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Abstract
About 4% of global deaths occur due to alcohol ingestion. Alcoholic liver disease encom-

passes a spectrum ranging from simple steatosis to liver fibrosis, cirrhosis and hepatocellular 
carcinoma. Alcoholic hepatitis defined as hepatocellular inflammatory syndrome occurring in 
the setting of recent consumption of large amounts of alcohol can superimpose on any of the 
mentioned stages of alcoholic liver disease. 

Ethanol is metabolized in the gastrointestinal tract and liver to acetaldehyde. Both substances 
induce the following changes in the intestinal tract: bacterial overgrowth; changes in the com-
position of intestinal microbiota; disruption of tight junctions and adherens junctions composing 
the essential part of the intestinal barrier and resulting in increase of intestinal permeability, 
which alongside with reduced clearance of bacterial components by hepatic macrophages lead 
to bacterial translocation. The latter is characterized by transition of live bacteria or their prod-
ucts (lipopolysaccharides, deoxyribonucleic acids) from intestines to extraintestinal locations, in 
particular, to mesenteric lymph nodes and systemic circulation. 

Increased endotoxin levels stimulate lipopolysaccharide signaling system involving lipopoly-
saccharide-binding protein, toll-like receptors, CD-14 receptors. This activates Kupffer cells, 
which are sensitized by ethanol to the action of lipopolysaccharide and start to produce pro-in-
flammatory mediators, most importantly, tumor necrosis factor-alpha, as well as reactive oxygen 
species. These substances contribute to hepatocellular injury, inflammation, activation of he-
patic stellate cells and subsequent fibrosis. 

When confronted to the endotoxemia resulting from injured intestinal barrier, the liver exploits a 
sort of feedback mechanism aimed at increasing the protective properties of the mentioned barrier. 
The B-cell superantigen, Fv-protein, which enhances effector capabilities of secretory immunoglobu-
lin A in the intestine, was found to be increased in the feces of patients with alcoholic liver disease. 

In conclusion, changes of intestinal barrier function are critical in the pathogenesis of alcoholic 
liver disease. Increasing our understanding of their delicate mechanisms and developing strategies to 
improve the protective functions of intestinal barrier components are urgent challenges of current 
hepatology in search of effective prevention and treatment modalities for alcoholic liver disease. 
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Epidemiology, risk factors: Alcohol-induced 
toxicity is ranked third among causes of life-years 
lost due to disability worldwide; about 3.8% of 
worldwide mortality is attributed to alcohol [World 
Health Organization, 2009]. In the US, liver dis-

eases ranked the 12th most common cause of mor-
tality in 2007, and in 48.1% of those cases alcohol 
was the etiology [Choi G., Runyon B., 2012].

Daily intake of 40 g or more of pure alcohol is 
necessary for inducing morphological features of 
alcoholic hepatitis. Daily alcohol intake over 60 g 
for males and over 20 g for females increases the 
risk of developing cirrhosis [Sohail U., Satapathy 
S., 2012]. According to Dionysos study, alcohol in 
amount over 30 g/day was the threshold level for 
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developing cirrhosis or non-cirrhotic liver disease 
in both sexes; moreover, only 5.5% of those con-
suming the mentioned amounts had signs of liver 
injury, of which liver cirrhosis comprised 2.2%, and 
male-to-female ratio was 9:1 [Bellentani S. et al., 
1997]. According to Danish study, the risk of alco-
holic liver injury increased in weekly intake of 
14-27 or 7-13 units of alcohol for males and fe-
males, respectively; for any given amount of alco-
hol the risk of liver disease was higher for women 
than men, and a dose-dependent increase of the risk 
was revealed [Kamper-Jørgensen M. et al., 2004]. 
Being overweight was described as a risk factor for 
alcoholic hepatitis [Naveau S. et al., 1997].

Taking these data into consideration, the US 
National Institute on Alcohol Abuse and Alcohol-
ism proposed the following maximal daily amounts 
of alcohol that carry low risk: 28 g for males and 
14 g for females [Schwartz J., Reinus J., 2012].

