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Abstract Apolipoprotein (apo)A-IV is synthesized in the
small intestine during fat absorption and is incorporated
onto the surface of nascent chylomicrons. In circulation,
apoA-IV is displaced from the chylomicron surface by high
density lipoprotein-associated C and E apolipoproteins; this
exchange is critical for activation of lipoprotein lipase and
chylomicron remnant clearance. The variant allele A-IV-2
encodes a Q360H polymorphism that increases the lipid af-
finity of the apoA-IV-2 isoprotein. We hypothesized that this
would impede the transfer of C and E apolipoproteins to
chylomicrons, and thereby delay the clearance of postpran-
dial triglyceride-rich lipoproteins. We therefore measured
triglycerides in plasma, S

 

f

 

 

 

�

 

 400 chylomicrons, and very low
density lipoproteins (VLDL) in 14 subjects heterozygous for
the A-IV-2 allele (1/2) and 14 subjects homozygous for the
common allele (1/1) who were fed a standard meal contain-
ing 50 gm fat per m

 

2

 

 body surface area. All subjects had the
apoE-3/3 genotype. Postprandial triglyceride concentra-
tions in the 1/2 subjects were significantly higher between
2–5 h in plasma, chylomicrons, and VLDL, and peaked at 3 h
versus 2 h for the 1/1 subjects. The area under the triglycer-
ide time curves was greater in the 1/2 subjects (plasma, 

 

P 

 

�

 

0.045; chylomicrons, 

 

P 

 

�

 

 0.027; VLDL, 

 

P 

 

�

 

 0.063). A post-
hoc analysis of the frequency of the apoA-IV T347S poly-
morphism suggested that it had an effect on triglyceride
clearance antagonistic to that of the A-IV-2 allele.  We con-
clude that individuals heterozygous for the A-IV-2 allele dis-
play delayed postprandial clearance of triglyceride-rich
lipoproteins.

 

—Hockey, K. J., R. A. Anderson, V. R. Cook,
R. R. Hantgan, and R. B. Weinberg.
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The intravascular transport of dietary lipids is one of
the central functions of lipoprotein metabolism (1, 2). Di-
etary triglycerides are hydrolyzed in the lumen of the
small intestine, absorbed by the intestinal enterocytes, re-
esterified, and secreted into the mesenteric lymph as chy-
lomicrons. Following their entry into circulation, chylomi-

 

crons acquire apolipoprotein (apo)C-II, the cofactor for
lipoprotein lipase, and apoE, a ligand for hepatic chylomi-
cron remnant uptake, which are transferred to their sur-
face from high density lipoproteins (HDL). Chylomicron
triglycerides are then hydrolyzed by lipoprotein lipase in
the vascular beds of the periphery. As hydrolysis proceeds,
the chylomicrons shrink in size and become enriched with
cholesterol esters. Finally, chylomicron remnants are re-
moved from circulation by the hepatic chylomicron rem-
nant receptor (3). Multiple factors have been found to af-
fect chylomicron metabolism including age (4, 5), adiposity
(6, 7), dietary fat intake (8, 9), baseline lipid levels (10),
and genetic polymorphisms of lipolytic enzymes (11–13),
apoB (14–16), and apoE (10, 17–21).

ApoA-IV is 46 kd plasma glycoprotein (22), which is syn-
thesized by intestinal enterocytes of mammalian species
(23) during lipid absorption (24). ApoA-IV enters circula-
tion on the surface of nascent chylomicrons (25, 26) and,
thereafter, circulates primarily as a lipid-free protein (27).
Although a broad spectrum of physiologic functions has
been proposed for apoA-IV, a preponderance of evidence
suggests that its primary biological role is in intestinal
lipid metabolism (28). A specific function of apoA-IV in
chylomicron metabolism was first suggested by the obser-
vations that apoA-IV is displaced from the surface of na-
tive (25) and model (29) chylomicrons by HDL-associated
C apolipoproteins. Goldberg et al. (30) subsequently ob-
served, using a gum-stabilized triglyceride emulsion, that
this exchange facilitated the activation of lipoprotein li-
pase by its co-factor, apoC-II.

Of the known genetic polymorphisms of human apoA-IV
(31), the best studied is the variant allele, A-IV-2, which
occurs with a frequency of 7–9% in the United States and
Western Europe (32). This allele encodes a Q360H substi-

 

Abbreviations: apo, apolipoprotein; AUC, area under the curve;
BMI, body mass index; EDTA, ethylenediaminetetraacetic acid; HDL,
high density lipoprotein; LDL, low density lipoprotein; VLDL, very low
density lipoprotein.
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tution (33) that significantly increases the lipid affinity
(34), lecithin:cholesterol acyltransferase activation (34),
and plasma residence time (35) of the apoA-IV-2 isopro-
tein. Recently, several studies have observed that the A-IV-
2 allele affects the plasma lipoprotein response to dietary
fat and cholesterol (36–39), and may also modulate the
efficiency of intestinal cholesterol absorption (40).

In this study, we investigated the effect of the apoA-IV
Q360H polymorphism on postprandial triglyceride clear-
ance. We hypothesized that the increased lipid affinity of
the A-IV-2 isoprotein would impede the transfer of apoC-II
and apoE to chylomicrons, and thereby delay lipolysis and/
or hepatic clearance of triglyceride-rich lipoproteins. We
therefore compared postprandial triglyceride concentra-
tions in plasma, S

 

f

 

 

 

�

 

 400 chylomicrons, and very low den-
sity lipoproteins (VLDL) between a group of subjects het-
erozygous for the A-IV-2 allele and a control group of
subjects homozygous for the A-IV-1 allele after ingestion of
a standard fat load. To control for the effect of apoE poly-
morphism on chylomicron metabolism (10, 17–21), all
subjects selected for this study had the apoE-3/3 genotype.

