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Abstract

Non-alcoholic fatty liver disease (NAFLD) is one of the most common pathologies of that organ. 
The development of the disease involves a variety of mechanisms, including insulin resistance, oxidative 
stress, endoplasmic reticulum stress, endotoxins from the intestinal flora and genetic predispositions. 
Additionally, clinical data suggest that the presence of NAFLD is associated with excessive activation 
of the immune system. For practical purposes, attention should be paid to the moment when the subjects 
predisposed to NAFLD develop inflammatory infiltration and signs of fibrosis in the liver (non-alcoholic 
steatohepatitis – NASH). Their presence is an important risk factor for hepatic cirrhosis, hepatic failure, 
and hepatocellular carcinoma, as well as for the occurrence of cardiovascular events. Regardless of the 
diagnostic methods used, including laboratory tests and imaging, liver biopsy remains the gold standard 
to identify and differentiate patients with NAFLD and NASH. The search for other, safer, cheaper and 
more readily available diagnostic tests is still being continued. Attention has been drawn to the useful-
ness of markers of immune status of the organism, not only for the diagnosis of NASH, but also for the 
identification of NAFLD patients at risk of disease progression. Despite the effectiveness of medication, 
no recommendations have been established for pharmacotherapy of NAFLD. Data indicate the primary 
need for non-pharmacological interventions to reduce body weight. However, there is evidence of the 
applicability of certain drugs and dietary supplements, which, by their effect on the immune system, 
inhibit its excessive activity, thus preventing the progression of NAFLD to NASH.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is defined 

as an excessive accumulation of fat in the liver in indi-
viduals not consuming alcohol, or consuming it in small 
amounts, i.e., according to the most common consider-
ations, ≤ 20 grams for women and for men ≤ 30 grams per 
day [1, 2]. An additional criterion for the diagnosis of this 
pathology is the need to eliminate any other, secondary 
causes of fatty infiltration of the liver, which include, in-
ter alia, HCV infection, the use of glucocorticoids, celiac 
disease, Wilson disease, familial hypobetalipoproteinemia 
and presence of specific autoantibodies (autoimmune hep-
atitis – AIH) such as antinuclear antibodies (ANAs) and/or 
antismooth muscle antibodies (ASMAs) for AIH1 and an-
tiliver kidney microsome 1 (LKM 1) for AIH2 [3, 4]. Also, 
NAFLD is assumed if 5% or more of the hepatocytes in 

a liver biopsy have macrovesicular steatosis, or the proton 
magnetic resonance spectroscopy-derived liver fat content 
is 5.56% or higher [5]. NAFLD is not a single disease enti-
ty. It covers a broad spectrum of irregularities, ranging from 
simple fatty liver (NAFL), through the development of in-
flammation and fibrosis (NASH), to full-blown cirrhosis of 
the organ, increasing over 2.5-fold the risk of hepatocellular 
carcinoma (HCC) [6]. It has been demonstrated that in some 
patients the disease may be progressive in character. It is 
estimated that within three years 23-39% of NAFL patients 
will develop NASH, among which 10-25% will progress to 
full-blown cirrhosis [7, 8]. Therefore, particular attention 
should be paid to the moment when lobular inflammatory 
infiltration leading to damage to hepatocytes (ballooning 
degeneration), with or without peri-sinusoidal fibrosis – 
typical of NASH – appears in patients with NAFLD [9]. 
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Cirrhosis and liver cancer are not the only pathologies as-
sociated with the risk of death in these patients. It has been 
proven that the main factors responsible for high, up to 
34%, mortality are cardiovascular incidents [10].

The data to assess the incidence of this disease are di-
vergent and estimated at 4-46%, depending on the diagnos-
tic method used [11]. NAFLD is commonly considered to 
be a component of metabolic syndrome (MS), due to the 
frequent occurrence of concomitant insulin resistance (IR), 
obesity, lipid metabolism disorders, as well as type 2 diabe-
tes mellitus (T2DM). It must be emphasized, however, that 
this coincidence does not apply to all patients. It is estimated 
that NAFLD occurs in about 30% of obese men and 40%  
of obese women and in 70% of patients with T2DM, and  
the diagnostic criteria for MS are met only by 33% of pa-
tients [12-14].

