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Abstract The objective of the present study was to exam-
ine the impact of the T111I missense mutation in exon 3 of
the endothelial lipase (EL) gene on HDL and its potential
interaction effect with dietary fat. The study sample in-
cluded 281 women and 216 men aged between 17 and 76

 

years from the Québec Family Study. Plasma HDL

 

3

 

-C levels
of I111I homozygote women were higher compared with

 

those of women carrying the wild-type allele (

 

P 

 

�

 

 0.03). These
differences were not attenuated when adjusted for levels of
obesity and were not observed among men. Dietary PUFA
interacted with the T111I mutation to modulate apolipopro-
tein A-I (apoA-I) and HDL

 

3

 

-C levels among women. Specifi-
cally, a diet rich in PUFA was associated with increased
apoA-I levels among women carriers of the I111 allele and
with decreased apoA-I among women homozygotes for the

 

wild-type allele (

 

P 

 

�

 

 0.002). A similar interaction was ob-

 

served with plasma HDL

 

3

 

-C levels (

 

P 

 

�

 

 0.003). These in-
teractions were not observed among men.  In conclusion,

 

the EL T111I mutation appears to have a modest effect
on plasma HDL levels. The gene-diet interaction among
women, however, suggests that the T111I missense muta-
tion may confer protection against the lowering effect of a
high dietary PUFA intake on plasma apoA-I and HDL

 

3

 

-C
levels.

 

—Paradis, M-E., P. Couture, Y. Bossé, J-P. Després, L.
Pérusse, C. Bouchard, M-C. Vohl, and B. Lamarche.
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Endothelial lipase (EL) has recently been cloned by two
laboratories using different approaches (1, 2). This lipase
has been identified as a new member of the triglyceride
(TG) lipase gene family and has been shown to be highly

 

homologous to hepatic lipase (HL) and lipoprotein lipase
(LPL), both playing key roles in lipoprotein metabolism.
Despite strong similarities and conserved features among
members of the lipase family, EL distinguishes itself from
other lipases by being the only one expressed in endothe-
lial cells and by its specific substrate preference (1, 2).
There is indeed minimal sequence homology between the
lid domain of EL and other intravascular lipases (1, 2), a
feature known to be critical in determining substrate spec-
ificity (3). Previous studies indicated that EL was primarily
a phospholipase (1, 2), with particular affinity for HDL
compared with other lipoprotein subfractions (4).

In vivo studies in mice have shown that EL plays a major
role in modulating HDL metabolism (1, 5–7). Because HDL-
cholesterol (HDL-C) levels remain a key component of
the lipid risk factors for coronary heart disease (CHD),
the discovery of this new player in HDL metabolism war-
rants extensive investigation among humans. It has been
suggested that more than 50% of the variation in HDL-C
levels in humans may be genetically determined (8). To
date, only two studies have investigated how variants in
the EL gene may contribute to variations in HDL concen-
trations (7, 9). Even though the allele frequency of several
mutations in the EL gene identified by deLemos et al. (9)
was higher among individuals with high plasma HDL-C
levels compared with a control group, none of the newly
identified genetic variants showed significant association
with plasma HDL-C levels. Among the 17 genetic variants
identified in that study, one common mutation in exon 3
deserved greater scrutiny, as it was responsible for a signifi-
cant amino acid change (T111I) that could potentially be
associated with an altered intravascular EL activity. A re-
cent report on a group of subjects from the Lipoprotein
and Coronary Atherosclerosis Study (LCAS) observed
higher plasma HDL-C and apolipoprotein C-III (apoC-III)
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levels among men carriers of the mutation (I111) as well
as higher HDL-C/LDL-C and apoA-I/apoB ratios (7).

The aim of the present study was to characterize further
the effect of this T111I missense mutation in exon 3 of the
EL gene on the HDL profile of subjects from the Québec
Family Study (QFS). As environmental factors such as di-
etary fat intake are also known to modify plasma HDL-C
levels as well as CHD risk (10), we also sought to examine
the potential impact of the interaction with the T111I vari-
ant and the diet on the HDL profile of these individuals.

