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Influence of single nucleotide polymorphisms
of vitamin D receptor-gene on the level of osteoassociated
hormones linkage with postmenopausal osteoporosis
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The levels of osteoassociated hormones, macroelements, interleukines, cyclic nucleotides and activity of
alkaline phosphatase were being detected in the blood plasma of 74 postmenopausal women with and
without osteoporosis (OP). Bone mineral density (BMD) and the metacarpal index were being assessed
according to the results of densitometry. The allele polymorphisms vitamin D receptor gene (VDR) Cdx2
(rs11568820) and Taql (rs731236) were being identified with the help of the polymerase chain reaction. The
major genotype CC Tagl was found in the group without OP 3.4 times more often than with OP, while the
minor genotype TT was found 3.4 times more often with the presence of OP. The presence of the genotype
CC Tagql decreased the risk of OP progress by 5.5 times, and the genotype TT Taql increased by 5.4 times.
The presence of the minor allele T was associated with the higher levels of interleukin 15, BMD and lower
testosterone blood level. The major homozygote AA Cdx2 was found in women without OP 2.9 times more
often, while the minor genotype GG — 5.4 times more often with the presence of OP. The presence of the
major homozygote decreased the risk of OP progress by more than 5.3 times, while the minor homozygote
increased the risk by 8 times. The presence of the minor allele G in the genotype was associated with the
increase of parathyroid hormone, phosphorus, magnesium, alkaline phosphatase activity in blood, BMD
and with the decrease of testosterone, progesterone and calcium blood levels.
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phism Taql (rs731236).

INTRODUCTION

Postmenopausal osteoporosis (OP) — is a sys-
temic disease with a multi-factor character, that
appears in postmenopausal women as a result
of the deficit of sex hormones and first of all
the estrogen [1]. The disease is characterized
by reduction in bone mass and microarchitec-
tonic deterioration of bone tissue, which leads
to the increase in the risk of bone fractures [2].
The regulation of the bone tissue’s remodelling
implements at the local level (cytokines and
growth factors) and the system level (hormones)
[3, 4]. Parathyroid hormone (PTH) and calcito-
nin (CT) are the main regulatory hormones of
the calcium-phosphoric metabolism. The spe-
cific protein of bone matrix — osteocalcin (OC)

© D.S. Ziablitsev, O.S. Larin

ISSN 0201-8489 ®ision. scypnu., 2015, T. 61, Ne 5

is the marker of the remodelling. The level of
calcium (Ca) in the blood stream depends on the
process of its absorption in the small intestine,
which, in turn, is regulated by the metabolites of
vitamin D with a hormonal activity — calcitriol,
which activates nuclear receptor to vitamin D
(VDR), that increases the expression of gene
in more than 30 target organs [5-7]. It is the
physiological transcription of VDR that reali-
zes in full effects of vitamin’s D metabolites
on bone’s tissue, which is characteristic for
typical genetically-determined processes [6,
8]. The initiation of transcription is carried out
by two codons in the DNA sequence of VDR.
Taql-polymorphism in the second gene’s exon
of VDR emerges as a result of the substitution
of thymine for cytosine in the first of two sites.
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Consequently, protein, shorter by three amino
acids, is synthesized (the transcription begins
with the second site of initiation, which is lo-
calized for three codons further) [8, 9]. It leads
to disturbance of Ca absorption in the small
intestine and to hypocalcemia. Polymorphism
in the site restriction Cdx2 of VDR gene leads
to reduction of bone mass density (BMD) and
increases the risk of bone fracture [10,11], also
it has influence on variations of BMD [12]. The
absence of Cdx2-polymorphism of VDR gene
has a protective role in the progress of osteo-
porosis [11-13].

Therefore, the aim of these work is to
define the connection between single nucleotide
polymorphism of VDR gene (Taql (T61968C;
rs731236) and Cdx2 (G3731A;1rs11568820) and
the risk of the development of the OP, the level of
osteoassociation hormones and the biologically
active substances in postmenopausal women.

