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Abstract

Purpose Present study was intended to investigate the potential contribution of TRPV5 gene polymorphisms with calcium
urolithiasis in the population of West Bengal, India.

Methods A case—control study was performed with 152 calcium urolithiasis patients and 144 corresponding healthy con-
trols. Epidemiological and clinical parameters were documented as well as peripheral blood sample was collected from each
individual, followed by genomic DNA isolation. Then to identify genetic variants of TRPV3, the entire coding region and
exon—intron boundaries of the gene were amplified by polymerase chain reaction using specific oligonucleotide primers
and then genotypes were determined by bi-directional DNA sequencing and sequence alignment between case and control
individuals.

Results Urinary calcium excretion was found to be significantly high (p value <0.0001) in urolithiasis patients as compared
to controls. A total of 14 SNPs were obtained of which one non-synonymous (rs4236480; p.Argl154His; CGT > CAT), one
synonymous (rs4252417; p.Tyr278Tyr; TAC > TAT) and three intronic (rs4252400, rs4252402, rs4236481) SNPs were
found to be significantly associated with increased risk of urolithiasis. For non-synonymous SNP rs4236480, ‘A’ was found
to be the risk allele (OR 1.77,95% CI 1.24-2.51; p value 0.001) and genotype frequency analysis revealed that individuals
carrying variant genotype AA were more prone to the disease than individuals with wild genotype GG (OR 3.09, 95% CI
1.26-7.59; p value 0.0136), indicating AA as the risk genotype.

Conclusions The non-synonymous SNP rs4236480 showed significant association with urolithiasis risk in West Bengal
population of India. Future translational and larger population-based studies are required to validate our finding.

Keywords TRPV5 - Polymorphisms - Calcium - Urolithiasis

Introduction

Urolithiasis or kidney stone disease is one of the most common
urological problems affecting about 12% of the world popu-
lation [1]. Kidney stones result from the growth, nucleation,
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aggregation and finally retention of crystal forming substances
like calcium oxalate, calcium phosphate, uric acid, etc. in any
part of urinary tract (kidney, ureter or urinary bladder) lead-
ing to intense colicky pain in the back, flank, lower abdomen,
groin region along with hematuria and sometimes in bilateral
cases, renal failure. Genetic predisposition of an individual
plays a major role in stone formation [2] along with environ-
mental, geographic, epidemiological and dietary risk factors.
High recurrence rate (10-23% per year, 50% in 5-10 years
and 75% in 20 years) [3] of urolithiasis and reports of high
frequency rate [32.4% vs 17.3%; p<0.001] of the disease in
monozygotic twins in comparison to dizygotic twins [4] sup-
port heritability and genetic basis of kidney stone formation.
From the genome-wide association studies and candidate gene
studies, several genes like calcium sensing receptor (CaSR),
calcitonin receptor (CALCR), vitamin D receptor (VDR), tran-
sient receptor potential vanilloid member 5 (TRPVS5), matrix
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gla protein (MGP), klotho, claudinl4 (CLDN14) have been
found to be associated with increasing risk of urolithiasis in
different populations of the world; however, the role of these
genes needs to be evaluated in the pathogenesis of the disease
in Indian population for better diagnosis and treatment of uro-
lithiasis patients of India.

Approximately, 75% of kidney stones are calcium contain-
ing and hypercalciuria is the main risk factor in calcium uro-
lithiasis [5]. In human, dietary calcium is mostly absorbed in
duodenum [6] and remaining calcium gets filtered in glomeru-
lus and excreted through urine after renal reabsorption [7].
A minute disturbance in renal calcium reabsorption leads to
excess urinary calcium excretion, thereby promoting chance of
kidney stone formation. The epithelial channel TRPVS facili-
tates apical calcium entry [8] and constitutes the rate-limiting
step [9] of distal renal tubular calcium reabsorption. It has
been reported that ablation of TRPVS5 gene alters renal cal-
cium handling in mice, resulting in diminished active calcium
reabsorption and thereby promoting severe hypercalciuria [7],
which leads to urolithiasis.