The development of fatty liver disease and its conse-
quences are not completely understood and explained. 
There are several theories associated with the presence of 
this pathology. The most popular of them is the theory of 
two impacts, the first impact being the presence of fatty in-
filtration in the liver due to accumulation of triglycerides in 
hepatocytes, leading to IR. The excess fat, in the second im-
pact, can trigger mechanisms leading to the development of 
inflammation, fibrosis, and necrotic cell death. Such mecha-
nisms include oxidative stress, endoplasmic reticulum stress, 
cytokines produced by several cell types and endotoxins 
from the intestinal flora [15]. In addition, endocrine system 
disorders and genetic predispositions contribute to the de-
velopment of this pathology [16]. For example, insulin-like 
growth factor 2 (IGF-2) is expressed excessively in the liv-
er when the immune system is over-activated, compared to 
healthy controls. It is suggested that the gene for IGF-2 may 
be NASH-specific. In addition, patients with NAFLD had 
significantly lower insulin-like growth factor 1 (IGF-1) ac-
tivity. It is believed that this is related to a decrease in insu-
lin sensitivity, and lipid oxidation, probably independently 
of total or visceral adiposity [17, 18].

In order to diagnose excess fat in the liver, several meth-
ods, differing in sensitivity, specificity, availability and cost 
of implementation, are used. Among them, routine labora-
tory tests [alanine aminotransferase (ALT), aspartate amino-
transferase (AST), gamma glutamyltranspeptidase (GGTP), 
α2-macroglobulin, apolipoprotein-1, bilirubin, cholesterol, 
triglycerides (TG) and insulin levels], imaging studies (ul-
trasound (USG), computed tomography (CT), magnetic res-
onance imaging (MRI) and elastography) as well as scoring 
systems based on the results of the above tests, the patient’s 
age and gender, comorbidities and anthropometric mea-
surements should be mentioned [19]. Despite the fact that 
ultrasound examination is the main diagnostic tool, it does 
not enable one to assess the presence of an inflammatory 
condition, fibrosis and degeneration of hepatocytes in the 
liver [20]. The gold standard diagnostic tool for inflamma-
tory infiltration, fibrosis and cellular damage is liver biopsy. 

Nevertheless, it is performed infrequently in daily clinical 
practice due to its invasive nature, high costs, rare availabil-
ity and, above all, the risk of complications including those 
with a fatal outcome, [21, 22]. Additionally, obtaining a bi-
opsy appropriate for histopathological evaluation is difficult 
[23]. For this reason, the search for other, non-invasive and 
inexpensive methods that would not only make it possible to 
diagnose patients with NAFLD with the highest sensitivity 
and specificity, but also enable one to assess the degree of 
damage to the organ and to identify people at risk of disease 
progression, is still ongoing. Therefore, the usefulness of 
investigations assessing the immune system, which could 
be incorporated into routine diagnosis, has been suggested 
for this purpose [24, 25].

The therapeutic options are based mainly on the need 
to reduce body weight. To date, no algorithm of pharmaco-
logical management has been developed due to lack of suf-
ficient evidence of the effectiveness of the investigational 
drugs and dietary supplements, including hypoglycemic 
and hypolipidemic agents, weight loss medications, angio-
tensin II receptor antagonists, vitamin E, ursodeoxycholic 
acid, obeticholic acid, emricasan, and n-3 polyunsaturated 
fatty acids [20, 26]. There are, however, indications of po-
tentially effective application of the drugs interfering with 
the immune system in patients with NASH [27]. 

Therefore, the purpose of this paper is to present the di-
agnostic opportunities associated with the immune system 
in patients with NAFLD, not yet diagnosed with NASH, 
as well as to assess the options of therapeutic intervention 
in the immune system in this group of patients.

