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Abstract

Klotho gene is an important gene involved in calcium homeostasis, and polymorphisms of this gene may render the indi-
vidual prone to renal stone formation. We evaluated G395A single nucleotide polymorphisms (SNPs) of Klotho gene at
rs1207568 in renal stone patients of North India. This was a prospective study involving 150 patients of renal stone disease
(aged 15-60 years) and 100 age- and sex-matched controls. The DNA was isolated and subjected to polymerase chain
reaction (PCR) for identifying the G395A Klotho SNPs at rs1207568. Confronting two pair primers were used, and gel
electrophoresis showing two bands at 175,252 bp was considered as GG genotype, three bands at 121,175 and 252 bp as
GA and two bands at 121 and 252 bp as AA genotype. The association between genotype and cases was evaluated by using
Chi-square test and logistic regression analysis. Cases and controls were well matched for age (40.65 vs 42.06, p=0.063)
and sex (p =0.420). Significantly high proportion of patients with renal stones had GG genotype as compared to controls
(odds ratio (OR) 2.37(1.39,4.03), p=0.001). None of the participants (cases and controls) had homozygous recessive AA
genotype. The risk of stone formation was significantly higher in the population carrying G allele {OR 1.94 (1.225-3.073),
p 0.004}. Mean serum calcium was higher in stone formers with GG genotype as compared to those with GA genotype
(9.16 mg/dl vs 8.91 mg/dl; p=0.06). GG genotype of G396A Klotho gene SNPs is associated with renal stone formation.
The G allele carrier is twice at risk of renal stone formation. The absence of AA genotype in north-western Indian popula-
tion remains a curiosity.
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Introduction

Urolithiasis, one of the oldest maladies suffered by the
human race, is responsible for significant cost burden on
both the patient and health care services. Its prevalence
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varies in different geographical areas from 3.5 to 18.5% [1].
Supersaturation of urine with inorganic ions like calcium
and phosphorus is a prerequisite for stone formation with
calcium stones being the most common type. The factors
responsible for calcium metabolism may directly or indi-
rectly contribute to urolithiasis and are therefore a key area
of research. Genes responsible for calcium homeostasis can
result in hypercalciuria and hence formation of calcigerous
urinary stones by virtue of mutation or polymorphisms. Var-
ious genes such as Klotho gene, vitamin D receptor (VDR),
claudin 14 (CLDN14) and calcium sensing receptor gene
(CaSR) have been implicated in the pathogenesis of calcium
urolithiasis [2, 3].

North-western India has been identified as one of the
endemic regions for urolithiasis [4], the reason for which is
multifactorial like race, geographical location, dietary habits
and genetic makeup. The incidence of calcium oxalate stones
in this part of the country is greater compared to the rest of
the world. One probable reason could be a genetic cause
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linked to this geographical area which is being explored.
Klotho gene is an important gene involved in calcium and
phosphorus homeostasis, and it may likely play a role in
etiopathogenesis of renal stones. We investigated single
nucleotide gene polymorphisms (SNPs) of Klotho gene in
renal stone disease patients of north-western India.

Materials and methods

This was a case—control study conducted at a tertiary care
centre in northern India which caters lot of renal stone dis-
ease patients coming from states located in north-western
region of the country. The study protocol was approved by
the Institute Ethical committee, and informed written con-
sent was taken from all study participants. In case of minors,
informed consent was obtained from their parents or legally
authorized representative. All patients of calcigerous renal
stone disease (aged 15-60 years) without any known comor-
bidities undergoing endoscopic stone clearance with percu-
taneous nephrolithotomy were enrolled as cases. Patients
suffering from known diseases altering the calcium and
phosphorus metabolism like gout, chronic kidney disease
and hyperparathyroidism were excluded. Patients with uric
acid and infective stones were excluded. All cases were sub-
jected to serum calcium, blood urea, serum creatinine, iPTH
(intact parathyroid hormone), vitamin D3 and 24-h urinary
calcium and phosphorus estimation. Imaging such as intra-
venous pyelography and non-contrast computed tomogra-
phy scan of KUB region was done as perceived necessary.
They underwent endoscopic percutaneous nephrolithotomy
for renal stones as per the decision of the urologist, and the
stones retrieved were subjected to Fourier transform infrared
(FTIR) analysis to know its chemical composition. Age- and
sex-matched healthy subjects without renal stones served as
controls.

