
ISSN: 1524-4636 
Copyright © 2002 American Heart Association. All rights reserved. Print ISSN: 1079-5642. Online

7272 Greenville Avenue, Dallas, TX 72514
Arteriosclerosis, Thrombosis, and Vascular Biology is published by the American Heart Association.

DOI: 10.1161/01.ATV.0000029972.42487.42 
18, 2002; 

 2002;22;1470-1474; originally published online JulArterioscler. Thromb. Vasc. Biol.
Gene Bond, Ulf de Faire and Anders Hamsten 

Johan Björkegren, Angela Silveira, Susanna Boquist, Rong Tang, Fredrik Karpe, M.
 Normolipidemic Men With Early Asymptomatic Atherosclerosis

Postprandial Enrichment of Remnant Lipoproteins With ApoC-I in Healthy

 http://atvb.ahajournals.org/cgi/content/full/22/9/1470
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

 http://www.lww.com/static/html/reprints.html
Reprints: Information about reprints can be found online at 
  

 journalpermissions@lww.com
Street, Baltimore, MD 21202-2436. Phone 410-5280-4050. Fax: 410-528-8550. Email: 
Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, 351 West Camden
  

 http://atvb.ahajournals.org/subsriptions/
Biology is online at 
Subscriptions: Information about subscribing to Arteriosclerosis, Thrombosis, and Vascular

 at SWETS NORTH AMERICA on August 4, 2006 atvb.ahajournals.orgDownloaded from 

http://atvb.ahajournals.org/cgi/content/full/22/9/1470
http://atvb.ahajournals.org/subscriptions/
mailto:journalpermissions@lww.com
http://www.lww.com/static/html/reprints.html
http://atvb.ahajournals.org


Postprandial Enrichment of Remnant Lipoproteins With
ApoC-I in Healthy Normolipidemic Men With Early

Asymptomatic Atherosclerosis
Johan Björkegren, Angela Silveira, Susanna Boquist, Rong Tang, Fredrik Karpe, M. Gene Bond,

Ulf de Faire, Anders Hamsten

Objectives—Recently, we reported that exaggerated postprandial triglyceridemia in normolipidemic patients with coronary
artery disease is associated with enrichment of remnant lipoproteins with apolipoprotein C-I (apoC-I). In this study, the
number and composition of chylomicron remnants and very low density lipoproteins (VLDLs) were examined in 30
asymptomatic normolipidemic 50-year-old men with and without early carotid atherosclerotic lesions.

Results and Methods—Intima-media thickness of the far wall of the common carotid artery was determined by B-mode
ultrasound. Triglyceride-rich lipoproteins were subfractionated by density gradient ultracentrifugation and separated into
VLDL and chylomicron remnant fractions by immunoaffinity chromatography. The postprandial triglyceridemia and
increase in triglyceride-rich lipoprotein particle number (ie, apolipoprotein B concentrations) were not exaggerated in
men with early atherosclerosis. In contrast, their large (Svedberg flotation rate 60 to 400) and small (Svedberg flotation
rate 20 to 60) chylomicron remnants and VLDL were greatly enriched with apoC-I, and their small chylomicron
remnants and VLDL particles were relatively enriched with cholesterol. Moreover, the number of apoC-I molecules on
small chylomicron remnants was strongly associated with the degree of atherosclerosis.

Conclusions—Early asymptomatic atherosclerosis in normolipidemic men without exaggerated postprandial triglycer-
idemia is associated with the enrichment of postprandial chylomicron and VLDL particles with apoC-I. Therefore, it is
conceivable that the apoC-I content of lipoprotein remnants may serve as an early marker of coronary artery disease risk.
(Arterioscler Thromb Vasc Biol. 2002;22:1470-1474.)
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Prolonged postprandial triglyceridemia has repeatedly
been reported in normolipidemic patients with premature

atherosclerosis.1 This exaggerated accumulation of triglycer-
ides, in part, accounts for the postprandial accumulation of
intestine-derived triglyceride-rich lipoproteins (TRLs): chy-
lomicrons and chylomicron remnants. In fact, the postpran-
dial accumulation of chylomicron remnants is associated with
the presence2,3 as well as the progression4 of coronary artery
disease (CAD). In addition, some studies have reported a role
for liver-derived VLDLs in coronary atherosclerosis.5,6 These
clinical observations have led to interest in the composition
and metabolism of chylomicron and VLDL particles in
subjects with early atherosclerotic disease.

