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The aim. To study the correlation of the frequency distribution of alleles, genotypes and their combinations for the allelic variants
of Apal, Tagl, Bsml of the Vitamin D receptor gene (VDR) with the vitamin D levels and the stage of fibrosis in children with
autoimmune hepatitis.

Materials and methods. 51 children with autoimmune hepatitis were examined between 2016 and 2018. In all children, the diagnosis
was confirmed in accordance with the International Guidelines for the study of liver diseases (European Association for the Study
of Liver (EASL) Clinical Practice Guidelines: Autoimmune Hepatitis, 2015). In the examined children, the elastography of the liver
parenchyma was performed by the shear wave method. Needle biopsy of the liver with histological examination of the specimens
was performed in 42 children. The disease activity was determined using the histological activity index (HAI) by Knodell based on
the results of a morphological study of the liver biopsy and biochemical parameters. The stage of the disease was evaluated by
the histological index of fibrosis using the METAVIR scoring system and semi-quantitatively using the share wave elastography of
liver parenchyma. A level of 25(0OH)D was determined in the blood serum. The determination of the Apal, Tagl, Bsml polymorphic
loci of vitamin D receptor (VDR) was carried out using the molecular-genetic method. The association of polymorphic variants of
the VDR gene with the level of vitamin D and the stage of liver fibrosis in children with autoimmune hepatitis has been evaluated.

Results. 72.0 % of the examined children had advanced severe liver fibrosis (F3-4 by the METAVIR score), among them 34.0 %
of children had signs of liver cirrhosis. Children with advanced severe fibrosis (F3—4 by the METAVIR score) had the CC genotype
of the polymorphic version of the Tagl of the VDR gene significantly more often (x? = 3.953; P < 0.05), and the genotype AA/CC/
AA according to the investigated allelic variants of the VDR gene (x? = 3.953; P < 0.05). In 72.5 % of the examined children, there
was a deficiency of vitamin D. In children with severe fibrosis (F3—4 by the METAVIR score) vitamin D deficiency was significantly
more frequent as compared to children with less severe fibrosis (F1-2 by the METAVIR score) (x? = 5,207; P = 0.023). The
genotype GA of the Bsml polymorphic variant was associated with a decrease in serum vitamin D levels (P < 0.05). At the AC/
TC/GA combination of the Apal, Tagl and Bsml allelic variants of the VDR gene, vitamin D deficiency was registered significantly
more frequently (P < 0.05).

Conclusions. The level of vitamin D in children with autoimmune hepatitis was dependent on the stage of fibrosis. Children with
severe fibrosis had a genetically determined vitamin D deficiency significantly more often. Vitamin D deficiency was associated
with the CC genotype presence of the Tagl polymorphic variant of the VDR gene in patients as well as the GA genotype of
the Bsml polymorphic variant and the AC/TC/GA genotype of the three allelic variants of the gene studied.

3B’A30K noAimoppHux BapiaHTiB (Apal, Tagl, Bsml) reHa peuentopa VDR
i3 piBHem Bitaminy D i ¢pi6bpo3om neuiHku B AiTel 3 aBTOIMyHHUM renaTuToM

B. C. BepeseHko, X. 3. Muxanawok, 3. I. Poccoxa, C. . Kup’saueHko

MeTa po6oTK — BUBYMTM 3B'S30K PO3MOAINY YaCTOT anenei, reHoTuniB Ta ix kombiHawin 3a anensHumMmM BapiaHTamu Apal, Tagl,
Bsml reHa pevuentopa itamiHy D (VDR) i3 piHem BitamiHy D i cTagieto cpibpo3y B AiTel, siki XBOpi Ha aBTOIMYHHWIA renaTtur.

Marepianu Ta metogu. O6cTexunm 51 auTuHy 3 aBToiMyHHUM renatutom y 2016-2018 pp. Ycim fiTsm pjarHo3 BCTaHOBWAM Bif-
MOBIIHO 10 MiXHAPOAHUX PEKOMEHAALIi i3 BUBYEHHS 3aXBOPHOBaHb neviHku (European Association for the Study of Liver (EASL)
Clinical Practice Guidelines: Autoimmune hepatitis, 2015). Y giteii, sikux 06cTeXWNM, BUKOHaNM enactorpadito napeHximm neviHku
MeTOAO0M 3CyBHOI XBuri. Y 42 AiTelt BUKOHANN MyHKLiHY Gioncito NeviHky 3 ricTonorivH1M AoCTimKeHHsM biontaty. AKTUBHICTb
3aXBOPIOBaHHS BU3HA4any 3a 4OMNOMOTOH FiCTONOrYHOro iHAekcy akTueHocTi (ITA) 3a Knodell 3a pesynsratamu MopdonorivHoro
focnimkeHHs GionTaty neviHku Ta GioxiMiyHUMKM nokasHukamu. CTailo 3aXBOPIOBaHHS OLiHIOBANM 3@ MCTONOMNYHAM iHOEKCOM
¢ibposy METAVIR i HaniBKinbKiCHO 3a 4OMOMOTOK0 enlacTorpadii 3cyBHOT XBUMi NapeHXiM1 NeYiHKA. Y cMpoBaTLi KPOBi BU3HAYUIN
piBeHb 25(0OH)D. MonekynsipHo-reHeTUYHIM METOAOM Aociannu nonimopdHi nokycu Apal, Tagl, Bsml reHa peuentopa sitamiHy
D (VDR). Ouinvnu acouiauito noniMmopdgHux BapianTie reHa VDR i3 piBHem 3abeaneyeHocTi BitamiHom D i cTagieto ¢ibposy B
ZiTen, sKi XBOpi Ha aBTOIMYHHUI renaTuT.

