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Abstract
Constant alcohol consumption is a major cause of chronic 
liver disease, and there has been a growing concern 
regarding the increased mortality rates worldwide. Al-
coholic liver diseases (ALDs) range from mild to more 
severe conditions, such as steatosis, steatohepatitis, 
fibrosis, cirrhosis, and hepatocellular carcinoma. The 
liver is enriched with innate immune cells (e.g. natural 
killer cells and Kupffer cells) and hepatic stellate cells 
(HSCs), and interestingly, emerging evidence suggests 
that innate immunity contributes to the development 
of ALDs (e.g. steatohepatitis and liver fibrosis). Indeed, 
HSCs play a crucial role in alcoholic steatosis via  pro-
duction of endocannabinoid and retinol metabolites. 
This review describes the roles of the innate immunity 
and HSCs in the pathogenesis of ALDs, and suggests 
therapeutic targets and strategies to assist in the re-
duction of ALD. 
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INTRODUCTION
Alcoholic liver disease (ALD) caused by chronic alcohol 
consumption shows increased mortality rates world-
wide[1,2]. As an adverse risk factor of  alcohol abuse, ALD 
includes a broad spectrum of  liver diseases, ranging from 
steatosis (fatty liver), steatohepatitis, fibrosis, and cirrho-
sis to hepatocellular carcinoma[3,4]. Generally, steatosis is 
considered to be a mild or reversible condition, whereas 
steatohepatitis is a pathogenic condition, which has the 
potential to progress into more severe diseases, such as 
liver fibrosis/cirrhosis, insulin resistance, and metabolic 
syndrome in rodents and humans[5-7]. For the past decade, 
evidence has suggested that the innate immune cells of  
liver and hepatic stellate cells (HSCs) play crucial roles in 
ALD. For example, previous studies demonstrated that 
alcoholic liver steatosis was induced by HSC-derived en-
docannabinoid and its hepatic CB1 receptor, and alcoholic 
liver fibrosis was accelerated due to abrogated antifibrotic 
effects of  natural killer (NK) cells/interferon-γ (IFN-γ) 
against activated HSCs via the upregulation of  transform-
ing growth factor-β (TGF-β) and suppressor of  cytokine 
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signaling 1 (SOCS1)[8,9]. However, the molecular and cellu-
lar mechanisms underlying ALD remain controversial[4,6,10]. 
Therefore, in the present review, we briefly describe the in-
nate immunity of  liver and HSCs, summarize the roles of  
these in ALD (with particular emphasis on alcoholic liver 
steatosis, steatohepatitis and liver fibrosis), and provide 
better strategies for the prevention and treatment of  ALD. 

INNATE IMMUNITY AND HSC IN LIVER 
The innate immune system is the first line of  defense 
against pathogenic microbes and other dangerous in-
sults, such as tissue injury, stress, and foreign bodies[11]. 
It consists of  three sub-barriers: physical (e.g. mucous 
membrane and skin), chemical (e.g. secreted enzymes 
for antimicrobial activity and stomach HCL), and cel-
lular barriers (e.g. humoral factors, phagocytic cells, 
lymphocytic cells, etc), which immediately respond to the 
pathogens entering the body. Most body defense cells 
have pattern recognition receptors (PRRs) that recognize 
the overall molecular patterns of  pathogens, known as 
pathogen associated molecular patterns. The examples 
of  PRRs are toll-like receptors (TLR), nucleotide-binding 
oligomerization domain-like receptors, and the retinoic 
acid-induced gene I-like helicases[12].

When extraneous molecules enter the human body, 
they have to be processed by the liver, either by metabo-
lism or detoxification. Therefore, the liver is considered 
as a barrier against pathogens, toxins, and nutrients 
absorbed from the gut via the portal circulation system. 
Consequently, the liver is enriched in innate immune 
system including humoral factors (e.g. complement and 
interferon), phagocytic cells (e.g. Kupffer cells and neu-
trophils), and lymphocytes [e.g. NK cells, natural killer 
T (NKT) cells and T cell receptor γδ T cells][11,13-15]. In a 
healthy liver, the principal phagocytic cells, the Kupffer 
cells, representing 20% of  the non-parenchymal cells 
(NPC), assist in the clearance of  wastes via phagocyto-
sis in the body[15,16]. However, when the liver is injured, 
Kupffer cells elicit immune and inflammatory responses 
(e.g. hepatitis, fibrosis, and regeneration) by producing 
several mediators, including tumor necrosis factor-α 
(TNF-α), TGF-β, interleukin-6 (IL-6), and reactive 
oxygen species (ROS)[17-19]. Among these, TGF-β plays 
a crucial role in the transdifferentiation of  quiescent 
HSCs into fibrogenic activated HSCs, via the suppres-
sion of  their degradation and the stimulation of  the 
production of  extracellular matrix (ECM), especially in 
collagen fibers[19-21]. In a healthy liver, liver lymphocytes 
constitute about 25% of  the NPC. Mouse liver lympho-
cytes contain 5%-10% NK cells and 30%-40% NKT 
cells, whereas rat and human liver lymphocytes consist 
of  approximately 30%-50% NK cells and 5%-10% NKT 
cells[11,13,15,16]. These distributions of  NK and NKT cells 
are quite abundant compared with those in peripheral 
blood, which contains 2% of  NKT cells and 13% of  NK 
cells[13]. Previously, NK/NKT cells were regarded to as-
sume a crucial role in mediating the immune responses 
against tumor and microbial pathogens. However, recent 

studies have suggested that they contribute significantly 
to liver injury, regeneration, and fibrosis[22-25]. 

More interestingly, there are enigmatic cells in the 
liver that were previously called Ito cells or sinusoidal 
fat-storing cells, but are now standardized as HSCs[21]. 
HSCs comprise up to 30% of  NPC in the liver and are 
located in specialized spaces called Disse, between he-
patocytes and sinusoidal endothelial cells. In addition, 
quiescent HSCs store retinol (vitamin A) lipid droplets 
and regulate retinoid homeostasis in healthy livers. How-
ever, they become activated and transformed into myo-
fibroblastic cells that have special features with retinol 
(vitamin A) loss and enhanced collagen expression when 
liver injuries occur[19,21,26]. For several decades, activated 
HSCs have been considered to be major cells that induce 
liver fibrosis via the production of  ECM and inflamma-
tory mediators (e.g. TGF-β) in humans and rodents[19-21]. 
However, recent studies have suggested that the novel 
roles of  HSCs are closely associated with other diseases, 
such as alcoholic liver steatosis and immune responses, 
by producing endocannabinoids and presenting antigen 
molecules, respectively[8,27,28]. Moreover, HSCs can directly 
interact with immune cells, such as NK cells, NKT cells 
and T cells, via the expression of  retinoic acid early in-
ducible-1 (RAE1), CD1d, and major histocompatibility 
complex (MHC) Ⅰ and Ⅱ[22,28,29]. During HSC activation, 
they metabolize the retinols into retinaldehyde (retinal) 
via alcohol dehydrogenase (ADH), and the retinal is fur-
ther metabolized into retinoic acid (RA) via retinaldehyde 
dehydrogenase (Raldh)[3,29]. Surprisingly, activated HSCs 
express an NK cell activating ligand known as RAE1; 
however, RAE1 expression is absent in quiescent HSCs. 
This suggests that the activation processes of  HSCs are 
necessary for the expression of  a NK cell activated li-
gand, RAE1. Furthermore, several TLRs have also been 
identified in HSCs[30]. Taken together, HSCs might be 
important not only in liver fibrosis, but also in other liver 
diseases related to immune responses. 

