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Abstract. There is evidence that environmental factors and
genetic predisposition affect the development of end-stage
renal disease (ESRD). The role of kinin peptides in renal
pathology has been also suggested, and a nephroprotective
effect of kinins, mediated by B1 and B2 kinin receptors, has
been postulated. Recently, two novel sequence differences in
the B1R gene were identified, and the C allele of the G3C
substitution at position2699 in the promoter region of the B1R
gene was found to be less frequent among patients with ESRD
compared with healthy control subjects. In this study, the
association between B1R and B2R polymorphisms and ESRD
was examined using a family-based study design: transmission/

disequilibrium test. B1R gene G3C substitution at position
2699 in the promoter region and B2R gene C3T transition at
position 181 in exon 2 were genotyped in 247 family trios:
offspring affected with ESRD and both parents. The less com-
mon alleles of both polymorphisms (B1R C allele and B2R T
allele) were transmitted from heterozygous parents to offspring
affected with ESRD less frequently than expected (37 and
36%, respectively;P , 0.05). In conclusion, results obtained in
this study support a hypothesis of the protective role of bra-
dykinin receptor gene polymorphisms in the development of
ESRD.

End-stage renal disease (ESRD) is a complex phenotype,
which results from the presence of underlying kidney disease,
and superimposing inherited and environmental factors. Famil-
ial clustering of ESRD was demonstrated recently in different
racial populations, including Caucasians (1–4). Data obtained
in these studies suggest that a genetic susceptibility, indepen-
dent of the etiologic factors of kidney disease, alters the risk of
the development of end-stage renal failure.

Recently, the role of kallikrein-kinin system in the inflam-
matory process in the kidney has been stressed, and a protec-
tive effect of kinin peptides against the development of renal
pathology (5–7) or hypertension (8–12) has been suggested. It
has also been hypothesized that the nephroprotective effect of
angiotensin-converting enzyme inhibitors may be at least in
part a result of the inhibition of degradation of kinins (13–16).
In a recent study by Bachvarovet al., two sequence differences
in the kinin B1 receptor (B1R) gene were found and were tested
for association with ESRD (17), together with a previously
identified polymorphic site in the B2 kinin receptor (B2R) gene

(18). In that case-control study, the C allele of the G26993C
transition in the promoter of the B1R gene was found to be less
frequent in patients with end-stage renal failure when com-
pared with healthy control subjects, and the nephroprotective
role of this polymorphism was postulated.

However, when using a case-control study design, “spuri-
ous” disease-marker association may arise, even in the absence
of genetic linkage, as a result of population stratification,i.e.,
when the study groups are drawn from genetically distinct
subsets of population (19). To test the hypothesis of association
between the B1R and B2R gene polymorphisms and the devel-
opment of ESRD, and to avoid the potential bias of case-
control studies, in the present study we applied the family-
based study design, using the transmission/disequilibrium test
(TDT). TDT, first introduced by Spielmanet al. (20), is a test
for linkage in the presence of allelic association, which eval-
uates the transmission of the associated allele from heterozy-
gous parents to affected offspring (20,21). In this study, poly-
morphisms in the genes encoding for B1R and B2R were
genotyped in a large group of family trios: children affected
with ESRD and both parents.

Materials and Methods
Selection of Family Trios

Subjects for the study were recruited from 17 nephrology or dial-
ysis centers. In total, 1657 Caucasian patients with a history of ESRD
(creatinine clearance,30 ml/min) or submitted to chronic hemodi-
alysis or peritoneal dialysis were identified. Etiologies of ESRD were:
glomerulonephritis (n 5 729), interstitial nephritis (including pyelo-
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nephritis) (n 5 263), diabetic nephropathy (n 5 170), hypertension
(n 5 116), polycystic kidney disease (n5 40), and other causes or
unknown etiology (n 5 234). For the family-based association study,
we selected 247 patients: 120 with glomerulonephritis, 80 with inter-
stitial nephritis (including chronic pyelonephritis), and 47 patients
with ESRD due to diabetic nephropathy in type 1 diabetes, whose
parents were alive and agreed to participate in the study. Families with
ESRD attributed to polycystic kidney disease, and unknown or un-
common etiologies were excluded from the study. A detailed history
of kidney disease was collected from all patients, and all parents
provided basic epidemiologic data, according to our standardized
questionnaire. All patients and parents gave written informed consent,
and the study protocol was approved by the Ethics Committee of the
Silesian School of Medicine.