Pesyniratu. 72,0 % fiten, sikux obcTexunu, Many Bupastuin iopoa nedinku F3—4 METAVIR, i3 Hux y 34,0 % BUSIBUNN O3HaKK
umpo3y nevinku. fitn 3 pibposom F3—4 METAVIR BiporigHo yacriwwe manu CC reHotvn 3a noniMopcHuM BapiaHTom Tagl reHa
peuentopa VDR (x2= 3,953; p < 0,05), reHotun AA/CC/AA 3a pocnimixeHnmmn anenbHUMK BapiaHTamu reHa peuentopa VDR
(x2=3,953; p < 0,05). Y 72,5 % obcTexeHux Aitert BcTaHoBUNM Aedbiumt BitamiHy D. Y aitei i3 ¢ibposom F3-4 METAVIR Bipo-
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rigHO YacTilwe BU3Havanm aediunt BitamiHy D nopiBHsHO 3 AiTbMu 3i cTagieto ¢ibposy F1-2 METAVIR (x2= 5,207; p = 0,023).
l'eHotun GA 3a nonimopcHum BapiaHTom Bsml 6yB noB’si3aHuii 3i 3HUKEHHSM piBHs BiTamiHy D y cuposarLi kposi (p < 0,05). Mpu
kombiHavii AC/TC/GA 3a anencHumun BapiaHtamm Apal, Tagl, Bsml reHa peuentopaVDR BiporigHo YacTile BusiBnsnm gediunt
BiTamiHy D (p < 0,05).

BucHoBku. 3abe3neyeHicTb BitamiHoM D y AiTeit 3 aBTOIMYHHUM renaTuToM 3anexana Big ctagii diopoay. [itv 3 BupasHum
¢hibpo30om BiporiaHO YacTille Manu reHeTUYHO 3ymoBneHnit AediunT BitamiHy D. JediunT BitamiHy D acouiioBaHui i3 HasiBHi-
crio y xBopux CC reHotuny 3a nonimopdHum BapiaHTom Tagl reHa VDR, a Takox reHotuny GA 3a noniMopcdH1M BapiaHToOM
Bsml i reHotuny AC/TC/GA 3a TpboMa anensHUMK BapiaHTamu reHa, kUi 4OCiguu.

KatoueBble croBa:
AETH,
AYTOUMMYHHbI
renatur, dpubpos,
BMTaMUH D,
NoAMMOPOU3M
reHos, reH VDR.

CeA3b noaumop¢HbIX BapuaHToB (Apal, Tagl, Bsml) reHa peuentopa VDR
¢ ypoBHeM BUTamuHa D u pubpo3om neueHu y AeTer ¢ ayTOUMMYHHbIM FenaTUTOM

B. C. BepeseHko, X. 3. Muxanatok, 3. U. Poccoxa, C. M. KupbaueHko

Llenb pa6oTbl — U3y4nTb CBSA3b PacnpenenieHns YacToT annenen, reHoTUNOB ¥ MX KOMBMHaLWIA ¢ annenbHbIMU BapuaHTamu Apal,
Tagl, Bsml reHa peuentopa sutamuHa D (VDR) ¢ ypoBHem ButammuHa D 1 cTagueir prubposa nedeHn y Aeten ¢ ayTOUMMYHHbIM
renaTuTom.

Matepuansi u metogsl. O6cnenosanit 51 pebeHka ¢ ayToMMMyHHbIM renatutom 3a neprod 2016-2018 1. Bcem aeTam auarHos — 3anopoxckuii
YCTAHOBIIEH B COOTBETCTBUN C MEXAYHAPOAHbIMU PEKOMEHAALIAMM ACCOLMALIM 110 M3yseHuio sabonesaruii nevery (European oA lHele
Association for the Study of Liver (EASL) Clinical Practice Guidelines: Autoimmune hepatitis, 2015). [letsim npoBezieHa anacTorpa- )TKyzpra,'q\, ;(115): -
15 NapeHXMMb! NEYEH METOOM CABUTOBOI BOHbI. 42 [ETSIM BINOMHEHA MyHKLMOHHASH BUONCIAA NEYEHU C TUCTONOTMYECKUM ¢, 458-465

