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Abstract

Familial combined hyperlipidemia (FCHL) is a frequent cause of premature coronary artery disease. Affected family members
are characterized by different combinations of elevated cholesterol and/or triglyceride levels. A reduction in lipoprotein lipase
(LPL) activity has been observed in a subgroup of FCHL patients. Recently, we have demonstrated an increased frequency of
mutations in the LPL gene in Dutch FCHL patients compared to normolipidemic controls. In the present study, we have applied
a pedigree-based maximum likelihood method to study the effect of LPL mutations on the phenotypic expression of FCHL in
families. In 40 FCHL probandi, three different previously reported mutations in the LPL gene were identified resulting in amino
acid changes, DON, N2918S, and S447X. The D9N mutation in exon 2 appeared to be in strong linkage disequilibrium with a
T — G substitution at position — 93 in the promoter region of the LPL gene. We present data that the — 93T — G/D9N haplotype
is associated with significantly higher levels of LDL and VLDL cholesterol, and VLDL triglycerides. Interestingly, the effect was
only observed in male carriers. In line with our previous observations, these results further sustain that the LPL gene is a
susceptibility gene for dyslipidemia which explains part of the variability in the phenotype observed among FCHL family
members. © 1998 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Familial combined hyperlipidemia (FCHL) is a com-
mon lipid trait found among survivors of premature
myocardial infarction. In the general population,
FCHL occurs with an estimated frequency of 0.3-2%
[1,2]. Goldstein et al. [1] and Rose et al. [2] were the
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first to show that the FCHL syndrome was distinct
from familial hypercholesterolemia and familial
hypertriglyceridemia.

In FCHL families, affected relatives exhibit different
combinations of elevated plasma cholesterol and ele-
vated triglyceride levels. In addition, characteristics
such as increased very low density lipoprotein (VLDL)
production, increased plasma apolipoprotein (APO)
B100, predominance of small dense low density lipo-
protein (LDL), and insulin resistance have been de-
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scribed [3-6]. Based on the pattern of inheritance of
elevated levels of either VLDL, LDL or both, FCHL
was suggested to be an autosomal dominant disorder
[1]. In addition, complex segregation analysis pro-
vided evidence for a major gene acting primarily on
triglycerides [7].

Babirak et al. [8] showed that a subgroup of
FCHL patients had reduced lipoprotein lipase (LPL)
activity. LPL is the rate-limiting enzyme for hydroly-
sis of the triglyceride core in circulating chylomi-
crons, and VLDL [9]. The human LPL gene has
been localized on chromosome 8p22 and spans ap-
proximately 30 kb. The gene consists of 10 exons

encoding a mature protein of 448 amino acids [10—
12]. Several mutations leading to amino acid substi-
tutions have been reported in patients with LPL
deficiency. LPL deficiency is a rare autosomal reces-
sive disorder characterized by a massive accumula-
tion of chylomicrons in plasma [9]. Mild hyper-
lipidemia and variable lipid phenotypes, resembling the
lipid phenotype in FCHL, have been ob-
served in heterozygous carriers of rare LPL muta-
tions [13-16].

In several studies among patients with dysbetalipo-
proteinemia, combined hyperlipidemia, and hyper-
triglyceridemia the role of LPL in the development
of these, more common, types of hyperlipidemia has
been investigated. A number of missense mutations
in the LPL gene were found to be associated with
elevated lipid levels in these patients [17-22]. Since
these mutations were also detected with a relatively
high frequency in apparently healthy control popula-
tions [19,20], this indicates that heterozygosity for
these LPL mutations requires the presence of addi-
tional genetic and/or environmental factors for the
expression of hyperlipidemia. For instance, Ma et al.
[23] showed that partial LPL deficiency in combina-
tion with an APOE*2 allele can lead to severe chy-
lomicronemia during pregnancy. In addition, an
interaction of the N291S mutation with body mass
index (BMI) resulting in a more severe hyperlipi-
demic phenotype has also been observed [18].

