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The human acyl-CoA-binding protein (ACBP) is a potential candidate gene of type 2 diabetes (T2D),
since it plays a central role in determining the intracellular concentration of activated fatty acids
which contribute to insulin resistance. The aim of our study was to evaluate whether single nucleotide
polymorphisms (SNPs) of the ACBP gene are associated with risk of T2D. Genotyping of eight SNPs
(rs2084202, rs3731607, rs8192501, rs8192504, rs2244135, rs2276596, rs8192506, rs2289948) was
performed in 192 incident T2D subjects and 384 matched controls of the European Prospective Inve-
stigation into Cancer and Nutrition-Potsdam cohort. A putative promoter SNP (rs2084202) of splice
variant ACBP 1c showed decreased risk of T2D (odds ratio (OR) 0.63, 95% CI 0.41–0.96). The
haplotype, that contained the mutant base of rs2084202 showed similar evidence for the association
with disease risk as single SNP rs2084202. In a second population-based study, Cooperative Health
Research in the Augsburg Region of 226 individuals with T2D and 863 control subjects a borderline
significant association between rs2084202 and T2D (OR 0.72, 95% CI 0.51–1.01) was observed. In
summary, we obtained evidence from two Caucasian study populations that the minor allele of ACBP
rs2084202 might be associated with reduced risk of T2D.
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1 Introduction

The human acyl-CoA-binding protein (ACBP) is a highly
conserved polypeptide with multiple physiological func-
tions [1]. The protein was first isolated from rat brain as a
diazepam-binding inhibitor (DBI) [2]. Since then it has also

been described as a regulator of insulin release from pan-
creatic cells [3, 4], as a potent cholecystokinin-releasing
peptide in the intestine [5, 6], and as a mediator in cortico-
tropin-dependent adrenal steroidogenesis [7]. In vitro and
in vivo studies suggest that ACBP acts as a pool former and
transporter of acyl-CoA esters [8, 9]. Thereby, ACBP med-

Correspondence: Professor Dr. Frank D�ring, Department of Molecu-
lar Nutrition, Institute of Human Nutrition and Food Science, Chris-
tian-Albrechts University, Heinrich-Hecht-Platz 10, 24118 Kiel, Ger-
many
E-mail: doering@molnut.uni-kiel.de
Fax: +49-431-609-2472

Abbreviations: ACBP, acyl-CoA-binding protein; BMI, body-mass-
index; EPIC, European Prospective Investigation into Cancer and Nu-
trition; KORA, Cooperative Health Research in the Augsburg Region;
OR, odds ratio; SNP, single nucleotide polymorphism; T2D, type 2
diabetes; WHR, waist–hip ratio

i 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com

DOI 10.1002/mnfr.200600163 Mol. Nutr. Food Res. 2007, 51, 178 –184



Mol. Nutr. Food Res. 2007, 51, 178 –184

iates the transport of acyl-CoAs to enzymes such as acyl-
transferases. These enzymes are involved in fatty acid oxi-
dation and lysophosphatidic acid synthesis in the mitochon-
dria as well as the synthesis of phospholipids and choles-
teryl ester in the endoplasmatic reticulum. ACBP also con-
trols the intracellular level of unbound acyl-CoAs that inter-
act with regulatory sites of enzymes and intracellular sig-
naling proteins [10]. Besides its localization in the cytosol
ACBP is present in the nucleus [11, 12], where a physical
and functional interaction of ACBP with hepatocyte nuclear
factor 4a has been previously described [13]. These data
suggested a gene-regulatory role of ACBP. Although the
ACBP gene is described to be a housekeeping gene, in vitro
and in vivo studies showed that its expression is modulated
by insulin, androgens [14, 15], feeding status [16], and sta-
tus of cell differentiation [17]. In addition, the promoter of
the human ACBP gene is activated by PPARc and SREBP-1
[18–20], which are the key regulators of genes involved in
lipid metabolism. The responsiveness to lipogenic tran-
scription factors and its involvement in lipid metabolism
pathways imply ACBP as a functional candidate gene for
type 2 diabetes (T2D). Genetic variations in this gene and
the corresponding promoter may alter binding properties or
expression levels of the protein and thereby modulate the
level of free acyl-CoA. This cytotoxic metabolite influences
the activity of insulin-mediated signal transduction path-
ways. To address our hypothesis, we systematically
screened all exons including adjacent splice sites, and a pro-
moter region including 877 bp upstream to the transcription
initiation site of ACBP splice form 1c (M15887) for
sequence variants. Single nucleotide polymorphisms
(SNPs) were analyzed in two independent German study
populations (European Prospective Investigation into Can-
cer and Nutrition (EPIC), Cooperative Health Research in
the Augsburg Region (KORA)). Here, we present evidence
that the minor allele of ACBP SNP rs2084202 is associated
with decreased risk of T2D.