DNA Analysis
From all patients and parents, DNA was isolated from peripheral

blood leukocytes.
B1R Gene G26993C Substitution in the Promoter Region. A

total of 191 bp of the B1R promoter was PCR-amplified with primers
described in the study by Bachvarovet al.(17). Five microliters of the
PCR product was digested at 37°C, overnight, with 10 U ofAciI (New
England Biolabs, Beverly, MA) and electrophoresed on 3% DNA
Typing Grade Agarose (Life Technologies, Grand Island, NY). The C
allele produced bands at 135 and 56 bp, and the G allele remained as
an undigested 191-bp band.

The B2R Gene C1813T Transition in Exon 2. PCR with
primers flanking the polymorphic site in exon 2 (18) was performed,
resulting in a 184-bp product. Five microliters of PCR product was
cleaved at 65°C for 2 h with 4 U ofTaqI (New England Biolabs) and
electrophoresed on 3% DNA Typing Grade Agarose (Life Technol-
ogies). The C allele was presented as a 145-bp band, and the T allele
was presented as a 165-bp band.

The B1R gene exon 3 A10983G transition was determined with the
method described in Bachvarovet al. (17). Briefly, 486 nucleotides
from a terminal fragment of the coding region and 39 flanking region
of the B1R gene were PCR-amplified, digested with 10 U ofTaqI at
65°C for 2 h, and electrophoresed on 2% agarose gel.

For the examined polymorphisms, PCR was performed from 100 to
200 ng of genomic DNA, in 25-ml reaction volume containing 10
pmol of the specific primers, 0.5 U of DynaZyme DNA polymerase
(Biometra, Tampa, FL), 1.5 mmol/L MgCl2, and 2.5 mmol/L of each
dNTP, in one of the following cyclers: UNO II (Biometra) or Mas-
tercycler Gradient (Eppendorf, Hamburg, Germany). After 5 min of
initial denaturation at 95°C, 35 cycles of 1 min at 95°C, 1 min at 60°C
(B1R promoter and B2R exon 2), 1 min at 65°C (B1R exon 3), and 1
min at 72°C were performed, followed by 10 min of final extension at
72°C.

Genotyping was repeated for all trios, in which the examined
heterozygous parent did not transmit the less common allele of one of
the examined polymorphisms.

Statistical Analyses
In the descriptive statistics of the study group, data are presented as

mean and SD for normally distributed continuous variables, whereas
for variables not distributed normally, median and quartiles are pre-
sented. In the TDT, the observed transmission of alleles from het-
erozygous parents to affected offspring was compared with an ex-
pected proportion of 50% transmission for an allele not associated
with the phenotype, and McNemar’s test was used for the compari-
sons.P , 0.05 (two-tailed) was considered statistically significant.
All calculations were performed using Excel 97 spreadsheet (Mi-
crosoft).

Results
Among 247 cases included in the study, 157 patients were

submitted to renal replacement therapy (144 hemodialysis and
13 peritoneal dialysis), with median duration of dialysis of 2.0
yr (0.0 to 8.0 yr). Ninety patients were in the predialysis period
and had a median creatinine clearance (calculated according to
the Cockcroft-Gault formula [22]) of 14.5 ml/min (8.4 to 27.5)
for women and 17.3 ml/min (12.6 to 27.7) for men. Mean age,
body mass index, and median serum creatinine of the examined
patients, as well as the proportion of genders in our study
group, are presented in Table 1.

All family trios with at least one parent heterozygous for a
given polymorphism were selected for the TDT. In total, 73
and 53 parents were heterozygous for the B1R promoter
G26993C polymorphism, and B2R exon 2 C1813T polymor-
phism, respectively, and thus were suitable for the determina-
tion of allele transmission to affected offspring (Table 2). For
these polymorphisms, allele transmission was significantly dif-
ferent from the proportion of 50%/50% expected for no asso-
ciation. The less common alleles—B1R C allele and B2R T
allele—were transmitted from heterozygous parents to affected
offspring less frequently than expected; transmission of B1R C
allele was 37% (P 5 0.03) and transmission of B2R T allele
was 36% (P 5 0.04). A10983G transition in exon 3 of the B1R
gene (17) was also tested in a random sample of approximately
one-half of our available trios (139 trios; 56%). Among them,
12 families (8.6%) were informative for the evaluation of allele
transmission, which did not deviate from the proportion of
50:50 (A and G allele transmission was 5:7, respectively).

