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Frequency of rs2228570 single nucleotide polymorphism
of Vitamin-D Receptor (VDR) gene among the Kazakh ethnic group

The article presents the results of the study of vitamin D receptor (VDR) gene rs2228570 single
polymorphism (SNP) genotypes and individual alleles frequency among the Kazakh ethnic grogp re
tives living in the Karaganda region. This SNP was determined by real-time polymerase chain reagti

thesis of the VDR protein and its activity as a transcription factor that regulates the expressi
This mechanism determines the association of individual rs2228570 genotypes or allele
course, and outcomes of various diseases. The polymorphism frequency may be depe

cording to the study results, the most common genotypes of rs2228570 SNP among

(32.8 %) and GG (25.2 %). The rarest are homozygotes TT (1.7 %) and CC requency of all
rs2228570 alleles was detected simultaneously in the present study for the first came the predomi-
nant allele (51.3 %), less common was A (31.0 %), and the C and T alleles wiereth€rarest' (11.8 % and 5.9 %,
respectively). The potential value of this SNP further study as a possible factomin g the body’s suscep-
tibility to various diseases, including COVID-19, is shown.

Keywords: vitamin D receptor (VDR) gene, VDR gene single nucleot olymarphism, rs2228570, genotype
frequency, allele frequency, Kazakh ethnic group, vitamin D, ptor.

Vitamin D is well known for its role in maint cium and phosphorus homeostasis. It enters the
human body in two ways: through exogenouys intake ood rich in vitamin D, or through its endogenous
synthesis in the skin under the influence of ulttaviolet B (UVB) radiation. Both forms of vitamin D are inac-
tive, so its two-step activation follows: i the liver (forming 25(OH)D or calcidiol) and then in the kid-

g ),Dj3 or calcitriol) [1].
f vitamin D and has a wide range of extraskeletal biological re-
8Sion of breast, large intestine and prostate cancer cells, protection

Calcitriol is a hormonall i
sponses, including inhibition o p

against a number of autoim s, including multiple sclerosis and inflammatory bowel disorder [2].
Also, there are many studi ove the participation of vitamin D in the control of blood pressure, reduc-
ing the risk of ty I betés, multiple sclerosis, rheumatoid arthritis, heart disease and infectious dis-

eases, as well as |
are mediated by

u n of immune responses [3]. All biological extraskeletal effects of calcitriol
itamin D receptor (VDR), which belongs to the family of steroid receptors. Af-
DR heterodimerizes with the retinoid X receptor (RXR) and moves to the nucleus,
where DR sensitive element (VDRE) in target genes and controls the expression of more
thanfb t the same time, the activity and functioning of VDR depends on the structure of the
VDRgene ed on chromosome 12q13.1 [5].

' gene is polymorphic, with over 470 single nucleotide polymorphisms (SNPs) identified. One
of the most’common and studied SNPs of the VDR gene is rs2228570 [6]. A number of studies have re-
vealed the association of individual genetic variations in rs2228570 with diseases such as dengue, bronchial
asthma, hepatitis B, Parkinson’s disease and tuberculosis [7-12]. There are also suggestions about its role in
susceptibility to COVID-19 [13, 14]. These facts make rs2228570 an important potential object for study.

Thus, in this study, for the first time, the frequencies of genotypes and all four alleles of the VDR gene
rs2228570 among representatives of the Kazakh ethnic group were studied.
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Experimental

In total, 119 samples of biological material (blood) taken from adult representatives of the Kazakh eth-
nic group living in the city of Karaganda and the Karaganda region were examined. The age range was 18—
77 years old (mean age is 43). The gender distribution was 39 men and 80 women.

Blood was withdrawn into an EDTA tube. The extraction of DNA from the blood samples was per-
formed by “RIBO-prep” (Amplisens, Russia) according to the kit manufacturer’s protocol. Genotyping of
VDR gene SNP rs2228570 was carried out by real-time polymerase chain reaction (Real-Time PCR) using
TagMan probes (Lumiprobe, Russia). The sequences of primers and probes, as well as the PCR conditions,
are shown in Table 1. All samples were analyzed on a Real-Time PCR DTlite instrument (DNA-Technology,
Russia).

