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Abstract

 

Exaggerated and prolonged postprandial triglycer-
idemia is a characteristic of patients with precocious coronary
heart disease. Although large very low density lipoprotein
(VLDL) particles accumulate during alimentary lipemia, the
biological properties of the postprandial VLDL remain un-
known. In the present study, an intravenous infusion of a chy-
lomicron-like emulsion was given to healthy normolipidemic
men to examine the effects of transient triglyceridemia in vivo
on compositional and cell biological characteristics of VLDL.
The postinfusion large(Svedberg flotation rate (S

 

f

 

) (60–400)
VLDL was found to have increased capacity to inhibit low
density lipoprotein (LDL) binding to the LDL-receptor and a
greater ability to suppress the 3-hydroxy-3-methylglutaryl-CoA
(HMG-CoA) reductase activity of cultured fibroblasts com-
pared to VLDL isolated from fasting plasma. These alter-
ations in cellular interactions were accompanied by increases
in the number of apolipoprotein (apo) E, C-I, and C-III mol-
ecules per large VLDL particle and loss of apoC-II, composi-
tional changes similar to those observed after an oral fat load.
The increase in number of apoE molecules per large VLDL
particle correlated positively and significantly with the in-
crease in the capacity of large VLDL to inhibit LDL binding
to the LDL receptor (

 

r

 

 

 

5

 

 0.76, 

 

P

 

 

 

5

 

 0.01, n 

 

5

 

 10). In contrast,
the composition of the small (S

 

f

 

 20–60) VLDL particles did
not change significantly, nor was the LDL receptor-mediated
processing of these particles altered consistently.  These
observations indicate that large VLDL particles that accu-
mulate during alimentary lipemia undergo compositional
changes that render them more prone to cellular binding
and uptake.—
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Very low density lipoproteins (VLDL) are a heteroge-
neous population of lipoprotein particles that vary in

 

structure and metabolism. VLDL are made in the liver
and contain apolipoprotein (apo) B-100 and endoge-
nous lipids (1). Upon their entry into the bloodstream,
VLDL achieve their normal particle composition after
transfer of apos C and E from circulating plasma lipo-
proteins, primarily high density lipoproteins (HDL) in
normolipidemic individuals (2) and also from VLDL
particles in hypertriglyceridemic subjects (3). The
apoB-100 molecule remains an integral part of the
VLDL particle during its metabolism, whereas the tri-
glyceride content is readily hydrolyzed by lipoprotein li-
pase (LPL), resulting in formation of smaller remnant
particles. ApoC-II contained in the VLDL particle is re-
quired as an activator of LPL (4). ApoC-III, on the
other hand, which has both non-glycosylated (apoC-
III

 

0

 

) and glycosylated isoforms containing either one
(apoC-III

 

1

 

) or two (apoC-III

 

2

 

) moles of sialic acid, has
been considered both to counteract the lipolysis-acti-
vating function of apo-C-II (5, 6) and to inhibit the
receptor-mediated uptake of triglyceride-rich lipopro-
teins (7–9). Accordingly, overexpression of apoC-III in
transgenic mice was shown to lead to an accumulation
of VLDL (10) or a decrease in the clearance rate of chy-
lomicron remnants (11). Conversely, an increased
clearance of triglyceride-rich lipoproteins has been
demonstrated in subjects with apoC-III deficiency (12).
Furthermore, a mutation in the apoC-III gene locus re-

 

Abbreviations: apo, apolipoprotein; VLDL, very low density lipo-
protein; IDL, intermediate density lipoprotein; LDL, low density lipo-
protein; HDL, high density lipoprotein; LPL, lipoprotein lipase;
LPDS, lipoprotein-depleted serum; SDS-PAGE, sodium dodecyl sul-
fate polyacrylamide gel electrophoresis; S

 

f

 

, Svedberg flotation rate.
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cently described in two human subjects was found to be
associated with low triglyceride and high HDL choles-
terol concentrations (13). A similar opposing effect on
the receptor-mediated uptake of remnant lipoprotein
particles has also been shown for apoC-I in vitro (14,
15) and in vivo (16).

A substantial proportion of normal large (Svedberg
flotation rate (S

 

f

 

) 60–400) VLDL particles are lipolyzed
to form smaller S

 

f

 

 20–60 VLDL remnants which are
eventually converted into low density lipoprotein
(LDL). In contrast, large VLDL particles of hypertri-
glyceridemic individuals are to a large extent removed
from the plasma before reaching the S

 

f

 

 20–60 stage and
without prior conversion to LDL (17). Whereas apoE-
mediated binding and uptake by the LDL receptor has
been consistently shown for hypertriglyceridemic large
VLDL, small VLDL and IDL (18–20), a prevailing point
of view has been that most native VLDL species from
normolipidemic humans are incapable of undergoing
LDL receptor-mediated catabolism (18, 21, 22). How-
ever, cellular processing through the LDL receptor has
now been demonstrated for all subfractions of normo-
lipidemic VLDL, although the capacity for both bind-
ing and catabolism decreases with increasing particle
size (23).

Both the intestinal and the liver-derived lipoproteins
contribute to the triglyceridemia seen after fat intake
(24). However, the postprandial increase in plasma
triglyceride-rich lipoprotein particle number is mainly
accounted for by VLDL (25–27), particularly the large
VLDL species (25). The postprandial triglyceridemia,
on the other hand, is accounted for by chylomicron
remnants containing apoB-48 as the structural protein,
whereas around 90% of the increase in cholesterol dur-
ing alimentary lipemia is associated with VLDL (27).
However, the effect of the postprandial increase in
VLDL on the plasma cholesterol concentration is quan-
titatively limited. Recent studies performed in our labo-
ratory, both in rats (28), and in humans (29), have
shown that reduced lipolysis of VLDL secondary to
competition from chylomicrons is the major cause of
the postprandial VLDL particle accumulation, a physio-
logical phenomenon originally suggested by Brunzell
et al. (30).

Multiple exchanges of lipids and apolipoproteins are
likely to occur amongst the various species of triglycer-
ide-rich lipoproteins, LDL and HDL during the post-
prandial state which could influence the metabolism of
VLDL, and their involvement in atherogenesis. Indeed,
we have recently shown that VLDL isolated during ali-
mentary lipemia is enriched with apo-E, apoC-I, and
cholesterol but depleted of apoC-II, compared to
VLDL isolated from fasting plasma (31). These compo-
sitional perturbations could be of importance for the
implication of large VLDL in thrombosis (32), and for

the relation between small cholesteryl ester-enriched
VLDL and precocious coronary atherosclerosis (33,
34).