So far, most studies have been performed using
unrelated FCHL patients. In order to further investi-
gate the contribution of LPL to the expression and
variability of the FCHL phenotype we have analyzed
families. Therefore, we have screened the coding se-
quence and promoter region of the LPL gene for
mutations in 40 FCHL probandi. Subsequently, us-
ing a pedigree-based maximum likelihood method,
it became possible to investigate the phenotypic
expression of the LPL mutation among family mem-
bers. In this study, we have focussed on a haplotype
containing a mutation in the promoter region, the
—93 T—>G, as well as an amino acid substitution,
DI9N, in exon 2.

2. Methods
2.1. Subjects

FCHL probandi were selected from patients attend-
ing the University Lipid Research Clinics at the Univer-
sities of Nijmegen and Amsterdam, fulfilling the
following criteria: (i) elevated levels of both total
cholesterol and triglycerides (at first measurement;
cholesterol and/or triglyceride levels above the 90th
percentile using the age- and sex-related percentile lev-
els of the Prospective Cardiovascular Miinster (PRO-
CAM) study [24], (i) a personal or family history of
premature cardiovascular disease, and (iii) at least one
first degree relative with elevated total cholesterol and/
or triglycerides levels. None of the FCHL probandi had
specific clinical signs, like tendon xanthomata, and
none were homozygous for the APOE*2 allele. For all
probandi, a secondary cause of hyperlipidaemia was
excluded by standard laboratory tests. The study proto-
col was approved by the ethical committee of the
universities of Amsterdam, Leiden and Nijmegen and
all patients gave informed consent.

2.2. Measurement of lipids, lipoproteins and
apolipoproteins

EDTA blood samples were obtained from the
probandi and family members after overnight fasting.
No lipid lowering drugs were administered to the sub-
jects for 6 weeks prior to the onset of the study. Plasma
was separated from cells by centrifugation at 500 x g
for 10 min at room temperature, and used immediately
for lipid and lipoprotein analysis. VLDL (d < 1.006
g/ml) was isolated by ultracentrifugation for 16 h at
36000 rpm in an fixed-angle TFT 45.6 rotor (Kontron,
Zurich) [25]. Plasma and lipoprotein cholesterol and
triglyceride concentrations were determined by enzy-
matic, commercially available reagents (No. 237574,
Boehringer-Mannheim, FRG; Sera-pak, No. 6639;
Tournai, Belgium). HDL-cholesterol was determined in
whole plasma using the polyethylene glycol 6000
method [26]. LDL cholesterol was subsequently calcu-
lated by subtracting HDL- and VLDL cholesterol from
total cholesterol. The apolipoproteins apo Al and apo
B were determined by rate immunonephelometry as
previously described for apo B [27].

2.3. DNA analysis of the LPL gene.

Genomic DNA was isolated from leucocytes accord-
ing to Miller et al. [28]. All exons, intron/exon
boundaries and the promoter region, between positions
— 12 and —475, of the LPL gene were amplified by
polymerase chain reaction (PCR) and products were
screened for mutations using denaturing gradient gel
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electrophoresis (DGGE) as has been described previ-
ously [20]. PCR fragments showing changes in the band
pattern with DGGE, were sequenced to determine the
nucleotide change as described previously [20]. Identifi-
cation of carriers of the —93 T—G promoter muta-
tion was performed by PCR using the primers: 5-GGC
AGG GTT GTT CCT CAT TAC TGT T-3' (sense)
and 5-GAC ACT GTT TTC ACG CCA AGG CTG
C-3’ (anti-sense) [10]. The reaction mixture included 15
pmol of each primer, 0.5 g genomic DNA, 0.2 mM of
each dANTP, 10 mM Tris—HCI; pH 9.0, 1.5 mM MgCl,,
50 mM KCl, 0.01% (w/v) gelatin, 0.1% Triton X-100, 1
unit 7ag polymerase (Amplitaq, Perkin Elmer), in a
total volume of 50 ul. Amplification was performed for
32 cycles of 30 s at 94°C, 30 s at 50°C and 1 min at
72°C, with an initial denaturation period of 3 min.
Some 20 ul of PCR products were digested with the
restriction enzyme Avall according to recommenda-
tions of the supplier (Pharmacia). Thereafter, fragments
were separated on a 4% MP agarose gel (Boehringer
Mannheim, FRG) and stained with ethidium bromide.
In the case of the mutant allele an Avall restriction site
is abolished and therefore, digestion of the PCR
product will reveal one fragment of 189 bp for the
mutant allele, and two fragments of 137 and 52 bp for
the normal allele.

