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Abstract The alpha

 

2

 

 Heremans-Schmid glycoprotein (AHSG)
gene is implicated in the regulation of body fat and insulin
sensitivity. The Met/Met genotype of the common single-
nucleotide polymorphism (SNP), 

 

rs4917

 

, in the AHSG gene
has been shown to be associated with reduced plasma levels
as well as lower body fat. Here, we studied the association
of this variation with subcutaneous adipocyte lipolysis. Ninety-
three obese and nonobese healthy men were genotyped for
Thr230Met, and subcutaneous adipose tissue biopsies were
analyzed for lipolysis characteristics. The Met/Met geno-
type was associated with a marked increase of 1.5 log units
in the lipolytic sensitivity to the 

 

�

 

2-adrenoceptor agonist
terbutaline (

 

P

 

 

 

�

 

 0.0008) as compared with the Thr/Thr and
Thr/Met genotypes. This corresponds to an approximately
35-fold increase in 

 

�

 

2-adrenoceptor function. The genotype
effect was independent of body mass index and waist cir-
cumference. In contrast, lipolytic sensitivity to both the 

 

�

 

1-
adrenoceptor agonist dobutamine (

 

P

 

 

 

�

 

 0.25) and the 

 

�

 

2A-
adrenoceptor agonist clonidine (

 

P

 

 

 

�

 

 0.54) was unaffected
by the Thr230Met variation. Moreover, no difference in ei-
ther maximal stimulation or inhibition of lipolysis was found
between genotypes.  We conclude that a common varia-
tion (Thr230Met) in the AHSG gene is associated with a
marked increase in 

 

�

 

2-adrenoceptor sensitivity in subcuta-
neous fat cells, which may be of importance in body weight
regulation.

 

—Lavebratt, C., E. Dungner, and J. Hoffstedt.

 

Polymorphism of the AHSG gene is associated with in-
creased adipocyte 

 

�

 

2-adrenoceptor function. 

 

J. Lipid Res.

 

2005. 

 

46:

 

 2278–2281.

 

Supplementary key words

 

alpha

 

2

 

 Heremans-Schmid glycoprotein 

 

•

 

adipose 

 

•

 

 alpha-adrenoceptor 

 

•

 

 beta-adrenoceptor 

 

•

 

 fat cell

 

Obesity with associated metabolic complications consti-
tutes a well-known risk factor for both cardiovascular mor-
bidity and mortality. Although lifestyle factors including
eating behavior and physical activity are crucial, family
studies have provided evidence also for a strong genetic
influence on obesity development. In searching for
genes that may affect body fat content and metabolism,
the alpha

 

2

 

 Heremans-Schmid glycoprotein (AHSG), also

 

known as fetuin-A, is an attractive candidate. AHSG is a
glycoprotein synthesized in the liver and circulating in
plasma at high concentrations (1). Mice null for the AHSG
gene are insulin sensitive, resistant to weight gain, and
have decreased body fat content, which in turn may be
due to altered lipid metabolism or higher energy expendi-
ture (2). A double-single nonsynonymous nucleotide sub-
stitution [single-nucleotide polymorphism (SNP)] at amino
acid positions 230 

 

(rs4917

 

, Thr230Met) and 238 (

 

rs4918

 

,
Thr238Ser) has been described (3) and was recently found
to be associated with decreased plasma concentrations of
AHSG (4). In agreement with these findings, we have shown
that homozygosity for the 

 

rs2593813

 

:G–

 

rs4917

 

:Met–

 

rs4918

 

:
Ser haplotype of the AHSG gene conferred an increased
risk for leanness in men (5), which in turn suggests a pro-
tective role of AHSG gene variation in body fat accumula-
tion in man.

A fundamental aspect of adipose tissue metabolism is
the process of triglyceride breakdown, lipolysis. In subcu-
taneous fat cells, catecholamines either stimulate lipolysis
by binding with 

 

�

 

-adrenoceptors or inhibit triglyceride
breakdown by binding to 

 

�

 

2-adrenoceptors (6). The bal-
ance between the two adrenoceptor subtypes determines
whether the catecholamine-induced effect will be of a
stimulatory or inhibitory nature in subsequent cAMP pro-
duction and activation of hormone-sensitive lipase, which
catalyses the rate-limiting step in the lipolytic cascade.