The human gene encoding TRPVS is located on chro-
mosome 7q35. It consists of 15 exons and translates into a
729 amino acid protein. A full screening of TRPVS5 coding
region and intron—exon boundaries in 20 renal hypercalciu-
ria patients of Paris revealed three non-synonymous (A8YV,
R154H, A561T) and five synonymous (L205L, Y222Y,
Y278Y, T281T, T344T) polymorphisms [10]. High allele
frequency of A8V, R154H, A563T and L712F was reported
among African Americans [11]. The nonsynonymous SNP
R154H has been reported to be associated with kidney stone
multiplicity in 365 patients of Taiwan [12]; whereas, another
variant L530R was found to be significantly associated with
recurrent kidney stones in 2636 Icelanders [13].

In India, urolithiasis affects approximately 12% of the
population and 50% of the affected people ends up with
kidney loss or renal damage [14]. It is absolutely necessary
to determine the candidate causes for better diagnosis and
prevention. To the best of our knowledge, from India, asso-
ciation of CaSR, CLDN14 [15], CALCR [16, 17], PTH [18]
and VDR [16, 19] genes has been studied with urolithiasis.
As there is no prior report elucidating the potential role of
TRPVS5 polymorphisms with kidney stone risk, the present
study was aimed to investigate the possible association of
TRPVS5 gene polymorphisms with increased risk of urolithi-
asis in the population of West Bengal, India.

Materials and methods
Study participants

Calcium urolithiasis patients (both male and female) admit-
ted in Department of Urology, Institute of Post Graduate
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Medical Education and Research (IPGME & R), Kolkata
were recruited for our study. A total of 152 calcium contain-
ing kidney stone patients (both male and female) between
the ages of 18 and 75 years with kidney stone(s) of more
than 5-mm diameter were enrolled on the basis of stone
diagnosis by renal ultrasound (US) or multi-detector com-
puted tomography (MDCT) scan or X-ray of the kidney or
the individuals who had reported a spontaneous urinary
stone passage or a history of surgical stone removal. The
stone composition was checked by chemical test and KSD
patients with calcium-containing (calcium oxalate or cal-
cium phosphate or a combination of the two) stones were
only recruited for the study. The past medical history of the
patient was obtained from available medical records and
conversation with the patient. The patients having anatomic
abnormality, symptoms of recurrent urinary tract infection,
taking drugs like steroids, diuretics which may affect elec-
trolyte or citrate handling in the body were excluded from
the study along with those with history of renal failure and
known metabolic, gastrointestinal, endocrinological disor-
ders. The controls (n=144) were selected from the same
geographical region and socioeconomic strata who had no
history of personal and familial kidney stone and micro-
scopic urinalysis was performed for ruling out urolithiasis
and urinary tract infection.

Study method

Detailed information such as age, gender, ethnicity, occu-
pation, BMI, place of living, lifestyle, drinking and dietary
habits, daily urine output and family history of kidney stone
or other chronic diseases were obtained from each of the
study participants through personal interview. Kidney stone
samples were collected from the patients after spontaneous
stone passage or surgical intervention [12] for analysis of
stone composition and only patients with calcium containing
stones were enrolled for the present study. Clinical param-
eters like serum calcium, 24-h urinary calcium, oxalate, cit-
rate, potassium, phosphate, urate and fasting urine pH were
acquired from medical records. The analytic procedures used
in measuring the clinical parameters are described briefly in
our previous work [15]. Peripheral blood samples of nearly
3 ml were collected in EDTA (ethylene diamine tetraacetic
acid) vial from all the study participants and genomic DNA
was extracted from the blood leucocytes using extraction kit
(QIAamp Blood Kit, QIAGEN, Hilden, Germany) according
to the manufacturer’s instruction. The purity and concen-
tration of extracted DNA was checked by nanophotometer
(Implen, Implen GmbH, Munich, Germany).
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Genotyping for TRPV5 polymorphisms