MATERIAL AND METHODS

74 women in postmenopause were examined.
Among them 30 patients (40,5%) without OP
formed the control group of genetic research
(control). 44 women with the manifestation of
OP (59,5%) formed the group of study (cases).
Bone mineral density (BMD) and the metacarpal
index (MCI) were being assessed according to
the results of densitometry (“QDR-4500-Del-
phi-Hologic”, USA). Using the biochemical
analyzer “BS-200” (China) the activity of ALP,
Ca, phosphorus (P) and magnesium (Mg) was
examined in the blood serum (“La Chema”,
Czech Republic). The content of PTH, CT, OC
and also estradiol (E2), progesterone (PG),
testosterone (TS), cortisol (CS), insulin (IN),
triiodthyronine (T3), thyroxine (T4), cyclic
adenosine monophosphate (cAMP), interlikine
(IL) 1B and tumor necrosis factor alpha (TNFa)
(sets “VectorBest”, Russia; “Amercham pharma-
cia biotech”, Great Britain; “DRG”, USA) was
studied using the immunoassay method. Single
nucleotide polymorphisms (SNP) were detected
by the polymerase chain reaction (“OsteoGen-
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M”, Russia) by the standard method: the isola-
tion of DNA, the conduction of amplification
reaction with specific primers, enzymatic hydro-
lysis of amplification products, electrophoretic
separation with a subsequent registration of the
obtained DNA fragments transient UV-light.
After electrophoresing of fission products their
enzymatic hydrolysis was carried out. Positive
control was noted when there appeared bends of
proper sizes fitting the sizes of the amplicon’s
fragment. Statistical calculation was made with
the help of the «STATISTIKA 7.0» (StatSoft,
Inc.) program. The statistical significance of
the distinction in frequency distribution of the
genotypes occurrence between the groups was
defined by F-test. Reliability in distinction of
genotypes and alleles distribution between the
groups, as well as complience of the distribution
according to the Hardy-Weinberg equilibrium
(HWE) were estimated by analysing of linkage
tables by ? criterion. Distribution of the geno-
types in the groups with and without OP was
considered reliable providing an accordance to
HWE for the groups of control and cases.

The level of genotype association with OP
was determined according to the odds ratios
(OR), that characterizing the relative risk
(chances) for a disease development in the given
case depending on the allelic polymorphism of
the tested gene. The level of OR higher than
1 tells for the trustworthy increase in risk,
provided that it is in the confidence interval
(CI=95%). The level of OR lower than 1
tells for the trustworthy decrease in risk the
credibility of the allelic genes variants influence
on the clinical-laboratory rates was estimated
by using ANOVA/MANOVA for the F-test.
The credibility of the distinction between the
averages was estimated by the Student t-test.

RESULTS AND THEIR DISCUSSION

The results of the study (Fig. 1) have indicated
that frequencies of VDR genotypes Taql
distribution represented a significant difference
between the groups of patients in case of the
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Fig.1. Frequencies (%) distribution of the genotype polymor-
phisms Taql VDR gene. * the significance of the frequencies
distinction between the groups based on the F-test (p(F)=O,O3);
** the significance of the frequencies distinction between the
groups based on the F-test (p(F)=0,04)

homozygous genotypes occurrence. Thus major
homozygous genotype (CC) occurred in the
group without OP in 46,7% cases, and with OP
—in 13,6% (3.4 times more often, which was
significant according to the F-test). The minor
homozygous genotype, on the contrary, was
found more often involving presence of OP —
45,5%, vs 13,3% in the group without OP (3.4
times more often, which was also significant
according to the F-test). Frequencies distribution
of the heterozygous genotypes did not differ one
from another.

As it can be seen from the table 1, the de-
pendence of the VDR genotypes distribution
on the presence or absence of OP respectively

was detected (p(x2)=0,04). HWE for the group
without OP and with it for polymorphic variant
of VDR gene agreed, since, respectively:
x*=0,15; p=0,97 and ¥*>=0,18; p=0,96.

The presence of major homozygote (CC) de-
creased the risk of OP development by 5.6 times
(OR=0,18; CI=0,04-0,88), while the homozy-
gous state of the minor genotype (TT) increased
the risk by 5.4 times (OR=5,42; C1=0,98-29,92).

