
Diabetic nephropathy is the commonest cause of
end-stage renal disease (ESRD) in the Western world
accounting for 35% of people currently starting dial-
ysis in the United States [1]. Substantial evidence ex-

ists to suggest that a proportion of people with diabe-
tes have a genetic predisposition to diabetic nephrop-
athy [2, 3, 4]. Raised arterial blood pressure and hy-
pertension are more prevalent in the parents of off-
spring with Type I (insulin-dependent) diabetes mel-
litus and nephropathy than in the parents of Type I
diabetic patients without nephropathy [5, 6]. There-
fore familial clustering of diabetic nephropathy could
be related to inherited abnormalities of blood pres-
sure regulation.

Increased sodium-hydrogen exchange (NHE) has
been documented in many cell types from humans
with hypertension and diabetic nephropathy [6±9].
In essential hypertension the basis of this enhanced
activity appears to be closely related to increased ac-
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Summary In Type I (insulin-dependent) diabetes
mellitus a genetic predisposition exists to nephropa-
thy and is related to parental hypertension. Enhanced
G-protein activation, a cellular phenotype observed
in cultured cells from patients with essential hyper-
tension, was recently documented in Type I diabetic
subjects with nephropathy. This enhanced G-protein
activation has been associated with a genetic variant
in the G-protein b3 subunit, GNB3. A C®T polymor-
phism at position 825 in exon 10 is associated with G-
protein activation, the T allele associated with en-
hanced activity. Furthermore the T allele was ob-
served more frequently in a group with essential hy-
pertension. In this report we have analysed the role
of the C825T polymorphism in the predisposition to
diabetic nephropathy in Type I diabetes. We have in-
vestigated the frequency of this polymorphism in a
large case-control study and found no association of
the T allele with diabetic nephropathy. Specifically
carriage of the T allele as CT or TT was observed in

49% of 200 Type I diabetic control subjects with nor-
moalbuminuria (diabetes duration 24 years) com-
pared with 53% of 216 Type I diabetic subjects with
nephropathy (overt proteinuria or end-stage renal
failure). Within this group we have also examined
the inheritance of C825T alleles in a family study
and found no evidence for excess transmission of the
T allele to Type I diabetic offspring with nephropathy
(T allele transmitted to 51 % of nephropathy off-
spring, C allele transmitted to 49% of nephropathy
offspring, p = 0.79). In none of the Type I diabetic da-
tasets examined was there any effect of genotype on
variation in systolic or diastolic blood pressure. In
conclusion we can find no evidence for the C825T
polymorphism of the b3 G-protein subunit as a major
gene in the susceptibility to diabetic nephropathy in
Type I diabetes. [Diabetologia (1998) 41: 1304±1308]
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tivation of pertussis toxin (PTX)-sensitive G-proteins
which are involved in the modulation and transduc-
tion of various transmembrane signalling systems
[10, 11]. Recently enhanced G-protein activation has
been shown in immortalized B lymphoblast cell lines
from diabetic nephropathy patients compared with
matched diabetic patients without nephropathy [12].
The molecular basis of enhanced G-protein activa-
tion in a group of hypertensive people, selected for
raised NHE activity has also been delineated [13].
Evidence was presented that a C-T polymorphism at
position 825 in exon 10 of the gene for the b3 G-pro-
tein subunit is associated with altered mRNA splicing
and enhanced activity of the protein. Specifically car-
riage of the T allele is associated with a novel splice
variant characterized by a 123 bp in-frame deletion
affecting exon 9. Furthermore in cell lines from 5 nor-
motensive and 6 hypertensive people, selected re-
spectively for low or enhanced NHE activity, it was
shown that carriage of a T allele is universally associ-
ated with enhanced binding of guanosine triphos-
phate gamma subunit (GTP-gS) to PTX-sensitive G-
proteins. Finally in a case-control association study it
was shown that the frequency of the T allele is in-
creased in hypertensive compared to normotensive
people [13]. Considering these findings, we speculat-
ed that this genetic variant, associated with essential
hypertension, possibly increases susceptibility to dia-
betic nephropathy.