NAFLD and the immune system
The liver, in addition to hepatocytes and cholangio-

cytes, contains lymphocytes, monocytes, Kupffer cells, 
NK, NKT, astrocytes dendritic and a large amount of other 
immigrant cells associated with the immune system. Addi-
tionally, it has been proven that the organ is the site where 
synthesis of various proteins such as acute-phase protein, 
complement, cytokines, chemokines, lipid messengers as 
well as reactive oxygen species (ROS) takes place [28, 29]. 
The main objective of inflammatory processes in the liver 
is not only to combat infections, and promote physiological 
processes, such as hemodynamic changes, permeability of 
the capillaries, migration of white blood cells to the tissues, 
secretion of inflammatory mediators, but also to promote 
apoptosis and necrotic demise of hepatocytes [30, 31]. The 
liver is a unique immune environment, which is exposed to 
a variety of immunogenic factors from the gastrointestinal 
tract, including nutrients and elements of Gram-negative 
bacterial wall structure. If any of these factors are present, 
the immune system of the liver is subjected to improper 
activation, leading to the development of an inflammato-
ry condition, cell damage, fibrosis, organ dysfunction and 
carcinogenesis [32]. In the case of obesity, inflammation 
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involves not only the liver, but also the adipose tissue, the 
pancreas and the muscles, which is associated with IR 
and metabolic dysfunction. A disequilibrium between the 
pro- and anti-inflammatory cytokines causes changes in 
response to insulin, β-oxidation, storage and transport of 
lipids, autophagy and nuclear receptor signaling, resulting 
in progression of the disease to NASH [33]. The immune 
system is closely related to the hormonal system. For ex-
ample, glucocorticoids (GCs) are synthesized and secreted 
from the adrenal cortex and are involved in the regulation 
of carbohydrate and lipid metabolism, reproduction, and 
growth, as well as in the anti-inflammatory and immune 
response. GCs exert their effects through the glucocor-
ticoid receptors (GC-GRs). Patients with NASH were 
shown to have increased hepatic expression of GC-GR 
[34]. Additionally, the enzyme which regenerates cortisol 
from cortisone (11β-hydroxysteroid dehydrogenases type 
1, 11β-HSD1) is highly expressed in the liver. It has been 
shown to regulate hepatic glucose output and be linked 
to intrahepatic fat deposition and indirectly influence the 
proinflammatory state. It has been shown that inhibition of 
this enzyme results in significant reduction of liver-fat con-
tent and decrease in activity of ALT and GGTP, without 
significant changes in insulin sensitivity [35]. 

The immune system and diagnostics 
of NAFLD

C-reactive protein, procalcitonin and leukocytes

The assessment of leukocyte (WBC) count, concentra-
tion of C-reactive protein (CRP), and procalcitonin (PCT) 
are investigations often performed both in diagnostics and 
in monitoring pharmacotherapy of many diseases because 
they are readily available, reliable, and cheap. CRP and 
PCT belong to acute phase proteins [36]. CRP synthe-
sis takes place mainly in the liver and is associated with 
the acute phase of inflammation [37]. PCT under normal 
conditions is secreted by the C cells of the thyroid gland, 
whereas in the case of a bacterial infection it is also synthe-
sized ectopically by a variety of tissues and cells, including 
monocytes and macrophages [38, 39]. It has been proven 
that patients with NAFLD have higher concentrations of 
the highly sensitive form of CRP (high-sensitivity CRP – 
hsCRP) and a larger number of leukocytes as compared 
with patients in whom the US scan of the liver does not 
reveal signs of fatty infiltration. It should be emphasized 
that these values are independent of other risk factors for 
NAFLD, such as waist circumference, presence of IR and 
T2DM, and TG levels. They have also been proven to 
correlate with the amount of fat in the liver [40]. Orunc 
et al., who compared 50 patients with histopathologically 
diagnosed NAFLD and NASH with the same number of 
subjects with normal ultrasound image of the liver, found 
no significant differences in the concentration of PCT. In 

contrast, they observed a difference in the case of CRP 
concentration. Patients in the study group had higher levels 
of this protein, but the presence of an inflammatory con-
dition and fibrosis in histopathology did not significantly 
affect the concentration of this protein. It is noteworthy 
that three patients, who had only focal fatty infiltrations 
visualized on USG, demonstrated normal PCT and CRP 
concentrations [41]. Significantly higher hs-CRP values 
were also found in the case of coexistence of NAFLD 
and T2DM. It is suggested, however, that in this group of 
patients this protein is not an independent factor for the 
presence of excess fat in the liver [12, 42].