To identify carriers for the DON mutation among
relatives of the FCHL patients, PCR analysis was
performed with primers: 5-CTC ATA TCC AAT TTT
TCC TT-3' (sense); 5-GGG GTC AGG GCA AAT
TTA CTT TCA ATG-3' (anti-sense). The 3’ primer was
designed with a nucleotide mismatch (underlined) as
compared to the wild type LPL sequence [12] to abolish
a second Taql site. The 3'-primer was elongated with a
20 basepair AT-tail for optimal visualization of the
digested fragments. After amplification, the PCR-
product was digested with Tagl, and subsequently frag-
ments were separated on a 4% agarose gel. In case of
the DIN mutation, two fragments of 74 and 40 bp
could be detected.

To identify carriers for the S447X mutation, PCR
analysis was performed using primers: 5-CAT CCA
TTT TCT TCC ACA GGG-3 (sense); 5-GCC CAG
AAT GCT CAC CAG ACT-3' (anti-sense). After am-
plification, the PCR-product was digested with HinfT,
and subsequently fragments were separated on a 4%
agarose gel. The 3’-primer was clongated with a 20
basepair AT-tail for optimal visualisation of the di-
gested fragment. In case of the S447X, two fragments
could be detected. Identification of the N291S mutation
was performed as described previously [29].

2.4. Statistical analysis

To test for the statistical significance of the effect of
the haplotype containing the —93 T—>G and D9N

mutations on lipoprotein traits using all carriers in
multiple families, a pedigree-based maximum likelihood
method, developed by Lange et al. [30,31], was used as
has been described previously [29]. The Fisher package
[30] was used for the genetic modeling. The most gen-
eral (full) model allowed for the effects of (i) age, (ii)
gender, (iii)) N291S, and (iv) — 93T - G/DI9N haplo-
type. Age was modeled as a regression, whereas based
on gender and carrier status of N291S or — 93T - G/
DIN haplotype, eight categories (2 x 2 x 2) could be
discriminated. These eight categories could be reduced
to six, as there were no individuals (neither males nor
females) carrying both mutations. For each of those six
categories a different mean was estimated in the full
model. By setting the age regression to zero or by
constraining estimated means to be equal across gender
or across carrier status of N291S or the — 93T -G/
DYN haplotype in the specification of the submodels, it
was possible to test for each of those effects separately.
A significant decrease in log-likelihood of the submodel
compared to the full model, as apparent from the
chi-square difference test, indicates that a model which
allows for the effect shows a better fit, i.e. the specific
effect is significant. In case a significant effect of the
— 93T - G/DI9N haplotype was observed, it was tested
whether the model could be simplified further (i.e.
whether more estimated means could be set equal)
without a significant loss in fit, in order to find out
whether the effect of this mutation was restricted to
either males or females.

In the model fitting to the pedigree data with the
Fisher package, ascertainment correction was carried
out by conditioning on the probandi. However, for
some probandi, data on some lipoprotein traits were
not available, which precluded application of the ascer-
tainment correction and thereby the use of these pedi-
grees for further analyses for these specific traits. For
each lipoprotein trait an optimal number of pedigrees
(and an optimal number of individuals within these
pedigrees) was used in the analyses. The data from the
probandi were omitted from statistical calculations (e.g.
the estimation of the means) to avoid possible ascer-
tainment bias. Because the distribution of triglyceride
was skewed, these data were transformed by natural
logarithm in order to obtain a normal distribution.

