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The aim of the study — to explore the gut microbiota composition and its association and
correlational relationship with biochemical factors in patients with nonalcoholic fatty
liver disease (NAFLD) compared to the patients without liver disease.

Materials and methods. 154 patients with NAFLD and 83 controls were included into
the study. The examination involved the biochemical parameters, ultrasound data,

elastography, identification of gut microbial composition by real-time PCR. Patients of
both groups were matched by patients charasteristics.

Results. There was higher level of Bacteroidetes in group of patients without NAFLD.

Actinobacteria range and Firmicutes/Bacteroidetes index (F/B index) in patients with NAFLD
was above in comparison with patients of control group. Age and BMI are the risk factors
for NAFLD development. Actinobacteria in NAFLD group positively correlated with Tumor
necrosis factor alpha (o), while F/B index was in strong relationship with ALT, TG, VLDL. The
F/B index was in negative correlational relationship with TNF-a. in group without liver injury.

Conclusions. The composition of the intestinal microbiota is different between group
of patients with NAFLD and controls. Actinobacteria and F/B index growth could be
discussed as one of the risk factor for the fatty infiltration development in patients
with NAFLD, taking to account the fact that F/B index could be associated with such
inflammation markers as ALT and TG. Simultaneously, the same microbiome phyla could
be the potential prevention factor of lipid disorders in patients without liver injury.
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Mema pobomu — docrnioumu cxk1a0 Kuukosoi Mikpodbiomu, ii acoyiayiro ma kopensyiuHui
38 "A30K I3 DIOXIMIYHUMU PAKMOPAMU Y NAYIEHMIE I3 HEATIKO2OTLHOIO HCUPOBOIO X8OPODOIO
neuinku (HA?KXII) nopisusano 3 nayicnmamu 6e3 3axe0pro6anb NEYiHKi.

Mamepianu i memoou. /o Oocnioocenns 3anyueno 154 nayienmie iz HAXKXII ma 83
0cobu KoumponvHoi epynu. Jlocniodcents 8KaONAN0 OIOXIMIUHI NOKA3HUKU, VIbMPA36YKOse
obcmedicenHst, enacmoepaqhilo nevinKu, GU3HAYEHHA MIKPOOHO020 CKIAJY KULUEUHUK) MEemOOOM
IJIP y peanvromy uaci. I pynu obcmedicenux nayienmis 6yiu peneeanmHuuMu Midic cooor.
Pesynomamu. YV epyni nayiecnmie 6e3 HAXXII cnocmepieascs euwuii pisensv epynu
baxmepii muny Bacteroidetes. Pisenv Actinobacteria ma inoexc Firmicutes/ Bacteroidetes
(F/B inoexc) y xeopux na HAXKXII 6ys euwum nopisHano 3 nayicHmamu KOHmMpoibHoi
epynu. Bixma inoexc macu mina (IMT) suznauerno sax pakmopu puzuxy posgumry HAXKXII.
Actinobacteria ¢ epyni nayieumis i3 HAXKXII nosumusno Kopenoeanu i3z NOKAZHUKOM
TNF-a, mooi sk indexc F/B ennusas na spocmanns araninaminomparncgepaszu (AJIT),
mpueniyepudis (TI), ninonpomeiois dyxce nuzvkoi winenocmi (JIIJIHIL]). ¥V nayicumis
epynu kowmponio F/B index necamusno xopenrosag iz TNF-o.

