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Aim: to determine the distribution of the three most significant single nucleotide polymorphisms (SNPs) of the TGFB 1
gene (rs1800469, rs1800470, rs1800471) and their haplotypes in children with liver fibrosis.

Materials and methods. The study included 107 pediatric liver recipients (45 boys, 62 girls) aged from 3 to 73
months (median — 8 months). The control group consisted of 199 healthy individuals (78 men, 121 women) aged
32.7 £ 9.6 years. During histological examination of the liver removed before transplantation, fibrosis of different se-
verity grades was diagnosed in all children in accordance with the criteria of the METAVIR scale: 5 cases — Grade F1,
9 cases — Grade F2, 14 cases — Grade F3 and 79 cases — Grade F4. The indication for liver transplantation was
end-stage liver disease: biliary atresia (n =61) and hypoplasia (n = 8), Alagille syndrome (n = 8), Caroli disease (n = 8),
Byler disease (n = 6) and other liver diseases (n = 16). SNPs were determined by real-time polymerase chain reaction
using TagMan probes in genomic DNA, isolated from peripheral blood.

Results. In children with liver fibrosis of different severity grades, the frequency distribution of the studied TGFB1
gene SNPs was: for rs1800469 — 38 % GG homozygotes, 42 % AG heterozygotes and 20 % AA homozygotes;
forrs1800470 — 50 % AA, 29 % AG, 21 % GG; for rs1800471 — 93 % CC, 7 % GC, 0 % GG. The distribution of SNPs
rs1800469 and rs1800471 corresponded to the Hardy — Weinberg equilibrium and did not differ from that in healthy
individuals. The distribution of rs1800470 in children with fibrosis, in contrast to healthy controls, did not corre-
spond to the Hardy — Weinberg law (p = 0.00026). For the studied SNPs, linkage disequilibrium was shown; five
main combinations were observed: three haplotypes, including two most common ones, were distributed, in total,
in about 55 % of children with fibrosis and 91 % of healthy individuals; these frequencies were not statistically differ-
ent in the group of patients and healthy individuals. Significant differences were detected in the distribution of two
rarer haplotypes — A-A-C and G-G-C (respectively rs1800469, rs1800470, rs1800471), which were observed more
often in patients with liver fibrosis than in healthy individuals: respectively, in 6.03 (95% CI: 3.06-11.89; p < 0.0001)
and 3.71 (95% CI: 1.94-7.08; p = 0.0001) times.

Conclusions. In children with liver fibrosis, the distribution of single nucleotide polymorphism rs1800470 and two
rare haplotypes rs1800469, rs1800470, rs1800471 of the TGFB1 gene differs significantly from that in healthy in-
dividuals. Polymorphism of rs1800470, as well as haplotypes A-A-C or G-G-C at positions rs1800469, rs1800470,
rs1800471, may predispose to the development of liver fibrosis in children with liver failure.
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Llenb nccnepoBaHus: ONpeaennTb pacnpenesieHe Tpex Hambosee 3Ha4YMMbIX OOHOHYKIEOTUAHbBIX MOIMMOPPU3-
MoB reHa TGFB1 (rs1800469, rs1800470, rs1800471) n nx rannoTunoB y aeten ¢ dnbpo3omM neveHu.

