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The B-adrenergic system plays a critical role in regulating lipolysis and thermogenesis. Recent studies have suggested that a
missense Trp64Arg mutation in the ps;-adrenergic receptor gene is involved in visceral obesity and insulin resistance. We
investigated the effect of this mutation on insulin resistance in patients with angiographically documented coronary heart
disease ([CHD] n = 137} and normal subjects (n = 188). Plasma glucose and insulin responses to a 75-g oral glucose tolerance
test and insulin resistance measured by the insulin suppression test, were determined in 58 (42%) patients with CHD and 121
(64%) controls. The genotype and allele frequency of the ps-adrenergic receptor did not differ between patients with CHD and
controls. The blood pressure, body mass index (BMI), waist to hip ratio, fasting plasma glucose, insulin, and lipid, and plasma
glucose and insulin responses to the glucose load were relatively similar in subjects with and without the mutation in CHD and
normal groups. The degree of insulin sensitivity, ie, the steady-state plasma glucose concentration, was not significantly
different between subjects with and without the mutation in the CHD group (11.3 £ 1.2, n = 11 v 11.9 = 0.6 mmol/L, n = 47,
P = NS) and control group (8.4 = 0.7, n = 30 v8.2 = 0.4 mmol/L, n = 91, P = NS}. We conclude that Trp64Arg polymorphism of
the Bz-adrenergic receptor gene does not likely play a major role in the development of CHD in the Chinese population. In

addition, it appears to have no association with the insulin resistance syndrome in either CHD or non-CHD subjects.

Copyright © 1999 by W.B. Saunders Company

BESITY, particularly central obesity, glucose mtolerance,
hypertension, and dyslipidemia are all part of the insulin
resistance syndrome and are implicated in the development of
coronary heart disease (CHD).!? Although both environmental
and genetic factors contribute to this syndrome, several genes
have been tested over the past few years for a potential linkage
with these phenotypes. The Ps-adrenergic receptor mediates
lipolysis and thermogenesis®* and thus has a central role in
regulation of the basal metabolic rate and lipid metabolism.
Molecular abnormalities of the B;-adrenergic receptor gene
may lead to obesity and insulin resistance. Recently, a missense
mutation replacing tryptophan with arginine at codon 64 of the
Bs-adrenergic receptor gene was shown to be associated with
features of the insulin resistance syndrome, an early onset of
type 2 diabetes mellitus, and an increased capacity to gain
weight.>7 However, subsequent reports found that this mutation
was not related to insulin resistance in diabetic or nondiabetic
subjects® or in patients with essential hypertension.?

It has been suggested that patients with CHD are character-
ized by the insulin resistance syndrome.” In fact, our group'®
and others!> have previously shown that nondiabetic normo-
tensive subjects with angiographically documented CHD are
characterized by hyperinsulinemia and insulin resistance. Very
recently, Higashi et al'3 have shown that the frequency of
Arg64Trp mutation of the Bs-adrenergic receptor gene is
significantly higher in patients with CHD. However, they failed
to find differences in fasting glucose. insulin, and lipid concen-
trations between subjects with and without the mutation in the
Japanese population. Since the fasting insulin level is only a
surrogate of insulin resistance,#13 it is still unclear whether the
degree of insulin resistance is distinct in different genotypes,
particularly those patients with CHD. This study was initiated to
examine the distribution of this mutation in Chinese CHD and
non-CHD populations, and to investigate the relationship, if
any, between this mutation and insulin resistance in patients
with CHD.
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SUBJECTS AND METHODS
Subjects

