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Purpose : The β-adrenoceptors are pharmacologically classified into β1-, β2- and β3-adrenoceptor.

The gene of each subtype has polymorphisms related to their function (β1-adrenoceptor: Ser49Gly, β2-

adrenoceptor: Gln27Glu, β3-adrenoceptor: Trp64Arg). The objectives of this study were to analyse the

allelic and genotypic distribution of the representative polymorphism of β-adrenoceptors in preeclampsia

and to investigate whether combined genotype of β-adrenoceptors may be associated with preeclampsia.

Methods : Blood samples were collected from a Korean population (159 preeclamptic pregnancies and

168 normotensive pregnancies). The β1-, β2- and β3-adrenoceptor genotypes was determined using

polymerase chain reaction-restriction fragment length polymorphism.

Results : There were no differences in allelic and genotypic distribution of β1- and β2-adrenoceptor

polymorphisms between the two groups. However, the Arg allele of β3-adrenoceptor polymorphism were

more frequent in preecalmpsia than in controls (P<0.05, OR=1.57, 95% CI=1.01-2.46). Moreover, prevalence

of genotype carrying heterozygote of β3-adrenoceptor polymorphism was increased in preeclampsia

compared with controls (P<0.05, OR 1.76, 95% CI 1.06-2.92). When combination of the three polymorphisms

were evaluated, pregnancies with the particular combined genotype that is consisted of heterozygote of

β1-, β3-adrenoceptor and wild homozygote of β2-adrenoceptor (Ser/Gly, Gln/Gln, Trp/Arg), showed

a significant increase in the risk of preeclampsia (P<0.05, OR=3.01, 95% CI 1.12-8.08).

Conclusion : A particular combined genotype (Ser/Gly, Gln/Gln, Trp/Arg) of - adrenoceptors was

associated with the risk of preeclampsia.
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Preeclampsia is a toxemia of pregnancy that is charac-

terized by proteinuria and hypertension and generally

begins after 20 weeks of gestation. It affects 5% of preg-

nancies and is a major cause occurring maternal mortality

and fetal morbidity1). The mechanism for developing pree-

clampsia has remained unclear. However, poor placentation

is known as one of the major causes. And it is induced by

multiplex factors such as insulin resistance, obesity, in-
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flammation, and genetic factors2-6). Mechanisms inducing

significant vasoconstriction observed in preeclampsia are

also complex and partly understood. This vasoconstriction

is induced by many factors including β-adrenoceptors 7).

β-adrenoceptors are expressed in many organ systems

such as the cardiac, vascular, endocrine and central nervous

system and play a key role in the regulation of bodily func-

tions through binding with endogenous hormones. These

have three different subtypes and are identified pharma-

cologically: β1-, β2- and β3- adrenoceptor
8).

The β1-adrenoceptor gene is encoded by an intron-less

gene and is located on chromosome 10q24-269). The human

β1-adrenoceptor has single nucleotide polymorphism

(SNP) related to receptor function in the coding region.

SNP is located at position 49 in the N-terminus where a

serine is substituted by a glycine (Ser49Gly) and associated

with the heart failure10, 11). The human β2-adrenoceptor is

also encoded by an intron-less gene located on chromo-

some 5q31-3212). The coding region of β2-adrenoceptor

gene has nine single base substitutions, but three of those

have functional effects in vitro and in vivo13): Arg16Gly and

Gln27Glu in the N-terminus and Thr64Ile in the first trans-

membrane spanning region. Among them, Gln27Glu is

reported an association with the risk of hypertension in

various studies14, 15). The human β3-adrenoceptor gene is

located on chromosome 8p11.1-8p12 and consisted of a

large exon, an intron and a second exon16). It has one major

SNP at codon 64 beginning the first intracellular loop of

the β3-adrenoceptor. And tryptophan is substituted by an

arginine (Trp64Arg) at this SNP17).

Two studies have recently reported that Trp64Arg of

the β3-adrenoceptor is not associated with preeclampsia
18,

19). However, the correlation between polymorphisms of β

1 or β2-adrenoceptor and preeclampsia is unknown. More-

over, the effect of combined polymorphisms of β-adreno-

ceptors has never been reported in cases of preeclampia.