It has been proven that the presence of excess fat in 
the liver in US images in patients with NAFLD correlates 
positively with the values of WBC, which, by means of 
neutrophils and lymphocytes, play a key role in the body’s 
immune defense [43, 44]. The neutrophil-to-lymphocyte 
ratio (NLR), which integrates the detrimental effects of 
neutrophilia (an indicator of inflammatory condition) 
and lymphopenia (an indicator of physiological stress), 
has emerged as a useful prognostic marker of subclinical 
systemic inflammation [45, 46]. Kara et al. demonstrated 
that patients with NAFLD, in whom NASH was included 
on the basis of histopathological investigations, had sig-
nificantly lower WBC and neutrophil counts. There were, 
however, no differences in the counts of lymphocytes and 
NLR [47]. A study by Abdel-Razik et al. demonstrated 
that patients with confirmed NASH had higher NLR as 
compared to patients with hepatic steatosis but without 
the presence of the common characteristics of NASH. It 
should be noted that NLR correlated positively with other 
immune markers, such as CRP, tumor necrosis factor-α 
(TNF-α) and interleukin-6 (IL-6). The receiver-operat-
ing characteristic (ROC) curve analysis indicated that at 
a cut-off value of 2.05, the NLR has the highest specific-
ity (75.4%) and sensitivity (73.2%) for identification of 
NASH patients with an area under the curve (AUC) of 
0.773 (95% CI: 0.571-0.789, p < 0.001), with positive pre-
dictive value (PPV) and negative predictive value (NPV) 
for NLR of 78.6 and 69.2%, respectively [48].

Proinflammatory cytokines and other mediators 
of inflammation

Proinflammatory cytokines constitute a heterogeneous 
group of molecules secreted by different cells, causing 
a variety of biological effects. They act as endogenous 
pyrogens, increase the synthesis of secondary mediators 
involved in the inflammatory process by macrophages and 
mesenchymal cells, stimulate the production of acute phase 
proteins and attract inflammatory cells [49]. It has been 
suggested that TNF-α and interleukin-1 (IL-1) are among 
the most important mediators of NAFLD development. In 
obese patients with NAFLD, TNF-α is produced by adi-
pose tissue, causing peripheral impairment, insulin-depen-
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dent glucose metabolism and stimulating hormone sensi-
tive lipase, thus causing an increase in the concentration 
of free fatty acids (FFA) and their inflow to the liver. In 
addition, the generators of this cytokine in the liver are 
Kupffer cells that produce TNF-α in response to bacteri-
al toxins, and the process is mediated by toll-like recep-
tors (TLR) [50, 51]. Elevated TNF-α in patients without 
signs of NAFLD evident on USG has been proven to be 
associated with a high risk of developing fatty liver within 
a 4-year follow-up period [52]. IL-1 constitutes a family 
of proinflammatory and membrane cytokines produced 
by macrophages, endothelial cells and fibroblasts. IL-1α 
and IL-1β have been proven to play a significant role in 
the transformation of NAFLD to NASH [53]. Moreover, 
it has been suggested that IL-1β in a complex mechanism 
may promote the development of NAFLD in patients with 
IR [54]. Animal model studies suggest that the IL-1Ra re-
ceptor for IL-1β and IL-1α may have a function protective 
against the development of fatty infiltration of the liver 
[55]. In the case of IL-1α, no changes in its concentration 
in patients with NAFLD have been confirmed [56].