A total of 325 nondiabetic normotensive (systolic blood pressure
[SBP] = 40 mm Hg and diastolic blood pressure [DBP] =< 90 mm Hg)
subjects were included in the study. Among them, 137 were confirmed
as CHD patients with angiographic evidence of CHD. One hundred
eighty-eight control subjects who were free of chest symptoms and had
normal resting electrocardiograms were selected from individuals
receiving an annual physical examination. CHD subjects with a history
of recent acute myocardial mfarction or unstable angina pectoris were
excluded. Eighty-mme patients were receiving calcium-channel block-
ers (diltiazem or amlodipine). and 44 were treated with nitrate. None
were taking lipid-lowering agents, B-blockers, or diuretics that might
have adverse effects on carbohydrate and lipid metabolism.!6!7 Blood
pressure was measured in the right arm after 30 minutes of rest with the
subject seated. The waist circumference was measured with a soft
measuring tape across the umbilicus: hip circumference was measured
at the widest part of the gluteal region. The protocol was approved by
the Human Subjects Committee of the National Defense Medical
Center. Written informed consent was obtained from all subjects before
enrollment in the study.
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Coronary angiography was performed according to the method of
Sones and Shirey!® or Judkins.'® An arteriogram was considered
positive for CHD if there was a postnitroglycerin stenosis of the
principal vessels greater than 50% of the luminal diameter, or a greater
than 70% reduction in the luminal diameter of a first-ordex branch (or
second-order branch if the first-order branch was larger than the major
vessel distal to its junction with the major vessel).

Blood was drawn after an overnight fast for measurement of plasma
glucose,? insulin,?! triglyceride,?? and cholesterol?® concentrations. In
addition, high-density lipoprotein (HDL) cholesterol was determined in
the supernatant of the plasma after magnesium chloride—phosphotung-
stic precipitation of apolipoprotein B-containing lipoproteins.>* The
low-density lipoprotein (LDL) cholesterol concentration was estimated
by the formula of Friedewald et al. 25

Fifty-eight (42%) CHD patients and 121 (64%) controls received
additional metabolic evaluations. After the fasting blood samples, all
subjects underwent a 75-g oral glucose challenge, and blood samples
were taken 30, 60, 120, and 180 minutes later for determination of
plasma glucose and insulin. The total area under the plasma glucose and
insulin concentration curves was calculated and designated as the
glucose (millimoles per liter per hour) and insulin (picomoles per liter
per hour) response, respectively. A modified insulin suppression test
was performed as previously described.?® Briefly, intravenous catheters
were placed 1n both arms after an overnight fast. Blood was sampled
from one arm for determination of plasma glucose and insulin, and the
contralateral arm was used for administration of the test substance.
Somatostatin was infused at 350 pg/h to suppress endogenous insulin
secretion while insulin (25 mU/m?min) and glucose (240 mg/m?/min)
were administered simultaneously. Blood was sampled hourly until 2
hours into the study, and then every 10 minutes at 150, 160, 170, and
180 minutes. The insulin concentration typically reaches a plateau after
30 minutes, whereas the glucose concentration reaches a plateau after
120 minutes. The four values for individual glucose and insulin
concentrations obtamed from 150 to 180 minutes were averaged, and
represent the steady-state plasma glucose (SSPG) and insulin (SSPI)
concentrations. Because SSPI concentrations were similar in all sub-
jects, SSPG provided a measurement of insulin-mediated glucose
disposal, ie, the higher the SSPG, the more insulin-resistant the person.

Extraction and Amplification of Genomic DNA

Genomic DNAs were extracted from peripheral blood lymphocytes
by DNAZOL Reagent (GIBCO BRL Life Technologies, Gaithersburg,
MD). Arg64Trp polymorphism of the Bs-adrenergic receptor gene was
detected by a mismatch—polymerase chain reaction amplification of
genomic DNA followed by restriction endonuclease digestion as
described by Widen et al.% The allele containing the BstN I restriction
site in the presence of thymine was designated as “without Arg
mutation,” and the allele lacking the restriction site was designated as
“with Arg mutation.”

Statistical Analysis

Resulis are expressed as the mean = SEM. Differences in distribution
of the Bs-adrenergic receptor genotype and allele were analyzed by x?
tests. An unpaired ¢ test was used to compare differences in biochemical
variables between genotypes. Since only two CHD patients and four
controls were found to have homozygous Argb4Arg. their data were
combined with those for Arg64Trp and designated as with mutation.
Logistic multiple regression analysis was performed to compare several
variables after adjustment for age and body mass index (BMI). All
statistical analyses were conducted using a Macintosh (Apple Com-
puter, Cupertino. CA) computer with the Statview 4.0 Statistical
Package (Abacus Concepts, Berkeley, CA).
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RESULTS

The genotype and allele frequency of the Ps-adrenergic
receptor in patients with CHD and controls are shown in Table
1. The genotype distribution did not deviate from Hardy-
Weinberg equilibrium. Only two CHD patients and four con-
trols were found to have homozygous Arg64Arg. There were no
differences in genotype and allele frequency between the two
groups. For a subgroup of CHD patients aged less than 60 or
separated by sex, there were also no statistical differences in
genotype (data not shown). In addition, the distribution of allele
frequency was consistent in subjects with and without further
metabolic evaluations.