Bucnoeku. Cxnao mikpobiomy xuweunura ¢iopizusgcs y nayicumie 3 HAXKXII ma epynu
xoumpono. 3pocmanns Actinobacteria ma indexcy Firmicutes/ Bacteroidetes (F/B)
MOJHCHA po3enadamu K 0OUH i3 (hakmopie npocpecy8anus po3gUMKY cmeamo2enamumy
ynayienmie i3 HAKXTI, epaxogyouu mou paxm, wjo indexc F/B 6yenoe sizanutl i3 maxumu
maprepamu neuinkosoeo sananennus, sk AJT i TI, a Actinobacteria 3i 3pocmannam
TNF-a. Boonouac motu camuti mun bakmepiti (Actinobacteria ma F/B indexc) y nayienmie
0e3 orcuposoi inginempayii neuinKu NO3UMUBHO KOPeN08as 3i 3HUICEHHSM pIGHS
npoamepo2eHHo20 NOKA3HUKA apo-B ma niosuwennam 3axuchozo mapkepa apo-Al, wo
Modice 3anobicamu po36UMKY MemaOoniuHux ma JINIOHUX NOPYUIeHb, SKI NPU3B00simb
00 BUHUKHEHHS JHCUPOBOT THPINbMpayii newinKu.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a liver
disease that affects about 25-30 % of the population in
the developed countries. The development of NAFLD
is significantly influenced by genetic and environmental
factors [1]. Otherwise, more and more evidence points
to a close relationship between the composition of
microbiota and the development and progression of
NAFLD and its complications. The liver is first exposed
to contact with products such as bacterial endotoxins,
mainly lipopolysaccharide (LPS), unmethylated DNA
sequences that, when released into the liver, may trigger
an inflammatory reaction that affects the course of some
hepatic disorders [2]. Deriving from its anatomical
position, the liver receives 70 % of its blood supply from
the intestine through the portal vein, so it represents the
first line of defense against gut-derived antigens, and
one of the most exposed organs to gut-derived toxic
factors, such as bacteria and bacterial by- products [3].
Thus, the portal vein supplies the liver with blood rich in
digestive products, but also microbiological components
derived from the microbiota. Additionally, endotoxemia
can affect insulin resistance in NAFLD and exert its
hepatotoxic action through a compromised intestinal

barrier [4].
The gut microbiota is now considered as a major
metabolic internal organ, composed of >1014

microorganisms and containing a second genome (named
the metagenome), which is up to 100-400 times that of
humans. It consists of mainly anaerobic bacteria, of
which 60-90 % belong to two types: Bacteroidetes and
Firmicutes [5]. The intestinal microbiota is influenced
by diet, gastrointestinal infections, drugs used, mainly
antibiotics, age, body weight, past surgery and coexisting
diseases [6]. The intestinal microbiota is involved in
the metabolism of the host by the secretion of bioactive
metabolites, which affects the immune system and
permeability of the mucosal barrier. It takes part in the
fermentation of undigested food residues, the synthesis
of vitamin K and B group vitamins and in the synthesis
of short-chain fatty acids (SCFAs), which are the source
of energy for intestinal cells. The gut microbiota may
affect all risk factors for the development of NAFLD by
disturbing energy homeostasis, enhancing IR, increasing
oxidative stress, developing inflammation, and evoking
alteration of bile acids and choline levels [7]. Most
studies have shown that the levels of Firmicutes are
increased whereas those of Bacteroidetes are decreased
in obesity and its related diseases in humans as well as
rodents. Current evidence suggests that the increased
Firmicutes/Bacteroidetes ratio is a potential phenotype
of obesity [8].

Finding novel mechanisms for the pathogenesis of
NAFLD, in particular involving the microbiota, could
emphasize new research areas to develop new therapeutic
targets.

The aim of study

To explore the gut microbiota composition and
its association and correlational relationship with
biochemical factors in patients with NAFLD compared
to the patients without liver disease.
Kuninivyna Ta ekcriepuMeHTanbHa naronoris. 2023. T.22, Ne 1 (83)

Materials and methods

The study involved 154 patients of main group with
nonalcoholic fatty liver disease (72 men and 82 women)
aged from 23 to 77 years (average age 46.64+2.52
years) which were engaged to the ambulatory screening
in «Medicover Ukraine» (Lviv, Ukraine) and «Agency
Truskavetskurorty  (Truskavets,  Ukraine) during
2018-2020 years. The diagnosis of fatty liver infiltration
was based on liver transient elastography and ultrasound
examination. Likewise, the control group involved 83
almost healthy control subjects (38 men and 45 women)
aged from 25 to 55 years (an average 32+1.54 years) with
normal liver size, structure and parenchyma echogenicity
by transient elastography.

