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Lipoprotein lipase (LPL) is responsible for the hydrolysis of triglyceride (TG)-rich lipoproteins. The aims of the present study
were (1) to test for potential linkages (sib-pair method) between postheparin plasma lipase (lipoprotein and hepatic lipase)
activities, body fatness, plasma lipid concentrations, and LPL polymorphisms (Ser447Ter and a tetranucleotide repeat) and
microsatellite markers flanking the LPL locus (D8S261 and D8S258); and {2) to investigate associations between the LPL
Ser447Ter ($447X) polymorphism and these phenotypes. Data on 190 parents and 312 adult offspring from 99 Caucasian
families participating in the HERITAGE Family Study were available for this study. Data were adjusted for the effects of age
within sex, and lipases, lipid variables, and abdominal visceral fat were further adjusted for fat mass. A suggestive linkage was
observed only between the $447X polymorphism and very-low-density (VLDL)-apolipoprotein B (apo B) (332 sib-pairs,
P = .013). The $447X polymorphism was not associated with body fat phenotypes or postheparin plasma LPL (PH-LPL) activity
(men, P = .19; women, P = .47). In contrast, the X447 allele carriers had lower plasma TG (men and women, P = .01), VLDL-TG
(men and women, P = .01), and VLDL-apo B (men and women, P = .009). The relationships between the X447 allele and plasma
TG, VLDL-TG, and VLDL-apo B in both genders were observed in obese (body mass index [BMI] -- 30 kg/m 2) but not in
normal-weight (BMI < 25 kg/m 2) subjects. Thus, the $447X polymorphism of the LPL gene is not associated with body fatness
and postheparin plasma lipase activities. However, the obese carriers of the X447 allele have plasma TG, VLDL-TG, and plasma
cholesterol/high-density lipoprotein cholesterol (HDL-C) levels equivalent to those of normal-weight sedentary adults.
Copyright © 2000 by W.B. Saunders Company

POPROTEIN LIPASE (LPL) is responsible for the extrahepatic hydrolysis of triglyceride (TG) in circulating chylomicrons and very-low-density lipoprotein (VLDL). The enzymatic action of LPL results in the formation of monoglycerides
and diglycerides, as well as free fatty acids, which can be
oxidized to meet energy demands in skeletal and heart muscle
or reesterified for storage in adipose tissue. LPL is also
responsible for apolipoprotein and phospholipid exchange between VLDL and high-density lipoprotein (HDL), 1 thereby
affecting HDL3 conversion to HDL2 and low-density lipoprotein (LDL) generation derived from VLDL hydrolysis.2 HDL2-C
is correlated positively and HDL3-C negatively with skeletal
muscle LPL activity) Hepatic lipase (HL) is negatively correlated with HDL2-C but not with HDL3-C. 4 Thus, the balance
between LPL and HL activities in postheparin plasma is an
important correlate of plasma HDL-C levels)
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Animal models indicate that LPL activity in adipose tissue
could be under genetic control.6 These observations suggest that
DNA sequence variation in the LPL gene could explain some of
the heterogeneity commonly found in the adiposity and plasma
lipid profile. The LPL gene is located on chromosome 8p22. 7
Several LPL polymorphisms have been investigated in different
populations for an association with disorders such as diabetes
mellitus, obesity, or dyslipoproteinemia, and recent data show a
high degree of sequence variation in the LPL gene. 8 Linkage
disequilibrium is observed between the LPL Ser447Ter ($447X)
and intron 8 HindlII polymorphisms.9 The HindIII polymorphism is associated with the body mass index (BMI) in
overweight subjects, 1° and the H + / H + genotype is associated
with high plasma TG levels in subjects with elevated levels of
abdominal visceral adipose tissue.l~ The $447X polymorphism
is a C to G transversion that produces a mature protein truncated
by 2 amino acids (Ser-Gly) at the C-terminal end. 12 Recent in
vitro studies have proposed that the truncation of the 2
C-terminal residues results in a protein with greater ~3 or
normal TMLPL activity compared with the native protein. Among
coronary artery disease (CAD) patients, carriers of the X447
allele have higher postheparin plasma lipoprotein lipase (PHLPL) but normal postheparin HL (PH-HL) activities.~S Furthermore, the X447 allele is associated with higher HDL-C levels in
CAD patients ~5,16 and with elevated levels in healthy German
subjects, i7 but this relationship was not found among subjects
with premature CAD. TM The same allele has also been associated with low TG levels in CAD patients, 15,~6in premature CAD
patients,9,18and in the ECTIM (Etude Cas-Ttmoins de l'Infarctus
du Myocarde) Study. 19 Recently, in a study of 54 male
monozygotic twin pairs, the X447 allele was associated with
significantly smaller within-pair differences in total cholesterol
and HDL-C levels.2°
The aim of the present study was to test the hypothesis that
carriers of the X447 allele of the $447X polymorphism have
higher PH-LPL activity, lower plasma TG, and higher HDL-C
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levels than noncarriers. We also studied genetic linkages
b e t w e e n body fatness, P H lipase activities, and plasma lipoprotein profile traits and the $ 4 4 7 X and a tetranucleotide repeat in
intron 6 o f the L P L gene and 2 microsatellite markers (D8S261
and D8S258) at 1.6 c M telomeric and 1.7 c M centromeric,
respectively, to the L P L gene in white subjects w h o participated
in the H E R I T A G E Family Study. Finally, we investigated
potential associations b e t w e e n the $447X p o l y m o r p h i s m and a
variety o f body fatness and metabolic variables.
SUBJECTS AND METHODS