Martepuanbl 1 MeToabl. B vccneposaHue BktodeHo 107 peTein-peunnmeHToB neveHun (45 manb4mkoB, 62 oeBoy-
k1) B Bo3pacte ot 3 0o 73 mec. (MegmaHa — 8 mec.). KoHTposbHas rpynna coctosina na 199 3aopoBbix L, (78 Myx-
4ynH, 121 xeHwwmHa) B Bo3pacTe 32,7 + 9,6 roga. MNpu rMCTONOrM4eckoM UCCneaoBaHn yaaneHHon nepen TpaHec-
nnaHTaumen neyeHn y Bcex Aetei b1 AMarHocTMpoBaH Gnbpos pasnnyHoM CTENEHN TSXKECTU B COOTBETCTBUU
¢ kputepusamn wkanbl METAVIR: 5 cnyyaeB — cteneHb F1, 9 cnyyaeB — cteneHb F2, 14 cnydyaeB — cteneHb F3
n 79 cnyyaeB — cTeneHb F4. MNokazaHneM K TpaHcnnaHTaumm 6blna TepMyHanbHas ctagns 60ne3Hen nevyeHn B uc-
xope: atpesun (n = 61) n rmnonnasum xenyesbliBOAALWMX NyTen (n = 8), cuHapoma Anaxunns (n = 8), 6one3Hun Ka-
ponu (n = 8), 6onesHn Baiinepa (n = 6) n gpyrux 3aboneBaHunii nedeHn (n = 16). YkazaHHbIE OQHOHYKIEOTUOHbIE
noanMopduU3Mbl ONPESENSNN B BbIAENEHHON N3 nepndepmryeckon Kposu reHomHon AHK meTtogom nonmmepasHom
LLEeNHOM peakuumn B peXMME peasibHOro BPEMEHM C MOMOLLbIO 30HA0B TagMan.

PesynbraTthl. Y geteli ¢ MOPO30M NeYeHN PasnnyHoOM CTEMEHN TAXECTU pacnpeseneHne YacToT N3YYEHHbIX Ofi-
HOHYKJTIEOTUOHbLIX NoAuMopdunamoB reHa TGFB1 coctasnano: ans rs1800469 — 38 % romo3urot GG, 42 % retepo-
3urot AG n 20 % romo3surot AA; ona rs1800470 — 50 % AA, 29 % AG, 21 % GG; onars1800471 — 93 % CC, 7 % GC,
0 % GG. BctpeyaeMocTb OAHOHYKNEOTUAHbIX nonmopdunamos rs1800469 n rs1800471 cooTBeTCcTBOBaIA paBHO-
Becuto Xapau — BaiiHbepra 1 He oTnMyanachb OT TakoBOM Y 340poBbix Nuu,. Pacnpenenexve rs1800470 y neteii
¢ G1bpo30M, B OTNINYME OT 340POBLIX 1ML, HE COOTBETCTBOBAO 3aKOHY Xapan — BainHbepra (p = 0,00026). AHanus
nokasasn CLeNnIeHHOE HACef0BaHNE N3YYEHHbIX OAHOHYKNEOTUAHbBIX MOAnMopdrn3mMoB. Habnioaanocb NSt OCHOB-
HbIX COYETaHWIA: TPU ranJoTuna, B TOM YMcne ABa Hambonee 4acTblx, CyMMapHO nmenun okono 55 % peten ¢ ou-
6po3om 1 91 % 300POBbLIX NNL, — 3TN NOKa3aTENN CTATUCTUYECKN HE pas3nnyanmcb B rpynne nauneHToB 1 340p0-
BbIX L. JIOCTOBEPHbIE Pa3Nyns BbISIBNIEHbI B pacnpeaeneHnn apyx 6onee peakmx rannotmnos — A-A-C n G-G-C
(cooTBeTcTBEHHO rs1800469, rs1800470, rs1800471), koTopble y NaUMeEHTOB ¢ GMOPO30OM NeyveHn Habnoaanmcb
yalle YeM y 300POBbIX JINL: COOTBETCTBEHHO, B 6,03 (95% [AW: 3,06—11,89; p < 0,0001) n 3,71 (95% OWN: 1,94-7,08;
p =0,0001) pasa.