Natural history: Alcoholic liver disease (ALD) is 
defined as steatosis that predisposes to fibrosis and 
cirrhosis. Alcoholic hepatitis (AH) is a clinical term 
that does not yet have a universally accepted defini-
tion. It can be defined by hepatocyte injury and infil-
tration of liver parenchyma by inflammatory cells, 
and it often occurs in the setting of consumption of 
large amounts of alcohol, commonly on the back-
ground of already established cirrhosis. Some authors 
define AH as a syndrome of coagulopathy and jaun-
dice and regard it as a form of acute-on-chronic liver 
failure [Lucey M. et al., 2009; Mathurin P., Lucey M., 
2012; Potts J., Verma S., 2012]. 

About 90-95% of people consuming at-risk 
amount of alcohol develop steatosis, while only 

20-40% develop steatohepatitis and fibrosis and 
8-20% have cirrhosis, which in 3-10% of cases is 
complicated by hepatocellular carcinoma. The AH 
can develop on top of any of the mentioned stages. 
(Figure 1) [Schwartz J., Reinus J., 2012]; more-
over, AH is the most severe manifestation of ALD 
associated with high mortality and progressive fi-
brosis. Histological features of AH include centri-
lobular necrosis and ballooning of hepatocytes, 
neytrophil infiltration, steatosis and fibrosis 
[O’Shea R. et al., 2010].

Effects of alcohol on the intestinal barrier: The 
concept of “intestinal barrier” involves the func-
tion of intestinal wall and lumen which prevents 
absorption of bacterial and other toxins to portal 
circulation. This function is implemented by sev-
eral structural components, which include mucus 
layer secreted by epithelial cells, secretory immu-
noglobulin A (IgA), defensins, bile, normal micro-
flora, structural integrity of intestinal epithelium 
including tight and adherens junctions, immune 
cells of the mucosa (M-cells, intraepithelial lym-
phocytes), as well as normal contractility of intes-
tine, etc. (Figure 2). In case of insufficiency of 
these components the intestinal permeability to 
toxins is increased, and the so-called “leaky gut” 
develops [DeMeo M. et al., 2002; Arrieta M., 
2006; Mencin A. et al., 2009]. Alcohol and its me-
tabolites, particularly acetaldehyde, can act on 
many of these components of the intestinal barrier. 

Alcohol and its metabolites alter intestinal per-
meability. It was shown on duodenal biopsy materi-
als that acetaldehyde, a metabolite of alcohol, dis-
rupted tight and adherens junctions of intestinal epi-

    Figure 1. Stages of alcoholic liver disease progression.
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thelium; epidermal growth factor found in saliva 
and other gastrointestinal secretions prevented this 
disruption [Basuroy S. et al., 2005; Rao R., 2009; 
Yan A., Schnabl B., 2012]. The intercellular spaces 
below tight junctions were increased in patients 
with cirrhosis [Such J. et al., 2002]. In alcoholics, 
who did not have cirrhosis and who abstained from 
alcohol, the increase in intestinal permeability mea-
sured by chromium-51 EDTA (Cr-51-EDTA) per-
sisted up to 2 weeks, and in cirrhotics permeability 
remained increased longer than 2 weeks even re-
gardless of abstinence [Bjarnason I. et al., 1984].

Another demonstration of alcohol effects on in-
testinal barrier was alteration of intestinal micro-
flora composition shown in different animal mod-
els. We will only mention that in animals fed with 
alcohol the number of Akkermansia muciniphila 
was increased: this microbe was normally found in 
human microflora and was able to degrade mucin 
[Derrien M. et al., 2008; Mutlu E. et al., 2009]. 

Alcohol also induces the small intestinal bacterial 
overgrowth (SIBO), as shown both in animals and 
humans. In patients chronically abusing alcohol the 
count of aerobe and anaerobe microbes was increased 
in jejunal aspirates [Bode C. et al., 1984]. The SIBO 
was shown to be present in cirrhotic patients and its 
severity corresponded to liver disease severity: SIBO 
was present in 48-73% of patients with Child-Pugh 
class C [Casafont Morencos F. et al., 1996; Pande C. 
et al., 2009]. In chronic liver disease of different eti-
ology, patients’ sera contained antibodies to micro-
bial components significantly more frequently than 

control fluids [Papp M. et al., 2010].
Slowed bowel peristalsis contributes to stasis 

and SIBO. It is known that in cirrhosis the bile 
flow is impaired which can decrease bowel motil-
ity. The use of cisapride significantly decreased 
orocecal transit time, as well as decreased SIBO 
rate in cirrhotic patients [Madrid A. et al., 2001].