uccneposaHneM BronTata. AKTUBHOCTb renatuta onpeaensnn ¢ MOMOLLBI TMCTONOTMYECKOro uHaekca aktneHocTu (MMFA) no
Knodell no pesynsratam Mophonoryeckoro UCCnefoBaHus Guontara neveHn 1 Gruoxummdeckum nokasarensm. Ctaguio 3a6o-
NeBaHUst OLEHMBANM Mo rMCTONornyeckomy nHaekcy ¢nbposa METAVIR 1 nomykonmyeCcTBEHHOTO ¢ MOMOLLBH 3nacTorpadum
CLBMIOBOVI BOMHbI MApeHXMMbI neveHu. B cbiBopoTke kpoBw onpeaeneH yposeHb 25(0OH)D. MonekynsipHO-reHETUYECKM METOAOM
vccnenosany nonumopdHble nokyckl Apal, Tagl, Bsml reHa peuentopa Butamuta D (VDR). OueHeHb! accoumaLiym nonmmMopeHbIx
BapuaHToB reHa VDR ¢ ypoBHem ButamuHa D 1 cTagueit prubposa y AeTer ¢ ayTOMMMYHHbBIM renatutom.

Pesynerarbl. 72,0 % obcnenosaHHbIX MMenu gnbpos neverm F3—4 no METAVIR, u3 Hux y 34,0 % feTeit ycTaHOBNEHbI NPU3HaKN
umppo3a nevenn. fetn ¢ gpubposom F3—4 METAVIR goctoBepHo Yalue umenu CC reHotun no nonumopdHomy BapuaHTy Tagl
reHa peuenTopa VDR (x? = 3,953; p < 0,05), reHotun AA/CC/AA no vnccnenoBaHHbIM annerbHbIM BapuaHTam reHa peLentopa
VDR (x?=3,953; p<0,05). ¥ 72,5 % peteii yctaHoBneH aecpuunt sutamuHa D. Y geteit ¢ hmbposom F3—4 METAVIR poctoBepHo
yalle oTMeyeH aedmunt ButammHa D no cpaBHeHuto ¢ feTbMu co cTaameit dubposa F1-2 METAVIR (x2 = 5,207; p = 0,023).
['eHoTvn GA no nonumopdHoMy BapuaHTyBsml cBsidaH CO CHUKeHMEM ypoBHs BuTammHa D B ceiBopoTke kposu (p < 0,05). Mpu
kom6uHaumm AC/TC/GA no annenbHeiM BapuaHTam Apal, Tagl, Bsml reHa peuentopa VDR 40CTOBEPHO Yallle AnarHocTMpoBaH
Aeduumt ButamuHa D (p < 0,05).

BbiBoAbl. YpoBeHb BUTaMuHa D y fieTell ¢ ayTOMMMYHHbIM renaTtuTom 3aBucen oT ctaguu ¢ubposa. et ¢ BolpasuTerb-
HbIM (prOPO30M JOCTOBEPHO Yallle UMENM reHeTUYecku 0bycnoBmneHHbIn aecduumnt Butamuta D. Oedvunt ButammHa D
accouMMpoBaH ¢ Hannumem y 6onbHbix CC reHoTMna no nonumopdHoMy BapuanTy Tagl reHa VDR, a Takke reHotna GA no
nonnmopdHomy BapuaHTy Bsml u reHotuna AC/TC/GA no Tpem annernbHbIMW BapuaHTaMy UCCIEA0BaHHOMO reHa.

paracrine, immunoregulatory) are due to the hormonally
active form of 1 alpha, 25-dihydroxyvitamin D (1 alpha,
25(0OH)2D; calcitriol) by binding to vitamin D receptors of
(VDR). VDR belongs to a huge family of nuclear receptors
of steroid hormones that are present in more than 30 tis-
sues, including liver, pancreatic islet cells, epithelial cells
of the gastrointestinal tract, genitourinary system, organs
of endocrine system, endothelium, hematopoietic cells,
myocardium and striated muscle, neurons, placental cells,
as well as in monocytes of blood and activated T and B lym-
phocytes [9-12]. D-hormone, penetrating into the nucleus
of a cell, binds to a nuclear receptor encoded by the vitamin
D receptor gene (VDR).The hormone-receptor complex
operates through a system of transcription factors or directly

Introduction

Genetically determined predisposition, linkage to the anti-
gens of the human main histocompatibility complex (HLA),
alleles 1-B8-DR3, DR4, DR7, DR17, leads to the devel-
opment of a severe, progressive liver disease such as
autoimmune hepatitis in individuals who have lost their
immunological tolerance to liver antigens [28]. In recent
years, one of the trigger factors in the development and
progression of autoimmune hepatitis is recognized as a vio-
lation of the vitamin D metabolism in the body as a factor that
can accelerate the progression of the pathological process
in the liver and negatively affect the effectiveness of therapy
[1,2]. Low levels of 25 (OH) D in patients with chronic liver

disease (CLD) occur in 90 % of cases, including those in
whom the severe deficiency is correlated predominantly with
the histological changes, degree of the disease progression
and liver fibrosis development as well as the response to
treatment [2,3].