Interleukin-6 (IL-6) plays the role of a proinflamma-
tory cytokine, produced, among others, by adipocytes, 
hepatocytes and immune cells. Endotoxemia in obesity, 
resulting from small intestinal bacterial overgrowth, stim-
ulates macrophages through TLR receptors to produce 
TNF-α that possibly upregulates IL-6 production from 
adipocytes and macrophages infiltrated in adipose tissue. 
Polyzos et al. found no significant difference in the con-
centration of cytokines in the situation of emergence of 
the characteristics of fatty liver revealed by biopsy. They 
proved that patients with simple steatosis of the organ and 
with the presence of signs of NASH have similar values of 
this cytokine. The difference has been reported only in the 
case of a comparison of the group of patients without signs 
of fatty liver with NASH patients [56].

It has been shown that interleukin-15 (IL-15) acts as 
a growth factor for T-lymphocytes and affects many other 
cells of the immune system. Its main function is associated 
with improvement of CD8+ T cell survival, involvement 
in the production and maintenance of NK cells, NKT cells, 
γδ of T cells and a subset of T cells in the intestines. It has 
also been proven to enhance the survival of DC and mac-
rophages and to stimulate them to produce cytokines. This 
facilitates the development of a potent immune response. 
Its biological effect is mediated predominantly by Il-15: Il-
15Rα complex. Cepero-Donates et al. demonstrated in an 
animal model of NAFLD that the lack of this interleukin 
reduces accumulation of fat in the liver, inflammation and 
the recruitment of immune cells. They also showed that 
Il-15 in the liver acts directly on hepatocytes, inducing the 
expression of chemokines, which may be responsible for 
the recruitment of immune cells [57].

Another cytokine that may be applicable in the diag-
nosis of NAFLD is interleukin-18 (IL-18), produced by 

macrophages, Kupffer cells and the endothelium. It in-
duces production of chemokines, adhesion molecules and 
proinflammatory cytokines. IL-18 binding protein, an in-
hibitor that binds to the same receptor as IL-18, enhances 
its negative feedback mechanism enabling cell protection 
from accelerated proinflammatory activity such as NASH. 
Li Y et al. demonstrated that patients with NAFLD have 
significantly higher levels of this interleukin and the 
value of the IL-18/IL-8 binding protein index as com-
pared with the group without excess fat in the liver [58].  
The interleukin-17 axis is a large family of pro-inflamma-
tory cytokines, including, among others, interleukin-17A 
(IL-17A) and interleukin-17F (IL-17F). As demonstrated 
in the animal model of NAFLD, IL-17A and IL-7F are 
produced in the liver by T CD4+ and CD8+ cells, and 
their signal is mediated by the IL-17RA receptor, whose 
expression is also increased in the case of fatty infiltra-
tion of the liver. This process initiates a cascade of events, 
including a change in the phenotype of macrophages in 
the proinflammatory direction [59]. Th17 cells produce IL-
17 (also referred to as IL-17A), IL-17F, IL-21 and IL-22.  
Tang et al. observed in an animal model that Th17 cells 
and IL-17 were associated with hepatic steatosis and the 
proinflammatory response in NAFLD and facilitated the 
transition from simple steatosis to NASH [60].

Interferon gamma-induced protein 10 (IP-10), regard-
ed as a proinflammatory cytokine, regulates activation and 
recruitment of white blood cells, including lymphocytes, 
monocytes and natural killer cells, by binding to chemo-
kine (C-X-C motif) receptor 3 (CXCR3). In addition, this 
substance is secreted by a variety of other cells including 
monocytes, neutrophils, endothelial cells, keratinocytes, 
fibroblasts, mesenchymal cells, dendritic cells, astrocytes, 
and hepatocytes. As observed by Chang et al. in a group 
of patients with histopathologically confirmed NAFLD, the 
presence of excess fat in the liver is associated with a sig-
nificantly higher concentration of this interleukin, the value 
of which significantly increases in the case of NAFLD coex-
istence with diabetes. It should be noted that the level of IP-
10 correlated positively with other immunological markers 
such as CRP, monocyte chemoattractant protein-1 (MCP-1) 
and TNF-α [42].