Therefore, it can be affirmed that the pres-
ence of the major homozygote CC Taql had a
protective role to the OP development, whereas
the presence of the minor homozygote TT, on the
contrary, was conducive to the OP development.
The risk of the OP development was decreased
by 5.5 times in the first case, and in the second
case it was increased by 5.4 times.

The obtained conclusions agreed with the
data displayed in the table 1. The minor allele
(T) presence in genotype increased the risk of
OP development nearly by 4 times (OR=3,87;
CI=1,45-10,33).

The VDR gene polymorphism Taql reliably
influenced the level of TS, IL1p in the blood
and also the BMD (table 3).

Herewith the presence of the minor genotype
TT was associated with the higher levels of IL1
and BMD. At the same time, the presence of the
minor genotype TT favoured the lower TS blood
level. It represented the biological role of these
regulatory factors in the bone tissue minerali-
zation process and agreed with the previously

Table 1. The significance of the genotype polymorphisms Taql VDR gene distribution between the groups of women
with and without OP and odds ratio in association with their genotypes

Genotypes Control Cases x | p () | OR 95 % confidence interval

CC 14 6 0,18 0,04 - 0,88
CT 12 18 6,44 0,04 1,04 0,27 - 3,96
TT 4 20 5,42 0,98 - 29,92

Table 2. The significance of the allele polymorphisms Taql VDR gene distribution between the groups (p(y2))

and odds ratio (OR)

Allele Control Cases $ | p () | OR 95 % confidence interval

C 20 15 0,26 0,10 - 0,69
7,59 0,006

T 10 29 3,87 1,45 -10,33
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Table 3. The influence of the genotype polymorphisms Taql VDR gene on clinical-laboratory rates (M=+m)

in women with OP

Genotypes
Rates F P
CC (n=20) CT (n=30) TT (n=24)

PTH; pg/ml 27,67+3,56 38,89+7,48 55,40+6,27 3,23 0,06
CT; pg/ml 8,67+1,08 8,78+1,16 8,00+0,87 0,19 0,82
OC; ng/ml 13,00+1,02 15,89+3,94 17,40+0,57 2,81 0,085
E2; pmol/l 43,33+32,54 32,89+12,68 11,90+1,75 2,10 0,15
PG; nmol/l 25,67+£10,35 26,56+3,96 22,20+3,63 0,36 0,70
TS; nmol/l 6,50+0,34 5,03+0,90 3,15+0,87 3,54 0,48
CS; nmol/l 453,00+52,94 533,00+82,67 495,00+21,88 0,62 0,54
IN; mcMhO/ml 12,67+1,78 11,33+0,90 12,20+1,29 0,26 0,77
T4; nmol/l 122,33+5,40 109,22+5,21 111,60+6,51 0,70 0,51
T3; nmol/I 1,67+0,11 2,01+0,16 2,17+0,13 2,27 0,13
cAMP; ng/ml 4,67+0,41 4,89+0,41 4,70+0,50 0,06 0,94
IL1pB; pg/ml 10,34+2,68 11,44+1,78 15,60+1,10 3,64 0,04
TNF1la; pg/ml 54,33+£3,51 57,27+0,18 54,35+1,32 2,22 0,14
ALP; U/ 139,34+15,00 146,67+6,26 123,70+9,53 0,82 0,82
Ca; mg/l 60,33+0,82 59,47+0,79 57,62+0,80 2,48 0,11
P; mg/l 382,87+9,71 406,79+9,20 419,20+8,15 2,66 0,09
Mg; mg/l 32,63+3,16 34,07+£1,09 34,67+£1,22 0,39 0,60
BMD; SD 1,39+0,18 1,5740,01 2,16+0,09 7,20 0,0047
MCI; s.u. 0,41+0,02 0,41+0,01 2,16+0,09 1,00 0,38

obtained results [9, 13]. The highest value of the
F-test (F=7,2; p=0,0047) was noted for BMD.
Polymorphism in the site of connection with
the transcription factor Cdx2 in the promoter
region of VDR gene is associated with the level
of Ca absorption in an intestine and with the re-
ceptor’s activation to vitamin D [11]. It is shown
in our study (Fig.2), that the major homozygote
(AA) was found in women without OP in 53,3 %
cases, and with OP approximately three times
less (in 18,2 % cases). In other words, genotype
(AA) in the group without OP symptoms was
found 2,9 times more often, which is statistically
significant according to F-test. The minor ho-
mozygous genotype (GG), on the contrary, was
found 5.4 times more often: with OP —in 36,4 %
cases vs 6,7 % in the group without OP, that is
also statistically significant according to F-test.
Frequencies of the distribution of heterozygous
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genotypes did not differ one from another.