METHODS

 

Subjects

 

The QFS is a cohort of white men and women who were re-
cruited to participate in studies designed to investigate factors in-
volved in the etiology of obesity (11). A total of 951 subjects from
223 families are currently enrolled in the QFS. Subjects gave
their written consent to participate in this study, which received
the approval of the Medical Ethics Committee of Laval Univer-
sity. Only subjects with a complete lipoprotein-lipid profile, with
anthropometric measurements and genomic DNA available, and
in whom dietary intake was assessed, were eligible to be included
in the present analysis. None had diabetes or were treated for
cardiovascular disease. The subsample used in the present study
included 281 women and 216 men aged between 17 and 76
years. Body mass index (BMI) ranged between 16.8 and 64.9 kg/
m

 

2

 

. The study sample comprised men and women from 172 two-
generation families. There were 162 and 335 individuals from
the parental and offspring generations, respectively. Participants
with plasma TG levels 

 

�

 

4.5 mmol/l were excluded to allow the
calculation of plasma LDL-C concentration with the Friedewald
formula (N 

 

�

 

 1 woman and 3 men). Inclusion of these individuals
did not alter the results (data not shown). Postmenopausal status
was defined as having been without menses for a year, and women
were asked about the use of hormonal replacement therapy.

 

Adiposity phenotypes, plasma lipid, lipoprotein, and
apolipoprotein measurement

 

BMI was derived from body weight divided by height squared
(kg/m

 

2

 

). Waist circumference was measured according to proce-
dures recommended by the Airlie Conference (12). The amount
of visceral adipose tissue was obtained by computed axial tomog-
raphy as described previously (13). Plasma cholesterol and TG
levels in the various lipoprotein subfractions were determined en-
zymatically with commercial kits as described elsewhere (14).
Plasma LDL-C levels were calculated using the Friedewald for-
mula (15). Plasma VLDL (d 

 

�

 

 1.006 g/ml) was isolated by ultra-
centrifugation (50,000 rpm) using a Beckman 50.3 Ti rotor
(Beckman, Palo Alto, CA) (16). HDL particles were isolated from
the bottom fraction (

 

�

 

1.006 g/ml) after precipitation of apoB-
containing lipoproteins with heparin and MnCl

 

2

 

 (17). HDL

 

2

 

 was
then precipitated from the d 

 

�

 

 1.006 g/ml HDL fraction with a
4% solution of low-molecular-mass dextran sulfate (15–20 kDa)
obtained from SOCHIBO (Boulogne, France) (18). The choles-
terol concentration in the supernatant (HDL

 

3

 

) was measured and
HDL

 

2

 

 was obtained by subtraction. The TG and cholesterol con-
tents of the infranatant fraction were measured before and after
the precipitation step for measurement of LDL and HDL compo-
sitions. The apoB and apoA-I concentrations were measured by
the rocket immunoelectrophoretic method of Laurell (19) as pre-
viously described (16). LDL and HDL size were determined by
gradient gel electrophoresis as described earlier (20, 21).

 

Dietary assessment

 

Total caloric intake, including carbohydrate, protein, and
lipid intakes, was derived from a 3 day activity record, which was
based on two weekdays and one weekend day (22).

 

DNA analysis

 

In order to design intronic primers for the amplification of exon
3, genomic sequences were sought for the intronic regions sur-
rounding this EL gene exon. To do this, we compared the mRNA
sequence of the EL gene with a contiguous genomic DNA region
taken from sequences of an overlapping clone from GenBank (Ac-
cession Number AC091170). Intronic primers were then designed
using the Primer 3.0 software available on the Whitehead Institute/
MIT Center for Genome Research server (http://www-genome.
wi.mit.edu/cgi-bin/primer/primer3.cgi). Exon 3 was amplified
from genomic DNA using specific primers derived from the 5

 

�

 

 and
3

 

�

 

 ends of the intronic sequence (5

 

�

 

-ATTGGGAAGAAGGTCATAT-
AGAAG-3

 

�

 

 and 5

 

�

 

-CTTAAGAAGATTGGGTTTGAGATCC-3

 

�

 

).
PCR conditions were as follows: reaction volume was 50 

 

�

 

l, 1
unit AmpliTaq DNA polymerase with GeneAmp (Roche) in the
buffer recommended by the manufacturer, 1.5 mM MgCl

 

2

 

, 0.2
mM deoxynucleoside triphosphate, primers at final concentra-
tion of 0.6 mM, and 2.5 ng of template genomic DNA. PCR prod-
ucts were purified with hydrophilic GF/C filter (Whatman). Se-
quencing reactions were performed using BigDye Terminators
v3.0 (PE Applied BioSystems, Foster City, CA), and the products
were analyzed on ABI 3700 automated sequencers (PE Applied
BioSystems). The data files were collected using the Data Collec-
tion v1.1.1 and then processed using the Sequencing Analysis
v3.7 software (PE Applied BioSystems). Sequence data were ana-
lyzed using the Staden Package software (Medical Research
Council Laboratory of Molecular Biology, Cambridge, UK).