Although large VLDL particles that accumulate dur-
ing the postprandial state undergo significant composi-
tional alterations, the biological properties of the post-
prandial VLDL remain unknown. In the present study,
an intravenous infusion of a chylomicron-like emulsion
was a given to healthy normolipidemic men to examine
the effects of transient triglyceridemia in vivo on com-
positional and cell biological characteristics of VLDL.
The infusion produced a stable 3-fold increase in
plasma triglycerides and was used as a standardized
model to study VLDL composition and cellular metab-
olism during alimentary lipemia. Because the meta-
bolic fate of VLDL in vivo varies according to particle
size and apolipoprotein and lipid composition, LDL-
receptor-mediated processing by fibroblasts in culture
was studied for large (S

 

f

 

 60–400) and small (S

 

f

 

 20–60)
VLDL isolated from postabsorptive plasma and from
plasma drawn at the end of the infusion of the chylomi-
cron-like emulsion.

METHODS

 

Human subjects

 

A total of 18 healthy normolipidemic men aged 23 to
47 (29 

 

6

 

 6 (mean 

 

6

 

 SD)) years with apoE3/3 or
apoE3/4 genotype as determined by restriction isotyp-
ing (35) were studied. All subjects gave oral, informed
consent to the study, which was approved by the ethics
committee of the Karolinska Hospital. Participants
were nonobese (body mass index 23.6 

 

6

 

 1.6 kg/m

 

2

 

).
Fasting plasma lipoprotein lipid concentrations are
shown in 

 

Table 1

 

. The major fasting plasma lipopro-
teins were determined by a combination of preparative
ultracentrifugation and precipitation of apoB-contain-
ing lipoproteins followed by lipid analysis (36).

 

Intravenous infusion of a triglyceride emulsion

 

Subjects were admitted in the early morning to the
Clinical Research Unit for an intravenous infusion of a
triglyceride emulsion (Intralipid 100 mg/l, Pharmacia,
Stockholm, Sweden). They had been fasting for 12 h
and were asked to refrain from smoking during the
fasting period and from alcohol during the preceding 3
days. The protocol has been described in detail (29).
Briefly, venous blood was drawn immediately before a
bolus dose of 0.15 g/kg body weight of Intralipid was
given. The bolus dose was injected within 60 sec
through an indwelling intravenous catheter inserted
into the antecubital vein of one arm and was immedi-
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ately followed by an infusion of Intralipid (0.15 g/kg/h)
(infusion pump: IMED 922 H, Medical Market AB,
Stockholm, Sweden). A second blood sample was sub-
sequently drawn after 60 min of infusion. All blood
samples were drawn into precooled sterile tubes (Vacu-
tainer, Becton Dickinson, Meylan Cedex, France) con-
taining Na

 

2

 

EDTA (1.4 mg/ml), which were immedi-
ately put on ice.

 

VLDL subfractionation

 

Plasma was recovered within 30 min by low-speed
centrifugation (1750 

 

g

 

, 1

 

8

 

C). VLDL was then immedi-
ately subfractionated by cumulative flotation in a den-
sity gradient (25). Ultracentrifugation was performed
in SW40 Ti swinging bucket rotors at 40,000 rpm and
15

 

8

 

C (XL-70 Ultracentrifuge, Beekman Instrument,
Palo Alto, CA). The gradients were first run for 32 min
to float S

 

f

 

 

 

.

 

 400 lipoproteins (a fraction essentially con-
taining Intralipid triglycerides). Then, two consecutive
runs calculated to float S

 

f

 

 60–400 (3 h 28 min) and S

 

f

 

20–60 (16 h) lipoprotein particles were made. The top
0.5 ml from each density gradient containing the re-
spective lipoprotein subclasses was aspirated and imme-
diately put on ice. NaCl solution (d 1.006 kg/l) was
used to refill the tubes before the next run. All salt solu-
tions used to prepare the density gradients were ad-
justed to pH 7.4 and contained 0.02% sodium azide
and 0.01% EDTA. Densities were verified to the fourth
decimal place.

 

Immunoaffinity chromatography to isolate VLDL 
particles in subfractions of triglyceride-rich 
lipoproteins from fasting and postinfusion plasma

 

Immunoaffinity chromatography was performed es-
sentially according to McConathy et al. (37), Briefly, an-
tiserum against human LDL was immunoaffinity purified
against CNBr-Sepharose (Pharmacia, Uppsala, Sweden)
immobilized human LDL to isolate a polyclonal antibody
directed against apoB. The coupling procedure was ac-
cording to the manufacturer's description. This antibody
was then coupled to CNBr-activated Sepharose to form
an immunoaffinity column to which 6 ml of either S

 

f

 

60–400 or S

 

f

 

 20–60 fractions isolated from fasting and
postinfusion plasma (1.0–2.0 mg of apoB-100) were ap-

plied and allowed to bind overnight at 4

 

8

 

C. Eluted frac-
tions from the immunosorber were collected with use
of an UV detector (UV-1, Pharmacia) and a fraction
collector (Frac-200, Pharmacia). The unretained frac-
tions, only containing Intralipid particles when post-
infusion fractions were applied as verified by sodium
dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) (38), and the retained fractions, contain-
ing essentially VLDL, were eluted with phosphate-buff-
ered saline (PBS) and 3 

 

m

 

 NaSCN, respectively. The re-
tained fraction was immediately passed through a
PD-10 column (Sephadex G-25M, Pharmacia) in PBS
and then concentrated under nitrogen pressure (

 

,

 

50
mPa) from 20–30 ml to 4–6 ml (Stired Cell, Model 52;
Diaflo membrane IM-100, Amicon, Beverly, MA). The
total binding capacity of the column was approximately
0.4 mg apoB-100 per ml suspended Sepharose 4B gel
and the actual amount of apoB-100 applied on the anti-
apo B column did not exceed 50% of the maximum ca-
pacity. The recovery of large VLDL apoB-100 after im-
munoaffinity chromatography, buffer exchange, and
concentration procedures was 69% (n 

 

5

 

 18). The cor-
responding recovery of apoE was 63% (n 

 

5

 

 7).