ALCOHOLIC LIVER STEATOSIS BY 
INNATE IMMUNITY AND HSCS
Alcoholic liver steatosis has long been considered as a 
mild condition; however, increasing evidence suggests that 
it is a potentially pathologic state, which progresses into a 
more severe condition in the presence of  other cofactors, 
such as the sustained consumption of  alcohol, viral hepa-
titis, diabetes, and drug abuse[31,32]. It is believed that fat ac-
cumulation in the hepatocytes is a result of  an imbalanced 
fat metabolism, such as decreased mitochondrial lipid 
oxidation and enhanced synthesis of  triglycerides. Several 
underlying mechanisms of  these processes indicate that it 
might be related to an increased NADH⁄NAD+ ratio[33,34], 
increased sterol regulatory element-binding protein-1 
(SREBP-1) activity[35,36], decreased peroxisome prolifera-
tor-activated receptor-α activity[37,38], and decreased AMP-
activated protein kinase (AMPK) activity[8,36]. 

Moreover, recent studies have suggested the involve-
ment of  innate immune cells, particularly Kupffer cells, 
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in alcoholic liver steatosis[39,40]. Generally, alcohol intake 
increases gut permeabilization, which allows an increased 
uptake of  endotoxin/lipopolysaccharide (LPS) in portal 
circulation[18]. Kupffer cells are then activated in response 
to LPS via TLR4 signaling cascade, leading to the produc-
tion of  several types of  pro-inflammatory mediators such 
as TNF-α, IL-1, IL-6, and ROS[3,4,39]. Of  these media-
tors, the increased expression of  TNF-α and enhanced 
activity of  its receptor (TNF-α R1) have been observed 
in alcoholic liver steatosis in mice[39-42]. In addition, it has 
been reported that TNF-α has the potential to increase 
mRNA expression of  SREBP-1c, a potent transcription 
factor of  fat synthesis, in the liver of  mice and to stimulate 
the maturation of  SREBP-1 in human hepatocytes[43,44]. 
Furthermore, a recent report demonstrated that alcohol-
mediated infiltration of  macrophages decreased the 
amount of  adiponectin (known as anti-steatosis peptide 
hormone) production of  adipocytes, leading to alcoholic 
liver steatosis[45]. Therefore, Kupffer cells/macrophages 
might contribute to the development of  alcoholic liver 
steatosis via the upregulation of  the SREBP1 activity in 
hepatocytes and the downregulation of  the production 
of  adiponectin in adipocytes. In contrast, IL-6 produced 
by Kupffer cells/macrophages is a positive regulator in 
protecting against alcoholic liver steatosis via activation of  
signal transducer and activator of  transcription (STAT)3, 
consequently inhibiting of  SREBP1 gene expression in 
hepatocytes[46-48].

Endocannabinoids, endogenous cannabinoids, are lipid 
mediators that interact with cannabinoid receptors (CB1 
and CB2) to produce effects similar to those of  mari-
juana[49]. There are the two main endocannabinoids, arachi-
donoyl ethanolamide (anandamide) and 2-arachidonoylg-
lycerol (2-AG). Recently, an intriguing report suggested that 
alcoholic liver steatosis is mediated mainly through HSC-
derived endocannabinoid and its hepatocytic receptor[8]. 
The study suggested that chronic alcohol consumption 
stimulated HSC to produce 2-AG, and the interaction with 
the CB1 receptor upregulated the expression of  lipogenic 
genes SREPB1c and fatty acid synthase but downregulated 
the activities of  AMPK and carnitine palmitoyltransferase 
1. Consequently fat is accumulated in the hepatocyte. More 
recently, a related study reported that the increased expres-
sion of  CB1 receptors on hepatocytes because of  alcohol 
consumption was mediated by RA acting via a RA receptor 
(RAR)-γ[27]. This study also showed that 2-AG treatment 
in mouse hepatocytes increased the production of  RA by 
Raldh1, the catalytic enzyme of  retinaldehyde into RA. RA 
then binds with RAR-γ, increasing the expression of  CB1 
receptor mRNA and protein, and consequently exacerbat-
ing the alcohol-mediated fat accumulation via enhanced 
endocannabinoid and lipogenic signaling pathways[27]. 
Reports stating that alcohol consumption simultaneously 
elevated the expression of  RAR and the production of  
retinol metabolites, including RA, in mouse and rat liver, 
supported these findings[50-52]. Moreover, hepatocytes and 
HSCs are major sources of  retinoids, including retinol and 
RA, in the body[26,53]. In contrast to the CB1 receptors, the 
association of  CB2 receptors with the development of  

hepatic steatosis has not yet been studied in depth. One 
study showed that the expression of  CB2 receptors was 
increased in the livers of  patients with non-alcoholic fatty 
liver disease[54]. In an animal model, however, feeding of  
high-fat diet for 15 wk induced severe fatty liver in wild-
type mice, but not in hepatic CB2 knockout mice[55]. The 
involvement of  endocannabinoid, RA, and their receptors 
has been integrated in Figure 1.

Interestingly, in contrast with previous reports that 
endocannabinoids activated HSCs to induce liver fibrosis 
and alcoholic liver steatosis[8,56], Siegmund et al reported 
that HSCs’ sensitivity to anandamide (AEA)-induced cell 
death was because of  low expression of  fatty acid amide 
hydrolase and that 2-AG also induced apoptotic death 
of  HSCs via ROS induction[57-59]. These data indicated 
that endocannabinoids might play negative roles in liver 
fibrosis. Therefore, the functions of  endocannabinoids to 
HSCs are still unclear and need to be studied further. 