 

Statistical analyses

 

Differences between genotype groups were assessed by
ANOVA. The MIXED procedure in SAS (SAS Institute, v.8, Cary,
NC) was used to adjust for nonindependence among family
members. The prevalence of menopause among T111T, T111I,
and I111I women was compared by the 

 

�

 

2

 

 test. To explore the
combined effect of the T111I mutation and dietary fat intake on
the HDL profile, two genotype groups (T111T homozygotes vs. I
allele carriers) were further divided according to the median of
the distributions for the various dietary fats among women (total
fat: 33.5% of daily calories; saturated fat: 10.3% of daily calories;
monounsaturated fat: 10.9% of daily calories; and polyunsatu-
rated fat: 4.2% of daily calories). Multivariate adjustment was
performed to adjust for the potential confounding effect of
other variables as indicated in the tables and the figure. Variables
abnormally distributed were log transformed prior to analysis.
All statistical analyses were performed using the SAS package.

 

RESULTS

The frequency of the I111 mutated allele among subjects
from the QFS was 32%, and the genotype frequencies distri-
bution showed a Hardy-Weinberg equilibrium (

 

�

 

2

 

 

 

�

 

 0.01;

 

P

 

 

 

�

 

 0.99). 

 

Table 1

 

 shows anthropometric and dietary data in
each of the genotypic groups. The three groups of women
were similar with respect to age, BMI, energy intake, and di-
etary fat intake. Among men, differences between the
T111T and the T111I groups were observed for the waist cir-
cumference (

 

P 

 

�

 

 0.03). Approximately 24% of women were
menopausal (23% in T111T, 26% among T111I heterozy-
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gotes, and 14% among I111I homozygotes, 

 

P 

 

�

 

 0.43). The
T111I mutation was not associated with variations in plasma
levels of apoB-containing lipoproteins or total plasma cho-
lesterol and TG levels among women (

 

Table 2

 

). The HDL
profile was also very similar among the three genotypes,
with the exception of plasma HDL

 

3

 

-C levels. These levels,
which were significantly higher among women homozygous
for the mutated allele (I111I), compared with women het-
erozygous and homozygous for the wild-type allele (T111T
and T111I), were independent of familial relationship and
age. Further adjustment for menopausal status, the use of
hormonal replacement therapy, and levels of visceral fat,
BMI, or waist girth did not attenuate the impact of the
T111I mutation on plasma HDL

 

3

 

-C levels (data not shown).
Among men, no difference between the three genotypes for
any of the lipid variables was observed (

 

Table 3

 

).
Among men, dietary intakes of PUFA showed an inverse

relationship with plasma levels of HDL-C and HDL

 

2

 

-C (

 

r

 

 

 

�
�

 

0.18, 

 

P

 

 

 

�

 

 0.01, and 

 

r

 

 

 

�

 

 

 

�

 

0.17, 

 

P

 

 

 

�

 

 0.02, respectively). Di-
etary intakes of monounsaturated fatty acids (MUFAs) were
also negatively correlated with plasma HDL-C (

 

r

 

 

 

�

 

 

 

�

 

0.23,

 

P

 

 

 

�

 

 0.002), HDL

 

2

 

-C (

 

r

 

 

 

�

 

 

 

�

 

0.17, 

 

P

 

 

 

�

 

 0.02), HDL

 

3

 

-C (

 

r

 

 

 

�
�

 

0.15, 

 

P

 

 

 

�

 

 0.05), and HDL size (

 

r

 

 

 

�

 

 

 

�

 

0.21, 

 

P

 

 

 

�

 

 0.01). We
did not observe any significant relationship among di-
etary intakes of saturated fatty acids (SFAs) and total fat and
the HDL profile in men. Among women, dietary intakes of
total, PUFA, MUFA, and SFA showed no association with
any HDL-related phenotypes (data not shown).