 

Cell culture

 

All cell culture studies were performed on a human fi-
broblast cell line (GM08333, NIGMS, Coriell Institute for
Medical Research, Camden, NJ) between the 6th to 13th
passages. The cells (25 

 

3

 

 10

 

3

 

) were grown in a humidi-
fied incubator at 8% CO

 

2

 

 at a temperature of 37

 

8

 

C on 60

 

3

 

 15 mm dishes (for the 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA)reductase inhibition assay) or on
6-hole plates (for the 

 

125

 

I-labeled LDL degradation
analysis) (3060 and 3506, Tissue Culture Treated, Cam-
bridge, MA) in 5 ml, respectively, 3 ml of 50% DMEM
and 50% Ham’s F12 medium, both supplemented with
10% fetal calf serum, 50 U penicillin and 50 

 

m

 

l strepto-
mycin/ml (GIBCO BRL, Glasgow, Scotland), The cell
medium was changed every third day. After 5 days of
culture the cells were washed twice with 5 ml, respec-
tively, 3 ml of 37

 

8

 

C PBS, and the medium was changed
to medium containing 5% lipoprotein-depleted serum
(LPDS) for 48 h. Lipoproteins were mixed with fresh
LPDS medium before incubation with the cells. For the

 

TABLE 1. Fasting plasma and lipoprotein lipid concentrations of the study group

 

Plasma VLDL LDL HDL

 

mmol/l

 

Cholesterol 5.01 (4.47–5.56) 0.39 (0.28–0.50) 2.98 (2.57–3.39) 1.17 (1.00–1.33)

 

Triglycerides

 

1.21 (1.02–1.41)

 

0.77 (0.61–0.93)

 

0.27 (0.22–0.33)

 

0.12 (0.10–0.14)

Value are mean and 95% confidence limits, n 

 

5

 

 18. VLDL, d 

 

,

 

 1.006 kg/l lipoproteins; LDL, d 1.006–
1.063 kg/l lipoproteins; HDL, d 

 

.

 

 1.063 kg/l lipoproteins, as determined by preparative ultracentrifugation
and precipitation of apoB-containing lipoproteins followed by lipid analysis (36).
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HMG-CoA reductase inhibition assay, the cultured cells
were incubated with VLDL subfractions (S

 

f

 

 20–60 and
S

 

f

 

 60–400) and LDL in duplicate at three different con-
centrations for 9 h whereas for the 

 

125

 

I-labeled LDL
degradation assay, lipoproteins were incubated for 4 h.
Control experiments were also performed with fibro-
blasts lacking the LDL receptor (GM 00486C, NIGMS,
Coriell Institute for Medical Research, Camden, NY).

 

HMG-CoA reductase activity assay

 

The HMG-CoA reductase assay was essentially per-
formed according to Brown, Dana, and Goldstein (39)
with some modifications (21, 40). The assay was per-
formed the day after lipoprotein incubation. The cell
cultures were first washed 3 times with PBS 37

 

8

 

C before
they were scraped off with a rubber policeman into 1
ml of PBS. The cells were then centrifuged for 5 min at
1,500 rpm; the supernatants were removed and the pel-
lets were dissolved in 60 

 

m

 

l of PBS. A total of 20 

 

m

 

l of
the dissolved pellets was added to 180 

 

m

 

l 0.28 m

 

m

 

NaOH for subsequent protein determination (41). An-
other 20 

 

m

 

l of the dissolved cell pellets was mixed with
7.5 

 

m

 

l of concentrated extraction buffer to a final con-
centration of 0.05 

 

m

 

 NaPO

 

4

 

 buffer, pH 7.4 (Merck,
Darmstadt, Germany), 5 m

 

m

 

 dithiothreitol (Sigma, St.
Louis, MO), 1 m

 

m

 

 EDTA, pH 7.4 (Merck), 0.15 

 

m

 

 KCl
(Merck) and 0.25% Zwittergent 3–14 (Calbiochem, La
Jolla, CA). Samples were subsequently incubated at
37

 

8

 

C in a waterbath for 30 min. After the incubation
samples were centrifuged at 6,000 rpm for 1 min, 20 

 

m

 

l
of the supernatants was then added to a 10 

 

m

 

l cocktail
containing 0.05 

 

m

 

 Tris buffer, pH 7.4, 20 m

 

m

 

 dithio-
threitol, 80 m

 

m

 

 glucose-6-phosphate (Sigma), 30 

 

m

 

g
NADP (Sigma), and 1.2 U/l of glucose-6-phosphatede-
hydrogenase (Sigma). The HMG-CoA reductase inhibi-
tion assay was started by adding 1.7 nmol [

 

14

 

C]HMG-
CoA (47 mCi/mmol, NEN products, Boston, MA) and
1 nmol of unlabeled HMG-CoA (Sigma). The final vol-
ume of each HMG-CoA reductase inhibition assay was
35 

 

m

 

l. After a 1-h incubation at 37

 

8

 

C in a waterbath, the
reaction was stopped by adding 10 

 

m

 

l of 60 m

 

m

 

 me-
valonate (Sigma) in 2.5 

 

m

 

 HCl. Twenty 

 

m

 

l of the in-
cubation mixtures was then applied to 0.25 mm silica
thin-layer chromatograms (Merck) without fluorescent
indicator. The chromatograms were developed in ace-
tone–benzene 1:1. The mevalonolactone formed was vi-
sualized by I

 

2

 

 vapor, scraped off into 3 ml of toluene
scintillation liquid (Packard, Groningen, Netherlands)
after evaporation, and counted in a Beekman LS 1801
scintillator (Fullerton, CA). The maximum HMG-CoA
reductase activity was 77.2 

 

6

 

 38 pmol produced meva-
lonate/mg cell protein per h (mean 

 

6

 

 SD, n 

 

5

 

 8).
HMG-CoA reductase inhibition was calculated as % of
maximum reductase activity. LDL (d 1.019–1.063 kg/l),

isolated from healthy men (n 

 

5

 

 12) by density gradient
ultracentrifugation as described for VLDL and cryopre-
served (70

 

8

 

C) in 10% sucrose (42), was used to esti-
mate between-experiment variation and run in dupli-
cates at three different concentrations. Five 

 

m

 

g of the
LDL standard suppressed HMG-CoA reductase activity
by 91.1 

 

6

 

 5.3% (mean 

 

6

 

 SD, n 

 

5

 

 7).