Therefore, we selected the most common three polymor-

phisms (β1-adrenoceptor: Ser49Gly, β2-adrenoceptor:

Gln27Glu, β3-adrenoceptor: Trp64Arg) influencing to the

function of each β-adrenoceptor and analyzed each poly-

morphism of β-adrenoceptor in a group of preeclampia

pregnancies and a group of normotensive pregnancies. The

results were analysed to examine whether preeclampia

affects the allelic and genotypic distribution of each β-

adrenoceptor polymorphism and whether combined geno-

types of the β-adrenoceptors are associated with pree-

calmpsia.

Materials and Methods

1. Subjects

We studied polymorphisms of the β-adrenoceptors in

327 pregnant women at Cheil General Hospital in Seoul,

Korea. Women were divided in two groups: the case group

consisted of 159 women who developed preeclampsia during

their pregnancy and the control group consisted of 168 nor-

motensive women who had a normal pregnancy outcome.

All subjects had no history of preexisting hypertension,

diabetes mellitus, liver disease, or chronic kidney disease.

The Ethics Committee at Cheil General Hospital approved

this study and written informed consent was obtained

from all enrolled subjects.

Preeclampsia is defined as the new-onset of hypertension

(systolic blood pressure ≥140 mmHg and/or diastolic blood

pressure ≥90 mmHg) and proteinuria (≥300 mg in a 24

hr urine collection or one dipstick measurement of ≥1+) in

woman after 20 weeks' gestation according to the Com-

mittee Terminology of the American College of Obstetri-

cians and Gynecologists (ACOG)'s definition
20)
. Study sub-

jects were matched by race, gestational age at the time of

blood sampling.

2. Genotyping procedures for β-adrenoceptor

Genomic DNA was extracted from peripheral blood

using QIAamp DNA blood Mini kits (Qiagen, Valencia,

CA). The polymerase chain reactionrestriction fragment

length polymorphism assay (PCR-RFLP) was used for

genotyping analysis. The polymorphic region of each β-

adrenoceptor gene was amplified by PCR. Primers for PCR
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Table 1. The PCR Primer Sequence and Condition of Restriction Fragment Length Polymorphism (RFLP) for Genotyping Analysis of β1-,

β2- and β3-Adrenoceptor (AR)

Target Primer sequences RFLP condition

β1-AR (Ser49Gly)

β2-AR (Gln27Glu)

β3-AR (Trp64Arg)

Forward: 5’-AGCCCGGTAACCTGTCGT-3’　

Reverse: 5’-TGACACACAGGGTCTCGATG-3’

Forward: 5’-CAGCCAGTGCGCTTACCTGC-3’

Reverse: 5’- CACAGCACATCAATGGAAGTC -3’

Forward: 5’-GCGCCCAATACCGCCAACAC-3’

Reverse: 5’- CCACCAGGAGTCCCATCACC-3’

Eco109I

(56℃, 2 hr)

Bbv1

(37℃, 2 hr)

BstN1

(56℃, 2 hr)

are shown in Table 1.

For position 49 genotyping (Ser49Gly) in the β1-adren-

oceptor gene, the PCR reaction solution (10 µL) contained

10 ng genomic DNA, 10 pM primer pair, 0.25 mM dNTP

(containing deaza-7-GTP, Roche diagnostics, Mannheim,

Germany), 1.5 mM MgCl2, and 0.5 U polymerase of GC rich

PCR system (Roche diagnostics, Mannheim, Germany).

PCR conditions included predenaturation at 95 oC for 5

min, 35 cycles of 95℃ for 30 sec, 56℃ for 30 sec, 72℃ for

60 sec, and final extension at 72℃ for 10 min.

For position 27 genotyping (Gln27Glu) in the β2-adren-

oceptor gene and position 64 genotyping (Trp64Arg) in the

β3-adrenoceptor gene, the 10 µL PCR mixture contained

10 ng genomic DNA, 1 X PCR reaction buffer, 1.5 mM

MgCl2, 0.25 mM dNTP, 10 pM primer pair, and 0.5 U Taq

Polymerase. Temperature cycling conditions were 94℃ for

5 min, 35 cycles of 94℃ for 30 sec, 63℃ for 30 sec, 72℃

for 30 sec, and 72℃ for 5 min.