3. Results

Screening of 40 Dutch FCHL probandi for muta-
tions in the LPL gene using DGGE-analysis [20]
showed aberrant patterns for exons 2, 6 and 9. Se-
quence analysis revealed an A — G substitution in exon
6, changing an asparagine to a serine in codon 291
(N291S). The results found for N291S have been pub-
lished previously [29]. A C— G conversion in exon 9,
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Table 1

Descriptive statistics (means + S.E.) of BMI, plasma and lipoprotein triglyceride and cholesterol concentrations and apolipoprotein levels

Variable Non-affected family members Carriers of —93T —» G/D9N haplotype  Carriers of N291S

Male Female Male Female Male Female
N 32 40 19 18 4 8
Group 1 2 3 4 5 6
Age 42 +3.28 414+2.52 41 +3.61 41 +4.88 29 +297 54 +5.10
BMI 24.5+0.72 22.9 +0.67 25.34+0.95 23.94+0.90 21.9+1.70 24.0 +1.57
Plasma cholesterol 5.30 +£0.27 5.57+0.24 6.29 +0.95 5.3540.35 4.88 +0.65 5.934+0.50
Plasma triglycerides 1.18 +1.14 1.09 +1.13 1.73+1.19 1.00 +1.19 1.21 +1.36 1.68 +1.27
VLDL cholesterol 0.43+0.11 0.35+0.10 0.80+0.16 0.35+0.18 0.79 £ 0.25 0.824+0.20
VLDL triglycerides 0.77 +£0.25 0.54 +0.24 1.60 + 0.36 0.60 + 0.41 1.734+0.59 1.34 £ 0.45
LDL cholesterol 3.61 +0.22 3.524+0.19 4.154+0.30 3.534+0.30 2.73 4+ 0.63 3.924+0.41
HDL cholesterol 1.30 +0.07 1.61 +0.07 1.21 +0.09 1.58 +0.09 1.154+0.15 1.224+0.12
Apo B100 122 +38 117 +7 138 +11 119+ 12 126 + 19 146 + 14
Apo Al 138+5 161 +4 139+6 149+ 8 127+ 10 145+8

Means and standard errors were estimated from the most general model using maximum likelihood estimate procedures implemented in the Fisher
program. Probandi were excluded for these quantitative analysis. All levels are given in mmol/l except BMI which is given in kg/m? and

apolipoprotein levels which are given in mg/dl.

codon 447, changes a serine to a stop codon (S447X).
In exon 2, a G — A substitution, was found predicting
an amino acid change of aspartic acid to an asparagine
(D9N). Screening the promoter region revealed a point
mutation at position — 93, T—G. All carriers of this
mutation were also carrying the D9N mutation in exon
2 indicating that these two mutations were in complete
linkage disequilibrium. Therefore, we have denoted
these mutations as the — 93 T — G/DI9N haplotype.

The S447X mutation was found in six out of 40
FCHL probandi giving an allele frequency of 0.08.
Screening family members for this mutation and ana-
lyzing the effect of carrier status on lipid and lipo-
protein levels showed no significant difference between
individuals heterozygous for the S447X mutation and
those homozygous for the common allele (data not
shown).

The DIN mutation was detected in two out of 40
FCHL families (0.025) compared with five out of 110
individuals (0.023) in a control population. In one of
these two families, the N291S mutation was also de-
tected. By combining these two families with three
additional families, previously characterized in another
Dutch study [19], sufficient individuals carrying the
—93 T—-G/DI9N haplotype could be obtained for
statistical analysis. In total, five families, encompassing
122 relatives of which 38 carriers of the — 93T — G/
DY9N haplotype and 12 carriers of the N291S mutation,
were included in the statistical analysis (Fig. 1). The
effect of the — 93T — G/D9N haplotype and the N291S
mutation on plasma lipid levels in family members of
FCHL patients was analyzed by a pedigree-based max-
imum likelihood method.

