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Abstract The carrier frequency of Asn291Ser polymor-
phism of the lipoprotein lipase (LPL) gene is 4–6% in the
Western population. Heterozygotes are prone to fasting hy-
pertriglyceridemia and low high density lipoprotein (HDL)
cholesterol concentrations especially when secondary fac-
tors are superimposed on the genetic defect. We studied the
LPL Asn291Ser gene variant as a modulator of postprandial
lipemia in heterozygote carriers. Ten normolipidemic car-
riers were compared to ten control subjects, who were se-
lected to have similar age, sex, BMI, and apolipoprotein
(apo)E-phenotype. The subjects were given a lipid-rich
mixed meal and their insulin sensitivity was determined by
euglycemic hyperinsulinemic clamp technique. The two
groups had comparable fasting triglycerides and glucose
utilization rate during insulin infusion, but fasting HDL
cholesterol was lower in carriers (1.25 

 

6

 

 0.05 mmol/L)
than in the control subjects (1.53 

 

6

 

 0.06 mmol/L, 

 

P

 

 

 

5

 

0.005). In the postprandial state the most pronounced dif-
ferences were found in the very low density lipoprotein 1
(VLDL1) fraction, where the carriers displayed higher re-
sponses of apoB-48 area under the curve (AUC), apoB-100
AUC, triglyceride AUC, and retinyl ester AUC than the con-
trol subjects. The most marked differences in apoB-48 and
apoB-100 concentrations were observed late in the post-
prandial period (9 and 12 h), demonstrating delayed clear-
ance of triglyceride-rich particles of both hepatic and intesti-
nal origin. Postprandially, the carriers exhibited enrichment
of triglycerides in HDL fraction.  Thus, in normolipidemic
carriers the LPL Asn291Ser gene variant delays postpran-
dial triglyceride, apoB-48, apoB-100, and retinyl ester me-
tabolism in VLDL1 fraction and alters postprandial HDL
composition compared to matched non-carriers.
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Lipoprotein lipase (LPL) functions as a key enzyme in
triglyceride (TG) hydrolysis providing free fatty acids for
tissues (1). Postheparin plasma LPL activity correlates pos-

 

itively with high density lipoprotein (HDL) cholesterol
concentration and inversely with plasma TG concentra-
tion (2). High plasma TG and low HDL cholesterol con-
centrations associate with early coronary artery disease
(CAD) (3, 4). The familial occurrence of this lipid pheno-
type in some CAD patients has initiated the search for un-
derlying genetic defects. The LPL gene is one of the obvi-
ous candidates, and more than 60 mutations of the gene
have so far been described (5, 6).

The LPL gene Asn291Ser variant in exon 6 is a com-
mon abnormality and has a carrier frequency of 4–6% (7,
8). In vitro this gene variant results in 25–50% loss of the
catalytic activity of LPL (9, 10). In heterozygotes LPL ac-
tivity has been decreased in some (9, 10) but not all stud-
ies (11). The fasting serum lipoprotein profile has been
highly variable; heterozygote carriers of this variant show
decreased HDL and elevated TG concentrations in the
presence of other factors modulating lipid metabolism (7,
8, 10–12). It has been suggested that the carrier status of
Asn291Ser polymorphism (7, 13, 14) or other mutations
of the LPL gene (15, 16) increase the risk for CAD.

Because LPL is the rate-limiting enzyme for the hydroly-
sis of TG, LPL activity is critical for normal clearance of
postprandial triglyceride-rich lipoprotein (TRL) particles.
Two previous studies in carriers of the LPL Asn291Ser
variant have reported excessive postprandial lipemia (8,
17). However, it is unclear whether endogenous or exoge-
nous TRL particles or both are responsible for the
lipemia. The aim of this study was to determine the effect
of Asn291Ser variant in the LPL gene as a modulator of
postprandial lipemia and insulin sensitivity measured as
whole body glucose uptake, in carriers with normal fasting
lipid profile compared to control subjects. As the mea-
surement of postheparin plasma LPL activity or fasting
lipid levels do not necessarily reveal the carrier status at

 

Abbreviations: apo, apolipoprotein; Asn291Ser, Asn291

 

➝

 

Ser poly-
morphism of the LPL gene; LPL, lipoprotein lipase; AUC, area under
the curve; BMI, body mass index; TG, triglyceride.
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the individual level, we wanted to examine whether a fat
loading test could be used to discover lipid abnormalities
in the carriers of this genetic defect.