Clinical characteristics and biochemical findings for CHD
patients and control subjects are shown in Table 2. Blood
pressure and fasting plasma glucose, insulin, and lipid values
did not differ between subjects with and without the mutation in
CHD and normal groups. The degree and distribution of obesity,
expressed by the BMI and the waist to hip ratio, did not differ
significantly between subjects with and without the mutation.
Plasma glucose and insulin responses to a 75-g oral glucose
challenge were relatively similar between subjects with and
without the mutation in CHD and control groups. Despite
similar SSPI concentrations, SSPG values were not signifi-
cantly different between subjects with and without the mutation
in the CHD group (11.3 = 1.2, n = 11 v 11.9 = 0.6 mmol/L,
n =47, P=NS) and control group (8407, n=30 v
8.2 £ 04 mmol/L,n = 91, P = NS).

After adjustment for age and BMI, patients with CHD had
higher blood pressure, fasting plasma glucose, insulin, triglycer-
ide, and LDL cholesterol, lower HDL cholesterol, larger
glucose and insulin responses to oral glucose, and higher SSPG
compared with control subjects (data not shown).

DISCUSSION

The allele frequency of Trp64Arg mutation of exon 1 of the
Bs-adrenergic receptor gene did not differ significantly between
CHD patients and control subjects. Our distribution data are
similar to those previously reported in Chinese,?’ Mexican-
American,” African-American,’ and Caucasian®’ populations,
but are lower versus data in Pima Indians® and Japanese®13-2
and higher versus data in Samoans and Nauruans.?’ Therefore,

Table 1. Genotype and Allele Frequency of the B;-Adrenergic
Receptor Gene Trp64Arg Mutation in Patients With CHD
and Controls

CHD Patients Controls
Genotype/Aliele Na. % No. %
No. of subjects 137 188
Maleffemale ratio 102/35 140/48
Genatype
Trp/Trp 111 81.0 139 73.9
Trp/Arg 24 17.5 45 23.9
Arg/Arg 2 1.5 4 2.1
X2 =225 df=2,P=.325
Allele
Trp 246 89.8 323 85.9
Arg 28 10.2 53 14.1
x* = 2.18 df=1,P=.139
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Table 2. Characteristics (mean = SEM) of Patients With CHD and Controls According to Genotype of f3;-Adrenergic Receptor

CHD Patients Controis

Characternistic Arg Mutation No Mutation P Arg Mutation No Mutation P
No. of subjects 26 111 49 139
Maleffemale ratio 10/16 25/86 14/35 34/105
Age (yr} 632 611 57 58 £ 1 57 =1 .57
BMI (kg/m?) 256 0.6 25203 .60 23304 236 0.3 .65
Waist to hip ratio 0.93 = 0.01 0.93 = 0.01 .59 091001 0.91 £ 0.01 .84
SBP (mm Hg) 130 = 3 131+ 2 .80 121 €2 119 +1 .33
DBP (mm Hg) 80x2 80 £ 1 .82 77 £ 1 77 £ 1 .80
FPG {mmol/L) 7.0x£06 6.7 0.2 .62 5.3 = 0.1 5.5 = 0.1 .09
FPI {pmol/L) 120 = 48 108 = 12 .20 72 12 60 =6 .07
Glucose response {(mmol - L=1 . h=1)* 27823 327 =12 .07 21605 21.3 =03 .78
Insulin response {pmol - L=1- h=1)* 1,278 = 2,174 1,776 = 210 .27 1,386 = 150 1,380 * 66 .26
Triglyceride {(mmol/L) 1902 2.0x0.2 .80 1.1£0.1 1.2 0.1 .63
Cholesterol {(mmol/L) 5.0 £ 0.2 5.1+ 0.1 .64 46 *0.2 48 = 0.1 .36
LDL-C {mmol/L} 3.3+0.2 3.3+0.1 .85 2.6 £0.2 29x0.1 .08
HDL-C (mmol/L) 0.9 + 0.1 1.0 = 0.0 a7 1.2 0.1 1.2 £0.0 79
Total/HDL-C ratio 5.6 £ 0.3 57 x0.2 .84 42+0.2 4.4 +0.1 .54

