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ABSTRACT.The main reason for kidney stones is unknown, but it is thought to be linked to the vitamin D receptor
gene (VDR). Attempted to evaluate the association between calcium stone disease and the VDR start-codon
(T/Crs2228570) polymorphism in the Babylon Province population to determine the polymorphism's eventual role in
calcium stone formation.Method: From January to December 2020, blood samples were obtained from 60 patients
admitted to the Ibn Al-Nafees laboratory and Hillah Hospitals in Babylon Province, Irag. Furthermore, normal people
were used as a control group (40 samples). A polymerase chain reaction technique was used to genotype VDR single-
nucleotide polymorphisms (SNPs), followed by single-strand conformation polymorphism. As a result, DNA
sequencing was used to verify these DNA polymorphisms.Results:Due to the existence of SNPs within the studied
area, the conformational haplotypes of VDR, exon4, and intron 3 were got in three patterns, including two, three, and
four bands. These SNPs in exon 4 causing three amino acid substitutions in VDR, includingMet 1— Thrl, Arg30 —
Leu30, and Arg49 — Ser 49.These changes in amino acids were thought to affect the VDR protein's expression and/or
function. also, there are significant differences (P < 0.05) in the serum levels of calcium, Phosphorus, creatinine as
well as eGFR level among 2-bands, 3-band, and 4-bands for the VDR gene in the calcium-containing renal stones
diseases group.Conclusion: These findings indicate that the VDR SNP rs2228570, as well as other VDR variants,
maybe play a role in kidney stone disease susceptibility.
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INTRODUCTION

Kidney stone disease is the formation of a crystal concretion in the kidneys. Stone formation is a complex
process involving several physicochemical events, including supersaturation, nucleation, growth,
aggregation, and retention of urinary stone constituents within tubular cells [1]. The global prevalence and
recurrence rates of kidney stone disease are increasing [2], and there are few successful therapies available.
Urolithiasis affects approximately 12percent of the global population at some stage in their lives [3]. It
affects people of all ages, genders, and races, but men between the ages of 20 and 49 are more affected than
women [4].

The most common form of kidney stone is a calcium stone, which appears to be the most common,
accounting for around 80% of all urinary calculi. CaOx stone formation is influenced by hypercalciuria
(resorptive, kidney leak, absorptive, and metabolic diseases), hyperuricosuria, hyperoxaluria,
hypocitraturia, hypomagnesuria, and hypercystinuria [5]. Calcium-based calculi cause about 75% of kidney
stone disease, and their prevalence is growing, meaning that environmental and dietary factors are acting on
a preexisting genetic history. Recent genetic studies have successfully identified genes that may be
involved in the development of kidney stones, indicating that the disease has a known familial nature and
important heritability[6].

Vitamin D is important for calcium metabolism. Via an increase in serum calcium levels, it may increase
the chance of urinary stone development. The vitamin D receptor regulates the effects of vitamin D. There
is evidence that a pathologic rise in VDR in the intestine, kidney [7], and bone [8] can trigger changes in
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calcium transport, so any change in the VDR may affect calcium metabolism and, as a result, be related to
an increased risk of urolithiasis. More research is needed to determine whether VDR gene polymorphisms
are linked to nephrolithiasis. Polymorphisms in the VDR gene have been related to the production of
kidney stones in a variety of populations, according to the majority of these studies [9],[10].

There is no evidence of a connection between the VDR gene polymorphism and the renal calcium-
containing stone disease in Iraq's Babylon Province population. As a result, we conducted a study to look
into the risk factor for VDR rs2228570 patients suffering from the renal calcium-containing stone disease.

