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of CB1 receptors in hepatocytes of wild-type mice leading to 
CB1-dependent hepatic steatosis by activation of lipogenic 
pathways. This ethanol-induced upregulation of CB1 recep-
tors was partly dependent on the ethanol metabolite acet-
aldehyde. Thus, the hepatic endocannabinoid system offers 
emerging options for therapeutic exploitation not only for 
liver disease in general, but also for ALD. 

 Copyright © 2011 S. Karger AG, Basel 

 Alcoholic Liver Disease: Epidemiological 
Implications and Pathophysiological Mechanisms 

 Alcohol abuse is a major cause of liver fibrosis and cir-
rhosis in developed countries. Before alcoholic liver fibro-
sis becomes evident, the liver undergoes several stages of 
alcoholic liver disease including steatosis and steatohepa-
titis. Hepatic fibrosis is the response of the liver to chron-
ic liver injury of various etiologies including alcoholic liv-
er disease viral hepatitis, non-alcoholic steatohepatitis 
and autoimmune diseases. The development of hepatic fi-
brosis is associated with portal hypertension, progression 
to hepatic cirrhosis, liver failure and high incidence of he-
patocellular carcinoma  [1] . Although the main mecha-
nisms of fibrogenesis are independent of the etiology of 
liver injury, alcoholic liver fibrosis is distinctively charac-
terized by a pronounced inflammatory response due to 
elevated gut-derived endotoxin plasma levels, an aug-
mented generation of oxidative stress with pericentral he-
patic hypoxia and the formation of cell-toxic and profi-

 Key Words 
 Endocannabinoids  �  Alcoholic liver disease  �  Cannabinoid 
receptors  �  Anandamide  �  2-Arachidonoyl glycerol 

 Abstract 
 Alcohol abuse is a major cause of liver fibrosis and cirrhosis 
in developed countries. Alcoholic liver disease (ALD) is dis-
tinctively characterized by a pronounced inflammatory
response due to elevated gut-derived endotoxin plasma
levels, an augmented generation of oxidative stress with 
pericentral hepatic hypoxia and the formation of noxious 
ethanol metabolites (e.g. acetaldehyde or lipid oxidation 
products). These factors, based on a complex network of cy-
tokine actions, together result in increased hepatocellular 
damage and activation of hepatic stellate cells, the key cell 
type of liver fibrogenesis. Recent studies suggest that the 
endocannabinoid system is a signaling system that also 
plays an important role in the pathogenesis of ALD. A study 
comparing chronic alcohol administration in cannabinoid 
receptor (CB) 1 or CB2 knockout versus wild-type mice re-
vealed that CB1 signaling aggravated hepatic steatosis and 
fibrogenesis whereas CB2 protected the liver from ALD. 
These data suggested a protective role of CB2 (in contrast to 
CB1) in ALD. Similar results were found in global or hepato-
cyte-specific CB1 knockout mice that were resistant to etha-
nol-induced steatosis. Moreover, ethanol feeding upregu-
lated the endocannabinoid 2-arachidonoyl glycerol and its 
biosynthetic enzyme diacylglycerol lipase- �  selectively in 
hepatic stellate cells and subsequently increased expression 
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brogenic ethanol metabolites (e.g. acetaldehyde or lipid 
oxidation products)  [2] . These factors, based on a complex 
network of cytokine actions, together result in increased 
hepatocellular damage and activation of hepatic stellate 
cells, the key cell type of liver fibrogenesis  [2] .

  The Endocannabinoid System: Emerging Role in 
Liver Diseases 

 In the 1990s, two G-protein-coupled receptors termed 
CB1 and CB2 were identified as cannabinoid receptors for 
exogenous cannabinoids, such as  �  9 -tetrahydrocannabi-
nol  [3, 4] . Shortly after cloning of these receptors, endog-
enous ligands for these receptors were discovered, and 
were subsequently termed endocannabinoids  [5] . Endo-
cannabinoids are lipid mediators derived from arachi-
donic acid with various selectivity for endocannabinoid 
receptors as well as other targets. The best characterized 
endocannabinoids comprise arachidonoyl ethanolamine 
(anandamide, AEA) and 2-arachidonoyl glycerol (2-AG). 
Endocannabinoid levels are regulated at the level of syn-
thesis as well as by their rapid degradation through the 
serine hydrolases fatty acid amide hydrolase (FAAH) and 
monoacylglyceride lipase (MGL)  [6, 7] . Endocannabi-
noids, their receptors and enzymes that control endocan-
nabinoid biosynthesis, uptake and degradation form the 
endocannabinoid system. The endocannabinoid system 
is involved in the regulation of a variety of physiological 
processes including nociception, food intake, intestinal 
motility, lipogenesis and inflammation  [5] . Although 
CB1 and CB2 receptors display the highest expression in 
the brain and the immune system, respectively, they are 
also expressed in peripheral tissues including the liver 
and have been implicated in the pathophysiology of in-
flammatory and metabolic diseases such as atherosclero-
sis  [8, 9] , chronic inflammatory bowel syndrome  [10–13]  
or hepatic steatosis  [14–16] . The important role of endo-
cannabinoids in disease processes of peripheral tissues 
and the finding that components of the endocannabinoid 
system are expressed in the injured liver has led to de-
tailed studies on the role of the endocannabinoid system 
in hepatic injury and wound-healing responses  [17] .