BbiBoAabl. Y getein ¢ G1MbOpo3om neveHn pacrnpeneneHne oaHoHykneotTuaHoro noammopduama rs1800470 n aByx
peakux rannotunos rs1800469, rs1800470, rs1800471 reHa TGFB1 3Ha4UMTENbHO OTAMYAETCHA OT TAaKOBOrO Yy 340-
poBbIx L. Monnmopdunam rs1800470, a Takke rannotunbl A-A-C nnm G-G-C B nonoxeHun rs1800469, rs1800470,
rs1800471 moryT npeapacnonaratb K pa3sutunio Grubpo3a neyeHn y aeter ¢ ne4eHoUYHOW HeA0CTaTOYHOCTbIO.
KnioyeBbie cnoBa: BpOXAEHHbIE U HACNEACTBEHHbIE OONE3HN NEYEHN, aTPEINS N FUMOMNIA3NSA XKENYEBLIBOAALLNX
nytemn, 4etTm — peumnmeHThbl nedyeHun, rs1800469, rs1800470, rs1800471

KoHdnukT MHTEepecoB: aBTopbl 3a9BNSIOT 00 OTCYTCTBUN KOHPNNKTA NHTEPECOB.

Ana untnpoBanus: Kypabekora P.M., MukyH O.E., UnpynbHukosa O.M., Mawkoea W.E., LLlesyeHko O.I1., loTbe C.B. Puck pas-
BUTUS prbpo3a nevyeHn accoummpoBaH ¢ NoMMoOpdU3MOM 1 peakumMn raniotunamu reHa TGFB1 y getein ¢ ne4eHo4yHol He-
[0CTaTOYHOCTbIO. Poccuincknin XxypHan racTpoaHTeposiornu, renatosnorum, kononpokronorun. 2025;35(2):95-104. https://doi.
org/10.22416/1382-4376-2025-35-2-95-104

Introduction

Cirrhosis, the end-stage liver fibrosis, is the cause
of over one million deaths worldwide each year [1].
Fibrosis develops in response to the damaging effects
of traumatic, toxic or infectious agents, leading to
excessive secretion and deposition of extracellular
matrix, resulting in partial or complete impairment of
tissue function. The regulation of liver fibrosis involves
various liver cells, B and T lymphocytes, proinflam-
matory and profibrogenic cytokines, one of which is
transforming growth factor-p1 (TGF-g1) [2, 3].

The content of TGF-B1 in the blood and tissues in
liver fibrosis may depend on many factors, including
genetic predisposition. The role of various variants of
the TGFBT gene in the development of liver fibrosis
is not fully understood, and in children with liver
failure it has not been practically studied [4—6].

The TGFB1 gene is characterized by significant
single nucleotide polymorphism (SNP), which may
play a certain role in the development of various pa-
thologies [5, 7]. The most significant are considered to

be three SNPs: rs1800469, rs1800470 and rs1800471.
Polymorphism rs1800469 — C(—509)T, replacement
of cytosine with thymine in the promoter region
leads to a change in binding to transcription factors;
rs1800470 — T(+869)C, substitution of thymine for
cytosine in codon 10 leads to substitution of leu-
cine for proline in the protein molecule; rs1800471 —
C(+915)G, substitution of cytosine for guanine in
codon 25 leads to substitution of arginine for proline
in the protein product. These SNPs can lead to dif-
ferent levels of expression and activity of the TGF-B1
protein in tissues [8, 9].

In our previous work, it was shown that in chil-
dren with liver failure, the distribution of haplo-
types of the three specified SNPs of the TGFBT
gene differs significantly from that in healthy in-
dividuals [10]. The etiology of liver diseases in the
studied patients included both congenital cholestatic
or metabolic diseases and acquired cirrhosis and var-
ious hepatitis. The variety of causes of liver failure
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in the studied group did not allow us to assess the
contribution of TGFB1 genetic polymorphism to the
pathogenesis of liver diseases.

The aim of this study: to determine the distri-
bution of the three most significant single nucleo-
tide polymorphisms of the TGFB1 gene (rs1800469,
rs1800470, rs1800471) and their haplotypes in chil-
dren with liver failure with morphologically con-
firmed liver fibrosis.