METHODS

 

Subjects

 

Subjects homozygous for the common A-IV-1 allele (1/1) and
heterozygous for the A-IV-2 allele (1/2) were recruited from a
cohort of subjects whose apoA-IV (41) and apoE (42) genotypes
were determined by polymerase chain reaction DNA restriction
fragment length polymorphism analysis of buffy coat DNA. Inclu-
sion criteria were 

 

1

 

) homozygosity for the apoE-3 allele (E-3/3);

 

2

 

) total plasma cholesterol 

 

�

 

200 mg/dl and plasma triglycerides

 

�

 

150 mg/dl; 

 

3

 

) body mass index (BMI) within 80 –120% of
ideal for sex and age; 

 

4

 

) no use of medications that could affect
lipoprotein metabolism, with the exception of oral contracep-
tives; and 

 

5

 

) no use of tobacco products. All subjects signed a
statement of informed consent approved by the Wake Forest
University School of Medicine Institutional Review Board. At the
conclusion of the study, a post hoc analysis for the apoA-IV
T347S polymorphism (41) was performed on buffy coat DNA
that had been stored at 

 

�

 

70

 

�

 

C.

 

Study protocol

 

The study was conducted in the General Clinical Research
Center of Wake Forest University School of Medicine. Subjects
abstained from alcohol for 24 h before the study and took noth-
ing by mouth for 12 h before the study. The subjects’ weight and
height were determined, a baseline blood sample was drawn into
acid-citrate-dextrose-containing tubes (Becton Dickinson, Ruth-
erford, NJ), and an indwelling venous catheter was placed. Sub-
jects then ingested a standard high fat meal within a 10-min pe-
riod, provided as a milkshake made from heavy cream, chocolate
or vanilla flavoring, and sugar. The milkshake volume for each
subject was calculated to provide 50 g of fat per m

 

2

 

 body surface
area. Venous blood samples were then obtained hourly for eight
h. During this period, the subjects were permitted to drink only
water, black coffee, or black tea ad libitum.

 

Plasma lipids and lipoproteins

 

Plasma was separated by low speed centrifugation and assayed
within 24 h of collection for triglycerides, total cholesterol, low
density lipoprotein (LDL) cholesterol, and HDL cholesterol in

the CDC standardized Lipid Laboratory at the Wake Forest Uni-
versity School of Medicine. Plasma for isolation of triglyceride-
rich lipoproteins was stored under nitrogen at 4

 

�

 

C in the dark.

 

Isolation of triglyceride-rich lipoproteins

 

Three-milliliter aliquots of plasma were placed into 4.5-ml Se-
ton poly-bottles and carefully layered with 1 ml of 0.9% NaCl,
0.05% ethylenediaminetetraacetic acid (EDTA). The tubes were
spun in a Beckman L8-70M ultracentrifuge (Beckman Coulter,
Fullerton, CA) in a 50.3Ti rotor at 40,000 rpm for 1 h at 10

 

�

 

C.
The top 1-ml layer from each tube, containing S

 

f

 

 

 

�

 

 400 chylomi-
crons, was carefully removed and analyzed for triglyceride con-
tent and particle size. The remaining plasma was again carefully
layered with 1 ml of 0.9% NaCl, 0.05% EDTA, and spun in a
50.3Ti rotor at 45,000 rpm for 16 h at 4

 

�

 

C. The top 1-ml layer
from each tube, containing S

 

f

 

 

 

�

 

 20 to 400 chylomicron rem-
nants and VLDL, was carefully removed and analyzed for triglyc-
eride content.

 

Analysis of chylomicron particle size

 

The particle size distribution in the chylomicron fractions was
determined by dynamic laser light scattering using a BI-2030 AT
correlator, a BI-200 SM light scattering goniometer/photon
counting detector (Brookhaven Instruments, Holtsville, NY), and
a Spectra Physics 127 He-NE laser (Mountain View, CA) (43).
Samples were diluted 1:10 or 1:20 in phosphate-buffered saline
buffer and filtered into plastic cuvettes through a 0.45-

 

�

 

m filter
immediately before analysis. For each subject, the particle size
distribution was determined at the time point with the highest
triglyceride concentration and at 4 h.

 

Data analysis

 

All data are presented as means 

 

�

 

 SE. For each subject, the
area under the curve (AUC) for plasma, chylomicron, and
VLDL triglyceride time curves was calculated by the trapezoidal
rule. The significance of differences in mean baseline parame-
ters and mean AUC between genotype groups was determined
by two-tailed unpaired Student’s 

 

t

 

-tests. The significance of
changes in mean plasma and lipoprotein triglycerides over time
within each genotype group and between genotype groups at
each time point was determined by two-way repeated measures
analysis of variance (ANOVA) with Tukey post hoc testing. The
interaction between gender and the apoA-IV Q360H and T347S
polymorphisms on AUCs was examined by two-way ANOVA with
Tukey post hoc testing. The relationship between mean baseline
parameters and postprandial responses was examined by Pear-
son product moment analysis.

 

RESULTS

There were no significant differences in baseline
plasma lipids, age, or BMI between the two genotype
groups (

 

Table 1

 

). Plasma total cholesterol, LDL, and HDL
levels did not change significantly over the 8-h postpran-
dial period in either genotype group (data not shown).