Abbreviation: FPG, fasting plasma glucose; FPI, fasting plasma insulin.
*CHD, n = 11 with Arg mutation and n = 47 without mutation; controls, n = 30 with Arg mutation and n = 91 without mutation.

Trp64Arg polymorphism is unlikely to play a major role in the
development of CHD in our population. These results are in
contrast to a recent report by Higashi et al,!* who demonstrated
that the frequency of this mutation was higher in Japanese
patients with CHD (0.247) versus a group of control subjects
(0.145). The reason for the difference between studies is not
clear, but three possibilities can be considered. First, there may
be differences in the factors affecting CHD development.
Nevertheless, these two groups of CHD subjects were all
nondiabetic and had relatively similar age, degree of obesity,
and lipoprotein levels. A second possibility is a racial differ-
ence, ie, in genetic and environmental background. The allele
frequency of Trp64Arg polymorphism was reported to be
higher in the Japanese population (0.19 in 5,430 people) than in
Chinese subjects™ either in the current study (Table 1) or a
previous one (0.12 in 104 people).?” Third, the sample size was
not sufficient to clarify this issue. A larger sample size is needed
to understand the genetic variant in the development of CHD in
different populations.

The principal functions of the B;-adrenergic receptor are to
mediate lipolysis in fat cells and thermogenesis in brown
adipose tissue.>* Some investigators have reported the exis-
tence of functional Bs-adrenergic receptors in human omental
adipocytes that enhance the delivery of free fatty acid to the
portal vein and cause retention of visceral fat and insulin
resistance.’® Accordingly, previous studies have shown an
increased weight gain in obese heterozygous carriers and
healthy white homozygous carriers of this mutation, and a
reduced resting metabolic rate in type 2 diabetic subjects
homozygous for this mutation.”3! However, inconsistent results
were obtained from a subsequent study over a 12-year period,
which showed that this mutation was not associated with the
BMI, visceral fat, resting metabolic rate, or changes in body
weight and fat.3? Furthermore, a recent study by Li et al®®
showed that the B;-adrenergic receptor carrying this mutation
displayed a normal lipolytic function in response to a partial
agonist (CGP12177) in visceral fat obtained from both obese

and non-obese subjects. Thus, it has been suggested that the
Trp64Arg mutation in the heterozygous form does not play a
major role in regulating Ps;-adrenergic function in visceral
obesity and in the susceptibility to obesity.4

It has been reported that subjects with Trp64Arg mutation are
likely to have hyperinsulinemia and insulin resistance.628
However, in the present study, no significant relations between
this polymorphism and these phenotypes were detected in either
CHD patients or control subjects. These findings are in accor-
dance with a recent report from Rissanen et al,® who demon-
strated that this mutation is not associated with type 2 diabetes
mellitus or the insulin resistance syndrome in nondiabetic
subjects. Another report in a Japanese population also indicated
that this mutation was not associated with hyperinsulinemia or
insulin resistance in hypertensive subjects.? Therefore, it was
postulated that despite the location of the Trp64Arg polymor-
phism in the first intracellular loop of the PBs-adrenergic
receptor, which may be critical for its proper function in signal
transduction,>3 a positive association does not necessarily
indicate a causative gene defect in the putative site, but can also
result from other genetic abnormalities in neighboring regions
or from chance.? Recently, Candelore et al?® introduced a Trp to
Arg substitution in the Bs;-adrenergic receptor gene in Chinese
hamster ovary (CHO) cells by site-directed mutagenesis. They
found no change in the binding or adenylate cyclase activation
of this mutation expressed in CHO cells. On the other hand,
there is another report showing that the absolute amount of
accumulated cyclic adenosine monophosphate was lower in
CHO cells transfected with the mutated (3;-adrenergic receptor
gene versus the wild-type receptors.’” It was even suggested
that the Trp to Arg substitution could result in decreased
activation of the hormone-sensitive lipoprotein lipase and hence
decrease lipolysis.?® All of these findings suggest that the
influence of B;-adrenergic receptor gene mutation on the insulin
resistance syndrome remains to be determined.