SUBJECTS AND METHODS

 

Subjects

 

The study population included 10 healthy carriers of Asn291Ser
polymorphism in the LPL gene, who had been identified in our
previous studies (18). All carriers had normal concentrations of
fasting plasma lipids measured at a screening visit. Each normo-
lipidemic carrier was selected to have a non-carrier control sub-
ject with normal fasting lipid concentrations and with compara-
ble age, sex, BMI, and apoE phenotype (E3/3 or E3/4). These
control subjects were chosen from previous screenings of normal
cohorts and from the laboratory staff. The subjects underwent
three tests in random order on separate occasions: an oral fat
loading test, an euglycemic hyperinsulinemic clamp, and mea-
surement of postheparin plasma lipolytic enzyme activities. All
carriers and control subjects were healthy, non-obese, and used
no medications. Each subject was interviewed by the same investi-
gator about lifestyle factors; no one consumed a special diet, and
the amount of physical activity and alcohol consumption were re-
corded. Thyroid, renal, and liver diseases were excluded by rou-
tine laboratory tests. Subject characteristics are given in 

 

Table 1

 

.
Each subject gave his/her informed consent, and the study
protocol was approved by the Ethics Committee of Department
of Medicine, Helsinki University Central Hospital.

 

Measurements

 

Solid-phase minisequencing.

 

A minisequencing method (19) was
used to screen for the point mutations A

 

➝

 

G at position 291 of
the LPL gene. The known point mutation Asn291Ser in exon 6
of the human LPL gene was amplified by PCR using an upstream
PCR primer 5

 

9

 

-(ATC TTG GTG TCT CTT TTT TAC CC)-3

 

9

 

 and
biotinylated downstream PCR primer 5

 

9

 

-(AGT CTT CAG GTA
CAT TTT GCT GCT)-3

 

9

 

. The detection primer 5

 

9

 

-(CAA TCT
GGG CTA TGA GAT CA)-3

 

9

 

 was used for determining allelic vari-
ants with an A at the second position of codon 291. The PCR was
carried out as described (20) in a total volume of 50 

 

m

 

l. The cycles
of denaturation (1 min at 95

 

8

 

C), annealing (1 min at 54

 

8

 

C), and
elongation (2 min at 72

 

8

 

C) were repeated 32 times. For each mini-
sequencing reaction, a 10-

 

m

 

L aliquot of the PCR mixture and 40

 

m

 

L 20 m

 

m

 

 sodium phosphate buffer, pH 7.5, containing 0.1%
Tween 20 were added to microtitration wells (Labsystems, Hels-
inki, Finland) that had been coated with streptavidin. The sam-

ples were incubated with gentle shaking at 37

 

8

 

C for 1.5 h and
washed five times with 350 

 

m

 

l 40 m

 

m

 

 Tris-HCl, pH 8.8, 1 m

 

m

 

EDTA, 50 m

 

m

 

 NaCl, 0.1% Tween 20, at room temperature. The
wells were treated once with 100 

 

m

 

L 50 m

 

m

 

 NaOH for 5 min at
room temperature and washed five times as above. A reaction
mixture consisting of 0.2 

 

m

 

m

 

 detection primer and 0.4 

 

m

 

m

 

[

 

3

 

H]dATP (TRK 625, 37 Ci/mmol) to detect A at the second po-
sition of codon 291 or 0.4 

 

m

 

m

 

 [

 

3

 

H]dGTP (TRK 627, 37 Ci/mmpl)
to detect G at this position was added to each well. The samples
were incubated at 50

 

8

 

C for 10 min and washed as above. The
microtitration plates were treated with 60 

 

m

 

l of 50 m

 

m

 

 NaOH for
5 min at room temperature and the eluted radioactivity was mea-
sured in a liquid scintillation counter.

 

Oral fat loading test.