METHODS
Sampling

A case-control study was conducted between January and December 2020. Patients at the Ibn Al-Nafees
and the Hillah Hospitals in Babylon, Iraq were taken with blood samples.In this study, a total of 100 blood
samples were used. A total of 60 blood samples were collected from patients with Calcium Kidney Stones
Disease. There were 40 samples of apparently healthy people used as a control group. A venous blood
sample of about five milliliters was taken from each study participant. Each blood sample was divided into
two sections: The first (2 ml) was collected into EDTA-containing tubes for genetic analysis, and the
second (2 ml) was centrifuged at 3000 rpm for 15 minutes to extract the serum, which was then stored in
Eppendorf tubes at -20 oC until required. Both of the participants were tested by a specialist physician.
Hyperparathyroidism patients were excluded.

PhysiologicalParameters

Using a reflotron plus analyzer, calcium, phosphorous, and creatinine were directly measured in serum
(Roche company- Germany). The glomerular filtration rate was calculated using the online site WWW.
National Kidney Foundation (eGFR calculate).

SSCP-PCR technique to identify genotypes

After extracting DNA from blood samples, the study groups were genotyped using the SSCP-PCR
technique. A Geneaid extraction and purification kit was used to extract and purify DNA from blood.The
targeted DNA sites were amplified using design-specific primers obtained from Macrogen company in
South Korea, which were used to identify VDR (rs2228570). 5'- ATGTATGAGGGCTCCGAAGG-3' and
5- CCTTCATGGAAACACCTTGC-3" are the forward and reverse primers, respectively.

To get the reaction volume up to 20 ul, 1 pl of each forward and reverse primer, 12.5 pl of Green Master
Mix, 3 ul of Genomic DNA, and 2.5 ul of nuclease-free water were added to the reaction volume of
PCR.Amplification was conducted in a thermocycler (Biometra, Germany) with the following settings: 3
min pre-denaturation at 94°C; 30 cycles with denaturation for 30 seconds at 94°C, annealing for 30 seconds
at 60°C, extending for 30 seconds at 72°C; and a final extension of 3 min.

PCR products were electrophoresed in 1 percent agarose at 75 V using gel electrophoresis (cleaver science
— UK) and visualized with ethidium bromide. A gel documentation system (Cleaver Scientific ~-UK) was
used to take photos. After electrophoresis of exon 4 and part of intron 3 of the VDR PCR fragment, the
clear and bright bands were found. These amplified fragments are then suitable for SSCP
experiments[11].Followed by 30 cycles of PCR amplification, an equivalent volume of SSCP denaturing-
loading buffer was applied to 10 of each PCR amplicon (95 percent formamide, 0.05 percent bromophenol
blue, 0.05 percent xylene cyanol, and 20 mM EDTA, pH 8). After being denatured for 8 minutes, PCR
amplicons were directly put on ice and kept freezing for at least 10 minutes. The samples were then loaded
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onto polyacrylamide gels that were neutral. Afterward, gels were stained with a silver staining procedure
that was highly sensitive[12],[13].

The single-stranded (ssDNA) and double-stranded (dsDNA) DNA bands were observed in the higher
portion of the gel and the lower portion of the gel, respectively. The genetic pattern of each amplicon is
determined by the variation of ssDNA in SSCP gels, and the SSCP-PCR conditions were 8 percent
polyacrylamide gel electrophoresis power applied: 200 V, 90 mA for 160 minutes. After that, silver
staining was used to visualize the gels.

Sequencing

According to Macrogen sequencing laboratory instructions, each PCR amplicon representing a specific
PCR-SSCP banding pattern was submitted for Sanger sequencing reactions from both the forward and
reverse termini (South Korea). All observed PCR-SSCP banding pattern sequences have been aligned with
the program DNA Bio Edit 7.2.5 and edited.

Statistical analysis

SPSS statistical software (version 23; SPSS Inc., Chicago, IL) was used for all statistical analyses, and
p<0.05 was deemed statistically significant.

RESULTS

In contrast to the control group, the patient groups showed no significant differences (P< 0.05) in serum
Phosphorus and Calcium levels (Tablel). In addition, the findings showed that the patient groups had
significant differences in creatinine concentrations and eGFR levels as compared to the control group, as
shown in table 1.