Table 1. Selected clinical data of the affected offspring analyzed in the TDT testa

Characteristic Total GN IN DN

n 247 120 80 47
Female/male 111/136 53/67 36/44 22/25
Age (yr) 26.76 12.1 27.56 10.9 19.36 9.8 37.26 9.8
BMI (kg/m2) 20.96 3.9 21.16 3.6 19.36 4.1 23.46 3.3
Serum creatinine (mg/dl) 8.2 (5.5 to 9.9) 9.0 (7.4 to 10.1) 7.1 (3.9 to 9.1) 7.7 (4.0 to 9.2)

a TDT, transmission/disequilibrium test; GN, glomerulonephritis; IN, interstitial nephritis; DN, diabetic nephropathy; BMI, body mass
index.
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Discussion
In this study, we have examined the relationship between

polymorphisms in the genes encoding for human kinin recep-
tors with the presence of ESRD in patients with chronic glo-
merulonephritis, interstitial nephritis (including pyelonephri-
tis), or diabetic nephropathy. Using a family-based study
design with a TDT, we have demonstrated significantly dimin-
ished transmission of the B1R promoter C allele, as well as the
B2R exon 2 T allele, from heterozygous parents to affected
offspring.

In the original report of Bachvarovet al. (17), the C allele of
the polymorphism in the B1R promoter was found to be less
frequent among 287 cases with end-stage renal failure, com-
pared to 102 control subjects, selected from a healthy popula-
tion. In the same study, PCR fragments of the polymorphic
promoter were subcloned in front of the reporter gene, and the
presence of the C allele was found to be associated with higher
promoter activity, compared with the G allele. The position of
the G26993C polymorphic site in the distal part of the regu-
latory region, in the proximity of enhancer and silencer se-
quences (2604 to2448 bp, and2682 to2604 bp upstream
from the transcription initiation site, respectively) (23), could
suggest a direct impact of this sequence difference on the
transcriptional regulation of the B1R expression, which might
in turn promote the nephroprotective effect of endogenous
kinins. On the other hand, overexpression of the B1 receptor
induced by inflammatory mediators (interleukin-1b, tumor ne-
crosis factor-a, and bacterial lipopolysaccharide) was found to
be mediated by a nuclear factorkB-like site in the proximal
part of the promoter (264 to255 bp) (24). Interestingly, a
deficit of the B1R promoter C allele was also found among
patients with inflammatory bowel disease (25). Taken together,
we may suspect that this sequence difference determines a
common mechanism modifying the inflammatory response in
various tissues, either as a pathogenic mutation itself, or as a
marker remaining in linkage disequilibrium with another func-
tionally important polymorphic site.

B2R gene C1813T polymorphism in exon 2 was also tested
in the study of Bachvarovet al.(17), and carriers of the T allele
were found to be less frequent among ESRD cases compared
with healthy subjects (12.9%versus19.4%), but the difference
did not reach statistical significance. In our study, the magni-

tude of the effect was bigger, with the difference in the trans-
mission of the two B2R alleles being significant in McNemar’s
test (P 5 0.04). That can most likely be explained by the
following issues. The first is study design. TDT may be more
sensitive in detecting allelic association than a conventional
case-control approach, as shown by two association studies of
angiotensinogen M235T polymorphism and diabetic nephrop-
athy in insulin-dependent diabetes mellitus patients: case-con-
trol (26) and TDT (27). The second may be a difference in the
structure of etiologies of ESRD between our study and the
original report (17). A group of patients with ESRD analyzed
in our study could be slightly more homogeneous, because we
excluded patients with uncommon or unknown etiologies of
ESRD, as well as patients with polycystic kidney disease,
where the predisposition to end-stage renal failure may depend
on the genetic background of the disease itself. A C to T
transition in coding exon 2 of B2R gene leads to arginine to
cysteine substitution at residue 14 in the N-terminal extracel-
lular domain of the receptor. Whether this substitution itself
alters the properties of the receptor or is a marker remaining in
linkage disequilibrium with another functionally important se-
quence difference located nearby (e.g., in the promoter region
of the gene) remains to be determined.

