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Abstract

Sterol regulatory element-binding protein cleavage—activating protein (SCAP) and apolipoprotein E (apo E) regulate cellular and plasma
lipid metabolism. Therefore, variations in the corresponding genes might influence weight reduction and obesity-associated metabolic
changes. We investigated the relationships of SCAP (Ile796Val) and apo E polymorphisms on metabolic changes during weight reduction by
using a 12-week very low-energy diet. Body composition, serum lipids, plasma glucose, and insulin were assessed in 78 healthy
premenopausal women (initial body mass index, 34 + 4 kg/m?; age, 40 + 4 years) before and after the intervention. The SCAP genotype
groups did not differ in the responses of any parameters measured during weight reduction. Apo E did not differentiate the weight loss, but
the changes in total and low-density lipoprotein cholesterol for the genotype groups apo E €2/3, €3/3, as well as €3/4 and €4/4 combined were
—0.94 + 0.56 and —0.59 + 0.32, —0.71 £+ 0.49 and —0.49 + 0.45, and —0.55 + 0.47 and —0.37 £ 0.39 mmol/L, respectively (P < .05 for
both). In conclusion, neither the SCAP Ile796Val nor the apo E polymorphism was associated with weight loss in obese premenopausal
women. However, the apo E—but not SCAP genotype—seems to be one of the modifying factors for serum cholesterol concentrations
during very low-energy diet in obese premenopausal women.
© 2007 Elsevier Inc. All rights reserved.

1. Introduction genes on the responses in LDL-C and total cholesterol
during weight reduction.

SCAP is an important regulator of SREBP [6,7], which
activates genes encoding, for instance, enzymes of choles-
terol and fatty acid biosynthesis [8,9]. A single base
alteration, A to G, of the SCAP gene has been identified,
and it results in the substitution of isoleucine (Ile) with
valine (Val), leading to 3 genotypes [10]. To our knowledge,
the importance of this polymorphism to lipid metabolism
during weight reduction has not been investigated earlier.

Apo E influences the metabolism of all lipoproteins [5].

* Corresponding author. Tel.: +358 50 910 5150; fax: +358 3 215 6170. The apo E &4 allele has been found to increase the risk of
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Obesity is associated with hypertension and diabetes, and
it is an independent risk factor for coronary heart disease
[1]. Reduction of body weight decreases the concentrations
of serum total and low-density lipoprotein cholesterol
(LDL-C) [2,3]. We chose polymorphisms in 2 lipid
metabolism modulators—a sterol regulatory element—bind-
ing protein (SREBP) cleavage—activating protein (SCAP)
and apolipoprotein E (apo E) [4,5]—to study the effects of
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Table 1

Main characteristics of the subjects according to SCAP polymorphism before the weight reduction phase and the changes in these characteristics during the

weight reduction

Mean Before weight reduction Changes during weight reduction

VI (n = 28) I/Vin=36) V/N@m=14) P* Il(n=28) IV@n=36 VNV@=14 P
Weight (kg) 90.6 + 10.8 93.4 £ 9.0 929 +£92 S —13.0 £ 39 —13.1+ 34 —135+27 91
Fat proportion (%) 42 +5 45+ 4 44 £ 3 .04 -4+ 4 —-4+3 —4+3 97
Fat mass (kg) 38.7 + 8.4 423 + 6.7 412 £ 6.5 .16 —8.5 + 3.6 —9.0 £ 35 —92 + 21 .80
Waist circumference (cm) 99 + 8 105 + 8.0 + 12 .03 —-11+5 —12 £ 4 -13 7 .56
Body mass index (kg/m?) 333 £ 38 345+ 32 + 3.6 .34 —49+ 15 —49+ 14 —50+ .8 93
Systolic blood pressure (mm Hg) 118 £ 9 120 + 12 +9 .76 —6 £+ 10 -3+9 -3+ 10 44
Diastolic blood pressure (mm Hg) 77 £ 8 80 £ 7 +7 .34 —6+7 -6+ 7 -7+6 .19
Glucose (mmol/L) 5.12 + 0.69 5.19 + 0.39 + 0.24 .64 —029 £ 044 020+ 040 —-0.22 £ 0.21 22
Insulin (mU/L) 1049 + 430 1146 + 4.12  11.09 £ 5.68 .69 —3.88 +3.73 —431 +£3.68 —502+ 535 .46
Total cholesterol (mmol/L) 497 £ 0.75 5.20 + 0.82 + 0.85 .07 —-0.73 £ 0.50 —0.68 £+ 0.51 —0.56 £ 046 .65
Triglycerides (mmol/L) 1.20 £+ 0.44 1.34 £+ 0.42 128 £ 060 .50 —0.29 +£040 —-0.26 £029 —035+055 .17
HDL-C (mmol/L) 1.27 £ 0.30 1.19 £ 0.22 1.18 £ 020 38 —0.13 +£ 020 —0.06 £0.13 —0.09 £ 0.13 .33
LDL-C (mmol/L) 3.16 £ 0.71 3.40 £ 0.74 285+ 080 .06 —047 +036 —0.51 +£045 —031+039 .81

Values are expressed as mean + SD.
* P values are from ANOVA.
b P values are from ANCOVA.

cholesterol and LDL-C levels [5]. The influence of the apo E
genotype on lipid levels during several different dietary
interventions has been studied [12], but the data during
weight reduction are very limited. We tested whether these
2 polymorphisms affect LDL-C and total cholesterol levels
in obese premenopausal women on a very low-energy
diet (VLED).

