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Summary
Background: Diabetes mellitus type 2 results from a complex of hereditary and environmental factors.

Genes encoding elements of the G-protein system are candidate genes in hypertension and
obesity. Since insulin uses G-sensitive mechanisms to enhance tissue glucose uptake and
vasodilatation, the GNB3 gene may be a candidate gene in type 2 diabetes. The goal of our
research was to determine if the C825T polymorphism at the G-protein β3 subunit gene locus
is associated with type 2 diabetes.

Material/Methods: The study population consisted of 172 Polish patients with type 2 diabetes and 172 healthy,
age- and sex-matched controls. The C825T polymorphism was detected by PCR and RFLP.

Results: A higher frequency of genotypes containing the mutation (CT+TT) was observed among the
diabetics than in the controls. The T825 variant occurred more often among hypertensive
diabetics (71%) than among diabetics with normal blood pressure (42.5%). The OR for hyper-
tension in diabetic subjects bearing CT+TT genotypes was higher than in patients with the
CC genotype. Overweight and obesity were not associated with the T825 variant in either the
experimental subjects or the controls.

Conclusions: In this population, the T825 variant of the GNB3 gene was not associated with type 2 diabetes
itself, nor with overweight and obesity, but was associated with diabetic hypertension. Upon
confirmation of our results this variant may be useful as a genetic marker of susceptibility to
hypertension and vascular complications in type 2 diabetes.
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BACKGROUND

Type 2 diabetes affects more than 1.5 million people in
Poland, and another 3 million have impaired glucose
tolerance, which may lead to manifest diabetes in the
near future.

Diabetes type 2 is a heterogeneous disease, resulting
from the interplay of both genetic and environmental
factors. It is not genetically determined, but the heredi-
tary component of susceptibility to the disease is very
strong. Several genetic loci are probably involved in this
susceptibility.

The primary pathophysiological mechanisms contribut-
ing to this type of diabetes are:

1) insulin resistance,
2) pancreatic beta-cell dysfunction,
3) high hepatic glucose output (HGO).

The G proteins are a group of heterotrimeric proteins
built of three different subunits, α, β, and γ. This system
plays a key role in signal transduction between extracellu-
lar receptors and intracellular effectors. Adrenalin recep-
tors, angiotensin II receptors, and glucagon receptors,
among many others, are G protein-coupled. The lipolytic
and glycogenolytic effects of adrenergic and glucagon
receptor stimulation in hepatic, muscle, and fat tissue cells,
mediated by G proteins, reveal an antagonistic action to
insulin [1]. The activation of G-proteins stimulates adenyl
cyclase. This in turn induces hormone-sensitive lipase in
adipose tissue, protein kinase A (PKA), and glycogen phos-
phorylase in muscle and fat cells, as well as in hepatocytes.
Persistent stimulation may lead to insulin resistance and an
increase in hepatic glucose output. G proteins also regulate
β-phospholipase C (PLC-β), which produces phos-
phatidylinosithol (IP3), the calcium channel activator. The
opening of calcium channels initiates insulin secretion
[2,3]. Therefore, G proteins may contribute to the main
pathophysiological mechanisms involved in type 2 dia-
betes, and the genes encoding its particular subunits are
among the candidate genes for this disorder.

The gene coding the β3 subunit of G protein has been
cloned and localized in the short arm of chromosome 12
(12p13). It spans 7500 base pairs, and is composed of 11
exons and 10 introns [4,5]. The polymorphism resulting
from cytosine-to-thymine substitution at position 825
(C825T), located in exon 10 of the gene, has been the
most extensively studied to date [6], though not in respect
to type 2 diabetes. Cytosine substitution by thymine causes
alternative splicing in exon 9, resulting in the loss of 41
amino acids from the polypeptide chain. The T825 vari-
ant of the gene is known to be associated with enhanced
signal transduction via the G protein system [7].

The available data account for the association of C825T
polymorphism at the GNB3 gene locus with arterial
hypertension, as well as with obesity in some populations.

