligand. The mechanisms
behind chylomicron remnant uptake have not been clearly elucidated. Recently, Windler et
al. (1996) suggested the presence of two distinct chylomicron remnant receptors; one
indistinguishable from the LDL receptor, which mediates binding and uptake of smaller
remnant species; another, as yet unidentified, which removes larger chylomicron remnant
species at a high rate. The pivotal role of apo E as a ligand for receptor-mediated uptake of

https://doi.org/10.1079/PNS19970067 Published online by Cambridge University Press


https://doi.org/10.1079/PNS19970067

672 F. KARPE

remnants is clear from studies in type III hyperlipoproteinaemic patients. The presence of
apo E, allele(s) results in a delayed uptake of chylomicron remnants, and patients with type
HI hyperlipoproteinaemia who are homozygous for the apo E, allele have a severely-
retarded elimination of chylomicron remnants (Hazzard & Bierman, 1976).

VLDL METABOLISM IN THE POSTPRANDIAL STATE

VLDL particles are secreted continuously from the liver. In contrast to chylomicrons and
their remnants, they are characterized by their apo B-100 content (Chan, 1992). The
secretion rate of VLDL is partly determined by the availability of triacylglycerols, whereas
the generation of the apo B-100 protein seems to be constant (Chan, 1992). This means that
immature triacylglycerol-poor VLDL particles will be degraded intracellularly instead of
being secreted. The triacylglycerol substrate for the VLDL secretory pathway derives
essentially from three sources, all of which can be regulated by food intake. First, free fatty
acids (FFA) generated by lipolysis in adipose tissue through the action of hormone-
sensitive lipase (EC 3.1.1.3) provide a major source for the liver triacylglycerol secretion.
Second, hepatic uptake of poorly lipolysed remnant particles from either VLDL or
chylomicrons can contribute. Furthermore, reduced uptake of FFA in adipose and muscle
tissues after LPL-mediated lipolysis of chylomicrons and VLDL redirects FFA to the liver,
in particular in the postprandial phase (Coppack ef al. 1992; Frayn et al. 1993). Third, the
liver has the capacity for de novo synthesis of triacylglycerols, which is most evident in
carbohydrate overfeeding. Accordingly, the balance between oxidation of FFA in liver and
muscle, and the relative contributions of all these triacylglycerol-FFA flux rates determine
the VLDL secretion rate.

After a fatty meal, chylomicrons and VLDL mix in blood and, thus, compete for the
same lipolytic pathway (Brunzell et al. 1973). It has been shown that endogenous
triacylglycerol-rich lipoproteins accumulate in human plasma after fat intake (Cohn et al.
1988; Karpe er al. 1993b; Schneeman et al. 1993), but the mechanism behind this
phenomenon is not obvious, since both an enhanced synthesis and an attenuated lipolysis of
VLDL have to be considered. Whether this is due to enhanced liver secretion, decreased
removal from plasma, or to competition between large VLDL and chylomicrons for the
same lipolytic pathway, or a combination thereof, could not be determined in that study.
Bjorkegren et al. (1996) have recently developed a model in which a short-term
intravenous infusion of a triacylglycerol emulsion was administered to human subjects to
specifically address the issue of competition for lipolysis between the chylomicron-like
emulsion and VLDL. An acute threefold increase in plasma triacylglycerols was
accompanied by a consistent linear increase in Svedberg flotation unit (S;) 60400 apo
B-100 during the 60 min infusion of the chylomicron-like triacylglycerol emulsion. In
contrast, the S; 2060 apo B-100 content decreased in most subjects. With the use of
stable-isotope tracer techniques and kinetic modelling of the tracer it was shown that
reduced catabolism of VLDL was the only reasonable explanation for the accumulation of
large VLDL. Clearly, the most likely explanation for the rise in Sy 60-400 VLDL is
delayed lipolysis of the particle due to competition for the sites of LPL action.
Furthermore, endogenous triacylglycerol-rich lipoproteins accumulate in rat plasma due to
a failure to compete successfully with the chylomicron-like triacylglycerol emulsion for a
common lipolytic pathway (Karpe & Hultin, 1995). Importantly, the increase in the number
of triacylglycerol-rich apo B-100-containing lipoprotein particles after fat intake is far
greater than that of apo B-48-containing lipoproteins. Schneeman et al. (1993) showed that
80 % of the increase in particle number was accounted for by particles containing apo
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B-100. Similar results were obtained independently by Karpe et al. (1993b) and Cohn et al.
(1988). Interestingly, the increase was confined to large VLDL particles, whereas the
plasma concentration of small VLDL did not change in response to oral fat intake (Karpe et
al. 1993b). Conversely, 80 % of the postprandial increase in triacylglycerols was accounted
for by lipoproteins containing apo B-48 (Cohn et al. 1993).