2. Materials and methods

2.1. Subjects

The study protocol has been published earlier [13]. In
brief, the subjects participated in a randomized controlled
trial investigating the effects of post—weight reduction
physical activity on weight maintenance. The volunteers
included were clinically healthy premenopausal Finnish
women aged 30 to 45 years, with a body mass index (BMI)
of 30 to 45 kg/m* and who were not taking regular
medication (other than hormonal contraceptives). Further-
more, they were not physically active. Suspected binge
eaters (symptom scores >20 on the Bulimic Investigatory
Test of Edinburgh) were excluded [14]. After screening
assessments, including medical history, examination by a
physician, and submaximal exercise test, 85 Finnish women
(mean age, 40 £ 4 years) were included in the study. Data
on 78 women with a completed weight-reduction program
and successful genotyping were included in the analysis.
Three of the subjects used oral hormonal contraception with
both estrogens and progestagens, and 9 had an intrauterine
device with levonorgestrel. The study was approved by the
Ethical Committee of the UKK Institute for Health
Promotion Research. Written informed consent was
obtained from the participants as stipulated in the Declara-
tion of Helsinki.

2.2. Weight-reduction phase

The 12-week weight-reduction program included 3
stages: a low-energy diet based on a meal-exchange
system for 1 week, followed by a very low-energy diet
(VLED) using Nutrilett (energy content, 155 kJ/100 g;
Nycomed-Pharma, Oslo, Norway) for weeks 2 to 9, and a
low-energy diet for weeks 10 to 12. The subjects met
weekly in small groups. A nutritionist supervised all
meetings and gave instructions on the diet, weight
maintenance, and relapse prevention.

2.3. Anthropometry and body composition

The body density was measured by underwater weighing
after full exhalation as described previously [15]. Waist
circumference was measured midway between the iliac crest
and lowest rib. The mean of 3 readings was used.

2.4. Laboratory measurements

Venous blood samples were obtained in the morning after
12 hours of fasting before and after the weight-reduction
phase. Serum and plasma were separated by centrifugation
and stored at —70°C until analysis. Serum total cholesterol
and triglyceride concentrations were analyzed from frozen
samples by enzymatic methods (CHOD-PAP for cholesterol
and GPO-PAP for triglycerides; Boehringer Mannheim,
Mannhein, Germany). The level of high-density lipoprotein
cholesterol (HDL-C) was determined by selective precipi-
tation (dextran sulfate-magnesium chloride), whereas the
level of LDL-C was calculated with the Friedewald formula
[16]. Plasma insulin determinations were carried out
by radioimmunoassay (Phadeseph Insulin, Pharmacia,
Uppsala, Sweden). Plasma glucose was assessed by the
glucose dehydrogenase method (Merck Diagnostica, Darm-
stadt, Germany). Automatic analyzers (Hitachi model 717,
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Table 2
Main characteristics of the subjects according to apo E genotype before the weight reduction phase and the changes in these characteristics during the weight
reduction
Mean Before weight reduction Changes during weight reduction
€2/3(n=18) £3/3(n=40) £3/4anded/d P? €2/3 (n = 8) €3/3 (n = 40)  €3/4 and &4/4 P
(n = 28) (n = 28)
Weight (kg) 87.6 £ 9.7 92.7 +£10.3 933 £ 89 34 —134 £+ 41 —13.0 £ 3.8 —132 £ 29 .90
Fat proportion (%) 40 £ 6 45 £ 3 44 + 4 .03 -5+3 -4 +3 -4+ 4 .55
Fat mass (kg) 358 £ 89 41.7 £ 6.8 412 + 7.7 12 —9.0 + 34 —8.6 £ 32 —9.1 £ 35 .85
Waist circumference (cm) 100 £ 12 102 £ 8 104 £ 9 42 —14 £ 10 —12£5 —-12 £ 4 .16
Body mass index (kg/m?) 322 £ 26 340 £ 35 346 £ 3.7 .23 —5.0 =% 1.6 —48 14 —49 £ 1.1 91
Systolic blood pressure (mm Hg) 118 £ 9 119 + 10 121 + 12 72 —4 + 11 —4 £+ 10 -5+9 .99
Diastolic blood pressure (mm Hg) 74 +7 79 £ 8 79 £ 7 21 —2*6 —6 £ 8 -7%5 48
Glucose (mmol/L) 5.10 + 0.54 5.05 + 0.30 531 +£068 .11  —041 +£049 —0.17 + 029 —-0.29 + 047 .14
Insulin (mU/L) 9.60 + 4.45 10.86 + 3.74 1194 + 537 37 —443 +£491 —4.16+339 —457+471 31
Total cholesterol (mmol/L) 4.66 + 0.95 5.01 £ 0.73 519 +£082 24 —094+056 —0.71 +£049 —0.55+ 047 .01
Triglycerides (mmol/L) 127 £ 0.28 1.24 £ 0.50 135+ 047 .67 —044 +£032 —024+034 031 +047 .26
HDL-C (mmol/L) 1.26 + 0.19 1.24 + 0.27 1.17+ 022 44 —015+025 —0.12+0.16 —0.04 +0.12 .18
LDL-C (mmol/L) 2.83 +£ 0.86 3.21 £ 0.69 341 £ 0.71 A2 —0.59 £ 032 —-049 £ 045 —037 £ 039 .02