Subjects
The subjects of the present study were participants in the HERITAGE
Family Study, a multicenter study designed to investigate the role of
genetic factors in the cardiovascular and metabolic adaptations to 20
weeks of endurance training in white and black families. The HERITAGE Family Study design and methods have been described elsewhere. 21All subjects were required to be sedentary and in good health to
participate in the HERITAGE Family Study protocol and to meet a set
of inclusion criteria. 21 For the present study, only baseline (before
training) data measured in Caucasians were analyzed. A total of 190
parents (97 men and 93 women) and 312 adult offspring (148 sons and
164 daughters) were recruited and tested. The study protocol was
approved by each Institutional Review Board of the HERITAGE Family
Study research consortium. Written informed consent was obtained
from each participant.

Phenotype Measurements
Anthropometric and body density measurements. These measurements have been described in detail previously.22 The BMI was
calculated as weight in kilograms divided by height in meters squared.
The sum of 8 skinfolds was used to assess the level of subcutaneous
fatY Hydrostatic weighing was used to assess body density, and the
percent body fat was estimated from body density using conventional
equations as described elsewhere.22
Abdominal visceral subcutaneous, and total fat areas. Abdominal
fat was assessed by computed tomography as previously described.23
Scans were obtained between the fourth and fifth lumbar (L4-L5)
vertebrae with subjects in the supine position with arms stretched above
the head. The total fat area was calculated using an attenuation range of
- 1 9 0 to - 3 0 Hounsfield units. The abdominal visceral fat area was
defined by drawing a line within the inner portion of the muscle wall
surrounding the abdominal cavity.
LPL activity. Blood samples were collected after a 12-hour overnight fast, 10 minutes after an intravenous injection of heparin (60
IU/kg body weight). The PH-LPL and PH-HL activities were measured
using a modification of the method of Nilsson-Ehle and Ekman 24 as
previously described.2s The activity was expressed as nanomoles of
oleic acid released per milliliter of plasma per minute.
Plasma lipids and lipoproteins. Fasting TG and cholesterol levels
were determined at baseline on 2 separate days at least 24 hours apart.
Blood was drawn and prepared according to a standard protocol and
then sent to the Lipid Core Laboratory (Lipid Research Center, Laval
University Medical Center). Measurements were performed on plasma
and lipoprotein fractions by enzymatic methods using a Technicon
RA-500 analyzer (Technicon Instruments, Tarrytown, NY). 26 Plasma
VLDL (d < 1.006 g/mL) was isolated by ultracentrifugation, whereas
the HDL fraction was obtained after precipitation of LDL in the
infranatant (d > 1.006 glmL) with heparin and MnCI2. 27 Cholesterol
and TG levels in the infranatant fraction were measured before and after
the precipitation step. The cholesterol content of HDL2 and HDL3
subfractions was determined after further precipitation of HDL2 with
dextran sulfate. 28 TG levels were measured in plasma, VLDL, LDL, and
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HDL fractions, and cholesterol was assessed in plasma, VLDL, and
LDL fractions and HDL2 and HDL3 subfractions. Apolipoprotein B
(apo B) concentrations were measured by the rocket immunoelectrophoretic method of Laurel, 29 as previously described,26 in the total plasma
and LDL fraction (d > 1.006 g/L). Apo A1 concentrations were
measured in the infranatant using the same method.