Since insulin uses a G-sensitive mechanism involved in
metabolic and vascular events, leading to enhanced glu-

cose transport and vasodilatation, we hypothesized that
the C825T polymorphism of the gene encoding the G
protein β3 subunit may be associated with the patholog-
ical events occurring in type 2 diabetes.

The aim of our study was to assess the association of
C825T polymorphism at the GNB3 gene locus with type
2 diabetes mellitus, as well as concomitant arterial
hypertension and obesity, in a Polish population.

MATERIAL AND METHODS

The study group consisted of 172 consecutive patients
with type 2 diabetes mellitus diagnosed according to
World Health Organization criteria, who were admitted
for various reasons to the Department of Internal
Medicine at the clinical hospital of the Medical Universi-
ty in Lublin, Poland.

All diabetic patients were treated with diet and oral
hypoglycemic agents or insulin.

A positive family history (the presence of type 2 diabetes
in at least one first degree relative) was reported by 57
of these patients (33%).

Arterial hypertension was diagnosed according to
WHO/ISH criteria (systolic blood pressure >140 mmHg
and/or diastolic > 90 mmHg) in 92 of these diabetic
patients (53%). All those patients with hypertension
were receiving antihypertensive treatment. 43 of the
subjects (25%) had survived a myocardial infarction,
diagnosed according to conventional clinical, enzymatic
and electrocardiographic criteria.

172 DNA samples from the genomic DNA library of over
400 healthy subjects from the local community were used
as a control group. Individuals were chosen to match the
diabetic subjects with respect to age and sex. The inclu-
sion criteria for the controls were normal fasting blood
glucose and blood pressure values within the normal
range (RRS £ 130 mmHg and RRD £ 85 mmHg) with
no signs or symptoms of cardiovascular disease. Subjects
reporting a positive family history of diabetes in the med-
ical history questionnaire were excluded.

A body mass index (BMI) £ 25 kg/m2 was considered
normal body weight in both groups. Individuals with
higher BMIs were considered overweight or obese.

The fat tissue distribution pattern was assessed on the
basis of the waist-to-hip ratio (WHR). A WHR > 1 in
males and > 0.8 in females was considered the central
pattern.

The characteristics of both groups are shown in Table 1.

The study protocol was approved by the local Ethics
Committee. Informed consent was obtained from all
patients enrolled in the study.

From each of the experimental subjects, 15 ml of
venous blood were drawn into EDTA tube. The stan-
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dard procedure was used for genomic DNA preparation
from peripheral blood leukocytes [8].

The amplification of the DNA fragment of 268 base
pairs containing the mutation site was performed by
polymerase chain reaction (PCR) with specific primers:

• sens 5’-TGACCCACTTGACCCGTGC-3’,
• antisens 5’-GCAGCAGCCAGGGCTGGC-3’

The reaction mixture was contained in 50 µl volume
500 ng DNA, 0.5 units of Taq polymerase in standard
buffer with the addition of 220 pM of each primer, 2.5
mM of each deoxynucleotide (dATP, dGTP, dCTP and
dTTP), and 2 mM of MgCl2 (all reagents from MBI Fer-
mentas). DNA amplification was carried out in a PTC-
200 thermocycler (MJ Research). Initial denaturation at
94°C for 4 min. was followed by 30 cycles consisting of
denaturation at 94°C for 1 min, annealing at 60°C for 1
min. and chain elongation at 72° C for 1 min. The final
extension was at 72°C for 7 min. 30 µl of PCR products
were digested with 1 unit of BseDI restriction endonu-
clease (MJ Fermentas) at 56°C for 4 hours. The diges-
tion products were separated by electrophoresis on 2%
agarose gel (Prona) and visualized by ultraviolet transi-
lumination after ethidium bromide staining.

In the presence of cytosine at position 825 there is a
restriction site for BseDI, which cuts the amplification

product into two fragments of 152 and 116 base pairs
corresponding to allele C. The presence of the mutation
(thymine at position 825) abolishes the BseDI restriction
site and the fragment of 268 base pairs remains undi-
gested. This corresponds to the presence of the T allele.
The polymorphic alleles and genotypes are shown in
Figure 1.