The present study was designed to evaluate whether the

 

rs4917

 

 (Thr230Met) variation in the AHSG gene is associ-
ated with fat cell function by investigating subcutaneous
fat cell lipolysis in 93 healthy obese and nonobese male
subjects.

METHODS

 

Subjects

 

Ninety-three men who were healthy and free of medication
were recruited in order to study the influence of genetic variance
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on adipocyte lipolysis regulation. Body mass index (BMI) ranged
between 20 and 51 kg/m

 

2

 

 and age between 21 and 72 years. All
subjects were living in the Stockholm area and were at least sec-
ond-generation Scandinavian. None of the subjects were com-
pletely sedentary or involved in athletic performances. All ate a
standard Swedish diet. None had undergone a weight loss pro-
gram or experienced a change in body weight 

 

�

 

1 kg within the 6
months prior to the study, according to self-report. At 

 

�

 

07:30
AM, after an overnight fast, a venous blood sample was obtained
for DNA extraction and for analyses of plasma levels of glucose,
insulin, triglycerides, cholesterol, and HDL-cholesterol, which
were performed by the hospital’s accredited chemistry labora-
tory. Systolic and diastolic blood pressures were measured in the
supine position after 15 min of rest. Thereafter, an adipose sam-
ple (1–2 g) was obtained by needle biopsy from the abdominal
subcutaneous area under local anesthesia, as described (7). The
study was explained in detail to each subject and his informed
consent was obtained. The study was approved by the hospital’s
committee on ethics.

 

Fat cell studies

 

The adipose tissue was collagenase treated, and isolated fat
cells were collected and subjected to lipolysis experiments ex-
actly as described (8). In brief, fat cells were incubated in buffer
(pH 7.4) containing albumin and glucose at 37

 

�

 

C in the absence
(basal) or presence of increasing concentrations of either do-
butamine (a selective 

 

�

 

1-adrenoceptor agonist), terbutaline (a
selective 

 

�

 

2-adrenoceptor agonist), clonidine (a selective 

 

�

 

2A-
adrenoceptor agonist), or forskolin (an adenylyl cyclase activator
that increases cAMP). After 2 h incubation, the medium was re-
moved for measurement of glycerol, which is a quantitative
marker for lipolysis. Glycerol release was related to the number
of fat cells that were incubated. All agonists caused a concentra-
tion-dependent stimulation of glycerol release that reached a
plateau at the highest agonist concentration. Consequently, it
was always possible to determine the concentration of agonist
producing a half-maximum effect on glycerol release, which, in
turn, is an indirect measure of adrenoceptor sensitivity. These
EC

 

50

 

 values (expressed as log mol/l) were determined by log-
logit transformation of the ascending (

 

�

 

-agonist) or descending
(

 

�

 

2-agonist) parts of the individual concentration-response curves.
The base 10 logarithm of the EC

 

50

 

 values was used in the calcula-
tions, because this value is a pharmacological representation of
receptor sensitivity (pD

 

2

 

). The accuracy of the lipolysis method
has been validated in detail (8).

 

Genotyping

 

Genotype determination of the 

 

rs4917

 

 C (Thr) 

 

�

 

 T (Met)
polymorphism of the AHSG gene (http://www.ncbi.nlm.nih.
gov/SNP) was accomplished using restriction fragment length
polymorphism (RFLP) analysis, exactly as described (3). For 54
subjects, RFLP-generated genotypes were verified using pyrose-
quencing, as described (5).

