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The Role of FXR-Signaling Variability in the 
Development and Course of Non-Alcoholic Fatty 
Liver Disease in Children

Yuriy Stepanov, Natalia Zavhorodnia*, Inna Klenina, Olena Hrabovska, Viktoria Yagmur

ABSTRACT
Introduction: Genetic mechanisms among many other factors play a crucial role in the development and progression of nonalcoholic 
fatty liver disease (NAFLD). The farnesoid X-receptor (FXR) regulates the expression of target genes involved in metabolic and energy 
homeostasis, so it can be assumed that genetic variations within the NR1H4 gene, encoding FXR, can affect the development or progression 
of associated diseases, including NAFLD.
The aim: To study the association of SNP rs11110390 NR1H4 gene with the probability of development and course of NAFLD in children.
Materials and methods: 76 children aged 9–17 years and overweight were examined. According to controlled attenuated parameter 
(CAP) measurement (Fibroscan®502touch) children were divided into 2 groups: group 1 consisted of 40 patients with NAFLD, group 2 was 
composed by 36 patients without hepatic steatosis. According to genetic testing children were divided into 3 subgroups – children with CC-, 
CT-, TT-genotype SNP rs11110390 NR1H4 gene.
Results: The frequency of TT-genotype SNP rs11110390 NR1H4 gene detection in children with NAFLD was 17.5% versus 2.8% in the control 
group (p < 0.05). In children with TT-genotype SNP rs11110390 NR1H4 gene the liver stiffness (p < 0.05) and CAP (p = 0.1) were higher 
than in patients with CC- and CT-genotypes. Patients with the TT-genotype differed from CC-genotype patients with lower levels of IL-10 
(p < 0.05) and pro-inflammatory cytokine balance (p < 0.05). An increase in the concentration of taurine-conjugated bile acid fractions in the 
hepatic and gallbladder’s bile in children with TT-genotype SNP rs11110390 NR1H4 (p < 0.05) was demonstrated.
Conclusions: SNP rs11110390 NR1H4 is associated with an increased probability of NAFLD development in children. An increase 
in the steatosis degree and liver stiffness in combination with increased taurine-conjugated bile acids fractions in the hepatic and 
gallbladder’s bile, shift in cytokine balance due to a decrease in IL-10 level in children with TT-genotype SNP rs11110390 NR1H4 were 
observed.
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INTRODUCTION

The rapid increase in the prevalence of nonalcoholic fat-
ty liver disease (NAFLD) in recent decades is the result of 
a combined influence of environment, endogenous fac-
tors (such as eating behavior, physical activity, intestinal 
microbiota composition), and genetic predisposition (1). 
Among many others genetic mechanisms play an import-
ant role in the development and progression of NAFLD 
(2). The significance of genetic variability underlying the 
susceptibility to NAFLD has been confirmed in numerous 
modern genome-wide association studies (3). Studies of 
candidate genes demonstrated the influence of certain ge-
netic variants on lipid metabolism, inflammation, insulin 
signaling, fibrogenesis, and oxidative stress activity which 
determine the severity of NAFLD (4–6). Nowadays, the 
concept of the role of individual genes/proteins in NAFLD 
is gradually being replaced by the study of multiple causal 
interactions using systemic biology approaches. The 
“NAFLD-Reactome” project confirmed the role of nucle-
ar receptors in the related gene expression regulation in 
the pathogenesis of NAFLD (7). The NR1H4 gene encoding 
farnesoid-X-receptor (FXR) is a member of the nuclear 
receptors superfamily, so-called ligand-activated tran-
scription factors. It regulates a significant number of tar-
get genes involved in a wide range of metabolic processes, 
such as lipid, carbohydrate, and energy metabolism, bile 
acid homeostasis, inflammation, cell proliferation, dif-
ferentiation and death, and regulation of the intestinal 
microbiota composition and activity (8, 9). Although FXR 
is most widely presented in tissues involved in the bile 
acids circulation, including the liver, intestine, and bile 
duct epithelium, FXR expression is also found in renal tu-
bular cells, adrenal glands, pancreatic tissue, adipocytes, 
cardiomyocytes, myocytes, endothelial and immune cells 
(10). The effects of FXR activation are tissue-specific. Both 
hepatic (hFXR) and intestinal (iFXR) receptors are import-
ant mediators of reverse inhibition of bile acid synthesis 
and induction of bile acids transporters expression, pro-
tecting hepatocytes and enterocytes from excessive bile 
acids toxicity. iFXR activation mainly leads to inhibition 
of bile acid synthesis, while hFXR activation – to chang-
es in the bile acids pool composition (11). In general, the 
small number of non-synonymous single nucleotide poly-
morphisms (SNPs) in the NR1H4 gene compared to other 
genes indicates its evolutionary stability and confirms 
its crucial importance for cell homeostasis and function 
(12). Considering that FXR is a key metabolic regulator, it 
is likely that genetic variation within the NR1H4 gene may 
have an influence on the development or progression of 
metabolic-associated diseases (13). Unfortunately, to date, 
the contribution of NR1H4 polymorphisms to the NAFLD 
formation probability and clinical consequences for 
NAFLD remains unclear.