Statistical analysis 

Statistical analysis was performed using the STATIS-
TICA PL computer program. Differences in allele fre-
quencies and genotype distribution between cases and
controls were analyzed by chi-squared statistics with dif-
ferent degrees of freedom. Population characteristics
were analyzed by t-Student statistics. Logistic regression
analysis was used to calculate odds ratios (OR) and 95%
confidence intervals (95%CI), as well as to examine pos-
sible interactions among variables. Values of p<0.05
were considered statistically significant.

RESULTS

The allele and genotype frequencies for the GNB3
C825T polymorphism were compared between the dia-
betic and control groups. The observed polymorphic
allele frequencies were similar to those reported in

Diabetics
Controls

172
172

344
344

222 (0.65)
249 (0.72)

*c2=4.91; df.1; p=0.027 *c2=4.88; df.2; p=0.087

122 (0.35)*
95 (0.28)*

73 (0.42)
93 (0.54)

76 (0.44)
63 (0.37)

23 (0.14)
16 (0.09)

Group Number
of subjects

Number
of alleles

Allele frequencies
C T CC CT TT

Genotype frequencies

Table 2. Laboratory data in the case and control groups.

Number of subjects:
female
male

Mean age(±SD)
Mean age at diagnosis
Years after diagnosis
Positive family history
Arterial hypertension
History of myocardial infarction
Renal failure
Mean BMI (kg/m2) (±SD)
Obese and overweight
(BMI>25 kg/m2):
Fat tissue central type distribution
in this group:
Mean total plasma cholesterol
mg/dl (±SD)
mmol/l (±SD)
*statistically significant differences between groups

172
105 (61%)
67 (39%)

65.9 (±9.9)
59.6 (±9.9)
8.4 (±3.2)
57 (33%)
92 (53%)
43 (25%)
22 (13%)

28.05 (±4.4)*

119 (69%)*

48 (40%)

184.5 (±34.5)*
4.78 (±0.9)*

172
105 (61%)
67 (39%)

65.8 (±7.8)
–
–
0
0
0
0

25.61 (±1.4)*

66 (38%)*

16 (24%)

161.6 (±25.9)*
4.18(±0.7)*

Diabetics Controls

Table 1. Characteristics of the study groups.

Figure 1. C825T polymorphism of the G protein β3 subunit gene. 2%
agarose gel under UV light. Band 268bp corresponding to C
allele, bands 152 bp and 116 bp corresponding to T allele.
Lane 1 – DNA size marker (DNA ladder MJ Fermentas), Lane
2 – genotype CT, Lane 3 – genotype CC, Lanes 4&5 – geno-
type TT.
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other Caucasian populations. Both the diabetic and con-
trol populations were in Hardy-Weinberg equilibrium.
Allele frequencies and genotype distribution are shown
in Table 2.

The frequency of the T allele in the diabetic group was
significantly higher than in the control group
(p=0.027). Genotypes containing a mutation (CT+TT
analyzed together) occurred significantly more fre-
quently among diabetics than among controls (57.5% vs.
51.7%; OR 1.60; 95%CI 1.04–2.45; p=0.031).

Overweight and obesity were not significantly associated
with the presence of the T allele in the study population
(OR 1.17; 95%CI 0.76–1.79; p=0.47) or in the control
group (OR 1.58; 95%CI 0.93–2.16; p=0. 12).

The comparison of clinical characteristics between dia-
betic subjects with the CC genotype and diabetic bearers
of the T allele (CT+TT genotypes) revealed that these
groups differ statistically in terms of the prevalence of
arterial hypertension. The second statistically significant
difference was in the mean total plasma cholesterol
level, which was slightly higher in diabetics with the CC
genotype. This comparison is shown in Table 3.

Subjects bearing the T allele occurred more frequently
among diabetics with concomitant arterial hypertension
than among normotensives (OR 3.35; 95%CI 1.86–6.45;
p=0.0004). The difference in the frequency of the
CT+TT genotype between subjects with hypertension
accompanying type 2 diabetes and the control group
was statistically significant (p=0.0006). By contrast,
there was no substantial difference in this respect
between normotensive diabetics and the control group
(p=0.68). The detailed results are listed in Table 4.

