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Abstract Interleukin-1 (IL-1) might play a role in the
process of bone loss and hypercalciuria and is therefore
considered to be involved in the formation of urinary
stones. The aim of this study is to test whether the IL-1
promoter region, exon 5 region and IL-1 receptor an-
tagonist gene intron 2 polymorphisms could be genetic
markers for the susceptibility to the formation of urinary
stones. A control group of 152 healthy people and a
group of 105 patients with recurrent calcium oxalate
stone were examined in this study. Polymerase chain
reaction (PCR) analyzed the variable number tandem
repeats at intron 2 of the IL-1Ra gene for the poly-
morphisms. PCR-based restriction analysis was done for
the IL-1p gene polymorphisms of the promoter region
and exon 5 by the endonucleases Ava I and Tagq 1, re-
spectively. The polymorphisms studied in the IL-1p
genes did not reveal a strong association with calcium
oxalate stone disease when compared with the control
group (promoter region by chi-square test, P=0.627;
exon 5 region by Fisher’s exact test, P=0.403). Only two
frequent alleles of the IL-1Ra gene corresponding to one
and two copies of an 86-bp sequence repeat were iden-
tified by PCR. The result revealed significant differences
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between control individuals and stone patients (P <0.01,
Fisher’s exact test). In addition, the frequency of the
type I allele in the stone group (99.0%) was higher than
in the control group (94.0%). The odds ratio for the type
I allele of the IL-1Ra gene in calcium oxalate stone
disease is 6.041 (95% CI: 1.683~21.687). There is an
association between urolithiasis and polymorphism in
the IL-1Ra gene. No significant difference was found
when dividing the stone patients into groups with nor-
mocalciuria and hypercalciuria in relation to these ge-
netic polymorphisms. Further studies of the type I allele
of the IL-1Ra gene are worthwhile because of its cor-
relation with stone disease. In our study, neither the IL-
1 promoter region nor the exon 5 polymorphisms were
significantly different when comparing control subjects
and calcium oxalate stone patients.
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Introduction

Calcium oxalate stone disease is complex and multifac-
torial. Genetic markers of this disease could be clinically
useful for identifying patients at risk and for preventing
the occurrence of urolithiasis. Recently, single nucleo-
tide polymorphisms (SNPs) were used as a tool for
mapping the complex disease genes [7]. However, iden-
tifying a common genetic marker associated with the
susceptibility to urinary stone disease presents an im-
portant challenge. Regardless of the difficulties, genes
for calcium metabolism, such as the vitamin D receptor
gene polymorphism, have been proposed as candidates
in this search for an association [5]. Therefore, SNPs
could be used to search for possible genetic markers of
urolithiasis.

Cytokines are present in urine and several researchers
have reported their association with stone disease [11,
15, 16]. One such cytokine, interleukin-1 (IL-1), is a
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potent proinflammatory agent, playing a central role in
joint inflammation and destruction. In addition, it may
induce bone resorption through stimulation of IL-6 and
induce osteoclast formation [10]. Therefore, the IL-1
gene has been used as a genetic marker for the prediction
of bone density in menopausal women [6]. An excessive
amount of IL-1 mRNA transcription was noted in hy-
percalciuric patients, indicating that IL-1 may be a
candidate for the SNPs study of calcium oxalate stone
disease [16]. However, to our knowledge, a survey of the
relationship between the IL-1 gene and calcium oxalate
stone disease has yet to be reported.

Polymorphisms of the II-1f promoter region, exon 5
and receptor antagonist (IL-1Ra) exon2 gene, have been
used to screen the relationship between the occurrence
and severity of rheumatoid arthritis and osteoporosis [3,
6]. We therefore tried to use polymerase chain reaction
(PCR) analysis for the investigation of the distribution
between the control group and stone patients. To test
whether these polymorphisms could act as markers for
susceptibility to calcium oxalate stone disease, we com-
pared allelic frequencies in a normal, control population
with recurrent calcium oxalate disease patients by
screening the IL-1 genef promoter region, the exon 5
region and IL-1Ra gene intron 2 polymorphisms.