Understanding the role of TGFB1 genetic poly-
morphism in the development of tissue fibrosis can
be of both scientific and practical importance. The
obtained data can be used to create diagnostic panels
to assess the risk of developing fibrosis and to search
for new targets for fibrosis therapy.

Materials and methods

The study included 107 pediatric liver recipi-
ents (45 boys, 62 girls) aged 3 to 73 months (me-
dian — 8 months). The control group consisted
of 199 healthy individuals (78 men, 121 women)
aged 32.7 + 9.6 years.

The stage of liver fibrosis was determined in a
morphological study, including a macroscopic de-
scription and histological analysis of samples of the
liver removed before transplantation, in accordance
with the METAVIR scale criteria: stage FO — no
fibrosis; stage F1 — stellate dilation of the portal
tracts without septa; stage F2 — dilation of the por-
tal tracts with single portoportal septa; stage F3 —
multiple portocentral septa without cirrhosis; stage
F4 — cirrhosis. All children were diagnosed with
fibrosis of varying severity: 5 cases — F1, 9 cases —
F2, 14 cases — F3 and 79 cases — F4.

The indication for transplantation was the ter-
minal stage of liver diseases in the outcome: biliary
atresia and hypoplasia, Alagille syndrome, Caroli
disease, Byler disease and other rare liver diseases,
including Crigler — Najjar syndrome, Gierke syn-
drome, alpha 1 antitrypsin deficiency, tyrosinemia,
fulminant and autoimmune hepatitis, cryptogenic cir-
rhosis. The demographic and clinical characteristics

of the pediatric liver recipients included in the study
are presented in Table 1.

The children included in the study underwent
transplantation of a liver fragment from a living relat-
ed donor. The recipients received 2- or 3-component
immunosuppressive therapy, which included tacro-
limus, corticosteroids and mycophenolates. Routine
examination and treatment of patients was carried
out in accordance with the clinical recommendations
of the Russian Transplant Society and the protocols
of the V.I. Shumakov Center for Transplantology
and Artificial Organs.

Genomic DNA was isolated from peripheral blood
using QTAamp DNA Blood Mini Kit by QIAcube™
automated analyzer (Qiagen, Germany) according to
the manufacturers’ protocols. Polymorphic variants
rs1800469, rs1800470, rs1800471 of the TGFB1 gene
were tested by real-time polymerase chain reaction
using TaqMan probes (Applied Biosystems, USA)
by CFX96™ amplifier (Bio-Rad, USA) in accordance
with the manufacturer’s instructions.

Statistical calculations were performed using
Microsoft Excel (Microsoft Corp., USA). Analysis
of the genotype distribution frequencies of the
studied SNPs, their haplotypes, and assessment of
linkage disequilibrium (LD) were performed using
the SNPstats program [11]. To confirm the inde-
pendent distribution of the alleles of the studied
polymorphisms, their compliance with the Hardy —
Weinberg law was assessed. To compare the frequen-
cies of genotypes or individual alleles in different
groups, the Pearson y? criterion was used. To quan-
titatively represent the strength of the influence of
a possible genotype on a trait, odds ratios (OR) and
their 95 % confidence intervals (95 % CI) were calcu-
lated. To assess linkage disequilibrium, D statistics
and the correlation coefficient r were calculated. The
critical value of the significance level was taken to
be 0.05.

The protocol of this study was approved by the
local ethics committee of the V.I. Shumakov Center
for Transplantology and Artificial Organs. To partic-
ipate in the study, patients or their guardians signed

Table 1. Characteristics of patients included in the study
Tabauua 1. XapakrepucTuKa MAIlMEHTOB, BKIIOYEHHBIX B UCCIIEI0BAHIE

Parameter / ITapamemp

Value / 3nauenue

Number of patients, n / Koauwecmeo nayuenmos, n

107

Age, months, Me (Q,; Q,,) / Bospacm, mnec., Me (Q,; Q,.)