PCR products (5 µL) were added to 1 X restriction en-

zyme buffer containing bovine serum albumin and 0.25 U

of restriction enzyme. The final reaction volume was ad-

justed to 10 µL with deionized water. These mixtures were

incubated at conditions suitable for the action of restriction

enzymes. The treatment condition of the restriction enzyme

is shown in Table 1. After restriction enzyme digestion,

digestion products were run on a 3% nusieve agarose gel

containing ethidium bromide and visualized using a Mole-

cular Imager FX (Bio-Rad Laboratories Pty Ltd., Hercules,

California, USA). For quality assurance, ten percent of the

samples were analysed three times and all genotypes were

confirmed by two independent observers.

Restriction digestion was used to distinguish alleles at

each position of polymorphism. In Ser49Gly of the β1-

adrenoceptor gene, the Ser allele remained the PCR product

with 420 base pairs (bp), while the Gly allele containing an

Eco0109I restriction site resulted in fragments of 312 bp

and 108 bp. In Gln27Glu of the β2-adrenoceptor gene, the

Gln allele produced three bands by BbvI restriction enzy-

me: a 260 bp, 65 bp, and 55 bp fragments. However, the Glu

allele that lost a cut site of enzyme produced fragments of

315 bp and 65 bp. In Trp64Arg of the β3-adrenoceptor

gene, BstN1 digested the cut sites of the Trp allele to pro-

duce fragments of 97 bp, 64 bp, 61 bp and 33 bp, while the

Arg allele was not cut by BstN1 and resulted in fragments

of 158 bp, 64 bp and 33 bp.

3. Statistical analysis

Assuming that the frequency of the rare allele would be

10% in the controls and 20% in cases and that the ratio of

numbers of each group would be 1:1, our sample size had

at least 80% power and error 0.05 by post hoc power

analysis. Values of variables were expressed as mean

standard deviation. A comparison of variables between

two groups was performed using Mann-Whitney U test.

Pearson's chi-square test and Fishers exact test were used

to test for associations between preeclampsia and allele or

genotype, odds ratio, and 95% confidence intervals. A P-

value of less than .05 was considered statistically signifi-

cant. Statistical analysis was performed with SPSS 12.0

statistical software.
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Table 3. Genotype and Allele Frequencies in of β1-, β2- and β3-Adrenoceptor (AR) in Control (C:N=168) and Preeclampsia (PE:N=

159)

Genotype Alleles

A. β1-AR

C

PE

P value

OR (95% CI)

B. β2-AR

C

PE

P value

OR (95% CI)

C. β3-AR

C

PE

P value

OR (95% CI)

Ser/Ser

N (%)

131 (78.0)

110 (69.2)

-

1.0 referent

Gln/Gln

N (%)

116 (69.1)

122 (76.7)

-

1.0 referent

Trp/Trp

N (%)

132 (78.6)

108 (67.9)

-

1.0 referent

Ser/Gly

N (%)

37 (22.0)

48 (30.2)

0.09

1.54 (0.94-2.54)

Gln/Glu

N (%)

49 (29.2)

36 (22.6)

0.16

0.70 (0.42-1.15)

Trp/Arg

N (%)

34 (20.2)

49 (30.8)

0.03*

1.76 (1.06-2.92)

Gly/Gly

N (%)

0 (0.0)

1 (0.6)

0.46

-

Glu/Glu

N (%)

3 (1.7)

1 (0.6)

0.36

0.32 (0.03-3.09)

Arg/Arg

N (%)

2 (1.2)

2 (1.3)

1.0

1.22 (0.17-8.82)

Ser

N (F)

299 (0.89)

268 (0.84)

-

1.0 referent

Gln

N (F)

281 (0.84)

280 (0.88)

-

1.0 referent

Trp

N (F)

298 (0.89)

265 (0.83)

-

1.0 referent

Gly

N (F)

37 (0.11)

50 (0.16)

0.08

1.51 (1.96-2.38)

Glu

N (F)

55 (0.16)

38 (0.12)

0.11

0.69 (0.44-1.08)

Arg

N (F)

38 (0.11)

53 (0.17)

0.05*

1.57 (1.01-2.46)

*significant difference, Abbreviations : N, number; F, frequency; OR, odds ratio; CI, confidence intervals

Table 2. Clinical Characteristics of the Preecalmpsia (PE) and Control (C)