As in the preceding case (tabl. 1), the de-
pendence of genotype polymorphisms Cdx2
0,6 -

53.3% BControl  ® Cases

0,5 1

45,5%

40,0% *%

0,4 1 4 36.4%
0,31
0’2 . 18,2%

0,1 1 6,7%

0 AA ' AG ' GG

Fig. 2 Frequencies (%) of the genotype polymorphisms Cdx2
VDR gene distribution. * the statistical significance of the
frequencies distinction between the groups basing on F-test
(p(F)=0,02); ** the statistical significance of the frequencies
distinction between the groups basing on F-test (p(F)=0,04)
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VDR gene on the presence or absence of OP
(p(x*)=0,04) was revealed (table 4). HWE for

the groups with and without OP for the polymor-
phic variant of Cdx2 polymorphism (G3731A)

Table 4. The significance of the allele polymorphisms Cdx2 VDR gene distribution between the groups (p(x2)) and odds

ratio (OR)
| Genotype | Control | Cases | 1> p () | OR 95 % confident interval |
AA 16 8 0,19 0,04 - 0,86
AG 12 20 6,49 0,04 1,25 0,33 - 4,73
GG 2 16 8,00 0,88 - 72,70

was respectively (according ¥?>=0,01; p=1,04
and y?=0,08; p=1,00). The presence of the
major homozygote (AA) decreased the risk of
OP progress by 5.3 times (OR=0,19; CI=0,04-
0,86), while the homozygosis state of the minor
genotype (GG) increased the risk by more than
8 times (OR=8,00; C1=0,88-72,70).

Accordingly, the presence the major homo-
zygote genotype of the Cdx2 VDR gene (AA)
had a protective role to the OP development,
whereas the presence of the minor homozygote
(GG), on the contrary, was conducive to the OP
development. The risk of the OP development
decreased by 5.3 times in the first case, and in
the second case it increased by 8.0 times. It cor-
responded to the obtained data on the VDR gene
polymorphism (T61968C) [2].

The data, displayed in the table 5 confirmed
the identified patterns. The presence of the minor
allele (G) in the genotype increased the risk of
OP development almost by 4 times (OR=3,97;
CI=1,45-10,88).

The polymorphism Cdx2 of the VDR gene
reliably influenced the levels of PTH, PG, TS,
Ca, P, Mg, ALP activity in blood and BMD
(table 6).

According to the data of the conducted
ANOVA/MANOVA, the presence of the minor
genotype GG was associated with the increase of
PTH, P, Mg, ALP-activity in the blood and BMD.

Herewith the presence of genotype GG led to
the decrease of PG, TS and Ca blood levels. The
greatest rate for the F-test (F=13,85; p=0,00014)
was noted for the ALP-activity, which also con-
firmed the potential impact of the minor allele
(G) on the process of the OP development.

CONCLUSIONS

The major genotype CC Taql of the VDR gene
was found in the group without OP 3.4 times
more often than with OP, while the minor
genotype TT was found 3.4 times more often
with the presence of OP. The presence of the
genotype CC Taql decreased the risk of OP
progress by 5.5 times, and the genotype TT
Taql — increased by 5.4 times. The presence of
the minor allele T was associated with the higher
levels of IL13, BMD and lower TS blood level.

The major homozygote AA Cdx2 of the VDR
gene was found in women without OP 2.9 times
more often, while the minor genotype GG — 5.4
times more often with the presence of OP. The
presence of the major homozygote decreased the
risk of OP development by more than 5.3 times,
while the minor homozygote increased the risk
by 8 times. The presence of the minor allele G
in the genotype was associated with the increase
of PTH, P, Mg, ALP-activity in blood, BMD and
with the decrease of PG, TS and Ca blood levels.