Specific oligonucleotide primers (Supplementary File 1)
were designed using integrated DNA technologies and
primer3 software. The entire coding region as well as the
intron—exon boundaries of TRPV5 gene was amplified by
polymerase chain reaction (PCR). PCR amplification was
carried out in 30-pl reaction mixture containing 100 ng
of genomic DNA, 0.5 pM of forward and reverse primer,
0.2 mM of deoxyribonucleotide triphosphate mix (Invit-
rogen Carlsbad, CA, USA), 1.5-mM magnesium chloride
(50 mmol/l), 1X PCR buffer and 0.5 Unit Taqg DNA poly-
merase (Invitrogen, USA). The PCR was performed in a
thermocycler (Applied Biosystems, Veriti 96-well ther-
mal cycler, Model No. 9902) in the following condition:
denaturation at 94 °C for 5 min followed by 44 cycles
of denaturation for 30 s, annealing at particular tem-
perature (mentioned in Supplementary File 1) for 30 s,
extension at 72 °C for 1 min and final extension at 72 °C
for 5 min. Forward and reverse strand DNA sequencing
of the PCR products was carried out using a Taq Dye
Deoxy Terminator sequencing kit (Applied Biosystems,
Foster City, CA, USA) on an automated DNA capillary
sequencer (Model 3700; Applied Biosystems). Alignment
between sequences of case and control individuals was
performed to find the best matching piecewise (local) or
global alignments of two query sequences with the help
of ClustalW program (EMBL-EBI, Hinxton, England).

Statistical methods

Hardy—Weinberg equilibrium of each SNP in the patients
and control individuals were examined using y* (Chi-
square) test. Student’s 7 test was used to compare continuous
independent variables (age, BMI) within the controls and
patients. All data were expressed as mean + SD (standard
deviation) and p value < 0.05 was considered to be statisti-
cally significant. The nonparametric variables were analyzed
by Mann—Whitney U test. To test the allelic and genotypic
associations of each SNP, ;(2 or Fisher exact tests were used
wherever applicable. The risk for the variant genotype
towards kidney stone development was analyzed as odds
ratio (OR) with respective 95% confidence intervals (95%
CI) and p value using GraphPad InStat software (GraphPad
InStat software, San Diego, CA) and SNPassoc version 1.81
software (Catalan Institute of Oncology, Barcelona, Spain).
Linkage disequilibrium (LD) pattern of SNPs and haplotype
analysis was performed using Haploview 4.2 software.

Results
Characteristics of study participants

We recruited 152 calcium urolithiasis patients (73.68%
males and 26.32% females, sex ratio 3:1 approximately) for
this study after completing the exclusions (Fig. 1). The stone
was found to be recurrent in nature in 32 (21.05%) patients.
Our study group, including patients (n=152) and control
individuals (n=144), was balanced in terms of age, gender,

Fig. 1 Flow diagram illustrat-

ing exclusion of the urolithi-
asis patients for the reasons
indicated (both male and female)

Age group: 18-75 years

Urolithiasis patients (n= 278)

Exclusion criteria:

History of renal failure (n= 6).

e Taking drugs that affect electrolyte handling (n=4).
Having anatomic, metabolic, gastrointestinal or

other renal disorders (n=23).
e Having abnormal serum creatinine (>5 mg/dl) (n=8).

] e Having recurrent urinary infections (n=13).

Exclusion criteria:

A 4

l e Stone composition other than calcium (like
magnesium, urate, uric acid, cysteine,
[ (n= 184) ] sulphonamide, ammonium, phosphate etc) (n=40)
| N Exclusion criteria:
l e All clinical parameters not available (n=32)
[ (n=152) ’
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ethnicity, socio-economic status, habitat (urban/rural), food
habit (vegetarian/non-vegetarian) and lifestyle (sedentary/
nonsedentary). The basic and clinical characteristics of both
the patients and controls are presented in Table 1. Among
the clinical parameters, urinary calcium excretion level was
found to be significantly higher in patients and that was sta-
tistically very much significant (p value < 0.0001); however,
no significant difference was noted in serum calcium level
between control and patient group (p value 0.9378). No other
parameter of the 24-h urine showed significant alteration in
patients as compared to controls.

TRPV5 genetic polymorphisms

A total of 14 SNPs (representative diagram in Fig. 2) in
the TRPV5 gene were obtained in our study population of
which eight polymorphisms were detected in the coding
and six in the intron regions of TRPVS5. The association
between all these SNPs of TRPV5 gene and risk of kidney
stone was evaluated in this study. The genotype distributions

of the SNPs were in HWE (Hardy—Weinberg Equilibrium)
except 1s755955591 located in exon 4 of the TRPVS5 gene.
Hence, this SNP was excluded from further study. The allelic
and genotypic frequency of the 13 SNPs is summarized in
Table 2.