Genotype Determination
Polymerase chain reaction amplification of the S447X polymorphism.
DNA was extracted from lymphoblastoid cell lines after digestion by
proteinase K and purification with phenol-chloroform.3° Polymerase
chain reaction (PCR) amplification was performed in a vol of 20 gL
containing 500 ng DNA, 200 gmol/L each of dATP, dCTP, dGTP, and
dTTE 5% dimethylsulfoxide, 1.5 mmol/L MgCI2, 1× buffer (50
mmol/L NaC1, 10 mmol/L Trishydrochhiride, 10 mmol/L MgC12, and 1
mm dithiothreitol, pH 7.5, at 25°C), 300 nmol/L of each primer, and 0.5
U Taq polymerase (Perkin Elmer-Cetus, Norwalk, CT). The forward
primer was 5'-CATCCATITrCTrCCACAGG-3' and the reverse primer
was 5'-CCCAGAATGCTCACCAGACT-3'. These primers generated a
product of 137 bp, which was cut into fragments of 117 + 20 bp in the
presence of the Hinfl cutting site (X447 allele).3a The amplification
protocol was (1) 1 cycle of denaturation at 96°C for 3 minutes, (2) 40
cycles of denaturation at 95°C for 30 seconds, annealing at 53°C for 30
seconds, and extension at 72°C for 1 minute, and (3) 1 final elongation
cycle at 72°C for 10 minutes. A negative Control without DNA was
performed in every amplification.
After each amplification, the PCR product was digested overnight at
37°C after adding 10 U restriction enzyme Hinfl to the PCR mixture.
The resulting fragments were separated by electrophoresis in 10%
acrylamide gels. Each gel was allowed to run for 2 hours at 150 V,
stained with ethidium bromide, and photographed under UV transmitted
light. The X174 DNA digested with HaeIII was used as a length marker
to estimate the size of the digested DNA fragments. The allele without
the Hinfl restriction site is designated here as the $447 allele (137 bp),
whereas the alMe with the HinfI restriction site is the X447 allele (117
bp + 20 bp).
PCR amplification of the D8S261, LPL tetranucleotide repeat, and
D8S258 microsatellites. PCR amplification of the 3 microsatellites
was performed in a vol of 10 pL containing 250 ng DNA, 125 pmol/L
each of dATE dCTP, dGTP, and dTTP, 10X buffer (100 mmol/L Tris
hydrochloride, 500 mmol/L KC1, 15 mmol/L MgC12, and 0.01% gelatin,
pH 8.3, at 25°C), 0.1 pmol forward primer, 0.4 pmol reverse primer, and
0.3 U Taq polymerase (Perkin Ehner-Cetus). For the D8S261 microsatellite, the forward primer was 5'-TGCCACTGTCTTGAAATTCC-3'
and the reverse primer was 5'-TATGGCCCAGCAATGTGTAT3'. For
the LPL tetranucleotide repeat microsatellite,32 the forward primer was
5'-ATCTGACCAAGGATAGTGG-3' and the reverse primer was 5'TCCTGGGTAACTGAGCGAGAC3'. For the D8S258 mierosatellite,
the forward primer was 5'-CTGCCAGGAATCAACTGAG-3' and the
reverse primer was 5'-TTGACAGGGACCCACG-3'. The amplification protocol was (1) 1 cycle of denaturation at 93°C for 5 minutes, (2) 1
cycle of annealing at 57°C (D8S261 and LPL tetranucleotide repeat) or
55°C (D8S258) for 60 seconds, (3) 10 cycles of denaturation at 94°C for
20 seconds and annealing at 57°C for 60 seconds, and (4) 24 cycles of
denaturation at 94°C for 20 seconds and annealing at 52°C for 60
seconds. All 3 forward primers were labeled with an infrared tag
(IRD41 and IRD800; Li-Cor, Lincoln, NE).
After amplification, 1 gL of each PCR product was loaded on a 6%
acrylamide urea gel on a DNA automatic sequencer (model 4000;
Li-Cor). Genotyping was assessed with computer software (ONEDscan; Scanalytics, Billirica, MA). Mendelian inheritance was confirmed within families for all markers typed on all subjects involved in
this study.
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Statistical Analysis
All statistical analyses were performed using the SAS33 and SAGE34
software. Plasma TG, VLDL-TG, VLDL-cholesterol, and VLDL-apo B
and the PH-HL/PH-LPL and HDL2-C/HDL3-C ratios were logarithmically transformed. A chi-square test was performed to determine if the
genotype frequencies of the $447X polymorphism were in HardyWeinberg equilibrium. Alleles of genotypes with fewer than 5 subjects
were pooled for the chi-square tests. We also calculated the heterozygosity and the polymorphic information content.35
Linkage analysis. Phenotypes were adjusted for the age effects
(age, age2, and age3) in each of the 6 sex × age (<25, -->25to <45, and
->45 years) groups using a stepwise regression, keeping only terms that
were significant at the 5% level. Lipases, lipid variables, and abdominal
visceral fat were further adjusted for fat mass. For adjustment purposes,
the outliers defined as those beyond -+3 SD of the mean for each sex and
age group-specific distribution were temporarily set aside. The regression parameters were then used to calculate the residuals for all subjects
including the outliers. Residuals were then standardized to a mean of 0
and a SD of 1. The sib-pair linkage method implemented in the SIBPAL
version 3. l software from SAGE34 was used to test for linkage between
phenotypes and LPL polymorphisms. In this nonparametric analysis,
the relationship between the number of alleles identical by descent
(IBD) shared by sibs and the within-pair variability for the trait is
analyzed by regression. If a locus related to the phenotype is located at
or near the tested marker, the phenotypic variance will be smaller
among sib-pairs sharing more alleles IBD than among sibs who share
fewer alleles IBD.
Association. Two genotype groups, carriers (genotypes $447X and
X447X) and noncarriers (genotype $447S) of the X447 allele, were
considered. Associations between the $447X polymorphism and each
phenotype were investigated separately in men and women using an

ANCOVA (General Linear Model) procedure that included age as a
covariate (age, age2, and age3) in each of the 3 age (<25, ->25 to <45,
and ->45 years) groups. Lipases, lipid variables, and abdominal visceral
fat were further analyzed with age and fat mass as covariates. To test for
potential interactions between obesity and the $447X polymorphism,
associations were investigated separately in normal-weight (BMI < 25
kg/m2) and obese (BMI ~ 30 kg/m2) subjects.
RESULTS

Body fatness and metabolic variables are summarized in
Table 1. Men less than 25 years of age and women less than age
45 years were not overweight (mean BMI < 25 kg/m2). However, men older than 25 years and women older than 45 years
were, on average, overweight ( 2 5 - BMI < 30 kg/m2). All
body fatness variables increased significantly across the 3 age
groups in both men and women. In both genders, all plasma and
lipoprotein phenotypes increased significantly across age groups,
except apo A1 (men only), HDL-C (men only), and HDL3-C
and the HDL2-C/HDL3-C ratio (women only). Overall, differences among age groups were generally less important in men
than in women. Furthermore, HDL-C levels were significantly
higher in young women (<25 years) than in men of the same
age. For all age groups, men had a higher PH-HL/PH-LPL ratio
than women.

