
Atherosclerosis 152 (2000) 317–325
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Abstract

Polymorphism Ala54Thr of the intestinal fatty acid-binding protein 2 (FABP2) has been reported to have an effect on the
protein’s affinity for long chain fatty acids and to be associated with serum lipid and insulin levels in fasting and especially
postprandial states. We wanted to test whether this genetic variation is associated with fasting and postprandial glucose, insulin
or lipid levels in 666 male university students participating in the second European Atherosclerosis Study (EARS II). We also
studied whether the subgroup of 330 students with paternal history of myocardial infarction (MI) before the age of 55 have
different genotype distribution than 336 matched controls. Results: No difference in genotype distribution was observed between
offspring with and without paternal history of MI or between populations from 11 European countries. The frequency of the
threonine encoding allele was 0.276 in cases and 0.266 in controls. There were no differences in fasting or postprandial serum lipid,
glucose or insulin levels between subjects having different genotypes. Conclusions: In this study FABP2 Ala54Thr polymorphism
was not associated with lipid or glucose metabolism. In addition to environmental and genetic factors, selection of study
population also may explain the difference between this and earlier studies. © 2000 Elsevier Science Ireland Ltd. All rights
reserved.
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acids at the plasma membrane and others to carry long
chain fatty acids from the plasma membrane to cytoso-
lic compartments for esterification or oxidation [1–3].
These proteins are needed especially in cells that either
have a large flux of fatty acids, such as intestine and
liver fat cells, or in cells that have a high demand for
fatty acids as substrates for energy, such as heart,
striated muscle, kidney, retina and brain [4–7]. Other
functions suggested for these proteins include regula-
tion of fatty acid mediated signal transduction and
regulation of enzymes participating in fatty acid
metabolism [7]. Since the description of the first FABP
[8,9] in 1972 almost twenty members of fatty acid

1. Introduction

Intestinal fatty acid binding protein (FABP2, I-
FABP) belongs to a large family of lipid binding
proteins, some of which are postulated to capture fatty
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binding protein family have been discovered [7]. Many
of these proteins are tissue specific. Examples of
FABPS found in the cytoplasm of various cell types
include, FABP1 (L-FABP) in liver [10], FABP3 (H-
FABP) in striated muscle and heart [11,12], FABP4
(A-FABP) in adipose tissue [13], FABP5 (PA-FABP)
in keratinocytes [14], FABP6 (ILBP) in ileum [15], and
FABP7 (B-FABP) in brain and retina [16–18]. FABP2
is expressed at high levels only in the epithelial cells of
small intestine; combined FABP1 and FABP2 repre-
sent 1–2% of total cytosolic protein and 3% of total
mRNA of these cells [19]. The gene for FABP2 has
been assigned [20] to chromosome 4q28–q31.

In the search for type 2 diabetes loci in Pima Indi-
ans, Prochazka et al. [21] found linkage between in-
sulin resistance and a region on chromosome 4q near
the FABP2 locus. This finding is supported by a posi-
tive linkage between postchallenge insulin levels and
FABP2 in Mexican–Americans [22]. Because glucose
and fatty acid metabolism are related FABP2 soon
became an important candidate gene for type 2 dia-
betes. The threonine encoding allele of a polymor-
phism at codon 54 (Ala54Thr) was found to associate
with an increased mean fasting plasma insulin concen-
tration, a low mean insulin-stimulated glucose uptake
rate, a high insulin response in an oral glucose test,
and a high mean fat oxidation rate [23]. It has been
shown by titration microcalorimetry that the threo-
nine-containing FABP2 has greater affinity for oleate
(C18:1) and arachidonate than the isoprotein having
alanine at that codon [23]. It has also been reported
that the threonine encoding allele is associated with
increased BMI, body fat, and fasting plasma triglyce-
ride concentration in aboriginal Canadians [24,25] and
with higher fasting lipid oxidation rate, higher fasting
plasma HDL and LDL triacylglycerols, and increased
postrandial lipemic response in Finns [26,27].

The European Atherosclerosis Study (EARS) was
designed to assess the involvement of genetic and envi-
ronmental factors on the development of coronary
heart disease [28]. The study population consists of
university students from 11 European countries. In
earlier studies it has been found that the levels of
apoB and serum triacylglycerol concentration were the
strongest discriminators between offspring of fathers
with premature myocardial infarction and controls
[29]. We found it important to study whether this
difference could be partially explained by genetic vari-
ation in the FABP2 gene. The fasting and postpran-
dial glucose, insulin and lipid levels were compared
between individuals with different Ala54Thr geno-
types. The study setting also allowed us to test
whether the Ala54Thr genotypes are associated with
paternal history of myocardial infarction and whether
there are any differences between European popula-
tions.