 

The study was performed at 7.30 

 

am

 

 after
an overnight 10–12 h fast. The subjects were asked to abstain
from alcohol intake for at least 2 preceding days. A lipid-rich
mixed meal consisting of bread, butter, cheese, sliced sausage, a
boiled egg, fresh paprika, soured whole milk, orange juice, and
coffee was served to the subjects (21). The meal contained 63 g
fat, 490 mg cholesterol, with a P/S ratio of 0.08, 25 g carbohy-
drate, and 35 g protein. During the meal, 150 000 IU of vitamin
A (retinyl palmitate, Leiras Oy, Turku, Finland) was administered
to label intestinal TRL particles with retinyl esters. After the meal
the participants were allowed to drink only water until the last
sample was collected. Blood samples were drawn from an in-
dwelling catheter placed in an antecubital vein before and 3, 6, 9,
and 12 h after the lipid-rich meal. Venous blood was collected
into tubes containing EDTA and plasma was separated within 20
min by low-speed centrifugation. Samples were protected from
light and kept at 4

 

8

 

C before and after centrifugation.

 

Density gradient ultracentrifugation.

 

The density of plasma sam-
ples used for density gradient ultracentrifugation was adjusted to
d 1.10 kg/L with saline and preservatives (aprotinin 50 IU/mL
and phenylmethylsulfonyl fluoride 1 mmol/L) were added. Four
mL of plasma was placed in 13.4 mL tubes (Ultra-Clear, Beckman
Inc., Palo Alto, CA) and overlayered carefully with 3.0 mL of d
1.065 and d 1.020 kg/L, and 2.8 mL d 1.006 kg/L NaCl solutions.
Ultracentrifugation was performed in a SW40 Ti swinging bucket
rotor at 40,000 rpm and at 15

 

8

 

C in a Beckman Optima LC ultra-
centrifuge. The S

 

f

 

 

 

.

 

 400 fraction representing chylomicrons was
isolated after a run of 32 min and collected by aspirating the top
fraction of 1.0 mL. The tube was refilled with d 1.006 kg/L NaCl
solution. Thereafter, ultracentrifugation was continued under
the same conditions and the S

 

f

 

 60–400 fraction (VLDL1) was iso-
lated in a run of 3 h 28 min. The sample was aspirated and the
tube was refilled as previously. To separate the S

 

f

 

 20–60 lipopro-
teins (VLDL2) and intermediate density lipoproteins (IDL, S

 

f

 

12–20), centrifugation was continued for 17 h and the fractions
were separated as described in detail by Karpe and Hamsten (22)
and Karpe et al. (23). Low density lipoproteins (LDL, S

 

f

 

 0–12)
and HDL were recovered from the same tube by aspiration, and
the final concentrations were corrected with a dilution coeffi-
cient. Aliquots of the isolated fractions for apolipoprotein B-48
(apoB-48) and apolipoprotein B-100 (apoB-100) determinations
were frozen immediately at 

 

2

 

80

 

8

 

C.

 

Measurements of apoB-48 and apoB-100.

 

Concentrations of apoB-
48 and apoB-100 were analyzed in density gradient ultracentrif-
ugation fractions. Briefly, delipidated aliquots of samples were
dissolved in buffer and run in 3.5–20% sodium dodecyl sulfate
polyacrylamide gel electrophoresis according to the method of
Karpe and Hamsten (22) with slight modifications (21). Intragel
and intergel coefficients of variation (CV) for apoB-48 were 3.3%
and 13.7%, and for apoB-100 2.9% and 10.5%, respectively. The
detection limit for apoB-48 and apoB-100 ranged between 0.01
and 0.02 mg/L.

 

Insulin sensitivity in vivo.

 

Whole body insulin sensitivity was

TABLE 1. Subject characteristics and
parameters of glucose metabolism

 

Carriers Controls

 

Males/females 5/5 5/5
Age, yr 38 

 

6

 

 5 40 

 

6

 

 4
BMI, kg/m

 

2

 

24.3 

 

6

 

 1.0 23.5 

 

6

 

 0.9
Fat, % 28 

 

6

 

 2 26 

 

6

 

 1
Glucose, mmol/L 5.4 

 

6

 

 0.2 4.8 

 

6

 

 0.2
C-peptide, nmol/L 0.79 

 

6

 

 0.16 0.50 

 

6

 

 0.06
M value, mg/lean

body weight * min 6.3 

 

6

 

 0.7 7.8 

 

6

 

 0.9
Insulin, mU/L 5.7 

 

6

 

 0.8 6.4 

 

6

 

 1.0

Carriers, heterozygote for the Asn

 

➝

 

Ser variant in the LPL gene;
BMI, body mass index. Data are means 

 

6

 

 SE or number of subjects.
Differences are calculated with Kruskal-Wallis test. 