Characteristics
Mean±SD

P value
PE (N=159) C (N=168)

Age (years)

Systolic Blood Pressure (mmHg)

Diastolic Blood Pressure (mmHg)

Gestational age at delivery (weeks)

Birth weight of the offspring (g)

Proteinuria (dipstick results)

30.9±3.9

159.1±16.5

100.7±11.9

36.5±3.3

2613.6±802.6

2.6±1.1

31.7±2.5

124.2±8.9

77.5±7.6

39.3±1.2

3328.8±504.3

-

0.678

<0.001*

<0.001*

<0.001*

<0.001*

-

*significant difference. Abbreviation : N, number

Results

Clinical characteristics of the women with preeclampsia

(PE) and the healthy pregnant women (control) are shown

on Table 2. Between the two groups, there were significant

differences in blood pressure, gestational age at delivery,

and birth weight of the baby (P<0.001). Proteinuria was

found only in PE.

The genotypes and allele frequencies of the two groups

are presented in Table 3. In the genotype of the β1-adren-

oceptor, the frequencies of wild homozygote (Ser/Ser) and

heterozygote (Ser/Gly) were 69.2% and 30.2%, respec-

tively, in the PE and 78.0% and 22.0%, respectively, in

controls. There was no significant difference between the

two groups in the genotype of the β1-adrenoceptor. Fre-

quencies of the wild allele (Ser) and variant allele (Gly) in

β1-adrenoceptor of the PE group (0.84 and 0.16, respec-

tively) were also not different when compared with the

control group (0.89 and 0.11, respectively) (Table. 3A). In

genotypic and allelic frequencies of the β2-adrenoceptor,

no difference was found between the two groups (Table.

3B). However, in genotype and allelic frequency of the β3

-adrenoceptor, a statistically significant difference was
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Table 5. Association between Particular Combined Genotypes of β1-, β2- and β3-Adrenoceptor and Risk of Preeclampsia

Triplotype (β1, β2, β3)
PE C

OR (95% CI) P value
N % N %

Ser/Ser,Gln/Gln,Trp/Trp

Ser/Ser,Gln/Glu,Trp/Trp

Ser/Gly,Gln/Gln,Trp/Arg

66

14

17

41.5

8.8

10.7

70

33

6

41.7

19.6

3.6

1.0

0.45 (0.22-0.92)

3.01 (1.12-8.08)

-

0.03*

0.02*

*significant difference. Abbreviations : OR, odds ratio; CI, confidence intervals

Table 4. Combined Genotypes of β1-, β2- and β3-Adrenoceptor Polymorphism in Control (C) and Preeclampsia (PE)

Triplotype (β1, β2, β3) Nature of genotype
PE C

P value
N % N %

Ser/Ser,Gln/Gln,Trp/Trp

Ser/Ser,Glu/Glu,Trp/Trp

Ser/Ser,Gln/Gln,Arg/Arg

Ser/Ser,Gln/Gln,Trp/Arg

Ser/Ser,Glu/Glu,Trp/Arg

Ser/Ser,Gln/Glu,Trp/Trp

Ser/Ser,Gln/Glu,Arg/Arg

Ser/Gly,Gln/Gln,Trp/Trp

Ser/Gly,Gln/Gln,Arg/Arg

Ser/Gly,Gln/Glu,Trp/Trp

Ser/Gly,Gln/Gln,Trp/Arg

Ser/Ser,Gln/Glu,Trp/Arg

Gly/Gly,Gln/Glu,Trp/Arg

Ser/Gly,Gln/Glu,Trp/Arg

Homo

Homo

Homo

Single Hetero

Single Hetero

Single Hetero

Single Hetero

Single Hetero

Single Hetero

Double Hetero

Double Hetero

Double Hetero

Double Hetero

Triple Hetero

66

1

1

15

0

14

1

23

0

4

17

12

1

4

159

41.5

0.6

0.6

9.4

0.0

8.8

0.6

14.5

0.0

2.5

10.7

7.5

0.6

2.5

100

70

2

1

18

1

33

0

21

1

6

6

6

0

3

168

41.7

1.2

0.6

10.7

0.6

19.6

0.0

12.5

0.6

3.6

3.6

3.6

0.0

1.8

100

NS

NS

NS

NS

NS

0.005*

NS

NS

NS

NS

0.01*

NS

NS

NS

*significant difference. Abbreviations : NS, non-significant difference; Homo, homozygote; Hetero, heterozygote