The corresponding data for rs2228570 genotyping

Sequence (5'-3")
Primers
forward 5'- TCCACACACCCCACAGATCC-3
reverse 5'- GTGGGTGGCACCAAGGATG-3' .
94 °C /3 min
TagMan (94 °C/ 15 sec
probe A 5'-CCGCCATTGCCTCCATCCCTGTAAGAA- 62 °C / 30 sec) . 40
probe C 5'-CCGCCATTGCCTCCCTCCCTGTAAGAA-3
probe G 5'-CCGCCATTGCCTCCGTCCCTGT
probe T 5-CCGCCATTGCCTCCTTCCCTGTAA
The categorical variables are described as perce quare test (° test) was used to compare
categorical data. P <0.05 was considered statistically nt. All genotypes were tested for Hardy—
Weinberg equilibrium using chi-squared test. i | analyses were carried out by the GraphPad

Prism 8.0 program (Graph-Pad Software, CA, US
Regults and Discussion

Previously, in review article, we afed rs2228570 frequency alleles and genotypes submitted in
dbSNP NCBI (National Center for Bigigchn Information, USA) with data published in peer-reviewed

publications [15]. It was found tha 8570 is four-allelic, with a predominance of G (0.611257) and A
(0.388743) alleles [16]. Howe e
bir

earchers simultaneously analyzed the occurrence of only two of
ations: C>T or A>G [7-12]. In the present study, we simultaneously
52228570 genotypes. The observed rs2228570 genotype frequencies

the four alleles in the followi
determined all possible v
were consistent with Hird einberg equilibrium with p values greater than 0.05 (p = 0.9638).

S 204

10

- TI.IUH
AA CC GG TT AC AG AT GC GT

Figure 1. Frequency of rs2228570 genotypes in the Kazakh population
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As can be seen from Figure 1, the most common genotypes among representatives of the Kazakh ethnic
group are AG (32.8 %) and GG (25.2 %). Frequencies vary from 13.5 % to 4.2 % in GT, AA, AT and GC
genotypes. The rarest were TT and CC homozygotes (1.7 % and 0.8 %, respectively). The obtained data co-
incide with dbSNP in that genotypes with G and A alleles predominate [16].

Despite the large number of publications that studied the occurrence of CC, CT and TT genotypes [7—
11], it was not possible to compare them with the data obtained, since the frequency of these genotypes in the
Kazakh population is critically low. At the same time, data on the frequency of AC, AT, GC and GT geno-
types is practically absent in the literature.

Therefore, only the frequencies of the AA, AG, and GG genotypes (in % of the total number of occur-
rences; n = 80) could be compared with the results of other authors (Table 2).

Comparative analysis of AA/AG/GG genotypes frequency of the VDR gene rsiz

0,
Ethnicity / country Genotype (%)

AA AG GG P-value V e
KZ 14 29 37

UAE 27 42 31 NS Ogman et al. [6]
UK 48 41 11 id etal. [17]
French 43 47 10 Zmuda et al. [18]
Japan 37 51 Bhanushali et al. [19]
North Indian 44 49 Tokita et al. [20]
India 59 36 Bid etal. [17]
**** = < 0.0001; NS = not significant.
Table 2 presents the comparative data on three xs22 pes between the Kazakh population
and others. It can be seen that a statistically significant e was not found only in comparison with the

The results of the analysis of individual rs2228570 allelés frequency is shown in Figure 2.

60—

=

T 1
A C G T

Figure 2. Frequency of rs2228570 alleles in the Kazakh population

It was found that the most common allele among the Kazakh population is G (51.3 %), and the A allele
is 20 % less common (31.0 %). The data obtained for two alleles are fully consistent with dbSNP (assembly
155 dated April 9, 2021, aggregated data with sampling of 236272 samples) [16]. The occurrence of T and C
alleles was 11.8 % and 5.9 %, respectively, which is significantly higher than the dbSNP data (T=0.000000,
C=0.000000) [16], but inferior to the results of other studies [7, 11]. The comparative analysis of the occur-
rence of A and G major alleles (in % of the total number of occurrences; n = 196) is presented in Table 3.
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Table 3
Comparative analysis of A and G alleles frequency of VDR gene rs2228570
Ethnicity / country A Alleles (%) S P-value Reference
Kz 37.8 62.2
dbSNP total 38.9 61.1 NS [16]
dbSNP European 38.7 61.3 NS [16]
dbSNP Asian 43.8 56.2 NS [16]
UAE 48.04 51.96 NS Osman et al. [6]
UK 68.50 31.50 Fkkk Bid et al.
French 66.50 33.50 folololl
Japan 62.50 37.50 Fkkk
North Indian 68.50 31.50 folololl
India 77.00 23.00 Fkdkk
**** = p < 0.0001; NS = not significant