 

P

 

 

 

.

 

 0.05 for each
variable between carriers and controls.
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measured using the euglycemic hyperinsulinemic clamp tech-
nique in a subset of 8 carriers and in their 8 matched control sub-
jects as previously described (24, 25). Insulin was infused in a
primed continuous fashion for 2 h. The rate of the continuous
insulin infusion was 1 mU/kg*min. Normoglycemia was main-
tained using a 20% glucose infusion. The glucose infusion rate
was adjusted based on plasma glucose measurements, which were
performed at 5-min intervals from arterialized venous blood (24,
25). Whole-body insulin sensitivity (M value) was calculated from
the glucose infusion rate during the second hour of the insulin
infusion. The lean body mass and the fat percentage was mea-
sured by bioelectrical impedance analysis (Bio-Electrical Imped-
ance Analyzer System, RJL Systems, Detroit, MI).

 

Lipolytic enzymes.

 

An intravenous bolus injection of heparin
(100 IU per kg of body weight) was given to the subjects at a sep-
arate visit at least 1 week apart from the oral fat loading test.
Blood samples were drawn before and 15 min after the heparin
injection into prechilled lithium–heparin tubes. Plasma was sep-
arated immediately at 4

 

8

 

C and stored at 

 

2

 

80

 

8

 

C. Plasma lipopro-
tein lipase (LPL) and hepatic lipase activities were measured
from preheparin and 15-min postheparin samples with the
method of Huttunen et al. (26). Quantification of LPL mass was
performed by Commercial Markit-F LPL EIA kit (Dainippon
Pharmaceutical Co, Ltd., Osaka, Japan) as described in detail
elsewhere (27, 28). The specific activity was calculated by divid-
ing LPL activity by LPL mass.

 

Analytical methods

 

Concentrations of retinyl esters, TG, and cholesterol were ana-
lyzed in total plasma and in all lipoprotein fractions. TG and cho-
lesterol concentrations were measured by automated enzymatic
methods using the Cobas Mira analyzer (Hoffman-La Roche,
Basel, Switzerland). Retinyl ester levels were measured with high
performance liquid chromatography as described by Ruotolo et
al. (29). ApoE phenotyping was performed in serum by using the
method of Havekes et al. (30). Concentrations of glucose (31)
and free fatty acids (32) were analyzed in fasting samples and
during the euglycemic hyperinsulinemic clamp. Insulin and C-
peptide were measured by radioimmunoassay (Kabi Pharmacia
Diagnostics AB, Uppsala, Sweden and Byk-Sangtec Diagnostica
GmbH & Co. KG, Dietzenbach, Germany, kit No 323 161, respec-
tively). Quality of laboratory measurements was controlled with
commercial samples for cholesterol (CV 

 

5

 

 2.1%), TG (CV 

 

5

 

2.2%), and insulin (CV 

 

5

 

 4.7%). CV for the retinyl esters assay was
8.6% for a low control sample and 7.1% for a high control sample.

 

Statistical analyses

 

All values are expressed as mean 

 

6

 

 standard error (SE) of the
mean. We tested whether a dependent variable is influenced by
interaction between carrier status and time after the fat load
by using the repeated measures analysis of variance (ANOVA).
Because of equal group sizes, we used the Greenhouse–Geisser
adjustment (33). If adjusted ANOVA suggested overall signifi-
cance for the dependent variable, the individual time-points were
compared with the Kruskal-Wallis test. We also tested the differ-
ences for postprandial lipid responses after calculation of area
under the curve (AUC) and area under the incremental curve
(AUIC) according to Matthews et al. (34). The AUC and AUIC
values were computed for TG, retinyl ester, apoB-48, and apoB-
100 responses. These and fasting parameters were compared
with the Kruskal-Wallis test between the two groups. Logarithmic
transformations were performed for variables with skewed distri-
bution (TG, cholesterol, apoB-48, and apoB-100) before testing
ANOVA, but not before the non-parametric Kruskal-Wallis test.
All calculations were done using the SYSTAT statistical package
(SYSTAT Inc., Evanston, IL).