The average waist circumference in main group
was 94.6£1.09 cm (in men), 88.3+0.65 cm (in women),
in controls —91.2+2.1 cm in men, 83.6£1.8 in women.
The exclusion criteria for patients in this study were
history of significant alcohol consumption (> 20 g/day),
evidence of hepatitis B or C infection, autoimmune
hepatitis, histological evidence of other concomitant
chronic liver diseases, pregnant women, cirrhosis with
and without complications (ascites, variceal bleeding,
systemic infection, or hepatocellular carcinoma), history
of chronic inflammatory bowel disease or bariatric
surgery, or treatment with antibiotics within 1 month
before inclusion

Biochemical tests. Both groups of patients underwent
biochemical evaluation of serum that included blood cell
count, lipid profile (total cholesterol (TC), high-density
lipoproteins (HDL), low-density lipoproteins (LDL),
very low-density lipoproteins (VLDL), triglycerides
(TG)), C-reactive protein (CRP), alaninaminotransferase
(ALT), aspartataminotransferase (AST), gamma-glutamyl
transpeptidase (GGTP), bilirubin (total, direct, indirect),
urea, uric acid, albumin, total protein, tumor necrotizing
factor-a (TNF-a), apolipoprotein B (apo B), apolipoprotein
Al (apo A1), HOMA index. Biochemical tests were carried
out using commercially available test kits.

The ultrasound method as additional for the liver
elastography included the next signs for steatosis
as diffuse increase in the echogenicity of the liver
parenchyma, decreased attenuation on the liver and the
ratio between the brightness level of the liver and the
right kidney, that was calculated for the hepato-renal
index (HRI) determination [9].

Sample collection and DNA extraction. Fresh
stool samples were provided by each subject in a stool
container on site. Within 10 min upon defecation, the fecal
sample was aliquoted and aliquots were immediately
stored at 20 °C for 1 week until DNA isolation. DNA
was extracted from 1.5-2 frozen stool aliquots using the
phenol-chloroform method by protocol. DNA was finally
eluted in 200 pl elution buffer. The DNA quantity and
quality was measured by NanoDrop ND-8000 (Thermo
Scientific, USA). Samples with a DNA concentration less
than 20 ng or an A 260/280 less than 1.8 were subjected
to ethanol precipitation to concentrate or further purified,
respectively, to meet the quality standards.

Oligonucleotide primers. Quantification of different
taxa by qPCR using primers targeting the 16S rRNA
gene, specific for Firmicutes, Actinobacteria and
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Bacteroidetes, as well as universal primers was performed.
The primer sequences were: Bacteroidetes: 798cfbF
AAACTCAAAKGAATTGACGG (Forward)and cfb967R
GGTAAGGTTCCTCGCGCTAT (Reverse); Firmicutes:
928F—firm TGAAACTYAAGGAATTGACG (Forward)
and 1040FirmR ACCATGCACCACCTGTC (Reverse);
Actinobacteria:  Act920F3 TACGGCCGCAAGGCTA
(Forward) and Act1200R TCRTCCCCACCTTCCTCCG
(Reverse) and universal bacterial 16S rRNA sequences:
926F AAACTCAAAKGAATTGACGG (Forward) and
1062R CTCACRRCACGAGCTGAC (Reverse).

PCR amplification. PCR reaction was performed in
real-time thermal cycler Rotor-Gene 6000 (QIAGEN,
Germany). The PCR reaction conditions consisted of
an initial denaturing step of 5 min at 95 °C, 30 cycles
of 95 °C for 15 s, annealing for 15 s and 72 °C for 30 s,
and a final elongation step at 72 °C for 5 min. Every PCR
reaction contained 0.05 units/pl of Taq polymerase (Sigma
Aldrich), 0.2 mM of each dNTP, 0.4 uM of each primer,
1x buffer, ~10 ng of DNA and water to 25 pl. Samples
were amplified with all primer pairs in triplicates. The Cts
(univ and spec) were the threshold cycles registered by the
thermocycler. The average Ct value obtained from each
pair was transformed into percentage with the formula.

