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gators have previously shown that a Trp64Arg b3AR
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The Trp64Arg b3-adrenergic receptor (AR) variant is
ssociated with visceral obesity probably due to de-
reased lipolysis in visceral fat (H. Kim-Motoyama
t al., Diabetologia 40, 469–472, 1997). Functional al-
eration of b2AR may also change fat distribution. We
nvestigated the influence of the Gln27Glu b2AR vari-
nt upon obesity and fat distribution. We screened 278
nrelated Japanese men and detected 249 wild-type
ln27 homozygotes, 28 Gln27/Glu27 heterozygotes, and
ne mutant Glu27 homozygote. The frequency of mu-
ant Glu27 allele was significantly higher in obese sub-
ects than in nonobese/intermediate subjects (0.11 vs
.04, P 5 0.004). The Gln27/Glu27 heterozygotes had a
ignificantly higher mean age-adjusted body-mass in-
ex (BMI) and mean age-adjusted subcutaneous fat
rea assessed by CT scan than the wild-type homozy-
otes but not the mean age-adjusted visceral fat areas.
n summary, we have found that in Japanese men the
ln27Glu b2AR variant is associated with obesity due

o subcutaneous fat accumulation. © 1999 Academic Press

Obesity is the result of excess energy storage due to
ncreased fat accumulation and/or decreased lipolysis.
ipolysis in adipose tissue is regulated by cat-
cholamines via b1–3 adrenergic receptors (bARs). The
1 and b2 isoforms play a major role in lipolysis (1–3)
nd the b3 isoform, which is expressed more highly in
isceral fat than in subcutaneous fat, has also lipolytic
ctivity in adipose tissue (4). We and several investi-
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ariant is associated with obesity (5–7), especially with
isceral obesity (8, 9), probably due to decreased lipol-
sis in visceral fat (10). Recently, of the three known
ariants of b2AR gene that alter receptor function
Arg16Gly, Gln27Glu, and Thr164Ile) (11, 12), the
ln27Glu b2AR variant was shown to be most strongly
ssociated with obesity (13). Functional alteration of
2AR, as well as b3AR, may also change fat distribu-
ion. We investigated the influence of the Gln27Glu
2AR variant upon obesity and fat distribution.

UBJECT AND METHODS

We performed association studies on the Gln27Glu b2AR variant
n 278 unrelated Japanese men aged 21–65 years (51.3 6 0.5 years,

ean 6 SE), body-mass index (BMI) ranged 17.1-41.6 kg/m2 (mean
4.5 6 0.2 kg/m2), who underwent a medical checkup in a company-
ased clinic. Informed consent was obtained from all the subjects
tudied. Presence or absence of obesity was diagnosed according to
he criteria of the Japan Society for the Study of Obesity: BMI , 22
g/m2 was considered to be nonobese, 22 kg/m2 # BMI , 26.4 kg/m2

o be intermediate, and BMI $ 26.4 kg/m2 (not less than 120% of BMI
2) to be obese in Japan (14). Following a 12-h fast, plasma glucose
nd insulin levels during a 75-g oral glucose load, serum total cho-
esterol, and triglycerides were measured. The V/S ratio was defined
s the ratio of visceral fat area (V) to subcutaneous fat area (S) by CT
can at the level of the umbilicus. Visceral fat area was measured
ver the same density area as the subcutaneous fat layer (8).
enomic DNA was obtained from peripheral blood using standard
ethods, and the Gln27Glu b2AR variant was detected by polymer-

se chain reaction-restriction fragment length polymorphism (PCR-
FLP) analysis. This PCR-RFLP analysis was performed as previ-
usly described (13), except that we used LA-Taq with GC buffer
Takara Corporation, Tokyo, Japan) for optimal amplification of GC-
ich fragments. A C3 G substitution at nucleotide 79 of b2AR gene
estroys one of the three ItaI sites. Genotyping was repeated for all
he subjects. Because only one Glu27 homozygote was detected, we
ompared Gln27 homozygotes and Gln27/Glu27 heterozygotes for all
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nalysis. The chi-squared test was used to compare allelic frequen-
ies. Analysis of covariance (ANCOVA) was used to estimate the
ifferences in variables between the Gln27 homozygotes and the
ln27/Glu27 heterozygotes, with results presented as least-squares
eans 6 SE. SAS software version 6.12 (SAS Institute Inc., Cary,
C) was used.

