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Abstract covariance separately in men and women. The gene by race
GARENC, CHRISTOPHE, LOUIS PRUSSE, TUOMO interaction term was also tested.

RANKINEN, JACQUES GAGNON, ARTHUR S. LEON, Results:No race differences were observed for allelic and
JAMES S. SKINNER, JACK H. WILMORE, D. C. RAO, genotype frequencies. Training resulted in significant re-
AND CLAUDE BOUCHARD. The Trp64Arg polymor- duction of body fat in both men and women. No association
phism of theg3-adrenergic receptor gene is not associated Of the Trp64Arg polymorphism was observed with training-
with training-induced changes in body composition: the induced changes for any of the body composition pheno-
HERITAGE Family StudyObes Res2001;9:337-341. types in both men and women.

Objective: To investigate the association between the Discussion:These results suggest that the Trp64Arg poly-
Trp64Arg polymorphism of theg3-adrenergic receptor morphism of.thq83—adrenerg|c. .rece.ptor gene is not relatgd
gene and changes in body composition in response to en-tO 'changes in body composition in response to exercise
durance training. training.

Research Methods and Procedureadult sedentary white Key words: p3-adrenergic receptor gene, Trp64Arg

and black subjects participating in the HERITAGE Famil : . :

) P pating y polymorphism, body composition, abdominal fat, endur-
Study were measured before and after 20 weeks on endur—ance training
ance training for the body mass index, fat mass, percentage
of body fat, fat-free mass, sum of eight skinfolds, and
subcutaneous, visceral, and total abdominal fat areas. The Introduction
association between the Trp64Arg polymorphism and the Several candidate genes have been tested for their asso-
response phenotypes, computed as the difference betweefiation with obesity-related phenotypes (1). Among these
pre- and post-training values, was tested by analysis of genes, theg3-adrenergic receptor gene (ADRB3) has been
the object of many studies particularly since the publication
of three studies that showed that the Trp64Arg polymor-
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with BMI (7), body weight gain (2), and weight gain during three times per week for 20 weeks following a standardized
pregnancy (8). Significant association has been reportedprotocol. The cycle ergometer was connected to a computer
with fasting insulin and glucose in some studies (9,10) but system (Universal Mednet, Cedar Rapids, IA), which ad-
not in others (11-14). The ADRB3 gene polymorphism has justed the power output to ensure that the target heart rates
also been tested for association with visceral obesity were maintained. For the first 2 weeks, subjects trained at a
(10,15,16), but results remained controversial. heart rate associated with 55% of theioyhax for 30
Very few studies have investigated the impact of this minutes. This was gradually increased to 50 minutes and a
polymorphism on weight changes after intervention studies. heart rate associated with 75% of theioyhax by the end
One study showed that in response to a 3-month low-calorie of 14 weeks. These conditions were maintained through the
diet and an exercise regimen, obese women carriers of theremaining 6 weeks of the program (22).
Arg64 allele exhibited a resistance to weight loss compared
with noncarriers (9). In another study, changes in body phenotype Measurements

weight after a 16-week treatment program, including a Anthropometric and Body Density Measuremerfthese
very-low-calorie diet regimen and exercise in markedly measurements have been described in detail previously
obese subjects, were not associated with the Trp64Arg (23). BMI was calculated as weight (kg)/heiglitn?). The
polymorphism (12). Despite evidence showing that there sym of eight skinfolds (subscapular, suprailiac, abdominal,
are no functional and pharmacological differences betweenmidaxi”ary, biceps, triceps, medial calf, and thigh) was
mutant and wild-type ADRB3 (11,17-19), it has been pro- ysed as an indicator of the amount of subcutaneous fat.
posed that maximal cyclic adenosiné-rionophosphate  Hydrostatic weighing was used to assess body density.
(cAMP) accumulation in response to varigB3-adrenergic  percentage of body fat was estimated from body density as
agonists was reduced in transfected cells carrying the mu-gescribed elsewhere (24) and fat mass and fat-free mass
tation (19), suggesting a diminished coupling of the receptor yere derived.

with Gs proteins. Because endurance training improves aphdominal Visceral, Subcutaneous, and Total Fat Areas.
maximal lipolysis after stimulation with pogi-adrenergic  Apdominal fat was assessed by computed tomography, as
agents (20) and the ability of cCAMP to stimulate hormone- described previously (25). Scans were obtained between the
sensitive lipase (21), we can speculate that the lower foyrth and fifth lumbar vertebrae. The abdominal visceral
CAMP accumulation in carriers of the Arg64 allele will {3t grea was defined by drawing a line within the inner
result in a lower abdominal fat mobilization in response to portion of the muscle walls surrounding the abdominal
endurance training. cavity. The abdominal subcutaneous fat area was derived by

The purpose of the present study was, therefore, to de-cajculating the difference between total abdominal fat and
termine whether the Trp64Arg polymorphism in the gnhdominal visceral fat.