Exchange of lipoprotein core lipids is enhanced and, essentially, a flow of cholesteryl
esters from HDL and LDL is balanced by a counterflow of triacylglycerols leaving the
expanding pool of triacylglycerol-rich lipoproteins. The increase in cholesterol in the tri-
acylglycerol-rich lipoprotein fraction is, on the other hand, accounted for by VLDL
(Schneeman et al. 1993), i.e. up to 90 % of the increase in cholesterol in the triacylglycerol-
rich lipoprotein fraction after a fatty meal was explained by the elevation in VLDL particle
number. Cholesteryl esters are transferred from HDL, and perhaps from LDL, to VLDL in
exchange for triacylglycerols. The exchange mechanism is dependent on the concentration
of acceptor lipoprotein particles and on the concentration of cholesteryl ester transfer
protein (CETP). Several reports testify that the transfer of cholesteryl esters from HDL to
the triacylglycerol-rich lipoprotein fraction is enhanced during alimentary lipaemia
(Eisenberg, 1985; Dullaart et al. 1989). As a result, HDL is depleted of cholesterol,
whereas HDL-particle concentration measured as apo A-I-containing lipoprotein particles
with and without apo A-II is unaffected by a fatty meal (Karpe ef al. 1993a). Furthermore,
Mann et al. (1991) have shown that the exchange of cholesteryl esters is enhanced with
increasing plasma triacylglycerol levels in normotriacylglycerolaemic plasma, in contrast
to hypertriacylglycerolaemic plasma, in which the excess of acceptor lipoprotein is
sufficient to allow CETP to be the rate-limiting factor for the exchange of core lipids. It is
likely, therefore, that the massive increase in the number of potential acceptor lipoprotein
particles for cholesteryl esters in the postprandial state determines the amount of
cholesterol recovered in the VLDL fraction of fasting plasma samples. Zilversmit (1979)
hypothesized that postprandial lipaemia is an atherogenic state, and that the cholesterol
content of chylomicron remnants is a cornerstone in this hypothesis. Recent studies on
postprandial lipoprotein metabolism in which cholesterol has been added to a single fatty
meal or to the long-term diet, however, have shown a less-than-expected cholesterol
accumulation in the triacylglycerol-rich lipoproteins (Dubois et al. 1994; Ginsberg et al.
1994; Clifton & Nestel, 1996). The acute effect of adding cholesterol to the diet on lipid
composition of postprandial triacylglycerol-rich lipoproteins has recently been investigated
by Dubois ez al. (1994). The dose-response effect in postprandial lipoprotein fractions of
cholesterol enrichment by adding 0, 140, 280 or 710 mg cholesterol to a high-fat meal was
investigated in ten normolipidaemic subjects. Interestingly, the relative lipid composition
(including cholesterol) of the large and small triacylglycerol-rich lipoprotein fractions
isolated in the postprandial state was not influenced by the added cholesterol. Total plasma
cholesterol increased slightly at the two high-cholesterol doses. There was a small but
significant increase in total plasma triacylglycerols which was accounted for by an increase
in triacylglycerols in the largest triacylglycerol-rich lipoprotein fraction. Recently, the
same investigators have continued this line of research by showing that dietary cholesterol
accounts for only a very small proportion of the cholesterol carried as chylomicrons
(Dubois et al. 1996). In fact, the calculated proportion of dietary cholesterol present in the
chylomicron fraction was only one of ninety-nine cholesterol molecules originating
directly from the meal. Accordingly, the contribution of cholesterol-rich chylomicron
remnant particles is limited in alimentary lipaemia in comparison with the VLDL
remnants. Furthermore, the proportion of cholesterol directly derived from the diet is
quantitatively of minor importance in the lipid composition of chylomicron remnants. This
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should be taken into consideration when an evaluation of the relationship between
postprandial lipoproteins and development of coronary atherosclerosis is attempted.