The mentioned effects of alcohol coupled with 
decreased clearance of toxins from portal circula-
tion by liver Kupffer cells lead to bacterial translo-
cation (BT) in ALD. The BT is defined as transfer 
of live bacteria and their products ‒ lipopolysac-
charides (LPSs), deoxyribonucleic acids (DNAs) 
‒ from intestines to extraintestinal locations, par-
ticularly mesenteric lymph nodes and systemic cir-
culation. Translocation in ALD was shown in dif-
ferent studies. In alcoholics with ALD the concen-
tration of endotoxin in serum was high and corre-
lated with severity of liver disease [Sakaguchi S. et 
al., 2011]. Serum endotoxin concentration in pa-
tients with ALD, including steatosis and cirrshosis, 
increased 5-fold compared to healthy controls. 
These patients also had higher endotoxin levels 
compared to patients with cirrhosis of other etiol-
ogy. Endotoxemia was observed in patients with 
ALD without fibrosis or cirrhosis; the severity de-
creased in 6-8 days, probably due to cessation of 
alcohol use [Bode C. et al., 1987; Fukui H. et al., 
1991; Parlesak A. et al., 2000]. Levels of endo-
toxin in blood also increased in cirrhotic patients 
in correlation with their disease severity assessed 
by Child-Pugh class [Lin R. et al., 1995].

In the lumen: 
bile, IgA, defensins, normal microflora 

Normal epithelial structure, tight junctions, 
adherens junctions

Normal blood and lymph circulation 
of the intestinal wall

Mucus layer covering epithelium 

Mucosal immune cells

Figure 2. Components enabling the barrier function of the 
intestine.
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Fv-protein: Normally liver produces low 
amounts of Fv-protein that is considered a B-cell 
superantigen. It binds with variable portion of heavy 
chains of immunoglobulines; one molecule of Fv-
protein is capable of binding up to 6 molecules of 
immunoglobulin. Such polymerization increases 
the protective capacity of secretory IgA [Quan C. et 
al., 1997; Bouvet J.-P., Marone G., 2007]. Fv-pro-
tein secretion is dependent on intestinal microflora 
composition [Andrieux C. et al., 1998]. 

Being one of the barrier organs in the body, liver 
implements its function in tight collaboration with 
intestinal barrier, therefore, the clinical use of con-
cept “gut-liver axis” is justified. Likewise different 
physiological systems, in this axis we could also ex-
pect some mechanisms aimed at limiting injury that 
work on feedback principles and that can be em-
ployed by the liver to strengthen intestinal barrier 
and thereby decrease the toxin burden on itself.

As revealed by E. Arzumanyan (2004), the fecal 
levels of Fv-protein were increased in patients 
with different forms of ALD compared to healthy 
controls. After treatment that included selective in-
testinal decontamination by antibiotics the Fv-pro-
tein level decreased only in patients with simple 
steatosis, but remained increased in steatohepatitis 
and cirrhosis groups despite the clinical improve-
ment. It was suggested that the mentioned protein 
could be engaged in one of such mechanisms dis-
cussed above that is induced in liver injury by a 
feedback mechanism [Arzumanyan E., 2004]. 

 Based on these data it would be possible to infer 
that acting on the mentioned pathogenetic mecha-
nisms, particularly on microflora composition and 
SIBO, we could have clinical effect in ALD. The 
use of norfloxacine and neomycin antibiotics in 9 
cirrhotic patients improved their Child-Pugh class 
[Madrid A. et al., 2001]. In 20 patients with alco-
holic cirrhosis probiotic mixture VSL#3 was able to 
decrease malondialdehyde (MDA), hydroxinone-
nal, tumor necrosis factor-alpha (TNF-alpha), inter-
leukins (IL)-6, IL-10, as well as hepatic enzymes 
levels in serum [Loguercio C. et al., 2005]. How-
ever, these data are too scarce to judge on the effec-
tiveness of these classes of drugs in ALD.