Identification of microbial composition.
Determination of microbial composition at the level of
major microbial phyla was carried out by identification
of total bacterial DNA, and DNA of Bacteroidetes,
Firmicutes and Actinobacteria was performed with
quantitative real-time PCR (qRT-PCR), using gene-
targeted primers.

Statistical analysis. The reliability of changes in
indicators in the normal distribution in the sample
was determined by the paired Student’s t test, in case
of difference from the normal — by the criterion of
F. Wilcoxon. Differences were considered statistically
significant for p<0.05. The data distribution was
investigated by the graphical method and by the Shapiro-
Wilk normality test. Correlational relationship was
examined by calculating Pearson’s product moment
correlation coefficients (r) on raw data. All calculations
charting were carried out in the programming language
R in the development environment of RStudio.

Results and Discussion
Biochemical and antropomentic charasteristics of
patients included into the study is given below in Table 1.

Table 1

Clinical and biochemical variables for patients with nonalcoholic fatty liver disease (n=154) and controls (n=83)

Variables (mean+SD) Main (n=154) Control (n=83) p
Age, years 46.64+2.52 32+1.54 *0.0000006088
BMI 27.61+0.73 23.37+0.7 *0.0002169
TC, mmol/L 6.2+0.21 5.9+0.28 0.2089
TG, mmol/L 2.240.36 1.12+0.09 *0.000689
HDL, mmol/L 1.3+0.06 1.52+0.07 *0.01144
LDL, mmol/L 3.98+0.17 3.5840.23 *0.00979
VLDL, mmol/L 1.09+0.16 0.77£0.07 0.2089
HOMA 3+0.2 1.55+0.04 0.07143
Glucose, mmol/L 5,3+0,28 5,05+0,10 0,108
Apo B 1.28+0.06 1.01+0.06 0.1649
Apo Al 1.47+0.04 1.39+0.03 0.5678
ALT 35,99+5,32 32,65+6,09 0,2558
AST 27,02+3,01 23,9+2.23 0,2615
GGTP 40,82+5,65 31,4543,58 0,4519
Total bilirubin 11,741,31 17,16+£1,78 *0,01851
Direct bilirubin 3,31+0,30 3,64+0,40 0,7049
Indirect bilirubin 9,00+1,09 13,41+1,74 0,1009
CRP 4,01+0,80 2,28+0,29 0,3692
TNF-a 5,90+0,39 4,43£0,02 0,1642
Uric acid 369.57+16.46 322.40+15.04 0.1738
Urea 5.47+0.37 4.04+0.14 *0.008226
Alkaline phosphatase 74.59+3.75 69.40+4.28 0.469
Albumin 45.24+0.88 46.334£1.20 0.9818
Total protein 71.56+£0.84 72.52+1.08 0.8189

Due to the results, the range of LDL was significantly
higher in patients with NAFLD than in controls. HDL in
control group exceeded the level in main. TG were higher
in NAFLD with significance of difference 0.000689.
BMI was higher in the main group (p=0.0002169).

The microbiota composition was evaluated in
both groups, where the main phylum of bacteria were
explored — Bacteroidetes, Firmicutes, Actinobacteria,
Firmicutes/Bacteroidetes ratio. The results of analysis
are presented in the Fig. 1.
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According to this picture, the level of Bacteroidetes
in controls was significantly higher than in patients with
NAFLD. Actinobacteria range in patients with NAFLD
was above than in patients of control group. F/B index
exceeded in patients with NAFLD.