REMNANTS OF TRIACYLGLYCEROL-RICH LIPOPROTEINS AND CORONARY ARTERY
DISEASE

Quantification of postprandial triacylglycerol-rich lipoproteins is a major methodological
challenge. Many researchers have made use of the chylomicron-specific transport route for
vitamin A. After ingestion, vitamin A is to a large extent incorporated into chylomicron
particles as retinyl esters, mainly RP (Goodman, 1980). A major proportion of RP stays
within the chylomicron until it is taken up by the liver. There were only minimal signs of
exchange of RP between chylomicrons and VLDL in a type I hyperlipidaemic patient
(Sprecher et al. 1991). However, a few studies have questioned the applicability of RP as a
means of quantifying intestinally-derived triacylglycerol-rich lipoproteins. First, Krasinski
et al. (1990) have shown that the postprandial RP pattern in plasma does not always
coincide with the postprandial triacylglycerol pattern, and that a substantial proportion of
the plasma RP at later time-points after oral fat intake is found in the LDL fraction. Second,
we have found that the postprandial elevations in apo B-48 and RP in fractions of
triacylglycerol-rich lipoproteins do not coincide, and that there are many more RP
molecules per apo B-48 molecule in the largest (S¢> 400 fraction) particles compared with
the smaller ones (S¢ 60—400 and Sy 20-60 fractions; Karpe et al. 1995). Third, separation of
apo B-100-containing lipoproteins from apo B-48-containing lipoproteins by immunoaffi-
nity chromatography indicates that RP is found in VLDL (apo B-100-containing
lipoproteins), in particular at later time-points after oral fat intake (Cohn et al. 1993). It
should be emphasized, therefore, that RP is a marker of chylomicrons and their remnants
only with limited specificity. These recent findings suggest that the interpretation of
clinical studies using RP measurements after a fat load is confounded by the transfer of RP
to apo B-100-containing lipoproteins, in particular at later time-points after an oral fat load.

The clearance of RP was delayed in subjects with documented presence of CAD
(coronary angiogram) compared with disease-free subjects (Weintraub et al. 1996). The
groups were matched for fasting plasma triacylglycerols. A second (and nowadays
neglected) way of quantifying postprandial triacylglycerol-rich lipoproteins is the mere
determination of plasma triacylglycerols. Peak plasma triacylglycerols after fat intake have
been shown to reflect mainly the fasting plasma level, but the triacylglycerol concentration
measured at later time points after an oral fat load seems to be a potential discriminator for
the presence of CAD (Patsch et al. 1992). Interestingly, Uiterwaal et al. (1994) showed an
exaggerated triacylglycerolaemic (only at later time-points after fat intake) response to a
fatty meal in sons of patients with angiogram-documented presence of CAD compared
with sons of healthy men. Furthermore, there was no difference in fasting plasma
triacylglycerols. This study argues for an important heritable trait determining the
triacylglycerolaemic outcome of a fat challenge. It could be argued, therefore, that plasma
triacylglycerols measured at later time-points after fat intake might reflect a type of fat
intolerance that is of clinical importance.

In human subjects, specific quantification of chylomicrons and chylomicron remnants
can only be achieved by direct determination of the plasma concentrations of apo B-48. A
method for specific quantification of apo B-48 and apo B-100 has been described by Poapst
et al. (1987). Recently, Zilversmit & Shea (1989) also evaluated the quantification of apo
B-48 and apo B-100 using SDS-PAGE, gel scanning and radio-iodination. A similar
approach has been adopted by us (Karpe & Hamsten, 1994) and more recently by others
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(Kotite et al. 1995). Furthermore, we have shown that overloading of apo B-100 on the
analytical SDS-PAGE gel is the principal cause for discrepant results regarding the
chromogenicity of the apo B variants previously reported in the literature (Poapst et al.
1987).