 

RESULTS

 

Lipase activities

 

The postheparin plasma activity of LPL ranged from 78
to 196 mU/mL in carriers and from 158 to 332 mU/mL in
control subjects. The postheparin LPL activity was 19%
lower in carriers compared to control subjects (

 

P

 

 

 

5

 

 0.082).
LPL mass did not differ significantly between the two
groups (188 

 

6

 

 15 ng/mL in carriers and 227 

 

6

 

 18 ng/mL
in control subjects). By contrast, the specific activity of LPL
was decreased in carriers of Asn291Ser variant (range 0.14–
0.56 mU/mg) as compared to control subjects (range
0.43–0.53 mU/mg), 

 

P

 

 

 

5

 

 0.016 (

 

Table 2

 

). Postheparin he-
patic lipase activity (range 216–488 mU/mL in carriers and
77–516 mU/mL in control subjects) was increased by 40%
(

 

P

 

 

 

5

 

 0.054) in carriers compared to values of the control
subjects, and the carriers had significantly reduced LPL to
hepatic lipase ratio (

 

P

 

 

 

5

 

 0.010) as shown in Table 2.

 

Glucose metabolism, euglycemic hyperinsulinemic
clamp and free fatty acids

 

Fasting glucose concentrations were normal in both
groups. Fasting serum insulin and C-peptide concentra-
tions and whole body insulin sensitivity were comparable
between the groups (Table 1). Fasting free fatty acid con-
centrations were also similar in the carriers and in the
control subjects (747 

 

6

 

 118 mmol/L and 658 

 

6

 

 71
mmol/L, respectively, 

 

P

 

 

 

5

 

 n.s.).

 

Postprandial responses of triglycerides

 

Table 2 presents the fasting TG concentrations, which
ranged from 0.79 to 1.43 mmol/L in carriers and from
0.70 to 1.53 mmol/L in control subjects. Although fasting
plasma and VLDL TG concentrations were slightly higher
in carriers, the difference was not significant. 

 

Figure 1

 

 il-
lustrates the postprandial responses of TG in plasma, chy-
lomicron, VLDL1, and VLDL2 fractions. Postprandial
plasma and VLDL1 TG concentrations were higher in the
carriers than in control subjects, and the difference was
greatest 9 h after the fat load (

 

P

 

 

 

5

 

 0.014 for plasma and

 

P

 

 

 

5

 

 0.013 for VLDL1 fraction, Kruskal-Wallis), and re-
peated measures ANOVA suggested that the response pat-
terns indeed differed more than would be expected to
occur by chance (Fig. 1). Plasma TG AUC was higher in

 

TABLE 2. Fasting lipoproteins and lipase activities

 

Carriers Controls

 

P

 

P-TG, mmol/L 1.35 

 

6

 

 0.13 1.11 

 

6

 

 0.12 n.s.
VLDL-TG, mmol/L 0.61 

 

6 0.07 0.43 6 0.04 0.088
P-Chol, mmol/L 4.75 6 0.28 5.04 6 0.31 n.s.
LDL-Chol, mmol/L 2.60 6 0.23 2.63 6 0.22 n.s.
HDL-Chol, mmol/L 1.25 6 0.05 1.53 6 0.06 0.005
Ph-LPL, mU/mL 188 6 15 227 6 18 0.082
LPL sp act, mU/mg 0.43 6 0.03 0.49 6 0.01 0.016
Ph-HL, mU/mL 340 6 32 242 6 47 0.054
LPL/HL 0.60 6 0.09 1.24 6 0.20 0.010

Carriers, heterozygote for the Asn➝Ser variant in the LPL gene;
Chol, cholesterol; TG, triglyceride; LPL, lipoprotein lipase; Sp act, Spe-
cific activity; HL, hepatic lipase; Ph, postheparin. Data are means 6 SE.
Differences are calculated with Kruskal-Wallis test.
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carriers (12.5 6 1.0 mmol/L*h vs. 9.7 6 1.1 mmol/L*h,
P 5 0.038, Kruskal-Wallis) than in control subjects. The
incremental area for TG concentrations in plasma and
TRL fractions did not differ between the two groups. In
the HDL fraction, the concentration of TG increased
postprandially in carriers compared with the fasting value
(P 5 0.048, repeated measures ANOVA). In contrast,
HDL triglycerides tended to decrease after the fat load in
control subjects compared to the fasting concentration
(P 5 0.063, repeated measures ANOVA). Consequently,
carriers and control subjects had clearly different HDL
TG curves postprandially by repeated measures ANOVA
(P 5 0.017).

