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Abstract

Cytokines play an important role in the pathogenesis of kidney disease and its progression to
end-stage renal disease (ESRD). Inflammation is regulated by the genes of the interleukin 1 (IL-
1) gene cluster. Therefore, it was hypothesized that a polymorphism in this gene cluster may be
associated with the risk of ESRD. Polymorphisms in the II.-1 gene cluster were examined in a
cohort of 222 ESRD patients and 206 controls of similar ethnicity. These individuals were
genotyped for IL-1 B (promoter —511 and exon-5 +3953) genes and a variable number of
tandem repeats (VN'TR) in the IL-1 receptor antagonist gene (IL-1Ra). There was significant
difference in genotype frequencies between ESRD patients and control group for IL-1J
(promoter region and exon-5) and IL-1Ra gene polymorphism (p <0.001, 0.006 and <0.001,
respectively). A significant difference was observed in IL.-1Ra for 1/1 (410/410) and 1/2 (410/
240) genotypes, and the risk for ESRD was higher in those carrying the 1/1 genotype (p =0.014,
OR =1.692, and p <0.001, OR =0.163). Also identified was a novel, rare allele of a single copy
of 86 bp in ESRD patients as compared with the controls. The haplotype “T-E2-1’ frequency
distribution between patients and controls revealed greater than threefold risk (p =0.001,
OR =3.572, 95% CI =1.589-8.032). Genetic linkage between the IL-1p promoter region and
exon-5 and between the IL-1B promoter and IL.-1Ra of IL-1 gene demonstrated a strong
association among the variants in controls (D’ =0.42, p <0.001, and D’ =0.39, p =0.001).
Thus, the three polymorphisms within the IL-1 cluster are associated with ESRD. This finding
is perhaps one of the strongest associations between genotype and ESRD reported, and it
suggests that the IL-1 gene cluster affects the risk of development of ESRD.
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Introduction

End-stage renal disease (ESRD), with its associated glomerulosclerosis and interstitial
fibrosis, is a major cause of morbidity and mortality worldwide (Dusel et al. 2005).
Although the well-documented increased familial clustering of chronic kidney disease
(CKD) may in part depend on environmental factors, the available evidence suggests
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that genetic factors are also contributors (Satko et al. 2005). Substantial evidences
suggest that inflammation may be established before the onset of kidney disease and
could be a causal factor in the development or progression of CKD. The interleukin
(IL)-1 gene products may be particularly important molecular effectors in the process
of inflammation (Wetmore et al. 2005).

The IL-1 gene cluster, a 430-kb region of chromosome 2 consists of IL-1a, IL-1
and IL-1 receptor antagonist. The IL-1 system is unique in having a natural inhibitor
known as the IL-1 receptor antagonist (IL-1Ra) molecule (Arend et al. 1998). IL-1Ra
competitively inhibits at the receptor site of both molecules and down-regulates the
immune response and inflammation. Six alleles of the IL-1Ra gene have been
reported, corresponding to 410 bp (allele *1 =four repeats), 240 bp (allele *2 =two
repeats), 500 bp (allele *3 =five repeats), 325 bp (allele *4 =three repeats, 595 bp
(allele *5 =six repeats) and 154 bp (allele *6 =one repeat) (Tarlow et al. 1993,
Vamvakopoulos et al. 2002). As there are three potential protein-binding sites located
in this 86-bp sequence, the number of repeats influences gene transcription and
protein production. Dimers have been shown to be associated with a higher IL-1Ra
secretion (Danis et al. 1995). It has been seen that IL-1p (promoter region and exon-
5) and in IL-1Ra show a cooperative effect, e.g. IL-1Ra *2 (allele 240) increases IL-
1Ra levels in the presence of allele *T of IL-1p (—511) (Labow et al. 1997). Different
polymorphisms in the IL-1p gene influence protein production, one of which is
located within the promoter region at position —511, the other in exon-5 43954,
representing a C to T base transition in both the polymorphic sites and the allele *T
represents an IL-1f ‘high secretor’ (Di Giovine et al. 1992, Cantagrel et al. 1999).