Vitamin D has been shown to play a key role in cell
differentiation and proliferation, apoptosis, angiogenesis,
and immunomodulation [4,5]. This action is regulated by
more than 900 genes [6-8]. Biological effects (autocrine,
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binds to functionally active sites of genes. The VDR gene,
which is located on the long arm of chromosome 12 (12q
13.11), has a size of 75 KB consisting of 63495 nucleotide
pairs with 11 exons [13]. Recently, 1,518 single-nucleotide
polymorphisms (SNPs) of the human VDR gene have been
described. A large number of polymorphic genetic variants
explain the variability and diversity of vitamin D biological
influences. The most studied, considering the importance
for pathology development, are polymorphisms: Fokl
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(rs2228570), Bsml (rs1544410), Apal (rs7975232), Taql
(rs731236), EcoRV (rs4516035), Tru9l, Cdx2 (rs11568820).
The association of the VDR gene polymorphism with the de-
velopment of diabetes mellitus, urolithiasis, psoriasis, ma-
lignant neoplasms, cardiovascular, neurodegenerative and
autoimmune diseases has been established. Itis proved that
polymorphic genetic variants are associated with different
blood levels of 25-(OH)-D, while decreased levels of the vi-
tamin, in turn, are associated with autoimmune diseases
development [1,14-17]. Studies by Vogel and co-authors
suggest a possible association of vitamin D receptor gene
polymorphism with an increased risk of developing auto-
immune hepatitis. Thus, polymorphic variants of the VDR
gene, in particular Bsml and Tagl, were associated with
autoimmune hepatitis development [18]. The role of Fokl
polymorphism is associated with an increased risk of auto-
immune hepatitis in patients from China and Germany [16],
and the CC genotype (rs7975232, Apal polymorphism) was
associated with progression of the disease and liver fibrosis
development[19,20]. Reduced expression of the VDR gene
in autoimmune hepatitis was correlated with progression
of the disease and, accordingly, with an increased risk of
cirrhosis and liver fibrosis [19].

Today, the causal link between the vitamin D defi-
ciency and the course of autoimmune hepatitis is poorly
understood. In the scientific literature, there are no papers
relating to the study of the VDR gene allelic polymorphism
in association with the progression of autoimmune hepatitis,
depending on the level of vitamin D in children; this has
defined the direction of our investigation.

The aim

To study the correlation of the frequency distribution of
alleles, genotypes and their combinations for the allelic
variants of Apal, Tagl, Bsml of the Vitamin D receptor gene
(VDR) with the vitamin D levels and the stage of fibrosis in
children with autoimmune hepatitis.

Materials and methods

The study was conducted at the Pediatric Hepatology Cen-
ter, Sl “Institute of Pediatrics, Obstetrics and Gynecology
named after academician O. M. Lukianova of NAMS of
Ukraine”. A total of 51 children with autoimmune hepatitis,
aged from 1 to 18 years were examined between 2016 and
2018. The study included children who had not received
calcium and vitamin D supplements for 6 months.

In all children, the diagnosis was confirmed in ac-
cordance with the International Guidelines for the study
of liver diseases (European Association for the Study of
Liver (EASL)) Clinical Practice Guidelines: Autoimmune
Hepatitis, 2015). For verifying the diagnosis, liver biopsy
was performed in 42 patients with further morphological
and immune-histochemical studies of the biopsy samples.
The disease activity was determined using the histological
activity index (HAI) by Knodell based on the results of a
morphological study of the liver biopsy and biochemical
parameters. The stage of the disease was evaluated by
the histological index of fibrosis using the METAVIR scor-
ing system and semi-quantitatively using the share wave
elastography of liver parenchyma. In 9 patients, for whom

the morphological examination of the liver biopsy was per-
formed at the place of residence, the phase of fibrosis was
evaluated by the parameters of the liver parenchyma stiff-
ness by the shear wave elastography. Detection of the liver
tissue stiffness was carried out in the S| “Institute of Nuclear
Medicine of the National Academy of Medical Sciences of
Ukraine”, Kyiv using the scanner “Radmyr ULTIMA” on an
area of the right intercostal spaces with convex (5 MHz)
and linear array (10 MHz) abdominal transducers and a
high-frequency transducer for the liver surface. The median
index of the obtained measurements characterized the elas-
ticity of the liver parenchyma; the result was expressed
in kilopascal (kPa). To interpret the obtained parameters
and determine the stage of fibrosis, we used the data of
L. Castera and co-authors’ investigation, according to which
the values of elastography below 5.8 kPa, F1 25.8-<7.2 kPa
corresponded to the level of FO fibrosis (minimal changes),
F2 — >7.2-<9.5 kPa (moderate changes), F3 — 29.5-<12.5
kPa (significant changes) and F4 — more than 12.5 kPa
(liver cirrhosis) [31].