 

Power calculation

 

We made a calculation to estimate the smallest mean differ-
ence in adrenoceptor lipolysis sensitivity between genotypes that
can be detected in the present study material of 93 subjects to
have a power of 80% to yield a statistically significant result (9).
The calculation was done assuming an allele frequency of 0.7 (A)
and 0.3 (B) for two alleles of a specific SNP, which would corre-
spond to homozygous genotype AA (n 

 

�

 

 46) and homo/het-
erozygous genotype AB/BB (n 

 

�

 

 46). The criterion for signifi-
cance was set at 0.05. The test was 2-tailed, which means that an
effect in either direction was interpreted. On average, a study of
this design would enable us to report a mean adrenoceptor lipol-

ysis sensitivity (pD

 

2

 

) difference of 0.8 between AA and AB/BB ge-
notypes with a common within-group standard deviation of 1.4.

 

Statistical analysis

 

The Hardy-Weinberg equilibrium test was applied to the study
material as a whole and to the obese and nonobese groups sepa-
rately to ensure independent segregation of alleles (10). Parame-
ter distributions were normalized when necessary by base 10 log-
arithm transformation. Testing for differences among clinical
parameters between genotype groups was performed using univari-
ate 1-way ANOVA, or ANCOVA, with BMI or waist circumference
as covariates. The analyses were performed using StatView ver-
sion 6.0 (Stata Corporation; College Station, TX). Values are ex-
pressed as mean 

 

�

 

 standard deviation.

 

RESULTS

The allele distribution of the AHSG polymorphism
Thr230Met was in Hardy-Weinberg equilibrium, and the
frequency of the minor allele T (Met) was 40%.

In 

 

Table 1

 

, the effect of Thr230Met on clinical parame-
ters is shown. No effect of the genotype on any of the ex-
amined clinical parameters was found.

The results of the subcutaneous fat cell lipolysis mea-
surements are shown in 

 

Table 2

 

. There were no differ-
ences between the genotypes, either in basal lipolysis, in
maximum stimulation of lipolysis induced by dobutamine,
terbutaline, or forskolin or in maximum inhibition of li-
polysis induced by clonidine. In contrast, with respect
to lipolytic adrenoceptor sensitivity, a marked effect was
found for terbutaline. Men homozygous for the AHSG

 

rs4917

 

 Met allele had approximately 1.5 log units higher
sensitivity for adipocyte 

 

�

 

2-adrenoceptor stimulation than
men heterozygous or homozygous for the Thr allele (

 

P

 

 

 

�

 

0.0008 comparing three genotypes, 

 

P

 

 

 

�

 

 0.0024 after Bon-
ferroni adjustment for multiple comparison of adreno-
ceptor subtype sensitivity). In other words, 

 

�

 

2-adrenocep-
tor sensitivity of fat cells from Met-allele-homozygous men
was about 35-fold higher than that of fat cells from men
with Thr/Met or Thr/Thr genotype (

 

Fig. 1

 

). The geno-
type effect on terbutaline sensitivity remained statistically

 

TABLE 1. Effect of Thr230Met on clinical parameters

 

AHSG 

 

rs4917

 

 Genotype CC CT TT

 

P

 

N 32 47 14
Age (years) 42 

 

�

 

 13 38 

 

�

 

 12 40 

 

�

 

 11 0.47
BMI (kg/m

 

2

 

) 32 

 

�

 

 8 31 

 

�

 

 7 28 

 

�

 

 7 0.20
Waist (cm) 108 

 

�

 

 21 105 

 

�

 

 21 99 

 

�

 

 22 0.40
P-glucose (mmol/l) 5.4 

 

�

 

 0.5 5.4 

 

�

 

 1.1 4.9 

 

�

 

 0.4 0.12
Log P-insulin (mU/l) 1.0 

 

�

 

 0.3 1.0 

 

�

 

 0.3 0.9 

 

�

 

 0.2 0.30
Log HOMA 0.4 

 

�

 

 0.3 0.4 

 

�

 

 0.4 0.2 

 

�

 

 0.3 0.27
P-cholesterol (mmol/l) 5.2 

 

�

 

 1.0 5.2 

 

�

 

 1.0 5.2 

 

�

 

 1.0 0.94
P-HDL-cholesterol

(mmol/l)
1.1 

 

�

 

 0.3 1.1 

 

�

 

 0.3 1.3 

 

�

 