The mechanism of the IL-1 gene can be well understood (Figure 1). The three
polymorphisms, II-1B (promoter region —511 and exon-5 +3954 and IL-1Ra)
directly affect the protein structure and alter the protein function without affecting the
sequence of amino acid in polypeptide chains. The protein production at different
transcriptional or post-transcriptional levels is only influenced by altering the structure
of a gene’s regulatory elements with binding sites for transcription factors, transcrip-
tion rate, mRNA splicing and mRNA stability (Laurincova 2000). Thus, the net effect
of the three members of the IL-1 gene family is to control inflammatory and host
defence responses.

The pro-inflammatory cytokine IL-1 stimulates kidney mesangial cell proliferation
and extra cellular matrix production, which leads to renal damage. Genes within the
IL-1 gene cluster are therefore possibly involved in the pathogenesis of diabetic
nephropathy and other renal diseases (Hughes et al. 1996). In the present study, the
implication of IL-1p (promoter and exon-5) and IL-1Ra gene polymorphism in ESRD
in the north Indian population was analysed. The relative frequencies of specific
alleles/genotypes of IL-1p (promoter —511 and exon-5 +3953) and IL.-1Ra were
determined in a cohort of ESRD patients and the relationship was evaluated by
employing haplotypes and linkage disequilibrium (LLD) within the IL-1 gene cluster.

Materials and methods
Patients and chinical data

A total of 222 north Indian ESRD patients on haemodialysis (HD) (age range 17—64
years; mean age 35.5+9.95 years, males =183, female =39) from our tertiary care
hospital in Lucknow, India, were studied. Patients were selected with >4.0 mg dl *
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Figure 1. Schematic presentation of the IL-1 gene map demonstrating the different restriction sites for IL-
1B promoter region (—511), exon-5 (+3953) restriction enzymes and VNTR in IL.-1Ra and their mode of
action. The C to T transition in the IL-1p gene in the promoter and exon-5 causes change at transcriptional
level and thus cause high production of IL-1 by binding more efficiently to IL-1 receptor. IL-1Ra is a protein
that binds to the IL-1 receptor with the same affinity as IL.-1 but does not possess agonist activity and
therefore, acts as a competitive inhibitor of IL-1.

serum creatinine and had been dialysing for at least 3 months with no evidence of
active inflammation. Clinical information and biochemical parameters were retrieved
retrospectively from hospital records. The subject characteristics are presented in
Table I. Healthy controls (z =206, age range 22—58 years, mean age 38.1+13.6,
males =136, females =70) for the study were from the same geographical area, with
no history of hypertension, diabetes, renal failure, vascular diseases, stroke and/or
cardiomyopathy. The Institutional Review Board approved the protocol; informed
consent was obtained from patients and controls participating in the study. The
hospital ethical committee approved the study.

DNA extraction

Blood (5 ml) was collected in EDTA vials from cases and controls. DNA was
extracted from blood lymphocytes using a ‘salting out’ method (Miller et al. 1988).
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Table I. Subject characteristics for patients (n =222).

Age (years) 17-64, 35.549.5%
Gender (male/female) 183/39
Cause of ESRD:

Glomerulonephritis 172
Focal segmental glomerulosclerosis 6
Diabetic nephropathy 23
Polycystic kidney disease 7
Nephrotic syndrome 10
Alport syndrome 3
Churg Spauss syndrome 1
®Mean +SD.

All patients and controls were genotyped for three polymorphisms in IL-1 gene
cluster: IL-1  promoter region —511, IL-1B exon 5 43953 and IL-1Ra in intron 2.

IL-1f (promoter region). The primer sequences used were: forward, 5-TGGCATT-
GATCTGGTTCATC-3’; and reverse, 5-GTTTAGGAATCTTCCCACTT-3,
which amplify a 304-bp sequence. Polymerase chain reaction (PCR) products were
subjected to digestion by Aval (MBI Fermentas; Genetix Biotech Ltd., India). The
presence of C at position —511, when digested by Ava I, gave two fragments of 190
and 114 bp, while T at the same position remained undigested (Figure 2a). The
fragments were analysed by 9% polyacrylamide gel electrophoresis (PAGE) (Canta-
grel et al. 1999).