Mean triglyceride levels increased significantly follow-
ing the oral fat load in plasma and in S

 

f

 

 

 

�

 

 400 chylomi-
crons in both the 1/1 and 1/2 genotype groups, and in
the VLDL fraction in the 1/2 group, and returned to base-
line levels by 8 h (

 

Figs. 1–3

 

). There was a significant allele 

 

	

 

time interaction on postprandial triglyceride levels: mean
triglycerides in plasma, S

 

f

 

 

 

�

 

 400 chylomicrons, and VLDL
peaked at 3 h in the 1/2 subjects versus 2 h in the 1/1 sub-
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jects, and were significantly higher in the 1/2 subjects be-
tween 2–5 h.

The integrated postprandial response, calculated as
mean triglyceride AUC (

 

Fig. 4

 

), was higher in the 1/2 sub-
jects in plasma (

 

P

 

 

 

�

 

 0.045), chylomicrons (

 

P 

 

�

 

 0.027),
and VLDL (

 

P 

 

�

 

 0.063). No significant allele 

 

	

 

 gender in-
teractions were found for mean plasma, chylomicron, or
VLDL triglyceride AUCs. A strong positive correlation was
found between baseline plasma triglycerides and plasma
(

 

r

 

 

 

�

 

 0.896), chylomicron (

 

r 

 

�

 

 0.909), and VLDL (

 

r 

 

�

 

0.857) triglyceride AUCs; positive correlations were also
noted between baseline LDL and plasma (

 

r 

 

�

 

 0.516), chy-
lomicron (

 

r 

 

�

 

 0.558), and VLDL (

 

r 

 

�

 

 0.558) triglyceride
AUCs. A negative correlation was found between baseline
HDL and plasma (

 

r 

 

�

 

 

 

�

 

0.471), chylomicron (

 

r 

 

�
�

 

0.425), and VLDL (

 

r

 

 

 

�

 

 

 

�

 

0.476) triglyceride AUCs.
Dynamic light scattering analysis of postprandial S

 

f

 

 

 

�

 

400 chylomicrons revealed a multimodal particle distribu-
tion with three distinct peaks of particle diameters with
size ranges of 180–300 nm, 28–60 nm, and 3–8 nm
(

 

Table 2

 

). The large- and medium-sized distributions

probably correspond to populations of large and small
chylomicrons, as previously noted for S

 

f

 

 

 

�

 

 400 chylomi-
crons collected from human thoracic duct lymph (44).
The smallest peak may represent discoidal particles
formed from surface material shed by the particles during
processing. There were no significant differences in the
particle size distributions between the two allele groups.

After we began this study, Ostos et al. (45) reported that
the apoA-IV T347S polymorphism, which has worldwide
gene frequency of 16–21% (41, 46), decreases the magni-
tude of postprandial lipidemia. We therefore conducted a
post hoc analysis of the effect of the T347S polymorphism

 

TABLE 1. Subject baseline data

 

ApoA-IV-1/1 ApoA-IV-1/2

 

Number of subjects 14 14
Male/female 7/7 7/7
Age

 

a

 

26.1 

 

�

 

 0.9 28.6 

 

�

 

 1.4
BMI

 

a

 

22.4 

 

�

 

 0.7 25.4 

 

�

 

 1.0
Total cholesterol

 

a

 

128 

 

�

 

 4 136 

 

�

 

 8
Triglycerides 53 

 

�

 

 6 74 

 

�

 

 9
LDL cholesterol 74 

 

�

 

 4 82 

 

�

 

 6
HDL cholesterol 44 

 

�

 

 2 40 

 

�

 

 2

 

a

 

Data are means 

 

�

 

 SE; lipid and lipoprotein values are in mg/dl.
There were no significant differences in mean baseline parameters be-
tween genotype groups.

Fig. 1. Total plasma triglycerides in subjects with the A-IV-1/1
and A-IV-1/2 genotypes, measured after ingestion of 50 grams of fat
per m2 body surface area. Time points for the 1/1 subjects signifi-
cantly different from time 0: a1, P � 0.001; a2, P � 0.007. Time
points for the 1/2 subjects significantly different from time 0: b1, P �
0.042; b2, P � 0.001; b3, P � 0.002. Time points significantly differ-
ent 1/1 versus 1/2 subjects: c1, P � 0.039; c2, P � 0.007; c3, P �
0.027. Values are means � SE (n � 14).

Fig. 2. Chylomicron triglycerides in subjects with the A-IV-1/1
and A-IV-1/2 genotypes. Time points for the 1/1 subjects signifi-
cantly different from time 0: a1, P � 0.001; a2, P � 0.005. Time
points for the 1/2 subjects significantly different from time 0: b1, P �
0.001; b2, P � 0.005. Time points significantly different 1/1 versus
1/2 subjects: c1, P � 0.011; c2, P � 0.026; c3, P � 0.052. Values are
means � SE (n � 14).

Fig. 3. VLDL triglycerides in subjects with the A-IV-1/1 and A-IV-
1/2 genotypes. Time points for the 1/2 subjects significantly differ-
ent from time 0: b1, P � 0.001; b2, P � 0.003; b3, P � 0.045. Time
points significantly different 1/1 versus 1/2 subjects: c1, P � 0.045;
c2, P � 0.007. Values are means � SE (n � 14).
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on the outcome variables. DNA from 27 of the 28 subjects
was available for T347S genotyping. In the 1/1 group, one
subject had the 347S/S genotype and two subjects had the
347T/S genotype; in the 1/2 group, four subjects had the
347T/S genotype. Although in both 1/1 and 1/2 groups,
the mean AUC for plasma, chylomicron, and VLDL triglyc-
erides was lower in subjects carrying a 347S allele (Fig. 5),
the differences among the means did not reach significance.