Table 5 The significance of distinction the VDR gene allele distribution between the groups and the odds ratio (OR)

Alleles Control Cases r> | p () | OR 95 % confidence interval
A 22 18 0,25 0,09 - 0,69
7,55 0,006
G 8 26 3,97 1,45-10,88
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Table 6. The influence of the genotype polymorphisms Cdx2 VDR gene on clinical-laboratory rates (M+m)

in women with OP

Genotypes VDR (-3731A/G)
Rates F P
AA(m=24) | AG®=32) | GG @=18)

PTH; pg/ml 50,00+11,22 31,30+6,97 59,25+4,08 6,18 0,0095
CT; pg/ml 9,50+1,20 8,30+0,89 8,00+1,61 0,39 0,68
OC; ng/ml 14,75+1,44 15,20+1,24 18,13+0,62 2,97 0,07
E2; pmol/l 35,50+26,49 31,10+10,71 11,50+2,84 1,36 0,28
PG; nmol/l 36,75+3,42 27,10+3,38 15,00+2,31 10,99 0,0006
TS; nmol/l 6,67+0,51 4,75+0,81 2,76+0,90 5,27 0,015
CS; nmol/l 425,75+76,69 542,00+40,96 497,88+36,63 1,67 0,22
IN; mcMhO/ml 12,25+0,78 10,80+1,44 13,1342,01 1,29 0,29
T4; nmol/l 117,00+7,45 112,30+£7,08 109,38+10,62 0,27 0,77
T3; nmol/l 1,72+0,13 2,04+0,13 2,19+0,17 2,17 0,14
cAMP; ng/ml 4,00+0,47 5,00+0,44 4,88+0,62 0,98 0,39
IL1B; pg/ml 15.25+2.51 11,00+1,71 14,87+1,45 2,37 0,12
TNF1la; pg/ml 55,10+£2,34 56,49+0,94 54,57+1,89 0,74 0,50
ALP; U/l 102,50+9,89 143,80+6,39 152,13+4,48 13,85 0,00014
Ca; mg/l 60,90+0,12 59,50+0,70 56,73+0,91 8,55 0,0022
P; mg/l 382,13+8,27 405,06+10,17 427,83+8,38 6,62 0,0065
Mg; mg/l 30,75+2,21 33,68+0,85 36,42+1,38 5,44 0,013
BMD; SD 1,83+0,18 1,51+0,17 2,20+0,14 6,65 0,0064
MCI; s.u. 0,39+0,01 0,41+0,01 0,39+0,02 2,51 0,107

A. C. 3a0aines, O. C. Jlapin

BIIJIUB OJHOHYKJIEOTUJHHUX ITOJIMOP-
®I3MIB 'EHA VDR HA PIBEHb OCTEOAC-
COLIMOBAHHUX 'OPMOHIB ITPU OCT-
MEHOIIAY3HOMY OCTEOIIOPO3I

V 1miasMi KpoBi 74 KiHOK y TIOCTMEHOIAy3HOMY IEpioji 3
Ta 0e3 0CTeornopo3y BH3HAYAIM BMICT OCTEOAcONiOBaHMX
TOPMOHIB, MaKpOEJIEMEHTIB, IHTepICHKIHIB, IUKIIYHUX
HYKJICOTHIB Ta aKTUBHICTb JykHOI octarazn. Minepainb-
Hy minbHicTh KicTku (MILK) 1 MerakapnanpHui iHIEKC
OI[IHIOBAJIM 3TiHO 3 pe3yJbTaTaMH JeHCHUTOMETpii. 3a
JIOTIOMOTOI0 TMOJiMEpa3Hol JIAHIIOrOBOi peakilii BUSBISIN
aseNpHi mojiMopdizMu rena penenropa Bitaminy D (VDR)
Cdx2 (rs11568820) ta Taql (rs731236). HasiBHiCTb reHOTHITY
CC Tagql 3umxysana pusuk nporpecyBannst OIl B 5,5 pas, a
rerotuny TT Taql — minBumyBana B 5,4 pa3a. HasBHicTb Mi-
HopHoT ayeni T 6ys10 acoIiifoBaHO 3 GBI BUCOKUM BMICTOM
inTeprneiikiny 18, MILK i HIXYHM — TECTOCTEPOHY B KPOBI.
Maxopna romosurota AA Cdx2 Oysa BusiBiieHa y KiHOK 0e3
OII B 2,9 pa3a wacrimre, Tofi sik MiHopHHH TeHoTHH GG — B
5,4 pa3za gacrtime 3a HasBHOCTI OIl. MaxopHoi romo3urora
3HIWKyBasia pu3uk nporpecii OI1 G Hixk B 5,3 pasa, Toxi
sIK MIHOpHa i JBHIyBaa foro B 8 pasis. HasBHicTh MiHOp-
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Hoi aneni G B reHOTHI 0YI10 acOLifOBaHO 3 MiABUIICHHSIM Y
KpOBI BMICTY MapaTHPEOITHOTO TOPMOHY, (POchOpy, MarHiro,
aKTHBHOCTI Jyx)HOI ocdarazu, MUK Ta 3i 3HIKEHHAM
BMICTY IIPOTECTEPOHY, TECTOCTEPOHY 1 KaJbIIilO.