Postprandial responses of apoB-48
Fasting concentrations of apoB-48 in chylomicrons,

VLDL1, and VLDL2 fractions were comparable. The post-
prandial responses are shown in Fig. 2. The early postpran-
dial increases between 3 to 6 h in apoB-48 concentrations
were comparable between the two groups in each TRL
fraction. The AUC responses of apoB-48 are presented in
Table 3.

Postprandial responses of apoB-100
Fasting concentrations of apoB-100 in chylomicron

(P 5 0.022, Kruskal-Wallis) and VLDL1 (P 5 0.01, Kruskal-
Wallis) fractions were higher in carriers than in control
subjects. The postprandial concentration profiles of apoB-
100 also differed in these two fractions between the car-

riers and the control subjects (Fig. 3). The peak concen-
tration of apoB-100 was observed later in the chylomicron
fraction in the carriers (6 h) than in the control subjects
(3 h). In carriers, the 6- and 9-h concentrations of apoB-
100 in the chylomicron fraction (P 5 0.049 and P 5 0.028,
respectively, Kruskal-Wallis) and the 9-h concentration in
the VLDL1 fraction (P 5 0.003, Kruskal-Wallis) were
clearly higher than in the control subjects. The AUC re-
sponses of apoB-100 are presented in Table 3.

Postprandial responses of retinyl esters
Plasma retinyl ester concentrations were similar during

the fat load in the two groups (data not shown). In chylo-
micron and VLDL1 fractions, the peak of postprandial
retinyl ester concentration occurred at 6 h after the fat
intake in both groups, but at the later postprandial time-
points the retinyl ester concentration remained elevated
in carriers. Likewise, in the VLDL2 fraction, retinyl ester
concentration persisted elevated up to 12 h after the fat
load in carriers. In fact, retinyl ester concentrations in
chylomicron, VLDL1, and VLDL2 fractions at 9 and 12 h
were significantly higher in the carriers than in the con-
trol subjects (data not shown).

Postprandial responses of cholesterol
Fasting cholesterol concentrations are given in Table 2.

In the whole plasma and the chylomicron fraction, the
postprandial responses of cholesterol were comparable
(data not shown). Postprandial cholesterol concentrations

Fig. 1. Line plots show the postprandial responses of triglycerides in plasma, chylomicrons (Sf . 400),
VLDL1 (Sf 60–400), and in VLDL2 (Sf 20–60) in carriers of Asn291Ser variant in the LPL gene (d) and in
control subjects (s). Plotted on the y-axis is the concentration and on the x-axis time in hours after the lipid-
rich meal. Data points are mean; error bars indicate SE. The difference between the two postprandial con-
centration curves is indicated as P value within each panel when significant. Calculations are repeated mea-
sures ANOVA.
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were higher in carriers than in control subjects in VLDL1
(P 5 0.004, repeated measures ANOVA) and in VLDL2 frac-
tions (P 5 0.012, repeated measures ANOVA), differences
being most marked at 9 and 12 h after the fat load (each P
value from 0.002 to 0.02, Kruskal-Wallis).

HDL cholesterol concentration decreased during ali-
mentary lipemia compared with fasting values in both
groups (P 5 0.001 for carriers and P 5 0.002 for control
subjects, repeated measures ANOVA). As responses of
HDL triglycerides were different, we calculated the TG/
cholesterol ratio for the HDL fraction (Fig. 4). In the fast-
ing state the ratio was similar (carriers 0.22 6 0.02 and
control subjects 0.23 6 0.03, P 5 n.s.).

DISCUSSION

The present study shows that carriers of LPL Asn291Ser
gene variant with normal concentrations of fasting plasma

Fig. 2. Line plots show the postprandial responses of apolipopro-
tein B-48 in chylomicrons (Sf . 400), VLDL1 (Sf 60 – 400), and
VLDL2 (Sf 20–60) in carriers of Asn291Ser variant in the LPL gene
(d) and in control subjects (s). For other explanations, see legend
to Fig. 1.