One non-synonymous (rs4236480; p.Argl54His;
CGT > CAT), one synonymous (rs4252417; p.Tyr278Tyr;
TAC > TAT) and three intronic (rs4252400, rs4252402,
rs4236481) SNPs were found to be significantly associated
with increased risk of kidney stone disease in our study
group. Significant high ‘A’ allele distribution in patient
population (0.38) was observed in comparison to healthy
controls (0.25) against the non-synonymous polymorphism
rs4236480 and our result suggests ‘A’ as the risk allele (p
value =0.001; odds ratio=1.77; 95% CI 1.24-2.51) for
urolithiasis. We had checked the result by applying Bon-
ferroni correction and significant association of this SNP
with high risk of urolithiasis in West Bengal population
could be verified. The wild GG genotype frequency for
control and patients was 55.55% and 38.16%, respectively,

Table 1 Basic and clinical

o Characteristics Control (n=144) (%) Patient (n=152) (%) p value
characteristics of controls and
urolithiasis patients Basic parameters
Age (years)? 39.49+11.77 41.74+12.98 0.1002
Gender
Male 105 (72.92%) 112 (73.68%) 0.8961
Female 39 (27.08%) 40 (26.32%)
BMI (kg/m?)? 22.42+2.11 22.71+2.29 0.188
Place of living
Urban 50 (34.72%) 48 (31.58%) 0.6216
Rural 94 (62.28%) 104 (68.42%)
Lifestyle
Sedentary 40 (27.78%) 54 (35.53%) 0.1703
Non-sedentary 104 (72.22%) 98 (64.47%)
Food habit
Vegetarian 10 (6.94%) 12 (7.89%) 0.8267
Non-vegetarian 134 (93.06%) 140 (92.11%)
Clinical parameters
Serum calcium (mg/dl)* 9.04+0.32 9.06+0.37 0.9623
Urinary calcium excretion (mmol/24 h)* 5.25+0.62 7.23+0.71 < 0.0001
Urinary oxalate (mg/24 h)* 27.51+3.11 28.13+£3.08 0.0860
Urinary citrate (mmol/24 h)* 2.74+1.22 2.57+1.03 0.1768
Urinary potassium (mmol/24 h)* 64.62+4.52 64.28 +4.82 0.5370
Urinary phosphate (mmol/24 h)* 26.88+3.42 27.52+4.56 0.1719
Urinary urate (mmol/24 h)* 2.76+0.88 2.90+0.48 0.0901
Fasting urinary pH? 5.79+0.56 5.71+0.32 0.1293

To compare continuous independent variables (age, BMI and all clinical parameters) within controls and
patients, unpaired two-sided Student’s ¢ test was used. Nonparametric variables (gender, place of living,
lifestyle, food habit) were analyzed by Mann—Whitney U test

All data expressed as mean+SD (standard deviation) and p value <0.05 is considered to be statistically

significant and marked in bold

At the time of diagnosis
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Fig.2 Schematic representation of the position of the SNPs (num-
bered 1, 2, ... 14) of TRPV5 gene. The SNPs and their locations
are—1 (rs4252400) in intron 1, 2 (rs4252402) and 3 (rs4236481) in
intron 3, 4 (rs755955591) and 5 (rs4236480) in exon 4, 6 (rs4252411)

and heterozygous GA frequency was 38.19% and 48.68%,
respectively. Representative chromatograms for this SNP are
presented in Fig. 3. The variant genotype AA was observed
in 20 (13.16%) patients, as compared to only 9(6.25%)
controls, and the result indicates that individuals with AA
genotype were at about three times increased risk (OR 3.09
with 95% CI 1.26-7.59; p value 0.0136) towards urolithiasis.
The association between this particular SNP and quantitative
variables like age, BMI, serum and urinary calcium level
were evaluated (Table 3) and the result shows that urinary
calcium level was significantly higher (p value <0.05) in
both patients and controls carrying GA and AA genotypes,
as compared to individuals with GG genotype. Although no
significant change was observed in the urinary oxalate level
for kidney stone patients as compared to healthy controls
(Table 1), we have noticed urinary oxalate level was higher
for both the patients and controls who were either heterozy-
gous GA or carrying the risk genotype AA for the nonsyn-
onymous SNP rs4236480. This finding is of special inter-
est because higher level of urine oxalate promotes the risk
of stone formation in kidney [20]. Our result also revealed
that serum calcium level was significantly higher (p value
0.0004) in healthy controls with heterozygous (GA) and
variant homozygous (AA) genotypes; however, no signifi-
cant difference was observed in the patients. Other clinical
parameters like urinary citrate, potassium, phosphate, urate,
fasting urinary pH and basic parameters like age, BMI were
also compared in between individuals with wild genotype
GG and individuals with GA and AA genotype, although,
no significant alteration was observed both for controls and
urolithiasis patients.