 

125

 

I-labeled LDL degradation assay

 

LDL (d 1.019–1.063 kg/l) was isolated by ultracentri-
fugation in a density gradient and labeled with 

 

125

 

I-
labeled using the iodine monochloride method (43).
The specific activity of the LDL varied from 170 to 390
cpm/ng of protein. More than 97% of the radioactivity
was TCA-precipitated and 

 

,

 

3% extractable with dieth-
ylether. The labeled LDL was sterilized by passage
through two 0.45-

 

m

 

m filters (Millipor, Bedford, MA).
The 

 

125

 

I-labeled LDL degradation assay was essentially
performed according to Goldstein and Brown (44).
Briefly, after washing fibroblasts three times with 2 ml
of PBS, 5 

 

m

 

g of 

 

125

 

I-labeled LDL/ml medium together
with three different concentrations of postabsorptive
and postinfusion VLDL, respectively, or standard LDL
dissolved in 2 ml F12/DMEM-medium containing 5%
LPDS were incubated for 4 h at 37

 

8C. Cellular protein
was determined on every well. After the incubation, the
medium was removed and centrifuged for 5 min (1,500
rpm, 48C). A total of 0.8 ml of the supernatants was re-
moved and mixed with 0.8 ml of 20% TCA to precipi-
tate the remaining proteins, and subsequently centri-
fuged at 3,000 rpm for 15 min at 48C. A total of 1 ml of
the supernatants was then transferred to glass tubes
and carefully mixed with 10 ml of 40% KI, 50 ml 30%
H2O2, and 2 ml of chloroform at room temperature
and subsequently centrifuged for 5 min at 2,000 rpm.
One-half ml of the supernatants was transferred to 2-ml
plastic tubes for counting in a gamma counter (Cobra/
Autogamma, Packard Instruments, Menden, CT).

The percentage inhibition of the cellular 125I-labeled
LDL degradation rate in the presence of unlabeled
VLDL was used as an indirect estimate of the capacity
of VLDL to inhibit the binding of LDL particles to the
LDL receptor (45). The relevance of this estimate was
evaluated by incubating three concentrations of VLDL
(Sf 20–60) in triplicate with 5 mg of 125I-labeled LDL at
48C to directly measure effects of VLDL on LDL at
binding to the LDL receptor. Briefly, after up-regulat-
ing LDL receptors on fibroblasts as described above, 5
mg of 125I-labeled LDL/ml medium and unlabeled
VLDL dissolved in F12/DMEM-medium containing 5%
LPDS were incubated for 1 h at 48C. After discarding
the medium, the fibroblasts were washed three times
with ice-cold PBS; thereafter cells were incubated with
0.5 ml of a heparin solution (1 ml heparin (10,000
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units/ml) to 5 ml of 50 mm NaCl/10 mm HEPES
buffer, pH 7.4) for 20 min. Twenty percent of the re-
tained heparin solution was subsequently transferred to
tubes for counting in a gamma counter as described
above. This control experiment showed similar curves
of inhibition for 125I-labeled LDL binding at 48C and
for 125I-labeled LDL degradation at 378C (data not
shown). The corollary is that inhibition of 125I-labeled
LDL degradation at 378C results from blockage of the
LDL receptor by unlabeled VLDL, either through di-
rect binding of VLDL to receptors or indirectly
through steric hindrance by VLDL binding to the cellu-
lar matrix in the vicinity of receptors.

Unlabeled cryopreserved LDL was used to estimate
variation between experiments and run in duplicate at
three different concentrations together with 5 mg of
125I-labeled LDL. The maximum cellular 125I-labeled
LDL degradation rate was 212 6 98 ng LDL/mg cell
protein per h (mean 6 SD, n 5 10). Five mg unlabeled
LDL/ml medium inhibited the degradation rate of 5
mg 125I-labeled LDL by 46 6 8% (mean 6 SD, n 5 8).
Background degradation of 5 mg 125I-labeled LDL in
the absence of cells was ,7% of total degradation and
was subtracted from the total degradation.

Determination of VLDL lipids and apolipoproteins

Triglycerides and phospholipids in the retained frac-
tions were determined enzymatically (450032, Boeh-
ringer Mannheim Corporation, Indianapolis, IN; 990–
54009, Wake Chemicals GmbH, Nueuss, Germany).
Cholesterol was either determined enzymatically
(14350, Merck, Darmstadt, Germany) or by a chemical
method (46), the latter if very low concentrations were
expected. ApoB and E were quantified by SDS-PAGE
(38), whereas apoCs were determined by urea gel elec-
trophoresis essentially according to Kane (47). Briefly,
two portions of 100–400 ml (30–100 mg of total protein)
of the Sf 60–400 and Sf 20–60 lipoprotein fractions were
delipidated with methanol-diethylether. To determine
apoB and E, the protein pellet was solubilized in 100 ml
of sample buffer (2% SDS, 0.15 m sodium phosphate,
5% mercaptoethanol, 12.5% glycerol, and bromphe-
nolblue (0.025 mg/ml) at pH 6.8) and denatured in a
waterbath at 808C for 10 min. ApoB-100 from LDL was
used as a reference protein and for standard curve dilu-
tions (38).

To determine apoCs, another pellet was solubilized
in 100 ml of a urea containing loading buffer (6 m urea,
42 mm Tris, 46 mm glycine, and bromphenolblue
(0.025 mg/ml), pH 9.8) and thereafter directly applied
to a 10% polyacrylamide gel together with insulin (Ac-
trapid, Novo Nordisk A/S, Gentofte, Denmark) which
was used as a protein standard on the gel. One part of
insulin was mixed with two parts of the urea containing

buffer to a final insulin concentration of 1 mg/ml. Sub-
sequently, 1, 2, 5, 7.5, 10, 12, and 15 ml of the insulin
standard were run on a separate urea gel, first at 60 V
for 10 min and then at 100 V for 1 h.

After electrophoresis all gels were fixed in a glass
Petri dish using 12% trichloroacetic acid for 30 min,
then stained with 0.2% Coomassie G-250 (Merck) in
methanol–water–acetic acid 5:5:1 overnight and finally
destained in ethano–water–acetic acid 12:81:7 for 12 h
with 3–4 changes of destainer. Gels with standard
curves were stained and destained in the same Petri
disk as sample gels. A laser densitometer (Ultroscan
XL, LKB Pharmacia, Bromma, Sweden) was used to
scan the gels, and the contents of apoCs, apoE, and
apoB-100 were subsequently calculated (Gelscan XL
2400 Software).