Case-control studies are highly effective in detect-
ing any role candidate genes have in susceptibility to
complex diseases [14]. The role of candidate genes
can also be assessed in family-based association stud-
ies [15]. We have recently reported, for the first time,
the use of such a family association study in assessing
candidate genes in diabetic nephropathy susceptibili-
ty [16]. The basis of this study is the transmission dis-
equilibrium test (TDT), a powerful method to assess
susceptibility alleles in the causation of polygenic dis-
ease [15, 17]. A nephropathy susceptibility allele will
be observed to be transmitted more often to a Type I
diabetic offspring with nephropathy and less often to
a Type I diabetic offspring without nephropathy [16].
The TDT is equivalent to a randomized experiment
and therefore is resistant to confounding.

We thus have used both case-control association
and family-based study designs to assess the C825T
variant of the G-protein b3 subunit in diabetic ne-
phropathy susceptibility.

Subjects and methods

Study group. Subjects for the case-control study were recruited
through patients participating in an ongoing, large-scale study
of the clinical course of microalbuminuria at the Joslin Diabe-
tes Center [18]. During 1991±1993, 50 % of the total Type I dia-
betic group aged 15±44 years (n = 1613) were screened for
nephropathy among whom 201 patients with persistent pro-

teinuria or more advanced diabetic nephropathy were identi-
fied. Subsequently, screening was extended to all Joslin Type I
diabetic patients and the results of both screening programmes
were used to select subjects and control subjects for the present
study. Type I diabetic patients with persistent proteinuria or
end-stage renal disease (ESRD) were considered as nephropa-
thy subjects. Patients without nephropathy, defined as the ab-
sence of microalbuminuria with Type I diabetes for 15 or more
years, were considered as control subjects. So far 216 nephropa-
thy subjects and 200 control subjects have been enrolled and ex-
amined. For the family-based association study, both parents of
152 nephropathy subjects and 90 control subjects from the same
group were examined in addition.

Diabetes was considered insulin-dependent if it was diag-
nosed before age 30 years and treatment with insulin started
within 1 year of diagnosis and continued thereafter. Only Cau-
casian patients with Type I diabetes were recruited.

Examination of study participants. Informed consent was ob-
tained from all Type I diabetic patients and parents who partici-
pated in this study and each underwent a detailed history and
standardized physical examination. Blood pressure was taken
with a standard sphygmomanometer after 10 min sitting and
the average of two measurements taken. Hypertension was de-
fined as either systolic blood pressure (SBP) 140 mmHg or
more, diastolic blood pressure (DBP) 90 mmHg or more or the
use of anti-hypertensive medication. Each participant provided
a random urine sample for urinalysis and albumin:creatinine ra-
tio (ACR) determination and blood samples for biochemical
analysis and DNA isolation. We measured HbA1 c as outlined
before [19]. The protocol for the study was approved by the
Committee on Human Subjects of the Joslin Diabetes Center.

Diagnosis of diabetic nephropathy. Type I diabetic patients
were classified into stages of diabetic nephropathy on the basis
of questionnaires, medical records (from the Joslin Diabetes
Center and other institutions) and measurements of the uri-
nary ACR. Methods for the ACR determination have been de-
scribed previously [18, 19]. Type I diabetic patients without a
history of diabetic nephropathy, having an ACR less than
17 mg/mg (for men) or 25 mg/mg (women) were considered nor-
moalbuminuric controls (n = 200). These sex-specific values
are equivalent to an urinary albumin excretion rate of 30 mg/
min [19]. Type I diabetic patients with persistent proteinuria
were considered as proteinuric subjects (n = 150) and those
with a renal transplant or on dialysis due to diabetic nephropa-
thy were considered as ESRD subjects (n = 66). Persistent pro-
teinuria was diagnosed if a patient had two out of three se-
quential urinalyses positive based on either reagent strip
1 + or more (Multistix, Ames Division, Miles Laboratories,
Elkhart, Ind., USA) or an ACR 300 mg/mg or more. Type I di-
abetic patients who had microalbuminuria or intermittent pro-
teinuria were excluded from the study.