However, both our study and the original report (17) have
certain limitations. Analysis of patients affected with ESRD
and a control group selected from a healthy population, as well
as TDT based on the analysis of affected offspring, may detect
association with the geneticlocus implicated in the predispo-
sition to underlying kidney disease, not with the genetic back-
ground of the disease complication. To exclude such a possi-
bility, one should examine the prevalence, or transmission, of
B1R C and B2R T alleles in patients with preserved renal
function despite long duration of kidney disease. However,
similar effects observed in patients with different etiologies of
ESRD in both our study and that of Bachvarovet al.(17) argue
against the association between kinin receptor gene polymor-
phisms and specific etiologic mechanisms leading to kidney
disease. It is also unlikely that the kallikrein-kinin system is
involved in the pathogenesis of glomerular or interstitial ne-
phritis.

In our study, the impact of population stratification was
excluded by the family-based study design, but other forms of

Table 2. Transmission of the B1R promoter and B2R exon 2 alleles from heterozygous parents to offspring with ESRDa

Category
B1R Promoter G26993 C B2R Exon 2 C1813 T

G Allele Transmitted C Allele Transmitted C Allele Transmitted T Allele Transmitted

Total 46 (63%) 27 (37%)b 34 (64%) 19 (36%)c

GN 22 (65%) 12 (35%) 18 (69%) 8 (31%)d

IN 16 (62%) 10 (38%) 12 (63%) 7 (37%)
DN 8 (62%) 5 (38%) 4 (50%) 4 (50%)

a Results are given asn (%). ESRD, end-stage renal disease. Other abbreviations as in Table 1.
b P 5 0.03.
c P 5 0.04.
d P 5 0.05.
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selection bias,e.g., associated with patients’ survival, could
have been introduced. Thus, it should be considered whether
unequal transmission of the examined alleles results from
worse survival of carriers of a given allele in the course of
ESRD (e.g., during renal replacement therapy). In the study of
Bachvarovet al. (17), all examined patients were submitted to
hemodialysis or had undergone renal graft. Among our af-
fected offspring, 90 patients (36%) were in the predialysis
stage, with creatinine clearance,30 ml/min. In these subjects,
a similar effect of diminished transmission of B1R C and B2R
T alleles was observed, but no significance was reached, most
likely due to reduced sample size (data not shown).

It would also be plausible to speculate that polymorphisms
of kinin receptor genes reduce the risk of ESRD in diabetic
patients. Earlier studies in diabetic rat models suggested that
the renal kallikrein-kinin system might contribute to adaptation
of the kidney to diabetic state (reviewed in reference (28). By
contrast, recent experiments on diabetic animals provided
some evidence that the amelioration of glomerular structure
due to angiotensin-converting enzyme inhibitors does not re-
sult from their ability to increase kinin activity (29). On the
basis of our study design and the small number of patients with
ESRD due to diabetic nephropathy in our sample, we cannot
conclude whether kinin receptor polymorphisms have any im-
pact on the course of diabetic kidney disease. Association
studies with a larger number of type 1 and type 2 diabetic
patients would be required to establish which stage of diabetic
nephropathy (i.e., initiation of microalbuminuria or progres-
sion to more advanced stages), if any, is influenced by these
polymorphisms.

In summary, our family-based study provided further evi-
dence that nucleotide substitution in the promoter of the B1R
gene represents a molecular, nephroprotective mechanism de-
creasing the risk of the development of ESRD. Results of our
study may also suggest the impact of the B2R gene on the
development of end-stage renal failure; however, additional
association studies, as well as functional experiments, should
be performed to clarify this issue.
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Nephrology, Wroclaw); D. Zwolinska (Department of Pediat-
ric Nephrology, Wroclaw); O. Smolenski (Nephrology and
Dialysis Center, Krakow); R. Baczynski, R. Drabczyk (Ne-
phrology and Dialysis Center, Bielsko-Biala); K. Szprynger
(Silesian Center of Pediatrics, Zabrze).