Patients and methods

Patient selection

A total of 152 patients (117 males and 35 females) aged between 23
and 76 years (average age: 44.62 £ 12.05 years) with recurrent cal-
cium oxalate stone were enrolled in this study. There were 32 pa-
tients with hypercalciuria as defined by 24 h urine calcium of more
than 300 mg in males and 250 mg in females on a random diet (21
male and 11 female patients). The remaining patients revealed a
normal urine calcium level and were categorized as normocalciuria
(96 male and 24 female patients). There were 60 males and 45
females in the control group (age range from 40 to 87 years with an
average of 53.02+10.08 years). Serial blood and urine biochem-
istry tests were undertaken to exclude possible hypercalcemia, hy-
peruricemia, or hyperuricosuria. Patients who showed symptoms of
urinary tract infections during the period of stone treatment were
excluded. Stone composition was verified by infrared spectroscopy
and revealed either calcium oxalate monohydrate, dihydrate, or a
combination of the two. A control group was drawn up of 105
healthy volunteers over the age of 40 who had no history of familial

stone disease or renal calcification following renal ultrasonography
tests and routine urinary microscopic hematuria. Informed consent
was obtained from both groups that participated in this study. The
genomic DNA was prepared from peripheral blood using a
Genomaker reagent kit (Blossom, Taiwan).

Polymerase chain reaction

PCR was used to identify the genotypes of all of the IL-1 related
genes. For determining the polymorphisms a total volume of 50 pl,
containing genomic DNA( 2-6 pmole of each primer); 1x Taq
polymerase buffer (1.5 mM MgCl,), and 0.25 units of AmpliTaq
DNA polymerase (Perkin Elmer, Foster City, USA), was used for
PCR. The primers for the IL-1§ promoter region, exon 5 and IL-
1Ra gene polymorphisms are listed in Table 1, according to the
report by Cantagrel and co-workers [3]. PCR amplification was
performed in a programmable thermal cycler GeneAmp PCR
System 2400 (Perkin Elmer). The cycling condition is given in
Table 1.

For the IL-1Ra intron 2, 10 pl of the products were loaded into
a 3% agarose gel containing ethidium bromide for electrophoresis,
and each allele was recognized according to its size. The 86-bp
variable number tandem repeat (VNTR) of the IL-1Ra gene was
classified as types I for 410-bp, II for 240-bp, III for 500-bp, IV for
325-bp, and V for the 595-bp allele. The IL-1§ promoter poly-
morphism at position 511 was analyzed by PCR amplification
followed by restriction analysis using Ava I (New England Biolabs,
Beverly, USA) digestion. The C allele at position 511 was catego-
rized as “C” and showed as 190-bp and 114-bp after agarose
electrophoresis. The “T” allele was 304-bp and was encoded at
position 511. The region containing the polymorphic site within
exon 5 of the IL-1f gene was amplified and then digested by Tagq 1
(New England Biolabs). Class “E1”” was 135-bp and 114-bp and
“E2” was 249-bp as shown by electrophoresis.

For statistical analysis, the allelic frequency distributions of
these polymorphisms in the control and stone patient groups were
compared using the chi-square test. When an assumption of the
chi-square test was violated (i.e., when one cell had an expected
count of <1, or >20% of the cells had an expected count of <5),
the Fisher’s exact test was used. Odds ratios (OR) with 95% con-
fidence intervals (CI) were determined for the disease susceptibility
of patients with specific alleles in the IL-1Ra gene. Results are
considered statistically significantly when the probability of the
findings occurring by chance is less than 5% (P <0.05).