ESULTS

Allelic frequency of the Gln27Glu b2AR variant ac-
ording to BMI in Japanese men. We detected 249
ln27 homozygotes, 28 Gln27/Glu27 heterozygotes,
nd one Glu27 homozygote in the studied subjects. The
llelic frequency of the Gln27Glu b2AR variant was
0/556 5 0.05. The frequency of the mutant Glu27
llele was significantly higher in obese subjects (26.4 #
MI) than in nonobese/intermediate subjects (BMI ,
6.4); 0.11 vs. 0.04, respectively (P 5 0.004) (Table 1).

The Gln27Glu b2AR variant and obesity and fat
istribution. The Gln27/Glu27 heterozygotes had a
ignificantly higher mean BMI than the wild-type
ln27 homozygotes (mean BMI 26.5 6 1.0 kg/m2 vs.
4.3 6 0.2 kg/m2; P 5 0.001) (Table 2). Furthermore,
he Gln27/Glu27 heterozygotes had a significantly
igher mean subcutaneous fat area (S) than the Gln27
omozygotes (mean S 17,636 6 2,686 mm2 vs. 12,807 6
10 mm2; P 5 0.002). There was no difference between
he means of visceral fat area (V) of those with the two
enotypes. Thus the Gln27/Glu27 heterozygotes had a
ower mean V/S ratio than the Gln27 homozygotes
mean V/S ratio 0.60 6 0.05 vs. 0.73 6 0.02; P 5 0.023)
Table 2).

The Gln27 homozygotes were aged 51.8 6 0.5 years
nd the Gln27/Glu27 heterozygotes were 46.7 6 2.0
ears (P 5 0.004) (Table 2). To adjust for the age
ifference between the two groups, we further com-
ared age-adjusted BMI, S, and V and there were still
ignificant differences between age-adjusted BMI and
(Table 3). The age-adjusted BMIs of Gln27 homozy-

Allelic Frequency of the Gln27Glu Variant
According to BMI

Glu27 allelic frequency

onobesea/intermediateb subjects
(BMI , 26.4)

Gln/Gln n 5 201
Gln/Glu n 5 15 0.04
Glu/Glu n 5 1
besec subjects (BMI $ 26.4)
Gln/Gln n 5 48
Gln/Glu n 5 13 0.11*
Glu/Glu n 5 0

Note. Nonobesea (BMI , 22), intermediateb (22 # BMI , 26.4), and
besec (26.4 # BMI) according to the criteria of Japan Society for
he Study of Obesity (Ref. 14).

* P 5 0.004 vs. nonobese/intermediate subjects.
139
otes and Gln27/Glu27 heterozygotes were 24.4 6 0.2
g/m2 and 25.8 6 0.6 kg/m2 (P 5 0.02) and the age-
djusted S were 12,995 6 437 mm2 and 15,936 6 1331
m2, respectively (P 5 0.04). The age-adjusted V and
/S ratio were not different (Table 3). In the obese sub-
roup (BMI $ 26.4), mean age-adjusted S, V, and V/S
atio of the Gln27 homozygotes (n 5 48) and the Gln27/
lu27 heterozygotes (n 5 13) were 20,745 6 1,382
m2, 26,206 6 2,702 mm2 (P 5 0.08); 12,112 6 627
m2 , 12,624 6 1,228 mm2 (P 5 0.71); and 0.63 6 0.03,

.54 6 0.06 (P 5 0.15), respectively.

The Gln27Glu b2AR variant and blood glucose,
lasma insulin, lipid levels, and blood pressures.
here were no significant differences between the
ln27 homozygotes and the Gln27/Glu27 heterozy-
otes in the levels of fasting blood glucose, blood glu-
ose 2 hours after oral glucose load, fasting plasma
nsulin, plasma insulin 2 hours after oral glucose load,
otal cholesterol, triglycerides, and systolic or diastolic
lood pressure (Table 2).