DISCUSSION

The magnitude of the postprandial rise in plasma tri-
glycerides is determined by a dynamic balance between
the synthesis and clearance of triglyceride-rich lipopro-
teins. A number of dietary, metabolic, and genetic factors
are known to affect these processes. Alcohol (47), age (4,
5), gender (48), adiposity (6, 7), dietary fat intake (8, 9),
hormonal status (49, 50), and baseline lipid levels (10),
have all been shown to affect the postprandial plasma tri-
glyceride response. Allelic variations in the apoE gene
have long been known for their potent effect on postpran-
dial lipid metabolism (10, 17–21), but recently, genetic
polymorphisms in the genes for lipoprotein lipase (11–
13), apoB (14–16), and intestinal fatty acid binding pro-
tein 2 (51) have also been found to affect the postprandial
lipoprotein response.

Following a standard fat meal, subjects carrying an A-IV-2
allele displayed higher triglyceride levels during peak
lipemia, a delayed triglyceride peak, and increased chylo-
micron and VLDL AUCs. These observations suggest that
the A-IV-2 allele delays the postprandial clearance of tri-
glyceride-rich lipoproteins and may play a role in the
regulation of postprandial lipid metabolism. Candidate
mechanisms by which the A-IV-2 allele could modulate
postprandial lipidemia include an effect on the rate and/
or efficiency of chylomicron synthesis, peripheral lipolysis,
or hepatic remnant uptake. The observation that triglycer-
ide-rich lipoprotein levels peaked later in the 1/2 subjects
suggests the possibility that chylomicron synthesis or se-
cretion could be delayed in these subjects. In this regard,
intracerebral infusion of apoA-IV in rats slows gastric emp-
tying (52), and thus delays secretion of chylomicrons into
plasma. Nonetheless, it is not known whether neural ef-
fects of apoA-IV affect gastric emptying in humans or
whether apoA-IV polymorphisms could modulate its effect
on gastrointestinal function. We have shown that the A-IV-2
allele reduces the efficiency of cholesterol absorption in
subjects consuming a polyunsaturated fat diet (40), which
suggests that apoA-IV may play a role in modulating chylo-
micron assembly. However, intestinal lipid absorption is
grossly normal in apoA-IV knock-out mice (53); hence,
the function of apoA-IV in chylomicron synthesis must be
an accessory one.

Fig. 4. Areas under the triglyceride versus time curves in subjects
with the A-IV-1/1 and A-IV-1/2 genotypes. Values for 1/1 versus 1/2
subjects significantly different: a P � 0.045; b P � 0.027; c P � 0.063.
Values are means � SE.

Fig. 5. Areas under the triglyceride versus time curves in subjects
with the A-IV-1/1 and A-IV-1/2 genotypes by 347 T/S genotype.
There were no significant differences among the values for the four
haplotypes. Values are means � SE.

TABLE 2. Chylomicron particle diameter

Subjects

Sampled at Maximum Value Sampled at T � 4 h

Peak 1 Peak 2 Peak 3 Peak 1 Peak 2 Peak 3

ApoA-IV-1/1 ( n� 14) 247.3 � 8.6a 40.5 � 2.3 5.5 � 0.3 238.2 � 7.9 34.9 � 1.3 6.7 � 1.0
ApoA-IV-1/2 (n � 12) 232.9 � 7.6 37.6 � 2.3 4.8 � 0.5 236.8 � 10.1 37.5 � 1.1 5.1 � 0.5

a Data are means � SE; particle diameters are in nm. There were no significant differences in particle size between genotype groups.
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Following entry into circulation, chylomicron triglycer-
ides are hydrolyzed by lipoprotein lipase in the vascular
beds of the periphery (1, 2). Metabolic and genetic factors
that modulate the activity or plasma levels of lipoprotein
lipase or its co-factor, apoC-II, have a profound impact on
the magnitude of postprandial lipidemia (1, 2). Before
chylomicron hydrolysis can commence, apoA-IV on the
surface of nascent chylomicrons must be displaced by
apoC-II, which is transferred from its interprandial reser-
voir on plasma HDL. Because the apoA-IV-2 isoprotein
has increased affinity for lipoproteins (34), it could in-
hibit adsorption of apoC-II, thereby slowing the rate of pe-
ripheral lipolysis. If this were true, we would expect that at
any given time, circulating chylomicrons would be larger
in the 1/2 subjects. However, we found no difference in
the chylomicron particle size distribution between the two
genotype groups, which suggests that delayed hepatic up-
take, rather than delayed lipolysis, could be the basis for
the A-IV-2 allele effect.

As hydrolysis proceeds, chylomicrons shrink and be-
come enriched with cholesterol esters (3). When they
have shrunk to remnant particles of ~1,000 Å, they can
pass into the space of Disse, gain access to the surface of
sinusoidal hepatocytes, and be removed from circulation
by hepatic remnant receptors (3). ApoE serves as the re-
ceptor ligand in this process and, hence, before remnants
can be cleared from circulation, they must acquire apoE
on their surface. As with apoC-II, apoE may be adsorbed
to the chylomicron surface in exchange with apoA-IV (25,
54). Thus, increased lipid affinity of the apoA-IV-2 isopro-
tein could impede adsorption of apoE, and thereby delay
hepatic chylomicron remnant uptake. The observations
that the VLDL fraction, which included chylomicron rem-
nants, increased over baseline levels only in the 1/2 sub-
jects and was significantly higher in the 1/2 subjects than
in the 1/1 subjects at 2–4 h support this possibility. If so,
this could explain why individuals carrying the A-IV-2 al-
lele display an attenuated rise in plasma LDL to dietary
cholesterol (36, 37). As cholesterol-enriched chylomicron
remnants reach the liver, they downregulate hepatic LDL
receptors, which in turn, raises plasma LDL levels. How-
ever, if the A-IV-2 allele retarded chylomicron remnant
clearance, hepatic LDL receptors would be less affected
and the increase in plasma LDL would be blunted. The
apoE-2 allele is thought to lower plasma LDL levels by
such a mechanism (55).