In order to verify the diagnosis of vitamin D deficiency
and insufficiency, the classification (2011) adopted by
the International Institute of Medicine and the Endocrine
Practice Guidelines Committee was used. According to this
classification, vitamin D deficiency in children and adults
is considered as a clinical syndrome due to low levels of
25(0OH)D in blood serum (below 20 ng/ml or 50 nmolll).
The serum level of 25(0OH)D from 21 ng/ml to 29 ng/ml
(i.e., from 50.1 to 74.9 nmol/l) should be considered as
vitamin D insufficiency. A normal level of vitamin D equals
the blood serum concentration of 25(OH)D above 30 ng/
ml. The serum level of 25(0H)D was measured with an
electrochemiluminescent method using the Elecsys 2010
system on the Cobas e 411 analyzer (Roche Diagnostics,
Germany). The serum levels of total 25(0OH)D that can be
determined according to this method are in the range of
7.5-175.0 nmol/l, the variation coefficient is within 3.0 %.

The molecular-genetic study of polymorphous variants
of the VDR gene was performed by the polymerase chain
reaction (PCR) method. Initially, DNA was extracted from
the peripheral blood using the commercial Quick-DNA Mini-
prep Plus Kit test system (manufactured by Zymo Research,
USA). For the determination of the polymorphic variants of
the Bsml G/A (rs1544410), Taql T/C (rs731236) [30] and
Apal A/C (rs7975232) [31] of the VDR gene, the modified
protocols with oligo-nucleotide primers and the restriction
fragment length polymorphism (RFLP) analysis were used.
The investigated genes were amplified using specific
primers (produced by Metabion, Germany) and the com-
mercial Dream Taq Green PCR Master Mix (manufactured
by Thermo Scientific, USA). The test tubes with the final
amplification mixture were transferred to the Flex Cycler BU
amplifier (Analytic Jena, Germany) to provide an appropriate
temperature regime.

The products of the DNA fragments amplification
(amplicons) of the VDR gene were subjected to hydrolytic
cleavage by restriction endonuclease Bsml, Tagl and Apal
(produced by Thermo Scientific, USA), respectively. For
the restriction analysis, separate mixtures were prepared
and transferred into the pre-labeled test tubes, and then
amplicons were added. The proportional composition of
the components in the template mixture is given in Table 1.
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Table 1. Composition of the template mixtures for RFLP analysis

Gene (polymorphis) The sizs o th estrito ragments

VDRBsmIG/A (rs1544410) 10xBufferR
Enzyme Bsml
Water
Amplicon
10xBufferTag/
Enzyme Tag/
Water
Amplicon
10xBufferB
Enzyme Apal
Water
Amplicon

VDRTaqIT/C (rs731236)

VDRApalA/C (rs7975232)

1l GG genotype: 644 and 179 bp
GA genotype: 823, 644and179 bp

1l
H AA genotype: 823 bp
8ul
5yl
1yl TT genotype: 496 and 249 bp
14l CT genotype: 496, 295, 249 and 201 bp
- CC genotype: 295, 249 and 201 bp
u
5ul
Tul AA genotype: 501 bp
1l AC genotype: 501, 288 and 213 bp
sul CC genotype: 288 and 213 bp
3
Syl

The reaction of the fragments restriction for Bsml G/A
(rs1544410) and VDR Apal A/C (rs7975232) of the VDR gene
was carried out according to the manufacturer’s recommen-
dations in a solid-state microthermostat at 37 °C for 16 hours.
The process was stopped by raising the temperature to 65
°C for 20 minutes. The restriction of Tagl T/C (rs731236) of
the VDR gene was incubated at 65 °C for 16 hours without
further thermo-inactivation of the enzyme (in accordance with
the manufacturer’s instructions). The state of the restriction
fragments of the VDR gene was analyzed on 3 % agarose
gel (agarose produced by Cleaver Scientific, UK) stained with
ethidium bromide. Gene Ruler 50 bp DNA Ladder molecular
weight marker (manufactured by Thermo Scientific, USA)
was added to evaluate the fragments size (Fig. 1-3).

As shownin Fig. 1, the VDR gene Bsml G/A (rs1544410)
amplifiers were subjected to hydrolytic cleavage at an
existing restriction site 5-GAATGCN|-3’, resulting in frag-
mentation having a molecular weight of 644 bp and 179
bp — the GG genotype. The restriction site disappeared
at the nucleotide substitution from G to A, so if the size of
the amplified DNA fragments after interaction with the re-
striction nuclease remained unchanged (823 bp), the AA
genotype was recorded. Accordingly, in the heterozygous
genotype (GA), all three types of fragments were observed
simultaneously: 823, 644 and 179 bp.

Fig. 2 shows the electrophoregram of the VDR gene
Taql (rs731236) T/C restriction fragments. The amplicons
were subjected to hydrolytic digestion by the Taq| restriction
endonuclease at the specific restriction site 5-T|CGA-3".
On the amplified fragments of the VDR gene, one of
these sites was always present that formed fragments of
496 and 249 bp under the action of Tagl endonuclease.
By their presence, the TT genotype was determined. In
response to the nucleotide substitution from T to C, an
additional restriction site appeared. As a result, in the CC
genotype, in addition to 249 bp, restriction fragments
with a molecular weight of 295 bp and 201 bp were
formed. In the heterozygous genotype (TC), fragments
496 bp, 295 bp, 249 bp and 201 bp, respectively, were
observed.