As a first step, DNA was extracted from a blood sample to separate the genomic DNA of patients and
healthy controls. Figure 1 depicts the electrophoresis of genomic DNA on a gel. (1% agarose, 75 V, 20 mA
for 1 hour).

Figure 1: Genomic DNA extracted from blood samples of renal calcium-containing stone disease patients
and healthy control groups on an agarose gel electrophoresis pattern. 1 percent agarose, 75 V, 20 mA for 1
hour, stained with ethidium bromide electrophoresis conditions.

Tables 1: Some physiological parameters of patients with renal diseases andhealthy control groups

Groups

Mean = SD value

Parameters | Patients | Control
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Calcium

226 +|230 =+
(mmol) | 047 |0.09  |0113
Phosphours | 4 19 | 1140 +

(mmolll) | +0.23 | 0.16 0.241

Creatinine 113.19+ | 80.12

(umol/l) 7941 [1101 |o0.01*

I+

eGFR
(ml/min 79.76+ [ 99.6 +
/1.73 m?) 34.3 14.1 0.001*

*P <0.05; SD: Standard Deviation

For VDR genotyping using the RCR-SSCP technique, the genomic DNA of renal calcium-containing stone
disease patients and controls was amplified using specific primers constructed according to the exon 4
region of Homo sapiens VDR reference ID: NG 008731.1. Under optimal conditions, the thermocycler
apparatus was used to conduct genomic DNA amplification. The findings revealed the presence of a single
band (403bp) of the target sequence of an exon 4 region of VDR, which includes a danger region, on an
agarose gel (Fig. 2) (rs2228570).

400bp
300bp
200bp

100bp

Figure 2: Electrophoresis of VDR amplified product patterns on an agarose gel in patients and stable
controls. M: refers to DNA scale marker (403bp); Lanes 1 - 10 represent PCR products of the VDR gene
(403bp) from patients and healthy control groups. Electrophoresis conditions were as follows: 1 percent
agarose concentration; 75 V, 20 mA for 120 minutes. Ethidium bromide was used as a staining tool.

As shown in Fig. 3 of PCR-SSCP gel electrophoresis, the existence of various conformational DNA
polymorphisms was found according to the number of bands: 2-bands, 3-bands, and 4-bands.
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LYV

Figure 3:VDR gene polymorphisms of renal calcium-containing stones patients and healthy control subjects
according to the number of the bands using the PCR-SSCP method. Numbers (1-4) refers to band location.
Lanes 1 —10 refer to VDR gene PCR-SSCP fragment patterns. Lanes 1 & 2 represent 2-bands haplotype of
control; Lanes 3, 4, 5, 6 & 8 represent 4-bands haplotype of patients; Lanes 7 and 10 represent 3-bands
haplotype of patients; Lanes 9,11& 12 represent 2-bands haplotype of patients.

The results also revealed that conformational polymorphism distributions among haplotypes in the patient
community were 2-bands (31.66%), 3-bands (45%), and 4-band (23.33%), respectively, compared to 2-
bands (85%), 3-bands (15%), and 4-band (0%) in the healthy group. There is a connection among DNA
polymorphisms and the number of bands in patients as compared to controls, as shown in table 2.

Table 2:The number of bands in the PCR-SSCP haplotype distribution of the VDR gene, as well as
their relationship with patient and control groups.

Conformational Patient group Control P-value OR 95% ClI
haplotypes No. (%0) group

No. (%)
2-bands® 19 (31.66%) 34(85%) .
3-bands 27 (45%) 6 (15%) 0.0001 8.025 2.824-22.959
4-bands 14 (23.33) 0 (0%) 0.007* 51.3 2.899-908
3-bands® 27(45%) 6 (15%) 5.5 0.36.130.438
4-bands 14 (23.33) 0 (0%) 02 ' T
Total humber 60 40

*P < 0.05; OR= (95%CI);

The current results lead to the existing significant differences (P< 0.05) in serum calcium, phosphorus,
creatinine, and eGFR levels for the VDR gene in the renal calcium-containing stones diseases group among
2-bands, 3-bands, and 4-bands in the renal calcium-containing stones diseases category as shown intable 3.