IL-1f (exon 5). The primer sequences used were: forward, 5-GTTGTCATCCA-
GACTTTGACC-3"; and reverse, 5-TTCAGTTCATATGGACCAGA-3’, which
amplify a 249-bp sequence. PCR products were digested by Taq I restriction enzyme
(MBI Fermentas). The C (designated as E1) at position exon-5 upon digestion resulted
in two fragments of 135 and 114, while T (designated as E2) remained undigested
(Figure 2b). The fragments were analysed by 12% PAGE (Cantagrel et al. 1999).

IL-1Ra VNTR. The primer sequences used were: forward, 5-CTCAGCAA-
CACTCCTAT-3"; and reverse, 5-TCCTGGTCTGCAGGTAA-3". The region
within the second intron of the IL.-1Ra gene contained variable numbers of a tandem

M T/T C/T T/T

304 bp

190 bp

114 bp
i

Figure 2a. IL-1p promoter. Lanes M, molecular marker (100 bp); 1, T/T genotype (undigested; 304 bp); 2,
C/T genotype (heterozygous; three bands are observed 304: 190 and 114 bp); 3, C/C genotype
(homozygous; 190 and 114 bp).
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M El/E2 E2/E2 E1/E1l

Figure 2b. IL-1B (exon-5). Lanes M, molecular marker (100 bp); 1, E1/E2 genotype (heterozygous;
249, 135 and 114 bp); 2, E2/E2 genotype (undigested; 249 bp); 3, E1/E1 genotype (homozygous; 135 and
114 bp).

repeat (VN'TR) of 86 bp. The PCR products of 410 bp (allele 1 =four repeats), 240
bp (allele 2 =two repeats), 500 bp (allele 3 =five repeats), 325 bp (allele 4 =three
repeats, 595 bp (allele 5 =six repeats) and 154 bp (allele 6 =one repeat) were analysed
by electrophoresis on a 2% agarose gel (Figure 2c) (Bioque et al. 1995).

PCR conditions. The PCR conditions used for the IL-1B promoter and exon-5 were:
95°C for 4 min followed by 95°C for 30 s, annealing at 56°C for 30 s, extension at
72°C for 30 s for 35 cycles and a final extension at 72°C for 10 min; and for IL.-1Ra:
initial denaturation, 95°C for 5 min followed by 95°C for 30 s, annealing at 58°C for
30 s, extension at 72°C for 30 s for 30 cycles and a final extension at 72°C for 10 min.
The size of the PCR product was determined using a 100-bp DNA ladder (Roche,
Diagnostics, GmbH Mannheim, Germany). The molecular weight of each band was
determined by using software in Alpha Imager 1220 version 5.5 programme.

Statistical analysis

Statistical analysis was performed using the y*-test to compare the genotype and allelic
frequency distribution in patients and controls with SPSS software (version 11.5).
Allele and genotype frequencies were compared using a 2 X 2 contingency table using
Fisher’s exact test. p <0.05 was considered to be statistically significant. The odds
ratio (OR) at 95% confidence interval (CI) was determined for the disease
susceptibility of patients. SNPAnalyzer (a web-based software available at http://
www.istech.info/istech/board/login_form.jsp) was used to examine the Hardy—Wein-
berg equilibrium (HWE), the pairwise LD between each pair of IL-1 loci and
haplotype estimation by maximum likelihood method, using the expectation
maximization algorithm (Yoo et al. 2005). This algorithm enables the estimation of

8 9 10

Figure 2c. IL-1Ra. Lanes M, molecular marker (100 bp); 1, 154/240 bp (6/2); 2 and 4, 240/500 bp (2/3);
3, 5 and 9, 240/240 bp (2/2); 6, 240/410 bp (2/1); 7, 500/500 bp (3/3); 8, 240/325 bp (2/4); 10, 410/500 bp
(1/3) alleles.
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haplotype frequencies reconstruction of an individual haplotype from a diploid
genotype. Once the haplotypes were constructed, the comparison in haplotype
frequencies between case and control were calculated using a y*-test and the OR
was determined. p values were derived by empirical simulation and where possible
statistical significance was defined at the standard 5% level.

