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AHHOTALMA

HeankoronbHas supoBasa 6onesHb neveHn (HAMKBI) — wupoko pacnpocTpaHEHHOE XPOHMYEeCKoe, MedneHHo Mmporpec-
cupylollee MeTabonmyeckoe MHorogakTopHoe 3aboneBaHue, NpeacTaBneHHoe PALOM KIMHUKO-MOP(ONOrnieckux Gpopm:
CTeaTo30M, HeasnKkoronbHbiM cTeatorenatutoM (HACT) (c ¢ubposom mnm 6e3 Hero) 1 LMppo3oM neyeHu. MoMCK ManomH-
Ba3MBHbIX M 3KOHOMMYECKM 3ddeKTUBHBLIX boMapKképoB HAMKEI aBnaeTca KnioyeBon 3adadven B AMarHoCTUKe, CTaampo-
BaHWM NPOrpeccUpoBaHMA U [onrocposHoM MoHuTopuHre HAMKBIT. ObcyrkpaeTcs BO3MOMHOCTb MCMO/b30BaHWA HanaHca
MMMYHHBIX KNIETOK B Ka4eCTBe NOTEHLMasbHbIX MajloMHBa3MBHBIX Nepudepuyeckmx Mapkepos nporpeccupoBanma HAMKBI.
B nporpeccvpoBanum HACT (0T cTeato3a K ¢uMbposy M LMppo3y) BaxHylo pojib MrpaeT BOCManeHWe, peanusyloLleecs
3a CYET aKTMBauMK KneTok Kyndepa v noBbILEHHOW MUrpaLyUM MOHOLMTOB, JEHAPUTHBIX KNETOK, HEMTPODMIIOB, aKTMBM-
poBaHHbIX T-MMMAMOLMTOB B TKaHW opraHa. Makpodaru, npomcxofALime U3 MOHOLMTOB, Mo Mepe nporpeccupoBaHma HACT
MOCTENeHHO HauMHaloT npeobnapatb Haf NynoM pe3uaeHTHbIX Makpodaros. Puck passutua HACT v ¢mbposa y naumeHToB
¢ HAXKBIT noBbILaeTcA € yBENMYEHWMEM COOTHOLLEHUA HEMTPOGUIOB/NMMAOLMTOB B NeYeHM. YBenmyeHne konuyectsa Th17
U CHUMKeHe — Treg-KNeToK MoryT cnocobcTBOBaTh YCUEHUIO CTeaTo3a NeveHn U passuTuio BocnaneHua npu HAMKBI,
a TaKKe YCKOPATb Mepexof 0T NPOCTOro cTeato3a K cTeatorenatuty U Gpubposy. MpeacTaBneHsbl cBefeHnA 06 yqacTum He-
Koaupytowmx PHK B perynaummn 6anaHca MMMyHHbIX KneTok npu HAMKBI, 4To No3BoNAeT TaKKe paccMaTpMBaTh UX KaK [0-
MOJHUTENbHbIE, HApALY C KNETOYHbIMKU, MapKEPbI NPOrpeccMpoBaHuA JaHHOro 3aboneBaHus.
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Immune cell balance as potential biomarker
of progressing non-alcoholic fatty liver disease
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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) is a widespread chronic, slowly progressive metabolic multifactorial disease. It is
represented by several clinical and morphological forms: steatosis, nonalcoholic steatohepatitis (NASH) (with or without
fibrosis), and liver cirrhosis. The search for minimally invasive and cost-effective biomarkers of NAFLD is a key task in
the diagnosis, staging of progression, and long-term monitoring of NAFLD. This article discusses the possibility of using
immune cell balance as potential minimally invasive peripheral markers of NAFLD progression. In the progression of NASH
from steatosis to fibrosis and cirrhosis, inflammation plays an important role because of the activation of Kupffer cells and
increased migration of monocytes, dendritic cells, neutrophils, and activated T lymphocytes into the tissues. Macrophages
originating from monocytes, with NASH progression, gradually begin to prevail over the pool of resident macrophages. The
risk of NASH and fibrosis development in patients with NAFLD increases with the ratio of neutrophils/lymphocytes in the liver.
An increase in the Th17 cell count and a decrease in T-regulatory cell count can contribute to increased hepatic steatosis
and inflammation development in NAFLD and accelerate the transition from simple steatosis to steatohepatitis and fibrosis.
Information on the participation of noncoding RNAs in the regulation of the balance of immune cells in NAFLD is presented,
which also allows us to consider them as additional, along with cellular, markers of disease progression.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a widespread,
slowly progressing, multifactor metabolic disease. According
to different authors, 20%-40% of the planet’s population
is affected by NAFLD. By 2030, liver cirrhosis (LC) as an
outcome of NAFLD is predicted to top the list of indications
for liver transplantation. NAFLD is already a major cause
of liver-associated morbidity and mortality in developed
countries. In Russia, NAFLD now holds a leading position
among internal organ diseases [1].

Of particular interest at present is the problem of
detailed NAFLD pathogenetic mechanisms that underlie its
progression. NAFLD involves lipid overaccumulation (>5%)
in the liver with the development of insulin resistance,
inflammation, and fibrosis and proceeds in stages from
steatosis to steatohepatitis and LC. The sequence of
NAFLD clinical morphologies is distinguished according to
the following stages: steatosis, nonalcoholic steatohepatitis
(NASH) (with or without fibrosis), and LC [1, 2].

Nonalcoholic fatty liver disease pathogenesis involves
complex mechanisms, including lipotoxicity, induction of
insulin resistance, inflammation and death of hepatocytes
(necrosis and apoptosis), activation of stellate cells,
fibrogenesis, and fibrosis, which cause NASH and
its subsequent transformation into LC. Nonalcoholic
steatohepatitis (NASH) manifests as inflammatory
infiltration of the liver parenchyma and stroma with
ballooning of hepatocytes and focal necrosis. NASH is
an intermediate and central stage in the succession of
a single pathological process (nonalcoholic steatosis and
nonalcoholic steatofibrosis). Hepatic steatosis is an early
form of NAFLD with a benign clinical course, whereas
NASH develops with potential progression to LC and
hepatocellular carcinoma. The mortality rate in patients
with NAFLD is higher than that in the general population
because not only of hepatic causes but also cardiovascular
catastrophes and otopathology.

The key problems in diagnosing NAFLD are differentiating
NASH from simple steatosis and identifying liver fibrosis.
The gold standard for handling these problems is liver
biopsy; however, it has some major drawbacks such as
invasiveness, risk of life-threatening complications, poor
tolerability, sampling variability, and high cost. There is also
a financial perspective to this technique because it requires
hospital confinement and a certified specialist to perform
the procedure. Furthermore, the amount of tissue taken for
liver biopsy is only approximately 1/50 000 of the organ’s
total volume and cannot faithfully represent damage,
inflammation, and fibrosis [3].