2 Materials and methods

2.1 EPIC study Potsdam (EPIC-Potsdam)

The EPIC-Potsdam study is a population-based, longitudi-
nal study comprising a total of 27 548 people from the area
of Potsdam, Germany. Baseline examinations, including
anthropometric measurements, blood sampling, a selfadmi-
nistered food frequency questionnaire, and a personal inter-
view on lifestyle habits and medical history was conducted
between 1994 and 1998 [21]. During the first follow-up, on
average 2–3 years after recruitment, 192 incident cases of
T2D were confirmed by the primary care physician as
described before [22]. Cases were matched with two control
subjects each by age and sex. Gender distribution of the
final study population (n = 576) was 59% male and 41%
female subjects with a mean age of 55.5 years (35–

65 years). All study participants had given their informed
consent and the genotype assessment was agreed to by the
local ethic committee. Body weight, height, and fat percent
were determined at recruitment by means of standardized
procedures as described previously [21]. Detailed informa-
tion on drug use was obtained at baseline and comprised all
medications being taken during the previous 4 wk on the
level of medication name. Sports activities were calculated
from hours per week in summer and winter. HbA1c was
determined using enzyme immunoassay (Dako Diagnos-
tika, Hamburg, Germany).

2.2 KORA

The KORA Survey 4 (S4) studied a population-based sam-
ple of 4261 subjects aged 25–74 years during 1999–2001
[23]. Each study participant signed a consent form to parti-
cipate in genetic studies. All study methods were approved
by the ethics committee of the Bavarian medical associa-
tion. The sampling design followed the guidelines of three
previous surveys in the same region as part of the multina-
tional World Health Organization (WHO)-MONICA (Mon-
itoring Trends and Determinants of Cardiovascular Dis-
ease) study. In the age range 55–74 years, 1653 people par-
ticipated in a standardized interview followed by biochem-
ical and clinical analyses. An oral glucose tolerance test
and biochemical and immunological analyses were per-
formed as described previously [24]. Acute infections
(fever) or gastrointestinal illness were an exclusion criterion
for the oral glucose tolerance test. Diabetes was diagnosed
according to 1999 WHO criteria. After the exclusion of all
subjects with selfreported type 1 diabetes, humoral autoim-
munity to glutamic acid decarboxylase, or diabetes onset in
the context of pancreatitis, a total of 226 individuals with
T2D were available for analyses. There were 863 normogly-
cemic control subjects randomly selected after matching
for age and sex. Among the diabetic patients, 120 were
newly detected and did not yet receive antidiabetic treat-
ment; among the other 116, 33% were under insulin treat-
ment and 57% took oral antidiabetic agents [24].

2.3 Genetic analyses

Six exons including the untranslated region and exon–
intron boundaries, and the putative promoter region of the
ACBP gene (M15887) were analyzed by terminator cycle
sequencing, using Big Dye chemistry on an ABI 3700 capil-
lary DNA sequencer (Applied Biosystems, Foster City, CA,
USA) in 47 genomes of unrelated diabetic subjects from the
Metabolic Intervention Cohort Kiel (MICK). Amplifica-
tions were performed using a “Touch-Down” PCR by
decreasing the annealing temperature three times by 28C,
starting 28C above the specific primer Tm. Genotyping of
the EPIC-Potsdam subjects was performed with the Taq-
Man system (ABI, Foster City, CA, USA), fluorescence was
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measured with ABI Prism 7900 HT sequence detection sys-
tem. Genotyping of the KORA S4 study subjects was per-
formed in the Genome Analysis Center (Munich-Neuher-
berg, Germany) using the Mass-ARRAY system (Seque-
nom) as described previously [25]. Genotyping error rate
was <1% in 210 replicates. All sequences of primers and
assay probes are available on request.