Although it was not our main purpose, we again confirmed



654

our data and other findings'®!? that nondiabetic normotensive
CHD subjects, as a group, are glucose-intolerant, hyperinsulin-
emic, and insulin-resistant compared with non-CHD indi-
viduals.

We conclude that Trp64Arg polymorphism of the Bs-
adrenergic receptor gene does not likely play a major role in the
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development of CHD in the Chinese population. In addition, it
appears to have no association with the insulin resistance
syndrome in either CHD or non-CHD subjects.
ACKNOWLEDGMENT
The authors thank C.-W. Wang for technical assistance.

REFERENCES

1. DeFronzo RA, Ferrannini E: Insulin resistance. A multifaceted
syndrome responsible for NIDDM, obesity, hypertension, dyslipidemia.
and atherosclerotic cardiovascular disease. Diabetes Care 14:173-194,
1991

2. Reaven GM: Banting Lecture. Role of msulin resistance in human
disease. Diabetes 37:1594-1607, 1988

3. Emorine L, Blin N, Strosberg AD: The human 3-adrenoceptor:
The search for a physiological function. Trends Pharmaco! Sci 15:3-7,
1994

4. Arch JRS, Kaumann AJ: B3 and atypical -adrenoceptors. Med
Res Rev 13:633-729, 1993

5. Walston J, Silver K, Bogardus C, et al: Time of onset of
non—~insulin dependent diabetes mellitus in subjects with a mutation in
the B3~ adrenergic receptor gene. N Engl J Med 333:343-347, 1995

6. Widen E, Lehto M, Kanninen T, et al: Association of a polymor-
phism in the B3 adrenergic receptor gene with features of the insulin
resistance syndrome in Finns. N Engl J Med 333:348-351, 1995

7. Clement K. Vaisse C, Manning BSJ, et al: A mutation in the B3
adrenergic receptor and increased capacity to gain weight in patients
with morbid obesity. N Engl J Med 333:352-354, 1995

8. Rissanen J, Kuopusjarvi J, Pihlajamaki J, et al: The Trp64Arg
polymorphism of the B3 adrenergic receptor gene. Lack of association
with NIDDM and features of insulin resistance syndrome. Diabetes
Care 20:1319-1323, 1997

9. Fujusawa T, Tkegam: H, Yamato E, et al: Try64Arg mutation of
p3-adrenergic receptor in essential hypertension. Insulin resistance and
the adrenergic system. Am J Hypertens 10:101-105, 1997

10. Young MH, Jeng C-Y, Sheu WHH, et al: Insulin resistance.
glucose intolerance, hyperinsulinemia and dyslipidemia in patients with
angiographically demonstrated coronary artery disease. Am J Cardiol
72:458-460, 1993

11. Shinozaki K, Suzuki M, Ikebuchi M, et al: Demonstration of
insulin resistance in coronary artery disease documented with angiogra-
phy. Diabetes Care 19:1-7, 1996

12. Bressler P. Bailey SR, Matsuda M. et al: Insulin resistance and
coronary artery disease. Diabetologia 39:1345-1350, 1996

13. Higashi K, Ishikawa T, Ito T, et al: Association of a genetic
variation in the beta-3 adrenergic receptor gene with coronary heart
disease among Japanese. Biochem Biophys Res Commun 232:728-730,
1997

14. Laakso M: How good a marker is insulin level for insulin
resistance? Am J Epidemiol 137:959-965, 1993

15. Anderson RL, Hamman RF, Savage PJ. et al: Exploration of
simple insulin sensitivity measures derived from the frequently sampled
mtravenous glucose tolerance (FSIGT) tests. The Insulin Resistance
Atherosclerosis Study. Am J Epidemiol 142:724-732, 1995

16. Fishman WH: Beta-adrenergic receptor blockers: Adverse ef-
fects and drug interactions. Hypertension 11:21-29, 1988 (suppl 2)