  The expression of endocannabinoid receptors is nearly 
undetectable in the normal liver providing further evi-
dence that the endocannabinoid system is in a low activa-
tion state in the normal liver  [15, 18, 19] . Generally, the 
hepatic endocannabinoid system becomes activated un-
der pathophysiological conditions on ligand, receptor and 
metabolic levels. Hepatic cell populations become highly 

responsive to the effects of endocannabinoids and modu-
lation of the endocannabinoid system affects proliferation 
and cell death of fibrogenic cell types such as hepatic stel-
late cells, and the development of hepatic fibrosis  [15, 18–
22] . Both CB1 and CB2 are upregulated in early stages of 
liver injury. The high expression levels remain upregu-
lated in late stages, but strong upregulation of CB1 may 
occur only in some types of liver injury, whereas CB2 is 
strongly upregulated in all types of liver injury  [15, 18, 19, 
23, 24] . CB1 receptors are significantly upregulated in the 
vascular endothelium as well as in myofibroblasts located 
in fibrotic bands of cirrhotic livers in humans and differ-
ent rodent models of hepatic fibrogenesis  [19] . CB1 recep-
tors are expressed in hepatocytes of human and rodent 
fatty livers, but it remains unknown whether liver injury 
upregulates CB1 receptors on hepatocytes. In vitro studies 
revealed that quiescent HSCs do not display a notable ex-
pression of CB1 receptors, but that culture activation in-
duces CB1 expression in HSCs  [18–20] . In CCl 4 -treated 
mouse livers, CB2 receptors are also expressed in myofi-
broblasts as well as in inflammatory cells and biliary epi-
thelial cells. In patients with hepatic cirrhosis, CB2 re-
ceptors are expressed in myofibroblasts. Moreover, CB2 
expression is upregulated in cultured myofibroblasts iso-
lated from human liver and is upregulated during hepatic 
stellate cell culture activation  [18] . However, a recent mi-
croarray analysis failed to show a significant upregulation 
of CB1 and CB2 in in vivo-activated HSCs isolated from 
mice that underwent bile duct ligation or CCl 4  injections 
 [25] . In summary, the induction of the endocannabinoid 
system at both the level of endocannabinoids and their 
receptors constitutes two complementary mechanisms 
that render the liver responsive toward endocannabinoid 
in the course of hepatic fibrogenesis.

  Role of the Endocannabinoid System in Hepatic 
Fibrogenesis 

 The crucial role of the endocannabinoid system in he-
patic fibrosis has been highlighted by recent genetic and 
pharmacologic approaches that targeted CB1 and CB2 re-
ceptors. Interestingly, CB1 and CB2 exert opposing effects 
on fibrogenesis suggesting that the endocannabinoid sys-
tem regulates both pro- and antifibrogenic responses in 
the liver. CB1-deficient mice showed a strong decrease in 
fibrogenesis induced by CCL 4 , thioacetamide or bile duct 
ligation  [19] , whereas CB2-deficient mice displayed an in-
crease in fibrogenesis following CCL 4  treatment  [18] . The 
profibrogenic function of the CB1 receptor in the liver is 
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further emphasized by pharmacologic studies in which 
the CB1 inhibitor rimonabant reduced profibrogenic 
markers such as TGF- �  1  and  � -SMA as well as histologi-
cal fibrosis  [19] . It was suggested that the induction of cell 
death and a reduced proliferation of myofibroblasts are 
responsible for the observed decrease in fibrosis after CB1 
antagonism. Effects of CB2 appear to be exactly opposite 
of those of CB1 with decreased myofibroblast cell death 
and proliferation after CB2 antagonism  [18] . Interestingly, 
patients with chronic HCV infection and daily marihua-
na consumption displayed more severe fibrosis progres-
sion than non-consumers, suggesting that profibrogenic 
CB1 stimulation dominates over antifibrogenic CB2 sig-
naling  [26] . However, one has to keep in mind that CB2 is 
predominantly expressed in monocytic cell types and that 
it exerts immunosuppressive effects. It may therefore be 
possible that chronic marihuana consumption promotes 
fibrogenesis via suppression of antiviral immunity  [23] .