The sample size was calculated using the QUANTO version 1 program
(http://hydra.use.edu/gxe). The desired power of the study was set at 80% with
a significance level of 0.05 in a two-sided test. As an inheritance model, the log-
additive one was chosen, which is the most suitable model in polygenic diseases. By
means of this program, the sample size was considered adequate to study these
polymorphisms.

Results

Different genotypic and allele frequencies distributions for IL.-1Ra and IL-1P gene
(promoter and exon-5) are shown in Tables II and III (Figure 2a—c). The genotype
distributions for IL-1 cluster in controls were consistent with the HWE. A significant
difference was observed in genotype frequencies between ESRD patients and control
group for IL-1B (promoter region and exon-5) and IL-1Ra gene polymorphism
(x? =37.22; d.f. =25 p <0.001, x> =10.3; d.f. =2; p =0.006; and x> =51.5; d.f. =7;
p <0.001, respectively). The TT genotype of IL-1B (promoter region) in ESRD
patients showed a greater than twofold higher risk (p <0.001, OR =2.89). The allele
frequency for IL-1B-511*T allele (64.1 versus 45.1%) was higher in patients as
compared with controls (p <0.001). In IL-1f, the exon-5 heterozygous genotype
E1E2 was higher in patients and showed a 1.9 times higher risk (p=0.001,
OR =1.998). No difference in allele frequency for IL-1p (exon-5) was observed. A
significant difference was observed in IL-1Ra for 1/1 (410/410) and 1/2 (410/240)
genotypes, but the risk for ESRD was higher in those carrying the 1/1 genotype
(»p=0.014, OR=1.692, and p <0.001, OR=0.163). No significant difference was
observed in allelic frequencies for IL-1Ra. Interestingly, a rare allele, non-conserved
single copy of 86 bp that appears as 154 bp was only observed in ESRD patients
(4.0 versus 0%). The patterns of the LD and haplotype distributions were examined
by combining the three sites of IL.-1 genes using SNPAnalyzer. The eight haplotypes
anticipated in normals and patients whose frequencies were >1% was projected.
There was a significant difference in haplotype “T-E2-1’ frequency distribution
between patients and controls with greater than threefold risk (p =0.001, OR =3.572,
95% CI =1.589-8.032). LD was significant between the IL-13 promoter region and
exon-5 and between the IL-1B promoter and IL-1Ra of IL-1 gene in controls
(D"=0.42, p <0.001, and D’ =0.39, p =0.001, respectively). However, in patients
the LD was non-significant (D’ =-0.087, p =0.526).

Discussion

ESRD could be considered a chronic systemic inflammatory state as about 30-50% of
dialysis patients exhibit evidence of a markedly activated inflammatory response (Yao
et al. 2004). It is possible that factors such as inflammation, oxidative stress and
endothelial dysfunction (and genetic variations related to these complications) could
be involved in the aetiology and progression of ESRD (Nordfors et al. 2005). IL.-1
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Table II. Genotype and allele frequencies of IL-1f (promoter region and exon-5) gene in ESRD patients
and healthy controls.

Patients Controls
Gene Genotype (n=222) (%) (n=206) (%) P *OR at 95% CI
IL-1B CC 23 (10.4) 50 (24.3) < 0.001, d.f.  0.23 (0.136-0.386),
promoter region =2,%*=37.22 p <0.001
CT 113 (51) 126 (61.2) 1.09 (0.752-1.606),
p»=0.63
TT 86 (38.7) 30 (14.5) 2.89 (1.85-4.514),
p <0.001
Allele frequency -511*C 159 (35.9) 226 (54.9) < 0.001 0.454 (0.349-0.604)
-511*T 285 (64.1) 186 (45.1)
IL-1B E1E1l 132 (59.5) 149 (72.3) 0.006; d.f. =2, 0.56 (0.374-0.842),
exon-5 2 =10.3 »=0.006
E1E2 81 (36.5) 46 (22.3) 1.998 (1.304-0.386),
p»=0.001
E2E2 9 (4.0) 11 (5.4) 0.75 (0.304-1.846),
p»=0.65
Allele frequency +3954*E1 345 (77.7) 344 (83.5) 0.38 0.684 (0.489-0.971)
+3954*E2 99 (22.3) 68 (16.5)

regulates complex biological reactions and various polymorphisms of the IL-1 gene
cluster are associated with several inflammatory diseases including kidney diseases
(Hurme et al. 1998, Syrjanen et al. 2002).