ALCOHOLIC STEATOHEPATITIS BY 
INNATE IMMUNITY AND HSCS
Alcoholic steatohepatitis has a mixed status with fat accu-
mulation and inflammation in the liver, which has the po-
tential to progress into more severe pathologic states such 
as alcoholic liver fibrosis, cirrhosis, and hepatocellular 
carcinoma. In response to alcohol uptake, many hepatic 
cells participate in the pathogenesis of  alcoholic steato-
hepatitis. However, as described above, mainly Kupffer 
cells and HSCs initiate and maintain hepatic inflammation 
and steatosis[4,8,60-63]. Considering their specific location at 
the interface between the portal and systemic circulation, 
Kupffer cells are the central players in orchestrating the 
immune response against endotoxin (LPS) via TLR4 sig-
naling pathways[62,64]. TLR4 initiates two main pathways, 
and when TLR4 binds LPS, TIR domain-containing adap-
tor protein and myeloid differentiation factor 88 (MyD88) 
are recruited, resulting in the early-phase activation of  nu-
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Figure 1  Regulatory mechanisms of the hepatic lipogenesis and CB1 re-
ceptor expression via hepatic stellate cell-derived endocannabinoids/CB1 
receptors and retinoic acid/retinoic acid receptor-γ in hepatocytes, re-
spectively. CB1 R: CB1 receptor; AMPK: AMP-activated protein kinase; HSC: 
Hepatic stellate cell; 2-AG: 2-arachidonoylglycerol; SREBP-1: Sterol regulatory 
element-binding protein-1; FAS: Fatty acid synthase; RA: Retinoic acid; RAR: 
Retinoic acid receptor.
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clear factor-κB (NF-κB). The activation of  NF-κB leads 
to the production of  pro-inflammatory cytokines, includ-
ing TNF-α, IL-6, and monocyte chemotatic protein-1 
(MCP-1). Meanwhile, TIR-domain containing adaptor in-
ducing IFN-β (TRIF) and TRIF-related adaptor molecule 
activate interferon regulatory factor 3 (IRF3), leading to 
the production of  type I IFN and late activation of  NF-
κB[62,65]. Recent studies reported that alcohol-mediated 
liver injury and inflammation were primarily induced by 
in a TLR4-dependent, but MyD88-independent, manner 
in NPCs (Kupffer cells and macrophages), whereas IRF3 
activation in parenchymal cells (hepatocytes) rendered 
protective effects to ALD[66,67]. In addition, the importance 
of  gut-derived endotoxin/LPS in ALD was suggested by 
experiments where animals were treated with either antibi-
otics or lactobacilli to remove or reduce the gut microflora 
provided protection from the features of  ALD[68]. Among 
pro-inflammatory cytokines, TNF-α primarily contributes 
to the development of  ALD, and its levels are increased in 
patients with alcoholic steatohepatitis[39] and in the liver of  
alcohol-fed animals[40,69]. Moreover, Kupffer cells secrete 
other important cytokines, including IL-8, IL-12, and 
IFNs, which contribute to the intrahepatic recruitment 
and activation of  granulocytes that are characteristically 
found in severe ALD, and influence immune system po-
larization[70]. Interestingly, TLR4 is expressed not only on 
innate immune cells, such as Kupffer cells and recruited 
macrophages, but also on hepatocytes, sinusoidal endo-
thelial cells, and HSCs in the liver[30]. 

In addition to LPS, oxidative stress-mediated cellular 
responses also play an important role in activations of  in-
nate immune cells and HSCs. Furthermore, Kupffer cells 
represent a major source of  ROS in response to chronic 
alcohol exposure[71,72]. One important ROS is the superox-
ide ion, which is mainly generated by the enzyme complex 
NADPH oxidase. Underlining the important role of  ROS 
in mediating ethanol damage, treatment with antioxidants 
and deletion of  the p47phox subunit of  NADPH oxidase 
in ethanol-fed animals reduced oxidative stress, activa-
tion of  NF-κB, and TNF-α release in Kupffer cells, thus 
preventing liver injury[71,73]. Moreover, NADPH oxidase 
induces TLR2 and TLR4 expression in human mono-
cytic cells[74], and direct interaction of  NADPH oxidase 
isozyme 4 with TLR4 is involved in LPS-mediated ROS 
generation and NF-κB activation in neutrophils[75].

Besides Kupffer cells, HSCs also contribute to alco-
holic steatohepatitis by producing endocannabinoids and 
releasing proinflammatory cytokines and chemokines, 
such as TNF-α, IL-6, MCP-1, and macrophage inflam-
matory protein-2[63,76-78]. Moreover, Kupffer cells activated 
by alcohol stimulate the proliferation and activation of  
HSCs via IL-6 and ROS-dependent mechanisms in a co-
culturing system[17,79]. Furthermore, retinol metabolites 
of  HSCs activate latent TGF-β, leading to suppression 
of  apoptosis of  HSCs[80-82]. Recently, an intriguing review 
provided novel roles for HSCs in liver immunology, where 
HSCs, depending on their activation status, can produce 
several mediators, including TGF-β, IL-6, and RA, which 
are important components in naïve T cell differentiation 

into regulatory T cells (Treg cells) or IL-17 producing T 
cells (Th-17 cells)[83]. Based on this review, it can be hy-
pothesized that HSCs regulate hepatic inflammation via 
modulation of  T cell differentiation into Treg or Th-17 
cell under certain circumstances. However, this remains an 
unclear proposition; therefore, further studies on the role 
of  HSCs in hepatic inflammatory diseases, including alco-
holic steatohepatitis and viral hepatitis, are necessary.

ALCOHOLIC LIVER FIBROSIS BY INNATE 
IMMUNITY AND HSCS
Chronic alcohol drinking is one of  major causes of  liver 
fibrosis, which is characterized by the excessive accumula-
tion of  ECM components because an imbalanced ECM 
degradation and production[6]. However, only 10%-40% of  
heavy drinkers develop alcoholic liver fibrosis[1,3]. Although 
the underlying mechanisms of  alcoholic liver fibrosis are 
not yet completely understood, several suggestions have 
been made in the literature. First, acetaldehyde and ROS 
generated by hepatic alcohol metabolism activate the 
production of  collagen and TGF-β1 in HSCs through a 
paracrine mechanism[84,85]. Secondly, hepatocyte apoptotic 
bodies induced by alcohol are phagocytosed in Kupffer 
cells and HSCs, resulting in the production of  TGF-β1 
and subsequently activating HSCs[86,87]. Thirdly, alcohol-
mediated activation of  Kupffer cells, such as LPS/TLR4 
signaling, also activates HSCs via release of  cytokines, che-
mokines, and ROS[17,63,88]. Moreover, TLR4/MyD88 sig-
naling in HSCs enhances TGF-β signaling, inducing liver 
fibrosis via down-regulation of  a transmembrane TGF-β 
receptor inhibitor, Bambi[89]. Furthermore, it is reported 
that NADPH oxidase–mediated ROS production contrib-
utes to liver fibrosis[90]. However, recent studies have in-
ferred another possibility - that chronic alcohol consump-
tion predisposes NK/NKT cells to decrease in function, 
which accelerates the development of  liver fibrosis[9,91].