For the synonymous polymorphism rs4252417, ‘T’
was found to be the risk allele (C vs T: OR 2.46, 95% CI
1.07-5.69; p value 0.029) towards the development of kid-
ney stone. The heterozygous CT frequency was almost dou-
ble in patients (10.53%) as compared to controls (5.55%).
When we combined the variant CT genotype with the TT

and 7 (rs4252412) in exon 6, 8 (rs4252417) and 9 (rs4252418)
in exon 7, 10 (rs4252419) and 11 (rs4252433) in intron 7, 12
(rs4252435) in exon 8, 13 (rs4252499) in exon 13 and 14 (rs4252507)
in intron 14

genotype (i.e., CT+TT), assuming a dominant genetic
model, we observed almost threefold increased risk of
developing the disease (OR 2.78, 95% CI 1.12-6.92; p
value 0.0231). Moreover, three intronic SNPs (rs4252400,
rs4252402 and rs4236481) showed significant association
with urolithiasis in our study group. For rs4252400, the risk
allele ‘A’ frequency was observed 38% in patients. Individu-
als carrying heterozygous CA and homozygous variant AA
genotype were at 2.20 times (CC vs CA+ AA: OR 2.20,
95% CI 1.34-3.63; p value 0.0017) increased risk. For SNP
rs4252402 located in intron 3, “T” allele was observed to be
associated with the risk of urolithiasis (C vs T: OR 1.78,
95% CI 1.26-2.54; p value 0.001) and individuals carrying
TT genotype showed high risk of disease development (CC
vs TT: OR 3.19, 95% CI 1.47-6.93; p value 0.0049). For the
other SNP rs4236481, ‘G’ was found to be the risk allele and
GG the risk genotype in our study group. Assuming a dom-
inant genetic model when combined genotype (TG + GG)
was compared with TT genotype, our result predicted about
twofold increased risk of urolithiasis (OR 1.94, 95% CI
1.18-3.20; p value 0.0085) in our study group.

Eight more SNPs (four synonymous-Leu205Leu, Tyr-
222Tyr, Thr281Thr, Thr344Thr; one nonsynonymous-
Ala563Thr and three intronic variants-rs4252419: t>g,
rs4252433: t> g, rs4252507: g>a) were also observed
in our study group; however, no significant differences
between controls and kidney stone patients were observed
in the distribution of either allelic or genotype frequen-
cies. The linkage disequilibrium (LD) pattern of all the
13 SNPs is presented in Fig. 4. Strong LD association
was observed for rs4252433-rs4252435. The association
was found to be moderate for rs4236480-rs4236481 and
1s4252418-rs4252419.

The haplotype frequencies of all the 13 polymorphisms
of TRPV5 gene were examined in controls and patients. The
haplotypes with a frequency of < 1% were excluded from
further analysis. Haploview program predicted totally 13
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A. Genotype GG B. Genotype GA C. Genotype AA
EMBOSS_8al 233 TCTCTACCAGAGCCACAGECACTECCTTCCGCIATAGT COCCECAMCCTC 332
FEELETEETETETET e e e e e e e et rery
EMBOSS_ 88l 252 TCTCTACCAGAGCCACAGRCACTECCTTCOGCIATAGT COCCRCAMCCTC 381

Genotype GG/ GA

EMBOSS_@al 295 CCACAGRCACTOCCTTCCOCOATAGTCCCCGCAACCTCATCTACTTTGRAT EEE
FEELEEEEEEEEE R e ey e e e e e e e e e e e e e e e ey e
EMBOSS _Bal 271 CCACAGRCACTECCTTCCGCOATAGTCCCCGCAACCTCATCTACTTTAAT 328
Genotype AA

Fig.3 Chromatogram sequencing results of rs4236480; CGT > CAT; p.Arg154His of TRPVS5 gene