 0.5 0.23

Log P-triglycerides 0.13 

 

�

 

 0.4 0.14 

 

�

 

 0.25 0.03 

 

�

 

 0.22 0.35
Systolic blood pressure

(mmHg)
129 

 

�

 

 18 127 

 

�

 

 17 122 

 

�

 

 9 0.48

Diastolic blood pressure
(mmHg)

80 

 

�

 

 9 77 

 

�

 

 11 75 

 

�

 

 6 0.30

Values are mean 

 

�

 

 standard deviation and were compared using
ANOVA. AHSG, alpha

 

2

 

 Heremans-Schmid glycoprotein gene; BMI,
body mass index; HOMA, Homeostasis Model Assessment Index.
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significant when adjusted for BMI (

 

P

 

 

 

�

 

 0.002) or waist cir-
cumference (

 

P

 

 

 

�

 

 0.0003) using ANCOVA. The effect of
the AHSG 

 

rs4917

 

 SNP on adipocyte adrenoceptor sensitiv-
ity was restricted to terbutaline. No difference in either 

 

�

 

1
(dobutamine)- or 

 

�

 

2A (clonidine)-adrenoceptor sensitiv-
ity was found between genotypes.

DISCUSSION

Human fat cells express an excess of 

 

�

 

- and 

 

�

 

-adreno-
ceptors and only a fraction of the receptor population has
to be occupied to give a maximum response (6). The sen-
sitivity to agonist stimulation is determined by receptor
density, which, in turn, determines the concentration of
agonist required to elicit a full response. Consequently,
the maximum effect on lipolysis will be decreased only
when the number of receptors is markedly reduced. Thus,
variation in the maximum lipolytic capacity of the adipo-
cyte is primarily due to postreceptor events, eventually re-
sulting in HSL-dependent hydrolysis of the triglycerides.
The striking finding of this study was the marked increase

of 1.5 log units for 

 

�

 

2-adrenoceptor sensitivity in subcuta-
neous fat cells from men homozygous for the Met allele
of the AHSG Thr230Met variation. Consequently, in Met/
Met-carrying men, a half-maximum effect on lipolysis stim-
ulation can be achieved by an approximately 35-fold lower
concentration of 

 

�

 

2-adrenoceptor agonist than in men
with Thr/Met or Thr/Thr genotypes. In contrast, both

 

�

 

1- and 

 

�

 

2A-adrenoceptor sensitivity was independent of
Thr230Met. Moreover, basal as well as maximum stimula-
tion and inhibition of lipolysis was not different between
Thr230Met genotypes. Thus, given previous findings in
mice and humans on the Thr230Met SNP (2, 4, 5) it may
be hypothesized that a decreased expression of AHSG in
men with genotype Met/Met influences human fat cell
function at an early step of the lipolytic cascade, prefera-
bly by specifically inducing 

 

�

 

2-adrenoceptor function. An
increased capacity to mobilize triglycerides from subcuta-
neous adipose tissue for a given concentration of receptor
agonist would follow, in turn resulting in resistance to
body fat accumulation. Although there was no significant
association of the Thr230Met SNP with BMI in the present
study, the results are in agreement with our previous find-
ing (7) that homozygosity for the 

 

rs2593813:G–rs4917:
Met–rs4918:Ser haplotype spanning from intron 1 to the
last exon 7 is more common among lean than overweight
or obese men, suggesting a protective role of the Met al-
lele in obesity development.