Originally, as we depicted in Figure 2, NK cells have 
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anti-fibrotic effects via several mechanisms. First, NK cells 
can directly kill activated HSCs by NKG2D- and TNF-
related apoptosis, dependent on the induction TRAIL 
ligand, whereas NK cells cannot induce apoptosis of  
quiescent HSCs[24,92]. This is because early activated HSCs 
express NK cell-activating ligand RAE-1, which is an acti-
vating ligand of  NKG2D on NK cells, by RA and TRAIL 
receptors, but they express decreased MHC-Ⅰ, an NK 
cell-inhibitory ligand[29,92]. Second, NK cells can suppress 
liver fibrosis via production of  IFN-γ, which can induce 
HSC cell cycle arrest and apoptosis in a STAT1-dependant 
manner and induce autocrine activation of  NK cells[93,94]. 
Similar to NK cells, NKT cells (invariant NKT cells) can 
also suppress HSC activation via direct killing and IFN-γ 
production; however, the anti-fibrotic effects of  NKT 
cells are beneficial only at the onset stage of  liver fibro-
sis because of  iNKT depletion tolerance[22]. In contrast, 
strong activation of  iNKT cells by a single injection of  
α-galactosylceramide adversely enhanced liver fibrosis via 
highly increased IFN-γ-mediated hepatocyte apoptosis[22]. 
However, in alcoholic liver fibrosis, it is now accepted 
that chronic alcohol consumption accelerates liver fibrosis 
because of  the suppressed activity of  NK cells (as shown 
in patients and mice)[9,91,95]. In patients with alcoholic liver 
cirrhosis, the number and cytolytic activity of  peripheral 
blood NK cells were significantly decreased compared to 
those of  patients without liver disease[95]. In parallel with 
this report, decreased numbers and cytotoxicity of  liver 
NK cells against HSCs and tumor cells were observed in 
chronically alcohol-fed mice[9,91]. In addition, direct IFN-γ 
treatment failed to increase activities of  NK cells and to 
suppress activated HSCs in chronically alcohol-fed mice, 
showing no beneficial effects of  IFN-γ in alcoholic liver 
fibrosis[9]. These results are possibly due to increased ex-
pression and production of  TGF-β and SOCS1 by mono-
cytes and activated HSCs[9,96]. We have integrated these 

findings in Figure 3, and in the case of  NKT cells, they 
seem to contribute to alcoholic liver injury because the 
activation of  NKT cells accelerate alcoholic liver injury 
while NKT deficiency delays the process[97,98]. Neverthe-
less, reports on the effects of  alcohol on NK/NKT cell 
functions are still controversial. Therefore, further studies 
of  the effect of  alcohol on NK/NKT functions are nec-
essary. 

Although the underlying mechanisms of  liver fibrosis 
are not clear, alcohol consumption in patients with hepa-
titis C virus (HCV) infection may accelerate the process. 
This is because HCV triggers dysfunction and apoptosis 
of  lymphocytes, such as T cells, NK cells, and NKT cells, 
via NADPH oxidase-derived oxygen radicals, which might 
be enhanced by alcohol-mediated apoptosis of  hepatocyte 
and ROS production, and subsequently accelerating liver 
fibrosis[99,100]. In addition, HCV core and nonstructural 
proteins either induce TLR4 expression in hepatocytes 
and B cells, leading to enhanced production of  IFN-β 
and IL-6, or enhance the secretion of  TGF-β1 and the 
expressions of  procollagen α(I) or α-smooth muscle ac-
tin in human-activated HSCs and LX-2 cells[101,102]. There-
fore, all these factors and findings may be promoting the 
effect of  alcohol on liver fibrosis in patients with HCV 
infection. 

TREATMENT STRATEGY FOR ALD 
In alcoholic patients, the best therapeutic is to reduce 
ethanol intake significantly, subsequently avoiding fur-
ther liver injury[1]. However, abstinence is very difficult 
to achieve. The alternative option is liver transplanta-
tion, but donors are relatively scarce[2]. For these reasons, 
many studies have been performed to determine targets 
or strategies for treating ALD. Regarding the critical role 
of  TNF-α and ROS in animal models with ALD, several 
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drugs have been developed and are currently available 
for clinical trial. To suppress the inflammatory responses, 
phosphodiesterase inhibitor (Pentoxifylline) and cortico-
steroid therapies were also administered and resulted in 
reductions of  TNF-α, IL-8, and soluble and membra-
nous forms of  intracellular adhesion molecule 1 in pa-
tients with ALD, via inhibition of  activator protein 1 and 
NF-κB[103-106]. Even though treatments with antioxidants 
have shown inhibitory effects on alcohol-mediated oxida-
tive stress in animal models, studies of  treatment with 
antioxidants (S-adenosylmethionine, vitamin E, and sily-
marin, the active element in milk thistle) had no beneficial 
effects in either patients with alcoholic hepatitis or those 
with alcoholic cirrhosis[107,108]. In addition, other treat-
ments, such as antifibrotics (colchicines) and nutritional 
therapies, have been tried, but the effects were minimal. 
Based on this discrepancy between animal studies and 
clinical trials, therapeutic strategies should be reconsti-
tuted to overcome ALD. For example, treatments for the 
amelioration of  ALD should be targeted simultaneously 
to HSCs and innate immune cells (e.g. Kupffer cells and 
NK cells), because these cells can produce endocannabi-
noid (e.g. 2-AG), inflammatory mediators (e.g. TNF-α, 
ROS), pro-fibrotic cytokines (e.g. TGF-β), and negative 
regulators against NK cells (e.g. TGF-β, SOCS1) concur-
rently in response to chronic alcohol consumption. Thus, 
we need novel orchestrated strategies, which are capable 
of  enhancing NK cell cytotoxicity while simultaneously 
suppressing the activation of  HSCs and Kupffer cells.

CONCLUSION
The present review summarized the pathogenesis of  
ALD, in which NK cells, Kupffer cells and HSCs are 
highly involved. Alcohol-mediated activation of  Kupffer 
cells appears to be required for the development of  alco-
holic steatohepatitis via LPS-TLR4 signaling pathways. In 
addition, alcohol-induced paracrine activation of  HSC-
derived endocannabinoid in hepatocytes might be a 
major factor in the induction of  alcoholic steatosis. Fur-
thermore, both Kupffer cells and HSCs play important 
roles in alcoholic liver fibrosis via the suppression of  the 
antifibrotic effects of  NK cells. Therefore, the interac-
tions among them should be simultaneously considered 
when developing therapeutics for ALD. For example, 
even though Kupffer cells are appropriately suppressed 
by a certain drug, alcohol-activated HSCs still might 
enhance the accumulation of  fat in the liver, leading to 
lipotoxicity, which in turn generates oxidative stress and 
inflammation, subsequently restoring steatohepatitis. Be-
sides, functions of  NK cells are abrogated or suppressed 
by alcohol-induced ROS and high levels of  TGF-β in 
the liver. Thus, additional antioxidant and neutralizing 
TGF-β1 antibody treatment may have beneficial effects 
in slowing down ALD. Conclusively, further studies to 
elucidate the roles of  innate immunity and HSCs might 
aid in the development of  novel therapeutic targets for 
the treatment of  ALD. 

REFERENCES
1 O’Shea RS, Dasarathy S, McCullough AJ. Alcoholic liver dis-

ease. Hepatology 2010; 51: 307-328
2 Williams R. Global challenges in liver disease. Hepatology 

2006; 44: 521-526
3 Jeong WI, Gao B. Innate immunity and alcoholic liver fibro-

sis. J Gastroenterol Hepatol 2008; 23 Suppl 1: S112-S118
4 Purohit V, Gao B, Song BJ. Molecular mechanisms of alco-

holic fatty liver. Alcohol Clin Exp Res 2009; 33: 191-205
5 Schattenberg JM, Wang Y, Singh R, Rigoli RM, Czaja MJ. 