The apoA-IV T347S polymorphism appears to have ef-
fects opposite to those of the H360 allele in modulating
the lipid response to dietary fat. Subjects carrying the
S347 allele display greater rises in LDL and apoB in re-
sponse to a high fat diet (56) and display decreased post-
prandial lipidemia compared to subjects homozygous for
the T347 allele (45). Although our analysis of the impact
of the S347 genotype was retrospective and, consequently,
the haplotype subgroups were not well balanced, the
trends in our data nonetheless support the findings of Os-
tos et al. (45), and suggest that an antagonistic interaction
between the apoA-IV Q360H and T347S polymorphisms
may modulate the ultimate magnitude of the postprandial

lipid response. Moreover, although the biophysical prop-
erties of the apoA-IV 347S isoprotein have not been exam-
ined to date, these observations predict that it will be
found to have lower lipid affinity.

Abnormal or delayed postprandial chylomicron clear-
ance has been implicated in the pathogenesis of athero-
sclerosis (57, 58). Although the A-IV-2 allele does not ap-
pear to be an independent risk factor for atherosclerotic
cardiovascular disease (59, 60), it might contribute to the
risk of atherosclerosis in states where there is a metabolic
predisposition to hypertriglyceridemia. In a study of car-
diovascular events in patients with non-insulin-dependent
diabetes mellitus, the A-IV-2 allele was associated with a 5-
to 8-fold increased risk for myocardial infarction in obese
diabetics (who had elevated plasma triglyceride levels)
compared with groups of subjects with normal glucose tol-
erance or diabetics with a normal BMI (61). Similarly, the
A-IV-2 allele might play a permissive role in other hyper-
triglyceridemic disorders. For example, the apoE-2/2 gen-
otype is a necessary, but not sufficient, condition for the
genesis of type III hyperlipoproteinemia; only a small sub-
set of individuals homozygous for the E-2 allele display the
type III phenotype (62). Recently an increased frequency
of the N291S polymorphism in the lipoprotein lipase gene
(63) and an Sst I polymorphism in the apoC-III gene (64)
have been noted in hyperlipidemic E-2/2 homozygotes. It
would be of interest to determine whether the A-IV-2 allele
is a factor that contributes to the development of dyslipo-
proteinemia in E-2/2 homozygotes.

In summary, our data suggest that the A-IV-2 allele de-
lays postprandial clearance of triglyceride-rich lipopro-
teins. Furthermore, our data suggest that there may be an
antagonistic interaction between the H360 and S347 al-
leles that determines the ultimate impact of apoA-IV poly-
morphisms on the postprandial lipid response. Finally, we
speculate that the A-IV-2 allele could increase the risk of
atherosclerosis in states where there is a metabolic predis-
position to hypertriglyceridemia. Further studies will be
needed to elucidate the impact of apoA-IV alleles and
their interaction with other apoprotein polymorphisms
on postprandial lipoprotein metabolism.

This research was supported by grants NC95GA37 from the
American Heart Association North Carolina Affiliate, HL30897
from the National Heart, Lung, and Blood Institute, and M01
RR07122 from the General Clinical Research Center of Wake
Forest University School of Medicine. During a portion of these
studies, K. H. was supported by grant DK07400 from the Na-
tional Institute of Diabetes and Digestive and Kidney Disease.

Manuscript received 24 July 2000.

REFERENCES

1. Lairon, D. 1996. Nutritional and metabolic aspects of postprandial
lipemia. Reprod. Nutr. Dev. 36: 345–355.

2. Havel, R. J. 1997. Postprandial lipid metabolism: an overview. Proc.
Nutr. Soc. 56: 659–666.

3. Willnow, T. E. 1997. Mechanisms of hepatic chylomicron remnant
clearance. Diabetic Med. 14 (Suppl. 3): S75–S80.

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


216 Journal of Lipid Research Volume 42, 2001

4. Cohn, J. S., J. R. McNamara, S. D. Cohn, J. M. Ordovas, and E. J.
Schaefer. 1988. Postprandial plasma lipoprotein changes in hu-
man subjects of different ages. J. Lipid Res. 29: 469–479.

5. Krasinski, S. D., J. S. Cohn, E. J. Schaefer, and R. M. Russell. 1990.
Postprandial plasma retinyl ester response is greater in older sub-
jects compared with younger subjects. Evidence for delayed plasma
clearance of intestinal lipoproteins. J. Clin. Invest. 85: 883–892.

6. Ryu, J. E., T. E. Craven, R. D. MacArthur, W. H. Hinson, M. B.
Bond, A. P. Hagaman, and J. R. Crouse. 1994. Relationship of in-
traabdominal fat as measured by magnetic resonance imaging to
postprandial lipemia in middle-aged subjects. Am. J. Clin. Nutr. 60:
586–591.

7. Taira, K., M. Hikita, J. Kobayashi, H. Bujo, K. Takahashi, S. Mu-
rano, N. Morisaki, and Y. Saito. 1999. Delayed postprandial lipid
metabolism in subjects with intra-abdominal visceral fat accumula-
tion. Eur. J. Clin. Invest. 29: 301–308.