TABLE 3. Postprandial responses (AUC) of triglycerides (TG, 
mmol/l*h), retinyl esters (RE, mmol/l*h), apoB-48 (mg/l*h), and 
apoB-100 (mg/l*h) in chylomicron, VLDL1, and VLDL2 fractions

Carriers Controls P

Chylo TG 1.22 6 0.19 1.17 6 0.37 n.s.
Chylo RE 4.61 6 0.76 3.98 6 1.06 n.s.
Chylo B-48 0.91 6 0.18 0.8 6 0.27 n.s.
Chylo B-100 1.34 6 0.38 0.50 6 0.17 0.096
VLDL1 TG 4.60 6 0.77 3.21 6 0.97 0.096
VLDL1 RE 4.35 6 0.75 2.61 6 0.26 0.023
VLDL1 B-48 9.80 6 1.48 5.95 6 1.62 0.070
VLDL1 B-100 380 6 78 164 6 39 0.016
VLDL2 TG 1.47 6 0.12 1.51 6 0.44 n.s.
VLDL2 RE 1.08 6 0.10 0.97 6 0.09 n.s.
VLDL2 B-48 6.23 6 0.58 6.24 6 1.28 n.s.
VLDL2 B-100 312 6 24 298 6 60 n.s.

Carriers, heterozygote for the Asn➝Ser variant in the LPL gene. Data
are means 6 SE. Differences are calculated with Kruskal-Wallis test.

Fig. 3. Line plots show the postprandial responses of apolipopro-
tein B-100 in chylomicrons (Sf . 400), VLDL1 (Sf 60–400), and
VLDL2 (Sf 20–60) in carriers of Asn291Ser variant in the LPL gene
(d) and in control subjects (s). For other explanations, see legend
to Fig. 1.
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TG values exhibit an abnormal response in the VLDL1
fraction to a lipid-rich meal. In addition, the carriers had
a lower concentration of fasting HDL cholesterol than the
control subjects, which is consistent with previous popula-
tion-based studies (7–9). After the meal, the early post-
prandial rise in TRL particles was similar in the two
groups, suggesting normal formation and secretion of
chylomicrons in the intestine. In the late postprandial
hours, 9 and 12 h after the meal, the concentrations of
apoB-48- and apoB-100-containing particles in carriers
were higher than in control subjects, suggesting impaired
clearance of TRL particles. These differences in postpran-
dial lipid metabolism were observed despite similar BMI,
age, gender, apoE phenotype, and insulin sensitivity.

The carriers had 19% lower postheparin plasma LPL
activity than non-carriers. Our results regarding the effect
of LPL Asn291Ser heterozygosity on LPL activity agree
well with the findings of previous studies (9, 10). There
was significant overlapping in the LPL activity as well as
the LPL mass between the groups. Therefore, we confirm
the previous observations that carrier status cannot be dis-
tinguished by measuring postheparin LPL activity or LPL
protein concentration. The calculated specific activity of
LPL was reduced in the carriers (P 5 0.016). However, the
range of individual values for specific activity was too wide
to discriminate carriers from non-carriers. This finding is
in line with the results of Reymer et al. (9), who found, in
addition to reduced LPL specific activity, a decrease in pro-
portion of dimeric to monomeric enzyme as a result of
more rapid dissociation into an inactive LPL monomer in
the carriers.

Most significant postprandial differences were observed
in the VLDL1 (Sf 60–400) fraction. Increases of apoB-48
and retinyl ester concentrations in VLDL1 fraction suggest
delayed clearance of exogenous remnant particles. Al-
though the number of apoB-48-containing particles in the
postprandial state is approximately 10% of the total apoB
concentration, the apoB-48 fraction nevertheless carries a
significant TG load in the postprandial state (35). However,
apoB-100 concentration in both chylomicron and VLDL1