To determine the relative chromogenicity of insulin
in comparison to that of apoC-I, C-II, and C-III, the dye
uptake of the respective protein was compared with a
protein determination made by amino acid analysis as
described (31). The chromogenicity of apoE (1/2.6
compared with reference apoB-100 prepared from
LDL, 1.030–1.040 kg/l) was determined according to
the procedure described for determining the chro-
mogenicities of apoB-100 and apoB-48 in subfractions
of triglyceride-rich lipoproteins (38).

Calculations and statistical methods

Conventional methods were used for calculating
means and standard deviations (mean 6 SD) or means
and 95% confidence intervals (mean(95% confidence
interval)). The statistical significance of differences was
tested by paired two-tailed t -test. Associations between
lipoprotein parameters and between lipoprotein pa-
rameters and results of cell culture experiments were
determined by calculation of Pearson correlation coef-
ficients. The individual values of skewed parameters
were log transformed prior to statistical computations.
HMG-CoA reductase inhibition (y) at different VLDL
apoB-100 concentrations (x) was expressed by the
model y 5 100 1 102kx. Using three different concen-
trations of VLDL apoB-100 in the incubation (x1–3) and
measuring the corresponding inhibition in % of maxi-
mal HMG-CoA reductase inhibition (y1–3), a k-value
could be calculated for each individual in this model.
In the binding study, the relation between % of maximal
inhibition of uptake of labeled LDL (y) and log-nor-
malized concentration of VLDL apoB-100 (log(l 1 x))
was shown to be linear, and a linear regression analysis
was used to calculate the k-value of the slope of each in-
dividual. Concentration–response data for both HMG-
CoA reductase inhibition and inhibition of 125I-labeled
LDL degradation were also analyzed as the effective
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concentration for 50% inhibition (EC50) of the re-
sponse in the absence of VLDL.

RESULTS

Changes of plasma concentrations of VLDL 
subfraction constituents after intravenous infusion
of a triglyceride emulsion

The plasma triglyceride concentration in the Sf . 20
fractions increased five-fold from 0.8 6 0.6 mmol/l to
4.3 6 1.8 mmol/l in response to the Intralipid bolus
dose of 0.15 g/kg and the 60 min infusion at a rate of
0.15 g/kg per h. The Sf . 400 fraction was not applied
an the affinity column, as it only contained minor
amounts of apoB-100 as determined by SDS-PAGE, and
the apoB-100 concentration in this fraction, i.e., the
number of VLDL particles, did not increase during the
infusion (data not shown). The plasma concentration
of apoB-100 in the Sf 60–400 lipoprotein fraction, re-
flecting the plasma level of large VLDL, nearly doubled
during the 60-min infusion (Fig. 1. left panel), whereas
the Sf 20–60 apoB-100 concentration displayed a heter-
ogeneous response to the infusion (Fig. 1, right panel).

Compositional changes of large and small VLDL 
particles after intravenous infusion of a
triglyceride emulsion

Compositional analysis was performed on the Sf 60–
400 and Sf 20–60 VLDL fractions isolated by immunoaf-
finity chromatography (Table 2). The large (Sf 60–400)
VLDL particles contained significantly more molecules
of apoE, C-I, and C-III1 and significantly fewer mol-
ecules of apoC-II after the Intralipid infusion. In con-
trast, the lipid and apoC-III2 content of the large VLDL
particles did not change in response to the Intralipid
infusion. The constituents of small (Sf 20–60) VLDL
unaffected by the Intralipid infusion.

Effects of the triglyceride emulsion on VLDL 
processing by fibroblasts in vitro 

HMG-CoA reductase inhibition in cultured fibro-
blasts incubated with VLDL is the result of uptake and
degradation of lipoprotein particles with subsequent
inhibition of the enzyme by cholesterol from degraded
VLDL particles. The responses to 9–12 h incubations
with different concentrations of VLDL particles are
shown in Fig. 2 and summarized in Table 3. Each ex-
periment (n 5 8) with three different concentrations
of VLDL apoB-100 was best described by a model with a
logarithmic fit, y 5 100 1 102kx, where y is the percent-

Fig. 1. Responses of plasma VLDL apoB-100 to infusion of a triglyceride emulsion in healthy human volunteers. Venous blood was
drawn immediately before a bolus dose of 0.15 g/kg body weight of a triglyceride emulsion (Intralipid 100 mg/l, Pharmacia, Stockholm,
Sweden) was given to 18 healthy normolipidemic men aged 23 to 47 (29 6 6 (mean 6 SD)) years with an apoE3/3 or apoE3/4 genotype.
The bolus dose was immediately followed by an infusion of Intralipid (0. 15 g/kg/h), and a second blood sample was drawn after 60 min
of infusion. VLDL was subfractionated by cumulative flotation in a density gradient (25). ApoB-100 in VLDL subfractions was quantified
by sodium dodecyl sulfate polyacrylamide gel electrophoresis (38). The left panel shows the mean (–) and individual (...) responses of
VLDL Sf 60–400 apoB-100, and the right panel shows individual (...) responses of VLDL Sf 20–60 apoB-100.
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age of maximum HMG-CoA reductase activity and x is
the concentration of VLDL apoB-100 in the cell culture
medium. Using this model, the HMG-CoA reductase in-
hibition by large VLDL isolated from fasting plasma did
not differ significantly from the inhibition mediated by
small VLDL isolated from fasting plasma. The ability of
large VLDL to suppress HMG-CoA reductase activity
had increased significantly at the end of the 60-min in-
fusion of Intralipid (change in k-value from 0.05(0.03–
0.07 to 0.12(0.05–0.18), P , 0.05). In contrast, the abil-
ity of small VLDL to suppress HMG-CoA reductase
activity, which was more heterogeneous in the fasting
state, had not changed significantly at the end of the in-
fusion (k-values of 0.09(0.04–0.15) vs. 0.16(0.07–0.24),
NS)(Fig. 2 and Table 3). These alterations were paralleled
by changes in the corresponding EC50 values (Table 3).