8. Dubois, C., G. Beaumier, C. Juhel, M. Armand, H. Portugal, A. M.
Pauli, P. Borel, C. Latge, and D. Lairon. 1998. Effects of graded
amounts (0–50 g) of dietary fat on postprandial lipemia and lipo-
proteins in normolipidemic adults. Am. J. Clin. Nutr. 67: 31–38.

9. Jensen, J., A. Bysted, S. Dawids, K. Hermansen, and G. Holmer.
1999. The effect of palm oil, lard, and puff-pastry margarine on
postprandial lipid and hormone responses in normal-weight in
obese young women. Br. J. Nutr. 82: 469–479. 

10. Brown, A. J., and D. C. Roberts. 1991. The effect of fasting triacyl-
glyceride concentration and apolipoprotein E polymorphism on
postprandial lipemia. Arterioscler. Thromb. 11: 1737–1744.

11. Pimstone, S. N., S. M. Clee, S. E. Gagne, L. Miao, H. Zhang, E. A.
Stein, and M. R. Hayden. 1996. A frequently occurring mutation
in lipoprotein lipase gene (Asn291Ser) results in altered postpran-
dial chylomicron triglyceride and retinal palmitate response in
normolipidemic carriers. J. Lipid Res. 37: 1675–1684.

12. Talmud, P. J., A. Hall, S. Holleran, R. Ramakrishnan, H. N. Gins-
berg, and S. E. Humphries. 1998. LPL promoter -93T/G transition
influences fasting and postprandial plasma triglycerides response
in African-Americans and Hispanics. J. Lipid Res. 39: 1189–1196.

13. Mero, N., L. Suurinkeroinen, M. Syvanne, P. Knudsen, H. Yki-
Jarvinen, and M. R. Taskinen. 1999. Delayed clearance of post-
prandial large TG-rich particles in normolipidemic carriers of LPL
Asn291Ser gene variant. J. Lipid Res. 40: 1663–1670.

14. Regis-Bailly, K., B. Fournier, J. Steinmetz, R. Gueguen, G. Siest,
and S. Visvikis. 1995. Apo B signal peptide insertion/deletion poly-
morphism is involved in postprandial lipoparticles’ responses. Ath-
erosclerosis. 118: 23–34.

15. Byrne, C. D., N. J. Wareham, P. K. Mistry, D. I. Phillips, N. D. Mar-
tenz, D. Halsall, P. J. Talmud, S. E. Humphries, and C. N. Hales.
1996. The association between free fatty acid concentrations and
triglyceride-rich lipoproteins in the postprandial state is altered by
a common deletion polymorphism of apo B signal peptide. Athero-
sclerosis. 127: 35–42.

16. Lopez-Miranda, J., J. M. Ordovas, M. A. Ostos, C. Marin, S. Jansen,
J. Salas, A. Blanco-Molina, J. A. Jimenez-Pereperez, F. Lopez-
Segura, and F. Perez-Jimenez. 1997. Dietary fat clearance in nor-
mal subjects is modulated by genetic variation at the apolipopro-
tein B gene locus. Arterioscler. Thromb. Vasc. Biol. 17: 1765–1773.

17. Weintraub, M. S., S. Eisenberg, and J. L. Breslow. 1987. Dietary fat
clearance in normal subjects is regulated by genetic variation in
apolipoprotein E. J. Clin. Invest. 80: 1571–1577.

18. Boerwinkle, E., S. Brown, A. R. Sharett, G. Heiss, and W. Patsch.
1994. Apolipoprotein E polymorphism influences postprandial
retinyl palmitate but not triglyceride concentrations. Am. J. Hum.
Genet. 54: 341–360.

19. Bergeron, N., and R. J. Havel. 1996. Prolonged postprandial re-
sponses of lipids and apolipoproteins in triglyceride-rich lipopro-
teins of individuals expressing an apolipoprotein ε4 allele. J. Clin.
Invest. 97: 65–72.

20. Orth, M., S. Wahls, M. Hanisch, I. Friedrich, H. Wieland, and C.
Luley. 1996. Clearance of postprandial lipoproteins in normolipi-
demics: role of the apolipoprotein E phenotype. Biochim. Biophys.
Acta. 1303: 22–30.

21. Dart, K. M., and B. Cooper. 1999. Independent effects of apo E
phenotype and plasma triglyceride on lipoprotein particle sizes in
the fasting and postprandial states. Arterioscler. Thromb. Vasc. Biol.
19: 2465–2473.

22. Weinberg, R. B., and A. M. Scanu. 1983. The isolation and charac-
terization of human apolipoprotein A-IV from lipoprotein de-
pleted serum. J. Lipid Res. 24: 52–59.

23. Weisgraber, K. H., T. P. Bersot, and R. W. Mahley. 1978. Isolation
and characterization of an apoprotein from the d�1.006 lipopro-
teins of human and canine lymph homologous with the rat A-IV
apoprotein. Biochem. Biophys. Res. Commun. 85: 287–292.

24. Hayashi, H., D. F. Nutting, K. Fujimoto, J. A. Cardelli, D. Black,
and P. Tso. 1990. Transport of lipid and apolipoproteins apo A-I
and apo A-IV in intestinal lymph of the rat. J. Lipid Res. 31: 1613–
1625.

25. Green, P. H., R. M. Glickman, C. D. Saudek, C. B. Blum, and A. R.
Tall. 1979. Human intestinal lipoproteins: studies in chyluric sub-
jects. J. Clin. Invest. 64: 233–242.

26. Green, P. H., R. M. Glickman, J. W. Riley, and E. Quinet. 1980. Hu-
man apolipoprotein A-IV: intestinal origin and distribution in
plasma. J. Clin. Invest. 65: 911–919.