Genotyping of G-protein b3 subunit C825T polymorphism.
The polymorphism in exon 10 of the guanine nucleotide bind-
ing protein beta polypeptide 3 (GNB3) gene was detected by
the same method as reported previously [13]. Briefly 20±50 ng
of genomic DNA was amplified using the following primer
pair: forward: 5 ¢-TGACCCACTTGCCACCCGTGC-3 ¢, re-
verse: 5 ¢-GCAGCAGCCAGCGCTGGC-3 ¢. Polymerase
chain reaction (PCR) reaction conditions were as described
previously [13]. The 268 bp product was restricted with
BseD1 (Fermentas, Amherst, New York, USA). The unre-
stricted 268 bp product represents the T allele whereas a C al-
lele was cut into 116 bp and 152 bp fragments. The three geno-
types were scored after running on a 2.5 % agarose gel.
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Statistical analysis. Genotype and allele frequency among con-
trol subjects and subjects were compared using standard chi-
squared tests. Continuous variables were compared with Stu-
dent's t-tests. The effect of the three genotypes on DBP and
SBP was assessed using a linear regression model with DBP
or SBP as the dependent variable. The functional effects of
the GNB3 C825T polymorphism have been shown to be asso-
ciated with carriage of one or two copies of the T allele, i. e.
CT or TT genotypes [13]. For the purposes of this study the ge-
notypes are presented as two groups CC and CT/TT reflecting
this functional effect.

The transmission disequilibrium test (TDT) within families
examines whether association is due to linkage disequilibrium
rather than population stratification [15, 20]. In the TDT the
transmission of alleles from heterozygous parents to offspring
is compared with non-transmission with an expected ratio of
50:50 for an allele with no influence on offspring phenotype.
Comparison between the observed transmission and the ex-
pected proportion of 50 % was done with McNemar's test.
The overall comparison of transmitted alleles in the subjects
and control subjects was done by a standard chi-squared test.

Results

Assessment of GNB3 C825T polymorphism in Type I
diabetic case-control study. The Type I diabetic group
with nephropathy consisted of 216 subjects, 66 of
whom had ESRD. The control Type I diabetic sub-
jects (n = 200) had normoalbuminuria despite a mini-
mum of 15 years diabetes duration. As expected the
total nephropathy group had longer diabetes dura-
tion, poorer glycaemic control and higher SBP and
DBP compared with the normoalbuminuric group
(Table 1). Within the nephropathy group the patients
with ESRD were older (39 ± 5 years vs 36 ± 7 years,
p < 0.005) and had higher SBP (142 ± 20 mmHg vs
131 ± 19 mmHg, p < 0.005) than those with proteinur-
ia. The presence of hypertension (defined as SBP ³
140 mmHg or DBP ³ 90 mmHg or use of anti-hyper-
tensive medication) was more common in the nephr-
opathy group than in the control group. Blood pres-
sure data was available on 260 parents of nephropa-
thy offspring and 112 parents of control Type I dia-
betic offspring. Essential hypertension defined as
above, was more common in the parents of nephropa-
thy offspring than in the parents of control subjects
(56% vs 31%, p = 0.001). The presence of parental
hypertension was associated with a 2.7-(95% confi-
dence interval 1.7±4.4) fold increase in risk of neph-
ropathy, based on this study sample.

The T allele, previously associated with essential
hypertension, was present in 30% of control Type I
diabetic subjects and 32% of subjects with nephropa-
thy. The T allele frequency was 30% in the ESRD
subset. Expected genotype frequencies from the ob-
served allele frequencies did not deviate from Har-
dy-Weinberg equilibrium.

There was no significant difference in the frequen-
cy of the three genotypes between the Type I diabetic

control group and the Type I diabetic nephropathy
subjects (Table 2). The distribution of genotypes in
the subset of Type I diabetic nephropathy patients
with ESRD (n = 66) was not significantly different
from either the proteinuric or control Type I diabetic
groups: 31(47%) with CC, 31(47%)with CT and 4
(6%) with the TT genotype.

Combining the genotype groups based on the pres-
ence of at least one T allele also showed no significant
differences between the groups: in the control group
49% had the CT/ TT genotype compared with 53%
in the overall nephropathy group (c2 = 0.6, p = 0.7).