Finding minimally invasive and cost-effective biomarkers
of NAFLD is a key challenge for its diagnosis, staging, and
long-term monitoring.
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APPROACHES FOR ASSESSING
NAFLD PROGRESSION

Two different approaches to minimally invasive
techniques are employed: the “biological” approach based
on the quantification of biomarkers in blood samples and
the “physical approach based on the measurement of liver
stiffness by ultrasonic or magnetic resonance elastography.”
As to the “physical” approach, the most popular today
are imaging techniques, such as ultrasonography (USG),
magnetic resonance imaging (MRI), computed topography,
and elastography; however, these methods have certain
limitations. USG, the most readily available method, can
detect fat accumulation in the liver but cannot identify
the degree of inflammation or fibrosis [4]. USG detects
a diffuse increase in liver echogenicity versus kidney
echogenicity and US attenuation with poorer visualization of
the intrahepatic vessels and diaphragm. The diagnostic value
of USG is notably lower in patients with obesity because of
signal attenuation within the subcutaneous adipose tissue.
The sensitivity of this method ranges from 60 to 95% and its
specificity is 84—100%; however, the levels in patients who
are obese dropped to 49 and 75%, respectively [5].

The nonabsolute efficacy of imaging methods in
diagnosing NAFLD urges researchers to look for new
variations of these methods and combine them with blood
biochemical parameters to improve diagnostic accuracy [6].

Fibrosis grading is a decisive tool for NAFLD diagnosis
and prognosis. Transformed into myofibroblasts under
the effect of multiple stimuli (apoptotic bodies, cytokines,
endotoxins, free radicals, and adipokines), stellate cells
synthesize connective tissue proteins. Several informative
biomarkers of fibrosis in patients with NAFLD have
been identified, such as the levels of hyaluronic acid [7],
cytokeratin 18 [8], fibroblast growth factor 21 [9], type lll
procollagen peptide [10], and type IV collagen 7s [11]. For
accurate grading of fibrosis, researchers have designed
composite laboratory tests encompassing several indices
that reflect the different perspectives of the complex fibrosis
process, such as the liver fibrosis index-4 (FIB4) [12], NAFLD
fibrosis score (NFS) [13], and aspartate aminotransferase
[AST]/platelet ratio index (APRI) [14].

Some studies have attempted to use serum biomarker
levels as the basis for designing predictive models for
diagnosing or grading steatosis (such as the fatty liver index)
or for staging fibrosis (e.g., NFS). In particular, the level of
circulating keratin 18 fragments can be used to differentiate
patients with NASH from those with simple steatosis,
procollagen Il N-Terminal propeptide (PIIINP), or Pro-C3
content to identify patients with advanced fibrosis [15, 16].
Some of them are specific to NAFLD (e.g., BARD scores
and NFS), whereas others were originally designed for
hepatitis C (AST/alanine transaminase [ALT] ratio, APRI, and
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FIB-4 fibrosis score). Some of these are patented formulas
(FibroTest, Fibrometer, Hepascore, and the Enhanced Liver
Fibrosis test). Researchers note the practical advantages
of applying serum biomarker levels, such as good
interlaboratory reproducibility and potential widespread
availability; however, none of them are liver-specific, and
their results can be influenced by comorbid conditions [17].
No highly sensitive and specific blood tests are available
thus far to differentiate NASH from simple steatosis. None
of the imaging methods can reliably differentiate NASH
from simple steatosis, although the performance of MRI-
based methods is promising. In advanced fibrosis, the most
accurate and confirmed identification methods include
magnetic resonance elastography, transient elastography,
FIB-4, and NFS. Finally, accumulating evidence shows
that the quantification of serum markers and assessment
of liver stiffness by transient shear wave elastography
accurately identify the subgroup of patients with NAFLD
who have a higher risk of liver-related complications or liver
transplantation [13, 17, 18].

Thus, a topical issue on the agenda is the search for
new biomarkers of NAFLD progression. A suggestion
regarding biochemical markers, e.g., using the content of
some proteins in plasma, namely, PNPLA3 and PPP1R3B as
biomarkers of steatosis and COL1A1 as a potential marker
of fibrosis in NAFLD [19], is useful. Studies have argued
that single biomarkers are hardly diagnostic or predictive of
disease stages because of their heterogeneity [20].

Disease risk and severity can be evaluated using
a combination of biomarkers. Thus, Watt et al. [20]
suggested using the level of cytokines (interleukin [IL]-6,
IL-8, and tumor necrosis factor [TNF]-a) and two markers of
fibrosis (PIIINP and ST2/IL-33R) as diagnostic differentiators
between simple steatosis and nonalcoholic steatohepatitis.
Considering the complex pathogenetic mechanisms behind
NAFLD, markers of disease progression may also be diverse.
The key is to identify markers that are clearly related to
specific NAFLD forms and degrees of fibrosis and can be
estimated by minimally invasive techniques, e.g., using
peripheral blood.

IMMUNE CELL BALANCE AS
A POSSIBLE MARKER OF NAFLD
PROGRESSION

The mechanisms underlying NAFLD pathogenesis include
inflammation, cytotoxic effect of excessive nonesterified
fatty acids and their metabolites, and development of
insulin resistance. An important factor in the progression of
nonalcoholic steatohepatitis (from steatosis to fibrosis and
LC) is inflammation, which is affected by the activation of
resident hepatic immune cells, namely, Kupffer cells (KCs),
and intensified migration of dendritic cells (DCs), neutrophils,
and activated T cells to the organ tissues. Macrophages
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in adipose tissue synthesize proinflammatory cytokines,
generating chronic mild inflammation in the organism.
Structural alterations of hepatic cell membranes by lipid
peroxidation and the transport of intestinal bacterial products
to the liver by the portal bloodstream trigger the activation of
hepatic macrophages, which begin to secrete inflammatory
cytokines, chemokines, and adhesion molecules, inducing
the recruitment of inflammatory cells to the liver. Levels of
genes encoding markers of immune cell differentiation are
epigenetically regulated by noncoding RNAs [21], which are
differentially expressed under inflammation and at different
stages of NAFLD progression [22, 23]. MicroRNAs regulate
gene expression at the transcriptional and posttranscriptional
levels. Generally, microRNAs bind complementarily to
the 3’-untranslated region of mRNA (3'UTR) of the target
genes. This leads to mRNA degradation or translational
repression [24]. However, some microRNAs can stabilize
mRNA or promote translation by binding to the 5" UTR of
mRNAs. Long noncoding RNAs (LncRNAs) include a diverse
class of RNAs, including long intergenic RNAs, enhancer
RNAs, and sense or antisense transcripts [23]. They perform
various functions, including the regulation of transcription,
formation/organization of the nuclear domain, and regulation
of protein function and stability and microRNA levels through
their binding or, in other words, “sponging” (competitive
RNAs). They can encode small proteins or peptides.
Epigenetic factors are directly involved in regulating
the balance of immune cells. Several microRNAs and
LncRNAs associated with the Th17/regulatory T cell (Tregs)
ratio and differentiation of M1 and M2 macrophages have
been identified [25-27]. The profile and quantity of these
noncoding RNAs are likely to be associated with changes
in the pool of immune cells and can be used as additional
markers of NAFLD progression, particularly in cases where
liver biopsies are needed to assess immune cell balance.