In the logistic regression model involving such variables
as age, sex, family history, body mass index, waist-to-hip
ratio, fat tissue distribution pattern, total plasma choles-
terol and the presence of the T825 variant, the indepen-
dent risk factors for arterial hypertension in subjects

with type 2 diabetes proved to be the T allele (OR 3.61;
95%CI 1.83–7.13; p=0.0003) and body mass index
(1.09; 95%CI 1.01–1.18; p=0.018).

DISCUSSION

Ethnicity affects the frequency of the T825 variant of
the GNB3 gene. These frequencies range from 25–30%
in Caucasians to 80–90% in black Africans, with interme-
diate values (40–50%) in Asians [9]. The T allele fre-
quency we observed in our study population is similar
to that reported in other Caucasian populations, where
the T allele is known to be recessive.

The higher frequency of the T allele in the group with
type 2 diabetes observed in the present study does not
necessarily implicate a direct association of the C825T
polymorphism of the GNB3 gene with type 2 diabetes
in this population. This finding may derive from its
association with arterial hypertension.

Several papers have already reported an association of
the C825T polymorphism at the GNB3 gene locus with
essential hypertension [10–16]. The enhanced signal
transduction in the presence of the T825 polymorphic
variant causes overactivity of the sodium-proton
exchanger (NHE), resulting in salt sensitivity, which
may lead to elevated blood pressure [17]. All T allele
bearers are sensitive to sodium load. Some vasoactive
factors, such as norepinephrine and angiotensin II, act
through receptors coupled with the G protein system.
Furthermore, enhanced G protein signaling may alter
renin secretion. A variety of growth stimulating factors,
such as platelet-derived growth factor (PDGF), also
communicate via the G protein system. These may pro-
duce gradual vascular hypertrophy, leading to hyper-
tension. The T825 variant of GNB3 gene is found to be
associated with left ventricular hypertrophy [18].

The prevalence of arterial hypertension in type 2 dia-
betes is 2–3 times higher than in the general population.
It is estimated that about 50% of type 2 diabetics have
elevated blood pressure [19]. In our study population,
arterial hypertension was diagnosed in 53% of diabetics.
Insulin resistance, which remains under strong genetic
control, is a characteristic metabolic defect in the great
majority of type 2 diabetics, and may predispose to
hypertension due to sodium retention and arterial wall
thickening.Number of subjects

– female
– male
Mean age at diagnosis (±SD)
Positive family history
Arterial hypertension
History of myocardial infarction
Mean BMI (kg/m2) (±SD)
Obese subjects with (BMI≥28 kg/m2)
Mean WHR:
– female
– male
Mean total plasma cholesterol
(mg/dl) (±SD) 
*statistically significant differences between groups

73
46 (0.63)
27 (0.37)

59.37 (±11.4)
21 (0.29)

27 (0.36)*
15 (0.20)

27.7 (±4.5)
31 (0.42)

0.83 (±0.07)
1.03 (±0.07)

195 (±31.3)*

99
59 (0.60)
40 (0.40)

59.9 (±9.56)
36 (0.36)

65 (0.64)*
28 (0.28)

28.29 (±4.35)
51 (0.51)

0.87 (±0.08)
1.03 (±0.08)

181.8 (±35.9)*

CC CT+TT

Table 3. Comparison of diabetic CC and CT+TT genotype bearers.

Hypertensive
diabetics 
Normotensive
diabetics
Controls
*statistically significant differences between groups

27 (0.29)

46 (0.575)

93 (0.54)

65 (0.71)

34 (0.425)

79 (0.46)

2.94; 1.58–5.17;
p=0.0006

0.94; 0.56–1.74;
p=0.68

–

CCGroup CT+TT OR; 95%CI; p

Table 4. Genotype frequencies (CC versus CT+TT) in diabetics with
hypertension and diabetics with normal blood pressure
as compared to control subjects (percentage in brackets).
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Nephropathy as a chronic complication of type 2 dia-
betes may also contribute to blood pressure elevation.
There is evidence that genetic factors predispose to
nephropathy in type 2 diabetes [20]. To date there have
been no published data suggesting that the C825T poly-
morphism is associated with nephropathy in type 2 dia-
betes [21]. Higher G-protein activation was found
among subjects with type 1 diabetes complicated by
nephropathy [22].