Although there is evidence that VLDL processing by
fibroblasts is LDL receptor-dependent (23), an experi-
ment was performed to examine the extent of LDL re-
ceptor dependent VLDL uptake by fibroblasts. Briefly,
triplicate samples of three different concentrations of
large VLDL (5.0, 15, and 30 mg apoB-100/ml medium)
and small VLDL (2.5, 5.0, and 15 mg apoB-100/ml me-
dium) isolated by density gradient ultracentrifugation
from plasma obtained from a normolipidemic individ-
ual who had fasted for 12 h, and duplicate samples of
three different concentrations of control LDL (1.0. 3.0,
and 10 mg apoB-100/ml medium) were incubated with
fibroblasts lacking the LDL receptor. HMG-CoA reduc-
tase activity was thereafter measured according to the
principle described above. There were no concentra-
tion–effect relationships between medium concentrations
of VLDL or LDL and HMG-CoA reductase activities in
that control experiment (data not shown). Nor were
any of the VLDL species or the control LDL capable of
suppressing HMG-CoA reductase activity to any substan-
tial degree (,10%), suggesting that VLDL uptake by fi-
broblasts to a large extent is LDL receptor-dependent.

Effects of the triglyceride emulsion on the capacity
of VLDL to inhibit LDL binding to the LDL receptor 
on fibroblasts in vitro

The result of 4-h incubations with three different
concentrations of VLDL particles and 5 mg 125I-labeled
LDL/ml medium of cultured human fibroblasts are
shown in Fig. 3 and summarized in Table 3. Each ex-
periment (n 5 10) was best described by a model with a
logarithmic fit, y 5 1002k*log x, where y is percentage
of maximum 125I-labeled LDL degradation rate and x is
the concentration of VLDL apoB-100 in the cell culture
medium. Large and small VLDL isolated from fasting
plasma had a similar capacity to inhibit LDL binding to
the LDL receptor. The inhibition of 125I-labeled LDL
binding to the LDL receptor by large VLDL increased
significantly after 60 min infusion of Intralipid (in-
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430 Journal of Lipid Research Volume 39, 1998

Fig. 2. Effect of transient triglyceridemia on VLDL processing by fibroblasts in vitro. Plasma samples were drawn immediately before
and 60 min after a bolus dose (0.15 g/kg of body weight) followed by an intravenous infusion (0.15 g/kg/h) of a triglyceride-rich emul-
sion (Intralipid 100 mg/l) was administered to eight healthy human volunteers. Sf 60–400 and Sf 20–60 VLDL subfractions were isolated
by cumulative flotation in a density gradient and subsequent immunoaffinity chromatography using polyclonal antibodies against apoB-
100, as described under Experimental Procedures. The VLDL subfractions were then incubated for 9 h with human fibroblasts
(GM08333 cell line) in duplicate at three different concentrations, whereafter inhibition of HMG-CoA reductase activity was assayed es-
sentially according to Brown et al. (39). HMG-CoA-reductase inhibition was calculated as % of maximum reductase activity. LDL (d
1.019–1.063 kg/l), isolated from healthy men (n 5 12) by density gradient ultracentrifugation as described for VLDL and cryopreserved
(2708C) in 10% sucrose, was used to estimate between-experiment variation and run in duplicate at three different concentrations. Each
data point is the mean of duplicate HMG-CoA reductase activity determinations. Experiments were best described by a model with a log-
arithmic fit, y 5 100 1 102kx, where y is percentage of maximum HMG-CoA reductase activity and x is the concentration of VLDL apoB-
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Björkegren et al. VLDL processing during triglyceridemia 431

crease in k-value from 31(25–38) to 41(35–46), P ,
0.005). The inhibitory capacity of small VLDL was less
affected by the infusion. It appeared that large, and to
some extent even small, VLDL isolated from fasting
plasma were unable to inhibit labeled LDL binding to
the LDL receptor by more than 50% (Fig. 3). This was
also illustrated by the high EC50 values of large and
small VLDL isolated from fasting plasma (52(24–110)
and 48(21–103) mg apoB-100/ml medium). This
pattern was not seen for large or for small VLDL iso-
lated after Intralipid infusion (EC50 values (of 19(12–
28) and 24(15–33) mg apoB-100/ml medium, respec-
tively). The increased capacity of the post-infusion large
VLDL to inhibit LDL binding to the LDL receptor, il-
lustrated by the significant increase in k-value, was also
evident when the post- and pre-infusion EC50 values
were compared (19(12–28) vs. 52(24–110) mg apoB/ml
medium, P , 0.01). The corresponding EC50 values of
small VLDL were also significantly changed (P , 0.05).

Control experiments were performed to determine

whether the immunoaffinity procedure materially in-
fluenced the ability of VLDL to interact with the LDL
receptor. Inhibition of degradation of labeled LDL by
fasting large VLDL isolated by density gradient ultra-
centrifugation was compared with inhibition of degra-
dation of labeled LDL by VLDL isolated by density gra-
dient ultracentrifugation followed by immunoaffinity
chromatography as described. The mean k-value for
the percentage inhibition of the cellular 125I-labeled
LDL degradation rate by large VLDL that had not un-
dergone immunoaffinity chromatography was 22, i.e.,
slightly lower than the k-value of the corresponding
VLDL fraction after immunoaffinity chromatography.
The corollary of this control experiment is that i) large
VLDL that has not undergone immunoaffinity has the
capacity to interact with the LDL receptor, and ii) im-
munoaffinity chromatography, including buffer ex-
change and sample concentration, slightly increases
the capacity of large VLDL to interact with fibroblasts
in vitro.

100 in the cell culture medium. The solid line is the average logarithmic fit for all experiments (n 5 8). K values given in the figure, with
95% intervals, represent the average slope of the logarithmic fit. The broken line in each panel represents the corresponding average
logarithmic fit for either fasting or postinfusion VLDL, whereas the dotted line shows LDL for comparison. The statistical significance of
differences in fibroblast uptake of VLDL subfractions isolated from fasting and postinfusion plasma samples was determined by testing
for differences in k-values using Student’s t -test. P values are indicated in the right panels showing the postinfusion data.