A consequence of increased body fat is the develop-
ment of resistance to insulin-stimulated glucose uptake.
Indeed, previous studies have implicated a pathophysio-
logic role of AHSG in regulating insulin sensitivity. Serum
levels of AHSG have been found to be increased in women
with gestational diabetes mellitus and to correlate with
maternal insulin resistance parameters (11). AHSG has
been shown to inhibit insulin-stimulated insulin receptor
tyrosine kinase activity and autophosphorylation (12, 13),
and mice null for the AHSG gene are insulin sensitive (2).
Moreover, in adipose tissue from obese and nonobese
women, a common (rare allele frequency 48%) SNP lo-
cated in the 5� region of the AHSG gene (rs2077119) was
recently found to be associated primarily with insulin-
mediated regulation of lipolysis (14). However, no data on
adrenoceptor regulation of lipolysis were reported. We
found no association of the AHSG Thr230Met variation
and clinical parameters. However, the mean values for sev-
eral features of the metabolic syndrome, including waist
circumference, plasma glucose, triglycerides, and insulin,
as well as Homeostasis Model Assessment (HOMA) Index
and blood pressure levels, were lower in the Met/Met
genotype group. Failure to find association of Thr230Met
with these clinical parameters may be due to the small
sample size. Nevertheless, the present finding of increased
�2-adrenoceptor sensitivity in Thr230Met Met/Met men
suggests a role also for adipose tissue adrenoceptor func-
tion in mediating the insulin-signaling modulating effects
of AHSG. With respect to human lipolytic function, a wide
variation in sensitivity to catecholamine-induced lipolysis
has been shown, which has been attributable mainly to
variation in �2-adrenoceptor sensitivity (8). Upper-body

Fig. 1. Relationship between AHSG genotypes and terbutaline
(�2-adrenoceptor agonist)-induced lipolysis. Concentration re-
sponse curves from two representative subjects carrying the Thr/
Thr and Met/Met genotypes, respectively, are shown.

TABLE 2. Results of subcutaneous fat cell lipolysis measurements

AHSG rs4917 Genotype CC CT TT P

N 32 47 14
Lipolytic response

(�mol glycerol/107 cells)
Basal 8.5 � 6.5 8.6 � 5.6 6.0 � 4.1 0.34
Maximum stimulation

Dobutamine 26 � 15 28 � 12 26 � 12 0.73
Terbutaline 27 � 15 29 � 12 27 � 12 0.78
Forskolin 30 � 16 30 � 13 26 � 11 0.55

Maximum inhibition
Clonidine 3.2 � 1.6 2.7 � 1.4 2.2 � 1.7 0.28

Lipolytic sensitivity (pD2)
Dobutamine 7.5 � 0.7 7.7 � 0.9 7.9 � 1.0 0.25
Terbutaline 7.5 � 1.4 7.7 � 1.1 9.1 � 1.4 0.0008
Clonidine 9.2 � 1.1 9.4 � 0.7 9.5 � 0.8 0.54

Values are mean � standard deviation and were compared using
ANOVA.
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obese women (15), as well as men with insulin resistance
and the metabolic syndrome (16), are characterized by
lipolytic catecholamine resistance due to reduced num-
bers of �2-adrenoceptors, as determined by radioligand
binding studies. In the latter study, a strong correlation
(r � 0.67) between �2-adrenoceptor number and insulin
sensitivity was also found, implicating a pathophysiologi-
cal role of reduced �2-adrenoceptor function in insulin re-
sistance, possibly due to a compensatory increase in the
sympathetic activity (17).

We previously reported a high degree of linkage dis-
equilibrium (|D�| 	0.97) between the presently studied
rs4917 (Thr230Met), the rs4918 (Thr238Ser), and the
rs2593813 (intron 1) SNPs of the AHSG gene (7).
Whether one of these SNPs is true functional is unknown.
However, the Thr230Met nucleotide substitution changes
the existence of putative exonic splicing enhancer sites
from the SF2/ASF and SRp40 sites (cognate score from
2.5 to below 0, and 2.7 to 1.3, respectively) to an SRp55
site (score from 1.16 to 3.76), as discussed (5).

In conclusion, a common SNP, rs4917 (Thr230Met) of
the AHSG gene is markedly associated with �2-adrenocep-
tor function in subcutaneous adipose tissue. Men homozy-
gous for the Met allele display an approximately 35-fold
higher sensitivity for lipolysis induced by the selective �2-
adrenoceptor agonist terbutaline than do men carrying the
Thr/Met or Thr/Thr genotype.
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ciety. The authors are grateful for the excellent technical assis-
tance of Britt-Marie Leijonhufvud, Katarina Sjöberg, Kerstin
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