2. Materials and methods

2.1. Study population

A detailed description of the design of EARS I has
been outlined previously [28]. The EARS II was car-
ried out using the same protocol, except that in EARS
II the numbers of cases and controls were equal, the
subjects of EARS II were all male and that EARS II
also included oral glucose (GTT) and fat (FTT) toler-
ance tests. In short, the participants were university
students aged between 18 and 28 years representing 14
centers in 11 European countries (see appendix). As
study population students have roughly similar
lifestyles and are exposed to similar environmental fac-
tors in each country. The countries were divided into
four groups according to their ischaemic heart disease
mortality, their geographical location, and by lan-
guage. The purpose of that grouping was to increase
sample size and thus statistical power over the country
level. The Baltic group consisted of Finland and Esto-
nia; United Kingdom-group had patients from North-
ern Ireland, Scotland and England; middle Europe
included Denmark, Germany, Belgium and Switzer-
land; and southern Europe included Portugal, Italy,
Spain and Greece. The index (case) group consisted of
353 sons of fathers who had had a documented pre-
mature acute myocardial infarction (MI) before the
age of 55 years and the control group consisted of 363
men who were selected from the student register with
closest birth date to the index case. We genotyped 330
cases and 336 controls whose DNA sample was avail-
able. All subjects were examined and blood samples
were taken during 1993. The study has been approved
by review committees of collaborating centers and the
subjects have given informed consents.

2.2. Biochemical analyses

The sample handling and analyzing methods have
been described [28–30]. In short, the venous blood
samples were collected after overnight fast, frozen in
dry ice and sent through the EARS center in Nancy to
other participating laboratories where the actual
biochemical analyses were done. In GTT the partici-
pants were given 75 g glucose and serum glucose and
insulin values were measured at 30 min intervals. Oral
fat tolerance test (FTT) was carried 1 week after GTT.
In FTT the participants drank a liquid consisting of
42 g saturated fat, 22 g protein, 56 g carbohydrate,
and 417 mg cholesterol. The total energy content of
that formula was 6186 kJ. Serum triacylglycerol values
were measured from samples taken at baseline
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and at 2, 3, 4, and 6 h afterwards. Plasma total choles-
terol, total triglycerides, and HDL cholesterol (HDL-C)
were measured according to the Lipid Research Clinic’s
Manual of Laboratory Operations. The low-density
lipoprotein cholesterol (LDL-C) was calculated by us-
ing Friedewalds formula. The apoA-I and apoB con-
centrations were measured by immunonephelometry.
Blood glucose was measured after protein removal by
glucose dehydrogenase method and insulin level by
radioimmunoassay (RIA).

2.3. Solid-phase minisequencing

The genomic DNA from white blood cells was iso-
lated using the ‘salting-out’ procedure [31]. Genotyping
was done using solid-phase minisequencing method
[32]. Three different primers were used. First the exon 2
of FABP2 was amplified by PCR using a forward
primer 5%-ACAGGTGTTAATATAGTGAA-AAGG-3%
and a reverse biotinylated primer 5%-TACCCTGAG-
TTCAGTTCCGTCTGC-3%. The product was analyzed
using a detection primer 5%-TCACAGTCAAAGAAT-
CAAGC-3% in a single step extension reaction in avidine
coated wells with a radiolabeled nucleotide (either G or
A). The PCR conditions were: denaturing at 95°C,
annealing at 60°C and extension at 72°C, each for 30 s
in total of 30 cycles. The PCR reaction volume was 40
ml. The reaction temperature for detection was 50°C.

2.4. Statistical analysis

The database containing results obtained from vari-
ous centers is stored in Paris on an IBM Risc 6000
computer. Statistical analyses were performed with the
SAS statistical software (SAS Institute Inc.). Genotypic
associations on basic characteristics were tested by lin-
ear models (SAS-PROC GLM) adjusted for age, center,
and paternal history of MI. The area under curve
(AUC) of GTT and FTT was calculated by the trape-
zoidal rule. Heterogeneity between cases and controls
and between European regions was tested by introduc-
ing a corresponding interaction term in the general
linear model. The time of peak values were compared
using the Kruskall–Wallis rank-sum test. The distribu-
tion of alleles between cases and controls was tested
using x2 test for each region and also for the whole
study population. The power of this study was over
0.90 to detect a 0.2 mmol/l difference in fasting serum
triacylglycerol or glucose between the Ala/Ala or Thr/
Thr homozygous individuals and a 0.1 mmol/l differ-
ence between Ala/Ala homozygotes and Ala/Thr
heterozygotes. The theoretical power to infer genotype
associations from studies comparing matched offspring
has been discussed in a previous study [33].