TABLE 3. Processing of VLDL subfractions by fibroblasts in vitro

HMG-CoA Reductase Inhibition Assay 125I-Labeled LDL Degradation Assay

K Value

EC50 
(mg apoB-100/
ml medium) K Value

EC50 
(mg apoB-100
ml medium)

Sf 60–400 VLDL
Fasting 0.05 (0.03)–0.07) 7.3 (4.1–10.5) 31 (25–38) 52 (24–110)
Postinfusion 0.12 (0.05–0.18) 3.9 (1.9–5.9) 41 (35–46) 19 (12–28)

P , 0.05 P 5 0.06 P , 0.005 P ,0.01
Sf 20–60 VLDL

Fasting 0.09 (0.04–0.15) 4.6 (2.3–7.0) 33 (23–42) 48 (21–103)
Postinfusion 0.16 (0.07–0.24) 2.6 (1.2–4.1) 38 (32–43) 24 (15–33)

P 5 0.16 P 5 0.11 P 5 0.18 P , 0.05
LDL 0.30 (0.21–0.39) 1.1 (0.8–1.2) 59 (54–64) 7.2 (6.1–8.4)

Uptake and degradation of VLDL particles was measured as % inhibition of maximum HMG-CoA reduc-
tase activity, whereas the affinity of VLDL particles for the LDL receptor was estimated by the % inhibition of
the maximum cellular 125I-labeled LDL degradation rate in the presence of unlabeled VLDL or LDL. Values are
means and 95% confidence limits. The statistical significance of differences between VLDL isolated from fast-
ing and postinfusion plasma was calculated by Student’s paired t test. P values are given below the postinfusion
value. The results of the HMG-CoA reductase inhibition assay were best described by a model with a logarith-
mic fit, y 5 100 1 102kx, where y is percentage of maximum HMG-CoA reductase activity and x is the concen-
tration of VLDL or LDL apoB-100 in the cell culture medium. Similarly, the results of the 125I-labeled LDL deg-
radation assay were best described by a logarithmic fit, y 5 100 2 k * log x, where y is percentage of maximum
125I-labeled LDL degradation rate and x is the concentration of VLDL or unlabeled LDL apoB-100 in the cell
culture medium. K values represent the average slope of the logarithmic fit. Dose–response data for both HMG-
CoA reductase inhibition and inhibition of 125I-labeled LDL degradation were also analyzed as the effective
concentration (mg apoB-100/ml medium) for 50% inhibition (EC50) of the corresponding maximum rates in
the absence of VLDL or unlabeled LDL.
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Fig. 3. Effect of transient triglyceridemia on the capacity of VLDL to inhibit the LDL metabolism by the LDL receptor in fibroblasts in
vitro. Sf 60–400 and Sf 20–60 VLDL subfractions were isolated from postabsorptive and postinfusion plasma samples as described in the
legend to Fig. 2 and under Experimental Procedures. VLDL subfractions at three different concentrations and 5 mg 125I-labeled LDL/ml
culture medium were then incubated in duplicate for 4 h with human fibroblasts (GM08333 cell line); hereafter the percentage inhibi-
tion of the cellular 125I-labeled LDL degradation rate in the presence of unlabeled VLDL or LDL was measured. The same LDL standard
that was used for the HMG-CoA reductase activity assay was used to estimate between-experiment variation and run in duplicate at three
different concentrations. Each data point is the mean of duplicate measurements of cellular 125I-labeled LDL degradation rate. Experi-
ments were best described by a model with a logarithmic fit, y 5 1002k*log x, where y is percentage of maximum 125I-labeled LDL degra-
dation rate and x is the concentration of VLDL apoB-100 in the cell culture medium. The solid line is the average logarithmic fit for all
experiments (n 5 10). K values given in the figure, with 95% intervals, represent the average slope of the logarithmic fit. The broken line 
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Correlations between changes in VLDL apolipoprotein 
composition and changes in cellular processing of 
VLDL

As the apolipoprotein content is likely to influence
the cellular processing of the VLDL particles and also
at least partly account for the altered properties of the
VLDL particles isolated from plasma after Intralipid in-
fusion, changes in compositional characteristics as a re-
sponse to the infusion were correlated to the corre-
sponding data from cell culture experiments (change
of k-values for HMG-CoA reductase inhibition and 125I-
labeled LDL degradation experiments as a response to
the infusion).

The extent to which the cellular uptake and degrada-
tion of large VLDL increased in response to the In-
tralipid infusion, as measured by the HMG-CoA reduc-
tase inhibition assay, did not correlate significantly with
the concomitant changes in apolipoprotein content of
the large VLDL particles. However, it is notable that the
increase in the apoC-I content of large VLDL tended to
be inversely related to degree of HMG-CoA reductase
inhibition (r 5 20.65, P 5 0.08, n 5 8).

The increase in the number of apoE molecules per
large VLDL particle correlated positively and signifi-
cantly with the increase in the capacity of large VLDL
to inhibit LDL binding to the LDL receptor, as mea-
sured by the 125I-labeled LDL degradation assay (r 5
0.76, P 5 0.01, n 5 10). In contrast, there were no firm
associations between the changes of apoC content of
large VLDL and altered ability of VLDL to inhibit LDL
binding to the LDL receptor (r -values ,0.25, NS).

DISCUSSION

The present study examined effects of in vivo modu-
lation of the apolipoprotein content of VLDL during
transient triglyceridemia on VLDL processing by fibro-
blasts in vitro. The experimental design, with intrave-
nous infusion of a chylomicron-like lipid emulsion pro-
ducing a stable 3-fold increase in plasma triglyceride
along with accumulation of large VLDL, was chosen to
imitate in a standardized manner the alimentary
lipemia occurring in the postprandial state. Large
VLDL isolated from plasma after administration of the
triglyceride emulsion was found to have increased ca-
pacity to inhibit LDL binding to the LDL receptor and

a greater ability to suppress the HMG-CoA reductase
activity of cultured fibroblasts, predominantly by LDL
receptor-mediated pathways. These alterations in cellu-
lar interactions were accompanied by increases in the
number of apoE, C-I, and C-III molecules per large
VLDL particle and loss of apoC-II. The increase in the
number of apoE molecules per large VLDL particle
correlated closely with the increased capacity of large
VLDL to inhibit LDL binding to the LDL-receptor. In
contrast, the composition of the small VLDL particles did
not change significantly, nor was the ability of these parti-
cles to suppress HMG-CoA reductase activity or to inhibit
LDL binding to the LDL receptor altered significantly.

More than a decade ago, Gianturco et al. (18) and
Bradley and colleagues (19) suggested that apoE is in-
volved in the LDL receptor-mediated uptake of large
VLDL that suppresses HMG-CoA reductase activity and
later demonstrated that apoE is, in fact, necessary and
sufficient for the binding of large triglyceride-rich lipo-
proteins to the LDL receptor (48). That these findings
had a physiological significance in vivo was first indi-
cated by Yamada et al. (49, 50) who showed in a rabbit
model that the presence of apoE on VLDL particles in-
fluenced their elimination and conversion to LDL.
More recently, the apoE content of apoB-containing
lipoproteins purified by immunoaffinity chromatogra-
phy was shown to increase their affinity for the LDL re-
ceptor (51), and the metabolism of normolipidemic
VLDL through interaction with the LDL receptor was
shown to be stimulated by exogenous apoE-3 (52). The
present data extend the results of previous cell biological
studies on the role of apoE in large VLDL, as the apoE
content was modulated under physiological circumstances
in vivo in humans during transient triglyceridemia.