The size of the amplified Apal (rs7975232) A/C fragment
of the VDR gene remained the same (501 bp) under the in-
fluence of the Apal restriction endonuclease in the absence
of a nucleotide substitution (the AA genotype), (Fig. 3).
The presence of a polymorphic variant was determined
by the appearance of the restriction site 5-GGGCC|C-3,
resulting in formation of fragments 288 bp and 213 bp in

Zaporozhye medical journal. Volume 21. No. 4, July — August 2019

12 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19

Fig. 1. Electrophoregram of the distribution of VDR Bsml (rs1544410) G/A restriction fragments.

sample 1: molecular weight marker; samples 7-8, 10, 13, 17-19: the GG genotype;
samples 2, 3, 9, 14: the GA genotype; samples 4-6, 11, 12, 15, 16: the AA genotype.

10 11 12 13 14 15 16 17 18 19

Fig. 2. Electrophoregram of the distribution of VDR Tag|l (rs731236) T/C restriction fragments.

sample 1: molecular weight marker; samples 5, 8, 9, 11, 14, 18, 19: the TT genotype;
samples 2, 3, 10, 12, 15, 17: the TC genotype; samples 4, 6, 7, 13, 16: the CC genotype.

12 3 4 5 6 7 8 9 10 01

12 13 14 15 16 17 18 19

Fig. 3. Electrophoregram of the distribution of VDR Apal (rs7975232) A/C restriction fragments.

sample 1: molecular weight marker; samples 4, 6, 7, 12, 13, 16, 17: the genotype AA;
samples 2, 3, 8-11, 14, 15, 18, 19: the genotype AC; sample 5: the genotype CC.

size (the CC genotype). The heterozygous genotype (AC)
was characterized by the all types of fragments presence:
501 bp, 288 bp, and 213 bp.

The obtained data were statistically analyzed using
the Statistica 6.1 software package and SPSS17.0 (SPSS,
Inc., Chicago, lllinois, USA). The general statistical analysis
included median (Me) and interquartile intervals (UQ-LQ)
calculations. Laboratory indices were presented in the form
of arithmetic data (mean (M + m), standard error of the mean
(SEM)). For nominal variables, the correlation was calcula-
ted using the Pearson (x2) criterion and Fisher’s (two-tailed)
criterion; those differences were considered statistically
significant, for which a P value was <0.05.
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Table 2. Frequency distribution of the alleles and genotypes of the Apal, Tagl and Bsml polymorphisms of the VDR gene in children with autoimmune
hepatitis (abs., %)

Genotype __[n ______[% _____fGenotye __In_______|% _____JGenoype __In______J% _____
AA 16 31.0 T 21 41.0 GG 20 40.0
AC 26 51.0 TC 22 43.0 GA 15 29.0
cC 9 18.0 cC 8 16.0 AA 16 31.0
AAllele 58 57.0 T allele 64 63.0 Gallele 55 54.0
C allele 44 43.0 C allele 48 37.0 Aallele 47 46.0

Table 3. Vitamin D levels in children with autoimmune hepatitis depending on the stage of fibrosis, abs., %

Stage of fibrosis by the METAVIR score, (n = 51)

F1-2 (n = 15)
F3-4 (n = 36)

Vitamin D levels, abs., %

4(27.0) 3(20.0) 8 (53.0)"
2(55) 5(14.0) 29 (80.5)

*: the difference is significant (P < 0.05) between the groups of children with the stage of fibrosis F1-2 and F3—4.

40
35
30
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20
15
10

%

5 %

F1

38 %
34 % EF1
26 % oF2
oF3
BF4
F2 F3 F4

Fig. 4. Distribution of children with AIH by the stage of fibrosis (n = 51), (%).
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Results

Among the surveyed children (n =51), girls dominated and
accounted for 61.0 %, and boys made up 39.0 %. Such a
distribution corresponds to the clinical features of the dis-
ease, which is more often recorded among girls. Higher
prevalence among females is associated with the HLA
antigens system: HLA-1-B8-DR3 or DR4 [24-26]. Auto-
immune hepatitis (AIH) belongs to orphan diseases with a
small frequency in the general population that has caused a
small number of children included in the study. While Verma
et al. [26] believe that the prevalence of AlH in the world
is between 2 and 17 per 100.000 children, and it may vary
within ethnic groups. The disease is more often diagnosed
at the age of 10-30 years. The average age of patients at
the time of our study was 11 [8; 15] years, corresponding to
the literature data [28]. The average age for boys was 10 [8;
14] years, for girls 11.5 [9; 15]. 62.7% (n = 32) of patients
were in the age group of 11-18 years.