Hepatocyte CYP2E1 overexpression and steatohepatitis lead 
to impaired hepatic insulin signaling. J Biol Chem 2005; 280: 
9887-9894

6 Purohit V, Brenner DA. Mechanisms of alcohol-induced he-
patic fibrosis: a summary of the Ron Thurman Symposium. 
Hepatology 2006; 43: 872-878

7 Powell EE, Jonsson JR, Clouston AD. Steatosis: co-factor in 
other liver diseases. Hepatology 2005; 42: 5-13

8 Jeong WI, Osei-Hyiaman D, Park O, Liu J, Bátkai S, Muk-
hopadhyay P, Horiguchi N, Harvey-White J, Marsicano G, 
Lutz B, Gao B, Kunos G. Paracrine activation of hepatic CB1 
receptors by stellate cell-derived endocannabinoids mediates 
alcoholic fatty liver. Cell Metab 2008; 7: 227-235

9 Jeong WI, Park O, Gao B. Abrogation of the antifibrotic ef-
fects of natural killer cells/interferon-gamma contributes to 
alcohol acceleration of liver fibrosis. Gastroenterology 2008; 
134: 248-258

10 Siegmund SV, Dooley S, Brenner DA. Molecular mecha-
nisms of alcohol-induced hepatic fibrosis. Dig Dis 2005; 23: 
264-274

11 Gao B, Jeong WI, Tian Z. Liver: An organ with predominant 
innate immunity. Hepatology 2008; 47: 729-736

12 Meylan E, Tschopp J, Karin M. Intracellular pattern recogni-
tion receptors in the host response. Nature 2006; 442: 39-44

13 Doherty DG, O’Farrelly C. Innate and adaptive lymphoid 
cells in the human liver. Immunol Rev 2000; 174: 5-20

14 Crispe IN. The liver as a lymphoid organ. Annu Rev Immunol 
2009; 27: 147-163

15 Racanelli V, Rehermann B. The liver as an immunological 
organ. Hepatology 2006; 43: S54-S62

16 Mackay IR. Hepatoimmunology: a perspective. Immunol Cell 
Biol 2002; 80: 36-44

17 Nieto N. Oxidative-stress and IL-6 mediate the fibrogenic ef-
fects of [corrected] Kupffer cells on stellate cells. Hepatology 
2006; 44: 1487-1501

18 Nagy LE. Recent insights into the role of the innate immune 
system in the development of alcoholic liver disease. Exp Biol 
Med (Maywood) 2003; 228: 882-890

19 Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005; 115: 
209-218

20 Bissell DM, Roulot D, George J. Transforming growth factor 
beta and the liver. Hepatology 2001; 34: 859-867

21 Friedman SL. Hepatic stellate cells: protean, multifunctional, 
and enigmatic cells of the liver. Physiol Rev 2008; 88: 125-172

22 Park O, Jeong WI, Wang L, Wang H, Lian ZX, Gershwin ME, 
Gao B. Diverse roles of invariant natural killer T cells in liver 
injury and fibrosis induced by carbon tetrachloride. Hepatol-
ogy 2009; 49: 1683-1694

23 Notas G, Kisseleva T, Brenner D. NK and NKT cells in liver 
injury and fibrosis. Clin Immunol 2009; 130: 16-26

24 Radaeva S, Sun R, Jaruga B, Nguyen VT, Tian Z, Gao B. Nat-
ural killer cells ameliorate liver fibrosis by killing activated 
stellate cells in NKG2D-dependent and tumor necrosis factor-
related apoptosis-inducing ligand-dependent manners. Gas-
troenterology 2006; 130: 435-452

25 Nakashima H, Inui T, Habu Y, Kinoshita M, Nagao S, Kawa-
guchi A, Miura S, Shinomiya N, Yagita H, Seki S. Activation 
of mouse natural killer T cells accelerates liver regenera-
tion after partial hepatectomy. Gastroenterology 2006; 131: 

2548 May 28, 2011|Volume 17|Issue 20|WJG|www.wjgnet.com

Suh YG et al . HSCs and innate immunity in liver disease



2549 May 28, 2011|Volume 17|Issue 20|WJG|www.wjgnet.com

1573-1583
26 Senoo H. Structure and function of hepatic stellate cells. Med 

Electron Microsc 2004; 37: 3-15
27 Mukhopadhyay B, Liu J, Osei-Hyiaman D, Godlewski G, 

Mukhopadhyay P, Wang L, Jeong WI, Gao B, Duester G, 
Mackie K, Kojima S, Kunos G. Transcriptional regulation of 
cannabinoid receptor-1 expression in the liver by retinoic acid 
acting via retinoic acid receptor-gamma. J Biol Chem 2010; 285: 
19002-19011

28 Winau F, Hegasy G, Weiskirchen R, Weber S, Cassan C, Siel-
ing PA, Modlin RL, Liblau RS, Gressner AM, Kaufmann SH. 
Ito cells are liver-resident antigen-presenting cells for activat-
ing T cell responses. Immunity 2007; 26: 117-129

29 Radaeva S, Wang L, Radaev S, Jeong WI, Park O, Gao B. Reti-
noic acid signaling sensitizes hepatic stellate cells to NK cell 
killing via upregulation of NK cell activating ligand RAE1. 
Am J Physiol Gastrointest Liver Physiol 2007; 293: G809-G816

30 Seki E, Brenner DA. Toll-like receptors and adaptor mol-
ecules in liver disease: update. Hepatology 2008; 48: 322-335

31 Otani K, Korenaga M, Beard MR, Li K, Qian T, Showalter 
LA, Singh AK, Wang T, Weinman SA. Hepatitis C virus core 
protein, cytochrome P450 2E1, and alcohol produce com-
bined mitochondrial injury and cytotoxicity in hepatoma 
cells. Gastroenterology 2005; 128: 96-107

32 Lieber CS. Alcoholic fatty liver: its pathogenesis and mecha-
nism of progression to inflammation and fibrosis. Alcohol 
2004; 34: 9-19

33 Crabb DW. Recent developments in alcoholism: the liver. 
Recent Dev Alcohol 1993; 11: 207-230

34 Fromenty B, Berson A, Pessayre D. Microvesicular steatosis 
and steatohepatitis: role of mitochondrial dysfunction and 
lipid peroxidation. J Hepatol 1997; 26 Suppl 1: 13-22

35 Yahagi N, Shimano H, Hasty AH, Matsuzaka T, Ide T, Yoshi-
kawa T, Amemiya-Kudo M, Tomita S, Okazaki H, Tamura Y, 
Iizuka Y, Ohashi K, Osuga J, Harada K, Gotoda T, Nagai R, 
Ishibashi S, Yamada N. Absence of sterol regulatory element-
binding protein-1 (SREBP-1) ameliorates fatty livers but not 
obesity or insulin resistance in Lep(ob)/Lep(ob) mice. J Biol 
Chem 2002; 277: 19353-19357

36 You M, Matsumoto M, Pacold CM, Cho WK, Crabb DW. The 
role of AMP-activated protein kinase in the action of ethanol 
in the liver. Gastroenterology 2004; 127: 1798-1808