17. Weinberger MH: Diuretics and their side effects: Dilemma in the
treatment of hypertension. Hypertension 11:16-20, 1988 (suppl 2)

18. Sones FMI, Shirey EK: Cine coronary arteriography. Mod
Concepts Cardiovasc Dis 31:735-738, 1962

19. Judkins MP: Selective coronary arteriography. I. A percutaneous
transfermoral technique. Radiology 89:815-824, 1967

20. Kadish AH, Litle RC, Sternberg JC: A new and rapid method for

the determination of glucose by measurement of rate of oxygen
consumption. Clin Chem 14:116-131, 1968

21. Hales CN, Randle PJ: Immunoassay of insulin and insulin
antibody precipitate. Biochem J 88:137-146, 1963

22. Wahlefeld AW: Triglyceride: Determination after enzymatic
hydrolysis. in Bergmeryer HU (ed): Methods of Enzymatic Analysis.
New York, NY, Academic, 1974, pp 1831-1835

23. Allain CA, Poon LS, Chan SCG, et al: Enzymatic determination
of total serum cholesterol. Clin Chem 20:470-475, 1974

24. Bachorik PS, Albers JJ: Precipitation methods of quantification
of lipoprotein. Methods Enzymol 129:78-100, 1986

25. Friedewald WT, Levy Rl Fredrickson DS: Estimation of the
concentration of low-density lipoprotein in plasma without the use of
the preparative ultracentrifuge. Clin Chem 18:449-502, 1972

26. Sheu WHH, Shiech SM, Fuh MMT, et al: Insulin resistance,
glucose intolerance and hyperinsulinemia. Hypertriglyceridemia versus
hypercholesterolemia. Arterioscler Thromb 13:367-370, 1993

27. Silver K, Walston J, Wang Y, et al: Molecular scanning for
mutafions in the $3-adrenergic receptor gene in Nauruans with obesity
and noninsulin dependent diabetes mellitus. J Clin Endocrinol Metab
81:4155-4158. 1996

28. Kadowaki H, Yasuda K, Iwamoto K. et al: A mutation in the
{33-adrenergic receptor is associated with obesity and hyperinsulinemia
in Japanese subjects. Biochem Biophys Res Comm 215:5555-5560,
1995

29. Stronsberg AD: Association of B3-adrenoceptor polymorphism
with obesity and diabetes: Current status. Trends Pharmacol Sci
18:449-454. 1997

30. Lonnqvist F. Thorme A, Nilsell K, et al: A pathogenic role of
visceral fat §3 adrenoceptors in obesity. J Clin Invest 95:1109-1116,
1995

31. Urhammer SA, Clausen JO, Hansen T, et al: Insuhin sensitivity
and body weight change in young white carriers of the codon 64 amino
acid polymorphism of the beta 3 adrenergic receptor gene. Diabetes
45:1115-1120, 1996

32. Gagnon J. Mauriege P, Roy S. et al: The Trp64Arg mutation of
the beta3 adrenergic receptor gene had no effect on obesity phenotypes
in the Quebec Family Study and Swedish Obese Subjects cohort. J Clin
Invest 98:2086-2093, 1996

33. Li LS, Lonnqvist F, Luthman H, et al: Phenotypic characteriza-
tion of the Trp64Arg polymorphism in the B3-adrenergic receptor gene
in normal weight and obese subjects. Diabetologia 39:857-860, 1996

34. Mauriege P, Bouchard C: Trp64 Arg mutation in 83-adrenoceptor
gene of doubtful significance for obesity and insulin resistance. Lancet
348:698-699, 1996

35. Ostrowski J, Kjelsherg MA, Caron MG, et al: Mutagenesis of the
B2 adrenergic receptor: How structure elucidates function. Annu Rev
Pharmacol Toxicol 32:167-183, 1992

36. Candelore MR, Deng L, Tota LM, et al: Pharmacological
characterization of a recently described human beta3-adrenergic recep-
tor mutation. Endocrinology 137:2638-2641, 1996

37. Pietri-Rouxel F, Manning B, Gros J, et al: The biochemical effect
of the naturally occurring Trp64 — Arg mutation on human beta
3-adrenoceptor activity. Eur J Biochem 247:1174-1179, 1997