8 (3-73)

Gender, male/female, n (%) / Ilox, myxcxou/ xencxuti, n (%)

45 (42 %) / 62 (58 %)

Pathologies, n (%) / 3a6oresanus, n (%)
Biliary atresia / Ampesus xenuesvisodswux nyme

Caroli syndrome / Cundpom Kapoau
Alagille syndrome / Cunopom Araxunis
Byler disease /' bozesnv baiinepa

Other / /JIpyzue

Hypoplasia of the biliary tract / I'unonaasus xenuesvieodsuux nymeu

—_
U1

303000000m
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a written informed consent, which is stored in their
medical record.

Results

The results of DNA genotyping of children
with liver fibrosis and healthy individuals includ-
ed in the study for the presence of three poly-
morphic variants of the TGFB1 gene: rs1800469,
rs1800470 and rs1800471, are presented as the
frequency of occurrence of various genotypes and
alleles in Figure 1.

Significant differences were found in the dis-
tribution of rs1800470 genotypes in children with
liver fibrosis and healthy individuals (Fig. 1B):
x> = 9.4778; p = 0.0236. In children with liver fibro-
sis, the heterozygous genotype AG was 1.6 times less
common than in healthy individuals (p = 0.0024).
Comparative analysis of the frequencies of geno-
types and alleles of two other SNPs — rs1800469
(Fig. 1A) and rs1800471 (Fig. 1C), did not show
significant differences in the studied groups.

The analysis of the equilibrium distribution of
the frequencies of the studied genotypes in accor-
dance with the Hardy — Weinberg law is present-
ed in Table 2.

In children with liver fibrosis, the distribu-
tion of SNP rs1800470 does not correspond to the
Hardy — Weinberg equilibrium: > = 13.7673;
p = 0.00026. In all other cases, in children with fi-
brosis and in healthy individuals, the distribution
of the studied SNPs corresponded to the Hardy —
Weinberg law.

A comparative analysis of the distribution of
genotype and allele frequencies in children with
liver fibrosis and healthy individuals for three
SNPs was carried out in various models of interac-
tion between allelic genes: codominant, dominant,
recessive, and superdominant. For each model,
the odds ratio and the error value for encounter-
ing a particular genotype in the group of children
with liver fibrosis compared to healthy individu-
als were calculated (Table 3).

Significant differences were found in the dis-
tribution of genotypes of SNP rs1800470 in the
codominant (OR = 0.49; 95 % CI: 0.29—0.84;
p = 0.0088) and superdominant (OR = 0.47;
95 % CI: 0.28—0.77; p = 0.0024) models. The
presented result shows that in both models the
heterozygous genotype AG is significantly less
common in liver fibrosis and can be a protective
factor. In all other cases, no significant differ-
ences in the distribution of frequencies of genet-
ic variants in children with fibrosis and healthy
individuals depending on the model of interac-
tion of allelic genes were found.

The studied polymorphisms are located in one
gene and on one chromosome, which increases the
likelihood of linked inheritance of nearby loci. The
results of the analysis of linkage disequilibrium
(linked inheritance of loci and formation of haplo-
types) are presented in Table 4.

The obtained result, as expected, revealed statis-
tically significant linkage between all studied vari-
ants. The highest linkage is characteristic of the pair
rs1800469 — rs1800470.

In the examined groups of children with fibro-
sis and healthy individuals, five main (frequency
of occurrence — more than 1 %) combinations of
the studied SNPs were observed. Table 5 presents
the observed haplotypes in order of decreasing fre-
quency of occurrence, the frequencies themselves
for different groups, OR between patients and
healthy individuals, as well as the error value for
the calculated OR.