Normally, the composition of the TRL changes during the
metabolic processing of these particles, and these composi-
tional changes facilitate their removal by hepatic lipoprotein
receptors.7,8 It is conceivable that perturbations of the post-
prandial composition of TRLs could contribute to a delay of

their clearance and even render them more atherogenic. In
support of this theory, a recent study has shown that levels of
specific families of TRLs, as defined by their apolipoprotein
content, are better predictors of CAD progression than are the
total plasma apolipoprotein or lipid levels.9 Furthermore, we
recently reported that VLDL particles are enriched with
apoC-I during exaggerated postprandial triglyceridemia in
normolipidemic CAD patients.10

Despite evidence implicating elevated chylomicron rem-
nants and VLDL in CAD, there have been no attempts to
analyze the composition of TRL remnants in early asymp-
tomatic atherosclerosis. In the present study, we tested the
hypothesis that perturbation of TRL remnant composition
precedes the exaggerated postprandial triglyceridemia com-
monly observed in normolipidemic CAD patients. To address
this hypothesis, we examined the postprandial response in
asymptomatic 50-year-old normolipidemic healthy male sub-
jects with or without early carotid atherosclerosis. Despite
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normal postprandial triglyceridemia, we identified abnormal-
ities in chylomicron remnant and VLDL composition associ-
ated with early lesions in the carotid arteries.

Methods
Human Subjects
Intima-media thickness (IMT) of the far wall of the common carotid
artery was determined by ultrasound examination in 96 healthy
50-year-old white men recruited from a population survey in the
northern county of Stockholm, Sweden. Carotid ultrasounds were
performed according to the European Lacidipine Study on Athero-
sclerosis (ELSA) ultrasound protocol11 by using a Biosound 2000 II
ultrasound device with an 8-MHz high-resolution annular-array
scanner (Biosound Inc). Only subjects who were normolipidemic
(LDL cholesterol �4.5 mmol/L and plasma triglycerides
�2.0 mmol/L) and had an apoE3/E3 genotype12 were chosen for the
study. Among these men, the TRL apolipoprotein and lipid compo-
sition was assessed only in those who had an IMT above the 75th
percentile of 0.92 mm (1.01�0.012 mm [mean�SD]; IMT� group,
n�20) and in those who had an IMT below the 25th percentile of
0.69 mm (0.62�0.05 mm; IMT� group, n�10). There were no
differences in smoking habits, alcohol consumption, or blood pres-
sure between the IMT groups. Plasma cholesterol, triglyceride,
glucose, and insulin concentrations were also comparable in the 2
groups (Table 1). All subjects gave oral informed consent to the
present study, which was approved by the ethics committee of the
Karolinska Hospital.

TRL Separation
Participants underwent a mixed-meal type of oral fat-tolerance test
(total energy content 1000 calories; 60.2% of calories from fat,
13.3% from protein, and 26.5% from carbohydrates).8 No subject
smoked or consumed alcoholic beverages for 3 days before the meal,
and all participants fasted for 12 hours before the meal. Blood
samples were collected into precooled sterile tubes (Vacutainer,
Becton Dickinson) containing Na2EDTA (1.4 mg/mL) before the
meal and 3 and 6 hours after the meal. All samples were kept on ice,
and plasma was recovered within 30 minutes by low-speed centrif-
ugation (1750g) at 4°C. Svedberg flotation rate (Sf)�400, Sf-60 to
-400, and Sf-20 to -60 lipoprotein fractions were prepared from the
plasma by standard ultracentrifugation protocols.8 Chylomicron
remnants, VLDL, and VLDL particles in the Sf-60 to -400 and Sf-20
to -60 fractions were separated by immunoaffinity chromatography
with the apoB-100–specific monoclonal antibodies 4G3 and 5E11,13

as described.8 SDS-PAGE8 revealed that �83% of total apoB-100
was in the bound fraction and that 81�6% of apoB-100 (mean�SD,
n�7) and 82�3% of apoE were recovered from the column. There
was no apoB-48 in the bound fraction. ApoB-48–containing parti-
cles represented �80% of total particles in the unbound fraction of
both the Sf-60 to -400 and the Sf-20 to -60 fractions.