In our diabetic study population, the relative risk of
hypertension in T allele bearers was 3. 61 when com-
pared to diabetics with the CC genotype. The presence
of the T825 variant of the GNB3 gene seems to be a
genetic marker of susceptibility to hypertension accom-
panying type 2 diabetes, but it should be emphasized
that this hypothesis needs to be confirmed by further
studies. The search for such a marker is very important,
since patients with type 2 diabetes and concomitant
hypertension are at particularly high risk of devastating
macro- and micro-vascular complications. Using a
marker of this kind, these patients could be detected
before the clinical onset of complications, and preven-
tive measures could be applied.

To our knowledge, only one paper has been published
to date concerning C825T GNB3 gene polymorphism
in type 2 diabetes. In a preliminary report, Fernandez-
Real et al. concluded that T825 variant bearers show
improved insulin sensitivity and vascular response to
glyceryl trinitrate in response to optimized therapy of
type 2 diabetes [23].

It has been demonstrated that the T825 variant of the
GNB3 gene is associated with obesity [9,24,25]. In our
study, the association of this variant with hypertension
was independent of body mass index, as well as body fat
distribution, but BMI was an independent risk factor
for arterial hypertension in diabetic patients. Diabetic
T825 variant bearers have a lower mean total plasma
cholesterol level than CC genotype patients. Ishikawa et
al. reported that C825T polymorphism is associated
with plasma cholesterol concentration, but subjects with
the T allele had higher levels than those with CC geno-
type [26].

Type 2 diabetes is a polygenic disorder, and responsible
genes have already been identified in selected subtypes
of this disease. It is hypothesized that multiple diabetes
genes exist, but in the majority of cases more than one
gene is likely to be involved in an individual patient.
The presented data suggest that the GNB3 gene is not
an important contributor. However, it may be associat-
ed with an increased risk of concomitant hypertension,
and thus with susceptibility to complications of diabetes.
These complications account for the excessive morbidity
and mortality associated with this disease.

CONCLUSIONS

1. The T825 polymorphic variant of the G protein β3
subunit gene seems to be associated with arterial
hypertension accompanying type 2 diabetes.

2. The T allele of the gene may be a genetic marker of
susceptibility to arterial hypertension, and thus of
increased risk of vascular complications in type 2 dia-
betes mellitus.

REFERENCES:

1. Clapham D, Neer E: G protein beta gamma subunits. An Rev Phar-
macol, Toxicol, 1997; 37: 167-203

2. Neer E, Clapham D: Roles of G protein subunits in transmembrane
signaling. Nature, 1988; 333: 129-134

3. Fuller G, Shields D: Molecular basis of medical cell biology. Apple-
ton&Lange, London, 1998; 233-245

4. Levine M, Modi W, O’Brien S: Chromosomal localization of the
genes encoding two isoforms of the G-protein beta polypeptide,
beta-1 and beta-3, in man. Genomics, 1990; 8: 380-386

5. Levine M, Smallwood P, Moen P et al: Molecular cloning of beta 3
subunit, a third form of the G protein beta-subunit polypeptide.
Proc Natl Acad Sci, USA, 1990; 87: 2329-2333

6. Rosskopf D, Busch S, Manthey I et al: G protein beta 3 gene: struc-
ture, promoter and additional polymorphisms. Hypertension,
2000; 1: 33-41

7. Pietruck F, Moritz A, Montemurro M et al: Selectively enhanced
cellular signaling by G(i)proteins in essential hypertension: G-
alpha(i2), G-alpha(i3), G-beta(2) are not mutated. Circ Res, 1996;
79: 974-983

8. Madisen L, Hoar D, Holroyd C et al: DNA banking: the effect of
storage of blood and isolated DNA on the integrity of DNA. Am J
Med Genet, 1987; 27: 379-390

