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Abstract:

There is a wide interpersonal difference to dobutamine response during dobutamine stress echocardiography (DSE). The aim of this

study was to determine an association between GNB3 825C>T gene polymorphism, encoding the b3-subunit of G protein, and heart

rate (HR), systolic (SBP) and diastolic blood pressure (DBP) response to dobutamine during DSE. The study involved 119 patients

with clinical indications for DSE. Genotyping of GNB3 825C>T (rs5443) polymorphism was based on PCR-RFLP method with

BseDI restriction enzyme. Significantly higher levels of both resting SBP and DBP in 825T allele carriers vs. 825CC patients were

revealed. HR of 825CC vs. CT + TT subjects was slower along the test period reaching marked difference at dobutamine level

30 µg/kg/min (109 ± 20 vs. 116 ± 18 bpm, respectively, p = 0.047). SBP and DBP were markedly lower in 825CC homozygotes com-

pared to 825T allele carriers throughout DSE. It can be concluded that GNB3 825C>T polymorphism is associated with resting SBP

and DBP in Polish Caucasian patients subjected for diagnostic DSE. The polymorphism also modulate HR, SBP and DBP response

during DSE.
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Introduction

GTP-binding proteins are very important partners for

many transmembrane receptors that activate or inhibit

intracellular signaling cascades. Recent studies have

focused on b-adrenergic receptors belonging to Gs

protein coupled receptor family (including b1-adre-

nergic receptor – b1-AR), that play important role in

cardiovascular function and disease. The hemody-

namic response of b1-AR is multifactorial, but in part

may depend on elements of the intracellular signaling

cascade, especially heterotrimeric G protein consist-

ing of a, b and g subunits.
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The b3-subunit of G protein is encoded by the

GNB3 gene, which is located on chromosome 12p13.

In 1998, a GNB3 825T>C polymorphism (thymidine

to cytosine exchange) was discovered in exon 10 of

GNB3 [14]. This polymorphism does not affect the

amino acid sequence. However, the T allele is in al-

most complete linkage disequilibrium with a series of

other polymorphisms within the GNB3 gene, the so-

called ‘T-haplotype’, which is associated with dele-

tion of nucleotides 498–620 of exon 9, due to alterna-

tive splicing. It has been shown that this splice variant

is functional and is postulated to be associated with

enhanced signaling activity [6]. The GNB3 825T al-

lele was observed more frequently in patients with es-

sential hypertension, obesity, left ventricular hyper-

trophy and in subjects with lower renin plasma activ-

ity [7, 14]. However, in contrast to initial studies it

was also reported that the polymorphism was not as-

sociated with hypertension in the large LURIC study

[13]. Dobutamine is an inotropic synthetic catechola-

mine commonly used as a diagnostic tool for dobuta-

mine stress echocardiography (DSE). Due to dobuta-

mine positive inotropic and chronotropic effects DSE

has become a popular method for evaluation of coro-

nary artery disease in patients unable to undergo stan-

dard exercise stress tests. However, clinical observa-

tions demonstrate interpersonal variations in response

to dobutamine as for heart rate (with some patients re-

quiring atropine administration due to inability to

complete the test and achieve target HR) and blood

pressure response [1, 3]. Polymorphisms within genes

involved in regulation of the heart function might

shed light on the observed diversity in heart response

to dobutamine. One from potential candidates is the

GNB3 gene.

The aim of this study was to determine an associa-

tion between GNB3 gene polymorphism and heart

rate (HR), systolic blood pressure (SBP) and diastolic

blood pressure (DBP) response to dobutamine during

DSE.

Materials and Methods

Subjects

One hundred nineteen subjects of Caucasian origin

(65 women and 54 men, aged 31–80 years) with clini-

cal indication for DSE were enrolled in the study.

DSE was indicated for diagnosis of coronary artery

disease in subjects who were unable to undergo stan-

dard exercise stress testing. Detailed characteristics of

patients recruited for the study is presented in Table 1.

The study protocol was approved by local ethics com-

mittee (Pomeranian Medical University, Szczecin,

Poland), and all study participants gave informed

written consent.