Lipid and Apolipoprotein Determination
Triglycerides and phospholipids in the bound and unbound fractions
were determined enzymatically (Boehringer-Mannheim; Wako
Chemicals GmbH). Cholesterol was determined either enzymatically
(Merck) or by a chemical method14 (if low concentrations were
expected). ApoB and apoE were quantified by SDS-PAGE with
purified apoB-00 used as a standard, and the contents of apoCs were
quantified by urea gel electrophoresis with insulin used as a
standard.8 The plasma lipoprotein concentrations were measured by
a combination of preparative ultracentrifugation, precipitation of
apoB-containing lipoproteins, and lipid analyses.15 A enzymatic
immunoassay was used to measure fasting concentrations of apoC-I
in the plasma.16 In a subset of the study group, fasting and
postprandial plasma apoC-I concentrations were measured by using
a commercially available ELISA (Biodesign International).

Calculations and Statistical Methods
To obtain the number of apolipoprotein and lipid molecules per TRL
particle, the molarity of apolipoproteins and lipids was divided by
the molarity of apoB. The statistical significance of differences in the
plasma concentration or composition of TRL particles from men in
the IMT� and IMT� groups was tested by Mann-Whitney test, and
within group differences from baseline to postprandial time points
were analyzed by Wilcoxon signed rank test. Correlation coefficients
were calculated by Spearman rank tests. Values are reported as
mean�SD.

Results
Plasma Triglycerides and ApoB-48 and ApoB-100
Concentrations in TRL Fractions
Fasting plasma triglyceride levels were similar in the 2 IMT
groups, as were postprandial responses to the oral fat load
(Table 2). Nor were there any statistically significant differ-
ences in fasting or postprandial concentrations of TRL
particle numbers between the IMT groups, as reflected by
apoB-100 and apoB-48 concentrations in Sf fractions (Table
2). In the Sf�400 fraction, fasting and postprandial apoB-48
and apoB-100 were low or undetectable, reflecting a low
number of TRL particles. The apoB-48 and apoB-100 con-
centrations in the Sf-60 to -400 fraction increased transiently
in response to the oral fat load, as did the apoB-48 concen-
trations in the Sf-20 to -60 fraction in the IMT� subjects. In
contrast, the apoB-48 concentration in the Sf-20 to -60
fraction in the IMT� subjects did not return to fasting levels
at 6 hours but, instead, remained at the 3-hour postprandial
level (P�0.05 versus the fasting level). ApoB-100 concen-
trations in the Sf-20 to -60 fraction were unaffected by the
oral fat load. As expected,17,18 the apoB-100 concentrations in
the Sf-60 to -400 and Sf-20 to -60 fractions were 10 times
higher than the corresponding apoB-48 concentrations in the
fasting and the postprandial state. The fasting plasma apoC-I
concentrations were similar in IMT� and IMT� groups
(115�19 versus 108�15 mg/L [n�20 and 10], respectively;
P�0.28). In accordance with earlier observations,19 the
plasma apoC-I concentrations decreased in response to the
test meal (110�18, 87.3�18, and 87.8�24 mg/L at 0, 3, and

TABLE 1. Basic Characteristics of the Study Groups

IMT� (n�20) IMT� (n�10)

BMI, kg/m2 23.8�1.5* 25.3�2.1

Glucose, mmol/L 4.8�0.48 4.7�0.43

Insulin, pmol/L 32.7�15.0 30.6�16.4

Pro-insulin, pmol/L 2.6�1.0 2.1�0.68

Cholesterol, mmol/L

VLDL 0.29�0.18 0.27�0.12

LDL 3.46�0.74 3.31�0.41

HDL 1.33�0.36 1.29�0.39

Triglycerides, mmol/L

VLDL 0.71�0.37 0.75�0.44

LDL 0.27�0.07 0.24�0.04

HDL 0.11�0.03 0.11�0.02

Values are mean�SD.
VLDL indicates d�1.006 g/dL lipoproteins; LDL, d�1.006–1.063 g/dL

lipoproteins; HDL, d�1.063 g/dL lipoproteins.
*P� 0.05 vs IMT� subjects.
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6 hours, respectively; n�13; P�0.05 for 3 hours versus
baseline and P�0.02 for 6 hours versus baseline).