between the PE and control groups. The frequencies of wild

homozygote (Trp/Trp) and heterozygote (Trp/Arg) were

67.9% and 30.8%, respectively, in PE and 78.6% and 20.2

%, respectively, in controls (P<0.05, OR=1.76, 95% CI 1.06

-2.92). Thus, the variant allele (Arg) of the β3-adrenocep-

tor in the PE was more frequent than in the controls (P<

0.05, OR=1.57, 95% CI 1.01-2.46). However, the frequency

of variant homozygote (Arg/Arg) was not different bet-

ween the two groups (Table 3C).

We also considered whether combined genotypes of the

three polymorphisms were associated with preeclampsia.

According to genotype combinations, PE and controls were

divided into 14 groups. Distributions of combined genotypes

are presented in Table 4. The frequencies of combined

genotype with wild homozygote of all polymorphisms (Ser

/Ser,Gln/Gln,Trp/Trp) was 41.5% and 41.7% in PE and

controls, respectively, and were not different in PE and

controls. However, the frequencies of Ser/Ser,Gln/Glu,Trp/

Trp among single heterozygous groups was lower in PE

than in controls and significantly different between the two

groups (P=0.005) (Table 4). And pregnancies with Ser/

Ser,Gln/Glu,Trp/Trp showed resistance to risk of pree-

clampsia (OR=0.45, 95% CI 0.22-0.92) (Table 5). In parti-

cularly, the frequencies of Ser/Gly,Gln/Gln,Trp/Arg among

double heterozygous groups presented more frequently in

PE than in controls and showed significantly difference

between the two groups (P=0.01) (Table 4). Moreover,

pregnancies with Ser/Gly,Gln/Gln,Trp/Arg increased about

3 fold in risk of PE (OR=3.01, 95% CI 1.12-8.08) (Table 5).

A combined genotype with heterozygote of all polymor-

phisms (Ser/Gly,Gln/Glu,Trp/Arg) did not resulted in any

differences between the two groups. And a combined ge-
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notype with variant homozygote of all polymorphisms (Gly

/Gly, Glu/Glu, Arg/Arg) did not detect in both groups.

Discussion

β-adrenoceptors, members of the GTP binding protein

coupled receptor family with seven transmembrane re-

gions, are key players in triggering β-adrenoceptor-medi-

ated functions in many cell types throughout the body21, 22).

Three subtypes of β-adrenoceptor are coupled to the Gs-

protein and cAMP. These play a central role in the regula-

tion of the effect of endogenous catecholamines, such as

adrenaline and noradrenaline. These have functionally im-

portant polymorphisms. Among these polymorphisms, we

selected three representative polymorphisms of β-adren-

oceptors (β1-adrenoceptor: Ser49Gly, β2-adrenoceptor:

Gln27Glu, β3-adrenoceptor: Trp64Arg), previously exa-

mined in various races and populations with cardiac vas-

cular disorders or obesity23-29).

This study was to examine genotypes and allelic fre-

quencies of the most common polymorphisms of three β-

adrenoceptor subtypes in preeclampsia. And this was the

first study to demonstrate an association between combined

genotypes of β-adrenoceptors and preeclampsia.

In genotypes and allelic distributions of polymorphisms,

the variant allele and heterozygote of the β3-adrenoceptor

polymorphism showed a statistically difference between

PE and control groups. However,
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한글요약

목 적 :아드레너직 수용체는 약물학적 분류에 의해 β1-,

β2-, β3 아드레너직 수용체로 구분된다. 각 아류형 수용체

의 유전자는 수용체의 기능에 영향을 주는 다형성들을 가진

다(1 아드레너직 수용체: Ser49Gly, β2 아드레너직 수용체:

Gln27Glu,β 3 아드레너직 수용체: Trp64Arg). 이번 연구의

목적은 자간전증에서 아드레너직 수용체 아류형 각각의 대

립 유전자와 유전자형의 분포를 연구하고, β 아드레너직 수

용체들의 조합된 유전자형이 자간전증과 관계가 있는지 조

사하는 것이다.