Table III. Genotype and allele frequencies of the II.-Ra gene in ESRD patients and controls.

Genotype Patient (n =222) Control (n=206) P *OR 95% CI
1/1 (four copies) 142 (64.0) 107 (52.0) 0.014 1.692 1.115-2.418
2/2 (two copies) 51 (23.0) 36 (17.5) 0.186 1.408 0.875-2.268
1/2 11 (5.0) 50 (24.3) <0.001 0.163 0.082-0.323
3/3 (5 copies) 2 (0.9) 4 (2.0) 0.434 0.459 0.083-2.533
4/4 (3 copies) 2 (0.9) 1 (0.5) 1.000 1.864 0.168-20.708
6/6 (1 copy) 8 (3.6) 0 (0) - -

1/3 1 (0.5) 6 (3.0) 0.059 0.151 0.018-1.264
1/4 0 (0) 1 (0.5) - - -

2/3 3(1.4) 0 (0) - -

6/2 2 (0.9) 0 (0) - - -

2/4 0 (0) 1 (0.5) - -

p <0.001, d.f. =7, y* =51.5

Allele frequency:

Allele 1 296 (66.6) 271 (65.7) 0.828 1.041 0.784-1.382
Allele 2 118 (26.6) 123 (30.0) 0.288 0.850 0.631-1.146
Allele 3 8 (1.8) 14 (3.4) 0.194 0.522 0.217-1.257
Allele 4 4 (1.0) 4 (0.9) 1.0 0.927 0.230-3.732
Allele 6 18 (4.0) 0 (0) - - -

*OR, odds ratio; genotype 1/1: 410/410 bp (low producer of IL-1Ra); 2/2:240/240 (high producer); 1/
2:410/240 (intermediate producer); 3/3: 500/500; 4/4: 325/325; 6/6: 154/154 (last three genotypes are also
known to be intermediate producers).
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Table IV. Association analysis of haplotypes in three LD blocks (IL-1p promoter, exon-5 and IL-1Ra genes)
between north Indian ESRD patients and controls.

Patient Control

Haplotype n Frequency n Frequency P *OR 95% CI

T-E1-1 152 0.3428 172 0.4170 0.112 0.726 0.491-1.075
C-E1-1 102 0.2252 84 0.2058 0.558 1.165 0.734-1.847
T-E1-2 64 0.1449 62 0.1454 0.892 0.951 0.557-1.623
C-E2-1 22 0.0506 38 0.0945 0.091 0.513 0.238-1.106
C-E1-2 28 0.0641 22 0.0516 0.687 1.193 0.529-2.692
T-E2-1 56 0.1268 16 0.0414 0.001 3.572 1.589-8.032
T-E2-2 10 0.0228 10 0.0241 1.000 0.926 0.264-3.247
C-E2-2 10 0.0227 10 0.0203 1.000 1.164 0.308-4.394

*OR, odds ratio; C/T, E1/E2 and 1/2 represent the alleles of IL-1p promoter region, exon-5 and IL-1Ra,
respectively.

The present study found a highly significant association between the risk of ESRD
and IL-1 gene cluster polymorphism. A significant difference in genotype frequencies
between ESRD patients and a control group for IL-1 (promoter region and exon-5)
and IL-1Ra gene polymorphism (p <0.001, 0.006 and 0.001, respectively) was
observed. The TT genotype of the IL-1p promoter was higher in cases than in
controls and showed more than twice the higher risk for ESRD (p <0.001, OR =2.9).
The higher frequency for allele 2 (T*) of IL-1p —511*2 (promoter region) in patients
is assumed to represent a ‘high secretor’ phenotype leading to increased pro-
inflammatory activity in autoimmune and infectious disease, resulting in over-
production of IL-1 that may promote renal dysfunction and injury leading to ESRD
(Hurme et al. 1998). The heterozygous genotype ‘E1E2’ in IL-1f exon-5 +3953 in
patients showing a higher risk for renal failure corroborates the findings reported by
Loughrey et al. (1998).