3. Results

3.1. Distribution of genotypes

The allele and genotype frequencies of the FABP2
polymorphism in four regions, Baltic, United Kingdom,
middle and southern Europe, are shown in Table 1.
There were no significant differences in allele frequen-
cies between cases and controls in any region or in all
regions together. The allele frequencies did not differ
significantly between European regions. The mean fre-
quency of the alanine encoding allele was 0.729.

3.2. Clinical and biochemical characteristics according
to genotypes

Some basic characteristics of the study subjects, di-
vided in groups according to their genotype, are given
in Table 2. The mean age of the students was 23 years,
BMI 23.3, total cholesterol 4.4 mmol/l, HDL-C 1.2
mmol/l and glucose 5.2 mmol/l. There were no signifi-
cant differences between the three genotypic groups in
any of the parameters measured.

3.3. Postprandial response to glucose and fat load

The curves representing the mean glucose and insulin
levels following the GTT and triacylglycerol levels fol-
lowing the FTT are shown in Figs. 1–3. The results of
GTT and FTT are summarized in Table 3. Because
there were no significant interactions between genotype
and case/control status or region when results of GTT
or FTT were analyzed, only pooled results are shown in
Figs. 1–3 and in Tables 2 and 3. There were no
significant differences between groups of individuals
having different genotypes, in response to GTT or
FTT.

4. Discussion

Based on the widespread distribution of FABPs in
mammalian cells and on their high expression level in
specific cell types, it is evident that FABPs most proba-
bly play a critical role in intracellular physiology.
FABP2 is mainly expressed in epithelial cells of small
intestine, in areas where fatty acid absorption is known
to be most effective. Also FABP1 is expressed at high
levels in these cells. Because the FABP1 and FABP2 are
not expressed coordinatively during developmental
stages and because they have different tissue distribu-
tion, they probably have different roles within the cells
[19]. Intestinal epithelium has been shown to preferen-
tially oxidize fatty acids derived from plasma and ester-
ify fatty acids derived from the intestinal lumen [34].
This led to a hypothesis that FABP2 transports long
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chain fatty acids across cytosol for triacylglycerol for-
mation in smooth endoplastic reticulum (apical path-
way) and FAPB1 supplies fatty acids for oxidation and
phospholipid synthesis (basolateral pathway) [35].

However, based on structural studies by NMR, it has
been suggested that FABP2 exclusively binds and trans-
ports fatty acids whereas FABP1 binds and transports
variety of ligands including bile salts, monoacylglyc-

Table 1
Genotype and allele frequency distribution for the Ala54Thr polymorphism of the FABP2 gene in cases and controls in four regions, Baltic,
United Kingdom, middle and southern Europe

Genotype Allele P (Alleles) (x2 test)Study group

Thr/Thr Ala ThrAla/Ala Ala/Thr

Baltic countries
433Number of cases 34

0.4790.465 0.056 0.704 0.296Frequency
Number of controls 26 1138

0.680 0.320 0.650.1470.507Frequency 0.347

United Kingdom
Number of cases 30 334

0.045 0.731 0.269Frequency 0.508 0.448
Number of controls 22 443

0.783 0.217 0.320.0580.623Frequency 0.319

Middle Europe
Number of cases 49 951
Frequency 0.450 0.083 0.693 0.3070.468

6Number of controls 4452
0.4310.510 0.059 0.726 0.275 0.46Frequency

Southern Europe
23348Number of cases
0.024 0.777Frequency 0.2230.578 0.398

Number of controls 651 33
Frequency 0.567 0.2500.367 0.550.067 0.750

All regions
18Number of cases 166 146

Frequency 0.442 0.055 0.724 0.2760.503
125184 27Number of controls

0.730.2660.548 0.734Frequency 0.0800.372

All participants
45271Number (total=666) 350

0.0680.407Frequency 0.526 0.2710.729

Table 2
Selected characteristics of subjects according to FABP2 genotype (mean 9S.E.M. in the fasting state)

Characteristic PaGenotype

Thr/Thr (N=45)Ala/Thr (N=271)Ala/Ala (N=350)