  A main weakness of current study designs is their in-
ability to pinpoint cellular targets of endocannabinoids 
in vivo. While the above-described studies postulate that 
the pro- and antifibrogenic effects of CB1 and CB2 are 
predominantly mediated through hepatic myofibro-
blasts, it is possible that other cell types make major con-
tributions as it has been shown that CB1 and CB2 are 
highly expressed in other hepatic cell types. In the injured 
liver, CB1 is expressed on the vascular endothelium and 
in hepatocytes and may thus alter the response to injury 
in these cell types. As CB2 is predominantly expressed in 
monocytic cell types and exerts strong anti-inflamma-
tory effects, CB2 may mediate its antifibrotic actions 
through anti-inflammatory signals in patients with non-
viral causes of hepatic fibrosis. Thus, further investiga-
tions in isolated hepatic cell populations as well as cell-
specific CB1 and CB2 deletion are required to further
understand the targets of endocannabinoids and to un-
derstand how CB1- and CB2-mediated signals modulate 
fibrogenesis. Also, the liver is innervated with axonal 
processes of autonomic nerve fibers being in close contact 
with HSCs, raising the possibility that cannabinoid re-
ceptors could influence this interaction and thereby HSC 
activation and fibrogenesis.

  Effects of Endocannabinoids on Hepatic Cell 
Populations 

 While the above-mentioned in vivo studies show an 
important role of the endocannabinoid system in hepatic 
fibrogenesis, the molecular signals that link endocanna-

binoids to fibrosis are not fully understood. Endocanna-
binoids are known to exert numerous effects on target 
cells and recent observations on how endocannabinoids 
affect cell populations in the liver help to understand po-
tential mechanisms by which they affect fibrogenesis in 
vivo. Currently, it is believed that the two main mecha-
nisms by which endocannabinoids affect fibrogenesis are 
the regulation of cell death and proliferation in fibrogen-
ic cell types of the liver. The modulation of immune re-
sponses comprises a third potential mechanism by which 
endocannabinoids modulate wound-healing responses 
in the liver.

  Role of the Endocannabinoid System in Alcoholic 
Liver Disease 

 Recent evidence suggests that the endocannabinoid 
system is a signaling system that also plays an important 
role in the pathogenesis of alcoholic liver disease. As men-
tioned above, the crucial function of the endocannabinoid 
system in hepatic fibrosis has been emphasized by studies 
applying genetic or pharmacological inactivation of CB1 
and CB2 receptors showing opposing effects of CB1 and 
CB2 signaling on fibrogenesis, thus suggesting that the 
endocannabinoid system regulates both pro- and antifi-
brogenic responses in the liver  [18, 19] . These findings 
could be affirmed by our group in an animal model of 
chronic alcohol administration comparing CB1 and CB2 
knockout versus wild-type mice  [27] . After 7 months of 
16% ethanol solution as the only fluid source, we found 
that CB1 signaling aggravated hepatic steatosis and fibro-
genesis whereas CB2 protected the liver from alcoholic 
liver injury. Forced ethanol drinking in CB2–/– mice in-
duced much higher steatosis and inflammation compared 
to wild-type and CB1–/– mice. HSC activation, prolifera-
tion and collagen production were increased in all groups 
after forced drinking, being most pronounced in CB2–/– 
mice and least pronounced in CB1–/– mice. The fact that 
CB2–/– mice exhibited the most pronounced liver dam-
age after ethanol challenge points to protective properties 
of CB2 receptor signaling in alcohol-induced liver disease. 
In contrast, CB1–/– mice displayed attenuated ethanol-
induced liver damage, suggesting possible aggravation of 
fibrogenesis and steatosis by CB1 receptor signaling in al-
coholic liver disease  [27] . Louvet et al.  [28]  also suggested 
a protective role of CB2 in alcoholic liver disease. Ethanol 
feeding was associated in their study with enhanced ste-
atosis in CB2–/– mice, shown by an increase in hepatic 
triglyceride levels and liver-to-body weight ratio. Con-
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versely, administration of a specific CB2 agonist in etha-
nol-fed wild-type mice reduced liver/body weight ratio 
and hepatic triglyceride accumulation. Moreover, CB2 in-
activation exacerbated hepatocellular apoptosis and in-
flammatory infiltration in ethanol-fed mice. This study 
clearly showed that in experimental alcoholic liver dis-
ease, endogenously activated CB2 receptors reduce steato-
sis and liver inflammation and promote Kupffer cell tran-
sition from a pro- to an anti-inflammatory phenotype, 
suggesting that CB2 stimulation may represent a promis-
ing treatment target in alcoholic liver disease.