There was no effect of the polymorphism on varia-
tion in either SBP or DBP when analysed in the neph-
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Table 1. Clinical characteristics of Type I diabetic groups

Type I diabetic
control subjects
(n = 200)

Type I diabetic
nephropathy subjects
(n = 216)a

Age (years) 34 ± 8 36 ± 7d

Sex (% Male) 50% 51%

Type I diabetes
duration (years)

24 ± 6 27 ± 7d

HbA1c
b (%) 8.3 ± 1.2 9.3 ± 1.6d

SBP (mmHg) 120 ± 16 134 ± 20d

DBP (mm Hg) 72 ± 9 80 ± 10d

Hypertensionc 11% 60%e

Parental
hypertension

31%
(n = 112 parents)

56%e

(n = 260 parents)
a The nephropathy group consisted of 150 Type I diabetic pa-
tients with proteinuria and 66 with ESRD.
b HbA1c values taken over a two year window period prior to
recruitment.
c Hypertension defined as SBP L 140 mm Hg, DBP L 90 mm
Hg or use of anti-hypertensive medication.
d p < 0.0001, nephropathy subjects vs control subjects.
e p < 0.001, nephropathy subjects vs control subjects.
Data are means ± SD

Table 2. Distribution of GNB3 C825T alleles and genotypes in
the case-control association study: 200 control subjects with
normoalbuminuria and 216 subjects with nephropathy

Type I diabetic
control subjects
(n = 200)
n (%)

Type I diabetic
nephropathy subjects
(n = 216)
n (%)

allele C 281 (70) 294 (68)

allele T 119 (30) 138 (32)

Total chromosomes 400 432

Total c2 (1 d. f.) = 0.46, p = 0.5

Genotype CC 102 (51) 102 (47)

Genotype CT 77 (39) 90 (42)

Genotype TT 21 (10) 24 (11)

Total subjects 200 216

Total c2 (2 d. f.) = 0.6, p = 0.7



ropathy and control groups (data not shown). Even
when the groups were stratified based on HbA1c
( ³ 8.1) and duration ( ³ 25 years), there was still no
difference in the genotype distribution for the C825
T polymorphism, between subjects and control sub-
jects (data not shown).

Assessment of GNB3 C825T polymorphism in fami-
lies with Type I diabetic offspring using the transmis-
sion disequilibrium test. We investigated the transmis-
sion of alleles from heterozygous parents to offspring
with Type I diabetes and nephropathy. The T allele
was transmitted to 51% of nephropathy offspring
from a total of 125 informative heterozygous parents
(p = 0.79) (Table 3). T allele transmission to Type I di-
abetic offspring with ESRD or proteinuria did not
differ significantly from 50% (data not shown). We
have also genotyped the families with a control Type
I diabetic offspring: the T allele was transmitted to
44% of Type I diabetic control offspring from 55 het-
erozygous parents analysed (p = 0.35). These results
confirm the case-control association study.

Discussion

The previous report on the C825T polymorphic vari-
ant of the B3 subunit of a human G-protein made a
case for this gene as a candidate in the predisposition
to essential hypertension [13]. In Type I diabetes hy-
pertension occurs almost always in association with
proteinuria [21, 22]. Also in many types of family
studies, susceptibility to diabetic nephropathy is inti-
mately related to the predisposition to essential hy-
pertension [23]. In this study we have documented,
in a large sample size, that parental hypertension is
almost twice as prevalent (56% vs 31%) in diabetic
nephropathy patients compared with Type I diabetic
offspring with normoalbuminuria.

With a large group of Type I diabetic patients, we
have found, however, no evidence that the GNB3
gene represents a major predisposition to diabetic
nephropathy. This conclusion is based on the results
from a large case-control study and the absence of
any preferential transmission of C825T alleles to
Type I diabetic offspring in families. If this genetic
variant has a major role in hypertension susceptibility
we would have expected it to be associated with dia-

betic nephropathy. What are the possible reasons for
the differences between this study and the original re-
port showing its association with essential hyperten-
sion?

