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Objective: to examine the relationship between native liver fi brosis and TGFB1 gene polymorphism in pediatric 
liver recipients. Materials and methods. Fibrosis of varying severity was diagnosed (METAVIR scale) based 
on histological analysis of the native liver of children (45 boys and 62 girls aged 3 to 73 months). Genomic 
DNA was genotyped by real-time polymerase chain reaction using TaqMan probes. Results. The prevalence of 
the TGFB1 single nucleotide polymorphisms (SNPs) rs1800469, rs1800470, and rs1800471 was examined in 
both children with liver fi brosis of varying severity and in healthy individuals. The distribution of rs1800470 in 
children with fi brosis was 50% homozygotes of major allele, 29% heterozygotes and 21% homozygotes of minor 
allele. This distribution was not consistent with the Hardy–Weinberg principle (p = 0.00026). Conclusion. Liver 
fi brosis in pediatric liver recipients is linked to the rs1800470 polymorphism of the TGFB1 gene. Carriage of the 
heterozygous rs1800470 genotype may be a protective factor against liver fi brosis in children with liver failure.
Keywo rds: liver fi brosis, biliary atresia and hypoplasia, pediatric liver recipients, rs1800469, rs1800470, 
rs1800471.
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INTRODUCTION
In recent years, substantial progress has been achie-

ved in developing a highly eff ective treatment system 
for children with congenital hepatobiliary disorders. Ad-
vanced surgical techniques for LT have been introduced, 
many of which are recognized as globally pioneering – 
including procedures involving ABO-incompatible do-
nors. The number of LTs has notably increased, even 
among very young pediatric patients. Arguably, the most 
remarkable accomplishment in this fi eld has been the 
complete fulfi llment of the national demand for pediatric 
LT, off ering a full recovery to patients who were once 
considered untreatable [1, 2].

Key areas of current research include identifying 
genetic predisposition patterns, improving methods for 
predicting disease progression, and developing strate-
gies to prevent post-LT complications. One promising 
direction for integration into clinical pediatric practice is 
the investigation of gene polymorphisms that infl uence 
the expression of key factors regulating the formation, 
development, and function of the hepatobiliary system 
in children before and after birth.

Previous studies have demonstrated that children 
with liver failure of various etiologies exhibit a distinct 
distribution of rare haplotypes of the TGF-β1 (transfor-
ming growth factor beta 1) gene, which regulates the 

expression of the key profi brogenic cytokine TGF-β1, 
compared to healthy individuals. The clinical relevance 
of three single nucleotide polymorphisms (SNPs) in the 
TGFB1 gene – rs1800469, rs1800470, and rs1800471 – 
has been established, particularly in relation to post-
transplant complications such as graft rejection and 
infections [3, 4].

Ho wever, the broad spectrum of liver diseases among 
the studied patients – including congenital cholestatic 
and metabolic disorders, as well as acquired cirrhosis 
and hepatitis – limits the ability to isolate the role of 
TGFB1 gene polymorphisms. This necessitates further 
investigation in more homogeneous patient groups. Cir-
rhosis, a terminal stage of liver fi brosis, is characterized 
by excessive production and accumulation of extracel-
lular matrix, leading to partial or complete impairment 
of hepatic function. The fi brotic process involves hepa-
tocytes, lymphocytes, and a cascade of proinfl ammatory 
and profi brogenic cytokines [5, 6].

The  aim of the present study was to analyze the as-
sociation between native liver fi brosis and SNPs in the 
TGF-β1 gene – rs1800469, rs1800470, and rs1800471 – 
in pediatric LT recipients during the early post-transplant 
period. The fi ndings of this research are expected to cla-
rify the role of TGF-β1 gene polymorphisms in the pa-
thogenesis of liver fi brosis and to evaluate their potential 
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Fig. 1. Distribution of genotypes rs1800469, rs1800470 and 
rs1800471 of the TGFB1 gene in pediatric liver recipients 
with liver fi brosis

Fig. 2. Di stribution of rs1800470 genotypes of the TGFB1 
gene in healthy individuals and in pediatric liver recipients 
with liver fi brosis. * p < 0.05 vs. healthy individuals

clinical value in predicting fi brosis risk in pediatric liver 
recipients.