In order to examine whether the T111I mutation influ-
enced the relationship between dietary fat intake and the

 

HDL profile, Spearman correlations were computed be-
tween T111T homozygotes and women carrying the I111
allele. Total fat intake (% of daily energy) was negatively
correlated with plasma HDL

 

3

 

-C levels among women ho-
mozygous for the wild-type allele (

 

r

 

 

 

�

 

 

 

�

 

0.21, 

 

P

 

 

 

�

 

 0.02),
but positively correlated among I111 carriers (

 

r

 

 

 

�

 

 0.27,

 

P

 

 

 

�

 

 0.01). PUFA intake (% of daily energy) showed the
same relationship with plasma apoA-I levels among
women (T111T: 

 

r

 

 

 

�

 

 

 

�

 

0.19, 

 

P

 

 

 

�

 

 0.04; and I111: 

 

r

 

 

 

�

 

 0.22,

 

P

 

 

 

�

 

 0.04). We did not observe these diverging associations
among men. The interaction between the T111I mutation
and the HDL profile was further investigated using the
PROC MIXED procedure in SAS in both genders. Dietary
fat consumption was analyzed using a dichotomous vari-
able defined as high or low based on gender-specific me-
dians of the distribution of each dietary fat separately. As
shown in Table 4, total dietary fat intake interacted with
the T111I mutation in determining plasma apoA-I (P �
0.009) and HDL3-C levels (P � 0.03) among women. A sig-
nificant interaction was also observed among MUFA intake,
the T111I mutation, and plasma apoA-I levels (P � 0.01),
independent of familial relationships, age, BMI, smoking,
menopausal status, estrogen therapy, total energy intake,
and energy obtained from SFA and PUFA. PUFA inter-
acted significantly with the T111I mutation in modulating
plasma HDL3-C (P � 0.003) and apoA-I levels (P � 0.002).
Figure 1 illustrates how total dietary fat and PUFA and the
T111I mutation interacted to modulate plasma HDL3-C
and apoA-I levels among women. Among homozygotes for
the T allele, plasma HDL3-C and apoA-I levels declined

TABLE 1. Anthropometric characteristics of women and men from the QFS and energy and macronutrient
intake according to the T111I missense mutation of EL gene

T111/T111 T111/I111 I111/I111 P

Women N � 153 N � 100 N � 28
Age (years)a 40.2 	 14.3 39.6 	 14.4 35.8 	 14.3 0.47
BMI (kg/m2)a 29.0 	 8.7 29.1 	 8.4 27.7 	 7.1 0.58
Waist circumference (cm)a 86.6 	 17.9c 86.9 	 18.8 84.0 	 17.3 0.63

N � 119 N � 73 N � 18
Energy intake (MJ/d)b 8.32 	 1.92 8.10 	 2.04 8.02 	 2.10 0.93
Total fat (% of energy)b 34.7 	 5.9 33.5 	 6.6 34.3 	 5.4 0.84
SFA (% of energy)b 10.9 	 3.2 10.2 	 2.7 10.8 	 2.9 0.62
MUFA (% of energy)b 11.6 	 3.0 10.9 	 2.6 11.0 	 2.7 0.50
PUFA (% of energy)b 4.7 	 1.7 4.4 	 1.8 4.6 	 1.9 0.67

Men N � 77 N � 117 N � 22
Age (years)a 40.5 	 15.7 40.7 	 15.4 43.6 	 16.4 0.90
BMI (kg/m2)a 29.7 	 7.3 27.6 	 6.6 28.6 	 6.2 0.07
Waist circumference (cm)a 99.8 	 18.8 93.6 	 16.9 98.5 	 14.9 0.03d

N � 67 N � 95 N � 14
Energy intake (MJ/d)b 11.46 	 3.10 11.22 	 3.20 11.88 	 3.60 0.39
Total fat (% of energy)b 35.0 	 5.5 34.7 	 6.3 33.4 	 5.8 0.75
SFA (% of energy)b 10.4 	 3.2 10.4 	 3.1 11.1 	 3.9 0.68
MUFA (% of energy)b 11.6 	 3.3 11.5 	 3.4 11.7 	 2.3 1.0
PUFA (% of energy)b 4.6 	 1.8 4.3 	 1.7 4.4 	 1.9 0.75