Composition of Fasting and Postprandial
Chylomicron Remnants
The number of triglyceride molecules per large (Sf-60 to
-400) chylomicron remnant particle in both groups was
unaffected by the oral fat load. However, the number of
triglyceride molecules per large chylomicron particle was
�2-fold higher in the IMT� subjects than in IMT� subjects
at all time points (please see online Figure I, available at
http://www.atvb.ahajournals.org). The number of apoC-II
and apoC-III molecules on large chylomicron particles was
also 2-fold higher in the IMT� group (P�0.005 and P�0.05,
respectively; see online Figure I). In contrast, the number of
apoC-I molecules on large chylomicron remnant particles at 6
hours was 4-fold higher in IMT� subjects than in IMT�
subjects (P�0.005), indicating that large chylomicron rem-
nants from IMT� subjects were enriched with apoC-I (Figure
1). In addition, the apoE and cholesterol contents of large
chylomicron remnant particles returned to fasting levels at 6
hours in the IMT� subjects but remained elevated in the
IMT� subjects (P�0.05 and P�0.05, respectively, versus
baseline; see online Figure I).

In contrast to large chylomicron remnant particles, the
triglyceride content of small chylomicron remnant particles
(Sf 20 to -60) was similar in both groups (see online Figure
I). Despite similar particle size, the number of apoC-I
molecules per small chylomicron remnant particle at 6 hours
was 2-fold higher in the IMT� than in the IMT� subjects
(Figure 1, P�0.05). Furthermore, the number of apoC-I
molecules on small chylomicron remnant particles at 6 hours
was positively associated with the IMT score in the IMT�
group (r�0.47, P�0.005; n�20) and in the IMT� group
(r�0.65, P�0.01; n�10). In addition, the average cholester-
ol/triglyceride ratio of small chylomicron remnant particles
increased considerably from baseline to the 6-hour time point
in response to the test meal in IMT� subjects (from 56�13%
to 75�18%, P�0.05; n�20) but remained unchanged or
even decreased in IMT� subjects (54�14% versus 48�22%,
P�NS; n�10).

Composition of Fasting and Postprandial VLDL
As observed for chylomicron remnant particles, the number
of apoC-I molecules on large and small VLDL particles was
2-fold higher at 6 hours in the IMT� subjects than in the
IMT� subjects (P�0.005 and P�0.05 for large and small

Figure 2. Line plots of changes in the number of apoC-I mole-
cules per VLDL particle (mol apoC-I/mol apoB-100) in Sf-60 to
-400 and Sf-20 to -60 lipoproteins in IMT� (n�10) and IMT�
(n�20) subjects. Blood samples were drawn before and 3 and 6
hours after intake of the test meal. VLDLs were isolated from
chylomicron remnants by immunoaffinity chromatography with
the human apoB-100–specific monoclonal antibodies 4G3 and
5E11. f indicates VLDL from IMT� subjects; �, VLDL particles
from IMT� subjects. Values are mean�SEM. *P� 0.05 vs IMT�
subjects; **P� 0.005 vs IMT� subjects; †P� 0.05 vs baseline
within each group; and ‡P�0.005 vs baseline within each
group.

TABLE 2. Concentrations of Plasma Triglycerides and of Apo-B48 and Apo-B100 in Sf>400, Sf 60–400,
and Sf 20–60 Fractions in the IMT� and IMT� Groups

Time After
Test Meal, h Groups

Plasma Sf�400 Sf 60–400 Sf 20–60

Triglycerides,
mmol/L

Apo-B48,
mg/L

Apo-B100,
mg/L

Apo-B48,
mg/L

Apo-B100,
mg/L

Apo-B48,
mg/L

Apo-B100,
mg/L

0 IMT� (n�20) 1.2�0.3 ND ND 0.9�0.6 16�12 1.5�1.1 36�19

IMT� (n�10) 1.4�0.6 ND ND 1.2�1.0 19�15 1.3�0.9 32�18

3 IMT� (n�20) 2.7�1.1‡ 0.4�0.3 0.4�0.5 2.4�1.6‡ 29�16* 2.0�1.5* 35�18

IMT� (n�10) 2.7�1.0‡ 0.5�0.7 0.3�0.3 3.0�1.4* 36�23‡ 1.9�1.1* 28�12

6 IMT� (n�20) 1.6�0.8* 0.2�0.2 0.3�0.5 1.4�1.3* 20�19 2.0�1.0* 34�19

IMT� (n�10) 1.8�0.8* 0.2�0.2 ND 1.6�0.8 26�21 1.5�0.8 33�20

Values are mean�SD.
ND indicates not detectable; Sf, Svedberg flotation rate.
*P�0.05, †P�0.005, ‡P�0.0005 vs the fasting determinations in the two groups. Differences between IMT groups were not

statistically significant by Mann-Whitney test (P�0.05).