Transforming growth factor beta (TGF-β) has three 
isomers (TGF-β1, TGF-β2, and TGF-β3), which are se-
creted by a variety of cells, including Kupffer cells, astro-
cytes and hepatocytes. It has been proven that patients with 
elevated TGF-β3 are at increased risk of the development 
of NAFLD in 4-year follow-up [61].

Vascular adhesion protein-1 (VAP-1) is a protein mol-
ecule presenting on the hepatic endothelial cells. Its role is 
to promote adhesion and migration of lymphocytes across 
the primary hepatic sinusoidal endothelium. Patients with 
histologically confirmed NAFLD have been demonstrated 
to have a higher concentration of this molecule, compared to 
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sex-, age-, and metabolic phenotype-matched patients with-
out signs of fatty liver disease [62].

The immune system and therapy  
of NAFLD

There are only a few research articles considering the 
effectiveness of therapy targeting NAFLD and its progres-
sion to NASH by affecting the immune system. Available 
data are summarized in Table 1.

The basis for the therapy of NAFLD is a reduction of 
body weight based on a suitable reducing diet and moderate 
exercise. Larson-Meyer et al. in a group of 46 obese patients 
applied a medication-free procedure based on the above rec-
ommendations. Based on imaging studies, such as MRI or CT 

scans, they found surprisingly that such a drug-free procedure 
is associated with a slight increase of hsCRP, elevation of 
IL-6 and insignificant changes in TNF-α concentration [63].

During a 6-month follow-up of patients using barnidip-
ine or perindopril, it was found that only the calcium 
channel blocker significantly reduces the concentration of 
TNF-α, IL-6, and hs-CRP both in monotherapy and in com-
bination therapy with simvastatin. There were, however, no 
changes in the liver ultrasound image in the case of the two 
drugs used alone. A significantly greater opportunity to im-
prove this image was provided by adding an inhibitor of 
HMG-CoA reductase to either of these drugs [64].

Beneficial immunomodulatory properties in the case of 
NAFLD have been demonstrated for fenofibrate in mono-
therapy as well as in combination therapy with pentoxi-

Table 1. Effectiveness of therapy targeting NAFLD and its progression to NASH by affecting the immune system

Author Number  
of patients 

Diagnostic 
methods

Intervention Duration Results

Larson-Meyer 
DE [63]

46 MRI, CT Caloric restriction and 
increased structured exercise 

6 months No change in TNF-α, IL-6 and hs-CRP

Derosa G [64] 149 USG Perindopril 5 mg/day or 
barnidipine 20 mg/day 

6 months Only barnidipine reduced TNF-α, IL-6 
and hs-CRP in monotherapy and after 

simvastatin addition

El-Haggar MS 
[65]

90 USG and elevated 
aminotransferase 

Fenofibrate 300 mg/day or 
fenofibrate 300 mg/day plus 

pentoxifylline 1200 mg/day in 
three divided doses

24 weeks Decrease of TNF-α, TGF-β1 in both 
groups. Fenofibrate plus pentoxifylline 

showed significantly lower levels of 
TNF-α, direct marker linked to TGF-β1

Faghihzadeh F 
[67]

50 USG, FibroScan 
and elevated ALT 

500 mg resveratrol 12 weeks Decrease in hs-CRP, IL-6, TNF-α and 
NFκβ in resveratrol group compared with 

the baseline and the placebo group

Chen S [68] 60 USG 2 capsules 150 mg resveratrol 
twice daily

3 months Reductions in TNF-α

Heebøll S [69] 28 Liver biopsy 1.6 g resveratrol 6 months No change in serum TNF-α and CD163

Celinski K [71] 74 Liver biopsy Group I – Essentiale forte  
3 × 1 tablet/day and 

tryptophan 2 × 500 mg/day 
Group II – Essentiale forte 

and melatonin 2 × 5 mg/day 
Group III – only Essentiale 

14 months Lower levels of IL-1, IL-6 and TNF-α 
only in melatonin and tryptophan, 

compared with group III 

Mykhal’chyshyn 
H [73]