QFS, Québec Family Study; EL, endothelial lipase; SFA, saturated fatty acid; MUFA, monounsaturated fatty
acid; BMI, body mass index. Data are presented as unadjusted values and are expressed as mean 	 SD. BMI was
log transformed prior to analysis in both men and women, as well as PUFA among men only. Energy intake is ex-
pressed in MJ/day. The conversion factor is 1 MJ � 239.23 kcal.

a P value after adjustment for the nonindependence among family members and age (except when the depen-
dent variable is age) as well as for menopausal status and estrogen therapy (in women).

b Multivariate models further adjusted for BMI, carbohydrates (% of daily energy), and proteins (% of daily
energy).

c N � 151.
d T111/I111 different from T111/T111.
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with increasing amounts of total and dietary PUFA intake
(below vs. lower 4.2%). Among women carrying the I al-
lele, however, plasma HDL3-C, and apoA-I levels increased
with a growing intake of dietary PUFA. These interactions
between dietary PUFA and the T111I missense mutation
in exon 3 of the EL gene remained significant when the
three genotypes were considered in the analysis, or when
dietary fats were considered as continuous variables in the
models (data not shown). The same analysis confirmed
that there was no interaction among any type of dietary
fat, the T111I mutation, and the HDL profile among men
(data not shown).

DISCUSSION

The present study reports the effect of a missense muta-
tion in exon 3 of the EL gene (T111I) on several aspects
of the lipoprotein-lipid profile among healthy men and
women. In this subsample from the QFS, 230 subjects
were T111/T111 homozygotes, 217 were T111/I111 het-
erozygotes, and 50 were I111/I111 homozygotes. Thus,
the 32% allele frequency among this sample of individuals
almost exclusively of French Canadian descent is compa-
rable to that observed in another group of Caucasian indi-

viduals (31%) (9) and in a group of subjects from the
LCAS (26%) (7). Men and women in each of the three ge-
notype groups in the present study had comparable lipid
profiles, including plasma HDL-C levels. This observation
is consistent with the recent study by deLemos et al. (9),
which has also failed to note an increased prevalence of
the I allele in subjects with higher plasma HDL-C levels.
Our observations, however, conflict with those of a recent
study among men and women that noted significantly
higher plasma HDL-C levels in I111 carriers (7).

Discrepancies between the results of our study and
those of the LCAS may be attributable to the fact that the
latter study included patients with angiographic evidence
of CHD, who had plasma LDL-C between 115 and 190
mg/dl and were on stable dietary therapy, while subjects
from the QFS were healthier. Also, the LCAS study in-
cluded 27% African Americans, while our study sample
was more homogeneous, comprised mostly of Caucasian
individuals (7). The lack of effect of the T111I mutation
on plasma HDL-C levels in two out of three studies was
rather unexpected, considering that this mutation yields a
significant amino acid change, and that in vivo studies in
animals have demonstrated clearly the importance of EL
in modulating HDL metabolism (1, 5–7) through the
phospholipase activity of EL and its particular affinity for

TABLE 2. Mean plasma lipids among women from the QFS
according to the T111I genotype

T111/T111 
N � 153

T111/I111
N � 100

I111/I111 
N � 28 Pa Pb

 mmol/l

Cholesterol
Total 4.91 	 1.03 5.00 	 1.19 4.66 	 0.86 0.81 0.82
VLDL 0.46 	 0.26 0.50 	 0.48 0.38 	 0.20 0.28 0.36
LDL 2.97 	 0.89 3.06 	 1.00 2.77 	 0.77 0.97 0.94
HDL 1.20 	 0.29 1.19 	 0.29 1.25 	 0.25 0.09 0.14
HDL2 0.49 	 0.22 0.48 	 0.20 0.49 	 0.16 0.51 0.66
HDL3 0.71 	 0.15 0.71 	 0.15 0.77 	 0.17 0.03 0.03

Triglycerides
Total 1.44 	 0.62 1.44 	 0.68 1.25 	 0.60 0.41 0.49
VLDL 0.86 	 0.51 0.87 	 0.58 0.74 	 0.49 0.32 0.41
LDL 0.30 	 0.12 0.30 	 0.11 0.25 	 0.09 0.26 0.39
HDL 0.28 	 0.08 0.27 	 0.08 0.28 	 0.08 0.45 0.35

mg/ml

ApoB
Total 0.96 	 0.23 0.97 	 0.23 0.90 	 0.16 0.51 0.63
VLDLc 0.10 	 0.05 0.10 	 0.06 0.09 	 0.04 0.43 0.50
LDL 0.86 	 0.21 0.87 	 0.21 0.81 	 0.16 0.66 0.74