2.4 Statistical analyses

Allele and genotype frequencies were determined by gene
counting. Hardy–Weinberg-equilibrium was assessed in
controls with v2 test. In EPIC-Potsdam, the association
between disease and each SNP was calculated by condi-
tional logistic regression analysis assuming additive and
dominant models of inheritance for each allele. For each
polymorphism, the frequent allele was designated as “wild-
type” allele “1” and the minor allele as “2”. Under the addi-
tive inheritance model, subjects with two wildtype alleles
(11) were coded as “0”, those with one wildtype and one
mutant allele (12) were coded as “1”, and those with two
mutant alleles (22) were coded as “2”. Under the dominant
model, subjects with two wild-type alleles were coded as
“0” and those carrying one or two mutant alleles were coded
as “1”. Since mutant alleles were rare, no recessive models
were applied. Multivariate logistic regression analysis was
conducted for adjusting the body-mass-index (BMI),
waist–hip ratio (WHR), sports activities (h/week), total
energy (kJ/d) and alcohol intake (g/d), and other noncontin-
uous, covariates as there were: presence of comorbidities
(hypertension or/and hyperlipidemia), smoking (current
smoker, nonsmoker, and former smoker), and use of lipid-
lowering drugs (statins, fibrates, CSE-inhibitors, and
others). Data on biochemical and anthropometric measure-
ments were missing in six T2D and nine control subjects of
the EPIC-Potsdam study and therefore, analysis of covar-
iance (ANCOVA) was performed in a final study sample of
186 cases and 377 controls. HbA1c values were log-trans-
formed prior to analysis. Haplotype frequencies were esti-
mated by the expectation-maximization (EM) algorithm

using SASGenetics software (SAS Institute, Cary, NC).
Individual haplotypes were estimated using haplotype trend
regression method (HTR) described by Stram et al. [26].
The association between each haplotype and T2D was ana-
lyzed by conditional logistic regression analysis with
adjustment for other covariates. Significance level was set
at p <0.05. Statistics were computed with the Statistics
Package for the Social Sciences 11.5 (SPSS, Chicago, IL,
USA), SAS software 9.1 (SAS Institute) and S-PLUS 6.2
PROFESSIONAL EDITION (Insightful).

3 Results

Sequencing using DNA from 47 unrelated German subjects
confirmed eight common SNPs located in the ACBP gene:
rs8192506, rs8192501, rs3091405, rs3091406, rs3795890,
rs2084202, rs3731608, and rs3731607. There was no novel
SNP discovered during resequencing. Based on their
respected allele frequencies, functional implications and
assay availability, four SNPs confirmed through sequencing
and additionally four validated SNPs from NCBI dbSNP
were chosen for genotyping in a nested case-control study
of 192 incident T2D patients and 384 controls of the EPIC-
Potsdam cohort. Figure 1 shows the ACBP gene structure
and positions of genotyped SNPs. Genotype distributions in
EPIC-Potsdam study subjects are given in Table 1. SNPs
rs3731607, rs2289948, and rs2276596 showed significant
deviations from Hardy–Weinberg equilibrium and therefore
were excluded from further analysis.

As shown in Table 2, SNP rs2084202 was significantly
associated with decreased risk of T2D (odds ratio (OR)
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Figure 1. ACBP gene structure according to Nitz et al. [20]
and location of genotyped SNPs.

Table 1. Genotype frequencies of ACBP polymorphisms

dbSNP ID Genotypes n (%) p MAF

11 12 22 Total (n) HWEControls

rs2084202 407 (72.0) 139 (24.6) 19 (3.4) 565 0.11 0.156
rs3731607 376 (66.1) 160 (28.1) 33 (5.8) 569 0.01 0.199
rs8192501 544 (94.8) 30 (5.2) 0 574 0.58 0.026
rs8192504 568 (99.1) 5 (0.9) 0 573 0.95 0.004
rs2276596 362 (65.6) 159 (28.8) 31 (5.6) 552 0.02 0.200
rs2244135 389 (70.2) 146 (26.4) 19 (3.4) 554 0.29 0.166
rs8192506 528 (92.3) 44 (7.7) 0 572 0.54 0.039
rs2289948 380 (66.2) 161(28.1) 33 (5.7) 574 0.01 0.198