Figure 1. Line plots of changes in the number of apoC-I mole-
cules per chylomicron particle (mol apoC-I/mol apoB-48) in
Sf-60 to -400 and Sf-20 to -60 lipoproteins in IMT� (n�10) and
IMT� (n�20) subjects. Blood samples were drawn before and 3
and 6 hours after intake of the test meal. Chylomicron remnants
were isolated from VLDLs by immunoaffinity chromatography
with the human apoB-100–specific monoclonal antibodies 4G3
and 5E11. F indicates chylomicron remnants from IMT� sub-
jects; �, chylomicron remnants from IMT� subjects. Values are
mean�SEM. *P� 0.05 vs IMT� subjects; **P� 0.005 vs IMT�
subjects; and †P� 0.05 vs baseline within each group.

1472 Arterioscler Thromb Vasc Biol. September 2002



VLDL, respectively; Figure 2). In addition, the apoE and
cholesterol contents of small VLDL particles remained ele-
vated at 6 hours in the IMT� group but returned to fasting
levels in the IMT� group (P�0.0005 and P�0.05, respec-
tively, versus baseline; please see Figure II, available at
http://www.atvb.ahajournals.org). The cholesterol/triglycer-
ide ratio of the small VLDL particles in the IMT� group
increased substantially from baseline to the 6-hour time point
(from 49�22% to 68�41%, P�0.05; n�20) but remained
unchanged or even decreased in the IMT� group (from
57�23% to 55�19%, P�NS; n�10).

Discussion
Prolonged postprandial triglyceridemia associated with de-
layed clearance of chylomicron remnants has been consis-
tently noted in patients with premature atherosclerosis. How-
ever, the underlying metabolic mechanism for this perturbed
handling of postprandial triglycerides has not been defined. In
the present study, we examined the TRL apolipoprotein and
lipid composition in response to a fatty meal in healthy
normolipidemic men with or without early asymptomatic
atherosclerosis. In subjects with early atherosclerosis, large
and small chylomicron remnants and VLDL particles were
enriched with apoC-I, and small chylomicron and VLDL
particles were relatively enriched with cholesterol. In addi-
tion, the number of apoC-I molecules per small chylomicron
remnant particle was strongly associated with the degree of
atherosclerosis in both groups. In contrast, there were no
differences in fasting and postprandial plasma triglyceride
levels or fasting and postprandial TRL particle numbers
between men with and without early atherosclerosis.

The apoC-I enrichment of postprandial TRL remnants
could be an important mechanism for the delayed clearance
of lipoprotein remnants repeatedly observed in patients with
premature CAD. Unlike apoC-II and apoC-III, apoC-I does
not affect the conversion of large TRLs to smaller TRLs by
lipoprotein lipase–mediated hydrolysis.20 However, apoC-I
does affect chylomicron remnant and VLDL binding to
receptors.21 More specifically, apoC-I inhibits apoE-mediated
binding of TRL particles to the LDL receptor and to the LDL
receptor–like protein.22,23 Hence, the apoC-I enrichment of
large and small chylomicron and VLDL particles (observed
in the present study in the IMT� group) has the potential to
affect the clearance of these particles by receptor-mediated
pathways but should not affect the conversion of larger
remnant particles to smaller remnant particles by lipoprotein
lipase. Furthermore, an apoC-I–mediated delay in the
receptor-clearance would predominantly affect apoB-48–
containing remnants (ie, chylomicron remnants), considering
their dependence on apoE (as opposed to VLDL, which also
can be cleared through apoB-100–mediated LDL receptor
binding). In support of this notion, postprandial concentra-
tions of apoC-I-enriched small chylomicron remnants in the
IMT� subjects remained at the 3-hour level throughout the
entire postprandial period, whereas the postprandial concen-
tration of small chylomicron remnants in the IMT� subjects
increased transiently (Table 2). Previously, we have shown
that the apoC-I enrichment of VLDL particles that occurs in
CAD patients is associated with exaggerated postprandial