THE AIM

To study the association of SNP rs11110390 NR1H4 gene 
with the probability of development and course of NAFLD 
in children.

MATERIALS AND METHODS

The study included 76 overweight and obese сaucasian chil-
dren aged 9 to 17 years (average age 12.3 ± 2.5 years). The 
presence of hepatic steatosis was determined by transient 
elastometry (FibroScan®502touch, Echosens, France) with 
the measurement of the controlled attenuation parameter 
(CAP). According to the presence of NAFLD, children were 
divided into 2 groups: group 1 (main) consisted of 40 pa-
tients with NAFLD, group 2 (control) consisted of 36 patients 
without hepatic steatosis. To study the association of SNP 
with laboratory-instrumental data, an intragroup analysis 
was performed: according to the molecular genetic testing 
the children with NAFLD were divided into 3 subgroups: 
children with CC-, CT-, TT-genotypes SNP rs11110390 NR1H4 
gene. The groups did not have significant differences in age 
and gender. The study has been performed according to the 
Declaration of Helsinki. The informed consent has been ob-
tained from all patients. All procedures have been approved 
by the local ethics committee (certificate number 4).

Genetic study to determine the presence of polymor-
phic variants of the NR1H4 gene (SNP rs11110390) was 
conducted in the Scientific Institution of Genetic and 
Immune Pathology and Pharmacogenetics of “Ukrainian 
Medical Stomatological Academy”. DNA isolation was 
performed using a set of reagents “DNA-EXTRAN-1” (LLC 
“NPF SINTOL”, Russia) from samples of fasting blood. De-
termination of the polymorphic variant of the NR1H4 gene 
(rs11110390) was performed by allele-specific polymerase 
chain reaction (PCR) using fluorogenic samples to detect 
specific products in 25 μl of the reaction mixture, which 
included: 12.5 μl of 2 × TagMan Master Mix amplifica-
tion solution; 1.25 μl of TagMan SNP Genotyping Assays 
containing specific nucleotide sequences for allele C and 
allele T; and DNA solution in nuclease-free water for PCR 
(Thermo Fisher Scientific, USA). Polymorphic alleles of the 
NR1H4 gene (rs11110390) were amplified and detected in 
real time by measuring the fluorescent signal from the am-
plification products in each cycle, the intensity of which 
was proportional to the concentration of the final PCR 
product. Amplification was performed under the follow-
ing conditions: the first cycle took place at a temperature 
of 95 °C for 10 minutes. The amplicons were accumulated 
in the next 40 cycles according to the following tempera-
ture parameters: 95 °C for 15 seconds, 60 °C for 60 seconds.

Quantitative determination of the concentration of 
IL-6, IL-10, TNF-α in the serum was performed with en-
zyme-linked immunosorbent assay (Vector-Best, Russia) 
using an analyzer “Stat Fax 303 Plus” (USA).

The content of  total cholesterol (TC), triglycerides 
(TG), high-density lipoprotein (HDL) in the serum was 
determined using reagent kits “Cormey” (Poland) using 
a  biochemical analyzer Stat Fax 1904 Plus, Awareness 
Technology (USA). Low-density lipoprotein (LDL) was 
calculated by Friedwald’s formula. Very low density lipo-
protein (VLDL) was determined by empirical calculations 
of TG levels.