HWE, Hardy–Weinberg-equilibrium; MAF, minor allele frequency.
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0.63, 95% CI 0.41–0.96) in the dominant inheritance model
calculated. For rs8192506, the heterozygote genotype was
significantly associated with increased risk of T2D in an
unadjusted model (OR 1.89, 95% CI 1.03–3.47). For both
SNPs, stepwise logistic regression analyses revealed that
BMI did not change the OR markedly, although risk esti-
mates became borderline significant (Table 2). When we
adjusted for additional confounders, we obtained a signifi-
cant association between rs2084202 and T2D (OR 0.54,
95% CI 0.31–0.94). As shown in Table 3, ANCOVA tests of
ACBP polymorphisms (rs2084202, rs8192506) and BMI,
WHR, waist circumference, body fat percent, and HbA1c
values revealed no significant associations. Haplotypes
were calculated from five ACBP SNPs (rs2084202,
rs8192501, rs8192504, rs2244135, and rs8192506) and
association was tested by logistic regression analysis. Hap-

lotype II (Table 4) was significantly associated with
reduced risk of T2D (OR 0.32, 95% CI 0.12–0.83).

ACBP polymorphism rs2084202 and rs8192506 geno-
types were assessed in a second nested case-control sample
taken from the KORA. A total of 226 patients with T2D and
863normoglycemicsubjectswere included in theassociation
analyses. In KORA, rs2084202 showed a borderline associa-
tionwithT2D(OR 0.72,95%CI0.51–1.01) (Table5).

4 Discussion

ACBP was originally described as a diazepam-binding inhi-
bitor. On the strengths of this function, plasma ACBP con-
centration was considered as a biological marker of epi-
lepsy [27] and neuropsychiatric disorders [28]. Recently,
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Table 2. Associations of ACBP rs2084202 and rs8192506 with T2D in EPIC-Potsdam

Genotype Cases N
(%)

Controls
N (%)

Crude OR
(95% CI)

Adjusted ORa)

(95% CI)
Adjusted ORb)

(95% CI)

rs2084202 A>G
AA vs. 145 (77) 255 (69) 1.0 1.0 1.0
AG 39 (21) 97 (27) 0.68 (0.44–1.05) 0.69 (0.43–1.12) 0.57 (0.32–1.00)
GG 3 (2) 16 (4) 0.30 (0.09–1.08) 0.34 (0.09–1.32) 0.35 (0.08–1.56)
AA vs. AG + GG 42 (23) 113 (31) 0.63 (0.41–0.96)* 0.65 (0.40–1.04) 0.54 (0.31–0.94)*

rs8192506 A>G
AA vs. 169 (89) 355 (94) 1.0 1.0 1.0
AG 21 (11) 23 (6) 1.89 (1.03–3.47)* 1.97 (0.96–4.05) 1.92 (0.87–4.24)

Conditional logistic regression analysis (sex and age were matching variables).
a) Adjusted for BMI.
b) Adjusted for BMI, WHR, sports activities, total energy and alcohol intake, smoking, presence of comorbidities (hyperlipidaemia

and hypertension), and lipid-lowering medication; *p a0.05.

Table 3. Mean values (SEM) of anthropometric and metabolic variables according to ACBP rs2084202 and rs8192506 polymorph-
isms in EPIC-Potsdam

rs2084202 rs8192506
AA AG GG ptrend AG + GG p AA AG p

Subjects (N) 405 139 19 158 520 43
Men (%) 57 63 74 65 60 53
Age (years)a) 55.6

(0.3)
55.0
(0.6)

58.2
(1.6)

0.74 55.4
(0.5)

0.75 55.4
(0.3)

56.8
(1.0)

0.18

BMI (kg/m2)b) 28.14
(0.22)

27.73
(0.37)

27.94
(1.01)

0.42 27.76
(0.35)

0.36 27.98
(0.19)

28.64
(0.67)

0.34

WHRb) 0.908
(0.003)

0.909
(0.006)

0.903
(0.015)

0.96 0.908
(0.005)

0.93 0.907
(0.003)

0.921
(0.010)

0.16

Waist circumference
(cm)b)

93.95
(0.58)

93.28
(1.00)

92.22
(2.71)

0.42 93.15
(0.94)

0.47 93.53
(0.51)

96.03
(1.79)

0.18

Body fat (%)b) 30.37
(0.28)

30.47
(0.47)

30.90
(1.28)

0.89 30.46
(0.44)

0.86 30.32
(0.24)

31.39
(0.85)

0.23

HbA1c (%)c) 5.1
(5.0, 5.2)

5.3
(5.1, 5.5)

4.9
(4.4, 5.4)