Statistically significant differences (p < 0.05)
were found for haplotypes No. 3 and 4, which were
observed more often in children with fibrosis than
in healthy individuals (Table 5). Haplotype No. 3
(A-A-C) was found in 23.7 % of children with fibro-
sis, which is 6.03 times more often than in healthy
individuals (p < 0.0001). Haplotype No. 4 (G-G-C)
was found in 18.5 % of children with fibrosis, 3.71
times more often than in the group of healthy in-
dividuals (p = 0.0001). In total, haplotypes No.
3 and 4 were found in almost half (42.2 %) of

Table 2. Compliance with the Hardy — Weinberg law of the distribution of TGFB7 polymorphism
in children with liver fibrosis and healthy individuals
Tabauua 2. CoorsercrtBue 3akony Xapau — BaiinGepra pacnpenenenus nonumopdusma TGFBT

y zeteit ¢ Gpu6PO30M TIeYeHH U 3/OPOBBIX JIHUI]

Single nucleotide polymorphism / Odnonyx.aeomudnsiii noaumopusm
Groups rs1800469 rs1800470 rs1800471
I'pynnot 3 z 2
X 14 X P X 14
Clillghen wildn foress | g 7 0.23 13.7673 | 0.00026* 0.1236 1
Jemu ¢ pubposon
Eloalliliny fwdiviciels 0.4246 0.64 0.0075 i 0.0837 1
3doposvle auya

Note: *— p < 0.05 (does not comply with the Hardy — Weinberg law).
Hpumeuanue: *— p < 0,05 (ne coomeemcmsyem saxony Xapou — Baiinbepea).
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Figure 1. Frequency of occurrence of genotypes and alleles of the TGFB1 gene SNPs — rs1800469 (A), rs1800470 (B)
and rs1800471 (C) — in children with liver fibrosis and healthy individuals (* — p < 0.05)

Pucynox 1. Yacrorsr Berpedaemoctn renortunos u amneneii OHIT rena TGFB1 — 151800469 (A), rs1800470 (B)
u 151800471 (C) — y mereii ¢ ¢pubposom medenn u 310poBbix i (¥ — p < 0,05)

Poc xypH ractposuTepost remaros komonpokrot 2025; 35(2) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(2) 99



100

Original articles / OpurnHanbHbIe MCCIEOBAHUS

www.gastro-j.ru

Table 3. Distribution of TGFBT polymorphism in children with liver fibrosis and healthy individuals

in different models

Tab6auua 3. Pacupenenenne momumopbusma TGFBT y gereit ¢ GpuOpo30M MedeHn U 30POBBIX JIUI]

B pa3HbIX MOJEJIAX

SNP / Model Frequency, %
OHII / Modeas Genotype Childr:[ﬂacmoma, %Health OR (95% CI) )
rs1800469 Tenomun with fibrosis individu;}l’ls OII (95% AH)
Hemu c pubposom | 30opoevie auua
. GG 38.3 40.4 1.00
5 Sodominant 7 42.1 48 0.92 (0.55-1.55) 0.17
KOOOMUHAHMHAS
AA 19.6 11.6 1.78 (0.88—3.59)
dominant GG 38.3 40.4 1.00 0.72
doMuHanmmnas AG-AA 61.7 59.6 1.09 (0.67—1.77) )
recessive GG-AG 80.4 88.4 1.00 0.062
peyeccuenas AA 19.6 11.6 1.86 (0.97—3.54) )
Superdominant GG-AA 57.9 52.0 1.00 0.32
ceepxdomunanmmuas AG 421 48.0 0.79 (0.49—1.26) )
rs1800470
. AA 50.0 39.4 1.00
ool AG 29.2 47.0 0.49 (0.29—0.84) | 0.0088*
KOOOMUHAHMHAS
GG 20.8 13.6 1.20 (0.62—2.33)
dominant AA 50.0 39.4 1.00 0.076
doMuHanHmnas AG-GG 50.0 60.6 0.65 (0.40—1.05) )
recessive|  AAAG 79.2 86.4 1.00 011
peueccusnas GG 20.8 13.6 1.66 (0.89—3.09) '
superdominant AA-GG 70.8 53.0 1.00 0.0024%
c6eprooOMUnANMHAsL AG 29.2 47.0 0.47 (0.28—0.77) ]
rs1800471
codominant CcC 93.4 96.0 1.00 0.33
KOOOMUHAHMHASL CG 6.6 4.0 1.69 (0.59—4.79) )