Characteristics of Subjects by the Gln27Glu b2AR Genotype

Gln27
homozygote

Gln27/Glu27
heterozygote

P
values

249 28
ge (years) 51.8 6 0.5 46.7 6 2.0 0.004
MI (kg/m2) 24.3 6 0.2 26.5 6 1.0 0.001
(mm2) 12807 6 410 17636 6 2686 0.002
(mm2) 8862 6 266 9068 6 1023 0.81

/S ratio 0.73 6 0.02 0.60 6 0.05 0.023
asting blood glucose
(mmol/l)

5.9 6 0.04 5.9 6 0.2 0.81

hr blood glucose (mmol/l) 7.5 6 0.2 8.5 6 0.6 0.08
asting insulin (pmol/l) 41.6 6 1.1 62.9 6 15.7 0.13
hr insulin (pmol/l) 204.8 6 8.9 254.8 6 39.1 0.22
otal cholesterol (mmol/l) 5.5 6 0.1 5.5 6 0.2 0.94
riglycerides (mmol/l) 1.5 6 0.06 2.0 6 0.4 0.20
ystolic blood pressure
(mmHg)

125.5 6 1.1 124.3 6 3.7 0.72

iastolic blood pressure
(mmHg)

81.2 6 0.7 79.5 6 2.0 0.47

Note. Data are means 6 SE.

TABLE 3

Age-Adjusted BMI, S, V, and V/S Ratio According
to bAR Gln27Glu Genotype

Gln27
homozygote

Gln27/Glu27
heterozygote

P
values

249 28
MI (kg/m2) 24.4 6 0.2 25.8 6 0.6 0.02
(mm2) 12995 6 437 15936 6 1331 0.04
(mm2) 8884 6 274 8873 6 836 0.99

/S ratio 0.72 6 0.02 0.64 6 0.05 0.13

Note. Data are means 6 SE.



DISCUSSION

a
G
t
t
B
m
t
f
t

g
H
1
w
w
h
g
b
m
m
s
t

c
D
G
B
r
w

t
t
a
G
a
d
s
I
c
b
m
p
v

J
v
g

with a higher BMI and subcutaneous fat area. These
r
o
t
n

A

(
o

R

1

1

1

1

1

1

1

Vol. 258, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
We screened for the b2AR Gln27Glu variant in Jap-
nese men and found that the frequency of the mutant
lu27 allele was significantly higher in obese subjects

han in nonobese/intermediate subjects (Table 1). Fur-
hermore, the Gln27/Glu27 heterozygotes had a higher
MI and subcutaneous fat area than wild-type ho-
ozygotes (Tables 2 and 3). In the obese subgroup,

here was a trend toward higher mean subcutaneous
at area of the Gln27/Glu27 heterozygotes than that of
he Gln27 homozygotes.

We did not investigate the effect of Glu27 homozy-
osity because we detected only one Glu27 homozygote.
e was 53 years old, had a BMI of 22.1 kg/m2, an S of
6,231 mm2, a V of 7,652 mm2, a V/S ratio of 0.47, and
as normoglycemic and normolipidemic. Large and co-
orkers demonstrated that in Swedish women Glu27
omozygotes had a higher BMI than Gln27 homozy-
otes (13). They also showed that the difference in BMI
etween Gln27/Glu27 heterozygotes and wild-type ho-
ozygotes was not significant (13). They studied fe-
ale subjects and our study investigated only male

ubjects. There may be a gender or ethnic difference in
he effect of the Gln27/Glu27 heterozygous variant.

We did not investigate young subjects. Eckwald and
o-workers demonstrated that in early-onset obese
anish men, who were around the age of 20 years, the
ln27Glu b2AR variant was not associated with higher
MI (15). They investigated only BMI, although we di-

ectly assessed the association of the Gln27Glu variant
ith fat distribution by CT scan, in addition to BMI.
Our findings suggest that the Gln27Glu variant con-

ributes to the genetic susceptibility to fat accumula-
ion in subcutaneous adipose tissue and obesity in Jap-
nese men. These results raise the possibility that the
ln27Glu b2AR variant and/or another variant in link-
ge disequilibrium may affect receptor function and
ecreased lipolysis especially in subcutaneous fat tis-
ue, where b2AR plays a major role in lipolysis (1–3).
n contrast to the Trp64Arg b3AR variant which asso-
iates with visceral fat increase (8, 9), the Gln27Glu
2AR variant associates with subcutaneous fat accu-
ulation. In visceral fat tissue, where b3AR plays a

ivotal role in lypolysis (16), the effect of the Gln27Glu
ariant of b2AR may have been obscure.
In summary, we performed an association study in

apanese men and found that the Gln27Glu b2AR
ariant is significantly more frequent in the obese sub-
roup than in the nonobese subgroup and is associated
140
esults suggest the possibility that the b2AR locus is
ne of the genetic factors that influence susceptibility
o obesity, especially due to accumulation of subcuta-
eous fat tissue in humans.
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