The significant difference in the age of patients
was not the reason to mark the groups of patients as
nonrelevant. As we see in different data — age is one of
the risk factor for the NAFLD development. Thus, the
age of patients without fatty infiltration could be less and
is not the reason to change the design of study.
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Fig. 1. The composition of intestinal microbiota in patients with NAFLD and controls.

Moreover, one of the important points was paid
to the correlational relationship between the age and
NAFLD presence in the merged group of all patients. It
was r=0.54 and showed that NAFLD is associated with
age in our study too. Thus, this point has to be marked
as the risk factors of fatty infiltration. Consequently,
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the groups are relevant to each other and could be in
comparison.

Taking into account the results, it was interesting to
pay attention to the correlational relationship between
different phylum of bacteria and biochemical markers not
only in patients with NAFLD, but also in controls (Fig. 2).
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Fig. 2. The correlational relationship between microbiome and biochemical markers in patients with NAFLD.

The negative correlational relationship was marked
in NAFLD group between Bacteroidetes and Firmicutes
(r=—-0.68), Bacteroidetes and Actinobacteria (r=—0.56),
Bacteroidetes and F/B index (r=—.056).

Actinobacteria in NAFLD group positively correlated
with TNF-a (r=0.41, p<0.05). F/B index was in strong
relationship with ALT (r=0.61, p<0.05), TG (r=0.53,
p<0.05), VLDL (r=0.4, p<0.05).

In controls Bacteroidetes strongly correlated with
Firmicutes (1= —0.93), Actinobacteria (= —0.84), F/B
index (r=-0.88). Actinobacteria was in correlation with
Apo-Al (r=0.74), Apo-B (r=—0.74). The correlational

Kuninivyna Ta ekcriepuMeHTanbHa naronoris. 2023. T.22, Ne 1 (83)

relationship was marked between Bacteroidetes and
Apo-Al (r=-0.43), Apo-B (=0.44). F/B index was in
strong correlation with Apo-B (r=-0.61), apo-A1l (r=0.6)
and in negative correlation with TNF-a.

In 1921, B.Hoefert first drew attention to the
significant changes in the composition of the intestinal
microbiota in patients with chronic liver disease [10].

The traditional theory of two hits in the pathogenesis
of NAFLD is currently being developed and replaced
with the multiple parallel hits hypothesis, describing
NAFLD as a result of the action of many factors acting

simultaneously [11].

ISSN 1727-4338  https://www.bsmu.edu.ua

71



72

OpuriHanbHi JOCIIIPKEHHS

Alkaline.phosphatase

Total.bilirubin
Indirect.bilirubin

Direct.bilirubin

g
e

JmnQ
<O

CRP
TC
TG
HDL
LDL

AST

GGTP

Alkaline. phosphatase
Total.bilirubin
Indirect.bilirubin
Direct.bilirubin

TC

TG

HDL
LDL
VLDL
Glucose

Bacteroidetes
Firmicutes
Actinobacteria
F.B

BM @
HOMA

Uric.acid L)

Urea ® []

Creatinine
Albumin
Total.protein
NF.a

VLDL
Glucose
Apo.A1
Apo.B

Bacteroidetes
Firmicutes
Actinobacteria
F.B

BMI
Total.protein

Uric.acid
TNF.a

HOMA
Urea
Creatinine
Albumin

[ ]

0.8

0.6

F o4

F 02

r-0.2

r-04

-0.6

-0.8

=1

Fig. 3. The correlational relationship between microbiome and biochemical markers in patients without NAFLD.

First of all, hyperinsulinemia, which is a well
known trigger of hepatic fibrosis progression. Insulin
resistance leads to an increase in levels of free fatty acids
(FFAs) by up-regulation of their hepatic synthesis and
enhancement of adipose tissue lipolysis. When the level
of FFAs exceeds the possibility of their transformation
and transport to peripheral tissues (as very low density
lipoprotein — VLDL), oxidative stress occurs, which
leads to alteration in the adipokine profile, increased
production of pro-inflammatory cytokines (TNF-a, IL-6)
and, consequently, to the development of fatty infiltration
[12,13].