T cells

In addition to the activation of innate immunity,
the response incites adaptive immune cells, namely, Th1
and Th17 helper cells. Th17 cells recruit leucocytes (mainly
neutrophils) to the inflammation site by secreting various
cytokines. Chronic mild local and systemic inflammation
is maintained. Proinflammatory cytokines initiate
the transformation of stellate cells into myofibroblasts and
induce fibrosis. Thus, immunocompetent cells mainly affect
the inflammation process in the liver. Hepatic stellate cells
(HSCs) are potential key actors in the inflammation process
and regulate fibrosis development because of their ability
to transdifferentiate into myofibroblast-like cells [28].
In another study, the authors [29] isolated mouse HSCs,
and these cells were activated by treatment with interferon
gamma (IFNy) solution or by coculture with T lymphocytes.
On the surface of activated HSCs, increased expression
levels of major histocompatibility complex class | molecules,
costimulatory molecules, and death protein ligand 1 (PD-L1)
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were observed. The decrease in the proliferation index and
cytotoxic activity of CD8* T cells when cocultured with HSCs
is likely associated with an increased interaction between
PD-L1 on the surface of HSCs and PD-1 expressed by CD8*
T cells [29].

Data revealed that liver-infiltrating CD4" cells play
a decisive role in the development of inflammation and
fibrosis in chronic liver diseases, including NAFLD [30, 31].
CDA4* cells are heterogeneous cells with varying functional
characteristics. Tregs mediate immune tolerance, inhibit
the proliferation and activation of effector cells, and
prevent excessive immune responses. Th17 cells mediate
inflammation. Tregs and Th17 cells differentiate from naive
CD4* T cells. The balance between Tregs and Th17 cells
maintains immune homeostasis. However, in pathological
conditions, this balance is impaired [32]. Most studies
on the role of these cells in NAFLD pathogenesis were
performed with mice with steatosis or steatohepatitis
induced experimentally by feeding them a high-fat diet
(HFD-induced steatosis). The development of HFD-induced
steatosis was accompanied by depleting hepatic Treg
pool. Adoptive transfer of Tregs notably reduced liver
inflammation in mice fed a HFD [33]. A rise in the quantity
of Th17 cells, which produce the proinflammatory cytokine
IL-17 (a key chemoattractant for neutrophils) may promote
hepatic steatosis and inflammation in NAFLD and accelerate
the progression from simple steatosis to steatohepatitis
[34]. The transcription factor RORyt is one of the key
factors of Th differentiation toward Th17. In mice with HFD-
induced NASH, compared with animals receiving a normal
diet, the level of proinflammatory CD4*RORyt™ cells was
the highest in visceral fat, whereas their subcutaneous fat
contained high amounts of anti-inflammatory Tregs. The
authors suggested that Treg increase in the SAT attempts to
restore the proinflammatory-prone Th17/Treg balance [35].
In addition, the study revealed that the CD4*RORyt*™ and
CD4*CD25"FOXP3* cell populations correlated with disease
severity graded by glucose and cytokine levels and by
histological parameters, particularly lobular inflammation.

Some information on the T cell profile in humans with
NAFLD is available. In particular, patients with steatosis
and nonalcoholic steatohepatitis were found to have
lower frequencies of resting Tregs (CD4*CD45RA*CD25*)
and higher frequencies of IFNy" and/or IL-4* cells in
the peripheral blood than healthy people [36]. IFNy is
a proinflammatory Th1-associated cytokine. An increased
frequency of Th1 cells and Th1-related genes in NAFLD was
reported in both humans and experimental mouse models
[37]. Steatosis progression toward NASH is accompanied
by an increase in the number of IL-17-producing cells in
the hepatic tissue [36]. The authors sought immunological
parameters in the peripheral blood to differentiate between
steatosis and NASH. The Th17/rTreg and Th2/rTreg ratios
in the peripheral blood were significantly higher in patients
with NASH than in those with steatosis. Seike et al. revealed
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the differences between the T cell profiles of the blood
mononuclear fraction in healthy individuals and patients with
NAFLD [38]. The CD25*CD45CD4* cell count was higher in
patients with advanced-stage NAFLD and progressing liver
fibrosis, indicating immune activation. Wang et al. [39]
examined correlations between the subpopulations of T cells,
Tregs, and liver fibrosis grade in patients with NAFLD. They
found that the Th17 cell count and the Th17/Treg ratio were
higher in the affected group than in the control group and
correlated positively with ALT and AST activities, malonic
dialdehyde levels, and contents of type Il procollagen and
inflammation factors. Patients with NAFLD were divided
into groups A (Th17/Treg ratio <1.15) and B (Th17/Treg ratio
>1.15). Liver damage indices, hepatic fibrosis grade, and
levels of inflammation markers were higher in patients with
a Th17/Treg ratio =1.15 [38].

Thus, alterations in T cell balance in the peripheral blood
and liver may be a marker of NAFLD progression. The Th17/
Treg balance is regulated by miR-195 [25]. Overexpression of
miR-195 in rats with experimentally induced NAFLD reduced
the Th17/Treg ratio by inhibiting CD40 expression (CD40 or
TNFRSF5 is a costimulatory protein of antigen-presenting
cells, a receptor in the TNF receptor suprafamily). IncRNA
MEG3 is another regulator of the Treg/Th17 ratio [26].
LncRNAJPX shatters the Treg/Th17 balance in allergic rhinitis
by targeting the miR-378g/CCL5 axis [21]. The regulation of
Treg/Th17 balance is influenced by IncRNA KCNQ10T1 [40].
Moreover, IncRNA HOTAIR is an actor in the activation of
stellate cells and development of fibrosis. It inhibits miR-17-
5p, promoting RORyt-mediated differentiation of Th17 cells,
intensified IL-17A secretion, and HSC activation [41].

An important player in Treg homeostasis and survival is
miR-155 [42-44]. MiR-155 is involved in the differentiation
and survival of CD4* Th cells [45]. The expression of miR-155
in activated CD4" T cells may promote Th17 differentiation
[46], and the knockout of the BIC gene, which encodes this
microRNA, disrupts the Th1/Th2 balance in CD4* T cells
in vitro [47]. In vitro experiments demonstrated that miR-
155-deficient T cells overproduced IL-4 and underproduced
IFNy compared with cells derived from wild-type mice [47].