Fig. 1 Gel picture (cases) show-
ing GG genotype (two bands at
175,252 bp) in well 1,2, 3, 5,7
and GA genotype (three bands
at 121,175,252 bp) in well

4,6. The nature of DNA ladder

shown at the extreme right is 252bp
50 bp 175 bp
121 bp

Two millilitres of blood sample for genotyping was
obtained in a EDTA vial from both cases and controls and
stored at — 20 ‘C for further analysis. DNA was isolated
from the blood sample using the QIAmp blood mini kit
according to the instructions given by the manufacturer
(Qiagen™, Germany). The amount of DNA and the puri-
fication ratio was calculated using the SCANIT software.
The DNA so isolated was subjected to polymerase chain
reaction (PCR) for identifying the G395A SNPs at restric-
tion site 1207568. The genotyping of G395A of Klotho
protein was performed using PCR with confronting two
pair primers assay. In this assay, confronting pairs of prim-
ers (four primers in all) are used as shown below:

Forward primer 1: GTTTCGTGGACGCTCAGGTTC
ATTCTC.

Forward primer 2: GAGAAAAGGCGCCGACCAACT
TTC.

Reverse primer 1: GATCCCGCCCCCAAGTCGGGA.

Reverse primer 2: GTCCCTCTAGGATTTCGGCCAG.

The region containing this polymorphism was ampli-
fied by PCR with these primers with the initial denature at
95 °C for 5 min followed by 35 cycles at 95 °C for 1 min,
at 65 °C for 1 min, at 72 °C for 1 min and additionally at
72 °C for 5 min. PCR products were then visualized on a
2% agarose gel with ethidium bromide staining. Gel elec-
trophoresis showing two bands at 175,252 bp was consid-
ered as GG genotype, three bands at 121,175 and 252 bp
as GA and two bands at 121 and 252 bp as AA genotype
(Figs. 1 and 2).

We compared the genotype and allele distribution in
cases and controls. We also looked for the association of
serum calcium, vitamin D3, 24-h urinary calcium and
phosphorus levels with the specific genotype of cases. Sta-
tistical analysis was done using SPSS software version 20.
Continuous variables were expressed as mean + standard
deviation Pearson’s Chi-square test, and odds ratio (OR)
was applied to test the significance of genotype distribu-
tion among the study population. A p value of <0.05 was
considered as significant.
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Fig.2 Gel picture (controls)
showing GA genotype (three
bands at 121,175,252 bp) in
well 1,2, 5, 7 and GG genotype
in well 3,4,6 (two bands at
175,252 bp). The nature of

DNA ladder shown at the 25200 [ I e iy qu..
extreme right is 50 bp 175 bp W —— ——

121 bp _—

Table 1 Demographic data of cases and controls

Variable Cases (n=150) Controls (r=100) p value
Age (years+SD)  40.65 (11.806)  42.06 (15.77) 0.063
Sex
Males n (%) 93 (62) 67 (67) 0.420
Females n (%) 57 (38) 33(33)
24-h urinary cal-  240.27+99.08  182.43+69.93 0.001
cium (mg/TV)
(mean + SD)
24-h urinary phos- 528.57+97.45  497.23+94.25 0.012
phorus (mg/TV)
(mean +SD)

p values in bold were considered statistically significant

SD standard deviation, T'V total urinary volume/day

Results

A total of 250 participants, consisting of 150 cases and 100
controls, were enrolled into the study of which 160 (64%)
were males and 90 (36%) were females. Out of 150 cases
with calcigerous renal stones, 133(88.7%) had calcium
oxalate stones and the remaining had mixed calcium oxa-
late and phosphate stones. Both cases and controls were
comparable in terms of age and sex. Twenty-four-hour