The human body functions in close relationship with
bacteria that predominantly inhabit the gastrointestinal
tract to produce essential amino acids, vitamins and
digesting plant polysaccharides. The majority of healthy
gut microbiota comprises Bacteroidetes and Firmicutes;
their ratio has been found altered in human and mice
obesity. Many studies have explored the possible causes
of metabolic syndrome occurrence in its co- morbidities,
including NAFLD [14, 15].

Various studies show not entirely consistent data on
the bacteria that predominate in gut microbiota. Among
patients with obesity, a decrease in the number of bacteria
was found from the phylum Bacteroidetes, and the
rise of Firmicutes. Similarly, a reduced percentage of
Bacteroidetes was observed in patients with NASH when
compared to those with simple steatosis or without liver
injuring [16]. Another paper by Boursier et al., in which
57 patients with biopsy proven NAFLD were examined,
confirmed a definite increase in the number of Bacteroidetes
in patients with NASH and the growth of Ruminococcus
bacteria (phylum Firmicutes) in patients with existing liver
fibrosis and reduction of Prevotella bacteria (Bacteroidetes
type) in patients with NASH [17]. However, there were
also studies in which no significant differences in the
number of types of bacteria were found [18].

ISSN 1727-4338  https://www.bsmu.edu.ua

Gut microbiota may stimulate hepatic fat deposition
and promote NASH though several mechanisms:

1. It promotes obesity by improving energy yield
from food

2. It regulates gut permeability,
inflammation and immune balance

3. It modulates dietary choline metabolism

4. It regulates bile acid metabolism

5. It increases endogenous ethanol production by
bacteria

Systemic increase of hepatic expression of TNF-a
correlates with circulating high levels of LPS binding
protein in patients with NAFLD, and leads to a greater
extent in patients with NASH [19, 20].

In our study the Actinobacteria growth was the
threatening factor for those patients who were diagnosed
with NAFLD by its further possible correlation with
TNF-a invreasing, that is the potential marker of
steatohepatitis. Also, F/B that exceeded in patients with
NAFLD was in positive correlation with such markers
as ALT (r=0.61), TG (r=0.53), VLDL (r=0.4). Taking
into account such factors we can suggest that separate
bacteria phyla in gut microbiota could be the potential
markers of fatty infiltration development.

The difference in the composition of the microbiota
in patients with NAFLD and patients in the control
group is important, as it gives reason to believe that the
level of bacteria in NAFLD, especially those bacteria
that are aggressive and provoke pro-inflammatory
and dysmetabolic processes, will get the chance to
be corrected by targeted probiotic therapy or fecal
transplantation methods in the nearest future [21].

It is interesting, that the same gut bacteria — F/B and
Actinobacteria — have been reduced the proatherogenic
Apo-B and increased the protective Apo-Al factors in
patients without NAFLD. Thus, we can hypothesize that
the microbiome could provoke the development of fatty

low-grade
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infiltration in case of NAFLD presence. Vice versa, the
same bacteria could be the protective factor in patients
without liver injury and prevent the increasing of factors
that are leading to the lipid metabolism violation. The
same bacteria manifest themselves in different ways —
aggressively or protectively in the presence or absence
of fatty steatosis. Probiotic therapy should be selected
taking into account this factor and may differ depending
on whether fatty infiltration is present.

Conclusions

1. Actinobacteria range and F/B index in patients
with NAFLD was above than in patients of control
group. Bacteroidetes level in controls was significantly
higher than in patients with NAFLD.

2. The Actinobacteria growth in patients with
NAFLD could provoke TNF-a increasing — one of the
main factors of nonalcoholic steatohepatitis development.

3. F/B index is associated with such markers of liver
injury as ALT and TG.

4. Actinobacteria and F/B index growth could be
discussed as one of the markers for fatty infiltration
development in patients with NAFLD.
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