Allelic Frequencies
Allele and genotype frequencies of the $447X polymorphism
calculated with parental data alone are presented in Table 2. The
genotype frequency distribution is in Hardy-Weinberg equilib-

Table 1. Body Fatness and Lipid Traits for Each Sex and Age Group
Women (age, yr)

Men (age, yr)
Trait

<25

>25 to <45

<25

>-25 to <45

~>45

96-83
53.7 ± 0.5

95-92
20.9 _+ 0.2

72-68
32.1 _+ 0.6

27.4 ± 0.6

28.4 ± 0.4¶

23.2 ± 0.5

24.4 ± 0.5

27.5 ± 0.5¶

21.5 _+ 1.2

24.6 _+ 0.9¶

16.7 ± 1.0"

16.2 ± 1.1

23.8 ± 0.9

27.6 _+ 0.7¶

25.2 ± 0.9*

20.4 -+ 1.1
29.2 _+ 1.0~

26.8 -+ 1.2¶
36.6 ± 0.95¶

100 -- 6
57 _+ 3

145 -+ 6
103 _+ 5

146 ± 5¶
158 __ 6¶

146 _+ 5,
45 _+ 25

154 ± 6
65 ± 45

196 -+ 65¶
119 _+ 65¶

No. of subjects
Age (yr)

77-72
20.5 ± 0.3

72-68
30.8 _+ 0.5

BMI (kg/m 2)

23.9 _+ 0.5

Fat mass (kg)

13.4 ± 1.2

Fat (%)
Sum of 8 skinfolds (mm)
Abdominal visceral fat area (cm 2)

->45

Abdominal total fat area (cm 2)
Apo B (mg/dL)
Plasma TG (mmoi/L)
Plasma cholesterol (mmol/L)
VLDL-apo B (mg/dL)
VLDL-TG (mmol/L)
VLDL-C (mmol/L)
LDL-apo B (mg/dL)
LDL-C (mmol/L)

208
71.9
1.13
3.82
6.7
0.75
0.36
65.2
2.49

_+ 17
± 2.0
± 0.06
_+ 0.08
-+ 0.3
± 0,05
_+ 0.02
± 1.9
-- 0.07

367
91,6
1.53
4.62
9.0
1.07
0.54
82.6
3.14

± 22
± 2.7
± 0.11
± 0.11
-+ 0,6
-- 0.10
-- 0.05
± 2,4
± 0.09

428
104.8
1.93
5.12
11.5
1.36
0.70
93.3
3.49

_+ 15¶
+ 2.2¶
_+ 0.10¶
+- 0.09¶
± 0.6¶
± 0.09¶
± 0.05¶
-+ 1.9¶
± 0.08¶

276
75,0
1.05
4.07
6.4
0.60
0.31
68.6
2.67

± 17"
± 2.3
+ 0.05
± 0.09*
_+ 0.3
± 0.04*
± 0.02
± 2.1
± 0.08

Apo A1 (mmol/L)
HDL-C (mmol/L)
HDL3-C (mmol/L)
HDL2-C (mmol/L)
HDL2-C/HDL3-C
Plasma cholesterol/HDL-C
PH-HL activity (nmol/min/mL)
PH-LPL activity (nmol/min/mL)
PH-HL/PH-LPL

1.12
0.96
0.67
0.29
0.44
4.08
263
49
9.0

± 0.02
± 0.02
± 0.01
_+ 0.01
_+ 0.02
_+ 0.12
-- 7
± 3
± 1.8

1.14
0.92
0.68
0.24
0.36
5.27
251
46
9.6

_+ 0.02
+ 0.02
± 0.01
_+ 0.01
± 0.02
-+ 0.19
± 6
± 3
± 1.5

1.16
0.91
0.65
0.26
0.40
5.89
221
52
7.4

± 0.02
_+ 0.02
± 0,01
+ 0.01 §
_+ 0.02§
± 0.16¶
± 6¶
± 3
-+ 1.2

1.16
1.09
0.70
0.39
0.57
3.87
179
56
5.5

_+ 0.02
± 0.02*
_+ 0.01
_+ 0.02*
± 0.025
± 0.10
-- 6*
± 2
-+ 1.0

NOTE. Results a r e t h e mean ± SEM.
Sex differences by ANOVA: * P < .05, t P < .005, 5 P < .0005.
Age group differences within each sex by ANOVA: § P < .05, [rP< .005, ¶ P < ~0005.