urinary calcium and phosphorus levels in cases and con-
trols were 240.27 +99.08 mg/TV vs 182.43 +69.93 mg/
TV and 528.57 +97.45 mg/TV vs 497.23 +94.25 mg/TV,
respectively. The 24-h mean urinary calcium and phospho-
rus levels were significantly higher in cases as compared to
controls (Table 1). Mean serum vitamin D3 level in cases
was 15.42 +7.39 ng/ml.

The genotype distribution and frequency of G and A
allele were in accordance with the Hardy Weinberg equi-
librium. Significantly high proportion of patients with
renal stones had GG genotype as compared to controls
(odds ratio (OR) 2.37(1.39,4.03), p=0.001). None of the
participants (cases and controls) had homozygous reces-
sive AA genotype. The distribution of alleles of G395A
among cases and controls is also shown in Table 2. The
risk of stone formation was twofold in population carrying
G allele {odds ratio=1.94; CI(1.225-3.073)}. The mean
serum calcium was higher in stone formers with GG geno-
type as compared to those with GA genotype (9.16 mg/dl
Vs 8.91 mg/dl; p=0.06). There was no significant differ-
ence in serum vitamin D3 levels in GG or GA genotypes
(16.80+7.73 ng/ml vs 15.44 +6.43 ng/ml, p=0.312).
The 24-h urinary calcium and phosphorus excretion were
comparable among GG or GA genotype in stone formers
(Table 3).

Table2 G395A genotyping and

il - Cases n (%) Controls n (%) Chi-square P value Odds ratio (OR)
allele distribution in cases and
(95% CI)
controls
Genotype
GG 108 (72) 52(52) 10.417 0.001 2.374
GA 42(28) 48(48) (1.397-4.033)
Allele
G 258 (86) 152(76) 8.13 0.004 1.940
A 42(14) 48(24) (1.225-3.073)

CI confidence interval
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Table 3 Association of metabolic parameters with G395A genotype
in cases

Variable G395A n Mean+SD p value
Serum calcium (mg/dl)
GG 108 9.16+0.82 0.066
GA 42 8.91+0.59
Vitamin D3 (ng/ml)
GG 108 16.80+7.73 0.312
GA 42 15.44+6.43
24-h urinary calcium (mg/TV)
GG 108 255.81+99.00 0.232
GA 42 234.23+98.91
24-h urinary phosphorus (mg/TV)
GG 108 506.07+90.91 0.476
GA 42 493.80+95.70

TV total urinary volume in 24 h; SD standard deviation

Discussion

Etiopathogenesis of calcium oxalate stone formation is
complex and multifactorial. It is due to a complex interplay
of genetic, dietary and environmental factors [5]. Klotho
gene is one of the genes involved in altering the calcium and
phosphorus homeostasis. It is located at 13q12 chromosome
locus, and its product is a transmembrane protein with 3
glucuronidase activity which modulates calcium reabsorp-
tion in the distal renal tubule [6]. § glucuronidase activity
of Klotho causes hydrolysis of extracellular N-linked oli-
gosaccharide residue on transient receptor potential vanil-
loid type 5 (TRPVYS) epithelial calcium channel located in
the distal collecting tubule of kidney and TRPV6 in the
intestine [7, 8]. This will lead to activation of TRPV5 and
TRPV6 channels leading to enhanced calcium reabsorption
and decreased phosphate absorption. Klotho gene decreases
phosphate absorption also by increasing fibroblast growth
factor 23(FGF23) signalling. FGF23 also called phospha-
turic hormone, inhibits phosphate absorption in the proxi-
mal renal tubules [8]. It also promotes calcium reabsorption
through activation of TRPVS channel [9]. The other mecha-
nism postulated for this gene in preventing the formation of
stones in the urinary tract is by reducing the oxidative stress
due to suppression of insulin/IGF-1 signalling [10]. It is not
clear whether alteration of Klotho gene is likely to increase
oxidative stress leading to alteration in calculus related pro-
teins such as osteopontin in urine. Klotho gene-deficient
mice have shown to have hypercalcaemia, hypercalciuria
and hyperphosphatemia [11]. Therefore, single nucleotide
polymorphism (SNP) of this gene can alter the calcium and
phosphorus homeostasis rendering the individual susceptible
to renal stone formation. Studies done to evaluate the asso-
ciation of Klotho gene polymorphisms with calcium oxalate
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stone formers have shown conflicting results [12, 13]. This
may partly be due to different ethnicity and geographical
locations of the study population. As compared to western
population (66-72%), Indian population have higher per-
centage of calcium oxalate stones (93%) and north-western
region of India is considered as the stone belt region of the
country [14]. The reason for the increased incidence of cal-
cium oxalate stones in this geographical area could be due to
genetic and environmental causes. It is not known whether
Klotho gene polymorphisms are associated with kidney
stone formation in this population.