  Accordingly, Jeong et al.  [14]  could demonstrate that 
global or hepatocyte-specific CB1 knockout mice were re-
sistant to ethanol-induced steatosis. Ethanol feeding in-
creased the hepatic expression of CB1 receptors in wild-
type mice and upregulated the 2-AG and its biosynthetic 
enzyme diacylglycerol lipase- �  selectively in hepatic stel-
late cells. In control but not CB1 receptor-deficient hepa-
tocytes, coculture with stellate cells from ethanol-fed mice 
results in upregulation of CB1 receptors and lipogenic gene 
expression. The authors concluded that paracrine activa-
tion of hepatic CB1 receptors by stellate cell-derived 2-AG 
mediated ethanol-induced steatosis through increasing li-
pogenesis and decreasing fatty acid oxidation  [14] . In an-
other recent study, CB1 expression was upregulated in liv-
ers of patients with alcoholic liver disease and advanced 
fibrosis, whereas absence of or mild fibrosis stages showed 
no or only faint CB1 expression. In liver biopsies, CB1 but 
not CB2 mRNA correlated with fibrosis stage  [29] . In vitro 
experiments revealed that profibrogenic CB1 receptors be-
came upregulated whereas CB2 expression remained un-
affected. CB1–/– mice developed only mild fibrosis in an 
alcohol model, whereas wild-type mice revealed typical 
features of alcoholic liver damage including advanced fi-
brosis and cirrhosis, suggesting an important role of CB1 
in the progression of alcoholic liver disease.

  Thus, the hepatic endocannabinoid system offers 
emerging options for therapeutic exploitation not only for 
liver disease in general, but also for alcoholic liver disease.

  Conclusions and Future Directions 

 There is overwhelming evidence that the endocanna-
binoid system plays a major role in the pathophysiology 
of chronic liver injury and wound-healing responses, and 
that modulation of the endocannabinoid system may be 
exploited for the treatment of liver diseases of different 
etiologies, including alcoholic liver disease. Among all 
candidates, CB1 represents the most promising target for 

antifibrotic therapies. Moreover, CB1 antagonism ap-
pears to have beneficial effects on hepatic steatosis, a 
common feature in patients with alcoholic liver disease. 
Other strategies to target the endocannabinoid system in 
hepatic diseases, e.g. activating CB2 by specific agonists 
or modulating the levels of endocannabinoids by target-
ing endocannabinoid-degrading enzymes, deserve fur-
ther evaluation. It is possible that CB1 antagonism not 
only inhibits CB1-mediated profibrogenic signals, but 
also enhances CB2-dependent and CB receptor-indepen-
dent antifibrogenic effects by making more ligands avail-
able to these pathways. Thus, it will be worthwhile to 
study the effect of these pathways in vitro and in vivo. 
Despite mounting evidence for an important role of the 
endocannabinoid system in fibrogenesis, there is still a 
considerable lack of knowledge about the cellular targets 
of endocannabinoids and the molecular mechanisms that 
mediate the effects of endocannabinoids. One important 
question that needs to be answered is whether a yet un-
identified endocannabinoid mediates CB1-dependent 
profibrogenic effects or whether CB1 receptors generate 
profibrogenic signals even in the absence of ligands. 
Moreover, further studies are needed to investigate the 
potential role of CB2-dependent anti-inflammatory ef-
fects in liver diseases and the ability and relevance of en-
docannabinoid-mediated cell death of fibrogenic cells in 
vivo. The generation of mice with cell-specific deletion of 
components of the endocannabinoid system will answer 
some of these questions in the future. Most importantly, 
it needs to be determined whether CB1 antagonism is a 
feasible strategy in patients with liver disease because the 
concentrations of the CB1 antagonist rimonabant that 
were required to block fibrogenesis in mice were 20-fold 
higher than those used in overweight patients. Unfortu-
nately, this compound was retracted recently by the EMA 
due to psychiatric side effects. Therefore, CB1 antagonists 
with strictly peripheral activity failing to pass the blood-
brain barrier should be awaited before their use in pa-
tients with liver diseases should be considered.
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