The mechanisms of pathogenic effect of alcohol 
and metabolites in the development of different 
stages of ALD: The first data on alcohol toxicity 
were published in 1926, but it was in 1965, when 

C. Lieber and his group proved that ethanol has 
true toxicity [Lieber C. et al., 1965; Lieber C., De-
Carli L., 1974]. It was previously considered that 
alcoholic liver disease is a result of malnutrition 
[Singal A., Charlton M., 2012; Purnak T., Yilmaz 
Y., 2013], and this view was based on similarity of 
liver injury pattern in alcoholics and children with 
protein malnutrition. It is interesting that the same 
changes (i.e., steatosis) are seen in obesity (non-
alcoholic fatty liver disease) [Nobili V., Pinzani 
M., 2011; Kolesnikova О., 2013; Kurinna O., 
Kolesnikova O., 2013].

Since 1970s and up to the end of the last cen-
tury, the so-called “classical concepts of ALD 
pathogenesis were proposed: oxidative stress, im-
paired methionine and gluthathione metabolism, 
malnutrition and intestinal microflora lipopolysac-
charide theories [Lieber C., 1994; Thurman R. et 
al., 1998; Lumeng L.,Crabb D., 2001;Tsukamoto 
H., Lu S., 2001; Hoek J. et al., 2002; Arteel G. et 
al., 2003]. The first among them was the reduction 
‒ oxidation theory [Baraona E., Lieber C., 1979]. 
As a result of ethanol metabolism, NADH accumu-
lation leads to impaired NAD+/NADH ratio, which 
is a cause of decreased lipolysis and activation of 
lipogenesis. The consequence of this is accumula-
tion of fat in hepatocytes – steatosis [Jang Z.-H. et 
al., 2012; Rasineni K., Casey C., 2012; Zhu H. et 
al., 2012]. However, in later experiments, it was 
shown that in chronic alcohol abuse fat accumula-
tion continued despite improvement of reduction 
‒ oxidation potential, which gradually approached 
normal levels [Salaspuro M. et al., 1981]. Besides, 
in animal models antioxidants were shown to pre-
vent development of ALD [Nanji A. et al., 1996]. 
These data suggest that changes in reduction ‒ ox-
idation potential are not the primary cause of fat 
accumulation in chronic alcohol abuse.

Despite promising data obtained in animal 
models, the treatment modalities developed on the 
basis of these “classicˮ theories did not prove ef-
fective in human studies [Potts J., Verma S., 2012; 
Sohail U., Satapathy S., 2012; Woo G., O’Brien C., 
2012]. Moreover, their safety might be doubted, as 
in the case of antioxidants. The Cochrane hepato-
biliary group analysis of 20 studies on vitamins A, 
C, E, beta-carotene and selen did not show a clear 
evidence of antioxidants effects, while the increase 
in liver enzymes levels was observed in some cases 
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of antioxidants use. In other meta-analysis, the use 
of antioxidants in patients with alcoholic hepatitis 
increased their mortality from other causes [Li-
russi F. et al., 2007; Bjelakovic G. et al., 2011].

Perhaps the most convincing data on treatment 
methods based on these theories of pathogenesis 
are related to enteral feeding [Bruha R. et al., 
2012; Koretz R. et al., 2012]. In one randomized 
controlled trial, the effectiveness of total enteral 
feeding on short-term mortality in patients with 
AH and cirrhosis was not inferior to glucocorti-
coids, and the effect on long-term mortality was 
even superior to glucocorticoids [Cabré E. et al., 
2000; Mathurin P., Lucey M., 2012]. 

In the beginning of the 21st century, with the 
development of molecular biology, epigenomics, 
proteomics and immunology, new approaches to 
explaining ALD pathogenesis were proposed.