ADRB3 gene was associated with changes in body mass
and body composition in response to a supervised 20—weekGenotype Determination
endurance-training program in participants of the HERI-

Polymerase Chain Reaction (PCR) Amplification of the
TAGE Family Study. y | ion (PCR) Amplificati

Trp64Arg PolymorphismDNA was extracted from lym-

phoblastoid cell lines after digestion by proteinase K and
Research Methods and Procedures purification with phenol-chloroform (26). PCR amplifica-

Subjects tion was carried out in a volume of 1L containing 250 ng

The HERITAGE Family Study aims, design, and meth- DNA, 200 uM of each 2-deoxyadenoside triphosphate,
ods have been described elsewhere (22). All subjects had tgleoxycytidine triphosphate, deoxyguanosine triphosphate,
be sedentary and in good health to participate in the studyand deoxythymidine triphosphate, 1X buffer (50 mM NacCl,
protocol and meet a set of inclusion criteria (22). The 10 mM Tris-HCI, 10 mM MgC}, 1 mM DTT, pH= 7.5 at
population of the present study includes 480 (234 men and25 °C), 2X of Q-solution, 300 nM of each primer, and 1 U

246 women) white and 271 (89 men and 182 women) black 0f Tag polymerase (Perkin-Elmer/Cetus, Norwalk, CT). The
adult subjects. They were tested for a battery of measure-forward primer was 5SCCAGTGGGCTGCCAGGGG-3and

ments before and after an endurance-training program of 20the reverse primer was &CCAGTGGCGCCAACGG-3
weeks. The institutional review board of each university of These primers generated a product of 255 bp, which was cut
the HERITAGE Family Study research consortium ap- into fragments of 158+ 97 bp in the presence of the Mspl
proved the study protocol. Written informed consent was cutting site in the presence of the Arg64 allele (2). The

obtained from each participant. amplification protocol was one cycle of denaturation at 94
°C for 3 minutes, annealing at 65 °C and extension at 72 °C;
The HERITAGE Endurance-Training Program 35 cycles of denaturation at 94 °C for 30 seconds, annealing

Briefly, subjects exercised under supervision on a cycle at 65 °C for 30 seconds and extension at 72 °C for 45
ergometer (Universal Aerobicycle IV, Cedar Rapids, IA) seconds; and one final elongation cycle at 72 °C for 10
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minutes. A negative control without DNA was performed in Discussion
every run of amplification.

After each amplification, PCR product was digested
overnight at 37 °C after adding 7.5 U of the restriction
enzyme Mspl to the PCR mixture. Resulting fragments

IS | 0,
ggrivzngr?t?: ; b2y ﬁ;iigoihggzse,lléﬁ:(?%ﬁae e%ﬁ:(ji'ulfr?c is is the first study to test the role of this polymorphism on

bromide, and photographed under ultraviolet transmitted Changes in_b_ody fat and body compositiqn induced by
light. The ®X174 DNA digested with Haelll was used as EXercise training performed under standardized laboratory

length marker to estimate the size of the digested DNA conditions. The endurance-training program resulted in a
fragments. The allele without the Mspl restriction site is des- Significant reduction of percentage of body fat in both men

ignated here as Trp64 allele (255 bp), whereas the allele with(—0.94% = 0.10) and women-0.78%+ 0.10), but these

the Mspl restriction site is the Arg allele (158 Bp97 bp). changes were not significantly different between carriers
and noncarriers of the Arg64 allele. These results suggest

that the Trp64Arg ADRB3 polymorphism does not play a

role in determining changes in body composition after ex-
ercise training. These results are concordant with those
reported by Oksanen et al. (12), who found no association

The major goal of the present study was to determine
whether the Trp64Arg ADRB3 polymorphism was associ-
ated with changes in body composition after endurance
ﬁrﬁaining in sedentary subjects. To the best of our knowledge,
t

Statistical Analysis

All statistical analyses were performed using SAS (27)
software. A x? test was performed to determine whether
genotype frequencies were in Hardy—Weinberg equilibrium
aﬂd to test forr:ace differences in_a]lelic frequencies.dFor aIrI] between the Trp64Arg ADRB3 polymorphism and weight
phenotypes, the response to training was computed as t ; N .
difference between the post-training and baseline values.(?oss‘, N response to.a hypocaloric diet in morb|dly obese

subjects. However, in obese Japanese women with type 2

The resulting scores were adjusted as described below. diab h el tound to b ited with
Two genotype groups were considered, i.e., carriers (ge-d12Petes, the Argé4 allele was found to be associated wit
changes in body weight after a low-calorie diet and an