37 Costet P, Legendre C, Moré J, Edgar A, Galtier P, Pineau T. 
Peroxisome proliferator-activated receptor alpha-isoform 
deficiency leads to progressive dyslipidemia with sexu-
ally dimorphic obesity and steatosis. J Biol Chem 1998; 273: 
29577-29585

38 Ip E, Farrell GC, Robertson G, Hall P, Kirsch R, Leclercq I. 
Central role of PPARalpha-dependent hepatic lipid turnover 
in dietary steatohepatitis in mice. Hepatology 2003; 38: 123-132

39 Bird GL, Sheron N, Goka AK, Alexander GJ, Williams RS. 
Increased plasma tumor necrosis factor in severe alcoholic 
hepatitis. Ann Intern Med 1990; 112: 917-920

40 Lin HZ, Yang SQ, Zeldin G, Diehl AM. Chronic ethanol con-
sumption induces the production of tumor necrosis factor-
alpha and related cytokines in liver and adipose tissue. Alco-
hol Clin Exp Res 1998; 22: 231S-237S

41 Yin M, Wheeler MD, Kono H, Bradford BU, Gallucci RM, 
Luster MI, Thurman RG. Essential role of tumor necrosis fac-
tor alpha in alcohol-induced liver injury in mice. Gastroenter-
ology 1999; 117: 942-952

42 Ji C, Deng Q, Kaplowitz N. Role of TNF-alpha in ethanol-
induced hyperhomocysteinemia and murine alcoholic liver 
injury. Hepatology 2004; 40: 442-451

43 Lawler JF, Yin M, Diehl AM, Roberts E, Chatterjee S. Tumor 
necrosis factor-alpha stimulates the maturation of sterol 
regulatory element binding protein-1 in human hepatocytes 
through the action of neutral sphingomyelinase. J Biol Chem 
1998; 273: 5053-5059

44 Endo M, Masaki T, Seike M, Yoshimatsu H. TNF-alpha in-

duces hepatic steatosis in mice by enhancing gene expression 
of sterol regulatory element binding protein-1c (SREBP-1c). 
Exp Biol Med (Maywood) 2007; 232: 614-621

45 Kang L, Sebastian BM, Pritchard MT, Pratt BT, Previs SF, 
Nagy LE. Chronic ethanol-induced insulin resistance is as-
sociated with macrophage infiltration into adipose tissue and 
altered expression of adipocytokines. Alcohol Clin Exp Res 
2007; 31: 1581-1588

46 El-Assal O, Hong F, Kim WH, Radaeva S, Gao B. IL-6-defi-
cient mice are susceptible to ethanol-induced hepatic steato-
sis: IL-6 protects against ethanol-induced oxidative stress and 
mitochondrial permeability transition in the liver. Cell Mol 
Immunol 2004; 1: 205-211

47 Hong F, Radaeva S, Pan HN, Tian Z, Veech R, Gao B. Inter-
leukin 6 alleviates hepatic steatosis and ischemia/reperfusion 
injury in mice with fatty liver disease. Hepatology 2004; 40: 
933-941

48 Horiguchi N, Wang L, Mukhopadhyay P, Park O, Jeong WI, 
Lafdil F, Osei-Hyiaman D, Moh A, Fu XY, Pacher P, Kunos G, 
Gao B. Cell type-dependent pro- and anti-inflammatory role 
of signal transducer and activator of transcription 3 in alco-
holic liver injury. Gastroenterology 2008; 134: 1148-1158

49 Bisogno T, Ligresti A, Di Marzo V. The endocannabinoid sig-
nalling system: biochemical aspects. Pharmacol Biochem Behav 
2005; 81: 224-238

50 Pallet V, Coustaut M, Naulet F, Higueret D, Garcin H, 
Higueret P. Chronic ethanol administration enhances retinoic 
acid and triiodothyronine receptor expression in mouse liver. 
FEBS Lett 1993; 331: 119-122

51 Kane MA, Folias AE, Wang C, Napoli JL. Ethanol elevates 
physiological all-trans-retinoic acid levels in select loci 
through altering retinoid metabolism in multiple loci: a 
potential mechanism of ethanol toxicity. FASEB J 2010; 24: 
823-832

52 Rasmussen M, Blomhoff R, Helgerud P, Solberg LA, Berg T, 
Norum KR. Retinol and retinyl esters in parenchymal and 
nonparenchymal rat liver cell fractions after long-term ad-
ministration of ethanol. J Lipid Res 1985; 26: 1112-1119

53 Blomhoff R, Rasmussen M, Nilsson A, Norum KR, Berg T, 
Blaner WS, Kato M, Mertz JR, Goodman DS, Eriksson U. He-
patic retinol metabolism. Distribution of retinoids, enzymes, 
and binding proteins in isolated rat liver cells. J Biol Chem 
1985; 260: 13560-13565

54 Mendez-Sanchez N, Zamora-Valdes D, Pichardo-Bahena R, 
Barredo-Prieto B, Ponciano-Rodriguez G, Bermejo-Martínez 
L, Chavez-Tapia NC, Baptista-González HA, Uribe M. Endo-
cannabinoid receptor CB2 in nonalcoholic fatty liver disease. 
Liver Int 2007; 27: 215-219

55 Deveaux V, Cadoudal T, Ichigotani Y, Teixeira-Clerc F, Lou-
vet A, Manin S, Nhieu JT, Belot MP, Zimmer A, Even P, Cani 
PD, Knauf C, Burcelin R, Bertola A, Le Marchand-Brustel Y, 
Gual P, Mallat A, Lotersztajn S. Cannabinoid CB2 receptor 
potentiates obesity-associated inflammation, insulin resis-
tance and hepatic steatosis. PLoS One 2009; 4: e5844

56 Teixeira-Clerc F, Julien B, Grenard P, Tran Van Nhieu J, 
Deveaux V, Li L, Serriere-Lanneau V, Ledent C, Mallat A, 
Lotersztajn S. CB1 cannabinoid receptor antagonism: a new 
strategy for the treatment of liver fibrosis. Nat Med 2006; 12: 
671-676

57 Siegmund SV, Seki E, Osawa Y, Uchinami H, Cravatt BF, 
Schwabe RF. Fatty acid amide hydrolase determines anan-
damide-induced cell death in the liver. J Biol Chem 2006; 281: 
10431-10438

58 Siegmund SV, Qian T, de Minicis S, Harvey-White J, Kunos 
G, Vinod KY, Hungund B, Schwabe RF. The endocannabi-
noid 2-arachidonoyl glycerol induces death of hepatic stellate 
cells via mitochondrial reactive oxygen species. FASEB J 2007; 
21: 2798-2806