Clinical assay

Dobutamine stress echocardiography was performed

according to standard guidelines using escalating

administration of dobutamine (from 10, 20 and

30 µg/kg/min with a 3-min interval) [9]. HR (based

on 12-lead electrocardiogram) and blood pressure

were measured at baseline (after a rest period), at the

start of the dobutamine infusion period and at the end

of each 3-min. Patients with atropine requirements,

i.e., in subjects who were not able to reach target HR

at the third dose of dobutamine (30 µg/kg/min) as

well as subject who did not complete the DSE proto-

col were excluded from the study (n = 75). Each sub-

ject discontinued b-blockers and/or calcium channel

blockers five half-lives of the drug before the study

onset.
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Tab. 1. Patients’ characteristics (% or the mean ± SD)

Parameter n = 119

Age (years) (mean ± SD) 59 ± 8

Sex

females

males

65 (54.6%)

54 (45.3%)

BMI (kg/m2) 27.8 ± 3.8

Smoking 19 (15.9%)

Hypertension

SBP

DBP

78 (65.5%)

133 ± 16

83 ± 9

Diabetes 15 (12.6%)

Medication

1. ACE

2. ASA

3. b-blockers

4. Ca2+-blockers

5. Statins

6. Diuretics

55 (46.2%)

72 (60.5%)

68 (57.1%)

23 (19.3%)

68 (57.1%)

28 (23.5%)



Genotyping

Genomic DNA was extracted from samples of periph-

eral blood leukocytes according to the standard protocol.

Genotyping of GNB3 825C>T (rs5443) polymorphism,

based on PCR-RFLP method with BseDI restriction en-

zyme was performed as described previously [12].

Statistical analysis

Based on allele frequencies, it was expected that the

number of GNB3 825TT homozygotes would be low.

As such, it was planned a priori that GNB3 825TT ho-

mozygotes would be combined with heterozygotes.

Categorical baseline characteristics were compared

between groups using the c2 test (Statistica 8.0, Stat-

soft Software, Warszawa, Poland). Numerical vari-

ables between groups were evaluated by U Mann-

Whitney test and ANOVA. A p level of less than 0.05

was considered statistically significant.

Results

Genotype distributions fitted Hardy-Weinberg equilib-

rium. The frequency distribution of GNB3 825C>T

polymorphism was as follows: 53.8% for CC genotype,

41.2% for CT and 5.0% for TT genotype. The T allele

frequency was estimated to 25.6%, while the C allele

frequency was 74.4%. Homozygous GNB3 825TT sub-

jects were pooled with CT subjects, and then compared

to CC due to a limited number of TT homozygotes.

Resting hemodynamics

Significantly lower resting SBP and resting DBP in

carriers of GNB3 825CC genotype when compared

with subjects bearing 825T allele was observed. HR

was comparable in both subsets of patients.

HR response during DSE

HR during DSE gradually increased in both sub-

groups, but more prominent in GNB3 825CT+TT sub-

jects, yielding significant difference in comparison

with GNB3 825CC carriers with dobutamine infusion

at 30 µg/kg/min. During the whole time of observa-

tion HR in subjects characterized by GNB3 825CC

was significantly different from GNB3 825 CT/TT

genotype carriers. Acceleration of heart rate was slower,

although not significant, in carriers of GNB3 825

CT/TT genotype (Tab. 2, Fig. 1).

SBP response during DSE

Resting SBP was markedly lower in GNB3 wild type

825CC homozygotes compared to 825T allele carri-

ers, and throughout almost whole DSE testing time.

Only at the third stage for dobutamine dose of 30 µg/

kg/min the difference in response was not significant.

For the observation time SBP in GNB3 825 CT+TT

patients was significantly higher in comparison with

GNB3 825CC subjects (Tab. 2, Fig. 1).

DBP response during DSE

Resting DBP was significantly lower in GNB3 wild

type 825CC homozygotes compared to 825T allele
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Tab. 2. Systolic blood pressure (SBP, mmHg) and its increase (DSBP) at consecutive stages of DSE (the mean ± SD)

Dobutamine
(µg/kg/min)

SBP DBP HR

CC
n = 64

CT + TT
n = 55

p CC
n = 64

CT + TT
n = 55

p CC
n = 64

CT + TT
n = 55

p

0 (resting) 130n ± 15 137 ± 15 0.023 80 ± 9 86 ± 9 0.001 68 ± 10 71 ± 10 0.208

10 135n ± 15 142 ± 15 0.018 85 ± 8 87 ± 14 0.107 73 ± 10 76 ± 9 0.169

20 143n ± 20 150 ± 19 0.036 83 ± 8 84 ± 10 0.224 89 ± 18 94 ± 18 0.078

30 147n ± 21 154 ± 22 0.054 79 ± 9 82 ± 9 0.111 109 ± 20 116 ± 18 0.047

D0–30 16n ± 17 17 ± 20 0.989 –1 ± 8 –3 ± 7 0.250 41 ± 16 45 ± 17 0.212

U Mann-Whitney test
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Fig. 1. HR, SPB and DBP changes
during DSE (calculated by means of
repeated measurements ANOVA)



carriers, similarly to SBP. At other DSE time points

DBP was comparable in CC and TT genotype carri-

ers. DBP, similarly to SBP, was elevated in GNB3 T

allele carriers in comparison with GNB3 825CC pa-

tients during the study period (Tab. 2, Fig. 1).