As it can be seen from the Table 3, the data on the prevalence of individual

in this study do not have statistically significant differences with the generalizedRbSNF Bl data, as well
as separate results for European and Asian ethnic groups [16]. Also, the re mensurate with those
for the population of the United Arab Emirates [6]. At the same time, t fundamental discrepancy
with the results of individual studies [17-20]. This can be explained by €cror§ingdhese studies due to the fact
that they did not take into account two more possible alleles of #2228570%C and T).

gene rs2228570 genotypes and

Thus, this paper presents unique data on the overall prevale&

four alleles among representatives of the Kazakh ethnic grou
Conclusi
After examination of the DNA samples of. s lwving in the Karaganda region, it was found

that the most common genotypes of the rs2228570%ingle nuéleotide polymorphism of the VDR gene are AG

and GG. The rarest genotypes are TT and CC. Accordi G became the predominant allele, A allele was

slightly less common, and the C and T alleles@were the rarest. The results obtained are of interest as a general

population study and as a material for compariSon. In addition, in the future, it is possible to predict the like-

lihood and course of diseases associate ain genetic variations of VDR gene rs2228570 SNP among
; ial impact of this SNP for susceptibility to COVID-19.
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Kaza IK TOOBIHBIH OKLI/Iepi apacbiHaa

OipHYyK LioaumMopdusmHin rs2228570 D mopymeni
@TOPM rerinig (VDR) ke3necy »xuimiri

Makanaga JIBICBHIH 1A TYPATHIH Ka3aK STHUKAJIBIK TOOBIHBIH OKIIIEPi apachiHaa OipHYKICOTHUATI
(SNP) rs2228570 reHoTunTtepiMeH jKeKeJereH ajuienblepiHiH D mopyMeHi peLenTopsl
bTiriH 3epTTey HoTKenepi kenripinreH. bepinren SNP-ni anbikray TagMan TexHoso-
OTBIPBIIN, HAKThl YaKBIT PEXHUMIHIC MONUMEpa3dbl Ti30eKTi peakuust 9JiciMeH jXy3ere
epTTeyniH e3ekrimiri 152228570 TreHeTHKaNbIK BapHanusuiapbl D IopyMeHI perenTtopsl
HBIH CHHTE31HE XOHE OHBIH 0acka TeHAEp/iH SKCHPECCHSICHIH PETTEHTIH TPAHCKPHUIIUSUIBIK (HaKTop
1 OenceHaiTirine acep ereTiHirine OaitmanpicTel. bynm MexanusMm rs2228570 jxeke TeHOTHITEPiHIH
€ aUIeNbAepiHiH opTYpNi aypyNapAblH Ce3IMTalABFBIMEH, AaFbIHBIMEH JKOHE HOTIDKeNIepiMeH
NIAHBICBIH ~ aHBIKTaWAbl. OChl MONUMOPGHU3MHIH Ke3lecy JKUUIN OSTHUKAJBIK epeKIIeNiKTepiHe
OailaHBICTBl alTapJbIKTAil e3repyi MYMKiH. 3epTTey HoTkKenepi OoifbiHINA Ka3zakrap apackiHga VDR
reHiniy rs2228570 GipHykiaeoTHATI moanMopdu3MiHiH eH kui ke3neceTiH renotuntepi AG (32,8 %) xone
GG (25,2 %) Gonmsl. En cupek kesmecerini — TT (1,7 %) xone CC (0,8 %) romosuroranapbl. OcChl
3epTreyae 1s2228570 GapibIK TOPT AJUIENBIIH Tapalyhl alFall peT Oip yaKbITTa aHBIKTAIABL. backiM aiienb
G (51,3%) Gomms, A (31,0 %) — cupex keszecenmi, an C »xone T amienpaepi eH CHpeK Ke3aeceai
(cotikecinme 11,8 % xoHe 5,9 %). Rs2228570 arzanblH opTypii aypynapra, coHblH iminge COVID-19-ra
OelliMaiirine ocep €TeTiH BIKTUMall (aKTOp pPETiHAEC OJaH opi 3epTTEYHiH BIKTUMAal MaHBI3IbUIBIFbI
KOPCETLIreH.