59 Siegmund SV, Uchinami H, Osawa Y, Brenner DA, Schwabe 
RF. Anandamide induces necrosis in primary hepatic stellate 

Suh YG et al . HSCs and innate immunity in liver disease



2550 May 28, 2011|Volume 17|Issue 20|WJG|www.wjgnet.com

cells. Hepatology 2005; 41: 1085-1095
60 McClain CJ, Barve S, Deaciuc I, Kugelmas M, Hill D. Cy-

tokines in alcoholic liver disease. Semin Liver Dis 1999; 19: 
205-219

61 Szabo G. Consequences of alcohol consumption on host de-
fence. Alcohol Alcohol 1999; 34: 830-841

62 Akira S, Uematsu S, Takeuchi O. Pathogen recognition and 
innate immunity. Cell 2006; 124: 783-801

63 Paik YH, Schwabe RF, Bataller R, Russo MP, Jobin C, Brenner 
DA. Toll-like receptor 4 mediates inflammatory signaling by 
bacterial lipopolysaccharide in human hepatic stellate cells. 
Hepatology 2003; 37: 1043-1055

64 Uesugi T, Froh M, Arteel GE, Bradford BU, Thurman RG. 
Toll-like receptor 4 is involved in the mechanism of early 
alcohol-induced liver injury in mice. Hepatology 2001; 34: 
101-108

65 Kawai T, Akira S. The role of pattern-recognition receptors in 
innate immunity: update on Toll-like receptors. Nat Immunol 
2010; 11: 373-384

66 Hritz I, Mandrekar P, Velayudham A, Catalano D, Dolganiuc 
A, Kodys K, Kurt-Jones E, Szabo G. The critical role of toll-
like receptor (TLR) 4 in alcoholic liver disease is independent 
of the common TLR adapter MyD88. Hepatology 2008; 48: 
1224-1231

67 Petrasek J, Dolganiuc A, Csak T, Nath B, Hritz I, Kodys K, 
Catalano D, Kurt-Jones E, Mandrekar P, Szabo G. Interferon 
regulatory factor 3 and type I interferons are protective in 
alcoholic liver injury in mice by way of crosstalk of parenchy-
mal and myeloid cells. Hepatology 2011; 53: 649-660

68 Nanji AA, Khettry U, Sadrzadeh SM. Lactobacillus feeding 
reduces endotoxemia and severity of experimental alcoholic 
liver (disease). Proc Soc Exp Biol Med 1994; 205: 243-247

69 Pritchard MT, McMullen MR, Stavitsky AB, Cohen JI, Lin 
F, Medof ME, Nagy LE. Differential contributions of C3, C5, 
and decay-accelerating factor to ethanol-induced fatty liver in 
mice. Gastroenterology 2007; 132: 1117-1126

70 Bautista AP. Neutrophilic infiltration in alcoholic hepatitis. 
Alcohol 2002; 27: 17-21

71 Kono H, Rusyn I, Yin M, Gäbele E, Yamashina S, Dikalova 
A, Kadiiska MB, Connor HD, Mason RP, Segal BH, Bradford 
BU, Holland SM, Thurman RG. NADPH oxidase-derived free 
radicals are key oxidants in alcohol-induced liver disease. J 
Clin Invest 2000; 106: 867-872

72 Thakur V, Pritchard MT, McMullen MR, Wang Q, Nagy 
LE. Chronic ethanol feeding increases activation of NADPH 
oxidase by lipopolysaccharide in rat Kupffer cells: role of in-
creased reactive oxygen in LPS-stimulated ERK1/2 activation 
and TNF-alpha production. J Leukoc Biol 2006; 79: 1348-1356

73 Wheeler MD, Kono H, Yin M, Rusyn I, Froh M, Connor 
HD, Mason RP, Samulski RJ, Thurman RG. Delivery of the 
Cu/Zn-superoxide dismutase gene with adenovirus reduces 
early alcohol-induced liver injury in rats. Gastroenterology 
2001; 120: 1241-1250

74 Dasu MR, Devaraj S, Zhao L, Hwang DH, Jialal I. High glu-
cose induces toll-like receptor expression in human mono-
cytes: mechanism of activation. Diabetes 2008; 57: 3090-3098

75 Park HS, Jung HY, Park EY, Kim J, Lee WJ, Bae YS. Cutting 
edge: direct interaction of TLR4 with NAD(P)H oxidase 4 
isozyme is essential for lipopolysaccharide-induced produc-
tion of reactive oxygen species and activation of NF-kappa B. 
J Immunol 2004; 173: 3589-3593

76 Kharbanda KK, Todero SL, Shubert KA, Sorrell MF, Tuma 
DJ. Malondialdehyde-acetaldehyde-protein adducts increase 
secretion of chemokines by rat hepatic stellate cells. Alcohol 
2001; 25: 123-128

77 Fujimiya T, Liu J, Kojima H, Shirafuji S, Kimura H, Fujimiya 
M. Pathological roles of bone marrow-derived stellate cells 
in a mouse model of alcohol-induced fatty liver. Am J Physiol 
Gastrointest Liver Physiol 2009; 297: G451-G460

78 Quiroz SC, Bucio L, Souza V, Hernández E, González E, 

Gómez-Quiroz L, Kershenobich D, Vargas-Vorackova F, 
Gutiérrez-Ruiz MC. Effect of endotoxin pretreatment on 
hepatic stellate cell response to ethanol and acetaldehyde. J 
Gastroenterol Hepatol 2001; 16: 1267-1273

79 Cubero FJ, Nieto N. Ethanol and arachidonic acid synergize 
to activate Kupffer cells and modulate the fibrogenic re-
sponse via tumor necrosis factor alpha, reduced glutathione, 
and transforming growth factor beta-dependent mechanisms. 
Hepatology 2008; 48: 2027-2039

80 Okuno M, Moriwaki H, Imai S, Muto Y, Kawada N, Suzuki Y, 
Kojima S. Retinoids exacerbate rat liver fibrosis by inducing 
the activation of latent TGF-beta in liver stellate cells. Hepatol-
ogy 1997; 26: 913-921

81 Saile B, Matthes N, Knittel T, Ramadori G. Transforming 
growth factor beta and tumor necrosis factor alpha inhibit 
both apoptosis and proliferation of activated rat hepatic stel-
late cells. Hepatology 1999; 30: 196-202

82 Saile B, Matthes N, El Armouche H, Neubauer K, Ramadori 
G. The bcl, NFkappaB and p53/p21WAF1 systems are in-
volved in spontaneous apoptosis and in the anti-apoptotic 
effect of TGF-beta or TNF-alpha on activated hepatic stellate 
cells. Eur J Cell Biol 2001; 80: 554-561

83 Winau F, Quack C, Darmoise A, Kaufmann SH. Starring stel-
late cells in liver immunology. Curr Opin Immunol 2008; 20: 
68-74

84 Nieto N, Friedman SL, Cederbaum AI. Cytochrome P450 
2E1-derived reactive oxygen species mediate paracrine stim-
ulation of collagen I protein synthesis by hepatic stellate cells. 
J Biol Chem 2002; 277: 9853-9864

85 Svegliati-Baroni G, Inagaki Y, Rincon-Sanchez AR, Else C, 
Saccomanno S, Benedetti A, Ramirez F, Rojkind M. Early 
response of alpha2(I) collagen to acetaldehyde in human he-
patic stellate cells is TGF-beta independent. Hepatology 2005; 
42: 343-352