349
79.4
1.13
4.34
7.4
0.64
0.34
71.9
2.83
1.21
1.16
0.71
0.45
0.63
3.92
165
64
3.7

-- 19
_+ 2.6t
± 0.075
+_ 0.10
-+ 0.6
± 0.055
± 0.035
_+ 2.35
± 0.09*
± 0.025
_+ 0.035
± 0.01
± 0.02*
+ 0.03~;
-+ 0.145
± 7*
± 45
-+ 0.4*

90-78
52.4 ± 0.5

481
90.6
1.39
4.89
8.3
0.83
0.43
82.3
3.27
1.27
1.20
0.74
0.46
0.64
4.31
177
72
3,8

± 18"¶
± 2.15¶
± 0.075¶
-- 0.08¶
_+ 0.45rl
± 0,05,1/
± 0.02.11
-+ 1.95¶
± 0.07*¶
+ 0.025¶
-+ 0,035§
± 0.025
± 0.02:~§
_+ 0.035
+ 0.125§
± 7*
÷ 4511
± 0.4*
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Table 2. Allele and Genotype Frequency of the LPL S447X Polymorphism and Three Microsatellites
No. of

LPL $447X
Microsatellites

Allele Frequency

Genotype Frequency

Subjects

PIC

Hz

$447

X447

$447S

$447X

X447X

190

0.16

0.18

0,90

0.10

0.82

0.16

0.02

124

126

128

130

132

134

136

138

140

142

144

0.75

0.78

0.003

0.013

0.045

0.25

0.024

0,042

0.356

0.128

0.099

0.034

0.006

112

116

120

124

128

132

0.65

0.70

0.003

0

0.037

0.394

144

146

148

0.65

0.70

0.089

0.005

0,354

D8S261
Allelesin bp
LPL tetranucleotide repeat
Alleles in bp
D8S258
Alleles in bp

150

0 . 3 0 7 0.214
152

0 . 1 5 7 0.376

136

140

0,042

0,003

154

156

158

0.016

0

0.003

Abbreviations: PIC, polymorphism information content; Hz, heterozygosity.

rium (X 2 = 1.39, P > .05). No sex differences were observed in
the allele frequency of lean subjects (X 2 = 2.29, P > .05) and
obese subjects (X 2 = .01, P > .05). The frequency of the X447
allele reported herein is comparable to 17,19,31,36 or greater
than 9,~8,37reported in other studies.
Allele frequencies of the D8S261, LPL tetranucleotide repeat, and D8S258 microsatellites are presented in Table 2.
Additional alleles besides those previously reported (Genome
Data Base) were detected for the D8S261 (alleles 124 bp and
126 bp), LPL tetranucleotide repeat (alleles 112 bp and 140 bp),
and D8S258 (allele 158 bp).

Linkage Analyses
A minimum of 301 and a maximum of 364 sib-pairs were
available. Suggestive evidence of linkage was observed only
between the LPL $447X polymorphism and VLDL-apo B (332
sib-pairs, P = .013; results not shown).

Association Analyses
No significant association of the LPL $447X polymorphism
was observed in either gender with body fatness phenotypes
including abdominal visceral fat (results not shown). The LPL

$447X polymorphism was not associated with PH-LPL activity
in men (carriers v noncarriers, 52.9 _+ 4.2 v 47.0 -+ 2.1 nmol/min/
mL, P = .19) and women (carriers v noncarriers, 67.3 _+ 5.1 v
63.3 + 2.4 nmol/min/mL, P = .47; Table 3). However, when
PH-LPL was not adjusted for fat mass, we observed a significant association in men (carriers v noncarriers, 56.1 + 4.0 v
47.1 _+ 2.1 nmol/min/mL, P = .04).
In men, carriers of the X447 allele exhibited significantly
lower VLDL-apo B and VLDL-C concentrations (for raw and
log-transformed data; Table 3) and lower plasma TG
(1.29 _+ 0.13 v 1.65 -+ 0.06 mmol/L, P = .01) and VLDL-TG
(0.85 +_ 0.11 v 1.16 +_ 0.06 rnmol/L, P = .01) than noncarriers
(Fig 1). In women, the associations between the LPL $447X
polymorphism and VLDL-apo B and VLDL-C were equivalent
to those observed in men (Table 3). In contrast, women carriers
exhibited a lower plasma cholesterol to HDL-C ratio
(3.63 +_ 0.17 v 4.05 _+ 0.07 retool/L, P = .02) than noncarriers,
which may result from the trend observed for HDL-C (carriers v
noncarriers, 1.222 + 0.039 v 1.142 -+ 0.018 retool/L, P = .06).
The latter can be attributed to an increase in the cholesterol
content of the HDL3 subfraction (carriers v noncarriers,
0.756 _+ 0.021 v 0.713 +_ 0.009 mmol/L, P = .06) (Table 3).

Table 3. Association of the LPL $447X Polymorphism With Metabolic Traits Measured in Men and Women
Men

Women

No.

Noncarriers
of the X447
Allele

P

No.