Natural killer T (NKT) cells

Natural killer T cells (NKT cells) are a heterogeneous
group of unconventional T cells that express markers
characteristic of both natural killer and T lymphocytes
[48]. They are characterized by the T cell receptor (TCR)-
CD3 complex and the molecules CD56 and CD16 typical of
NKT cells on the surface. NKT cells are classified as innate
immune cells. In addition to their cytotoxic function, they
produce Th1 and Th2 cytokines (primarily IFNy and IL-4).
NKT cells have a regulatory function, limiting the intensity
of the immune response and autoaggression [49, 50]. These
cells also express adhesion molecules (LFA-1, LFA-2, and
LFA-3; aMB2, aXB2, L-selectin, VLA-4, and VLA-5; PECAM-1;
and CEACAM-1), cytokines, and chemokine receptors
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(IL-1R, IL-2ra, IL-2Rb/IL-2Rc, IL-6Ra, IL-7Ra, IL-8R, IL-10R,
IL-12RB1, IL-15ra, IL-18R, IL-21ra, IFNGR2, TGFBR, c-Kit,
CXCR1, CXCR3, CXCR4, CCR4, CCR5, CCR6, CCR7, IChemR23,
and CX3CR1) [51, 52]. NKT cells can be activated by both
self-antigens and foreign antigens, which are represented by
lipids and glycolipids [53]. Most NKT cells recognize antigens
through the transmembrane protein molecule CD1d, which
is a nonclassical MHC molecule that can present lipids. After
the binding of CD3 and CD1d, NKT cells are activated and
quickly begin to produce Th1 and Th2 cytokines. CD1d is
expressed on KCs, HSCs, hepatocytes, circulating DCs, and
hepatic sinus endothelial cells [54].

In mouse liver, NKT cells constitute 20%-30% of the total
population of hepatic lymphocytes; however, this percentage
is much lower in humans (<1% of hepatic lymphocytes) [55].

Based on their TCR subunit composition, these cells can
be divided into two subpopulations: classical NKT, also known
as type | or invariant (iNKT), which express a semi-invariant
TCR [56], and nonclassical NKT or type I, whose TCR has
a wider repertoire [57]. Mature NKT cells are characterized
by the presence of CD56- and MHC-hinding receptors on
their surface, such as CD94/NKG2A and immunoglobulin-
like receptors (KIR). To examine the role of NKT cells in
the pathogenesis of liver diseases, mice with experimentally
induced steatosis or steatohepatitis were used. These cells
are conserved in humans and mice. The highly conserved TCR
in humans consists of the Va24-Ja18 subunits paired with
the Vb11 subunit, which is specific for glycolipid antigens.
Mouse iNKT cells express the TCRaVa14/Ja18 chain paired
with the more diverse TCRBV[38.2, VB7, and VB2 chains. Type
[I NKT cells express a relatively more diverse TCR repertoire
and appear to have regulatory functions [58]. Type Il NKT
cell TCR contacts its ligand primarily through its Bchain
rather than the achain, suggesting that the TCR VB chain
significantly contributes to the fine specificity of type Il Ag
NKT cells. Thus, type Il NKT cells use TCR binding features
common to both iNKT and conventional T cells. Therefore,
both subsets of NKT cells exhibit different modes of antigen
recognition [59, 60].

Invariant NKT cells develop in the thymus and spread
to the periphery. Although they are most commonly found
in the liver, they are also found in the thymus, spleen,
peripheral blood, bone marrow, and adipose tissue.
Compared with mice, humans have fewer iNKT cells and
have large differences in the number of circulating iNKT cells
[55, 59].

Similar to what occurs with other innate immune cells
(such as macrophages, NKT cells, or neutrophils), NKT cells
rapidly respond to stimulation capable of activating them
by secreting large quantities of various effector cytokines
and chemokines [61]. Because of the wide repertoire of
cytokines that NKT cells can secrete, these cells participate
in various immune responses, including responses against
infectious agents [62, 63] and tumors [60], regulating
different autoimmune and inflammatory diseases [64].
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The mechanism of involvement of NKT cells in
the regulation of inflammatory reactions in the liver is
associated with their interaction with KCs, which can
enhance or, conversely, reduce liver damage [65]. CD1d
molecules on the surface of KCs present TCR glycolipid
antigens to iNKT cells, which activates iNKT cells [66].
IL-12, IL-1B, and IL-15, which are produced by KCs, recruit
iNKT cells, promote their activation, and maintain their
population [67, 68]. In the early stages of NAFLD, iNKT cells
are recruited to participate in the repair of liver damage by
secreting IL-4 [69]. In methionine—choline-deficiency (MCD)
animals, iNKT cells are recruited, aggregated into small
clusters, and dynamically interact with KCs in the early
stage of steatohepatitis. Most importantly, iNKT cells can
phagocytose free lipids released by necrotic hepatocytes
while being in a nonclassical activation state with a high
IFN-y expression [70]. Given the key roles of KC and iNKT
cells in the early stages of NAFLD, their interaction represent
a significant driving force in NASH progression. However,
their precise role and interaction in mediating NAFLD
progression caused by the toxic effects of excess free and
oxidized lipids in the liver remains largely unknown.

Invariant NKT and type Il NKT cells may play opposite
roles in the development of liver diseases. Moreover,
literature data indicate both the protective and pathogenetic
roles of these cells in liver damage [71-75]. Evidence shows
that in liver injury, type | NKT cells predominantly play
a proinflammatory role, whereas type Il NKT cells suppress
inflammatory responses. The functions of type | NKT cells in
NAFLD were assumed to be similar to those of CD8" T cells,
which play a significant role in NASH progression. In contrast,
type Il NKT cells are mainly involved in immunoregulatory
functions because of their ability to suppress inflammation.
However, the role of type Il NKT cells in liver protection is
still poorly understood [74]. Further research is required to
identify their possible roles.

Several studies on mouse models have been devoted to
the role of both types of NKT cells in the development of liver
damage [75-82]. Using mouse models, the development
and progression of NAFLD were found to be associated with
a decrease in the iNKT cell count [83]. Adoptive transfer
of iINKT cells results in decreased hepatic steatosis and
improved glucose tolerance [84]. In mice fed a choline-
deficient diet, which promotes steatosis, the hepatic iNKT
pool decreased [85]. HFD-fed mice showed increased iNKT
apoptosis, which contributed to the development of insulin
resistance and hepatic steatosis [86]. The literature data
regarding the pro- and anti-inflammatory properties of
these cells in the liver in NAFLD are contradictory because of
the clinical form and severity of the disease. The early phase
of steatohepatitis is thought to be associated with a lower
frequency of iNKT cells [86], whereas the progression of
steatohepatitis is accompanied by an increased iNKT cell
count and increased secretion of IL-15 [79, 85]. In mice
fed an MCD diet, NASH progression was associated with
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increased levels of the chemokine CXCL16 (an iNKT cell
chemoattractant) [87] and the recruitment and accumulation
of INKT cells in the liver [82, 88]. The absence of invariant
NKT cells contributed to increased liver inflammation and
fibrosis in mice fed a HFD [89]. These findings indicate that
iNKT cells play a protective role against liver inflammation
progressing to fibrosis but not against steatosis, enhanced
by dietary excess fat, suggesting a key role of these cells
in NASH pathogenesis. In diet-induced steatosis, mild-
to-moderate NASH, and early fibrosis, liver NKT cells are
relatively depleted, resulting in a proinflammatory state [90].
In severe NASH and advanced liver fibrosis, NKT cells inhibit
the fibrogenic response associated with NASH [90].