0.0922.790.1 22.890.1Age, years 23.590.3
23.490.4 0.95BMI, kg/m2 23.390.223.390.2

0.8590.00 0.8590.00 0.8490.01 0.51Waist/hip
0.695.2090.02 5.1790.03 5.2090.06Glucose mmol/l

10.8590.70 0.3111.7590.27Insulin mU/l 11.2890.30
1.0790.07 0.271.0190.03Triacylglycerol mmol/l 0.9890.03

0.864.3690.134.4090.06Cholesterol, mmol/l 4.4290.05
0.281.1890.015 1.1990.017 1.1390.037HDL-C, mmol/l

2.8190.047 2.7890.05LDL-C, mmol/l 2.7990.19 0.89
72.091.0Apo-B, mg/dL 71.292.770.691.1 0.61

0.5898.892.7100.891.1Apo-AI, mg/dL 99.691.0

a General linear model (SAS-PROC GLM), adjusted for age, center and paternal history of MI.



E. Tah6anainen et al. / Atherosclerosis 152 (2000) 317–325 321

Fig. 1. Postprandial mean triacylglycerol concentrations (9S.E.M.) in male individuals with different Ala54Thr genotypes of the FABP2 gene.
Cases and controls are pooled (no interaction with genotype). The values shown are adjusted for age, center and paternal history of MI.

Fig. 2. Postprandial mean serum glucose concentrations (9S.E.M.) in male individuals with different Ala54Thr genotypes of the FABP2 gene
during an oral glucose tolerance test. S.E.M. is indicated with a bar only for Thr/Thr and Ala/Ala homozygotes. Cases and controls are pooled
(no interaction with genotype). The values shown are adjusted for age, center and paternal history of MI.

erols and fatty acyl-CoA esters. According to that view,
both proteins operate on both basolateral and apical
pathways [36]. Other functions suggested for FABPs
include regulation of mitosis, cell growth, cell differenti-
ation, fatty acid mediated signal transduction, gene
expression, and protection of cells against the toxic
effects of fatty acids [37].

There are still many open questions concerning the
Ala54Thr polymorphism. The findings that the
threonine encoding allele is associated with increased

fasting insulin concentration and higher insulin re-
sponse in glucose tolerance test in Pimas [23] has not
been repeated in other populations [26,38]. The
Ala54Thr polymorphism was not associated with type 2
diabetes in Pimas [23], with obesity in Finns [38] or
with familial combined hyperlipidemia (FCHL) in
Finnish FCHL families [26]. It has been suggested that
the Ala54Thr polymorphism might associate with the
risk for atherosclerosis because it causes a composi-
tional change in LDL particles [26], an altered post-
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prandial lipemia [27] or a diabetes-related phenotype
[24]. In screens for polymorphisms in FABP2 gene the
Ala54Thr has been the only polymorphism identified to
change an amino acid in the mature FABP2 protein
thus far [23,26,39]. The functional role of the Ala54Thr
polymorphism is supported by the findings that this
codon may be important for the conformational adjust-
ment between apo- and holoproteins [40], the
threonine-containing protein has greater affinity for
oleate (C18:1) and arachidonate than the protein hav-

ing alanine at that codon [26] and by the fact that the
Ala54Thr polymorphism of FAPB2 can alter the trans-
fer of fatty acids across Caco-2 cells [41]. A counter
argument on the importance of FABP2 in regulating
intestinal fatty acid absorption is that the rate-limiting
step of fatty acid transport in intestinal epithelial cells is
believed to be between the movement of triacylglycerol
from the endoplastic reticulum to Golgi [42].

In the present study there were no specific associa-
tions of the Ala54Thr polymorphism on any of the

Fig. 3. Postprandial mean serum insulin concentrations (9S.E.M.) in male individuals with different Ala54Thr genotypes of the FABP2 gene
during an oral glucose tolerance test. Cases and controls are pooled (no interaction with genotype). The values shown are adjusted for age, center
and paternal history of MI.

Table 3
Glucose and fat tolerance test results of the study subjects according to FABP2 genotype (mean 9S.E.M.)