Alcoholic steatosis: Among possible mecha-
nisms of fatty acid accumulation in liver there are: 
decreased lipoprotein export, probably due to for-
mation of acetaldehyde adducts with tubulin, as 
well as oxidative stress that leads to lipid peroxi-
dation. Peroxisome proliferator-activated recep-
tor-alpha (PPAR-alpha) is a fatty acid receptor that 
stimulates a number of mechanisms aimed at clear-
ing excessive fatty acids. Ethanol was shown to 
suppress the ability of PPAR-alpha receptor to in-
duce transcription [Nakajima T. et al., 2004]. 

Sterol-regulatory element binding protein 
(SREBP) types 1a, 1c and 2 are important regula-
tors of lipid metabolism. The SREBP-1 regulates 
transcription of enzymes involved in triglyceride 
synthesis, and SREBP-2 ‒ those of cholesterol me-
tabolism. It was shown in experimental models 
that ethanol increased intracellular level of 
SREBP-1, and the effect was probably mediated 
by acetaldehyde [You M., 2002] (Figure 3). Ade-
nosine monophosphate (AMP)-activated proteinki-
nase (AMPK) is an important metabolic regulatory 
enzyme, which phosphorylates enzymes involved 
in fatty acid metabolism in such a way that the re-
sult is increased fatty acid oxidation. It was shown 
experimentally that ethanol suppressed AMPK and 
the effect partly mediated its SREBP-related ac-
tions. It is interesting that metformin activates 
AMPK and, as shown in the same study, prevented 
the effect of ethanol on SREBP intracellular level 
[You M. et al., 2004].

Alcoholic hepatitis: The main mechanisms in-
volved in pathogenesis of AH include ethanol me-
tabolism, impaired innate and adaptive immunity, 
and depressed regeneration of liver. 

Ethanol toxicity is mainly mediated by its me-
tabolism [Crabb D., 1995; Ramchandani V. et al., 
2001]. Ethanol metabolism occurs mostly in peri-
central lobular zone which explains predominant 
this zone injury in ALD [Deng X.-S., Deitrich R.,  

Figure 3. Schematic representation of the effect of ethanol on main factors of lipid metabolism regulation. See text 
for explanations.

Ethanol

SREBP-1 AMPK PPAR-alpha

Synthesis of triglycerides
Steatosis of liver Lipolysis, fatty acids oxidation
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2007; Cubero F. et al., 2009]. As a result of etha-
nol metabolism, a large amount of free radicals is 
formed either through microsomal ethanol-oxydiz-
ing system or mitochondrial electron-transporting 
system [Lieber C., 2004]. Free radicals contribute 
to depletion of glutathion reserve which further 
sensitizes hepatocytes to injury. Oxidative stress 
leads to peroxidation of polyunsaturated fatty acids 
and formation of reactive aldehydes such as MDA 
and 4-hydroxynonenal. The latter two, as well as 
acetaldehyde produced from ethanol oxidation can 
form immunogenic adducts with proteins and DNA 
[Singh M. et al., 2013; Tsedensodnom O. et al., 
2013]. Antibodies to these adducts were detected 
in long-term alcohol abuse in humans and experi-
mental models. Formation of these adducts can 
also lead to impaired cytoskeleton function and the 
endoplasmic reticulum stress [Reitz R., 1993; 
Nanji A. et al., 1994; Tsukamoto H., Lu S., 2001; 
Bailey S., Cunningham C., 2002; Wu D., Ceder-
baum A., 2003]. 

Acetaldehyde is further oxidized to acetate, 
which enters systemic circulation and is used as 
energy source in skeletal muscles, 
myocardium and brain. When present 
in large quantities, acetate can increase 
expression of proinflammatory cyto-
kines through acetylation of histones 
[Shen Z. et al., 2009; Kendrick S. et al., 
2010] (Figure 4).