The present prospective case—control study was done to
evaluate Klotho gene SNP in calcigerous renal stone form-
ers reporting to a tertiary care centre in northern India. In
our study, the male-to-female ratio in 150 enrolled cases of
renal stone formers was 1.63:1. This higher preponderance
of renal stones in males than females is similar to the previ-
ous published literature showing 1.5-2.5 times higher risk
of renal stone formation in males as compared to females.
In USA the incidence of renal stones in women is increasing
slowly every year due to changes in diet and increasing inci-
dence of women with metabolic syndrome [15]. However, in
our study cohort as a whole the cases and controls were age-
and sex-matched. We observed that GG genotype of G395A
Klotho gene was significantly associated with renal stone
patients compared to healthy controls (72% vs 52%, p value
0.001). Our results are similar to that observed by Gurel
et al. [13] and Telci et al. [16] in Turkey population. We
also found that people with G allele are almost twice at risk
of stone formation (odds ratio 1.94). The exact mechanism
for increased risk of stone formation in patients with GG
genotype is not clearly known. G395A SNPs located at the
promoter region can lead to altered function of the Klotho
protein. Kawano et al. have shown that differential binding
patterns were detected between G- and A-bearing alleles
[17]. Subjects with G-bearing alleles have higher DNA pro-
tein complex formation compared to those with A alleles.
This altered affinity pattern of transcription factors with
respect to G and A allele might lead to change in expression
of the Klotho gene. As a result, alteration in Klotho protein
may affect calcium and phosphorus homeostasis leading to
increased risk of stone formation. Klotho-deficient mice
are hypercalciuric due to decreased expression of TRPVS
channels in the distal collecting tubule of kidney leading to
decreased absorption of urinary calcium [18]. Telci et al.
have shown that GG genotype of G395A Klotho polymor-
phism was associated with high serum calcium and urinary
phosphorus excretion.

In our study, there was a trend of higher serum calcium
level in patients with GG genotype (p =0.06). We did not
find any significant association of GG genotype with 24-h
urinary calcium and phosphorus excretion though the 24-h
urinary calcium and phosphate excretion was higher in this
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group. Gurel el al also made a similar observation. The prev-
alence of AA genotype was reported to be 2-4% in previous
studies [19]. Whether the absence of AA genotype in north-
western Indian population is a chance finding or a reality
needs to be studied.

To the best of our knowledge, the present study is the first
to describe the Klotho gene polymorphism in Indian popu-
lation. Further studies involving other offending genes for
renal stone formation would add on to the existing knowl-
edge on genetic implications of urolithiasis.

Conclusion

GG genotype of G396A Klotho gene SNPs is associated
with renal stone formation. The G allele carrier is twice at
risk of renal stone formation. The absence of AA genotype
in north-western Indian population remains a curiosity.
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