Peakb Area under curvebTest groupa Time at peakc (h)

Glucose in GTT (mmol/l)
1.8290.11Ala/Ala 2.7390.08 0.5690.01

Ala/Thr 1.6790.130.5790.022.6190.10
0.5690.04 1.6990.292.6790.21Thr/Thr

0.59 1.00 0.60P-value

Insulin in GTT (mU/l)
0.7590.0255.5191.94 57.6691.95Ala/Ala

55.8692.17Ala/Thr 0.7690.02 58.5192.19
Thr/Thr 0.7390.06 54.8995.1555.2795.11

0.89P-Value 0.83 0.76

Triacylglycerol in FTT (mmol/l)
Ala/Ala 3.7990.142.8790.051.2090.04

2.9090.06Ala/Thr 3.7990.151.1990.04
Thr/Thr 2.7990.131.2290.10 3.7890.35

0.78 0.60P-value 0.74

a Thr/Thr N=45, Thr/Ala N=271, and Ala/Ala N=350.
b P-values for peak and AUC are based on a general linear model (SAS-PROC GLM) adjusted for fasting values. Peak values represent change

from baseline. AUC is calculated by trapezoidal rule. AUC units are relative (mmol h/l or mU h/l).
c P-value for time at peak is based on Kruskall–Wallis rank-sum test.
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studied lipid or glucose related parameters. The results
were negative both in fasting and in postprandial state.
The European populations did not differ in this regard.
The allele frequencies did not depend on the paternal
history of MI. The reasons for the obvious discrepancy
between these results and earlier positive results are
unknown. Different results between association studies
conducted in different populations could be explained
by linkage disequilibrium to another locus in one popu-
lation but not in the other. Because Pima Indians and
Mexican-Americans are genetically related populations,
there is the possibility that the locus associated with
insulin levels may be specific for them [22]. FABP2 gene
contains also an intragenic ATT-trinucleotide polymor-
phism [43]; the allele 1 of that polymorphism was
associated with increased insulin sensitivity and allele 3
with insulin resistance in Pima Indians [21]. In a Eu-
ropean case-control study between type II diabetic and
non-diabetic individuals from Finland, the UK, and
Wales, there was no association between this trinucle-
otide polymorphism and glucose intolerance [44]. It is
also possible to get a true negative result in an associa-
tion study even if there is a true positive result in a
linkage study, even within one population. To test
whether this region contains a gene causing an in-
creased risk of type 2 diabetes in Europeans, a linkage
study using family material should be done.

Whether or not Ala54Thr polymorphism is func-
tional, environmental factors and gene to gene interac-
tions may affect study results. One potential
environmental variable is diet. Increased absorption of
polyunsaturated v-3 fatty acids might even improve
insulin sensitivity whereas increased absorption of satu-
rated long chain fatty acids would reduce it [26].
Ala54Thr polymorphism might affect the absorption
efficiency of long-chain fatty acids and change the
serum lipid composition. However, that has not been
detected in previous studies [38]. It has been suggested
that the associations of genetic factors with physiologi-
cal variables are more easily seen in young individuals
with relative absence of confounding factors [24]. Our
study population consisted of healthy young students.
Many of the previous studies, reporting significant as-
sociation of FABP2 on glucose and lipid metabolism,
have been focused on populations with obesity, dia-
betes or hyperlipidemia. Maybe FABP2 polymorphism
Ala54Thr is only associated with serum glucose and
lipid levels when there is a clustering of other patholog-
ical factors. An example of such a modification can be
found from a study in which the Ala54Thr polymor-
phism was genotyped in familial combined hyperlipi-
demia patients and in their family members. In the
study by Pihlajamäki et al. [26] the patients having
Thr54 allele had 20% higher LDL-C than Ala54Ala
homozygous patients, non-affected family members
having Thr54 allele had 2.7% lower LDL-C than those

having Ala54Ala genotype. In conclusion, there are
several unanswered questions concerning Ala54Thr
polymorphism of FABP2 that have to be studied and
verified in carefully planned study settings.
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France:
S. Visvikis, Centre de Médecine Préventive,
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Universitäts-Krankenhaus Eppendorf, Ham-
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G. Tsitouris, N. Papageorgakis, G. Kolovou,
Department of Cardiology, Evangelismos Hos-
pital, Athens, recruitment center.

Italy:
E. Farinaro, Institute of Internal Medicine and
Metabolic Disease, University of Naples, recruit-
ment center.

The Netherlands:
L. M. Havekes, IVVO-TNO Health Research,
Gaubius Institute, Leiden, laboratory.

Portugal:
M. J. Halpern, J. Canena, Instituto Superior de
Ciencas da Saude, Lisbon, recruitment center.
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Switzerland:
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chemistry, Royal Infirmary, Glasgow, recruit-
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S.E. Humphries, P.J. Talmud, V. Gudnason,
R.M. Fisher, University College London School
of Medicine, London, laboratory.
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D. Stansbie, A.P. Day, M. Edgar, Department
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