Values are expressed as mean + SD.
& P values are from ANOVA.
® P values are from ANCOVA.

Hitachi, Tokyo, Japan, and Epos 5060, Eppendorf, Darm-
stadt, Germany) were used for the analyses.

2.5. DNA extraction and genotyping

DNA was prepared from peripheral blood leukocytes
with the salting-out method [17]. The polymorphism of
isoleucine/valine at codon 796 in exon 16 of the SCAP
gene, a 235-base-pair fragment containing an Ms/I enzyme
restriction site, was amplified by polymerase chain reaction
(PCR) using the primers 5 -TTGTGCTGCGCGGC-
CACCTCA-3 and 5 -AGGAGGAAAGGGCAGCCG-
CAC-3’ [10]. PCR was performed in a volume of 50 uL.
Cycle conditions were 94°C for 4 minutes, then 28 cycles
at 94°C for 1 minute, 64°C for 1 minute, and 72°C for
1 minute, with a final extension step of 5 minutes at 72°C in
a PTC-225 thermal cycler (MJ Research, Waltham, MA).
Dimethyl sulfoxide (10%) was included in the PCR
reaction. The amplified DNA fragment was digested for
16 hours with 10 U of Ms/I (New England Biolabs, Ipswich,
MA). After digestion, the fragments were separated by
electrophoresis on a 3% agarose gel (SeaKem, Cambrex,
Baltimore, MD). Apo E genotypes were determined by PCR
after the restriction enzyme digestion [18]. The PCR
conditions were denaturation at 95°C, annealing at 62°C,
and extension at 72°C for 40 cycles, followed by final
extension at 72°C. The fragments were visualized on 5%
MetaPhor (FMC Bio-Products, Rockland, ME) agarose gels.

2.6. Statistical analysis

SPSS release 12.0.1 for Windows (SPSS, Chicago, IL)
was used for statistical analysis. The y* test was used to
confirm that the genotype distributions of alleles were in
Hardy-Weinberg equilibrium. At baseline, means of varia-
bles among the genotypes were compared with 1-way
analysis of variance (ANOVA). The changes in biochemical

and blood pressure variables (Tables 1 and 2) after the
weight reduction were compared by analysis of covariance
(ANCOVA) using baseline levels of the variables studied
(one by one), age, baseline body fat mass, change in fat
mass during the diet, and the use of contraception (oral or
intrauterine device) as covariates. The €2/2 and €2/4
genotype groups of apo E were excluded from the analyses
because of the low number of subjects (one in each group).
The data are expressed as mean * SD, unless otherwise
specified. P < .05 was considered significant.

3. Results

3.1. Baseline characteristics

The baseline mean weight was 92.2 + 9.7 kg, mean
BMI, 34.3 + 3.5 kg/m?, and mean fat proportion, 43.9% +
4.2% in all subjects.

SCAP genotype frequencies were I/ = 0.359, I/'V =
0.462, and V/V = 0.179. The apo E genotype frequencies
were €2/2 = 0.013, €2/3 = 0.103, €2/4 = 0.013, £3/3 =
0.513, €3/4 = 0.295, and €4/4 = 0.064. The genotype
distributions adhered to Hardy-Weinberg equilibrium.

The baseline clinical characteristics for the 3 SCAP
genotype groups are presented in Table 1. Fat mass and waist
circumference varied significantly among the SCAP geno-
types. Neither the cholesterol values nor the plasma glucose
and insulin levels varied significantly among the SCAP
genotype groups. The corresponding values for the apo E
polymorphism are given in Table 2. Fat mass differed
significantly among the apo E genotype groups in the
beginning of the study, whereas the other parameters did not.