MATERI ALS AND METHODS
The study included 107 pediatric LT recipients 

(45 boys and 62 girls) aged 3 to 73 months (median 
age: 8 months), and a control group of 199 healthy in-
dividuals (79 males and 120 females) with a mean age 
of 32.7 ± 9.6 years.

Indications for LT in the pediatric cohort were end-
stage liver disease resulting from the following condi-
tions: biliary atresia (n = 61), biliary tract hypoplasia (n = 
8), Alagille syndrome (n = 8), Caroli’s disease (n = 8), 
Byler’s disease (n = 6), and other rare hepatic disorders 
(n = 16), including Crigler–Najjar syndrome, glycogen 
storage disease type I (Von Gierke disease), alpha-1 an-
titrypsin defi ciency, tyrosinemia, fulminant hepatitis, 
autoimmune hepatitis, and cryptogenic cirrhosis.

Liver fi brosis of varying severity was diagnosed in 
the recipients based on macroscopic and histologic ex-
amination of the native liver explants obtained during 
transplantation, evaluated according to the METAVIR 
scoring system: F1 (stellate enlargement of portal tracts 
without septa) in 5 cases, F2 (portal expansion with 
isolated porto-portal septa) in 9 cases, F3 (numerous 
septa without cirrhosis) in 14 cases, and F4 (cirrhosis) 
in 79 cases.

All patients received treatment and underwent com-
prehensive clinical, laboratory, and instrumental eva-
luation in accordance with the protocols at Shumakov 
National Medical Research Center of Transplantology 
and Artifi cial Organs. LT was performed using grafts 
from living-related donors. Post-transplant, recipients 
were maintained on double- or triple-drug immunosup-
pressive therapy regimens.

The detailed methodology and statistical analysis em-
ployed in this study have been previously described in 
our publication, “Association between the Tgfb1 Gene 
Haplotype and Liver Diseases in Children” [7].

RESULTS AND DISCUSSION
Fig. 1 illustrates the distribution frequencies of three 

polymorphic variants of the TGF-β1 gene – rs1800469, 
rs1800470, and rs1800471 – among pediatric liver reci-
pients with fi brosis.

Comparative analysis of genotype frequencies of 
the studied SNPs between children with liver fi brosis 
and healthy controls revealed no statistically signifi cant 
diff erences for rs1800469 and rs1800471. However, a 
signifi cant diff erence was observed in the distribution of 
rs1800470 genotypes between the two groups (Fig. 2).

As shown in Fig. 2, a statistically signifi cant diff e-
rence was observed in the distribution of the hetero-
zygous genotype of rs1800470. In children with liver 
fi brosis, the AG genotype was 1.6 times less frequent 
than in healthy individuals (χ2 = 9.4778, p = 0.0236).

In healthy individuals, all three SNPs conformed to 
Hardy–Weinberg equilibrium. Among children with liver 
fi brosis, rs1800469 and rs1800471 also demonstrated 
equilibrium (χ2 = 1.7648, p = 0.23; χ2 = 0.1236, p = 0.99, 
respectively). However, the distribution of rs1800470 si-
gnifi cantly deviated from Hardy–Weinberg expectations 
(χ2 = 13.7673, p = 0.00026).

These fi nding s suggest that among the three studied 
SNPs in the TGF-β1 gene, rs1800470 displays a notable 
deviation from Hardy–Weinberg equilibrium in the group 
of children with liver fi brosis. This deviation may refl ect 
a potential medical signifi cance of this locus under study.

A comparative analysis of genotype frequencies in 
children with liver fi brosis and healthy individuals was 
conducted using diff erent allelic interaction models, 
including codominant, dominant, recessive, and over 
dominant (Table).