Discussion

The study was dedicated to define the role of

GNB3 825C>T polymorphism in interindividual vari-

ability to dobutamine response during DSE (among

patients with clinical indication for the test). Available

data pointed out an association between GNB3 poly-

morphisms and HR and blood pressure in resting

state. The baseline HR and blood pressure data from

the present study suggest an association between

GNB3 825C>T polymorphism and blood pressure.

It was revealed that carriers of GNB3 825T allele

(CT and TT genotypes) were characterized by signifi-

cantly elevated levels of both systolic and diastolic

blood pressure. This observation is in keeping with

other clinical studies on GNB3 polymorphisms, e.g.,

subjected to meta analysis by Bagos at al., who docu-

mented significantly higher blood pressure in subjects

with GNB3 825T allele [2].

The present study demonstrate significant differ-

ences in HR at the late stage of DSE and its magni-

tude of response during the test between carriers of

GNB3 825T allele and 825CC genotype. HR of

825CC vs. CT+TT cases was slower along the test pe-

riod reaching marked difference at dobutamine level

30 µg/kg/min. The association of GNB3 825 T allele

carriers with HR was reported also by Dörr et al. in

patients subjected to a standard, symptom-limited ex-

ercise test, however, significant only in subjects medi-

cated with b-blockers [4]. Such an association was not

observed in b-blocker-free cases. Other polymor-

phism of G protein, namely encoding the a subunit of

Gs (GNAS1 393T>C) was evaluated by Mao et al. [10]

during dobutamine stress test in healthy volunteers

and Nieminen et al. [11] during exercise test. Mao et

al. evaluated magnitude of HR response in volunteers

without and with atropine. The study results revealed

no significant association between the studied geno-

type and magnitude of HR response during DSE, and

in resting state. Nieminen et al. [11] reported an im-

pact of GNAS1 393T>C polymorphism on HR re-

sponse curve.

Blood pressure levels observed in the current study

pointed out higher values of both SBP and DBP in pa-

tients characterized by GNB3 825T allele, with sig-

nificant differences for SBP. Magnitude of blood pres-

sure response did not discriminate examined group of

subjects, i.e., GNB3 825CC and 825CT+TT carriers.

There is some discrepancy concerning association be-

tween GNB3 825C>T polymorphism and hyperten-

sion. However, one of the recently published meta

analysis of 34 studies has associated GNB3 825T

allele with hypertension [2], which is in keeping with

our findings, i.e., resting SBP and DBP were signifi-

cantly higher in GNB3 825T allele carriers vs. 825CC

subjects. Dörr et al. [4] documented a lack of associa-

tion between GNB3 825C>T genotypes and resting

and peak SBP or DBP in patients subjected to stress

test. Effects of the a subunit of Gs (GNAS1 393T>C)

polymorphism were also studied by Mao et al., who

revealed an influence of GNAS1 393T>C polymor-

phism on systolic blood pressure response in healthy

volunteers exposed to dobutemine during DSE both

without atropine and under atropine medication [10].

Diastolic blood pressure response was similar in all

analyzed genotypes of the polymorphism. Contrary

data were reported by Nieminen et al., who did not re-

veal an association between GNAS1 393T>C poly-

morphism and blood pressure response in Caucasian

patients during standard exercise test [11]. The ob-

served differences could be in part explained by eth-

nic variability as Mao study recruited Chinese volun-

teers.

The GNB3 825C>T variant allele frequency among

Polish subjects in the current study (25.6%) is lower

compared to the frequency reported in some other

Caucasian populations (i.e., 37.3% according to Hap-

Map Project). However, T allele frequency among all

patients genotyped in course of the current study

(n = 194), including patients non-compliant with the

study criteria was slightly higher (27.1%), and similar

to frequencies reported by other Polish investigators –

28% among 172 healthy controls from eastern Poland

[5], 32.7% among consecutive diabetes mellitus pa-

tients form southern part of the country [15] and 35%

among 217 syncopal patients from central part of the

country [8].

In summary, the GNB3 825C>T polymorphism is

associated with resting blood pressure, both systolic

and diastolic, in Polish Caucasian patients subjected
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for diagnostic dobutamine stress echocardiography.

The polymorphism also modulate heart rate, systolic

and diastolic blood pressure response during dobuta-

mine stress echocardiography. Further prospective

studies are needed to confirm these associations and

to explore their potential clinical relevance.
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