Activation of innate immunity ele-
ments plays a central role in AH patho-
genesis [Szabo G. et al., 2007] (Figure 5). 
The liver as a special barrier between 
portal and systemic circulation carries 
mostly innate immune elements: 
Kupffer cells comprise about 80% of or-
ganisms’s resident macrophages; liver 
produces 80-90% of proteins of innate 
immune system; there is a large number 
of pattern-recognition receptors (PRR) 
expressed in liver, etc. [Gao B. et al., 
2008]. The LPS of gram-negative bacte-
ria is considered among main activators 
of innate immunity; it binds to toll-like 
receptors-4 (TLR-4) on the surface of 
cells [Miller A. et al., 2011a]. 

As previously discussed, ethanol in-
gestion leads to bacterial translocation 

(increased passage of LPS from intestine to liver) 
through causing intestinal dysbiosis, SIBO, in-
creased intestinal permeability, and decreased he-
patic clearance of LPS. Chronic ethanol abuse 
causes increased expression of LPS-binding pro-
tein and its receptor (CD14) [Wheeler M. et al., 
2001; Wheeler M. 2003]. In addition, chronic use 
of large amounts of alcohol leads to sensitization 
of innate immune cells to LPS through decrease of 
expression of basic membrane protein (BMP) and 
activin membrane-bound inhibitor (BAMBI) and 
interleukin receptor-associated kinase (IRAK)-M. 
The BAMBI is a pseudoreceptor of transforming 
growth factor-beta (TGF-beta): it does not conduct 
the signal intracellularly after binding to TGF-
beta. Chronic alcohol use results in decreased 
BAMBI expression and increased TGF-beta sig-
naling. It suppresses TLR signaling. Chronic alco-
hol use leads to decreased IRAK-M expression and 
increased TLR signaling (sensitization). Moderate 
and acute ethanol ingestion increases expression 
of IRAK-M [Wang Y. et al., 2013] (Figure 5). 

After binding to TLR-4 on Kupffer cell surface, 

Figure 4. Mechanisms of hepatotoxicity of ethanol metabolism. 
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LPS initiates intracellular signaling through two 
pathways: myeloid differentiation (MyD)88-de-
pendent and MyD88-independent (Tir-domain-
containing adapter-inducing interferon-beta 
(TRIF)-dependent); as a result a number of tran-
scriptional factors are activated: nuclear factor 
kappa-B (NFκB), interferon regulatory factor 
(IRF). The TNF-alpha expression increases as a re-
sult of activation and nuclear translocation of 
NFκB, and the 2nd class interferon expression in-
creases due to IRF-alpha activation (Figure 6). It 
was shown that CD14 and TLR-4 knockout mice 
are resistant to damaging effects of alcohol [Hritz 
I. et al., 2008; Zhao X.-J. et al., 2008]. 

The TNF-alpha plays a major role in AH patho-
genesis. It can cause hepatocyte steatosis, apopto-
sis or necrosis, activation of hepatic stellate cells 
(HSCs), and fibrogenesis [Yin M. et al., 1999]. He-
patocyte necrosis leads to production of the so-
called damage-associated molecular patterns, 
which activate inflammasome, increase IL-1b ex-
pression and maintain inflammation. TNF-alpha 
signaling is transduced inside the cell through two 
receptors: TNFR1 and TNFR2. Numerous experi-
mental data suggest that the majority of TNF-alpha 
effects are TNFR1-mediated. TNFR1 knockout 
animals and those, who received anti-TNF-alpha 
antibodies, do not develop alcoholic hepatitis. 
However, anti-TNF-alpha treatment of AH in hu-
mans was associated with high risk of infectious 
complications [Iimuro Y. et al., 1997; Yin M. et al., 
1999]. The alcohol abuse can also cause activation 
of C3 and C5 fractions of complement that also 

stimulate production of cytokines and chemokines 
by Kupffer cells [Pritchard M. et al., 2007].

The activated Kupffer cells also produce TGF-
beta-1, which is a potent activator of HSCs, platelet-
derived growth factor (PDGF), an important stimula-
tor of HSCs proliferation, IL-1, IL-6, which play a 
role in formation of the acute phase response, IL-8, 
which promotes neutrophil chemotaxis, and other 
chemokines. There are data suggesting that HSCs 
and hepatocytes produce chemokines as well [Neu-
man M., 2003; Cao Q. et al., 2005]. Kupffer cells 
activated by complement and LPS synthesize also 
“hepatoprotective” cytokines (IL-6, IL-10), which 
activate transcriptional factor signal transducer and 
activator of transcription 3 (STAT3) in hepatocytes 
and macrophages [Miller A. et al., 2011b]. 