Firstly, essential hypertension is a polygenic and
therefore heterogeneous disorder [24]. Therefore
the G-protein b3 subunit possibly has a discrete role
in the predisposition of a subset of people to hyper-
tension which does not overlap with the predisposi-
tion of diabetic nephropathy. Moreover, the enhanced
activation of G-proteins described recently in diabetic
nephropathy could be secondary to hypertension and
not a primary event [12]. There is some evidence for
this in the report demonstrating enhanced G-protein
activity in cells from Type I diabetic patients [12]. In
this study there was a lower response in cells from dia-
betic nephropathy patients not on anti-hypertensives
compared with those on treatment for hypertension
[12]. This suggests the difference in G-protein activity
could be intrinsic to the pathophysiology of hyperten-
sion or secondary to anti-hypertensive treatment and
not necessarily a primary abnormality in the patho-
genesis of diabetic nephropathy.

Secondly, the findings in the original report on the
GNb-3 polymorphism do not suggest a major role in
essential hypertension susceptibility since the abso-
lute differences in the reported case-control group
was small [13]. The T allele frequency was 0.25 in nor-
motensive control subjects and 0.31 in hypertensive
subjects. Given the frequency of the T allele in the
normotensive control subjects, almost half the con-
trol group carried at least one ªhypertensionº allele
(44% with CT/TT) and yet had low mean SBP and
DBP of 114 and 72 mmHg, respectively for their
mean age of 56. The odds ratio conferred by the pres-
ence of the CT/TT genotype was 1.4. Based on this
and the findings in this study it would appear that
the effect of this genetic variant on hypertension is
probably minor.

Lastly, the mean age of the normotensive and hy-
pertensive groups in the original report were 56 and
57 years respectively and it is possible that the effect
of this gene on blood pressure is expressed in mid-to
later life. This possibility can only be addressed by
other studies of this variant in essential hypertension
groups. In the Type I diabetic patients in this report
we have been unable to show any difference in either
SBP or DBP based on genotype in either the control
or nephropathy groups. It thus seems plausible that
the effect of this gene on blood pressure is age depen-
dent and is unlikely to be a factor in the genetic sus-
ceptibility to nephropathy in Type I diabetes where
onset occurs before middle life.

We cannot exclude that this gene has a minor role
in susceptibility to diabetic nephropathy which was
not demonstrable in this daraset of over 400 Type I
diabetic patients. Given a reference genotype fre-
quency (CC genotype) of 0.5 in the control Type I di-
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Table 3. Transmission of the GNB3 alleles from heterozygous
parents to Type I diabetic offspring with nephropathy

T allele
transmitted

C allele
transmitted

p
valuea

Type I diabetic offspring
with diabetic nephropathy
(n = 125) 64 (51%) 61 (49%) 0.79
a McNemar's test



abetic group, this dataset would have 80% power to
detect a risk genotype (CT/TT genotype) conferring
an odds ratio of 1.7 or greater at the p = 0.05 level.
We therefore consider that this gene is unlikely to be
clinically significant in the predisposition to diabetic
nephropathy.

The design of this study allows us to investigate the
role of candidate genes involved in diabetic nephropa-
thy susceptibility within these families without the ef-
fects of confounding due to population stratification.
The use of families with a Type I diabetic offspring
without nephropathy allows us to exclude excess
transmission that may be seen at a Type I diabetes sus-
ceptibility locus [16]. Since we have observed no sig-
nificant deviation in either families with or without di-
abetic nephropathy, we are confident that transmis-
sion of alleles at this polymorphism do not contribute
substantially to nephropathy risk. In work with other
candidate genes we have found that this TDT based
analysis is very sensitive in detecting excess transmis-
sion at various other candidate loci studied [16, 25, 26].

In conclusion, we have found no evidence for a
role of the GNB3 C825 T functional variant in the ge-
netic susceptibility to diabetic nephropathy in Type I
diabetes, as assessed in a large case-control and fami-
ly-based association study. In addition, there appears
to be no significant effect of this polymorphism on
variation in blood pressure in this Type I diabetic
group.
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