ApoA-I 1.30 	 0.18 1.29 	 0.19 1.31 	 0.20 0.29 0.21
LDL size (Å)d 264.8 	 4.6 264.0 	 4.4 264.1 	 4.8 0.42 0.33
HDL size (Å)e 87.8 	 3.6 87.3 	 3.4 87.8 	 3.1 0.82 0.70

ApoB, apolipoprotein B; VLDL-C, VLDL cholesterol; TG, triglycer-
ide. Data are presented as unadjusted values and are expressed as
mean 	 SD. Total cholesterol, VLDL-C, LDL-C, total triglycerides,
VLDL-TG, LDL-TG, HDL-TG, and VLDL-apoB were log transformed
prior to analyses.

a P value of the ANOVA comparing the three mutation groups after
adjustment for the nonindependence among family members and age.

b Multivariate models were further adjusted for menopausal status,
hormonal therapy, and BMI.

c N � 152 in the T111/T111 women.
d N � 151 in the T111/T111 women.
e N � 105, N � 70, and N � 17 among the T111/T111, T111/

I111, and I111/I111 women, respectively.

TABLE 3. Mean plasma lipids among men from the QFS according 
to the T111I genotype

T111/T111
N � 76

T111/I111
N � 116

I111/I111
N � 22 Pa Pb

 mmol/l

Cholesterol
Totalc 5.00 	 0.95 4.96 	 1.09 5.07 	 1.04 0.79 0.82
VLDL 0.62 	 0.42 0.54 	 0.30 0.56 	 0.34 0.57 0.99
LDL 3.40 	 0.79 3.45 	 0.95 3.42 	 0.74 0.89 0.93
HDL 0.97 	 0.21 1.00 	 0.22 1.04 	 0.24 0.82 0.96
HDL2 0.32 	 0.16 0.33 	 0.15 0.34 	 0.14 0.83 0.84
HDL3 0.65 	 0.12 0.67 	 0.14 0.70 	 0.16 0.68 0.86

Triglycerides
Totalc 1.72 	 0.95 1.53 	 0.73 1.75 	 0.89 0.19 0.31
VLDL 1.19 	 0.80 1.05 	 0.66 1.11 	 0.68 0.50 0.84
LDL 0.29 	 0.12 0.28 	 0.09 0.29 	 0.14 0.30 0.56
HDL 0.23 	 0.06 0.22 	 0.05 0.22 	 0.05 0.33 0.66

mg/ml

ApoB
Total 1.03 	 0.24 1.03 	 0.25 1.07 	 0.25 0.93 0.97
VLDLd 0.11 	 0.06 0.11 	 0.06 0.12 	 0.06 0.63 0.87
LDL 0.91 	 0.22 0.92 	 0.23 0.95 	 0.22 0.99 0.99

ApoA-I 1.20 	 0.15 1.21 	 0.15 1.22 	 0.25 0.64 0.66
LDL size (Å)e 262.4 	 5.1 262.0 	 5.0 261.6 	 5.2 0.87 0.76
HDL size (Å)f 84.4 	 3.0 84.8 	 3.3 82.7 	 2.76 0.07 0.17

Data are presented as unadjusted values and are expressed as
mean 	 SD. VLDL-C, HDL2-C, total triglycerides, VLDL-TG, and LDL-
TG were log transformed prior to analyses.

a P value of the ANOVA comparing the three mutation groups after
adjustment for the nonindependence among family members and age.

b Multivariate models were further adjusted for BMI.
c N � 77 in the T111/T111 and N � 117 among the T111/I111 men.
d N � 115 among the T111/I111 men.
e N � 72, N � 114, and N � 21 among the T111/T111, T111/I111,

and I111/I111 men, respectively.
f N � 51, N � 87, and N � 15 among the T111/T111, T111/I111,

and I111/I111 men, respectively.
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HDL (4). A greater impact of the T111I mutation on HDL
was expected, because the phospholipid content of HDL
particles is an important feature in determining apoA-I
conformation (23) and HDL function (24).