We did not find a significant difference between the fre-
quency distributions of the of alleles and genotypes of
the Apal, Tagl and Bsml polymorphic variants of the VDR
gene in children with AIH by gender and age (P > 0.05), so
further analysis of the studied gene variations effects was
performed in the general group of patients. The results of
the identified peculiarities of distribution in the general group
are presented in Table 2. Distribution of genotypes based
on the VDR Apal, Tagl, Bsml genetic variants was analyzed
according to the Hardy-Weinberg Law. The concordance

with the Hardy-Weinberg law was found for the Apal and
Tagl genotype variants but not for the Bsml variant, that may
be associated with a higher risk of multifactorial disease
development such as autoimmune hepatitis.

According to our data, 72.0 % (n = 36) of the subjects
had advanced liver fibrosis (F 3-4 METAVIR), and 34.0 %
of them (n = 17) had signs of liver cirrhosis. Distribution of
children by the stage of fibrosis is shown in Fig. 4.

The mean concentration of vitamin D in the examined
children was 16.3 [10.9; 22.0] ng/ml corresponding to vita-
min D deficiency. The vitamin D levels in children with AlH,
depending on the stage of fibrosis, are given in Table 3.

12.0 % (n = 6) of children had optimal levels of vitamin
D, deficiency was diagnosed in 15.5 % (n = 8), and defi-
ciency was found in 72.5 % (n = 37) of the subjects. For
computational convenience, we combined the subgroups
of children with the stage of fibrosis F1 and F2, as well as
F3 and F4.

According to our data, vitamin D levels in children de-
pended on the stage of liver fibrosis. Patients with advanced
fibrosis (F3-4 METAVIR) were significantly more likely to
have vitamin D deficiency (x>=5.21; P = 0.022) compared to
children with F1-2 fibrosis by the METAVIR score (Table 5).

The evaluation of the AIH genetic risk was not the goal
of our research. However we studied the effects of ge-
netic variants on the complicated course of the disease
associated with liver cirrhosis development by intra-group
comparisons. We calculated genetic risk models including
additive, recessive, dominant, multiplicative and co-dom-
inant for complicated AIH development. The study of
the association between genotypes of Apal, Bsml and Tagl
polymorphic variants of the VDR gene with the stage of
fibrosis in children with AIH demonstrated that children with
advanced fibrosis (F3—4 METAVIR) were significantly more
likely to have the CC genotype of the polymorphic variant
Tagl of the VDR gene (x> = 3.953; P < 0.05) compared
to children with the fibrosis stage F1-2 by the METAVIR
score (Table 4). The highest predictive ability was shown
for recessive inheritance model.

In children of the general group, the association be-
tween the serum levels of vitamin D and the VDR gene
polymorphism was investigated. There was no significant
difference in the levels of vitamin D depending on the geno-
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types studied with the exception of the Bsml allelic variant.
In children with the GA genotype by the Bsml polymorphic
variant, there was a significant decrease in serum vitamin
D levels (12.442 + 5.515) compared to those with the AA
(18.540 + 7.805) and GG (19.230 + 7.057) genotypes. For
the Tagl and Bsml of the VDR gene polymorphic variants
in children with AlH, there was no significant difference in
the levels of vitamin D (Table 5).

According to the results of our study, the following
combinations of the genotypes in the three allelic variants
of the gene were not found among the examined patients:
AAITTIGG, AAITTIGA, AATT/AA, AAITCIGG, AAITCIGA,
AA/CCI/GG, AAICCIGA, AC/TCIGG, AC/TC/AA,ACICCIGG,
ACICCIGA, ACICCIAA, CC/TT/GA, CCITT/AA,CC/TC/GG,
CCITC/AA, CC/TCIGA, CCICCIGG, CC/CCIGA, CC/CC/
GG. The following six combinations of the genotypes were
detected in the examined patients: AA/TC/AA (n = 8), AA/
CCI/AA (n=8), AC/TT/GG (n=11), AC/TT/GA (n = 1), AC/
TC/GA(n=14), CC/TT/GG (n =9). We analyzed the effects
of three allelic variants combinations of the VDR gene (Apal,
Tagl, Bsml) on the vitamin D levels and the liver fibrosis
severity in this contingent (Tables 6, 7).

The results demonstrated that children with the AA/TC/
AA,AC/TT/GG and CC/TT/GG genotype combinations were
significantly more likely to have higher vitamin D serum lev-
els than children with the AC/TC/GA genotype combination
of the polymorphic variants Apal, Tagl, Bsml of the VDR
gene (P < 0.05). In general, all the examined children had
varying degrees of vitamin D deficiency. Children with
the AA/TC/AA genotype combination had the highest level
of 25(0OH)D — 19.84 + 8.29 ng/ml.

The correlation analysis of the VDR gene allelic variant
combinations with the fibrosis stage showed that children
with the genotype AA/CC/AA combination were significantly
more likely to have advanced fibrosis F 3-4 by the METAVIR
score (x? = 3.953; P <0.05) (Table 7).