Table shows signifi cant diff erences in the distribution 
of rs1800470 SNP genotypes in codominant (OR = 0.49, 
CI 0.29–0.84, p = 0.0088) and over dominant (OR = 
0.47, CI 0.28–0.77, p = 0.0024) models. The fi ndings 
suggest that, in both models, the heterozygous AG ge-
notype is signifi cantly less frequent in children with liver 
fi brosis, potentially serving as a protective factor against 
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its development. No signifi cant diff erences in genotype 
distribution were observed in the other models. It is im-
portant to note that in our previous study, the distribution 
of the rs1800470 polymorphism in 225 children with 
end-stage liver failure did not show signifi cant diff eren-
ces compared to healthy individuals. This discrepancy 
can likely be attributed to the absence of liver fi brosis in 
some recipients, where the indication for transplantation 
was based on conditions such as hepatitis and metabolic 
liver diseases, rather than liver fi brosis [7].

Our data show signifi cant diff erences in the frequen-
cy of TGF-β1 gene polymorphisms between children 
with liver fi brosis and healthy individuals, suggesting a 
potential association between these genetic variants and 
susceptibility to liver fi brosis.

Several studies have investigated the role of TGF-β1 
gene polymorphisms in liver fi brosis in adult patients, but 
their results have been inconsistent. The authors suggest 
that these discrepancies may be attributed to the ethnic 
origin of the populations studied [8–10]. While some 
studies in European populations show a link between 
liver fi brosis and TGF-β1 gene polymorphisms, this asso-
ciation has not been consistently observed in some Asian 
populations. Furthermore, research has indicated that 
TGF-β1 gene polymorphisms could also play a role in 
the development of myocardial fi brosis and myocardial 
infarction [11–13].

The fi ndings of our study may hold both scientifi c and 
practical signifi cance. They contribute to a deeper under-
standing of the role of TGF-β1 gene polymorphisms in 
the development of tissue fi brosis and may be useful in 
assessing individual risk for fi brosis or identifying new 
therapeutic targets. Moreover, the presence of genotypes 
associated with an increased risk of fi brosis could be 
valuable in predicting post-transplant complications or 
individual responses to immunosuppressive therapy – 
areas that warrant further investigation.

CONCLUSION
Liver fi brosis remains a signifi cant clinical issue, 

with its causes and underlying mechanisms still under 
active investigation. In the present study, liver fi brosis 
was linked to TGF-β1 gene polymorphisms. Specifi cally, 
among pediatric liver recipients with verifi ed native liver 
fi brosis, the heterozygous genotype at the rs1800470 
locus of the TGF-β1 gene was found to be 1.6 times less 
frequent compared to healthy individuals. This fi nding 
suggests a potential protective role of the heterozygous 
rs1800470 variant against the development of liver fi -
brosis. Continued investigation into the TGF-β1 gene 
polymorphisms may enable personalized prediction of 
post-transplant complications.

The authors declare no confl ict of interest.

REFERENCES
1. Gautier SV, Khomyakov SM. Organ donation and trans-

plantation in the Russian Federation in 2023. 16th Re-
port from the Registry of the Russian Transplant Soci-
ety. Russian Journal of Transplantology and Artifi cial 
Organs. 2024; 26 (3): 8–31. (In Russ.). https://doi.
org/10.15825/1995-1191-2024-3-8-31.

2. Kurabekova RM, Gichkun OE, Tsirulnikova OM, Pash-
kova IE, Vakurova EA, Shevchenko OP, Gautier SV. 
High incidence of rare TGFB1 haplotypes in children 
with biliary atresia. Russian Journal of Transplantology 
and Artifi cial Organs. 2024; 26 (3): 168–175. (In Russ.). 
https://doi.org/10.15825/1995-1191-2024-3-168-175.

3. Ge YZ, Wu R, Lu TZ, Jia RP, Li MH, Gao XF et al. Com-
bined eff ects of TGFB1 +869 T/C and +915 G/C poly-
morphisms on acute rejection risk in solid organ trans-
plant recipients: A systematic review and meta-analysis. 
PLoS One. 2014; 9 (4): e93938. doi: 10.1371/journal.
pone.0093938.