The T111I mutation results in an amino acid change
(from a polar to a nonpolar amino acid) that occurs in a
relatively poorly conserved area of the EL sequence, far
from important sites encoding for the catalytic activity or
defining the tertiary structure of the enzyme. The high
prevalence of the I allele also suggests that it may not have
a large effect on plasma HDL-C levels in the general popu-
lation. Our data on HDL subfractions and the interaction
with dietary fat among women, however, speak to the con-
trary. Interestingly, plasma HDL3-C levels of women ho-
mozygous for the mutated allele (I111) were significantly
higher compared with those carrying the wild-type allele,
independent of BMI, waist circumference, or visceral fat
accumulation. Considering that the major lipid compo-
nent of HDL3 particles is phospholipid, the specific im-
pact of the T111I variant on HDL3 is consistent with the
substrate preference of EL. Because homozygotes for the
mutated allele seem to accumulate HDL3 particles, we
speculate that the amino acid change introduced in the
protein may be responsible for a physiologically important
reduction in the hydrolytic activity toward phospholipids.
This hypothesis will have to be tested and validated by as-
sessing the intravascular EL phospholipase activity and the
phospholipid content of lipoprotein subfractions among
the various T111I genotypes, as well as by examining the
impact of the T111I variant on EL activity by directed mu-
tagenesis. Surprisingly, the three genotypic groups in men
were similar for all the lipoprotein-lipid variables. A num-
ber of factors, including hormonal differences and differ-

ences in plasma lipid levels between males and females,
may have attenuated or blunted any potential association
between the T111I mutation in the EL gene and the HDL
profile in men. The study by Ma et al. (7) did not indicate
whether the impact of the T111I mutation on plasma
HDL-C levels was gender dependent.

Our second objective was to investigate whether dietary
fat may exert an effect on the T111I missense mutation in
modulating the HDL profile. Plasma HDL-C and HDL2-C
were negatively correlated with dietary intake of PUFA
and MUFA in men but not in women. This contradictory
observation is not entirely inconsistent with previous ob-
servational studies that have either found or failed to re-
port significant associations between estimated dietary fat
and plasma HDL-C levels (25–28). We noted a negative re-
lationship, however, between dietary total fat and PUFA
with plasma HDL3-C and apoA-I levels in T111T, and a
positive association among I111 carriers among women
only. It may also be argued that the association between
estimated dietary fat and HDL levels may have been com-
pletely attenuated by diverging associations among the
various T111I genotypes.

Recently, the Framingham Offspring Study reported an
interaction between fat intake and the C-514T polymor-
phism in the HL gene promoter and HDL-C levels (29).
Among 1,110 women and 1,020 men, they observed that
the mutated -514T allele was associated with significantly
higher HDL-C levels in subjects consuming �30% of en-
ergy from fat and significantly lower among TT homozy-
gotes with a fat intake of 
30% (29). Investigating the
gene-diet interaction effects on the HDL profile leads us to
several interesting observations. Among women, an inter-
action of the T111I mutation was noted with total dietary

TABLE 4. P values for the interaction terms between dietary fat intake and the T111I genotype at the EL gene 
on the HDL profile of women: multivariate regression analyses by the type of fat consumed

Dependent Variable

Interaction Terms in the Regression Modelsa HDL-C HDL2-C HDL3-C ApoA-I HDL Size

mmol/l mmol/l mmol/l mg/ml Å

Total fat (% of energy) � ELb 
Multivariatec 0.46 0.41 0.03 0.009 0.43
Further adjustment for carbohydratesd 0.44 0.43 0.03 0.009 0.41

SFA (% of energy) � EL
Multivariatec 0.39 0.06 0.23 0.37 0.35
Further adjustment for carbohydrates, MUFA, and PUFAd 0.36 0.06 0.29 0.48 0.38

MUFA (% of energy) � EL
Multivariatec 0.86 0.26 0.06 0.01 0.95
Further adjustment for carbohydrates, SFA, and PUFAd 0.88 0.26 0.06 0.02 0.91

PUFA (% of energy) � EL
Multivariatec 0.21 0.52 0.003 0.002 0.41
Further adjustment for carbohydrates, SFA, and MUFAd 0.24 0.46 0.003 0.002 0.45