72 USG Multiprobiotic “Symbiter” 30 days Decrease in IL-6, IL-8, TNF-α, IL-1β, 
IFN-γ. In patients with normal levels  
of transaminases significant decrease 

only in TNF-α and IL-8

Quin Y [75] 80 USG Fish oil (4 g/day) 3 months Reduced in TNF-α and leukotrienes B4

Guo H [76] 44 USG 250 mL of either bayberry 
juice or placebo twice daily 

4 weeks Decreased in TNF-α and IL-8

Sharifi N [77] 56 USG and elevated 
ALT

Vitamin D 50,000 IU Every  
14 days for 
4 months

No changes in serum hs-CRP

Chen S [78] 60 USG Dihydromyricetin 3 months Decrease in TNF-α
ALT – alanine aminotransferase; CT – computed tomography; IL-1β – interleukin-1β; IL-6 – interleukin-6; IL-8 – interleukin-8; IFN-γ – interferon gamma; hs-CRP 
– high-sensitivity C-reactive protein; MRI – magnetic resonance spectroscopy; NFκβ – nuclear factor κβ; TNF-α – tumor necrosis factor-α; TGF-β1 – cytokine 
linked to liver fibrosis; USG – ultrasound examination
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fylline. During 24-week observation of both therapeutic 
regimens in patients with NAFLD diagnosed on the basis 
of imaging studies or histopathological investigation, a sig-
nificant beneficial effect on TNF-α and TGF-β1 levels, 
significantly more pronounced if pentoxifylline was added 
to the therapy, was demonstrated [65].

Resveratrol is a phytochemical found in over 70 spe- 
cies of plants, including plants of economic importance 
such as grape (Vitis vinifera), cranberry (Vaccinium macro-
carpon), and peanut (Arachis hypogaea). The mechanism 
of action of this compound has not been fully elucidated. 
It has been suggested that it inhibits cellular respiration, 
which is associated with its antioxidant and anti-inflam-
matory effect [66]. Faghihzadeh et al. demonstrated that 
the use of resveratrol in a daily dose of 500 mg as a sup-
plement to the diet and exercise for 12 weeks, compared 
with placebo, is associated with a significant reduction in 
the activity of proinflammatory cytokines (hs-CRP, IL-6, 
TNF-α and NFκβ). It should be emphasized that in that 
study the signs of NAFLD were diagnosed on the basis 
of anamnesis, the value of elastomers and the activity of 
ALT, ultrasound of the liver and FibroScan, and that only 
50 patients were included in the study [67]. Similar prop-
erties with respect to the effects on the immune system 
were demonstrated for smaller doses of the substance. The 
application of resveratrol in doses of two capsules 150 
mg twice daily in patients with ultrasound evidence of 
NAFLD for a period of three months was also associated 
with significant reduction of TNF-α and fibroblast growth 
factor 21 (FGF-21) [68]. Conversely, Heebøll et al. found 
no benefit of 1.5 mg over a 6-month period for obese pa-
tients with elevated transaminases and histopathological 
NAFLD/NASH. The use of this substance, compared to 
placebo, was not associated with an improved histological 
presentation of the liver. In addition, there was no signif-
icant reduction in the inflammatory markers CD163 and 
TNF-α [69]. 

Hepatocytes are a primary target for interleukin-22 
(IL-22). It has been proven that it is associated with the 
production of acute phase proteins and induction of ex-
pression of proteins associated with the repair of tissues. 
Research results also indicate the involvement of this in-
terleukin in protection of the liver from damage by pro-
moting the survival and proliferation of hepatocytes. An 
animal model demonstrated that the use of recombinant 
IL-22 in the case of fatty liver is associated with protection 
of hepatocytes against damage and with a decrease in the 
concentration of TNF-α [70]. 

Based on the results of histopathological investigations 
confirming the presence of NAFLD signs in 56 patients, it 
was found that adding melatonin (2 × 5 mg/day) or trypto-
phan (2 × 500 mg/day) to a preparation containing phos-
pholipids for a period of 14 months was associated with 
a significant reduction in IL-1, IL-6 and TNF-α. No such 

effects were noted if the preparations containing phospho-
lipids were used alone [71].