Kinm coe30ep: D napymeni peuentopbiibl (VDR) reni, VDR reninin OipHYKI€OTHATI moIuMopdu3mi,
rs2228570, reHOTUNTEPHAiH Ke3[ecy >KHUIIIri, ayulenbIepHAiH Ke3Aecy JKUiIIri, Ka3aK ITHHKAIBIK TOObL, D
JIopyMeHi, D nopyMeHi perentopsl.
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YacroTa BCTpEe4aeMOCTH OJHOHYKJICOTHIHOI0 mostumMopguima rs2228570
reta pemnentopa sutamuna D (VDR) cpenu npencraBuresieii
KAa3aXCKO# Y THUYECKOM rpynnbl

B crarbe mpencTaBneHsl pe3ynbTaThl UCCIEAOBAHUS YaCTOTHI BCTPEUAaEMOCTU T€HOTUIIOB M aiieneil oaHo-
HyKineotraHoro nonumopdusma (SNP) rs2228570 rena penentopa Butamuna D (VDR) cpenu mpeacraBure-
JIel Ka3aXxCKOM STHUYECKOH IpyIsl, MpoxuBaromux B Kaparananuckoit o6nactu. ['eHoTUNIMpOBaHUe JaHHO-
ro SNP ocymecTBIsIIOCh METOAOM IONMMEPA3HON LIENHONW Peaklud B PEKUME PEaIbHOTO BPEMEHU C HC-
TOJIb30BaHNEM TexHoJornu TagMan. AKTyadbHOCTH HMCCIIEIOBaHHS OOYCIOBIEHA TeM, YTO TE€HETHYECKHE
Bapuanu 1s2228570 BiusroT Ha CHHTE3 OeNka-penenTopa BUTaMiHa D 1 ero akTHBHOCTD KaK TPAHCKPHITIIH-
OHHOTO (paKTOpa, PEryIUPYIONIEro SKCIPECCUIO IPYTUX reHoB. JJaHHBIH MeXaHU3M 00YCIOBIMBAET, aCCQ,
LU0 OTAETbHBIX TeHOTHUIIOB WK ajuieneid 1s2228570 ¢ BoCIpUUMYUBOCTBIO, TEUCHHEM H HCXOZa i
HbIX 3a0oneBanuii. YacToTa BCTPEYaeMOCTH JTAaHHOTO TTOJMMOP(H3Ma MOKET CHIBHO Bapbnpoarbc BH-
CHMOCTH OT 3THHYECKOH MPUHAATIEKHOCTH. [1o pe3ynpratam ncciaenoBaHus, HanboIee 4acTo BCT eM

TEeHOTHIIAaMH OJHOHYKJICOTHIHOTO mojmMopdusma rs2228570 rera VDR cpenn xa3axoB cT G 8 %
u GG (25,2 %). CambivMu peaxumu — romo3urotsl TT (1,7 %) u CC (0,8 %). CnenyeT oTMeT 0 B’Ha-
ex

CTOSIIIIEM HCCIIEIOBAaHWM BIEpBbIe ObUIa OJHOBPEMEHHO BBIIBIEHA PaCIpOCTPaHEH nenen
1rs2228570. [Ipeobnanaroreii amiensio ctana G (51,3 %), MeHee pacpoCTpaHEHHOM (31 IIeTH
C u T — naubGonee penko Bcrpeyaemsie (11,8 % u 5,9 % cooTBercTBeHHO). [1oKasaHo eHIMAILHOE 3Ha-
YeHre AajbHeimero u3ydeHus 1s2228570 kak BO3MOKHOTO (haKkTopa, BIHSIO BOCTIPRIIMYHBOCTE Op-
raHu3Ma K pa3InvHbIM 3aboneBaHusM, B ToM gucie 1 COVID-19.

Kniouesvie cnosa: ren peuenropa ButamuHa D (VDR), ogHOHYKIEOTHI mvop¢usm rema VDR,
182228570, gacToTa BCTPEYaeMOCTH T€HOTHUIIOB, YacTOTa BCTpedac JIeH, Ka3axCKas JTHHYECKas

rpynna, ButamuH D, penentop Butamusa D.
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