Apo B (mg/dL)

188

91.2 +_ 1.5

40

90.8 _+ 3.1

.90

204

81.8 _+ 1.5

43

75.5 _+ 3.2

.08

Trait

No.

Carriers
of the X447
Allele

Noncarriers
of the X447
Allele

No.

Carriers
of the X447
Allele

P

Plasma cholesterol

188

4.60 _+ 0.06

40

4.55 _+ 0.13

.69

204

4.43 -+ 0.06

43

4.28 _+ 0.12

.28

VLDL-apo B (mg/dL)
VLDL-C (mmol/L)

188
188

9.79 +_ 0.38
0,600 _+ 0.031

40
40

7.55 _+ 0.78
0.422 _+ 0.063

.009
.009

204
204

7.57 +_ 0.27
0,372 + 0.015

43
43

5.83 _+ 0.60
0,278 _+ 0.033

.009
.01

LDL-apo B (mg/dL)
LDL-C (retool/L)
Apo A1 (mmol/L)
HDL-C (retool/L)
HDL2-C (mmol/L)
HDL3-C (mmol/L)
HDL2-C/HDL3-C
Plasma cholesteroi/HDL-C
PH-HL activity (nmol/min/mL}
PH-LPL activity (nmol/min/mL)
PH-HL/PH-LPL

188
188
188
188
188
188
188
188
186
186
186

81.4 _+ 1.4
3.06 -+ 0.06
1.138 _+ 0.012
0.925 _+ 0,015
0.263 _+ 0.008
0.661 _+ 0.009
0.40 -+ 0.01
5.22 -+ 0.10
243 + 5
47.0 -- 2.1
8.8 -+ 1.1

40
40
40
40
40
40
40
40
40
40
40

83.2 _+ 2.9
3.15 _+ 0.11
1,168+ 0.025
0,966 -- 0.030
0.276 _+ 0.017
0.690 .+ 0.019
0.40 -+ 0.02
4,85 .+ 0.21
257 -+ 9
52.9 -+ 4.2
9.8 -+ 2.2

.55
.47
.28
.21
.50
.17
.87
.11
.18
.19
.68

204
204
204
204
204
204
204
204
192
192
192

74.2 +_ 1.3
2.92 _+ 0.05
1.210 _+ 0.012
1.142 -+ 0,018
0,423 _+ 0.013
0,713 .+ 0.009
0.62 .+ 0.02
4.05 + 0.07
173 -+ 4
63.3 + 2.4
4.4 -+ 0.5

43
43
43
43
43
43
43
43
41
41
41

69.6 -+ 2.9
2.78 _+ 0.11
1,218 _+ 0.026
1.222 _+ 0.039
0.467 _+ 0,029
0.756 +- 0,021
0.62 -+ 0.04
3.63 .+ 0.17
178 -+ 10
67.3 -+ 5.1
4.6 .+ 1.1

.15
,27
.78
.06
.25
.06
.97
.02
.64
.47
.91

NOTE. Data are the least-square mean _+ SEM. TG values are shown in Fig 1.
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Fig 1. TG concentrations in plasma, VLDL, LDL, and HDL particles
by X 4 4 7 allele carrier status for the LPL $ 4 4 7 X polymorphism. Data
are t h e least-square mean -+ S E M for men (n = 188) and w o m e n
(n = 204) noncarriers and men (n = 40) and w o m e n (n = 43) carriers
of the X 4 4 7 allele. P v a l u e s w e r e obtained using A N C O V A w i t h age
and fat mass as covariates.

No difference between carriers and noncarriers was observed
for the HDL2-C/HDL3-C ratio in either sex.
No significant differences in plasma TG, VLDL-TG, and
VLDL-apo B concentrations, the plasma cholesterol to HDL-C
ratio, and PH-LPL activity were observed between carriers and
noncarriers in normal-weight men (BMI = 22.4 = 1.8 kg/m 2)
or women (BMI = 21.8 + 1.9 kg/m2). However, obese men
(BMI = 33.9 -+ 3.3 kg/m 2) who were carriers of the X447
allele showed 36% lower plasma T G (1.39 + 0.27 v 2.19 + 0.21
mmol/L, P = .002; Fig 2), 46% lower VLDL-TG (0.88 _+ 0.24
v 1.63 _+ 0.18 mmol/L, P = .001), and 42% lower VLDL-apo B
(7.34 _+ 1.71 v 12.67 _+ 1.30 retool/L, P = .001) concentrations, a 14% lower plasma cholesterol to HDL-C ratio
(4.88 _ 0.42 v 5.70 _+ 0.32, P = .05; Fig 3), and a 66% higher
PH-LPL activity (70.8 _+ 8.9 v 42.7 _+ 6.9 nmol/min/mL,
P = .001; Fig 4) than noncarriers. Plasma TG (P = .36),
VLDL-TG (P = .48), VLDL-apo B (P = .77), plasma cholesterol to HDL-C (P = .37), and PH-LPL activity (P = .11) for
obese carriers of the X447 allele were not significantly different
from those observed in normal-weight subjects.
Obese women (BMI = 34.8 _+ 3.8 kg/m 2) exhibited the same
association pattern as men for plasma TG, VLDL-TG, and
VLDL-apo B. Obese women carriers of the X447 allele had
39% lower plasma TG (0.82 -+ 0.26 v 1.35 -+ 0.217 mmol/L,
P = .01; Fig 2), 51% lower V L D L - T G (0.43 _+ 0.20 v
0.87 -+ 0.13 retool/L, P = .01), and 45% lower VLDL-apo B
(4.58 _+ 1.63 v 8.40 _+ 1.07 mmol/L, P = .006) concentrations
than noncarriers. No significant association was observed
between the LPL $447X polymorphism and the plasma cholesterol to HDL-C ratio (3.67 _+ 0.47 v 4.31 _+ 0.31, P = .11; Fig
3) and PH-LPL activity (84.97 -+ 15.13 v 72.3 + 10.04 nmol/
min/mL, P = .33; Fig 4).