notypes Trp64Arg and Arg64Arg) and noncarriers (geno- ) ; ;
type Trp64Trp) of the Arg64 allele. Associations between €Xercise regimen for 3 months (9). The design and popula-
the Trp64Arg polymorphism and each phenotype were in- tion of these two intervention studies (9,12) were quite
vestigated separately in men and women. We used an analdifferent from this one and the results are, thus, hardly
ysis of covariance (general linear model) procedure that comparable. Moreover, weight loss was not a main objec-
included the effects of age (age, égand agé), baseline tive in the HERITAGE Family Study and, therefore, the
values, and race as covariates as well as the gene by rac&agnitude of changes in body composition phenotypes is
interaction term. For the abdominal fat phenotypes, the not as large as in actual weight loss studies.
response phenotypes were further adjusted for changes in Another goal of the present study was to investigate
fat mass. whether the Trp64Arg polymorphism in the ADRB3 gene
was associated with abdominal obesity, after adjustment for
Results _ fat mass, in both men and women. Unlike the results ob-
Genotype and allele frequencies are presented in Table 1tained in previous studies (10,16), we found no significant
Qenotype frequencies were in Hardy—.Welnberg nghbnum association between the Trp64Arg polymorphism and ab-
|n2both races. There were no race differences in genotypeyominal obesity. The discrepancy observed between the
(" =3.1di=2p =~ 0.05) and allelex2 = 0.12;df = 1; present study and the Japanese studies could be attributable
p>0.05 frequenc_les. The frequency of the Ar_964 allele to the higher frequency of the Arg64 allele in the Japanese
was 8% and 10% in whites and blacks, respectively. : ; . .
rpopulatlon -20%) compared with the white population

De§cr|pt|ve statistics have been presented elsewhere fo (~10%). Another explanation is that the abdominal obesity
baseline and responses phenotypes (23). The endurance-

training program resulted in significant reduction of body phenotypes are not comparable between this study a.”d the
fat in men and women (23). Changes in fat-free mass were WO other stu@es (10,16). The only other study with direct
not significant. Results of associations with the ADRB3 Mmeasure of visceral fat reported no effect of the Trp64Arg
Trp64Arg polymorphism and the response phenotypes in polymorphism (15). Qur results glsq _|nd|cated that the
men and women are presented in Table 2. There were no! 'P64Arg polymorphism has no significant effect on the
significant evidence of gene by race interaction and, thus, training-induced changes of abdominal fat levels mea-
association was tested in both races combined. No signifi- sured by computed tomography. Thus, despite an in-
cant evidence of association was observed for any of thecreasedg-adrenergic tonus induced by exercise in the
phenotypes investigated. In men, only a trend was ob- adipose tissue and the high distribution of the ADRB3
served for BMI ¢ = 0.08) with a tendency for carriers gene in abdominal visceral fat, our study suggests that the
of the Arg64 allele to exhibit a greater reduction than Trp64Arg polymorphism of ADRB3 gene has no effect
did noncarriers. on abdominal obesity.

OBESITY RESEARCH Vol. 9 No. 6 June 2001 339



The Trp64Arg Polymorphism in the ADRB3 Gene, Garenc et al.

Table 1. Genotype and allele frequencies of the ADRB3 Trp64Arg polymorphism in sedentary white and black
subjects of the HERITAGE Family Study

Allele frequency Genotype frequencies
n* Trp64 Arg64 Trp64Trp Trp64Arg Arg64Arg
Whites 480 0.92 0.08 0.85 0.14 0.01
Blacks 271 0.90 0.10 0.80 0.19 0.01

* Number of subjects.

Table 2. Associations of the Trp64Arg polymorphism with training-induced changes in body composition
measured in men and women

Noncarriers of Carriers of p
the Arg64 allele the Arg64 allele value
In men
N 228-252 45-52
BMI (kg/m?) —0.11=+ 0.05* —-0.32+ 0.11* 0.08
Fat mass (kg) -0.82* 0.14* —1.25+ 0.28* 0.17
Percentage body fat (%) —0.87+ 0.12* —1.10+ 0.26* 0.41
Fat-free mass (kg) 0.48 0.10* 0.31+0.21 0.47
Sum of 8 skinfolds (mm) —6.07+ 1.03* —7.79+ 2.27* 0.49
Subcutaneous abdominal fat (&m —9.64+ 1.18* —12.2* 2.4* 0.34
Visceral abdominal fat (cf) —9.74+ 2.26* —6.85* 1.10* 0.25
Total abdominal fat (cf) —16.0+ 1.7* —21.6+ 3.5* 0.15
In women

N 282-338 55-70
BMI (kg/m?) —0.071= 0.051 —-0.13+0.11 0.63
Fat mass (kg) —-0.51+ 0.13* —-0.77= 0.27* 0.38
Percentage body fat (%) —0.65% 0.12* —0.78+ 0.26* 0.65
Fat-free mass (kg) 0.44 0.07* 0.26* 0.15 0.27
Sum of 8 skinfolds (mm) —5.18+ 1.12* —5.75=+ 2.44* 0.83
Subcutaneous abdominal fat (&m —7.53+ 1.30* —7.48+* 2.76* 0.99
Visceral abdominal fat (cR) —2.12+ 0.74* —-2.61+ 1.57 0.78
Total abdominal fat (cf) —9.66+% 1.47* —9.85+ 3.11* 0.95

Data are least square meanSEM (see text for details\: number of subjects.
* Training-induced changes significantlp  0.05) different from zero.
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We conclude that the Trp64Arg polymorphism of the ADRB3
gene is not associated with changes in body composition resulting

from endurance training in sedentary men and women. 12.
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