4. Liu K, Liu X, Gu S, Sun Q, Wang Y, Meng J, Xu Z. As-
sociation between TGFB1 genetic polymorphisms and 
chronic allograft dysfunction: a systematic review and 
meta-analysis. Oncotarget. 2017; 8 (37): 62463–62469.

Table
Distribution of the TGFB1 polymorphism rs1800470 in children with liver fi brosis and in healthy 

individuals in diff erent m odels
SNP s/Model Genotype Frequency, % children 

with fi brosis
Frequency, % healthy 

individuals
OR (95% CI) P value

Codominant
AA 50.0 39.4 1.00

0.0088*AG 29.2 47.0 0.49 (0.29–0.84)
GG 20.8 13.6 1.20 (0.62–2.33)

Dominant AA 50.0 39.4 1.00 0.076AG-GG 50.0 60.6 0.65 (0.40–1.05)

Recessive AA-AG 79.2 86.4 1.00 0.11GG 20.8 13.6 1.66 (0.89–3.09)

Over dominant AA-GG 70.8 53.0 1.00 0.0024*AG 29.2 47.0 0.47 (0.28–0.77)
* – р < 0.05.



139

TRANSPLANTOMICS

5. Leask A, Abraham DJ. TGF-beta signaling and the fi b-
rotic response. FASEB J. 2004; 18 (7): 816–827.

6. de Brito WB, Queiroz MAF, da Silva Graça Amoras E, 
Lima SS, da Silva Conde SRS, Dos Santos EJM et al. The 
TGFB1 -509C/T polymorphism and elevated TGF-β1 le-
vels are associated with chronic hepatitis C and cirrhosis. 
Immunobiology. 2020; 225 (5): 152002. doi: 10.1016/j.
imbio.2020.152002.

7. Kurabekova RM, Gichkun OE, Tsirulnikova OM, Pash-
kova IE, Fomina VA, Shevchenko OP, Gautier SV. Analy-
sis of the Association between the Tgfb1 Gene Haploty-
pe and Liver Diseases in Children. Acta Naturae. 2023; 
15 (3): 75–81. doi: 10.32607/actanaturae.19425.

8. Iriyoda TMV, Flauzino T, Costa NT, Lozovoy MAB, 
Reiche EMV, Simão ANC. TGFB1 (rs1800470 and 
rs1800469) variants are independently associated with 
disease activity and autoantibodies in rheumatoid arth-
ritis patients. Clin Exp Med. 2022; 22 (1): 37–45. doi: 
10.1007/s10238-021-00725-9.

9. Zhang XX, Bian RJ, Wang J, Zhang QY. Relationship bet-
ween cytokine gene polymorphisms and acute rejection 

following liver transplantation. Genet Mol Res. 2016; 15 
(2): 15027599.

10. Guo P, Sun X, Feng X, Zhang C. Transforming growth 
factor-β1 gene polymorphisms with liver cirrhosis risk: 
A meta-analysis. Infect Genet Evol. 2018; 58: 164–170. 
doi: 10.1016/j.meegid.2017.12.019.

11. Sudomoina MA, Sukhinina TS, Barsova RM, Favorov AV, 
Sakhnovich RM, Titov BV et al. Comprehensive analysis 
of the association of infl ammatory gene polymorphisms 
with myocardial infarction. Molecular biology. 2010; 44 
(3): 463–471.

12. Barsova RM, Titov BV, Matveeva NA, Favorov AV, Ry-
balkin IN, Vlasik TN et al. Contribution of the TGFB1 
Gene to Myocardial Infarction Susceptibility. Acta Natu-
rae. 2012; 4 (2): 74–79.

13. Gichkun OE, Shevchenko OP, Kurabekova RM, Mozhei-
ko NP, Shevchenko AO. The rs1800470 Polymorphism of 
the TGFB1 Gene Is Associated with Myocardial Fibrosis 
in Heart Transplant Recipients. Acta Naturae. 2021; 13 
(4): 42–46. doi: 10.32607/actanaturae.11469.

The article was submitted to the journal on 22.10.2024