9. Siffert W, Forster P, Jockel K, Mvere D et al: Worldwide ethnic dis-
tribution of the G protein beta 3 subunit 825 T allele and its associ-
ation with obesity in Caucasian, Chinese and Black African. J Amer
Soc Nephrol, 1999; 9: 1921-1930

10. Benjafield A, Jeyasingam C, Nyholy D et al: G protein beta 3 sub-
unit gene (GNB3) variant in causation of essential hypertension.
Hypertension, 1998; 32: 1094-1097

11. Brand E, Herrmann S, Nicaud V et al: The 825 C/T polymorphism
of the G-protein subunit beta 3 is not related to hypertension.
Hypertension, 1999; 5: 1175-1178

12. Buchmayer H, Sunder-Plassmann G, Hirschl M et al: G-protein
beta 3 subunit gene (GNB3) polymorphism 825 C*T in patients
with hypertensive crisis. Critical Care Medicine, 2000; 9: 3203-3206

13. Hegele R, Harris S, Hanley A et al: G protein beta 3 subunit gene
variant and blood pressure variation in Canadian Oji-Cree. Hyper-
tension, 1998; 32: 688-692

14. Schunkert H, Hense H, Doring A et al: Association between a poly-
morphism in the G protein beta 3 subunit gene and lower renin
and elevated diastolic blood pressure levels. Hypertension, 1998;
32: 510-513

15. Siffert W, Rosskopf D, Moritz A: Association of a human G-protein
beta-3 subunit variant with hypertension. Nature Genetics, 1998;
18: 45-48

16. Tsai C, Yeh H, Chou Y et al: G protein beta 3 subunit variant and
essential hypertension in Taiwan: a case-control study. Int J of Car-
diol, 2000; 2: 191-195

17. Siffert W, Rosskopf D, Moritz A: Enhanced G protein activation in
immortalized lymphoblasts from patients with essential hyperten-
sion. J Clin Invest, 1995; 96: 759-766

18. Poch E, Gonzales D, Gomez-Angelats E: G-protein beta(3) subunit
gene variant and left ventricular hypertrophy in essential hyperten-
sion. Hypertension, 2000; 1(part 2): 214-218

19. Smetkowska-Jurkiewicz E, Krupa-Wojciechowska B: NadciÊnienie
t´tnicze a cukrzyca. In: Januszewicz A, Januszewicz W, Szczepaƒs-
ka-Sadowska E, Sznajderman M red. NadciÊnienie t´tnicze. Medy-
cyna Praktyczna, Kraków, 2000; 519-520

20. Strojek K, Grzeszczak W, Morawin E et al: Nephropathy of type II
diabetes: Evidence for hereditary factors? Kidney Int, 1997; 51;
1602-1607

21. Bluthner K, Schmidt S, Siffert W et al: Increased frequency of G-
protein beta-3-subunit 825 T allele in dialyzed patients with type 2
diabetes. Kidney Int, 1999; 55: 1247-1250



CR602

Med Sci Monit, 2002; 8(8): CR597-602Clinical Research

22. Pietruck F, Spleiter S, Daul A et al: Enhanced G protein activation
in IDDM patients with diabetic nephropathy. Diabetologia, 1998;
41: 94-100

23. Fernandez-Real J, Penarroja G, Richart C et al: G protein beta-3
subunit 825 T allele predicts improvement of insulin sensitivity and
nitric oxide sensitivity in type 2 diabetes mellitus. Diabetes, 2001;
50(suppl. 2): A289

24. Hegele R, Anderson C, Young T et al: G protein beta3 subunit
gene splice variant and body fat distribution in Nunavut Inuit.
Genome Research, 1999; 10: 972-977

25. Sifert W, Naber C, Walla M, Ritz E: G protein beta 3 subunit T825
allele and its potential association with obesity in hypertensive indi-
viduals. J Hypertens, 1999; 17: 1095-1098

26. Ishikawa K, Imai Y, Katsuya T: Human G protein beta-3 subunit
variant is associated with serum potassium and total cholesterol lev-
els but not with blood pressure. Am J Hypertens, 2000; 2: 140-145