Table 3 Comparison of quantitative traits in healthy controls and patients for the SNP rs4236480 of TRPV5 gene

rs4236480; p.Argl54His; CGT > CAT

Control Patient

GG GA+AA p value GG GA+AA p value

N=280 N=64 N=58 N=94
Age 36.41+11.47 38.76+12.36 0.2392 41.69+13.16 41.73+£12.92 0.9837
BMI (kg/m?) 22.54+1.85 22.23+2.32 0.3661 22.69+2.07 22.62+1.82 0.8291
Serum calcium (mg/dl) 8.95+0.34 9.14+0.30 0.0004 9.02+0.29 9.08+0.41 0.3210
Urinary calcium (mmol/24 h) 5.11+0.56 5.41+0.67 0.0050 7.05+0.80 7.35+0.62 0.0105
Urinary oxalate (mg/24 h) 26.94+3.40 28.21+2.54 0.0142 26.59+2.82 29.12+2.88 < 0.001
Urinary citrate (mmol/24 h) 2.78+1.32 2.69+1.07 0.6755 2.67+1.04 2.50+1.02 0.3209
Urinary potassium (mmol/24 h) 64.37+4.79 64.91+4.17 0.4807 64.48 +4.84 64.15+4.83 0.6857
Urinary phosphate (mmol/24 h) 27.61+3.67 25.96+2.84 0.6094 27.73+£5.007 27.39+4.279 0.6607
Urinary urate (mmol/24 h) 2.75+0.92 2.79+0.85 0.7944 2.90+0.49 291+0.47 0.8519
Fasting urinary pH 5.79+0.57 5.78+.55 0.8756 5.71+0.38 5.70+0.27 0.9513

Unpaired two-sided Student’s ¢ test was used. p <0.05 is considered as statistically significant and marked in bold
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Fig.4 Linkage disequilibrium

(LD) pattern of the 13 SNPs
of TRPVS in the study group.
The LD between the SNPs was —
measured as 7> and shown in
the diamond at the intersec-
tion of the diagonals from each
SNP. »=0 is shown as white
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different haplotypes of which haplotype CCTGCCCATTCG
G was found to be the most frequent one. The haplotype
distribution of the study participants is presented in Table 4.
The haplotype analysis of the SNPs depicted that ATGACC
CATTCGG haplotype was significantly associated with kid-
ney stone risk (odds ratio 2.67; 95% CI 1.37-5.22; p value
0.005) in our study group.

Discussion

Calcium homeostasis in the body is maintained by bone
resorption, renal tubular reabsorption, intestinal absorption
and excretion, which all are controlled by calciotropic hor-
mones. Approximately, 10% of filtered calcium gets reab-
sorbed in distal convoluted tubule and 5% in the collecting
duct of nephron [21]. TRPVS is an epithelial calcium chan-
nel transient receptor that is expressed in the distal convo-
luted tubule and collecting duct, and mainly involved in renal
active calcium reabsorption. TRPVS5 protein expression was
found to be attenuated in the stone affected region of biopsy
kidney tissue (n=06) as compared to adjacent control tis-
sues (Supplementary Files 2 and 3). So, genetic alteration of
TRPV5 might influence urinary calcium excretion, resulting
in hypercalciuric kidney stone disease. Significantly high
urinary calcium excretion (p value <0.0001) of urolithiasis
patients in our study group prompted us to do a thorough
scanning of the TRPV5 gene.

Ours is the first case—control study attempting to find out
whether TRPV5 gene can be used as a genetic marker in
calcium urolithiasis patients in the population of West Ben-
gal, a major state of eastern India. Screening of all the 15
exons and exon—intron boundaries of the gene revealed syn-
onymous (Leu205Leu, Tyr222Tyr, Tyr278Tyr, Thr281Thr,
Thr344Thr) and non-synonymous (Argl154His, Ala563Thr)
polymorphisms that were previously reported [10, 11]. SNPs
like Ala8Val [10], Leu530Arg [13], Ala561Thr [10] and
Leu712Phe [11] were also identified in urolithiasis patients,
but these four SNPs showed monomorphic nature in our
study population. The discrepancy might be due to the dif-
ference in population origin. We had observed another non-
synonymous polymorphism (rs755955591; Alal41Ser) in
both controls and patients of our study group, but the geno-
type distribution was not in HWE and hence, this polymor-
phism was excluded from the further association studies.