86 Canbay A, Feldstein AE, Higuchi H, Werneburg N, Grambi-
hler A, Bronk SF, Gores GJ. Kupffer cell engulfment of apop-
totic bodies stimulates death ligand and cytokine expression. 
Hepatology 2003; 38: 1188-1198

87 Zhan SS, Jiang JX, Wu J, Halsted C, Friedman SL, Zern MA, 
Torok NJ. Phagocytosis of apoptotic bodies by hepatic stellate 
cells induces NADPH oxidase and is associated with liver 
fibrosis in vivo. Hepatology 2006; 43: 435-443

88 Schwabe RF, Seki E, Brenner DA. Toll-like receptor signaling 
in the liver. Gastroenterology 2006; 130: 1886-1900

89 Seki E, De Minicis S, Osterreicher CH, Kluwe J, Osawa Y, 
Brenner DA, Schwabe RF. TLR4 enhances TGF-beta signaling 
and hepatic fibrosis. Nat Med 2007; 13: 1324-1332

90 De Minicis S, Seki E, Paik YH, Osterreicher CH, Kodama 
Y, Kluwe J, Torozzi L, Miyai K, Benedetti A, Schwabe RF, 
Brenner DA. Role and cellular source of nicotinamide ad-
enine dinucleotide phosphate oxidase in hepatic fibrosis. 
Hepatology 2010; 52: 1420-1430

91 Pan HN, Sun R, Jaruga B, Hong F, Kim WH, Gao B. Chronic 
ethanol consumption inhibits hepatic natural killer cell activ-
ity and accelerates murine cytomegalovirus-induced hepati-
tis. Alcohol Clin Exp Res 2006; 30: 1615-1623

92 Taimr P, Higuchi H, Kocova E, Rippe RA, Friedman S, Gores 
GJ. Activated stellate cells express the TRAIL receptor-2/
death receptor-5 and undergo TRAIL-mediated apoptosis. 
Hepatology 2003; 37: 87-95

93 Jeong WI, Park O, Radaeva S, Gao B. STAT1 inhibits liver 
fibrosis in mice by inhibiting stellate cell proliferation 
and stimulating NK cell cytotoxicity. Hepatology 2006; 44: 
1441-1451

94 Baroni GS, D’Ambrosio L, Curto P, Casini A, Mancini R, 
Jezequel AM, Benedetti A. Interferon gamma decreases he-
patic stellate cell activation and extracellular matrix deposi-
tion in rat liver fibrosis. Hepatology 1996; 23: 1189-1199

95 Laso FJ, Madruga JI, Girón JA, López A, Ciudad J, San 
Miguel JF, Alvarez-Mon M, Orfao A. Decreased natural killer 

Suh YG et al . HSCs and innate immunity in liver disease



2551 May 28, 2011|Volume 17|Issue 20|WJG|www.wjgnet.com

cytotoxic activity in chronic alcoholism is associated with al-
cohol liver disease but not active ethanol consumption. Hepa-
tology 1997; 25: 1096-1100

96 Szabo G, Mandrekar P, Girouard L, Catalano D. Regulation 
of human monocyte functions by acute ethanol treatment: 
decreased tumor necrosis factor-alpha, interleukin-1 beta and 
elevated interleukin-10, and transforming growth factor-beta 
production. Alcohol Clin Exp Res 1996; 20: 900-907

97 Jaruga B, Hong F, Kim WH, Sun R, Fan S, Gao B. Chronic al-
cohol consumption accelerates liver injury in T cell-mediated 
hepatitis: alcohol disregulation of NF-kappaB and STAT3 sig-
naling pathways. Am J Physiol Gastrointest Liver Physiol 2004; 
287: G471-G479

98 Minagawa M, Deng Q, Liu ZX, Tsukamoto H, Dennert G. 
Activated natural killer T cells induce liver injury by Fas and 
tumor necrosis factor-alpha during alcohol consumption. 
Gastroenterology 2004; 126: 1387-1399

99 Pianko S, Patella S, Ostapowicz G, Desmond P, Sievert W. 
Fas-mediated hepatocyte apoptosis is increased by hepatitis 
C virus infection and alcohol consumption, and may be as-
sociated with hepatic fibrosis: mechanisms of liver cell injury 
in chronic hepatitis C virus infection. J Viral Hepat 2001; 8: 
406-413

100 Rigamonti C, Mottaran E, Reale E, Rolla R, Cipriani V, Ca-
pelli F, Boldorini R, Vidali M, Sartori M, Albano E. Moderate 
alcohol consumption increases oxidative stress in patients 
with chronic hepatitis C. Hepatology 2003; 38: 42-49

101 Bataller R, Paik YH, Lindquist JN, Lemasters JJ, Brenner DA. 
Hepatitis C virus core and nonstructural proteins induce fi-
brogenic effects in hepatic stellate cells. Gastroenterology 2004; 

126: 529-540
102 Machida K, Cheng KT, Sung VM, Levine AM, Foung S, Lai 

MM. Hepatitis C virus induces toll-like receptor 4 expression, 
leading to enhanced production of beta interferon and inter-
leukin-6. J Virol 2006; 80: 866-874

103 Barnes PJ, Karin M. Nuclear factor-kappaB: a pivotal tran-
scription factor in chronic inflammatory diseases. N Engl J 
Med 1997; 336: 1066-1071

104 Spahr L, Rubbia-Brandt L, Pugin J, Giostra E, Frossard JL, 
Borisch B, Hadengue A. Rapid changes in alcoholic hepatitis 
histology under steroids: correlation with soluble intercel-
lular adhesion molecule-1 in hepatic venous blood. J Hepatol 
2001; 35: 582-589

105 Taïeb J, Mathurin P, Elbim C, Cluzel P, Arce-Vicioso M, 
Bernard B, Opolon P, Gougerot-Pocidalo MA, Poynard T, 
Chollet-Martin S. Blood neutrophil functions and cytokine 
release in severe alcoholic hepatitis: effect of corticosteroids. J 
Hepatol 2000; 32: 579-586

106 Akriviadis E, Botla R, Briggs W, Han S, Reynolds T, Shakil O. 
Pentoxifylline improves short-term survival in severe acute 
alcoholic hepatitis: a double-blind, placebo-controlled trial. 
Gastroenterology 2000; 119: 1637-1648

107 Mezey E, Potter JJ, Rennie-Tankersley L, Caballeria J, Pares A. 
A randomized placebo controlled trial of vitamin E for alco-
holic hepatitis. J Hepatol 2004; 40: 40-46

108 Parés A, Planas R, Torres M, Caballería J, Viver JM, Acero 
D, Panés J, Rigau J, Santos J, Rodés J. Effects of silymarin 
in alcoholic patients with cirrhosis of the liver: results of a 
controlled, double-blind, randomized and multicenter trial. J 
Hepatol 1998; 28: 615-621

S- Editor  Tian L    L- Editor  Stewart GJ    E- Editor  Zheng XM

Suh YG et al . HSCs and innate immunity in liver disease