The adaptive immune system also plays a certain 
role in development of AH [Albano E., Vidali M., 
2010; Albano E., 2012]. Long-term alcohol ingestion 
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in large doses contributes to activation of oxidative 
stress, lipid peroxidation and formation of reactive 
aldehydes: MDA, 4-hydroxynonenal. These can in-
teract with a number of proteins by binding to free 
NH2 groups of amino acids. These adducts can be 
recognized by the adaptive immunity as antigens 
[Mottaran E. et al., 2002]. High titers of antibodies to 
such molecules are found in serum of patients with 
AH. However, their role in AH pathogenesis was not 
fully studied [Thiele G. et al., 2004].

Alcoholic liver fibrosis: Fibrosis is the result of 
any chronic injury to the liver [Orman E. et al., 
2013]. It is defined by accumulation of collagen 
and other proteins of extracellular matrix [Bataller 
R., Brenner D., 2005]. The main producers of 
specified matrix in liver are HSCs with certain role 
attributed also to fibroblasts, bone marrow-derived 
fibroblasts and hepatocytes [Friedman S., 2008; 
Cubero F. et al., 2009]. The HSCs are also innate 
immune cells: as antigen-presenting cells, they ex-
press major histocompatibility complex (MHC)-II 
along with MHC-I. They also express CD1b 
(MHC-like), which is a natural killer (NK)-T cell 
ligand, as well as retinoic acid early inducible 
gene-1 (RAE1)[Jeong W.-I., Gao B., 2008].

Normally HSCs are present in quiescent state 
and serve as retinol depots and participate in regu-
lating sinusoid tone. Under the action of diverse 
stimuli they can be activated, deprived of retinol 
and transform to collagen-producing cells. In early 
stages of HSC activation, some portion of their 
retinol reserve is oxydized by aldehyde dehydro-
genase to retinoic acid which increases expression 
of RAE1. The latter is an NK cell ligand and its 
presence on the HSCs surface results in the cell 
“suicide” at the early activation stage. However, 
when retinol reserve is exhausted, this mechanism 
is no longer in place, and HSCs become resistant 
to apoptosis that leads to fibrosis progression 

[Miao C.-G. et al., 2013]. NK-cells suppress HSCs 
activity also through production of interferon 
(IFN)-gamma, which contributes to inhibition of 
HSCs cell cycle and their apoptosis. These mecha-
nisms play a major role in antifibrotic defense. 
Chronic ingestion of large amounts of alcohol 
leads to suppression of these mechanisms, which 
can have a major impact on progression of alco-
holic fibrosis [Jeong W.-I., Gao B., 2008; Suh Y.-
G., Jeong W.-I., 2011].

The HSCs are activated in inflammation. TGF-
beta is a potent activator of these cells; it is pro-
duced by activated Kupffer cells and increases the 
expression of collagen-1 on HSCs [Friedman S. et 
al., 2007; Iredale J., 2007]. Increased plasma LPS 
level in ALD has an important significance in fi-
brosis development. Not only it activates Kupffer 
cells but can also directly stimulate HSCs by bind-
ing to TLR-4 receptors on their surface [Seki E. et 
al., 2007]. In addition, LPS can activate TLR sig-
naling in liver sinusoidal endothelial cells and con-
tribute to angiogenesis [Jagavelu K. et al., 2010]. 
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stimulate HSCs by increasing collagen-1 expres-
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and transcriptional factors [Purohit V., Brenner D., 
2006; Mello T. et al., 2008].

 concluSion 

As discussed above, such factors as impaired in-
nate immune system function and in particular, in-
testinal barrier derangement, play a major role in 
the pathogenesis of ALD. However, no effective 
treatment methods have been developed on the basis 
of our understanding of this pathogenesis yet. In our 
opinion, future studies in this field should be aimed 
at exploring, among others, the adaptive mecha-
nisms during the development of ALD. 
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