3.2. Changes during weight reduction

After the 12-week weight reduction with VLED, the
mean decrease in body mass was 13.1 + 3.4 kg (14.2%).
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Fig. 1. Decrease (mean £ SEM) in total cholesterol (white bars) and LDL-
C (black bars) during weight reduction according to apo E genotype. The
P values were derived with ANCOVA by using age, baseline levels of the
variables studied (one by one), baseline fat mass, change in fat mass during
the 12-week VLED, and use of hormonal contraception as covariates.

The fat mass decreased from 44.0% to 39.9%. The overall
mean change in BMI was —4.9 kg/m®. The decrease
in body weight, fat mass, and BMI did not differ
significantly between the SCAP and apo E genotype groups
(Tables 1 and 2). SCAP polymorphism did not show
any significant difference in any of the changes in
anthropometric and metabolic measurements. During
the weight-reduction phase, the levels of total cholesterol
and LDL-C decreased more in the €2/3 genotype group
than in the €3/3 or the combined €3/4 and &4/4 groups
(Fig. 1). The reduction of total cholesterol was 20.2% in the
€2/3 group, 14.1% in the €3/3 group, and 10.6% in the
combined €3/4 and €4/4 group. The corresponding percen-
tages for the reduction of LDL-C were 20.8%, 15.3%, and
10.9%, respectively.

4. Discussion

SCAP is an activator of cellular cholesterol metabolism.
It is located in the endoplasmic reticulum, and it stimulates
the cleavage of SREBPs, which activate the synthesis and
uptake of cholesterol and fatty acids from plasma. As SCAP
is a major regulator of cholesterol metabolism, we hypoth-
esized that the common polymorphism Ile796Val of SCAP
would modify the changes in lipid metabolism caused by
weight reduction. Nevertheless, neither the lipid levels at
baseline nor after the weight reduction were affected by the
SCAP genotype. The anthropometric changes during VLED
were also not influenced by the SCAP polymorphism. It
therefore seems that the Ile796Val polymorphism of SCAP
is not related to body composition and metabolic changes
during weight loss. It is possible, however, that the limited
population size of the present study prevents these differ-

ences from reaching statistical significance. On the other
hand, most of the absolute differences between the groups
(Table 1) might not be clinically important even if statistical
significance had been reached.

There are conflicting results on the effects of SCAP
polymorphism on the response in the lipid levels during
treatment with 3-hydroxy-3methylglutaryl coenzyme A
(HMG CoA) reductase inhibitors [19,20], suggesting that
the polymorphism may be relevant in certain other aspects
of lipid metabolism and treatment.

We found significant differences at baseline in fat
proportion (but not in fat mass) and waist circumference
among the different SCAP genotype groups, in addition to a
difference in the baseline fat proportions of the apo E
genotypes. However, the differences were relatively minor,
and the heterozygotes had the highest values, suggesting a
random effect.

Many studies have been devoted to differences in
dietary responsiveness among the apo E genotypes [12].
Some studies have found more pronounced lipid changes
in apo E &4 carriers [21], whereas others have reported no
such effects [22]. However, knowledge on the influence of
this polymorphism during weight loss, particularly using
VLED, is scarce. In a study that included 54 obese
normolipidemic women, apo E polymorphism did not
affect the anthropometric or lipoprotein variables during a
2-month low-energy diet resulting in an average weight
loss of 10.1 kg [23]. A study of elderly participants (aged
74 + 3 years vs 40 £ 4 years in ours) showed an
association between apo E €4 and weight loss in women
[24], especially in those with Alzheimer disease. However,
the weight loss was not statistically significant in the
nondemented subjects carrying the €4 allele after control-
ling for diabetes and exercise.

Another study subjected 146 men and women (baseline
BMI, 31 + 3 kg/m* age 51 £ 10 years) to a 12-week
energy-controlled diet that resulted in an average weight
loss of 3.2 kg [25]. The apo E &4 carriers were
hyporesponsive to weight loss with regard to their total
cholesterol levels. This finding is supported by our results
because the reduction in LDL-C and total cholesterol levels
was smallest among the €4 carriers, who also had the
highest baseline levels of LDL-C and cholesterol. Interest-
ingly, it seems that the apo E &4 allele may have a
differential influence on cholesterol levels at a stable body
weight and during weight reduction. However, the mecha-
nism underlying this finding remains unclear. Larger scale
studies are required to confirm these results.

In conclusion, obese premenopausal women with the €4
genotype of apo E seem to have a more minor reduction in
LDL-C and cholesterol levels during VLED when compared
with subjects with no €4 allele. The Ile796Val polymor-
phism of SCAP does not differentiate lipid changes during
weight loss. Neither the SCAP Ile796Val nor the apo E
polymorphism is associated with weight loss in obese
premenopausal women.
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