Obese

Normal weight

Man

Obese

Women

Fig 2, Associations b e t w e e n t h e LPL $ 4 4 7 X polymorphism and
plasma TG c o n c e n t r a t i o n s m e a s u r e d in n o r m a l - w e i g h t
men
(BMI = 22.4 -+ 1.8 kg/mZ; noncarriers, n = 79; carriers, n = 17) and
w o m e n (BMI = 21.8 -+ 1.9 kg/m2; noncarriers, n = 121; carriers, n = 26)
and obese men (BMI = 33.9 -+ 3.3 kg/m2; noncarriers, n = 39; carriers,
n = 11) and w o m e n (BMI = 34.8 _+ 3.8 kg/mZ; noncarriers, n = 26;
carriers, n = 8). Data are t h e least-square mean _ S E M . P v a l u e s w e r e
obtained using A N C O V A w i t h age and fat mass as covariates.

DISCUSSION

The functional significance of the C-terminal dipeptide
Ser-Gly of the LPL gene remains uncertain, but it is highly
conserved across all known mammalian LPLs 13 and may be
involved in binding the enzyme to the endothelial cell surface. It
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Fig 3. Associations b e t w e e n t h e LPL $ 4 4 7 X polymorphism and
t h e plasma cholesterol to HDL-C ratio measured in normal-weight
men (BMI = 22.4 _+ 1.8 kg/m2; noncarriers, n = 79; carriers, n = 17)
and w o m e n (BMI = 21.8 -+ 1.9 kg/mZ; noncarriers, n = 121; carriers,
n = 26) and obese men (BMI = 33.9 -+ 3.3 kg/m2; noncarriers, n = 39;
carriers, n = 11) and w o m e n (BMI = 34.8 -+ 3.8 kg/m2; noncarriers,
n = 26; carriers, n = 8). Data are t h e least-square mean -+ S E M . P
values w e r e obtained using A N C O V A w i t h age and fat mass as
covariates.
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Fig 4. Associations b e t w e e n the LPL $ 4 4 7 X polymorphism and
PH-LPL activity measured in normal-weight men (BMI = 22.4 -+ 1,8
kg/m2;
noncarriers,
n = 77; carriers,
n = 17) and w o m e n
(BMI = 21.8 _+ 1.9 kg/m2; noncarriers, n = 114; carriers, n = 25) and
obese (BMI -> 30 k g / m z) men (BMI = 33,9 -+ 3.3 kg/m~; noncarriers,
n = 38; carriers, n = 1 1 ) a n d w o m e n (BMI = 34.8 -+ 3.8 kg/mZ; noncarriers, n = 24; carriers, n = 7). Data are t h e least-square mean -+ S E M .
P values w e r e obtained using A N C O V A w i t h age and fat mass as
covariates.

has been postulated that the X447 allele may be responsible for
a defect in lipid substrate interaction. 38 In vitro studies proposed
that LPL truncation by 2 residues has either normal 14or higher 13
LPL activity. On the other hand, the previously reported
association of the X447 allele with higher PH-LPL activity15
was not confirmed in the present study when we adjusted
PH-LPL activity for age and fat mass, although it should be
noted that the former observations were obtained in CAD
patients using [~-blockers. Indeed, in the study by Groenemeijer
et al, 15 when the effect of [3-blockers, which have an unfavorable effect on PH-LPL activity, was considered, the association
disappeared. Thus, the LPL $447X polymorphism or the other
markers tested in the present study cannot account for the
genetic variance component of PH-LPL activity previously
observed in the HERITAGE Family Study (females, h 2 = 76%;
males, h 2 = 30%). ~9 It should be noted that all of the abovementioned studies have been performed on Caucasian subjects
and little is known about race differences in the LPL $447X
polymorphism and its impact on lipids and lipoproteins.
LPL activity is involved in the clearance of TG-rich lipoproteins from the circulation and contributes to the formation of
HDL2 particles, since hydrolysis of TG-rich lipoproteins leads
to the transfer of phospholipids, TG, and apolipoproteins to
nascent HDL (HDL3) particles. Kuivenhoven et all7 have
recently demonstrated that the X447 allele is more frequent in
the highest tertile of the HDL-C distribution in a sample of 241
healthy Dutch males. In the present study, the HDL-C subfraction affected (and only in women) by the X447 allele was HDL3,
which represents about two thirds of plasma HDL-C levels.
CAD subjects with the X447 allele have been shown to exhibit a
lower plasma cholesterol to HDL-C ratio reflecting the beneficial effect of this allele on the lipoprotein profile in adult