27. Bisgaier, C. L., O. P. Sachdev, L. Megna, and R. M. Glickman. 1985.
Distribution of apolipoprotein A-IV in human plasma. J. Lipid Res.
26: 11–25.

28. Kalogeris, T. J., M. D. Rodriquez, and P. Tso. 1997. Control of syn-
thesis and secretion of intestinal apolipoprotein A-IV by lipid. J.
Nutr. 127: 537S–543S.

29. Weinberg, R. B., and M. S. Spector. 1985. Human apolipoprotein
A-IV: displacement from the surface of triglyceride-rich particles
by HDL2-associated C-apoproteins. J. Lipid Res. 26: 26–37.

30. Goldberg, I. J., C. A. Scheraldi, L. K. Yacoub, U. Saxena, and C. L.
Bisgaier. 1990. Lipoprotein apo C–II activation of lipoprotein li-
pase. Modulation by apolipoprotein A-IV. J. Biol. Chem. 265: 4266–
4272.

31. Tenkanen, H., and C. Ehnholm. 1992. Molecular basis for apo A-IV
polymorphisms. Annal. Med. 24: 369–374.

32. Weinberg, R. B. 1999. Apolipoprotein A-IV-2 allele: association of
its worldwide distribution with adult persistence of lactase and
speculation on its function and origin. Genet. Epidemiol. 17: 285–
297.

33. Lohse, P., M. R. Kindt, D. J. Rader, and H. B. Brewer. 1990. Genetic
polymorphism of human plasma apolipoprotein A-IV is due to nu-
cleotide substitutions in the apolipoprotein A-IV gene. J. Biol.
Chem. 265: 10061–10064.

34. Weinberg, R. B., M. Jordan, and A. Steinmetz. 1990. Distinctive
structure and function of human apolipoprotein variant, apo A-IV-2.
J. Biol. Chem. 265: 18372–18378.

35. Rader, D. J., J. Schafer, P. Lohse, B. Verges, M. Kindt, L. A. Zech, A.
Steinmetz, and H. B. Brewer. 1993. Rapid in vivo transport and ca-
tabolism of human apolipoprotein A-IV-1 and slower catabolism of
the apoA-IV-2 isoprotein. J. Clin. Invest. 92: 1009–1017.

36. McCombs, R. J., D. E. Marcadis, J. Ellis, and R. B. Weinberg. 1994.
Attenuated hypercholesterolemic response to a high cholesterol
diet in subjects heterozygous for the apolipoprotein A-IV-2 allele.
N. Engl. J. Med. 331: 706–710.

37. Mata, P., J. M. Ordovas, J. Lopez-Miranda, A. H. Lichtenstein, B.
Clevidence, J. T. Judd, and E. J. Schaefer. 1994. Apo A-IV pheno-
type affects diet-induced plasma LDL cholesterol lowering. Arterio-
scler. Thromb. 14: 884–891.

38. Jansen, S., J. Lopez-Miranda, J. M. Ordovas, J. L. Zambrana, C.
Marin, M. A. Ostos, P. Castro, R. McPherson, F. Lopez Segura, A.
Blanco, J. A. Jimenez Pereperez, and F. Perez-Jimenez. 1997. Effect
of the 360His mutation in apolipoprotein apo A-IV on plasma
HDL-cholesterol response to dietary fat. J. Lipid Res. 38: 1995–
2002.

39. Carmena-Ramon, R., J. F. Ascaso, J. T. Real, J. M. Ordovas, and R.
Carmena. 1998. Genetic variation at the apo A-IV gene locus and
response to diet in familial hypercholesterolemia. Arterioscler.
Thromb. Vasc. Biol. 18: 1266–1274.

40. Weinberg, R. B., B. W. Geissinger, K. Kasala, K. J. Hockey, J. G.
Terry, L. Easter, and J. R. Crouse. 2000. Effect of apolipoprotein
A-IV genotype and dietary fat on cholesterol absorption. J. Lipid
Res. 41: 2035–2041.

41. Von Eckardstein, A., H. Funke, M. Schulte, M. Erren, H. Schulte,
and G. Assmann. 1992. Nonsynonymous polymorphic sites in the
apolipoprotein (apo) A-IV gene are associated with changes in the
concentration of apo B- and apo A-I-containing lipoproteins in a
normal population. Am. J. Hum. Genet. 50: 1115–1128.

42. Hixson, J. E., and D. T. Vernier. 1990. Restriction isotyping of hu-
man apolipoprotein E by gene amplification and cleavage with
HhaI. J. Lipid Res. 31: 545–548.

43. Hantgan, R. L., J. V. Braaten, and M. Rocco. 1993. Dynamic light
scattering studies of 
IIb�3 solution conformation. Biochemistry.
32: 3935–3945.

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


Hockey et al. ApoA-IV-2 allele and postprandial lipid clearance 217

44. Ruf, H., and B. J. Gould. 1999. Size distributions of chylomicrons
from human lymph from dynamic light scattering measurements.
Eur. Biophys. J. 28: 1–11.

45. Ostos, M. A., J. Lopez-Miranda, J. M. Ordovas, C. Marin, A. Blanco, P.
Castro, F. Lopez-Segura, J. Jimenez-Pereperez, and F. Perez-Jimenez.
1998. Dietary fat clearance is modulated by genetic variation in
apolipoprotein A-IV gene locus. J. Lipid Res. 39: 2493–2500.