Total dietary fat and type of dietary fat were divided into two groups based on their respective median value.
(Total fat intake: 33.5%; SFA: 10.3%; MUFA: 10.9%; PUFA: 4.2%.)

a Regression models with interaction terms were fitted individually for each type of fat and for each depen-
dent variable.

b The T111I variant in the EL gene was examined using two categories, i.e., the T111T homozygotes versus
heterozygotes � homozygotes for the I111 allele. Similar results were obtained when the three different genotype
groups were analyzed separately or when dietary fats were analyzed as continuous variables.

c The multivariate models included T111I genotype, familial relationships, age, BMI, smoking, energy intake,
menopausal status, estrogen therapy, and the specific fat intake.

d Multivariate models were additionally adjusted for carbohydrates (% of energy) and for SFA, MUFA, or
PUFA in order to mutually adjust intakes of specific types of fatty acids to each other.
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fat as well as dietary MUFA and PUFA and plasma apoA-I
levels. Total dietary fat and PUFA also interacted with the
T111I variant to modulate plasma HDL3-C levels. Increas-
ing amounts of dietary fat were associated with lower apoA-I
and HDL3-C levels in T111/T111 but with more favorable
levels among carriers of the mutated allele. This interac-
tion with dietary fat appeared to be mostly attributable to
unsaturated fat, and perhaps even more to PUFA specifi-
cally, because no gene-diet interactions were noted with di-
etary SFA intake. Substitution of dietary PUFA and MUFA
intake for SFA has been associated with reduced HDL-C
levels (10), possibly due to factors such as increased HL ac-
tivity (30). In light of these observations, we speculate that
among T111/T111 homozygotes, a higher dietary PUFA
or MUFA intake may have contributed to an increased in-
travascular EL activity, as previously observed for HL (30),
thus contributing to the lowering of plasma HDL3-C and
apoA-I levels. When individuals have an isoleucine rather
than a threonine at position 111, however, the resulting EL
protein may have reduced affinity for its HDL substrates,
thus contributing further to the elevation of plasma HDL3-C
and apoA-I when dietary fat intake increases. Because in-
teractions observed between the various types of fats (satu-
rated vs. unsaturated) and the T111I variant were not of
the same magnitude, we speculate that the amino acid
change introduced in the protein may have modified its af-
finity for the various types of fatty acids composing phos-
pholipids, thus altering its impact on HDL3 subfraction

and apoA-I levels. This hypothesis will have to be tested
thoroughly in the future. These interactions were not rep-
licated in men of the QFS. Additional studies are therefore
needed to elucidate these gender specificities.

From a cardiovascular risk point of view, our data would
suggest that women with a mutated EL due to a missense
mutation might benefit more than T111T homozygotes if
they increase their intake of dietary PUFA. The present
observations are based on a modest number of subjects. It
is possible that the limited statistical power may have pre-
vented us from detecting an effect of the T111I variant or
significant interactions with dietary fat and other variables
of the lipoprotein-lipid profile, including HDL-C levels.
Further investigations, including larger population-based
and intervention studies, will be needed to confirm the
observations of the present study. Nevertheless, these pre-
liminary findings may direct research toward targeted di-
etary recommendations aimed at improving the lipid pro-
file, thereby reducing more efficiently the risk of CHD.

The authors wish to acknowledge the contributions of Guy
Fournier and Lucie Allard to the data collection in the QFS,
François Michaud and Claude Leblanc for management of the
database, Anne-Marie Bricault for cell culture and preparation
of the DNA, and Jean-François Mauger for his valuable help.
This work was supported in part by an operating grant from the
Canadian Institute of Health Research (CIHR) (MOP-37950).
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Fig. 1. Interaction among estimated dietary total fat and PUFA intake, the T111I missense mutation in
exon 3 of the endothelial lipase gene, and plasma HDL3-C and apolipoprotein A-I levels. Solid circles repre-
sent women homozygous for the T111 allele, while open circles identify women heterozygous and homozy-
gous for the I111 allele. Total dietary fat and PUFA intake were subdivided into high and low, using the me-
dian of the distribution for each variable. Values are presented as mean 	 SE and are adjusted for the
nonindependence among family members, age, body mass index, smoking, total energy intake, menopausal
status, and estrogen therapy. P values obtained from the PROC MIXED procedure are presented for the di-
etary fat effect, the genotype effect (T111I), and the dietary fat by genotype interaction.
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