The most general (full) model allowed for the effects
of age, gender, and carrier status for the — 93T - G/

DOIN haplotype and the N291S mutation by estimating
a regression for age and separate means for the six
different categories, which were defined by gender and
carrier status of N291S and the — 93T — G/D9N hap-
lotype. Table 1 shows the estimated means and their
standard errors of these six categories for BMI and
measured lipid parameters. Table 2 shows log-likeli-
hoods of the full model and the four submodels which
provide a test for each of the abovementioned effects
(age, gender, N291S and — 93T — G/DI9N haplotype)
on BMI and lipid variables. No significant effect of
either of the mutations is found on BMI, which means
that BMI cannot explain possible differences between
carriers and non-carriers. Therefore, BMI was excluded
as a parameter in all further models. As shown in Table
2, age has a significant effect on BMI and all lipid traits
except HDL cholesterol and apo A1l levels. Gender has
a significant effect on serum cholesterol, VLDL- and
HDL-cholesterol, serum triglycerides and VLDL
triglycerides, and apo Al levels. In these families, the
N291S mutation had only significant effects on VLDL
and HDL cholesterol compared with a previous study,
probably due to the low number of carriers (n= 12,
4M/8F).

Conversely, the —93T - G/DI9N haplotype does
have significant effects on plasma cholesterol, VLDL-,
and LDL cholesterol and plasma triglycerides, and
VLDL triglycerides explaining approximately 6% of the
variance in these variables. Data given in Table 1
suggested that only the male carriers had higher lipid
levels. Therefore further submodels were tested to find
out whether the effect of the — 93T — G/DI9N haplo-
type was gender dependent. Table 3 shows the log-
likelihoods of the full model, one mean model that
estimated the same mean for each of the six groups
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Table 2

Log-likelihood for five different models testing the effects of age, gender, and carrier status for N291S or —93T — G/D9N haplotype for the

quantitative traits and BMI in FCHL pedigrees

Individuals® Pedigrees® Model 1 2 3 4 5

(N) (N) Full Age Gender N291S —93T > G/D9N
BMI 118 5 —186.01 —197.70° —188.66 —186.16 —187.11
Plasma cholesterol 122 5 —66.47 —87.01° —71.92¢ —66.80 —73.38°
Plasma triglycerides 122 5 111.39 104.97° 106.94¢ 110.32 108.08¢
VLDL cholesterol 102 2 28.46 22.77° 24.09¢ 24.95¢ 23.84¢
VLDL triglycerides 102 2 —61.88 —65.14¢ —65.80° —64.54 —65.52¢
LDL cholesterol 112 4 —44.51 —61.38° —47.55 —44.62 —47.51¢
HDL cholesterol 122 5 97.18 96.71 80.07° 91.69¢ 96.44
Apo B100 103 3 64.20 53.65¢ 62.52 62.79 62.07
Apo Al 106 3 119.94 119.77 108.12° 117.42 118.07

4 Number of individuals or pedigrees used for the analysis. Log-likelihoods for five models. Model definition; full: most general model allowing
for: (i) age regression, (ii) gender-difference, (iii) difference between carriers and non-carriers of N291S and (iv) —93T — G/D9N. The other
(sub)models provide a test for each of the effects separately. Testing procedure: each model is tested against the full model. A significant decrease
in log-likelihood of the submodel compared to the full model indicates a significant effect of the tested parameter. When twice the difference in
log-likelihood of these models is higher than the x? corresponding to d.f. = I, d.f. =2 or d.f. = 3 depending on the tested submodel, this indicates
a significant age difference as indicated by ¢ p<0.05, ¢ p<0.01, ® p<0.001. Model 2: d.f. = I; model 3: d.f. = 3; model 4: d.f. = 2; model 5: d.f. = 2.