Even so, using only the gel visualization, it may be tough to establish the pattern of all resolved SSCP
bands. As a result, sequencing must be used to validate these DNA polymorphisms. Many SNPs were
found between the one resolved haplotypes and between the VDR, Intron 3, and exon4 for reference
sequences, according to the sequencing results. According to the reference sequence alignment of the
human VDR gene (NCBI Reference Sequence: NG 008731.1), the findings revealed the existence of
several SNPs as shown in Fig. 4 and Table 4.
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Table 3: The relationship between DNA polymorphisms and physiological parameters in patient gro

ups based on the number of bands for the VDR gene.

PCR-SSCP haplotypes Mean + SD
Band No. (n) Phosphuros Creatinine Calcium eGFR
(mmol/l) (umol/L) (mmol/L)

Patient

2-bands (n=19) 1.31+0.3 79.18+10.9 2.26+0.12 98.05 £12.55
c c b a

3-bands (n=27) 1.13+£0.16 169.02+117.3 2.13+0.33 59.41+39.02
b b a b

4-bands (n=14) 1.11+0.15 153.29+145.5 2.29+0.07 82.16 +40.46

a c

a c

Means having the different letters in the same column differed significantly(*P < 0.05); SD :(Standard Deviation);
eGFR: estimated Glomerular Filtration Rate.

18 28 ] a8 58 =] i) B8 ] lga
CACTGTGCTCAGGL CTGGACCCTORGGAGATGCCCACCCTTRITRAGLTCCLTGAT BT GRGGLGAT GG0EGLLATGGEAT GAGGL TRGGGAT GRGTRGRCA

VDR NG_288731.1
Control
sample 1
sample 2
sample 3
sample 4
sample 5

118 128 18 laa 158 168 178 188 1%8 288

CCARGGATGCCAGCTRGCCCTGGLACTGACTCTGGCTCTGACCGTGRCCTGLTTGCTGT TCT TACAGGGATGGAGGCAATGGLGGCCAGCACTTCCCTGE

VDR NG_288731.1
Control
sample 1
sample 2
sample 3
sample 4
sample 5

I ?e I ﬁm I Te I T@ I Te I ?ﬁ I ?e I ?w I 1& I 3F@
VDR NG_@88731.1 CTGACCCTGGAGACTTTGACCGGAACGTGLCCCGRATCTATGGGATGTGTGRAGACCGAGLCACTGRCTTTCACTTCAATGITATRACCTGTGAAGGLTG
Control
sample 1
sample 2
sample 3
sample 4
sample 5

U R T I
VDR NG_@88731.1 CAAAGGCTTCTTCAGGTGAGCC
Control e asaasearare e
sample 1
sample 2
sample 3
sample 4
sample 5

Figure 4: Sequences alignment fragment results of Homo sapiensVDR gene, Exon-4 and part of intron- 3
region reference ID: NG_008731.1 by Bio Edit software version7.2.5. Numbers 1 to 5 representa patient
sample.
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The sequencing results revealed there were three SNPs in the exon-4 region. most of these SNPs are
previously recorded in NCBI such as rs2228570 (exon 4 regions), rs1238820289, and rs1034172632
(intron region ) as showed in the table ( 4 ). Whereas, other SNPs are novel and not recorded previously
like that located at the chromosomal site 47879280 (Intron), 47879260 (Intron), 47879174 (Intron),
47879025 (Exon), and 47878967 (Exon) (Table 4) . The non-coding variant may be linked to increased or
decreased transcriptional activity as a result of altered trans-acting protein factor binding behavior to
particular DNA sequences in the promoter region.