triglyceridemia.10 The absence of exaggerated postprandial
triglyceridemia and the tendency to perturbed handling of
small chylomicron remnants in healthy normolipidemic sub-
jects with asymptomatic atherosclerosis in the present study
indicate that apoC-I enrichment of postprandial TRL rem-
nants precedes perturbations in the postprandial metabolism
that are sensed by alterations in postprandial triglyceride
concentrations. However, other mechanisms (even second-
ary) for the postprandial apoC-I enrichment of VLDL and
chylomicron particles are possible, and the phenomenon
merits further investigation. For instance, apoC-I–enriched
lipoproteins in diabetic mice have recently been suggested to
be a secondary phenomenon to decreased remnant clearance
and heparan sulfate proteoglycan production.24 On the other
hand, the possibility that apoC-I plays a primary role in
regulating remnant metabolism is supported by the finding of
a functional polymorphism in the human apoC-I promoter
that has been shown to be associated with the profile of
plasma lipoproteins.25

Studies of human apoC-I transgenic mice also support a
role for apoC-I in the metabolism of postprandial TRLs.26 In
addition, the human apoC-I transgenic mouse was found to be
lean.27 The same authors also unexpectedly found that over-
expression of human apoC-I protects against obesity and
insulin resistance in the ob/ob mouse, a leptin-deficient
mouse model that develops obesity due to hyperphagia.28

Another related observation has also recently been made in
the VLDL receptor–knockout mouse, in which the absence of
the VLDL receptor also was found to protect against obesi-
ty.29 In consideration of the repeated observation that apoC-I
interferes with the binding of VLDL to the VLDL receptor
(apoE mediated) but not with the binding of VLDL to the
LDL receptor (apoB-100 mediated),30 the mechanism of the
protection against obesity in the setting of high levels of
apoC-I and in the setting of absent VLDL receptor could be
similar. It is possible that apoC-I enrichment of VLDL and
chylomicron remnants interferes with the binding of these
particles to the VLDL receptor in white adipose tissue. This
interference would cause a reduction in the metabolism of
TRLs in the adipose tissue, which would reduce white
adipose tissue mass and, potentially, the body weight. From
this perspective, it is noteworthy that the IMT� individuals
with postprandial apoC-I enrichment of TRLs had a body
mass index that was significantly lower than that of age-
matched IMT� individuals without this postprandial pertur-
bation (Table 1).

The fact that apoC-I was uniquely elevated in the postpran-
dial VLDL and chylomicron particles in men with early
asymptomatic atherosclerosis and the fact that the apoC-I
content of small postprandial chylomicron remnants was
strongly related to the degree of atherosclerosis in these
individuals suggest that the apoC-I enrichment of these
remnants is pivotal in causing early atherosclerotic lesions.
Small postprandial chylomicron and VLDL particles from
subjects with early atherosclerosis were, in addition to
apoC-I, enriched with cholesterol relative to their triglyceride
content. It is reasonable to assume that this relative choles-
terol enrichment reflects cholesterol esters that have been
transferred from HDL in exchange for triglycerides via
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cholesterol ester transfer protein (CETP).31 The grounds for
this assumption are as follows: (1) apoC-I enrichment of
these particles is likely to have a depleting effect on the
apoC-I content of HDL, which would increase CETP activi-
ty,32 and (2) apoC-I enrichment is likely to extend the half-life
of remnant particles in the circulation, which would increase
the time during which CETP-mediated cholesterol-triglycer-
ide exchange with HDL could occur. The formation of small
relatively cholesterol-rich VLDL and chylomicron remnants
could be very relevant to the development of early athero-
sclerosis in the IMT� subjects because these small remnants,
like LDL, are thought to be prone to retention within the
arterial intima.33 Prospective studies are warranted to deter-
mine whether the apoC-I content of lipoprotein remnants
constitutes a general marker of CAD risk.

Acknowledgments
This work was supported by the Swedish Medical Research Council
(grant Nos. 8691 and 9533), the Swedish Heart-Lung Foundation,
the Marianne and Marcus Wallenberg Foundation, the Torsten and
Ragnar Söderberg Foundation, the Kind Gustaf V 80th Birthday
Foundation, and the Prof Nanna Svartz Foundation.

References
1. Karpe F. Postprandial lipoprotein metabolism and atherosclerosis.