Note: SNP — single nucleotide polymorphism; OR (95% CI) — odds ratio (95% confidence interval); * — p < 0.05.
Hpumeuanue: OHII — odnonyxreomudnviii norumoppusm; OII (95% JH) — omnowenue wancos (95 % -nviii dogepumev-

nowi unmepean); * — p < 0,05.

Tabauua 4. Cratuctuyeckasi olleHKa HEPABHOBECHS IO CIEIJIEHUIO JIJIst TIap MOoJuMOP(HbIX BapUaH-

toB rena TGFB1

Table 4. Statistical assessment of linkage disequilibrium for pairs of polymorphic variants of the

TGFBT gene
Single nucleotide polymorphism pairs D ,
Hapvt 00HOHYKICOMUOHBIX NOAUMOPPUIMOE p

rs1800469 — rs1800470 0.1448 0.6191 0*
rs1800469 — rs1800471 —0.0113 —0.1355 0.0001*
rs1800470 — rs1800471 0.0089 0.1066 0.002*

Note: * — p < 0.05.

IIpumeuanue: * — p < 0,05.

Discussion

children with fibrosis and only in 7.4 % of healthy
individuals.

The most frequent haplotypes — No. 1 and 2
(G-A-C and A-G-C) — were generally present in
57.8 % of children with fibrosis and 92.6 % of
healthy individuals, while differences in the oc-
currence of each of the haplotypes No. 1, No. 2
or No. 5 separately did not reach statistical sig-
nificance.

Polymorphism of TGFB1, a gene encoding one
of the key profibrogenic cytokines, can make a
significant contribution to the development of fi-
brosis; however, its role in the outcome of congen-
ital liver pathologies has not been studied in chil-
dren with liver fibrosis. In this study, we showed
that the frequency of polymorphic variants of
the TGFB1 gene in children with verified liver
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Table 5. Frequency of occurrence of TGFB1 gene haplotypes in children with liver fibrosis

and healthy individuals

Tab6auua 5. Yacrorsl BecTpevaemoctu ramioturnioB rena TGFBT y nereii ¢ ¢pubpo3oM 1reyenu u 310-

POBBIX JIMIT

Nucleotide in position Frequency of occurrence
Hyxaeomud 6 noaoxenuu Yacmoma écmpeuaemocmu
No. Children OR (95% CI)
Ry g Healthy p
N | 151800469 | rs1800470 | rs1800471 | Yotal | with fibrosis | . g Nl |OHI(95% AH)
leiean At 30dopoevte au
¢ pubposom P ua
1 G A C 0.5268 0.3984 0.5885 1.00
0.93
2 A G C 0.2724 0.146 0.3174 (0.60—1.46) 0.77
6.03 o
3 A A C 0.1006 0.2372 0.0372 (3.06-11.89) < 0.0001
4 G G C 0.0756 0.185 0.0369 3.71 (1.4—7.08) | 0.0001*
2.14
5 G G G 0.0185 0.004 0.0175 (0.62—7.45) 0.23

Note: * — p < 0.05.
IIpumeuanue: * — p < 0,05.

fibrosis differs significantly from that in healthy
individuals, suggesting an increased risk of liver
fibrosis in individuals with this genotype.

The frequencies of SNPs rs1800469, rs1800470,
and rs1800471 of the TGFB1 gene in healthy indi-
viduals obtained in our study are consistent with
the data of Russian authors and the NCBI data-
base for the European population [12—14].