방 법 :한국인 자간전증 임산부 159명과 정상 임산부 168

명으로부터 DNA 추출을 위해 혈액 샘플을 수집하였다. 각

아류형 수용체들의 유전자형은 중합효소 연쇄반응과 제한효

소 절단 절편의 길이 다양성에 기초한 유전자 검색법을 사용

하여 결정하였다.

결 과 : β1과 β2 아드레너직 수용체 유전자의 다형성 연

구에서, 각 수용체 유전자들의 대립 유전자와 유전자형 분포

는 두 군 간에 차이가 없었다. 그러나 β3 아드레너직 수용체

유전자의 돌연변이 대립유전자는 정상군보다 자간전증군에

서 보다 빈번하게 나타났다(P<0.05, 위험도 1.57, 95% 신뢰

구간 1.01-2.46). 더욱이 β3 아드레너직 수용체 유전자의 이

형접합체는 정상군과 비교했을 때 자간전증군에서 증가하였

다(P<0.05, 위험도 1.76, 95% 신뢰구간 1.06-2.92). 아류형

아드레너직 수용체들의 세 가지 다형성들을 조합하여 평가

하였을 때, β1과 β3 아드레너직 수용체는 이형접합체이고

β2 아드레너직 수용체는 정상 동형접합체로 구성된 특별한

유전자형을 지닌 임산부는 자간전증의 위험이 유의성 있게

증가하였다(P<0.05, 위험도 3.01, 95% 신뢰구간 1.12-8.08).

결 론 :아류형 아드레너직 수용체들의 조합된 유전자형

(Ser/Gly, Gln/Gln, Trp/Arg)은 자간전증의 위험과 관계가

있었다.

참고문헌

1) Roberts JM, Pearson GD, Cutler JA, Lindheimer MD.

Summary of the NHLBI working group on research on

hypertension during pregnancy. Hypertens Pregnancy.

2003;22:109-27.

2) Barden A. Pre-eclampsia: contribution of maternal con-

stitutional factors and the consequences for cardiovascular

health. Clin Exp Pharmacol Physiol 2006;33:826-30.

3) King JC. Maternal obesity, metabolism, and pregnancy

outcomes. Annu Rev Nutr 2006;26:271-91.

4) Redman CW, Sacks GP, Sargent IL. Preeclampsia: an

excessive maternal inflammatory response to pregnancy.

Am J Obstet Gynecol. 1999;180:499-506.



166 Lim JH․Kim SY․Park SY․Yang JH․Han JY․Hong DS․Choi JS․Choi KH․Ryu HM

5) Irgens HU, Reisaeter L, Irgens LM, Lie RT. Long term

mortality of mothers and fathers after pre-eclampsia:

population based cohort study. BMJ. 2001;323:1213-17.

6) Fowden AL, Sibley C, Reik W, Constancia M. Imprinted

genes, placental development and fetal growth. Horm Res

2006;65:50-8.

7) Smiley RM, Finster M. Do receptors get pregnant too?

Adrenergicreceptor alterations in human pregnancy. J

Mutern Fetal Med. 1996;5:106-14.

8) Bylund DB, Eikenberg DC, Hieble JP, Langer SZ, Lefko-

witz RJ, Minneman KP et al. International Union of Phar-

macology: nomenclature of adrenoceptors. Pharmacol Rev

1994;46:212-36

9) Frielle T, Collins S, Daniel KW, Caron MG, Lefkowitz RJ,

Kobilka BK. Cloning of the cDNA for the human β1-

adrenergic receptor. Proc Natl Acad Sci 1987;84:7920-4

10) Maqbool A, Hall AS, Ball SG, Balmforth AJ. Common

polymorphisms of the β1-adrenoceptor: identification and

rapid screening assay. Lancet 1999;353:897.

11) Borjesson M, Magnusson Y, Hjalmarson A, Andersson

B. A novel polymorphism in the gene coding for the β1-

adrenergic receptor associated with survival in patients

with heart failure. Eur Heart J 2000;21:1853-58.

12) Kobilka BK, Dixon RA, Frielle T, Dohlman HG, Bolanow-

ski MA, Sigal IS et al. cDNA for the human β 2-adre-

nergic receptor: a protein with multiple membrane-span-

ning domains and encoded by a gene whose chromosomal

location is shared with that of the receptor for platelet-

derived growth factor. Proc Natl Acad Sci 1987;84:46-50.