Bile from patients was obtained by duodenal sound-
ing. As a stimulator of bile secretion was used a solution 
with 33% MgSO4. Determination of the content of tauro-
cholic (TC), taurodeoxycholic (TDC), glycocholic (GC) and 
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glycodeoxycholic (GDC) bile acids in bile was performed 
using the method of thin-layer chromatography (14). The 
content of bile acids and cholesterol was determined using 
a densitometer BIAN-170 (λ = 620 nm) after staining the 
samples on the calibration curves.

Statistical processing of the results was performed us-
ing the application package Statistica 6.1 (serial number 
AGAR909 E415822FA). The conformity of the data distri-
bution to the normal distribution was checked using the 
Shapiro – Wilk method. The mean (M) and standard de-
viation (SD) or median (Me), lower (Q1) and upper (Q2) 
quartiles were used to describe the data. For comparison 
ANOVA + post hoc test has been applied. Fisher’s test was 
used to compare qualitative features belonging to nominal 
or ordinal scales. Statistical significance was assessed at 
a level not lower than 95.0% (p < 0.05).

RESULTS

According to the results of molecular genetic examination, 
the SNP rs11110390 of the NR1H4 gene in the heterozygous 
state (CT) was detected in 51.3% of all examined children, 
while the homozygous (TT) condition was present in 10.5% 
children (Table 1).

СС-genotype of  the NR1H4 gene was observed in 
35% of  NAFLD children, CT-genotype – in 47.5% of 
NAFLD children, and TT-genotype – in 17.5% (Table 1). 
The frequency of  TT-genotype NR1H4 gene detection 
in children with NAFLD significantly differed from the 
control group (17.5% vs 2.8%, p < 0.05). The frequency of 
the minor (T) allele detection among NAFLD children was 
41.2% that was significantly higher than in the control 
group (30.6%) (Table 1).

ASSOCIATION OF SNP RS11110390 NR1H4 WITH 
ANTHROPOMETRIC PARAMETERS
The body mass index (BMI) and waist circumference mean 
values in CT- and TT-genotypes SNP rs11110390 NR1H4 
gene carriers were increased, but the differences were not 
significant (p > 0.05) (Table 2).

ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH BIOCHEMICAL PARAMETERS
When comparing the hepatic transaminases activity, no 
significant differences were found between subgroups (Ta-

ble 3), but the average levels of γ-glutamyltranspeptidase 
(GGT) were significantly higher in TT-genotype SNP 
rs11110390 NR1H4 carriers (Fig. 1).

Tab. 1 Distribution of alleles and genotypes of SNP rs11110390 NR1H4 in the studied groups.

SNP ID Allele frequency Genotype frequency

rs11110390

Groups Total NAFLD Control Groups Total NAFLD Control
Allele n % n % n % Genotype n % n % n %

С 97 63.8 47 58.8 50 69.4 CC 29 38.2 14 35.0 15 41.7

CT 39 51.3 19 47.5 20 55.6
Т 55 36.2 33 41.2* 22 30.6 TT 8 10.5 7 17.5* 1 2.8

Total 152 100 80 100 72 100 76 100 40 100 36 100

Note: * p < 0.05 – significance of differences by Fisher’s criterion versus the control group.

Tab. 2 Comparison of the anthropometric parameters depending on 
the SNP rs11110390 NR1H4 genotype.

Anthropometric 
parameters

SNP rs11110390 genotype

рСС СТ ТТ

M ± SD M ± SD M ± SD

BMI, kg/m2 23.8 ± 3.9 24.9 ± 4.3 26.3 ± 3.3 0.2

Waist circumference, 
cm 81.3 ± 3.2 82.7 ± 2.8 84.7 ± 1.9 0.4

Note: p – significance of differences according to F-criterion 
between the TT-genotype and СС-genotype patients.

Tab. 3 Comparison of the biochemical parameters depending on the 
SNP rs11110390 NR1H4 genotype.

Biochemical 
parameters

SNP rs11110390 genotype

рСС СТ ТТ

M ± SD M ± SD M ± SD

ALT, U/l 37.2 ± 1.6 36.8 ± 1.4 40.3 ± 1.2 >0.05

AST, U/l 28.7 ± 1.2 29.8 ± 1.1 32.3 ± 0.9 >0.05

GGT, U/l 18.6 ± 0.9 19.2 ± 0.8 27.7 ± 1.1 <0.05

Note: p – significance of differences according to F-criterion 
between the TT-genotype and СС-genotype patients.