Discussion

While searching for the scientific research results in
PubMed, EMBASE and Cochrane Library we did not
find any studies on the association between polymorphic
variants of the VDR gene with the risk of AIH development
or their peculiarities in the pediatric population, only some
studies conducted among adults were revealed. Most
studies were devoted to polymorphisms of the VDR gene
in patients with primary biliary cirrhosis [20-23,29]. Thus, M.
Vogel and co-authors, analyzing the effect of the VDR gene
polymorphisms in AIH and primary biliary cirrhosis, revealed
the association between Bsml and Tagl polymorphisms
of the VDR and primary biliary cirrhosis in the German
population, as well as the association between Fokl and
Taqgl polymorphisms and AlH. The authors established a
significant correlation between the GA (x? = 8.33; P = 0.004;
OR = 0.44 [0.25; 0.78]) and AA (x2 = 7.37; P = 0.001;
OR = 2.1 [1.22; 3.62]) genotypes in patients with primary
biliary cirrhosis compared with the control group. A notice-
ably weaker association with primary biliary cirrhosis was
additionally demonstrated for the TC genotype (x? = 4.79;
P =0.003; OR =0.54 [0.31; 0.94]). The analysis of the FokI
polymorphic locus distribution showed that the frequency
of the CC genotype was increased significantly (x* = 8.09;
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Table 4. Distribution of children by the Apal, Tagl and Bsml polymorphic
variants of the VDR gene depending on the stage of liver fibrosis by the METAVIR
score, abs.,%

Genotypen
- % n______l% n
VDR, Apal
AA 3 20.0 13 36.0
AC 10 67.0 16 445
cc 2 13.0 7 195
Aallele 16 53.0 42 58.0
Callele 14 47.0 30 42.0
VDR, Tag|
T 7 47.0 14 39.0
TC 8 53.0 14 39.0
ccC - - 8 22.0*
T allele 22 73.0 42 58.0
C allele 8 27.0 30 42.0*
VDR, Bsml
GG 6 40.0 14 39.0
GA 6 40.0 9 25.0
AA 3 20.0 13 36.0
Gallele 18 60.0 37 51.0
Aallele 12 40.0 35 49.0

*: the difference is significant (P < 0.05).

Table 5. Vitamin D levels in children with autoimmune hepatitis depending
on the polymorphic variant of the VDR gene, M = m, ng/ml

LE

18.540 + 7.805 15.460 + 7.707 18.750 + 4.357
Tagl

18.830+7.100 15.193 £7.482 17.240£7.618
GG (n=20) GA (n=15) AA (n=16)
19.230 + 7.057* 12.442 £ 5.515 18.530 + 7.805**

*: the difference is significant (P < 0.05) between the GG and GA genotypes of the Bsml polymorphic
variant; **: the difference is significant (P < 0.05) between the GA and AA genotypes of the Bsml
polymorphic variant.

Table 6. Vitamin D levels depending on the genotype combinations of the Apal, Tag!
and Bsml variants of the VDR gene, abs., M + m, ng/ml

AATC/AA  |AAICC/AA  |ACITTIGG | ACMTTIGA | ACITCIGA CCITTIGG
n=8(160) [n=8(160) |n=11(21.0) |n=1(20) [n=14(27.0) [n=9(18.0)

19.84+£829* 1724+761 1957+872* 11.09 12.54 £5.71 18.76 £ 4.36*

*: the difference is significant (P < 0.05).

Table 7. Distribution of children by the METAVIR fibrosis score depending on
combinations of the Apal, Tagl and Bsml allelic variants of the VDR gene, abs.,%

Combinations F1-2,n=15 F3-4,n=36
of the allelic variants

AA/TC/AC 3 20.0 5 14.0
AA/CC/IAA = = 8 22.0*
ACITTIGG 1 7.0 - -

AC/TTIGA 4 27.0 7 19.5
AC/TCIGA 5 33.0 9 25.0
CC/TTIGG 2 13.0 7 19.5

*: the difference is significant (P < 0.05).
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P =0.004; OR = 1.94 [1.23; 3.07]), and the frequency of
the TT genotype was decreased compared with the control
group (x2=5.13; P = 0.002; OR = 0.50 [0.28; 0.92]) [21].

The information retrieval conducted by us has valida-
ted our study on the possibility of the VDR gene analysis
application in the pediatric hepatology as a prognostic
marker for the unfavorable course of AIH with progression
to liver cirrhosis.

Analysis of the Fokl polymorphic locus in our AlH
patients was not performed. The distribution of allelic and
genotype frequencies found in our study were similar to
those found in patients from Germany.

Conclusions

Thus, according to our data, deficiency of vitamin D was
found in 72.5 % of patients with AIH. The level of vitamin
D depended on the stage of liver fibrosis. Children with
advanced fibrosis F3—4 by the METAVIR score were sig-
nificantly more likely to have vitamin D deficiency.

Vitamin D deficiency was associated with the genetic
peculiarities of the patients: the GA genotype of the Bsml
polymorphic variant presence and the AC/TC/GA genotype
combination of the Apal, Tagl and Bsml polymorphic variants
of the VDR gene.

The CC genotype of the Tagl polymorphic variant and
the AA/CC/AA genotype combination of the Apal, Tagl and
Bsml polymorphic variants of the VDR gene were associ-
ated with advanced fibrosis F3—4 by the METAVIR score
in children with AIH.
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