fractions was also significantly elevated especially in the late
postprandial hours. It is widely recognized that chylomi-
crons and VLDL particles compete for the same catabolic
processes 1) lipolysis by LPL and 2) receptor-mediated up-
take in the liver (36, 37). Karpe and Hultin (38) have sug-
gested preferential clearance of exogenous particles when
the lipolytic capacity is limited. Recently, van Beek et al.
(39) reported preferential clearance of apoB-48-containing
particles at low levels (,120 mU/mL) of LPL activity. How-
ever, when abundant LPL was released (.140 mU/mL)
comparable percentage reductions of apoB-48 and apoB-
100 were seen. In this study, both apoB-100-containing and
apoB-48-containing VLDL1 particles accumulated in the
circulation. It is therefore possible that if LPL concentra-
tion is subnormal both intestinal and hepatic TRLs are
cleared inefficiently. Previous studies in type I hyperlipi-
demia have shown elevation of VLDL1 particles due to re-
duced direct catabolism and poorer conversion into
VLDL2 particles (40, 41). Decreased conversion of VLDL1
to VLDL2 might be another factor responsible for higher
concentration of apoB-100-containing VLDL1 particles in
both fasting and postprandial states in carriers.

Insulin sensitivity is a key determinant of VLDL1 metab-
olism. Malmström et al. (42) have recently shown that
acute hyperinsulinemia suppresses hepatic VLDL1 apoB
production in healthy men, but not in subjects with type 2
diabetes (43). The two groups displayed similar rate of
glucose utilization during insulin infusion, which suggests
that the carriers do not overproduce large VLDL particles
due to insulin insensitivity.

A study using perfused rat liver has shown that LPL
binds to very low density lipoprotein particles and aug-
ments the hepatic removal of TRL (44). Previous in vitro
studies suggest that this function is not impaired in
Asn291Ser gene variant (12). The postprandial concentra-
tions of TRL particles in VLDL2 (Sf 20–60) and IDL (Sf
12–20) fractions were similar between the two groups,
which suggests that the hepatic clearance of TRL rem-
nants is not impaired.

There are two previous studies reporting the response
to oral fat load in Asn291Ser carriers (8, 17), as well as
postprandial studies on carriers of other mutations of the
LPL gene (8, 45). The results have shown delayed clear-
ance of postprandial lipemia in subjects with decreased li-
polytic activity (45, 46). In EARS study by Gerdes et al. (8)
a fat load was given to a large group of carriers and con-
trol subjects. Although only plasma TG was measured, the
authors found increased postprandial response of TG in
carriers. Recently Pimstone et al. (17) studied three het-
erozygotes with LPL Asn291Ser polymorphism after a fat
load with vitamin A administration and found increased
chylomicron retinyl palmitate and triglyceride responses.
This study did not, however, match the cases and control
subjects for apoE phenotype or fasting triglycerides, which
are strong determinants for postprandial lipemia (47–49).
A novel finding of our study is that carriers with the LPL
Asn291Ser variant exhibit impaired removal of VLDL1 par-
ticles of both intestinal and hepatic origin, and this results
in accumulation of TRL particles in circulation.

Fig. 4. Line plots show the postprandial ratio of triglycerides to
cholesterol in HDL fraction in carriers of Asn291Ser variant in the
LPL gene (d) and in control subjects (s). Plotted on the y-axis is
the ratio and on the x-axis time in hours after the lipid-rich meal.
For other explanations, see legend to Fig. 1.
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In the postprandial state, metabolism of TRL particles
influences the concentrations of HDL cholesterol and
apolipoprotein composition, and thus may modify reverse
cholesterol transport (50, 51). There was an increase in
TG content of HDL fraction in carriers, but no significant
changes in control subjects were detected. High TG con-
centration predisposes HDL particles to the hydrolysis by
hepatic lipase, resulting in increased proportion of small,
dense HDL particles (52) and decreased HDL cholesterol
concentration (53). In the carriers, delayed postprandial
clearance of TRL remnants was therefore reflected in a
low fasting HDL cholesterol concentration.

The clinical significance of LPL Asn291Ser gene variant
as a risk factor for hypertriglyceridemia and low HDL cho-
lesterol may be more important if secondary factors such
as obesity (11), insulin resistance (10), apoE-4 allele (12),
familial hyperlipidemia (54), combined hyperlipidemia
(9), or postmenopausal state (7) are superimposed. The
present study shows that even normolipidemic and insulin-
sensitive carriers of LPL Asn291Ser gene variant have
defective lipolytic capacity and impaired clearance of ali-
mentary TRL particles. In carriers, low concentrations of
fasting HDL cholesterol as a result of abnormal postpran-
dial TRL metabolism were observed. Altogether, the
changes in VLDL1 and HDL metabolism may constitute
an atherogenic risk factor for carriers of this common
polymorphism.
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