In addition, sex differences must be considered when
studying the role of these cells in the pathogenesis of
NAFLD [91]. Thus, Cufio-Gomiz et al. showed that female
Balb/c mice with a Th2-dominant immune response and
CD1d-deficient mice on the HF-CD diet showed less liver
damage, inflammation, and fibrosis compared with males
after 6 weeks [91].

Significantly fewer studies have focused on the role of
NKT cells in the progression of NAFLD and liver damage
in humans. Patients with NAFLD have an accumulation
of iNKT cells in the liver [87] and decreased number in
the peripheral blood [82, 92]. Other authors also showed that
the INKT cell count was higher in patients with NASH than in
healthy people [80, 81]. The frequency of hepatic iNKT cells
correlates positively with steatosis severity [93]. Increased
expression of CD69 on the surface of iNKT cells in the liver
of patients with NAFLD suggests that they are in an activated
state [88]. Stimulation of a-GalCer iNKT isolated from
the liver of patients with NAFLD increased the production
of IFNy by these cells [88, 93]. Expression levels of CD1d in
the liver were increased in patients with NAFLD, indicating
that the presentation of lipid antigens to iNKT cells may be
enhanced, resulting in increased iNKT cell activation [82,
88]. Another study also showed that patients with NAFLD
had higher numbers of iNKT cells than those with drug-
induced liver disease or a group of healthy individuals [94].
Interestingly, the pool of CD69*INKT cells was greater in
patients with NAFLD and liver fibrosis (F >2) than in patients
with less fibrosis (F <1) and controls. The number of these
cells positively correlated with insulin resistance, AST levels,
FIB4, and APRI. The authors conclude that CD69*INKT cell
count may be a biomarker of liver fibrosis progression in
NAFLD [95].

Diedrich et al. [92] performed immunophenotyping of
peripheral blood mononuclear cells of patients with NAFLD
and healthy people. In the peripheral blood mononuclear
cell fraction of patients with NAFLD, decreased expression
of the NKG2D activator receptor was observed among
iNKT cells compared with healthy controls. The value
of indicators characterizing the development of hepatic
steatosis (histological data and ultrasound data) negatively
correlated with the quantity of circulating NKG2D*iNKT cells.
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These data indicate a potential role for NK and iNKT cells
in the regulation of liver fibrosis and steatosis in NAFLD.
Thus, literature data indicate that iNKT cells contribute to
the initiation and progression of liver fibrosis in patients with
NAFLD.

Literature shows a relationship between NKT cells and
liver damage. iINKT and NKT type Il cells play opposing
roles in the development of liver diseases. iNKT cells
contribute to the development of liver injury, whereas
type Il NKT cells are associated with the activation of anti-
inflammatory responses. Many challenges are associated
with studying the role of NKT cells in mouse models. The
results of the study may depend on the experimental model
of NAFLD and on the sex of the experimental animals. As
mentioned above, in mouse liver, NKT constitute 20-30%
of the total population of hepatic lymphocytes. In humans,
this percentage is much lower (<1% of hepatic lymphocytes)
[55]; however, significantly fewer human studies exist. The
authors of some studies have suggested that iNKT cells are
involved in the regulation of liver fibrosis and steatosis in
NAFLD and that CD69*iINKT may be a biomarker for liver
fibrosis progression in NAFLD.

CD8" cytotoxic T cells

CD8* T lymphocytes are a population of lymphocytes with
high cytotoxic activity. Perforin and granzymes are the main
factors involved in the cytotoxic effect of CD8* T lymphocytes
[95]. However, the population of CD8" T lymphocytes is
heterogeneous. Subpopulations of naive cells, memory cells,
and cells with regulatory functions are described. They differ
in surface and intracellular markers and produce various
mediators, which indicate their roles in the regulation of
inflammatory processes in NAFLD.

NAFLD progression is accompanied by an increase in
the pool of activated cytotoxic CD8* T cells in the liver [79,
80, 96]. Thus, in mice fed an methionine—choline-deficient
diet (MCD) for 8 weeks, the development of signs of liver
damage was accompanied by the recruitment of CD8*
T lymphocytes [79]. Wolf et al. [80] obtained similar data and
showed that long-term use of a high-fat, choline-deficient
(HF-CD) diet in mice resulted in the activation of intrahepatic
CD8* T and NKT cells and an increase in inflammatory
cytokines. The CD62L-CD44*CD8* and CD62L-CD44CD8* cell
count increased in the liver of mice. This study also showed
an increase in the pool of CD3*CD57*NKT and CD8" T cells
in the liver of patients with NASH. These results suggest
a cooperative effect of NKT cells and cytotoxic CD8* T cells
in NASH and hepatocellular carcinoma through interaction
with hepatocytes. NKT cells and cytotoxic CD8* T cells are
the main producers of the LIGHT (TNFSF14) molecule, which
is significantly increased in patients with NAFLD [80].

Ghazarian et al. [96] showed that in patients with
NAFLD, CD8* T cells represent the dominant population of
intrahepatic immune cells, which is associated with impaired
glucose regulation. Compared with animals on a normal diet,
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mice on a HFD had an increased CD62L-CD44"CD8* and
CD62L-CD44*CD8* cell count in the liver [96]. In patients with
NAFLD, the frequency of intrahepatic CD8" T cells is positively
correlated with glycated hemoglobin (HbAlc) levels. The
liver CD8" T cell count is closely related to NAFLD activity
[96]. These results allow us to consider these indicators as
markers of NAFLD progression.

According to Haas et al. [97], circulating and hepatic
cytotoxic CD8* T lymphocytes are significantly associated
with the histological features of NASH, such as lobular
inflammation and balloon dystrophy, in patients with
NAFLD. The number of CD8* T cells producing granzymes
A and B is significantly higher in patients with NASH.
The CD8 T lymphocyte count correlates with hepatic
markers of inflammation and antigen presentation in NASH
[97]. The CD8" T cell count in the liver increases as NAFLD
progresses from steatosis to steatohepatitis. The CD8*
T cell pool in the liver of obese mice with NASH increased
3.5-fold compared with that in mice with obesity and hepatic
steatosis [98]. Isolated hepatic CD8" T cells from these mice
expressed a cytotoxic phenotype expressing IL-10, and
the depletion of CD8* T cells resulted in a significant reduction
in liver inflammation, HSC activation, and macrophage
accumulation. IL-10 is an anti-inflammatory cytokine that
suppresses the synthesis of collagen |, inhibits Kupffer
cell activation, limits IL-17 production, and reduces HSC
activation [99]. In another study, tissue-resident CD8* T cells
with a memory phenotype were shown in mice to promote
liver fibrosis resolution by inducing apoptosis of activated
HSCs [100]. Here, the depletion of CD8" T cells impaired
fibrosis resolution, whereas the adoptive transfer of these
cells prevented fibrosis progression. Thus, information about
the role of CD8" T cells in the progression of inflammation
and fibrosis is contradictory and requires further study.