As previously discussed in detail, it has become apparent that the apo B-100-
containing triacylglycerol-rich lipoproteins constitute an overwhelming majority of the apo
B-containing lipoproteins present in the postprandial state (Karpe et al. 1993b, 1995;
Schneeman et al. 1993; Karpe & Hamsten, 1994; Havel, 1994). Chylomicrons and
chylomicron remnants account for 10% or at most 20% of the total increase in
triacylglycerol-rich lipoprotein particles after fat intake. In addition, it has become
apparent that the postprandial state modulates both the metabolism and composition of the
apo B-100-containing lipoprotein particles (Karpe et al. 1993b). It is justified, therefore, to
include VLDL remnants in the discussion of the importance of remnant lipoproteins in
CAD progression. Two studies suggest a relationship between elevated postprandial levels
of chylomicron remnants and the presence of CAD. First, Simons et al. (1987) showed that
the relative enrichment of apo B-48 compared with apo B-100 in the S¢> 60 lipoprotein
fraction sampled 4h after fat intake was significantly greater among CAD patients
compared with controls. Unfortunately, the results of this study are difficult to interpret
since there was also a significant difference in baseline plasma triacylglycerols. The
difference found in the 4h sample, which would coincide with the peak plasma
triacylglycerol level, is just as likely, therefore, to reflect the baseline difference between
the groups. Second, we have shown that the postprandial concentrations of small
chylomicron remnants (apo B-48 in the Sy 20—-60 lipoprotein fraction) after a mixed-meal
type of oral fat tolerance test correlates with the S-year progression of coronary
atherosclerosis, as determined by repeated coronary angiographies, in young post-
infarction patients (Karpe et al. 1994). The patients in this study were, however, highly
selected. First, females and patients with severe hyperlipoproteinaemia were not
investigated. Second, a certain number of patients died in the course of the follow-up
period. It is also evident from this study that apo B-48-containing lipoproteins only
constitute a very small proportion of the total population of triacylglycerol-rich
lipoproteins in plasma. Thus, the interpretation of these data is not entirely straightforward,
not least as the concentrations of apo B-48 correlated significantly with the plasma levels of
small, dense LDL (Karpe et al. 1993¢). It can be argued, therefore, that impaired handling
of postprandial triacylglycerols is another aspect of the ‘atherogenic lipoprotein
phenotype’. A similar conclusion was indicated by results reported for a group of non-
insulin-dependent diabetic patients (Tan et al. 1995). As the metabolism of endogenous
and exogenous triacylglycerol-rich lipoproteins are so tightly linked it is reasonable also to
discuss studies relating VLDL variables to the presence of CAD. Two recent studies
suggest that ‘VLDL remnants’ are linked to progression of CAD (Phillips et al. 1993;
Tomvall et al. 1993). Furthermore, the MARS study, which is an angiographic,
randomized, double-blind, placebo-controlled 2-year trial of Lovastatin monotherapy,
indicates that triacylglycerol-rich lipoproteins are specifically linked to progression of mild
to moderate coronary lesions (Hodis et al. 1994).

An important contribution relating to this issue has been reported by Rapp et al.
(1994), who isolated triacylglycerol-rich lipoproteins by selected-affinity anti-apo B
immunosorbtion from human atherosclerotic plaques. The methodology included thorough
precautions to avoid degradation of the lipoproteins before and during the isolation
procedure. Intact triacylglycerol-rich lipoproteins were isolated from the plaque tissue.
These lipoproteins resembled the triacylglycerol-rich lipoproteins circulating in plasma,
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except for a slightly larger particle size. Thus, this study clearly demonstrated that
triacylglycerol-rich lipoproteins are deposited in the atherosclerotic plaque.

Taken together, future clinical studies of the relationship between postprandial
lipoproteins and CAD should include more than the measurement of chylomicron
remnants. In terms of generation of potentially-atherogenic remnant lipoproteins after fat
intake, the apo B-100 containing lipoproteins seem to be of major importance.
Furthermore, hypertriacylglycerolaemia, in particular prolonged alimentary lipaemia, has
been hypothesized to be a hypercoagulable condition (Hamsten, 1993).
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