When using the Bio Edit software version 7.2.5 to translate the DNA sequence according to the reference
sequence alignment of the human VDR gene ID: NG 008731.1. As shown in fig.4, the findings appeared to
alter three amino acid residues in the Vitamin D receptor protein. These amino acid substitutions were Met
1— Thr 1 in Sample 1, 3 and 5 (Fig.4) , Arg30 — Leu30 in sample 3 and Arg49 — Ser 49 also in sample 3
. These changes were thought to have an effect on the VDR protein's expression and/or function .

Table 4: All SNPs in exon 4 and intron 3 region of VDR gene.

Location SNP | Code Amino Code Amino Seq.Base/AA | Previosly
(Intron or acid acid recorded SNP
Exon) (AA)
47879280 | C/T - - - - 3 -

(Intron)
47879270 | GIT - - - - 13 rs1238820289
(Intron)
47879260 | TIA | - - - - 23 -

(Intron)
47879250 | C/A | - - - - 33 rs1034172632
(Intron)
47879246 | C/G - - - - 37 rs540879004
(Intron)
47879197 | T/A - - - - 71 rs1385324339
(Intron)
47879174 | G/C - - - - 109 -

(Intron)
47879120 | T/C - - - - 163 rs1333385322
(Intron)
47879112 | TIC ATG M ACG T 171/1 rs2228570
(Exon)
47879025 | G/T CGA R CTA L 258/30 -
(Exon)
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47878967 [ GIC [AGG |R AGC S 316/49 -
(Exon)
10 20 3l 40

IR R [ I [ [ [P N I [
Reference MEAMAASTSLEDPCDFDRNVERICGVCCDRATGFHFNAMTCEGCEGEE
sanplel O .
zamplel P .
sample 5 O .

Figure 4: Pair sequence alignment of VDR amino acids based on Bio Edit software version 7.2.5
alignment. 1,3 and 4 refers to the patient's sample

DISCUSSION

Cell development, calcium absorption from the gut, cell differentiation, and androgen and estrogen
activation are all regulated by the vitamin D receptor. Vitamin D, protein kinase A, parathyroid hormone,
and growth factors all help to increase VDR levels. Minor changes in receptor structure, such as protein
composition changes caused by DNA sequence variants, may have a minor effect on the cellular response
to 1,25 (OH)2D3. Human VDR polymorphisms are being studied as potential prognostic markers for a
variety of illnesses. Any VDR alteration will interfere with calcium metabolism, putting you at risk for
kidney stones[14] .

The VDR helps to preserve calcium homeostasis by influencing bone resorption and increasing calcium
absorption. The VDR's stone-forming mechanism is still a mystery. Allelic variations in the 3" - UTR
region can affect messenger RNA stability and/or translation, lowering vitamin D activity and thus
increasing the risk of stone disease [15]. Polymorphic variations in the VDR gene have been related to
stone disease in some studies, but not all [16]..

The findings of our current study agree in part with Miyamoto & Yamamoto, who found that the VDR
polymorphism C/T (rs2228570) at the translation initiation codon appears to result in the production of a
small (by three amino acids) protein with increased biological activity and is related to increased bone
mineral density in premenopausal Japanese women [17]..

Bid et al., found significant differences (P< 0.001) between the healthy control and stone patient groups in
their study. When compared to the CC/TT genotype, the CT genotype was linked to a 3.234-fold increased
incidence of renal stone (OR 3.234; 95 % CI 1.964, 5.325). In normal health subjects, the allelic
distribution of the C/T polymorphism of VDR (rs2228570) was 238/94, while in stone patients, it was
166/110[18].

The results of this study indicate that the VDR (rs2228570) polymorphism may play a role in the
development of renal calcium stones.The detection of genetic markers could lead to early intervention in
patients at risk of calcium stone disease and, in the long run, to the prevention of urolithiasis. Besides,
determining the risk of calcium stone disease in a patient's family member or the risk of recurrence in a
patient can provide a tool for medical therapy and follow-up pace.
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CONCLUSION

These findings indicate that the rs2228570 in the start-codon of VDR gene can play a role in susceptibility
to renal calcium-containing stone disease.
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