Analysis of the frequencies of the three most
significant SNPs of the TGFBY gene in children
with liver fibrosis showed that the distribution of
rs1800470 differs from that in healthy individuals
and does not correspond to the Hardy — Weinberg
equilibrium. Nonequilibrium distribution of geno-
types can be an important indicator of the medical
significance of the locus under study. In children
with liver fibrosis, the heterozygous genotype A/G
was found 1.6 times less frequently than in the
group of healthy individuals, which can serve as a
protective factor against fibrosis in the codominant
and superdominant models of gene interaction. Tt
should be noted that in our previous work, analysis
of the distribution of rs1800470 polymorphism in
225 children with terminal liver failure did not re-
veal significant differences from the healthy control,
which can be explained by the absence of liver fibro-
sis in some recipients, for whom the indication for
transplantation, among others, was various hepatitis
and metabolic liver diseases [10].

TGF-B1 is a vital protein and is involved in
the regulation of many key cellular processes, so
significant impairments of its functions may be
incompatible with life [15]. While single nucleo-
tide substitutions may have little effect on protein
function, a combination of several substitutions
may already have a clinical manifestation. This
is confirmed by the analysis of haplotypes of the

studied SNPs, which revealed significantly great-
er differences in the distribution of haplotypes
in children with fibrosis and healthy individuals
than in the case of a single SNP rs1800470.

The studied polymorphisms are localized in
one gene and, as expected, linkage disequilibrium
was revealed between all pairs of SNPs rs1800469,
rs1800470 and rs1800471.

In general, five main haplotype variants were
observed in the studied group, the occurrence
of two of which was significantly more frequent
(from 3.7 to 6 times) in children with fibrosis than
in healthy individuals. Rarer haplotypes A-A-C
and G-G-C were found only in 7 % of healthy
individuals and in more than 40 % of children
with fibrosis, which may indicate a predisposition
to the development of liver fibrosis in those with
these haplotypes. Interestingly, both haplotypes
carry one minor allele in the 1st or 2nd position
and two major alleles. Tt can be assumed that the
minor variant in position rs1800469 or rs1800470
in combination with two major ones can disrupt
the function of the profibrogenic cytokine and
predispose to the development of fibrosis. At the
same time, the haplotype with two minor alleles
(A-G-C) was the second most common, which did
not differ significantly between children with fi-
brosis and healthy individuals.

It should be noted that the frequency of occur-
rence of the most common haplotype, containing all
three major alleles (G-A-C), in healthy individuals
in the studied sample was about 60 % and coincided
with the data of other authors [12, 16, 17].

Thus, our data show reliable differences in the
frequency of TGFB1 gene polymorphism in chil-
dren with fibrosis and healthy individuals, which
indicates a possible association of TGFB1 gene
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polymorphic variants with the risk of developing
liver fibrosis in children. Other studies of TGFB{
gene genetic polymorphism in young children with
liver fibrosis in the Russian or other populations
have not been published to date.

In adult patients, the role of TGFB1 gene poly-
morphism in the development of liver fibrosis has
been researched in several studies, but the results
are not always unambiguous [18], which, as the
authors believe, may be due to the ethnic origin of
the patients studied. In the European population,
associations between liver fibrosis and TGFB1
gene polymorphism have been identified, while in
a number of Asian populations such a relationship
was not found. In addition, it has been shown that
TGFBT1 polymorphism can play a certain role in
the development of myocardial fibrosis and myo-
cardial infarction [13, 19].

Pathological conditions are often influenced by
a large number of genetic factors,/polymorphisms,
which individually may contribute only a small
share to the overall risk and their significance is
difficult to assess when analyzing small groups.
Independent studies with a significantly larger
number of participants are needed to confirm the
findings of this work.

The present study is observational, retrospec-
tive and hypothesis-provoking, its design is based
on the case-control method. The limitations of the
article’s conclusions may be due to the fact that
in case of a heterozygous genotype, it is impos-
sible to unambiguously determine the haplotype
by the genotype using the PCR method due to
the diploid set of chromosomes. In such cases, an
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