0.41 5.2
(5.0, 5.4)

0.16 5.1
(5.0, 5.2)

5.4
(5.1, 5.8)

0.07

Mean values (SEM).
a) Adjusted for sex.
b) Adjusted for sex and age.
c) Adjusted for sex, age, and BMI.
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multiple missense mutations in the ACBP gene were
described in individuals with schizophrenia but no signifi-
cant association with the disease was found [29]. An invol-
vement of ACBP in the pathogenic mechanisms of peroxi-
somal deficiency disorders was also postulated [30]. In
addition, ACBP is a prominent candidate for T2D because
of its central role in determining free intracellular acyl-
CoA concentrations that have been reported to inversely
correlate with insulin sensitivity in muscle [31, 32].
According to the assumption that the alteration of acyl-
CoA-binding properties, or expression levels of ACBP
might be involved in the etiology of T2D, we examined the
association of common and putative functional variants of
the gene with T2D risk. We found a moderate but consistent
association between one ACBP SNP (rs2084202) and T2D
in two independent German study populations (EPIC-Pots-
dam and KORA). In both studies, carriers of the minor
allele (A) showed lower risk of T2D compared to homozy-
gote carriers of the major allele (GG). The obtained OR in
the range of 0.5–0.7 and borderline significances are
explained by limited statistical power on one hand, but on
the other hand, might demonstrate the additional involve-
ment of other (genetic or environmental) factors influen-
cing gene-disease association. It is important to mention
that we did not correct for multiple testing which obviously
could lead to false-positive results by chance. Since we
replicated our results in an independent study, a false-posi-
tive finding seems to be unlikely. However, replication stud-
ies in larger populations are desirable in the future. Associa-
tions between rs2084202 and related traits of the disease
(i. e., BMI, body fat percent) were not found. Also, adjust-
ment for these confounders did not change the risk esti-

mates markedly. These findings suggest that the effect of
rs2084202 on T2D might not be related to body weight or
fat mass. In fact, a direct function of the polymorphism on
insulin resistance could be expected. SNP rs2084202 is
located in the promoter region of splice variant ACBP-1c
[20], 466 bp upstream from the translation start. We
hypothesize that the A>G substitution of this promoter SNP
may increase the transcriptional activity of this PPARc-
dependent variant which is highly expressed in adipocytes.
This could lead to decreased free acyl-CoA concentrations
in insulin sensitive cells such as hepatocytes or adipocytes
and thereby reduce the risk to develop insulin resistance. Of
course, our hypothesis has to be tested in future studies.

In conclusion, we obtained the first evidence from two
Caucasian study populations that the minor allele of ACBP
rs2084202 might be associated with reduced risk of T2D.
The functional significance of this finding has to be unra-
velled in future studies.
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Table 4. ACBP haplotype frequencies and associations with T2D in EPIC-Potsdam

No. Haplotype Frequency OR (95% CI)a)

Cases Controls

I 1-1-1-1-1 0.783 0.757 1.39 (0.63–3.08)
II 2-1-1-2-1 0.118 0.172 0.32 (0.12–0.83)*
III 1-1-1-1-2 0.054 0.029 4.43 (0.86–22.92)
IV 1-2-1-1-1 0.022 0.027 1.35 (0.17–10.74)

Only the four most common haplotypes are given; the order of polymorphisms relates to the 59 to 39 direction of the gene and
includes all SNPs which were in Hardy–Weinberg-equilibrium.
a) Adjusted for covariates described in legend of Table 2; *p<0.05.

Table 5. Associations of ACBP rs2084202 and rs8192506 with T2D in KORA

db SNP ID Genotype Cases N (%) Controls N (%) Crude OR (95% CI) Adjusted OR (95% CI)a)

rs2084202 AA vs. 161 (75) 581 (68) 1.0 1.0
AG 48 (22) 242 (28) 0.72 (0.50–1.02) 0.75 (0.51–1.09)
GG 6 (3) 28 (4) 0.77 (0.31–1.90) 0.89 (0.35–2.29)
AG + GG 54 (25) 270 (32) 0.72 (0.51–1.01)* 0.76 (0.53–1.09)

rs8192506 AA vs. 193 (96) 610 (96) 1.0 1.0
AG 7 (4) 26 (4) 0.85 (0.26–1.99) 0.62 (0.24–1.62)

a) Adjusted for sex, age, and BMI; *p = 0.06.
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