Results

Using Fisher’s exact test, we did not find a significant
difference in allele frequencies between stone patients
and control at the IL-18 gene exon 5 polymorphism
(Table 2, P=0.403). No difference between patients and

Table 1 Sequences of the amplification primers in the 5’ to 3” orientation (PCR, polymerase chain reaction, VNTR variable number

tandem repeats, U upstream primers, D downstream primers)

Set Position Primer and PCR conditions PCR product (bp) Restriction site
Il-1p promoter 511 C/T U 5-TGGCATTGATCTGGTTCATC-3’ 190+ 114 or 304 Ava 1
D 5-GTTTAGGAATCTGGACCAGA-3’
95 °CX30”, 55 °CX30”, and 72 °CX30”
IL-1p exon 5 Exon 5 U 5-GTTGTCATCAGACTTTGACC-3’ 135+ 114 or 249 Tagq 1
D Y-TTCAGTTCATATGGACCAGA-3
95 °CX30”, 55 °CX30”, and 72 °CX30”
LI-1Ra Intron 2 U 5-CTCAGCAACACTCCTAT-3’ 1:410 VNTR
D 5-TCCTGGTCTGCAGGTAA-3¥ 11:240

95 °CX30”, 58 °CX30”, and 72 °CX30”




323

Table 2 Distribution of inter-

'\2 -
leukin-1pf receptor promoter c/C Gt T Total £ P-value
1 hism bet

the control subjects and the (W ) @ ) %) W (%)
calcium cxaate stone patients. ool 28 267 50 476 27 257 105 100.0

mnfAl-square tes Stone patient 49 322 66 434 37 243 152 100.0 0.933  0.627
Total 77 322 116 434 64 243 257 100.0
Normocalciuria 39 32.5 53 442 28 23.3 120 100.0

Hypercalciuria 10 313 13 406 9 28,1 32 100.0 0.323  0.850
100.0  100.0

control individuals was found at the Il-1f promoter re-
gion polymorphism (Table 3, P=0.627).

The bands on the gel revealed variable number
tandem repeat (VNTR) allele type I homozygotes, type
II homozygotes, and type I/II heterozygotes. There
were no type III, IV and V alleles found in this study
in either the control population or the patient groups.
The frequencies of the genotypes in the stone group
and control group are shown in Table 4. Using Fish-
er’s exact test, the distribution of IL-1Ra gene poly-
morphism was compared. This showed significant
differences between the control group and the stone
patient group (P<0.01). The distribution of type I
homozygotes in the control group was 89.3% com-
pared with 97.9% in the stone group. No type II ho-
mozygote was found in the stone group. The allelic
distribution of the I/II polymorphism at the IL-1Ra
gene in control subjects showed type I allele at 94%
and type II allele at 6%. Whereas the stone patients
showed type I allele at 99% and type II allele at 1%.
The odds ratio for the risk of type I allele in stone
patient is 6.041 with 95% CI of 1.683 to 21.687.

Overall, there was no statistical difference between the
groups of normocalciuria and hypercalciuria in stone
patients for these genetic polymorphisms.

Discussion

Cytokines are known to be involved in the formation of
calcium oxalate stone disease, although no cytokine
polymorphism has been studied. A great amount of the
genetic background of calcium oxalate disease is still
unidentified, and only a few gene polymorphisms have
been studied [5, 12]. We chose to focus on cytokines as
candidate genes because they have several proteins that
are key components in the pathogenesis of many dis-
eases. However, in our control group, only the allelic
frequencies of the IL-1f gene promoter region were
similar to those previously reported in other controls.
There was a relatively low incidence of II allele in IL-
1Ra and E2 allele in IL-1f gene exon 5 in the control
group. Ethnic differences could be considered in inter-
preting this result.