In IL-1Ra a significant difference was observed in 1/1 (410/410) and 1/2 (410/240)
genotypes, but the highest risk for ESRD was observed in those carrying the 1/1
genotype. The results are contrary to previous studies where association of allele*2
has been reported with ESRD (Freedman et al. 1997, Wetmore et al. 2005),
while Loughrey et al. (1998) and Bensen et al. (2003) reported non-association of
allele 2* of IL-1Ra with diabetic and non-diabetic ESRD. The possible explanation for
the discordance of these findings might be that either disease classification may impact
on the nature and strength of association between IL.-1Ra alleles and the outcome
examined, or it could be related to ethnicity and/or geographical variation as compared
with other populations including ours in studies reported. Laurincova (2000)
postulated that production of IL-1Ra is regulated by IL-1p by counteracting its pro-
inflammatory property. Further, IL-1Ra acts as a key factor in early down-regulation of
the allogeneic immune response. Genotype 410/410 of IL-1Ra is a ‘low producer’ and
cannot counteract the pro-inflammatory response of IL-1. This results in kidney disease
as individuals with lower levels of IL.-1Ra may therefore be less protected against the
pro-inflammatory effects of IL-1 (Hurme et al. 1998).

The salient feature of the present study was an identification of a novel, sixth variant
of IL-1Ra polymorphism containing a single, non-conserved copy of a 86-bp sequence
present in 4% of the patient group similar to the observations made by Vamvako-
poulos et al. (2002) in renal transplant recipients.
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Single nucleotide polymorphism (SNP) at a given locus in any individual may be a
part of a haplotype that has an effect on protein expression or function, whereas
exactly the same SNP in other individual may not form part of the functional
haplotype. Before embarking on large-scale haplotype-based studies on samples from
genetically distinct populations, it is important to consider the variation both in LD
and in haplotype frequencies within and across populations, as both vary considerably.
Such diversity will ultimately impact on the choice and number of ‘tagging’ SNPs to
be typed for studies of candidate genes or for whole genome association studies.
Therefore, a subset of SNPs is functionally important in complex disease traits, such
as renal disease (Uitterlinden et al. 2004). It is well established that the three
polymorphic sites studied in the IL-1 gene cluster show strong LD across IL-18 +
3954/IL-13 —511/IL-1Ra. The haplotypes were therefore constructed based on the
existence of LD. As a recent report by Bensen et al. (2003) suggests several nucleotide
variations are associated with haplotypes in the IL-1 gene cluster with ESRD, we, too,
found a significant difference in haplotype “I-E2-1° (greater than a threefold risk)
frequency distribution between patients and controls (p =0.001, OR =3.572). The
alleles *T and *E2 represent the ‘high secretor’ of IL-1, while the allele *1 of IL-I-
1Ra is a ‘low producer’. Therefore, it is presumed that individuals possessing this
haplotype are at higher risk for developing the disease as the pro-inflammatory effects
of IL-1 could not be counteracted by IL-1Ra thus cause the tissue damage leading to
ESRD. LD was significant between the IL-1B promoter region and exon-5 and
between the IL-1B promoter and IL-1Ra of the IL-1 gene in the controls indicating a
strong association among the variants.

The results implicated the IL-1 gene cluster as an important target of investigation
in the development of strategies in ESRD and could conceivably provide the basis for
defined anti-inflammatory approaches to limit renal disease progression. By determin-
ing the genotypes of relevant genes in this subgroup of patients with chronic renal
disease, one may be able to identify individuals at a higher risk for progressive renal
insufficiency.

Hopefully in the future finding the markers of ESRD and recognizing genetic
changes affecting the initiation and progression of renal failure will recompense the
nephrologists with a more precise approach for the identification of ‘high-risk® ESRD
patients and the development of accurate individual treatment strategies targeting pro-
inflammatory components, thus meeting a crucial medical need as well as planning
therapeutic interventions.
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