There are previous reports of significant association of
the missense variant rs4236480 (Argl154His) with kidney
stone multiplicity in Taiwanese urolithiasis patients [12],
where risk for stone multiplicity was observed to be higher
in patients carrying at least one minor allele than the wild-
type group. In our study too, the occurrence of the kidney
stone disease was found to be higher (OR 1.95 with 95%
CI 1.19-3.19; p value 0.0080) in individuals with at least
one minor allele, i.e., individuals carrying GA and AA
genotypes, than the wild-type group (GG genotype). ‘A’
was the minor allele, the frequency of which was observed
to be 0.25 in control individuals, which matches with the
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allele frequency registered in Ensembl database from South
Asian Bengali population (‘A’ allele frequency 26%). We
had observed significantly high level (p value < 0.05) of uri-
nary calcium in both patients and controls carrying GA and
AA genotypes, as compared to individuals with wild GG
genotype. The allele frequency result also indicated ‘A’ as
the risk allele. Therefore, the allelic change from ‘G’ to ‘A’
for rs4236480 of TRPVS5 can be predicted as a risk factor for
kidney stone development. The functional characterization
of this non-synonymous variant rs4236480 has already been
performed [10, 11]. When the wild-type TRPV5 and TRPVS
mutant (Argl54His) construct were transiently expressed
in HEK?293 cells and functionally characterized by patch-
clamp analysis, electrophysiological characterization did not
reveal significant functional changes (in terms of sodium and
calcium peak currents and calcium-dependent inactivation
curves) in mutant TRPVS protein as compared to wild-type
TRPVS5. Similarly when the functional significance of the
mutant was analyzed using Xenopus laevis oocyte expres-
sion system, then also no significant change was observed.
Hence, it seems that the non-synonymous polymorphism
rs4236480 does not harbor a pathogenic effect itself but may
still be associated with disease development. This particular
SNP, rs4236480 was found to be in LD with an intronic vari-
ant, 14236481, which also showed significant association
with the disease in terms of genotype frequency in our study
group. Among the other intronic variants that were detected
in our studied population, one SNP of intron 1 (rs4252400)
and another of intron 3 (rs4252402) showed significant asso-
ciation with increased risk of kidney stone. For the variants
rs4252400 and rs4252402, ‘A’ and ‘T’ were the risk alleles,
respectively. However, none of the three intronic variants
(rs4252400, rs4252402, rs4236481) were in a position of
splicing acceptor or donor site and hence, the importance
of these intronic variants in kidney stone chance seems to
be doubtful.

Risk of kidney stone was observed to be almost 2.5-fold
high in case of allele ‘T’ than allele ‘C’ for the synony-
mous polymorphism rs4252417 (Tyr278Tyr). According to
1000 genomes project, the allele frequency of ‘C’ is 92%
worldwide and 99% in South Asians. In the present study,
we have observed the frequency of allele ‘C’ was 97% in
control group and 93% in patient group. ‘T" was found to
be the risk allele (C vs T: OR 2.46, 95% CI 1.07-5.69, p
value 0.029). The homozygous TT variant was absent in
control; whereas, two patients (1.31%) showed TT geno-
type. Frequency of the heterozygous CT was almost double
in patients (10.53%) as compared to controls (5.55%) and
the dominant genetic model also revealed almost three-
fold increased risk of developing KSD (OR 2.78, 95% CI
1.12-6.92; p value 0.0231). Another polymorphism Ala-
563Thr (rs4252499) was reported to significantly increase
calcium influx by affecting the calcium permeation pathway

[11] in Afro-Americans, but in our population no such asso-
ciation was observed between rs4252499 and KSD risk.

From our present study, the non-synonymous polymor-
phism rs4236480, synonymous polymorphism rs4252417
and three intronic (rs4252400, rs4252402, rs4236481) SNPs
were found to be significantly associated with increased risk
of kidney stone formation, among which the nonsynony-
mous polymorphism rs4236480 (Arg154His) seems to be a
candidate marker for the susceptibility of calcium urolithi-
asis in the population of West Bengal, India. For validation
of our results, extensive studies with larger sample size sup-
ported with functional analysis would be required to provide
conclusive evidence.
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