13) Liggett SB. Functional properties of human β2-adrener-

gic receptor polymorphisms. News Physiol Sci 1995;10:

265-73.

14) Iaccarino G, Lanni F, Cipolletta E, Trimarco V, Izzo R,

Iovino GL et al. The Glu27 allele of the beta2 adrenergic

receptor increases the risk of cardiac hypertrophy in hy-

pertension. J Hypertens. 2004;22:2117-22.

15) Gjesing AP, Andersen G, Burgdorf KS, Borch-Johnsen K,

Jørgensen T, Hansen T et al. Studies of the associations

between functional beta2-adrenergic receptor variants and

obesity, hypertension and type 2 diabetes in 7,808 white

subjects. Diabetologia 2007;50:563-8.

16) Emorine LJ, Marullo S, Briend-Sutren MM, Patey G, Tate

K, Delavier-Klutchko C et al. Molecular characterization

of the human β3-adrenergic receptor. Science 1989;245:

1118-21.

17) Arch JR, Kaumann AJ. β3 and atypical β-adrenoceptors.

Med. Res.Rev 1993;13:663-729.

18) Zhang C, Williams MA, Edwards KL, Austin MA.

Trp64Arg polymorphism of the β3-adrenergic receptor

gene, pre-pregnancy obesity and risk of pre-eclampsia. J

Matern Fetal Neonatal Med 2005;17:19-28.

19) Malina AN, Laivuori HM, Agatisa PK, Collura LA, Crom-

bleholme WR, Sims CJ et al. The Trp64Arg polymorphism

of the β3-adrenergic receptor is not increased in women

with preeclampsia. Am J Obstet Gynecol 2004;190:779-83.

20) Cuningham FG, Gant NF, Leveno KJ, Gilstrap III LC,

Hauth JC, Wenstrom KD. Williams Obstetrics. 21st Ed.

McGraw-Hill 2001;568-9.

21) Johnson M. The β-adrenoceptor. Am J Respir Crit Care

Med 1998;158:S146-53.

22) Nagatomo T, Koike K. Recent advances in structure,

binding sites with ligands and pharmacological function

of β-adrenoceptors obtained by molecular biology and

molecular modeling. Life Sci 2000;66:2419-26.

23) Yuan M, Ohishi M, Ito N, Sugimoto K, Takagi T, Terai

M et al. Genetic influences of β-adrenoceptor polymor-

phisms on arterial functional changes and cardiac remo-

deling in hypertensive patients. Hypertens Res 2006;29:

875-81.

24) Linne Y, Dahlman I, Hoffstedt J. β1-Adrenoceptor gene

polymorphism predicts long-term changes in body weight.

Int J Obes (Lond) 2005;29:458-62.

25) Masuo K, Katsuya T, Kawaguchi H, Fu Y, Rakugi H,

Ogihara T, Tuck ML. β2-adrenoceptor polymorphisms

relate to obesity through blunted leptin-mediated sym-

pathetic activation. Am J Hypertens 2006;19:1084-91.

26) Kawaguchi H, Masuo K, Katsuya T, Sugimoto K, Rakugi

H, Ogihara T et al. β2- and β3-Adrenoceptor polymor-

phisms relate to subsequent weight gain and blood pres-

sure elevation in obese normotensive individuals. Hyper-

tens Res 2006;29:951-9.

27) Pereira AC, Floriano MS, Mota GF, Cunha RS, Herken-

hoff FL, Mill JG et al. β2 adrenoceptor functional gene

variants, obesity, and blood pressure level interactions in

the general population. Hypertension 2003;42:685-92.

28) Abu-Amero KK, Al-Boudari OM, Mohamed GH, Dzimiri

N. β3-adrenergic receptor Trp64Arg polymorphism and

manifestation of coronary artery disease in Arabs. Hum

Biol 2005;77:795-802.

29) Strazzullo P, Iacone R, Siani A, Cappuccio FP, Russo O,

Barba G et al. Relationship of the Trp64Arg polymorphism

of the β3-adrenoceptor gene to central adiposity and high

blood pressure: interaction with age. Cross-sectional and

longitudinal findings of the Olivetti Prospective Heart

Study. J Hypertens 2001;19:399-406.