Table 3 Distribution of

interleukin-1f receptor exon 5 El/El E1/E2 E2/E2 Total P-value

gene polymorphism between o o o 0

the control subjects and the () (%) (m) (%) (m (%) m) (%)

calcium oxalate stone patients Control 102 971 3 29 0 0 105 100.0
Stone patient 149 98.7 2 1.3 0 0 151 100.0  0.403
Total 251 98.7 5 1.3 0 0 256 100.0
Normocalciuria 117 98.3 2 1.7 0 0 119 100.0
Hypercalciuria 32 32 (1000 0 0.0 0 0 32 1000 1.0
Fisher’s exact test

Table 4 Distribution of inter-

leukin-1 receptor antagonist I Iand II 1 Total P-value

(IL-1Ra) gene polymorphism o 0 o 0

between the control subjects () (%) () (%) (1) (%) (1) (%)

and the calcium oxalate stone — copqrof 92 8932 10 970 1 097 103 100.00

patients. 01, Fisher's Stone patient 145 98.0 3 2.0 0 0.0 148 100.0  0.005*

exact test
Total 237 97.97 13 2.02 1 0.0 251 100.00
Normocalciuria 114 98.3 2 1.7 0 0.0 116 100.0
Hypercalciuria 31 96.9 1 3.1 0 0.0 32 100.0  0.521
Total 145 98.0 3 2.0 0 0.0 148 100.0
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Although most studies have focused on the vitamin D
receptor gene [5, 12], other genes alone or in combina-
tion could be involved in modulating calcium oxalate
metabolism. There was a significant association between
stone and IL-1Ra alleles in this study. Because IL-1Ra is
a hormone receptor coupled with a G protein, a single
change in the intracellular domain may occasionally
cause disease. It is considered possible that these two
allelic variants of the IL-1Ra gene may have an influence
over the variation of intracellular signal pathways and
may be associated with some diseases [9].

IL-1Ra is an important regulator of inflammation.
IL-1Ra is IL-1’s natural competitive inhibitor, occupy-
ing IL-1 cell surface receptors without triggering signal
transduction [1]. The type II IL-1Ra allele has been
previously found in association with a variety of auto-
immune diseases such as alopecia areata, systemic lupus
erythematosus, and ulcerative colitis [2, 8, 14]. However,
instead of type II, the type I IL-1Ra intron 2 allele did
influence the susceptibility to stone disease in our study.
The allelic distribution of IL-1Ra gene intron 2 was
different in Taiwanese patients compared to white
French patients in relation to rheumatoid arthritis [3]. In
our group, there were no type III, IV or V alleles in the
control group or the stone patients. No type II allele was
shown in stone patients, indicating an increase in sus-
ceptibility to urolithiasis. Therefore, IL-1Ra involved in
the formation of stone formation may differ from that
involved in autoimmune disease and may function
through a complex pathway.

IL-1 is involved in a wide spectrum of biological ac-
tivities such as increased body temperature and protein
and energy mobilization in the acute phase response [4].
Although it has been proposed that the IL-1 gene con-
tributes to regulating the level of IL-1§ production, we
did not find the same association with stone disease.
Langdahl and co-workers reported a similar finding with
the association of osteoporotic fracture [6]. The type I
allele of IL-1Ra was significantly associated with oste-
oporosis, whereas three polymorphism sites of the IL-1
genes were not associated with osteoporotic fractures or
alterations in bone mass or bone turnover. This might be
caused by an inappropriate choice of the polymorphism
region in IL-1 making the statistical difference insignif-
icant. However, because the relationship between
IL-1Ra and stone disease is not only involved in an
inflammatory pathway, the relationship of IL-1 uro-
lithiasis should be further studied. The genes for IL-1 are
located on chromosome 2, in close linkage with the
IL-1Ra gene [13]. Linkage disequilibrium of the genes
during recombination may be one of the causes.

Patients with urolithiasis were mostly diagnosed after
the development of symptoms due to a lack of predictive
markers for the disease. Therefore, a reliable marker for
urolithiasis could lead to earlier diagnosis and treatment
and have a significant impact on improved patient care
as well as effective control of health care costs. The data
indicate that the IL-1Ra intron 2 polymorphism might

be a candidate genetic marker to screen for the associ-
ation of calcium oxalate stone. The type I allele was
prominent in the stone group. Individuals with the type 1
allele in the IL-1Ra gene intron 2 were expected to have
a high risk of calcium oxalate stone disease. In addition
of this candidate gene, all of the cytokine genes should
be studied as network in further investigations.
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