Obesity is associated with NAFLD occurrence and
progression. In overweight individuals, the blood plasma
content of leptin, a peptide hormone that regulates energy
metabolism, increased. The relationship between the CD8*
T lymphocyte count and the level of leptin in the blood has
been shown. Thus, in a rat model with experimentally induced
NASH, the infiltration of CD8* T lymphocytes into the liver was
positively correlated with the levels of leptin in the blood and
the levels of the proinflammatory cytokines IL-18 and IL-1B
and was associated with the recruitment and differentiation
of macrophages in the liver. Leptin activates caspase-1 and
caspase-3 in hepatocytes and causes hepatocyte pyroptosis.
Leptin likely regulates the pyroptosis of macrophages and
hepatocytes through CD8" T lymphocytes during NAFLD
progression [101].

Using histochemical methods, the CD8* cell count
increased in the liver of people with obesity, NASH, and
cirrhosis, which positively correlated with a-smooth muscle
actin, a marker of HSC activation [98]. CD8" T cells isolated
from nonobese mice could not activate HSC compared
with cells isolated from obese mice. Thus, Breuer et al.
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demonstrated for the first time that hepatic CD8" T cells
play a key role in the progression of obesity-related NASH
through HSC activation [98].

Several studies supported the pathogenetic role of CD8*
T cells in NAFLD progression [96]. Thus, B2m -/- mice
lacking CD8* T and NKT cells were shown to be protected
from both steatosis and NASH induced by a CF-HFD. This
is likely due to the decreased production of LIGHT by CD8*
T and NKT cells [80]. Selective ablation of CD8* T cells is
also effective in reducing steatohepatitis in wild-type mice
fed a high-fat, high-carbohydrate (HF-HC) diet [102]. Other
data also indicate the pathogenic role of CD8* T cells. Thus,
Bhattacharjee et al. showed that C57Bl6/J mice deficient
in CD1d (CD1dKO) and CD8* T cells (mice with injected
antibodies to CD8) fed an HF-HC diet had lower triglyceride
levels in the liver and a lower count of activated resident
cells [103]. Biochemical indicators of NASH activity (ALT
activity, expression of smooth muscle actin gene, Acta2,
collagen type 1 alpha and type 1 alpha 2 Col7aT, and Col1a2
genes) in these animals were also significantly lower than
those in C57Bl6/J mice fed an HF-CD diet [103].

Thus, the literature indicates the inclusion of CD8*
cytotoxic T cells in the pathogenesis of NAFLD. Moreover,
the progression of this disease from steatosis to
steatohepatitis is accompanied by increased CD8* T cell
count in the liver. However, this indicator is difficult to use
as a minimally invasive marker of NAFLD progression. Thus,
more studies are needed to assess how the CD8" T cell count
in the liver is related to their number in the peripheral blood,
as well as to changes in biochemical parameters. Such
attempts are already being made. In particular, information
on the correlation of the CD8* T cell count in the liver with
the HbA1c level, obtained in the study by Ghazarian et al.
[96], can be used in the future as biochemical markers of
NAFLD progression, reflecting the pool of these cells in
patients.

Macrophages

Adipose tissue dysfunction and excessive accumulation
of lipids arguably lead to lipotoxicity, thereby initiating
NASH, which progresses through the intensification
of inflammatory responses [104, 105]. Inflammatory
responses and subsequent fibrogenesis are initiated by
hepatic macrophages [106]. Hepatic macrophages are
a heterogeneous population of immune cells that have
diverse functions in homeostasis and pathogenesis. Hepatic
macrophages can either arise from circulating monocytes,
which are recruited to the injured liver via chemokine
signaling, or from self-renewing embryo-derived local
macrophages, termed KCs. KCs appear essential for sensing
hepatic tissue injury and initiating inflammatory responses,
whereas infiltrating monocyte-derived macrophages are
linked to chronic inflammation and fibrogenesis [106—108].

Macrophage heterogeneity is expressed by a high
diversity of cytokines released, cell surface markers,
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and transcriptional profiles. These cells were classified
into “proinflammatory” M1 and “immunoregulatory” M2
macrophages. M1 macrophages are intimately linked to
CD4* cells primed by type 1 helper T cells (Th1), whereas
M2 macrophages reciprocally engage with Th2 cells. M1
macrophages are typically induced by IL-12, IFN-c, or
bacterial lipopolysaccharide, whereas M2 macrophages
are controlled by IL-4 and IL-13 [107]. Liver macrophages
appear to express markers of M1 and M2 differentiation
simultaneously [107].

The functions of hepatic macrophages appear to be
largely determined by their origin. The progression of
chronic liver diseases from hepatitis to fibrosis and,
ultimately, to cirrhosis is closely related to enrichment
in nonclassical macrophages derived from CD14'CD16*
monocytes in the liver of patients with different diseases
[109]. In NASH, liver injury caused by an excess of lipids
and damage/death of hepatocytes triggers the activation of
resident KCs with subsequent secretion of proinflammatory
cytokines and chemokines and intensified recruitment of
monocytes from the bloodstream [110]. Tran et al. [111]
demonstrated that as NASH progresses, the monocyte-
derived part of macrophages gradually begins to prevail over
the macrophage pool of embryonic origin. Macrophages of
monocytic origin have a higher proinflammatory potential
than resident KCs of embryonic origin. Thus, the homeostasis
of KCs is impaired in NASH.

Activation of hepatic macrophages can be modulated by
metabolic signals, as evidenced by the overload of lipids
and some cholesterol derivatives in KCs in models of fatty
liver disease and steatohepatitis [112]. The central location
of KCs in the sinusoids also allows intimate interactions
with other nonparenchymal hepatic cell populations. Hepatic
macrophages interact with other immune cells; for instance,
they secrete the chemokine CXCL16, which attracts NKT
cells and activates proinflammatory signals in macrophages
[106, 107]. Han et al. [71] used single-cell RNA sequencing,
KCs derived from mouse embryos were characterized,
and two populations of KCs were identified: KC-1 and
KC-2. KC-1 expressed CD170, exhibiting immunoreactivity
and immunoregulatory abilities, whereas KC-2 expressed
genes associated with lipid metabolism. In a cell coculture
system, primary liver iNKT cells stimulated IL-10 expression
in the macrophage cell line RAW264.7 and primary KC-1.
Blocking the CD206 signal in KC-1 or knocking down CD206
in RAW264.7 cells significantly reduced IL-10 expression.
Thus, iNKT cells promote IL-10 production in KC-1, exhibiting
anti-inflammatory properties [71]. On the contrary, evidence
shows that KCs can activate HSCs to transdifferentiate
into myofibroblasts, the major collagen-producing cell
type in hepatic fibrosis [107]. KCs activate stellate cells,
likely involving the profibrotic and mitogenic cytokines
transforming growth factor-B and platelet-derived growth
factor [106, 107]. Liver-infiltrating monocytes appear to
exert major profibrotic functions during fibrosis progression
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[107]. Although macrophages participate in shaping
the proinflammatory phenotype in the early stage of NASH,
they may switch to a reparative phenotype in the chronic
phases of liver disease resolution to restrain hepatic
fibrosis [106, 108]. Terminally differentiated monocyte-
derived hepatic macrophages can express several matrix
metalloproteinases (MMPs), including MMP-9, MMP-12,
and MMP-13, which are involved in matrix degradation and
thereby favor the resolution of liver injury and fibrosis [107].