categorized according to their sex and carrier status and
the model for gender-dependent effect of the — 93T —
G/D9N haplotype. In the best-fitting model (i.e. not
significantly different from the full model) the estimated
mean values of the female carriers of the — 93T —» G/
DON haplotype could be set equal to the means of
non-carrier males and females. However, the mean for
male carriers had to be estimated separately to show a
satisfactory fit, as soon as its mean was set equal to the
other groups in the one mean model it showed a
significant deterioration in fit. These results give evi-
dence for a gender-genotype interaction for the —
93T — G/DYN haplotype in the FCHL families studied,
resulting in elevated levels of plasma cholesterol,
VLDL- and LDL cholesterol, and plasma triglycerides,
and VLDL triglycerides (but not for HDL, apo Al and
apo B100) only in male carriers of the — 93T —» G/DIN
haplotype.

4. Discussion

Previous studies among FCHL patients have shown
that decreased LPL activity can be detected in about
one third of the cases [9]. Therefore, we screened Dutch
FCHL patients for mutations in the LPL gene that
might explain their hyperlipidemic phenotype. Three
previously reported amino acid changes were detected:
D9N, N291S and S447X [23,32,33].

The S447X mutation occurs with a high frequency
(0.11) in the general population [33,34] and does not
impair the capacity of LPL to hydrolyze long-chain
fatty acids in vitro [35]. This LPL truncation variant
was reported to be present at a lower frequency in
hypertriglyceridemic subjects and was suggested to be

protective against hypertriglyceridemia [34]. Recently, a
significant association with higher postheparin LPL
activity, higher HDL cholesterol and lower triglyceride
levels was found among coronary artery disease (CAD)
patients carrying the S447X mutation (heterozygotes
and homozygotes) [36—38]. Similar results were found
in healthy, normolipidemic individuals [39]. We did not
detect any association with one of these lipid levels in
our FCHL families. These opposing results could be
due to the effect of additional genetic factors involved
in FCHL which also influence these traits but in an
opposite way.

Several studies in large numbers of subjects have
shown that both the N291S and D9N mutations occur
with a higher frequency among combined hyperlipi-
demic patients when compared with a control popula-
tion [19,20]. In vitro mutagenesis studies indicated that
the N291S mutation resulted in a decrease in the cata-
lytic function of the LPL protein to 69% of the normal
activity [40]. Although the results found for in vitro
expression studies using the DIN construct indicated
lower levels of LPL activity and mass compared with
the wild-type construct, the specific activity was within
the normal range [19,21]. Interestingly, we found that
the DIN mutation is in strong linkage disequilibrium
with a mutation in the promoter region, —93 T -G as
has also been shown previously by others [41]. Expres-
sion studies with this promoter mutation [41] showed
an increase in expression levels, suggesting that for this
allele, the substitution at position — 93 seems to be the
functional mutation rather than D9N. Because it is not
clear whether both mutations influence the enzyme
activity or that only one of these substitutions has a
functional effect we have designated this allele as the
— 93T —» G/D9N haplotype. Further investigation will
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Table 3
Log-likelihood for submodels testing the gender-related association between the —93T — G/D9N haplotype and quantitative traits in FCHL
pedigrees
Individuals® Pedigrees*  Full model One mean Gender-dependent effect of —93T —
G/D9N haplotype
(N) (N) Log-likelihood Type® Log-likelihood Type® Log-likelihood
Plasma choles- 122 5 —66.47 1=2=3=4 7344 1=2=4=5=6 —68.08
terol —5-6
Plasma triglyce- 122 5 111.39 1=2=3=4 105.21¢ 1=2=4=5=6 109.95
rides =5=6
VLDL choles- 102 2 28.46 1=2=3 19.31¢ 1=2=4,5=6 28.00
terol —4.5-6
VLDL triglyce- 102 2 —61.88 1=2=3=4 —69.45¢ 1=2=4=5=6 —65.02
rides —5_6
LDL cholesterol 112 4 —44.51 1=2=3=4  —48.73¢ 1=2=4=5=6 —44.66
=5=6

