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АННОТАЦИЯ
Неалкогольная жировая болезнь печени (НАЖБП) — широко распространённое хроническое, медленно прогрес-
сирующее метаболическое многофакторное заболевание, представленное рядом клинико-морфологических форм: 
стеатозом, неалкогольным стеатогепатитом (НАСГ) (с фиброзом или без него) и циррозом печени. Поиск малоин-
вазивных и экономически эффективных биомаркёров НАЖБП является ключевой задачей в диагностике, стадиро-
вании прогрессирования и долгосрочном мониторинге НАЖБП. Обсуждается возможность использования баланса 
иммунных клеток в качестве потенциальных малоинвазивных периферических маркёров прогрессирования НАЖБП. 
В прогрессировании НАСГ (от стеатоза к фиброзу и циррозу) важную роль играет воспаление, реализующееся 
за счёт активации клеток Купфера и повышенной миграции моноцитов, дендритных клеток, нейтрофилов, активи-
рованных Т-лимфоцитов в ткани органа. Макрофаги, происходящие из моноцитов, по мере прогрессирования НАСГ 
постепенно начинают преобладать над пулом резидентных макрофагов. Риск развития НАСГ и фиброза у пациентов 
с НАЖБП повышается с увеличением соотношения нейтрофилов/лимфоцитов в печени. Увеличение количества Th17 
и снижение — Treg-клеток могут способствовать усилению стеатоза печени и развитию воспаления при НАЖБП, 
а также ускорять переход от простого стеатоза к стеатогепатиту и фиброзу. Представлены сведения об участии не-
кодирующих РНК в регуляции баланса иммунных клеток при НАЖБП, что позволяет также рассматривать их как до-
полнительные, наряду с клеточными, маркёры прогрессирования данного заболевания.
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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.

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 III 
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 III 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 С (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]-α) 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 

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 3ʹ-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 5ʹ 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.

Т 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 (IFNγ) solution or by coculture with T lymphocytes. 
On the surface of activated HSCs, increased expression 
levels of major histocompatibility complex class I 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]. 
CD4+ 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 naïve 
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 RORγt 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+RORγt++ 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+RORγt++ 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 IFNγ+ and/or IL-4+ cells in 
the peripheral blood than healthy people [36]. IFNγ 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 

the differences between the T cell profiles of the blood 
mononuclear fraction in healthy individuals and patients with 
NAFLD [38]. The CD25+CD45+CD4+ 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 Т 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 III 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). lncRNA 
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 lncRNA KCNQ1OT1 [40]. 
Moreover, lncRNA HOTAIR is an actor in the activation of 
stellate cells and development of fibrosis. It inhibits miR-17-
5p, promoting RORγt-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 
IFNγ 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 IFNγ 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; αMβ2, αXβ2, 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-6Rα, IL-7Ra, IL-8R, IL-10R, 
IL-12Rβ1, 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 I or invariant (iNKT), which express a semi-invariant 
TCR [56], and nonclassical NKT or type II, whose TCR has 
a wider repertoire [57]. Mature NKT cells are characterized 
by the presence of CD56- and MHC-binding 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 TCRαVα14/Jα18 chain paired 
with the more diverse TCRβVβ8.2, Vβ7, and Vβ2 chains. Type 
II NKT cells express a relatively more diverse TCR repertoire 
and appear to have regulatory functions [58]. Type II NKT 
cell TCR contacts its ligand primarily through its βchain 
rather than the αchain, suggesting that the TCR Vβ chain 
significantly contributes to the fine specificity of type II Ag 
NKT cells. Thus, type II 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].

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-1β, 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-γ 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 II 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 I NKT cells predominantly play 
a proinflammatory role, whereas type II NKT cells suppress 
inflammatory responses. The functions of type I 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 II NKT cells are mainly involved in immunoregulatory 
functions because of their ability to suppress inflammation. 
However, the role of type II 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 iNKT 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, Cuño-Gómiz 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 IFNγ 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. 

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. iNKT and NKT type II cells play opposing 
roles in the development of liver diseases. iNKT cells 
contribute to the development of liver injury, whereas 
type II 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+iNKT 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 naïve 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-CD44+CD8+ 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 (HbA1c) 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 I, 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-1β 
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 α-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. 

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, β2m −/− 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 Col1a1, 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 М1 and М2 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 KС-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-β and platelet-derived growth 
factor [106, 107]. Liver-infiltrating monocytes appear to 
exert major profibrotic functions during fibrosis progression 

[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 (INFγ/IL-4, TNFα+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/FoxO1 signaling [116]. 
Macrophage polarization can also be regulated by miR-148a, 
which acts by inhibiting Krüppel-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 KLF6 gene transcript [119]. 
A previous study demonstrated that the activation of an axis, 
m6A-catalytic enzyme methyltransferase-like 3 [(METTL3)/
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metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1; a lncRNA)/polypyrimidine tract-binding protein 1 
(PTBP1; an RNA-binding protein)/ubiquitin-specific peptidase 
8 (USP8; a deubiquitinating enzyme)/transforming growth 
factor β-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 chemokine 10 with C-X-C 
motif gene (also known as IFNγ-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, 

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 (MPO), 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 
М2 (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 



DOI: https://doi.org/10.17816/gc610252

115
НАУЧНЫЙ ОБЗОР Гены и клетки Том 19, № 1, 2024

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 

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 

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 Тreg 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.
Рис. 1. Изменения профиля иммунных клеток при прогрессировании неалкогольной жировой болезни печени (НАЖБП)
Количество печёночных Treg-клеток снижается по мере развития стеатоза и ещё больше — по мере того, как стеатоз развива-
ется в неалкогольный стеатогепатит (НАСГ). Прогрессирование заболевания сопровождается истощением пула Тreg в печени. 
Риск развития НАСГ и фиброза у пациентов с НАЖБП возрастает по мере увеличения соотношения нейтрофилов/лимфоцитов 
в печени. Наличие нейтрофилов в портальных инфильтратах коррелирует с прогрессированием НАЖБП. Иммунный гомеостаз 
поддерживается балансом между клетками Treg и Th17. Увеличение числа Th17 может способствовать стеатозу и воспалению 
печени при НАЖБП и ускорять переход от простого стеатоза к стеатогепатиту. Оценка повреждения печени, степень фиброза 
печени и экспрессия маркёров воспаления выше у пациентов с более высоким соотношением Th17/Treg. При НАСГ повреждение 
печени, вызванное избытком липидов и повреждением/гибелью гепатоцитов, запускает активацию резидентных клеток Купфера 
с последующей секрецией провоспалительных цитокинов и хемокинов и усиленным рекрутированием моноцитов из кровотока. 
По мере прогрессирования НАСГ моноцитарная часть макрофагов постепенно начинает преобладать над пулом резидентных 
макрофагов.

Steatosis NASH Fibrosis

treg cells neutrophils Th17 cells lymphocytes macrophages

Kupffer cells ratio of neutrophils 
and lymphocytes

ratio of Th17 and Treg
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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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