J Intern Med. 1999;246:341–355.
2. Simons LA, Dwyer T, Simons J, Bernstein L, Mock P, Poonia NS,

Balasubramaniam S, Baron D, Branson J, Morgan J, et al. Chylomicrons
and chylomicron remnants in coronary artery disease: a case-control
study. Atherosclerosis. 1897;65:181–189.

3. Weintraub MS, Grosskopf I, Rassin T, Miller H, Charach G, Rotmensch
HH, Liron M, Rubinstein A, Iaina A. Clearance of chylomicron remnants
in normolipidaemic patients with coronary artery disease: case control
study over three years. BMJ. 1996;312:936–939.

4. Karpe F, Steiner G, Uffelman K, Olivecrona T, Hamsten A. Postprandial
lipoproteins and progression of coronary atherosclerosis. Atherosclerosis.
1994;106:83–97.

5. Phillips NR, Waters D, Havel RJ. Plasma lipoproteins and progression of
coronary artery disease evaluated by angiography and clinical events.
Circulation. 1993;88:2762–2770.

6. Tornvall P, Bavenholm P, Landou C, de Faire U, Hamsten A. Relation of
plasma levels and composition of apolipoprotein B-containing
lipoproteins to angiographically defined coronary artery disease in young
patients with myocardial infarction. Circulation. 1993;88:2180–2189.

7. Bjorkegren J, Hamsten A, Milne RW, Karpe F. Alterations of VLDL
composition during alimentary lipemia. J Lipid Res. 1997;38:301–314.

8. Bjorkegren J, Karpe F, Milne RW, Hamsten A. Differences in apoli-
poprotein and lipid composition between human chylomicron remnants
and very low density lipoproteins isolated from fasting and postprandial
plasma. J Lipid Res. 1998;39:1412–1420.

9. Hodis HN. Triglyceride-rich lipoprotein remnant particles and risk of
atherosclerosis. Circulation. 1999;99:2852–2854.

10. Bjorkegren J, Boquist S, Samnegard A, Lundman P, Tornvall P, Ericsson
CG, Hamsten A. Accumulation of apolipoprotein C-I-rich and cholester-
ol-rich VLDL remnants during exaggerated postprandial triglyceridemia
in normolipidemic patients with coronary artery disease. Circulation.
200;101:227–230.

11. Mercuri M, Tang R, Phillips RM, Bond MG. Ultrasound protocol and
quality control procedures in the European Lacidipine Study on Athero-
sclerosis (ELSA). Blood Press Suppl. 1996;4:20–23.

12. van den Maagdenberg AM, de Knijff P, Stalenhoef AF, Gevers Leuven
JA, Havekes LM, Frants RR. Apolipoprotein E*3-Leiden allele results
from a partial gene duplication in exon 4. Biochem Biophys Res Commun.
1989;165:851–857.

13. Milne RW, Weech PK, Blanchette L, Davignon J, Alaupovic P, Marcel
YL. Isolation and characterization of apolipoprotein B-48 and B-100 very

low density lipoproteins from type III hyperlipoproteinemic subjects.
J Clin Invest. 1984;73:816–823.

14. Zlatkis A, Zak B, Boyle A. A new method for direct determination of
serum cholesterol. J Lab Clin Med. 1953;41:486–492.

15. Carlsson K. Lipoprotein fractionation. J Clin Pathol. 1973;26:32–37.
16. Holmquist L. Quantitation of human serum very low density apoli-

poproteins C-I, C-II, C-III and E by enzyme immunoassay. J Immunol
Methods. 1980;34:243–251.

17. Schneeman BO, Kotite L, Todd KM, Havel RJ. Relationships between
the responses of triglyceride-rich lipoproteins in blood plasma containing
apolipoproteins B-48 and B-100 to a fat-containing meal in normo-
lipidemic humans. Proc Natl Acad Sci U S A. 1993;90:2069–2073.

18. Karpe F, Bell M, Bjorkegren J, Hamsten A. Quantification of post-
prandial triglyceride-rich lipoproteins in healthy men by retinyl ester
labeling and simultaneous measurement of apolipoproteins B-48 and
B-100. Arterioscler Thromb Vasc Biol. 1995;15:199–207.

19. Karpe F, Steiner G, Olivecrona T, Carlson LA, Hamsten A. Metabolism
of triglyceride-rich lipoproteins during alimentary lipemia. J Clin Invest.
1993;91:748–758.