2 Number of individuals or pedigrees used for the analysis.

® For annotation of group numbers see Table 1. For VLDL cholesterol, means of groups 5 and 6 were estimated separately from groups 1, 2, 3
and 4 to allow for the significant effect of N291S. Log-likelihoods for the models. Model definition; full: most general model allowing for: (i) age
regression, (ii) gender-difference, (iii) difference between carriers and non-carriers of N291S and (iv) —93T — G/D9N. The submodels provide a
test for the gender-dependent effects of the —93T — G/DIN haplotype. Testing procedure: each model is tested against the full model. A
significant decrease in log-likelihood of the submodel compared to the full model indicates a loss in fit. When twice the difference in log-likelihood
of the submodel compared to the full model indicates a significant loss in fit as indicated by ¢ p<0.05, ¢ p <0.01. Model one mean: d.f. = 5; model

1=2=4=5=6:df. =4; model 1 =2=4,5=6: d.f. =3.

be necessary to unravel the functional mutation within
this haplotype.

In a previous study [29], using FCHL families, we
have shown that carriers of the LPL N291S mutation
have significantly elevated plasma and VLDL triglyce-
ride, VLDL cholesterol levels and decreased HDL
cholesterol levels compared with their noncarrier rela-
tives. In the current study we have investigated five ad-
ditional families of probandi carrying the — 93T — G/
DO9N haplotype and analyzed the effect of carrier status
on the variability in phenotypic expression of this com-
mon disorder. Using a pedigree-based maximum likeli-
hood method we were able to show that only male car-
riers of the — 93T —» G/D9N haplotype have elevated
levels of plasma cholesterol, VLDL- and LDL choles-
terol, plasma triglycerides, and VLDL triglycerides, in-
dicating gene-gender interacting effects for this allele.

Similar results were found in another study of LPL
polymorphisms and plasma triglyceride levels within
families in which associations with elevated lipid levels
were only found for the fathers [42]. Since the effect
associated with the —93T —>G/DI9N haplotype is
smaller in females than in males this implies a possible
modulation by hormonal or other gender-specific fac-
tors. This indicates that this haplotype has a context-
dependent effect, i.e. it only has effects on LPL activity
in specific conditions. Gender-specific effects on various
lipid and lipoprotein levels are not uncommon. On
several occasions variants of apolipoprotein genes have

been reported to display larger effects on these traits in
either males or females [43—-45]. However, in a previous
study we have shown that this gender-specific effect on
lipid levels is not found for the N291S mutation [29].

We are aware of only one other study in which the
DI9N mutation has been studied in FCHL families [36].
In that study, the presence of the DON mutation was
associated with hypertriglyceridemia and reduced
HDL-cholesterol levels. No association with hyperc-
holesterolemia was found within the two families stud-
ied. Similar results were found for a study on healthy
men [41]. A case-control study [19] in which the effect
of carrier status for the D9N mutation has been studied
in hyperlipidemic patients revealed associations with
higher plasma triglyceride as well as cholesterol levels.
A number of studies have analyzed the effect of carrier
status among patients with premature CAD. These
studies [46,47] revealed that carriers had not only
higher levels of several plasma lipid traits but also an
increased progression of coronary atherosclerosis.

The studies [48] examining the — 93T — G/D9N hap-
lotype and N291S within FCHL families did not indi-
cate that these mutations represent the major gene
causing the affected FCHL phenotype. In addition,
linkage analysis using intragenic markers did not give
evidence for linkage between FCHL and the LPL gene
[49]. In contrast, our data show that both mutations
were associated with significantly elevated lipid levels.
This indicates that in addition to the LPL mutations,
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other genetic predisposing factors have to be present
within our FCHL families to explain the FCHL
phenotype.

Taken together, our results found for the — 93T —
G/D9N haplotype and N291S mutations strongly sug-
gest that the LPL gene is a susceptibility gene for
several types of hyperlipidemia, and that heterozygosity
for these LPL mutations predisposes to the develop-
ment of a hyperlipidemic state and subsequently
atherosclerosis.
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