Probiotics are living microorganisms which have 
a number of beneficial properties, including interaction 
with the enterohepatic axis. It has been shown that the use 
of preparations containing 7 strains of these bacteria (Lac-
tobacillus casei, Lactobacillus rhamnosus, Streptococ-
cus thermophilus, Bifidobacterium breve, Lactobacillus 
acidophilus, Bifidobacterium longum, and Lactobacillus 
bulgaricus) and a probiotic (fructooligosaccharide) twice 
a day for 28 weeks in patients with NAFLD diagnosed on 
the basis of ALT activity and ultrasound is associated with 
a significant reduction of hs-CRP, TNF-α, and TNFκ-B 
p65 [72]. Beneficial effects of “Symbiter multiprobiotic” 
(Bifidobacterium, Lactobacillus, lactic streptococci, and 
propionic acid bacteria) have been observed in patients 
with NAFLD and T2DM. As demonstrated in a group of 
72 patients, including 45 using multiprobiotics and hypo-
glycemic drugs, within 30 days of therapy the addition 
of probiotics is associated with a significant reduction 
in the levels of IL-6, IL-8, TNF-α, IL-1β and IFN-γ. It 
is noteworthy that in patients with NAFLD and normal 
hepatic transaminase activity, a negative correlation was 
found only in the case of TNF-α and IL-8 [73]. Probiotics 
are indigestible components of nutrients that ferment in 
the large intestine and are responsible for the beneficial 
modeling of the host’s intestinal flora. There are present 
in many vegetables such as asparagus, garlic, onion and 
leek. A currently ongoing study is assessing the impact of 
14-week use of these compounds in a dose of 16 g/day on 
the concentration of pro-inflammatory cytokines (MCP-1, 
TNF-α, IL-6 and IL-8) in patients with BMI ≥ 25 kg/m2 
and diagnosed with NAFLD [74].

Qin et al., using for three months a fish oil product 
containing eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) in a group of patients with NAFLD, 
found that it has beneficial immunomodulatory properties. 
The use of this preparation was associated with a signifi-
cant reduction in the concentration of TNF-α, leukotriene 
B4 and FGF-21. However, they did not observe a signif-
icant effect on the levels of hs-CRP. After adjustment of 
the study group in terms of age, sex, and BMI, they found 
a positive correlation between the lipid and glucose levels, 
GGTP activity and reduction of FGF-21 [75].

There are indications of the beneficial effects of dietary 
supplements in patients with NAFLD. It has been shown 
that the use of laurel tree juice in this group of patients 
significantly reduces the concentration of protein carbonyl 
groups (p = 0.038), TNF-α and IL-8 [76]. However, no 
such beneficial immunomodulatory properties were found 
in the case of the use of vitamin D. Its administration at 
a dose of 50,000 IU every 14 days for 4 months did not 
affect the concentration of TNF-α and TGF-β1. On the 
other hand, a significant reduction of hs-CRP in the group 
using this vitamin was reported [77].
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A beneficial effect on the modulation of the immune 
system has also been demonstrated for some plants, e.g. 
Ampelopsis grossedentata, which is available in China and 
some countries of eastern Asia. It has been shown that di-
hydromyricetin is responsible for its beneficial properties. 
This substance at a dose of 150 mg administered twice 
a day has been found to significantly reduce the concentra-
tion of TNF-α and FGF-21 in patients with NAFLD [78].

Conclusions
The immune system, which is associated in particular 

with the enterohepatic axis and the presence of excess fat 
in the liver, is involved in both the development of NA-
FLD and in the process of disease progression. The pres-
ence of changes in this system may constitute an important 
diagnostic tool and may allow one to identify patients at 
risk of developing complications. It is believed that some 
of the tests assessing the immune system can be used in 
the primary diagnostic panel of this disease. There is also 
evidence for the possibility of using drugs and dietary sup-
plements that by interfering with the immune system will 
suppress its proinflammatory potential, thus preventing the 
progression of NAFLD.

The authors declare no conflict of interest.
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