20. Shachter NS, Ebara T, Ramakrishnan R, Steiner G, Breslow JL, Ginsberg
HN, Smith JD. Combined hyperlipidemia in transgenic mice overex-
pressing human apolipoprotein Cl. J Clin Invest. 1996;98:846–855.

21. Clavey V, Lestavel-Delattre S, Copin C, Bard JM, Fruchart JC. Modu-
lation of lipoprotein B binding to the LDL receptor by exogenous lipids
and apolipoproteins CI, CII, CIII, and E. Arterioscler Thromb Vasc Biol.
1995;15:963–971.

22. Bradley WA, Gianturco SH. ApoE is necessary and sufficient for the
binding of large triglyceride-rich lipoproteins to the LDL receptor: apoB
is unnecessary. J Lipid Res. 1986;27:40–48.

23. Jong MC, Dahlmans VE, van Gorp PJ, van Dijk KW, Breuer ML, Hofker
MH, Havekes LM. In the absence of the low density lipoprotein receptor,
human apolipoprotein C1 overexpression in transgenic mice inhibits the
hepatic uptake of very low density lipoproteins via a receptor-associated
protein-sensitive pathway. J Clin Invest. 1996;98:2259–2267.

24. Ebara T, Conde K, Kako Y, Liu Y, Xu Y, Ramakrishnan R, Goldberg IJ,
Shachter NS. Delayed catabolism of apoB-48 lipoproteins due to
decreased heparan sulfate proteoglycan production in diabetic mice.
J Clin Invest. 2000;105:1807–1818.

25. Xu Y, Berglund L, Ramakrishnan R, Mayeux R, Ngai C, Holleran S,
Tycko B, Leff T, Shachter NS. A common Hpa I RFLP of apolipoprotein
C-I increases gene transcription and exhibits an ethnically distinct pattern
of linkage disequilibrium with the alleles of apolipoprotein E. J Lipid Res.
1999;40:50–58.

26. Shachter NS. Apolipoproteins C-I and C-III as important modulators of
lipoprotein metabolism. Curr Opin Lipidol. 2001;12:297–304.

27. Jong MC, Gijbels MJ, Dahlmans VE, Gorp PJ, Koopman SJ, Ponec M,
Hofker MH, Havekes LM. Hyperlipidemia and cutaneous abnormalities
in transgenic mice overexpressing human apolipoprotein C1. J Clin
Invest. 1998;101:145–152.

28. Jong MC, Voshol PJ, Muurling M, Dahlmans VE, Romijn JA, Pijl H,
Havekes LM. Protection from obesity and insulin resistance in mice
overexpressing human apolipoprotein CI. Diabetes. 2001;50:2779–2785.

29. Goudriaan JR, Tacken PJ, Dahlmans VE, Gijbels MJ, van Dijk KW,
Havekes LM, Jong MC. Protection from obesity in mice lacking the
VLDL receptor. Arterioscler Thromb Vasc Biol. 2001;21:1488–1493.

30. Jong MC, van Dijk KW, Dahlmans VE, Van der Boom H, Kobayashi K, Oka
K, Siest G, Chan L, Hofker MH, Havekes LM. Reversal of hyperlipidaemia
in apolipoprotein C1 transgenic mice by adenovirus-mediated gene delivery
of the low-density-lipoprotein receptor, but not by the very-low-density-
lipoprotein receptor. Biochem J. 1999;338(pt 2):281–287.

31. Tall A, Sammett D, Granot E. Mechanisms of enhanced cholesteryl ester
transfer from high density lipoproteins to apolipoprotein B-containing
lipoproteins during alimentary lipemia. J Clin Invest. 1986;77:1163–1172.

32. Gautier T, Masson D, de Barros JP, Athias A, Gambert P, Aunis D,
Metz-Boutigue MH, Lagrost L. Human apolipoprotein C-I accounts for
the ability of plasma high density lipoproteins to inhibit the cholesteryl
ester transfer protein activity. J Biol Chem. 2000;275:37504–37509.

33. Shaikh M, Wootton R, Nordestgaard BG, Baskerville P, Lumley JS, La
Ville AE, Quiney J, Lewis B. Quantitative studies of transfer in vivo of
low density, Sf 12–60, and Sf 60–400 lipoproteins between plasma and
arterial intima in humans. Arterioscler Thromb. 1991;11:569–577.

1474 Arterioscler Thromb Vasc Biol. September 2002