Fig. 1 Mean GGT values depending on the SNP rs11110390 NR1H4 
genotype.
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ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH LIVER STRUCTURE CHANGES
Children with TT-genotype of SNP rs11110390 NR1H4 gene 
were characterized by significantly higher liver stiffness 
mean values compared to patients with CC- and CT-gen-
otypes (p < 0.05) (Fig. 2A). Patients with the TT-genotype 
also differed from CT- and CC-genotypes carriers with 
higher CAP levels, but the differences between the groups 
were a trend (p = 0.1) (Fig. 2B).

Tab. 4 Cytokine profile depending on the SNP rs11110390 NR1H4 
genotype.

Cytokines
SNP rs11110390 NR1H4 genotype

СС СТ ТТ
Me (Q25, Q75) Me (Q25, Q75) Me (Q25, Q75)

IL-6, pg/ml 0.9 (0.4; 1.3) 2.3* (0.3; 5.5) 2.1* (0.2; 4.3)
TNFα, pg/ml 0.7 (0.4; 1.1) 2.1* (0.4; 3.8) 1.1 (0.2; 2.0)
IL-10, pg/ml 2.6 (1.1; 4.1) 4.7* (2.2; 7.3) 1.5* (0.1; 2.9)
TNFα/IL10 0.6 (0.1; 1.1) 0.6 (0.3; 0.8) 2.1* (0.7; 4.9)

Note: * p < 0.05 – the significance of differences according to the F- 
criterion compared to children with CC-genotype.

ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH LIPID PROFILE PARAMETERS
The study of lipid metabolism depending on the pres-
ence of SNP rs11110390 NR1H4 gene showed that in chil-
dren with TT-genotype it was observed an increase of the 
atherogenicity index (AI) due to a shift in the balance of 
HDL / non-HDL to the HDL decrease, but the differences 
did not have sufficient significance (Table 5).

Tab. 5 Lipid spectrum parameters depending on the SNP 
rs11110390 NR1H4 genotype.

Lipid parameters
SNP rs11110390 NR1H4 genotype

рСС СТ ТТ
M ± SD M ± SD M ± SD

TG, mmol/l 1.2 ± 0.8 0.8 ± 0.4 0.8 ± 0.4 0.2
HDL, mmol/l 1.0 ± 0.4 1.0 ± 0.3 0.8 ± 0.2 0.4
Non-HDL, mmol/l 3.0 ± 0.3 2.5 ± 0.3 3.2 ± 0.2 0.9
VLDL, mmol/l 0.9 ± 0.3 0.4 ± 0.2 0.3 ± 0.2 0.1
AI 3.5 ± 1.4 3.7 ± 1.4 3.9 ± 0.9 0.2

Note: p – significance of differences according to the F-criterion 
between the parameters of the patients with TT- and CC-genotype.

ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH THE BIOCHEMICAL BILE COMPOSITION 
PARAMETERS
Comparative analysis of the bile acid fractions concentra-
tion in patients depending on the SNP rs11110390 NR1H4 
genotype showed a significant increase in the concentra-
tion of TC and TDC in gallbladder’s bile (bile B), as well as 
TC in hepatic bile (bile C) (Table 6).

Tab. 6 Biochemical bile composition depending on the SNP 
rs11110390 NR1H4 genotype.

Parameters
SNP rs11110390 NR1H4 genotype

рСС СТ ТТ
M ± SD M ± SD M ± SD

ТC bile В, mmol/l 0.4 ± 0.1 0.9 ± 0.1 2.9 ± 0.1 < 0.05
ТDC bile В, mmol/l 0.8 ± 0.2 1.4 ± 0.2 2.7 ± 0.3 < 0.05
ТC bile C, mmol/l 0.1 ± 0.0 0.3 ± 0.0 0.5 ± 0.1 < 0.01

Note: p – significance of differences according to the F-criterion 
between the parameters of the patients with TT- and CC-genotype.

Fig. 2 Liver stiffness (A) and CAP (B) depending on the SNP 
rs11110390 NR1H4 genotype.

ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH THE CYTOKINE PROFILE
Patients with CT-genotype in contrast to patients with 
CC-genotype of SNP rs11110390 NR1H4 gene were char-
acterized by increased levels of proinflammatory cyto-
kines TNF-α and IL-6, but the balance of cytokines was 
maintained due to a unidirectional increase in the con-
centration of anti-inflammatory cytokine IL-10 (Table 4). 
Patients with TT-genotype SNP rs11110390 NR1H4 dif-
fered from patients with CC-genotype with lower IL-10 
levels (p < 0.05) and a shift in the balance of cytokines to-
wards proinflammatory state (increase in TNF-α / IL-10, 
p < 0.05).
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DISCUSSION

The SNP rs11110390 NR1H4 gene that we have studied is in-
tronic and localized in the noncoding region of the gene. 
According to our data, the frequency of the minor T-allele 
detection among children with NAFLD was 41.2%, that sig-
nificantly exceeds such parameter of the obese children 
(36.2%), which coincides with the ALFA-project data that 
demonstrate the variability of the minor T-allele preva-
lence in different populations (Fig. 3) with a frequency in 
the European population of 32.4% (15).

rearrangements of mature mRNA due to the influence of 
SNP on the efficiency of splicing and alternative splicing 
(27). Introns make up about 24% of the human genome and 
they have the ability to regulate gene expression through 
the formation of non-functional or rapidly degrading RNA 
(negative regulation), intron-mediated enhancement of 
transcription activity, splicing rate control (28). Therefore, 
according to the function of introns in the regulation of 
gene expression, intronic mutations are often associated 
with severe pathological consequences.

In our study, significant differences in anthropometric 
parameters (BMI, waist circumference) between patients 
with different genotypes of SNP rs11110390 NR1H4 gene 
were not found in contrast to van den Berg et al. (2009), 
who demonstrated a  strong association between SNP 
NR1H4 gene, BMI and waist circumference, assuming 
the effect of FXR on the adipose tissue distribution and 
its role in the development of  obesity (18). Probably, 
the differences may be explained by the age difference 
of the  cohorts of patients and the small proportion of 
morbidly obese patients in our study.

TT-genotype of SNP rs11110390 NR1H4 gene, according 
to our data, was associated with impaired bile acid 
homeostasis: children with TT-genotype showed changes 
in the biochemical composition of hepatic and gallbladder 
bile due to increased concentrations of taurine-conjugated 
fractions associated with biochemical markers of 
cholestasis (GGT). This is explainable since the leading 
function of FXR and its target genes is the control of the 
synthesis, enterohepatic circulation and detoxification 
of bile acids (29). High level of FXR expression in the gas-
trointestinal tract allow FXR to play the role of a sensitive 
sensor of bile acids concentration in the liver and entero-
cytes, to mediate negative feedback to maintain constant 
levels of bile acids in hepatocytes and prevent liver dam-
age and cholestasis, to control bile acids reabsorption into 
the portal bloodstream, to maintain the barrier function of 
the intestine. FXR-knockout animal models demonstrate 
the importance of FXR function in maintaining bile acid 
homeostasis (30).

Disruption of FXR signaling in an experimental model 
of steatosis in mice on a high-fat diet leads to an increase 
in the hepatic steatosis degree and the development of 
endoplasmic reticulum stress (31). Impaired bile acid me-
tabolism in adult NAFLD patients is accompanied by a sig-
nificant increased risk of liver damage (32). In addition, 
patients with nonalcoholic steatohepatitis are character-
ized by a higher level of postprandial bile acid release and 
a higher likelihood of liver damage by secondary bile ac-
ids (33). In our study, patients with TT-genotype of SNP 
rs11110390 NR1H4 gene had significantly higher liver stiff-
ness and demonstrated a tendency to increase the steato-
sis degree in the absence of significant lipid abnormalities, 
which contradicts the data of Heni et al. (2013) who con-
firmed the association of SNP rs11110390 NR1H4 gene with 
fasting free fatty acids levels (21).

One of the reasons of liver stiffness changes in case of 
impaired FXR-signaling may be the activation of pro-in-
flammatory cascades due to increased intestinal perme-
ability. An experimental study of Inagaki et al. (2006) 
demonstrated that FXR plays a crucial role in maintaining 

Fig. 3 Frequency of the minor T-allele detection of SNP rs11110390 
NR1H4 gene in different populations (15).