Most studies evaluating the role of macrophages
in NAFLD pathogenesis were conducted using animals
with experimentally induced steatosis or steatohepatitis.
Performing these studies in patients with NAFLD requires
invasive intervention. Moreover, patients are rarely prescribed
a biopsy and only if the development of LC is suspected.
Therefore, assessing the pool of M1/M2 macrophages in
the liver of individuals with different disease forms and
severities of liver fibrosis is extremely difficult. Literature
data show the use of cytokine ratios to assess the M1/M2
balance of macrophages of monocytic origin and activated
KCs in patients with NAFLD. Thus, the balance of Th1/Th2
cells and M1/M2 macrophages in healthy people and patients
with NASH was assessed by the ratio of the concentration
of cytokines (INFy/IL-4, TNFa*IL-6*IL-23/IL-10, respectively
for T helper cells and macrophages) in the peripheral blood
and blood from the renal vein [113]. Compared with patients
with an unconfirmed diagnosis, patients with NASH had an
increased M1/M2 ratio of macrophages in the peripheral
blood. An increase in the M1/M2 ratio in the peripheral
blood was also found in patients with portal hypertension
compared with patients without portal hypertension.
The M1/M2 ratio of macrophages in the peripheral blood
was positively correlated with the severity of steatosis [113].

In conditions of lipotoxicity hepatocytes release exosomes
that can activate macrophages by delivering various contents,
including mitochondrial DNA and TNF-related apoptosis-
inducing ligand [114-116]. Hepatocyte-derived exosomes
may also promote fibrosis resolution through the inhibition of
macrophage activation and cytokine secretion, suppression
of HSC activation, induction of the extracellular matrix, and
its degradation and remodeling [115]. Exosomes, which
are apoptotic bodies, also comprise noncoding RNAs that
can regulate macrophage polarization. Thus, hepatocyte-
derived exosomal miR-192-5p plays a critical role in
the activation of proinflammatory macrophages and NAFLD
progression by modulating Rictor/Akt/Fox01 signaling [116].
Macrophage polarization can also be regulated by miR-148a,
which acts by inhibiting Kriippel-like factor 6 (KLF6), which
plays a key role in fibrogenesis [117], and STAT3, which
alleviates the symptoms arising during the development of
hepatic fibrosis [118]. Early hepatic fibrosis stages may be
associated with a change or, to be precise, a downregulation
of miR-122a, which targets a KLFé gene transcript [119].
A previous study demonstrated that the activation of an axis,
méA-catalytic enzyme methyltransferase-like 3 [((METTL3)/
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metastasis-associated lung adenocarcinoma transcript 1
(MALATT; a IncRNA)/polypyrimidine tract-binding protein 1
(PTBP1; an RNA-binding protein)/ubiquitin-specific peptidase
8 (USP8; a deubiquitinating enzyme)/transforming growth
factor B-activated kinase 1 (TAK1, a kinase)], may promote
pyroptosis and M1 polarization of hepatic macrophages
[120]. Neutrophils and macrophages may also release
exosomes that subsequently modify liver function. For
instance, miR-223 is one of the most common microRNAs
expressed in neutrophils and macrophages and plays
a key role in controlling inflammation in various diseases,
including liver diseases [121]. When activated, neutrophils
can deliver exosomal miR-223 to macrophages [122,
123] or hepatocytes [124], thereby suppressing NASH and
hepatic fibrosis. In addition, miR-223 can be transferred
to various cells, including hepatocytes, with macrophage-
derived exosomes [125, 126]. For instance, Hou et al. [127]
demonstrated that IL-6 may induce the secretion of miR-
223-enriched exosomes by macrophages and neutrophils
in mice. Reaching hepatocytes within these exosomes,
miR-223 downregulates several target genes, including
the transcriptional coactivator with PDZ-binding motif (Taz)
gene, cryopyrin (Nlrp3) gene, and chemoakine 10 with C-X-C
motif gene (also known as IFNy-induced protein 10; Cxcl10).
The overexpression of these genes promotes fibrosis in
NASH [128-131].

Bi et al. [132] revealed the role of miR-155-5p in
macrophage polarization in CC14-induced fibrosis and LC.
These authors showed that the number of M1 macrophages
was associated with lymphangiogenesis and fibrosis
severity. The levels of miR-155-5p in the liver and peripheral
blood increased gradually as fibrosis worsened. In vitro
experiments have shown that SOCS1, a target of miR-155-
5p, regulates the polarization of macrophages to the M1
phenotype through the JAK1/STAT1 pathway [132]. Thus,
changes in the expression of noncoding RNAs may influence
macrophage polarization in the liver [120]. This opens up
prospects for using the expression level of these molecules
as both a diagnostic and prognostic criterion for NAFLD
progression.

Neutrophils

A connection exists between NAFLD pathogenesis
and neutrophils [133, 134]. Being the first cells to reach
the site of damage or inflammation, neutrophils recruit
other immune cells, such as monocytes, to the site.
Interestingly, the presence of neutrophils and macrophages
in portal infiltrates correlated with NASH progression
[135]. The activity of these cells in patients’ peripheral
blood increases as NAFLD progresses. In patients with
steatosis (NAFL), the number of neutrophils with surface
markers of their activation CD62L and TLR4 was nearly
the same as that in the peripheral blood of healthy donors
[136]. These cells with the said surface markers were
significantly increased in patients with NASH. Moreover,
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CD11b (neutrophil activation marker) expression increased
in patients with steatosis [137].