males. 16 Results reported herein reproduced this association of
the X447 allele with the plasma cholesterol to HDL-C ratio in
women, but failed to link the variation in PH-LPL activities to
this association. The elevated level of HDL3-C in carriers of the
X447 allele can perhaps be explained by the fact that a lower
HDL-TG concentration in these subjects may have led to a
decrease in HDL catabolism. If PH-LPL activity was increased
by the truncation of the last two residues, we would expect to
observe a higher HDL2-C concentration, which is not the case.
The increase in HDL3-C is related to a decrease in HDL3 to
HDL2 transformation and a decrease in catabolism compared
with normal HDL particles with normal HDL-TG levels. Also,
the HDL2-C/HDL3-C ratio, which is increased by high PH-LPL
activity, is not affected by the LPL $447X polymorphism. Thus,
we speculate that a decrease of HDL catabolism caused by a
decrease in TG content rather than an increase in the HDL3 to
HDL2 transformation accounts for the effect of the polymorphism on HDL-C.
In humans, the X447 allele has been reported to be more
frequent in healthy controls than in hypertriglyceridemic and
low-HDL-C subjects. 12 Stocks et a131 showed that the X447
allele was less frequent among patients with primary hypertriglyceridemia. In addition, the X447 allele was associated with
lower TG levels in subjects of the ECTIM Study.19 Furthermore,
the X447 allele was associated with lower fasting and postprandial TG levels in subjects with a paternal history of myocardial
infarction.9 Humphries et al9 also proposed that the X447 allele
may affect a nonenzymatic function of LPL such as its ligand
role. This is in concordance with our findings of a significant
association between the X447 allele and lower TG and VLDL
levels in both genders. The significant association with a lower
LDL-TG level in women may be the result of lower TG levels
(VLDL) observed in carriers. A proposed mechanism is that
VLDL receptors may interact with VLDL particles in a stronger
manner when subjects are carriers of the X447 allele. LPL is
known to enhance binding to VLDL receptors via both the
formation of bridges between lipoproteins and heparan sulfate
proteoglycans and its lipolytic effect. 4° One could speculate that
the lower plasma concentrations of VLDL-TG, VLDL-C, and
VLDL-apo B observed in carriers may result from a higher
relative amount of internalization of VLDL particles via the
LDL receptor protein41 for the truncated LPL protein. This
molecular interaction is thought to be dependent on the
carboxy-terminal domain of the LPL proteinY Because LPL
activity is associated with the dimeric form and ligand activity
with the monomeric form, we may speculate that the truncated
protein is present in the plasma in the monomeric form in a
greater amount than the mature protein, thus resulting in higher
ligand activity. Mutational analyses in COS-1 cells support the
fact that the truncated protein exhibits higher mass and, more
specifically, higher specific activity than the nontruncated
protein. 13 Thus, it would be of interest to investigate the impact
of the LPL $447X polymorphism on the protein form (dimeric
or monomeric) and mass.
Three different haplotypes were found for the $447X and the
intron 8 HindIII polymorphisms: H+$447, H - $ 4 4 7 , and
H - X 4 4 7 . 9 In our results, obese carriers of the X447 allele had
the same plasma TG, VLDL-TG, and cholesterol to HDL-C
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ratio as those observed in normal-weight subjects. Thus, the
effect of the HindIII polymorphism on TG levels in previous
reports 9ql may likely be attributed to the $447X polymorphism,
as the 2 markers are in linkage disequilibrium. 9 When we tested
for potential interactions between obesity and the $447X
polymorphism, the effect of this polymorphism on plasma TG,
VLDL-TG, VLDL-apo B, cholesterol to HDL-C ratio, and
Ptt-LPL activity was observed mainly in obese subjects. This
effect was stronger in women than in men, especially for the
association with PH-LPL activity. The effect of the X447 allele
on the TG concentration is concordant with its effect on
PH-LPL activity, which is higher in obese carriers of the X447
allele compared with noncarriers.
A weak but significant linkage was observed between the
$447X polymorphism and VLDL-apo B. The fact that none of
the microsatellites around the LPL gene exhibited significant
linkage with VLDL-apo B suggests that the linkage is likely
attributable to the LPL gene itself and not another gene. In
addition, the significant association between the same marker
and the same trait provides further support for the notion that
the $447X marker has a significant metabolic impact on plasma
VLDL-apo B concentrations.

In conclusion, the LPL $447X polymorphism is not associated with the body fatness, visceral fat level, and postheparin
plasma lipase activities. Although this polymorphism is only
marginally associated with the plasma cholesterol to HDL-C
ratio, it is strongly associated with plasma TG, VLDL-TG, and
VLDL-apo B levels, and to a greater extent in sedentary obese
men versus women. Obese carriers of the X447 allele exhibit
cardiovascular risk factors, such as plasma TG, VLDL-TG, and
the cholesterol to HDL-C ratio, equivalent to those of normalweight sedentary individuals.
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