The prevalence of  homozygous carriage of  SNP 
rs11110390 NR1H4 gene among children with NAFLD also 
differed significantly from the control group and was 
17.5%, which may allow the possibility of the association 
of TT-genotype with NAFLD development. The prevalence 
of the minor allele and polymorphic genotypes varies 
considerably between different cohorts of patients. So, 
Nijmeijer et al. (2011) in the study of adult patients with 
Crohn’s  disease and ulcerative colitis demonstrated 
32.2% prevalence of the minor T-allele of SNP rs11110390 
NR1H4 gene (16). Lutz et al. (2014), in turn, showed 8.9% 
prevalence of TT-genotype of SNP rs11110390 NR1H4 gene 
among adults with complication by ascites cirrhosis (17).

According to the recent data the association of the 
wide spectrum of SNP of coding and non-coding regions 
in the NR1H4 gene has been confirmed with various 
dysmetabolic and inflammatory diseases, such as obesity, 
gallstone disease, intrahepatic cholestasis of pregnancy, 
Crohn’s disease, ulcerative colitis, spontaneous bacterial 
peritonitis etc. (16–26). Van Mil et al. (2009) identified 4 
new SNPs NR1H4 gene accompanied by functional trans-
lation insufficiency and decrease in protein activity in 
pregnant women with cholestasis, assuming its associa-
tion with the intrahepatic cholestasis and other choles-
tatic diseases and dyslipidemia (26). However, a study in 
an extended cohort (563 pregnant women of European 
descent with cholestasis) did not confirm the association 
of these polymorphisms (mostly intronic) with suscepti-
bility to the disease due to their low population frequen-
cies (25). It should be noted that intronic mutations in 
general account for approximately 10% of all known hu-
man pathogenic mutations are accompanied by various 
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the integrity of the intestinal epithelial barrier and pre-
venting the development of bacterial overgrowth and bac-
terial translocation (34). In FXR-knockout mice an increase 
in intestinal paracellular permeability was observed due to 
a decrease in the expression of occludin. Furthermore, an 
increase in aerobic and anaerobic microflora presentation 
in the ileal mucosa and mesenteric lymph nodes was no-
ticed. Moreover, FXR is able to directly selectively inhibit 
the NF-kB-associated inflammatory pathway and ensure 
hepatocyte survival (8). According to our data, changes in 
the liver stiffness in patients with CT- and TT-genotypes 
were accompanied by an increase in the concentration of 
IL-6 and TNF-α, but in heterozygous SNP carriers cytokine 
balance was maintained due to increased IL-10 production 
whereas in children with TT-genotype a significant reduc-
tion in the IL-10 level was observed, which led to a shift 
in the balance of pro- and anti-inflammatory cytokines 
toward inflammation.

Thus, our study demonstrated that the variability of 
the NR1H4 gene (SNP rs11110390) is associated with an 
increased likelihood of developing NAFLD in children. 
Changes in the bile acid fractions distribution in patients 
with TT-genotype are characterized by a significant in-
crease in TC and TDC in the gallbladder’s and hepatic bile, 
accompanied by a significant increase in GGT level, in-
creased liver stiffness and steatosis degree. Cytokine pro-
file in children with CT-genotype of SNP rs11110390 NR1H4 
gene is characterized by higher levels of pro-inflammato-
ry cytokines – IL-6, TNF-α, but maintaining the balance 
due to compensatory increase of IL-10, while children 
with TT-genotype are characterized by shift the balance 
towards pro-inflammatory cytokines due to reducing the 
IL-10 level. Taking into account the prevalence of TT-gen-
otype of SNP rs11110390 NR1H4 gene in the pediatric pop-
ulation (10.5%), features of the course of NAFLD in SNP 
carriers, obese NAFLD children with TT-genotype should 
be considered at risk of the disease progression, which re-
quires timely correction.

CONCLUSION

TT-genotype of SNP rs11110390 NR1H4 gene carriage are 
associated with an increased likelihood of NAFLD devel-
opment in obese children. In children with TT-genotype 
of SNP rs11110390 NR1H4 gene an increase in the liver stiff-
ness and steatosis degree is observed in combination with 
an increase in taurine-conjugated fractions of bile acids 
in hepatic and gallbladder’s bile connected with biochem-
ical signs of cholestasis. In TT-genotype carriers of SNP 
rs11110390 NR1H4 gene a shift of cytokine balance towards 
inflammation is observed due to reduction of IL-10 levels.
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