Acknowledgments
This work was supported by Polish National Scientific Committee

Grant NN-4-035/98. We thank Drs. W. Bentkowski, J. Pachelski, Z.
Krol, C. Makowski, M. Szurkowski, M. Seredynski, T. Gauda, H.
Koziak, R. Kwiecinski, and Z. Bulanowski for recruiting some of the
patients and parents.

References
1. Freedman BI, Bowden DW: The role of genetic factors in the

development of end-stage renal disease.Curr Opin Nephrol
Hypertens4: 230–234, 1995

2. Bergman S, Key BO, Kirk KA, Warnock DG, Rostand SG:
Kidney disease in the first-degree relatives of African-Americans
with hypertensive end-stage renal disease.Am J Kidney Dis27:
341–346, 1996

3. Freedman BI, Soucie JM, McClellan WM: Family history of
end-stage renal disease among incident dialysis patients.J Am
Soc Nephrol8: 1942–1945, 1997

4. Earle K, Viberti GC: Familial, hemodynamic and metabolic
factors in the predisposition to diabetic kidney disease.Kidney
Int 45: 434–437, 1994

5. Hutchison FN, Martin VI: Effects of modulation of renal kal-
likrein-kinin system in the nephrotic syndrome.Am J Physiol
258: F1237–F1244, 1990

6. Hutchison FN, Webster SK, Jaffa AA: Altered renal kallikrein
and renin gene expression in nephrotic rats and modulation by
converting enzyme inhibition.J Clin Invest92: 1073–1079, 1993

7. Uehara Y, Hirawa N, Numabe A, Kawabata Y, Ikeda T, Gomi T,
Gotoh A, Omata M: Long-term infusion of kallikrein attenuates
renal injury in Dahl salt-sensitive rats.Am J Hypertens10:
83S–88S, 1997

8. Alfie ME, Yang XP, Hess F, Carretero OA: Salt-sensitive hy-
pertension in bradykinin B2 receptor knockout mice.Biochem
Biophys Res Commun224: 625–630, 1996

9. Wang DZ, Chao L, Chao J: Hypotension in transgenic mice
overexpressing human bradykinin B2 receptor.Hypertension29:
488–493, 1997

10. Madeddu P, Varoni MV, Palomba D, Emanueli C, Demontis MP,
Glorioso N, Dessi-Fulgheri P, Sarzani R, Anania V: Cardiovas-
cular phenotype of a mouse strain with disruption of bradykinin
B2-receptor gene.Circulation 96: 3570–3578, 1997

11. Madeddu P, Milia AF, Salis MB, Gaspa L, Gross W, Lippoldt A,
Emanueli C: Renovascular hypertension in bradykinin B2-recep-
tor knockout mice.Hypertension32: 503–509, 1998

12. Mukai H, Fitzgibbon WR, Ploth DW, Margolius HS: Effect of
chronic bradykinin B2 receptor blockade on blood pressure of
conscious Dahl salt-resistant rats.Br J Pharmacol124: 197–205,
1998

13. Tanaka R, Kon V, Yoshioka T, Ichikawa I, Fogo A: Angiotensin
converting enzyme inhibitor modulates glomerular function and
structure by distinct mechanisms.Kidney Int45: 537–543, 1994

14. Hutchison FN, Cui X, Webster SK: The antiproteinuric action of
angiotensin-converting enzyme is dependent on kinin.J Am Soc
Nephrol6: 1216–1222, 1995

15. Fitzgibbon WR, Jaffa AA, Mayfield RK, Ploth DW: Role of
kinins in the renal response to enalaprilat in normotensive and
hypertensive rats.Hypertension27: 235–244, 1996

16. Endlich K, Steinhausen M: Role of kinins and angiotensin II in
the vasodilating action of angiotensin converting enzyme inhi-
bition in rat renal vessels.J Hypertens15: 633–641, 1997

17. Bachvarov DR, Landry M, Pelletier I, Chevrette M, Betard C,
Houde I, Bergeron J, Lebel M, Marceau F: Characterization of
two polymorphic sites in the human kinin B1 receptor gene:
Altered frequency of an allele in patients with a history of
end-stage renal failure.J Am Soc Nephrol9: 598–604, 1998
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