Kutro4oBi c110Ba: MOCTMEHONAY3HUH OCTEOIOPO3; FOPMOHH;
VDR; momimopdizm Cdx2 (rs11568820); momimopdizm Taql
(rs731236)

A. C. 3a01unes, A. C. Jlapun

BJIMAHUE OJHOHYKJIEOTUHBIX
HOJIMMOP®U3MOB 'EHA VDR HA
YPOBEHb OCTEOACCOLIMUMPOBAHHBIX
I'OPMOHOB ITPU IOCTMEHOITIAY3HOM
OCTEOIIOPO3E

B mna3zme xpoBu 74 KEHIIWH B MOCTMEHONAY3HOM TIEPUOe
¢ u 6e3 ocreomoposa (OIl) ompenensuin comepxanue
0CTE0acCCONUUPOBAHHBIX TOPMOHOB, MaKpOdJIEMEHTOB,
NHTEPIEHKNHOB, MUKINIECKUX HYKJICOTUIOB U aKTUB-
HOCTB meno4Hol (ocdarazsl. MUHEpaIbHYIO IUIOTHOCTH
xoctu (MIIK) u MeTakapnanbHBIH HHICKC OICHHBAIH IO
pe3ynbTaTam aeHcuToMeTpud. C IOMONIBIO MOIMMEPa3HOit
LETTHON PeaKknuy ONpeesUIH alIeIbHbIe TTOIUMOP(OHU3MBI
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rexa peuenropa Butamuua D (VDR) Cdx2 (rs11568820) u
Taql (rs731236). IlpucyrcrBue renoruna CC Taql cHmkana
puck passutus OII B 5,5 pasa, a renoruna TT Taql —
noBbInIana B 5,4 pasa. [Ipucyrcreue munopHoi anesn T Ob110
aCcCOLMUPOBAHO ¢ 00JIee BHICOKUMH YPOBHSIMHU HHTEPIICHKIHA
1B, MIIK u HHU3KMM ypOBHEM TECTOCTEPOHA B KPOBH.
Masxopnasi romozurora AA Cdx2 Oblia BeIsIBIICHA Y KEHIIMH
6e3 OI1 B 2,9 pasa yare, Toraa kak MUHOPHBIH reHotunn GG
— B 5,4 paza vame npu Hanunuuu OI1. MaxkopHoii romo3urora
cHmxkana puck pazpurus OIl Gonee uem B 5,3 pasa, Toraa Kak
MHHOpHas NoBblana ero B § pas. [Ipucyrcreue MuHOpHOH
aieny G B reHOTuIe ObUIO ACCOLIMUPOBAHO C ITOBBIIICHHEM
COZIePIKAHMS TAPaTUPEONTHOTO ropMoHa, hocdopa, MarHus,
AKTUBHOCTH IIeI0o4HOM Qocdarassl B kposu, MIIK u co
CHIDKCHHEM YPOBHEH B KPOBM IPOreCTEpPOHA, TECTOCTEPOHA
U KaJIbIUs.

KiroueBsle ci0Ba: mocTMEHONAay3albHBIH 0CTEONOPO3;
ropmonsl; VDR; momumopduszm Cdx2 (rs11568820); monu-
mopdusm Taql (rs731236)
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