The activation of stellate cells in steatohepatitis is likely
associated with the infiltration of neutrophils into the liver. This
assumption is supported by the fact that the downregulation
of chemokine ligand 1 (C-X-C motif) or intercellular adhesion
molecule-1 (ICAM-1) reduced the infiltration of neutrophils
into the liver, organ damage, and fibrosis [137]. Coculture of
HSCs and neutrophils induced the activation of the latter and
enhanced their viability. A crosstalk between neutrophils and
HSCs is required to maintain the oxidative/proinflammatory
loop (i.e., by means of NADPH oxidase activity in neutrophils)
that promotes liver fibrosis [137]. Neutrophils synthesize
myeloperoxidase (MP0), a lysosomal enzyme essential
for hydrogen peroxide conversion to hypochlorous acid.
In patients with NASH, MPO-mediated oxidative cell
damage is related to the overexpression of chemokines in
the liver (e.g., IL-18 and GROL), which appears to facilitate
the recruitment of inflammatory cells to this organ. The ratio
of neutrophils to lymphocytes (N/L) has been suggested as
a predictive marker of steatohepatitis and fibrosis in patients
with NAFLD [138]. In patients with NAFLD, the N/L ratio is
strongly associated with histological severity [138]. For
each one-unit increase in the N/L ratio, the likelihood of
having NASH in patients with NAFLD increased by 70% and
the likelihood of having fibrosis increased by 50%. Moreover,
neutrophils may produce a positive effect by phagocytizing
DCs and defending against bacterial infection.

CONCLUSION

Currently, the search for minimally invasive biomarkers
that make it possible to distinguish between NAFLD forms
and the severity of liver fibrosis is urgently needed. The
ratio of proinflammatory and anti-inflammatory cells,
particularly Treg/Th17 cells and M1 (proinflammatory) and
M2 (anti-inflammatory) macrophages, which may depend
on the microenvironment (levels of proinflammatory
cytokines, chemokine, and growth factors) (Figure 1) play
a substantial role in NAFLD pathogenesis and disease
progression. Proinflammatory stimuli may cause stellate
cells and hepatocytes to undergo epithelial-mesenchymal
transition and activate myofibroblasts, thereby promoting
extracellular matrix deposition and hepatic fibrosis.
Thus, immune mechanisms play an important role in
the pathogenesis and progression of NAFLD. The ratio
of immune cells in the peripheral blood and liver may
be a marker of these processes. However, the literature
thus far contains very little information on variations in
the profile of immunocompetent cells in relation to NAFLD
progression and NASH severity. Most studies investigating
the role of immune cells in the pathogenesis of NAFLD have
been conducted using animals with experimentally induced
steatosis or steatohepatitis and cell cultures. The use of liver
biopsy samples from patients with NAFLD is challenging
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Fig. 1. Changes in the immune cell profile during nonalcoholic fatty liver disease (NAFLD) progression

The number of hepatic Tregs declined during the course of steatosis development and decreased further as steatosis evolves into non-
alcoholic steatohepatitis (NASH). Disease progression is accompanied by the depletion of the hepatic Treg pool. The risk of NASH and
fibrosis development in patients with NAFLD increases as the hepatic neutrophil/lymphocyte ratio increases. The presence of neutrophils
in portal infiltrates correlates with NAFLD progression. The balance between Treg and Th17 cells maintains immune homeostasis. An in-
crease in Th17 cell count may promote hepatic steatosis and inflammation in NAFLD and accelerate the transition from simple steatosis
to steatohepatitis. Liver injury scores, severity of hepatic fibrosis, and expression of inflammation markers are higher in patients with
a higher Th17/Treg ratio. In NASH, liver injury caused by an excess of lipids and damage/death of hepatocytes triggers the activation of
resident Kupffer cells with subsequent secretion of proinflammatory cytokines and chemokines and intensified recruitment of mono-
cytes from the bloodstream. As NASH progresses, monocyte-derived macrophages gradually begin to prevail over the pool of resident
macrophages.

Puc. 1. Vi3MeHeHMA Npoduna MMMYHHBIX KNETOK NpY NPOrpeccpoBaHnmM HeamnKorobHOM MpoBoii 6onesHun nevenn (HAXKBIT)
KonuuectBo neyéHouHbIx Treg-KNeToK CHUMKAETCA Mo Mepe pPa3BUTUA CTeaTo3a U eLwé bonbLue — Mo Mepe TOro, KaK CTeaTo3 pa3BuBa-
eTcA B HeanKoronbHbIi cteatorenatut (HACT). MporpeccupoBaHue 3aboneBaHWA COMPOBOXAAETCA UCTOLLEHWEM Myna Treg B MeyeHu.
Puck passutua HACT u ¢ubposa y naumentos ¢ HAMKBI BospactaeT no Mepe yBenMYeHWA COOTHOLLEHWA HEMTPOGUNOB/ IMMPOLUTOB
B neyeHn. Hannume HeMTpodMoB B NOpTanbHbIX MHGUALTPaTax Koppenupyet ¢ nporpeccupoBaHneM HAMBI. VIMMyHHbIA romeocTas
noafepuBaeTcA banaHcoM Meway Knetkamu Treg u Th17. Yeenuuenue umcna Th17 MoxeT cnocobcTBoBaTh CTeaTo3y M BOCManeHuio
nedeHn npu HAMKBI v ycKopATb nepexod oT NpocToro cTeato3a K creatorenatuty. OLeHKa NOBpeXOeHUA neyeHu, creneHb dubposa
MeyeHu 1 3KCNpeccus MapKEPOB BOCMANEHNA BbiLLe Y NaLMeHTOB ¢ bosiee BbICOKMM cooTHoweHneM Th17/Treg. Mpu HACT noBpemaequne
neyeHu, BbI3BaHHOE M36LITKOM NIMNUAOB M NOBPEKOEHNEM/MMOENbI0 FenaToLMTOB, 3anyCKaeT aKTUBALMI0 Pe3naEHTHbIX KieToK Kyndepa
C NocneayloLLeli CeKpeLyen NPOBOCMANMUTENbHBIX LIUTOKMHOB U XEMOKWUHOB U YCUEHHBIM PEKPYTUPOBAHWEM MOHOLIMTOB 13 KPOBOTOKA.
Mo mepe nporpeccupoBanna HACI MoHouuTapHas YacTb MakpogaroB MoCTENEHHO HaYMHaeT Mpeobnapatb Hafd MyNoM Pe3vAEeHTHbIX
MaKpodaros.

because this procedure is prescribed to a relatively small
number of patients already with severe disease. From this
viewpoint, information on the phenotypes of immune cells in
the peripheral blood of healthy and sick people is valuable
for the search for minimally invasive markers of NAFLD
progression. In our opinion, the most convenient diagnostic
and prognostic indicator is the ratio of peripheral Th17/Tregs.
First, the Th17/Treg count in the liver of patients with NAFLD
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correlates with their number in the peripheral blood. In addition,
data on the relationship between changes in the profile of
these cells and the clinical features of NAFLD and severity
of liver fibrosis remain limited. Although other cells of innate
and adaptive immunity, such as macrophages, neutrophils,
NKT cells, and CD8" cytotoxic lymphocytes, play an equally
important role in the pathogenesis of this disease, assessing
their number in the liver is difficult. In addition, these data are
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limited and contradictory. The immune cell balance in the liver
is associated with changes in the expression of noncoding
RNAs involved in the regulation of cell signaling pathways and
their differentiation. In this regard, studies of the expression
pattern of circulating noncoding RNAs are very promising for
the search for additional molecular markers of changes in
the immune cell balance during NAFLD progression.
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