The apoC-II depletion during transient triglyceri-
demia may also contribute to the increase in LDL re-
ceptor-mediated processing of large VLDL, as apoC-II
has been proposed to counteract apoE-mediated recep-
tor clearance of VLDL (53). The concomitant increases
in the contents of apoC-I and apoC-III1 did not appear
to have a major influence on the changes in cellular
processing that were displayed by large VLDL during
triglyceridemia. Sehayek and Eisenberg (15) have pre-
viously shown by adding exogenous apoC and apoE to
VLDL in vitro that apoE-dependent uptake of VLDL is
inhibited by all apoCs, with apoC-I having the strongest
inhibitory effect. However, it should be emphasized
that the apoC content of large VLDL was modulated in

in each panel represents the corresponding average logarithmic fit for either fasting or postinfusion VLDL, whereas the dotted line
shows LDL for comparison. The statistical significance of differences in suppressing degradation of 125I-labeled LDL by the fibroblasts be-
tween VLDL subfractions isolated from fasting and postinfusion plasma samples was determined by testing for differences in k values us-
ing Student’s paired t test. P values are indicated in the right panels showing the postinfusion data.
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vivo in the present study, whereas previous studies
pointing to a major role of the family of C apolipopro-
teins for processing of human VLDL and IDL have
been based on addition of apoC in vitro. Addition of
apoC to lipoproteins in vitro may result in a different
function of the apoC molecules compared with endog-
enous apoC, which may inflate their role in the interac-
tion with apoE and the LDL receptor.

The relevance of the experimental design in which a
short-term intravenous infusion of a triglyceride emul-
sion provided the source of chylomicron-like triglyceride-
rich particles could be disputed. Not least based on
studies in which human plasma was incubated with In-
tralipid (3), it could be argued that Intralipid particles
may deplete the large VLDL of functional apolipopro-
teins, particularly apoC-II, in a nonphysiological man-
ner and thus perturb the interactions of these VLDL
species with the LDL receptor. It is notable in this con-
text that the number of apoC-II molecules per large
VLDL particle decreased significantly during the In-
tralipid infusion. These restrictions notwithstanding,
the post-infusion large VLDL had an increased content
of apoE, C-1, and C-III and its processing by the LDL
receptor was facilitated rather than impaired. Further-
more, the changes in VLDL composition induced by
the Intralipid infusion were almost identical to the
postprandial alterations in VLDL composition occur-
ring 2 h after intake of a mixed meal (31). This indi-
cates that intravenous infusion of a chylomicron-like
emulsion such as Intralipid is a valid model for studying
the effects of transient triglyceridemia on composi-
tional and cell biological properties of VLDL under
standardized conditions.

To exclude the possibility that the immunoaffinity
chromatography procedure perturbed the apolipopro-
tein composition and conformation to an extent that it
caused the enhanced ability of large VLDL to bind to
the LDL receptor, large VLDL that had or had not un-
dergone immunoaffinity chromatography were com-
pared with respect to capacity to inhibit degradation of
labeled LDL by fibroblasts. This control experiment
showed that large VLDL particles that have not under-
gone immunoaffinity chromatography have the ability
to interact with the LDL receptor. Secondly, the immu-
noaffinity chromatography procedure was shown to
slightly increase the capacity of large VLDL to interact
with fibroblasts in vitro. The influence of immunoaffin-
ity chromatography is likely to lead to underestimation
of the difference in capacity of postabsorptive and
postinfusion large VLDL to interact with the LDL re-
ceptor on cultured fibroblasts.

The question arises of whether the compositional al-
terations acquired during transient triglyceridemia influ-
ence the atherogenic and/or thrombotic potential of

VLDL. The large VLDL particles accumulating during tri-
glyceridemia inhibited LDL binding to the LDL receptor
more efficiently than the postabsorptive large VLDL. This
can be due either to increased binding of VLDL to the
LDL receptor or to increased binding of VLDL to hepa-
ran sulfate proteoglycans, resulting in blockage of LDL
receptor sites. The greater change in the capacity of
large postinfusion VLDL to inhibit LDL binding com-
pared with the corresponding increase in the cellular
uptake of large postinfusion VLDL, as measured by
HMG-CoA reductase inhibition, suggests that VLDL ef-
fects other than direct binding to the LDL receptor,
i.e., increased adhesiveness to matrix components, may
play a role. VLDL binding to heparan sulfate proteo-
glycans is stimulated by apoE-3 (54) and followed by
increased internalization and degradation through
receptor-dependent catabolic routes. Because of their
apoE enrichment it could be speculated that large
VLDL particles are more prone to bind to matrix pro-
teoglycans during triglyceridemia. This would promote
retention, oxidative modification, and further process-
ing of these VLDL particles in the arterial wall by recep-
tor- and non-receptor-mediated mechanisms. Some
triglyceride-rich lipoproteins are, indeed, deposited in
the atherosclerotic plaque (55). These lipoproteins re-
semble the triglyceride-rich lipoproteins encountered
in plasma, except for a slightly larger particle size and
enrichment in apoE. Thus, triglyceride-rich lipopro-
teins deposited in the atherosclerotic plaque have strik-
ing compositional similarities with the large postinfu-
sion VLDL particles investigated in the present study. A
prothrombotic action of large VLDL particles interact-
ing more avidly with the LDL receptor is also likely, as
the LDL receptor is implicated in the VLDL-induced
secretion of plasminogen activator inhibitor-l from cul-
tured endothelial cells (56).

Exaggerated and prolonged postprandial triglyceri-
demia is a characteristic of patients with premature cor-
onary heart disease (57), and accumulation of large
VLDL is a predominant feature of the postprandial
state (25–27). In summary, the present data suggest
that large VLDL particles that accumulate during ali-
mentary lipemia undergo compositional changes
which render them more adhesive to cellular surfaces
and thereby more prone to cellular uptake. These post-
prandial perturbations are likely to have both athero-
genic and thrombotic consequences.
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