46. Zaiou, M., S. Visvikis, R. Gueguen, H. J. Parra, J. C. Fruchart, and
G. Siest. 1994. DNA polymorphisms of human apolipoprotein A-IV
gene: frequencies and effects on lipid, lipoprotein and apolipo-
protein levels in a French population. Clin. Genet. 46: 248–254.

47. Hartung, G. H., S. J. Lawrence, R. S. Reeves, and J. P. Foreyt. 1993.
Effect of alcohol and exercise on postprandial lipemia and triglyc-
eride clearance in men. Atherosclerosis. 100: 33–40.

48. Redard, C. L., P. A. David, and B. O. Schneeman. 1990. Dietary fi-
ber and gender: effect on postprandial lipemia. Am. J. Clin. Nutr.
52: 837–845.

49. Weintraub, M., I. Grosskopf, Y. Trostanesky, G. Charach, A. Rubin-
stein, and N. Stern. 1999. Thyroxine replacement therapy en-
hances clearance of chylomicron remnants in patients with hy-
pothyroidism. J. Clin. Endocrinol. Metab. 84: 2532–2536.

50. Weintraub, M., I. Grosskopf, G. Charach, N. Eckstein, and A. Ru-
binstein. 1999. Hormone replacement therapy enhances post-
prandial lipid metabolism in postmenopausal women. Metab. Clin.
Exp. 48: 1193–1196.

51. Agren, J. J., R. Valve, H. Vidgren, M. Laakso, and M. Uusitupa.
1998. Postprandial lipemic response is modified by the polymor-
phism at codon 54 of the fatty acid-binding protein 2 gene. Arterio-
scler. Thromb. Vasc. Biol. 18: 1606–1610.

52. Okumura, T., K. Fukugawa, P. Tso, I. L. Taylor, and T. N. Pappas.
1996. Apolipoprotein A-IV acts in the brain to inhibit gastric emp-
tying in the rat. Am. J. Physiol. 270: G49–G53.

53. Weinstock, P. H., C. L. Bisgaier, T. Hayek, K. Aalto-Setal, E.
Sehayek, L. Wu, P. Sheiffele, M. Merkel, A. D. Essenburg, and J. L.
Breslow. 1997. Decreased HDL cholesterol levels but normal lipid
absorption, growth, and feeding behavior in apolipoprotein A-IV
knockout mice. J. Lipid Res. 38: 1782–1794.

54. Robinson, S. F., and S. H. Quarfordt. 1978. Chylomicron apopro-
tein alteration after plasma exposure. Biochim. Biophys. Acta. 541:
492–503.

55. Weisgraber, K. H. 1994. Apolipoprotein E: structure-function rela-
tionships. Adv. Protein Chem. 45: 249–301.

56. Jansen, S., J. Lopez-Miranda, J. Slas, J. M. Ordovas, P. Castro, C.
Marin, M. A. Ostos, F. Lopez-Segura, J. A. Jimenez-Pereperez, A.
Blanco, and F. Perez-Jimenez. 1997. Effect of the 347-serine muta-
tion in apoprotein A-IV on plasma LDL cholesterol response to di-
etary fat. Arterioscler. Thromb. Vasc. Biol. 17: 1532–1538.

57. Boquist, S., G. Ruotolo, R. Tang, J. Bjorkegren, M. G. Bond, U. de
Faire, F. Karpe, and A. Hamsten. 1999. Alimentary lipemia, post-
prandial triglyceride-rich lipoproteins, and common carotid in-
tima-media thickness in healthy, middle-aged men. Circulation.
100: 723–728.

58. Karpe, F. 1999. Postprandial lipoprotein metabolism and athero-
sclerosis. J. Intern. Med. 246: 341–355.

59. Ehnholm, C., H. Tenkanen, P. de Knijff, L. Havekes, M. Rosseneu,
H. J. Menzel, and L. Tiret. 1994. Genetic polymorphism of apo-
lipoprotein A-IV in five different regions of Europe. Relations to
plasma lipoproteins and to history of myocardial infarction: the
EARS study. Atherosclerosis. 107: 229–238.

60. Carrejo, M. H., R. Sharrett, W. Patsch, and E. Boerwinkle. 1995.
No association of apolipoprotein A-IV codon 347 and 360 varia-
tion with atherosclerosis and lipid transport in a sample of mixed
hyperlipidemics. Genet. Epidemiol. 12: 371–380.

61. Rewers, M., M. I. Kamboh, S. Hoag, S. M. Shetterly, R. E. Ferrell,
and R. F. Hamman. 1994. Apo A-IV polymorphism associated with
myocardial infarction in obese NIDDM patients. The San Luis Val-
ley diabetes study. Diabetes 43: 1485–1489.

62. Mahley, R. W., Y. D. Huang, and S. D. Rall. 1999. Pathogenesis of
type III hyperlipoproteinemia (dysbetalipoproteinemia): ques-
tions, quandaries, and paradoxes. J. Lipid Res. 40: 1933–1949.

63. Brummer, D., D. Evans, D. Berg, H. Greten, U. Beisiegel, and W. A.
Mann. 1998. Expression of type III hyperlipoproteinemia in pa-
tients homozygous for apolipoprotein E-2 is modulated by lipopro-
tein lipase and postprandial hyperinsulinemia. J. Mol. Med. 76:
355–364.

64. Sijbrands, E. J., M. J. Hoffer, A. E. Meinders, L. M. Havekes, R. R.
Frants, A. H. Smelt, and P. DeKnijff. 1999. Severe hyperlipidemia
in apolipoprotein E2 homozygotes due to a combined effect of hy-
perinsulinemia and an SstI polymorphism. Arterioscler. Thromb.
Vasc. Biol. 19: 2722–2729.

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

