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Abstract Growing evidence indicates that inflammatory

reactions play an important role in the pathogenesis of

alcoholic liver disease (ALD). The implication of immu-

nity in fueling chronic inflammation in ALD has emerged

from clinical and experimental evidence showing the

recruitment and the activation of lymphocytes in the

inflammatory infiltrates of ALD and has received further

support by the recent demonstration of a role of Th17

lymphocytes in alcoholic hepatitis. Nonetheless, the

mechanisms by which alcohol triggers adaptive immune

responses are still incompletely characterized. Patients with

advanced ALD show a high prevalence of circulating IgG

and T-lymphocytes towards epitopes derived from protein

modification by hydroxyethyl free radicals (HER) and end-

products of lipid peroxidation. In both chronic alcohol-fed

rats and heavy drinkers the elevation of IgG against lipid

peroxidation-derived antigens is associated with an

increased production of pro-inflammatory cytokines/che-

mokines and with the severity of histological signs of liver

inflammation. Moreover, CYP2E1-alkylation by HER

favors the development of anti-CYP2E1 auto-antibodies in

a sub-set of ALD patients. Altogether, these results suggest

that allo- and auto-immune reactions triggered by oxidative

stress might contribute to fuel chronic hepatic inflamma-

tion during the progression of ALD.
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Introduction

Alcoholic liver disease (ALD) encompasses a broad spec-

trum of histological features ranging from steatosis with

minimal parenchymal injury to steato-hepatitis and fibro-

sis/cirrhosis. While almost all heavy drinkers develop ste-

atosis, only 10–35% of them show various degrees of

alcoholic hepatitis and 8–20% progress to cirrhosis [83]. It

is increasingly evident that chronic inflammation repre-

sents the driving force in the evolution of alcohol liver

injury to steato-hepatitis and fibrosis/cirrhosis. Accord-

ingly, the hepatic expression of pro-inflammatory cyto-

kines precedes the development of histological signs of

necro-inflammation in chronic alcohol-fed rats [59], while

steato-hepatitis is associated with leucocyte focal infiltra-

tion and elevated circulating levels cytokines/chemokines

such as TNF-a, IL-1, IL-6, IL-8/CINC, and macrophage

chemotatic protein-1 (MCP-1) [5, 19, 36, 40].

Several mechanisms might account for the stimulation

of hepatic inflammation by ethanol. Early studies have

proposed the involvement of an increased translocation of

gut-derived endotoxins to the portal circulation [19, 54].

More recent experimental data demonstrate that ethanol

itself also enhances the capacity of Kupffer cells to respond

to pro-inflammatory stimuli. In particular, alcohol exposure

up-regulates the expression of tool-like receptors [24] and

enhances the signals controlling the production of pro-

inflammatory cytokines/chemokines mediated by the

nuclear transcription factors kB (NFkB) and Early Growth

Response-1 (Erg-1) and by JNK, ERK, and p-38 protein

kinases [40, 42, 47, 71]. Moreover, alcohol consumption

increases the pro-inflammatory activity of liver Natural

Killer T-cells (NKT) [44] and promotes the hepatocyte

production of chemokines such as IL-8, MCP-1, and MIP-1

[20] that drive inflammatory cells to the hepatic
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parenchyma. Finally, a further contribution to inflamma-

tion in ALD might involve alcohol effects on osteopontin

and the adipokines leptin, and adiponectin. Osteopontin is a

cytokine produced by many tissues that enhances pro-

inflammatory Th-1 responses and lymphocyte survival. An

increase in the liver production of osteopontin has been

associated with the extent of inflammation in alcohol-fed

rodents [60] and hepatic osteopontin mRNA expression is

higher in patients with alcoholic hepatitis than in heavy

drinkers with fatty liver only [64]. Leptin and adiponectin

originating from the adipose tissue are increasingly rec-

ognized to influence the inflammatory status of many tis-

sues including the liver [74]. Leptin has a pro-inflammatory

action and stimulates lymphocyte survival and proliferation

favoring Th-1 reactions, while adiponectin blunts pro-

inflammatory cytokine production and depresses the pro-

liferation and activation of both B- and T-cells [33].

Alcohol has opposite effects on adipokines, as serum leptin

is increased in patients with ALD [49], whereas chronic

ethanol feeding decreases adiponectin secretion in the early

phase of alcohol injury in rodents [28, 67] enhancing

macrophage response to endotoxins [21].

Beside the activation of liver innate immunity, ALD

pathogenesis also involves adaptive immunity. Early

studies in ALD patients have detected circulating anti-

bodies targeting alcohol-altered autologous hepatocytes

[52]. In alcohol abusers, polyclonal hyper-production of

gamma globulins is also frequent in association with IgA

deposition in many tissues [36]. Moreover, ALD patients

not rarely have signs of auto-immune reactions consisting

in the presence of circulating antibodies directed against

non-organ-specific and liver-specific auto-antigens [41]. In

particular, anti-phospholipid antibodies can be observed in

up to 80% of patients with alcoholic hepatitis or cirrhosis,

but are not infrequent in heavy drinkers with milder liver

damage [7, 10]. In agreement with these observations,

histology reveals that the neutrophil-rich liver infiltrate

characteristic of alcoholic hepatitis also contain both CD8?

and CD4? T-lymphocytes [9]. Furthermore, T-cells from

both chronic alcohol-treated mice or alcohol abusers over-

express activation or memory markers and rapidly respond

to T-cell receptor stimulation by producing interferon-c
(INF-c) and TNF-a [65, 66]. The predominance of a Th-1

pattern (high TNF-a, INF-c, IL-1) in cytokine production

has also been observed in peripheral blood T-cells from

active drinkers with or without ALD [35].

A new exciting input on the role of immunity in alcohol

liver injury has come from a recent report demonstrating the

activation of IL-17-producing T helper (Th17) lymphocytes

in ALD and the specific contribution of IL-17 in promoting

liver neutrophil infiltration during alcoholic hepatitis [37].

Th17 lymphocytes are a newly identified sub-set of effector

helper T-cells distinct from Th-1 and Th-2 CD4? T-cells and

characterized by the preferential production of IL-17, IL-21,

and IL-22. [6, 53]. Th17 cells have a prominent role in

controlling defensive mechanisms to bacterial infections

mediating a crucial crosstalk with epithelial tissues [6].

Moreover, Th17 lymphocytes are increasingly recognized to

play an important role in driving inflammation during the

evolution of chronic inflammatory and autoimmune dis-

eases including inflammatory bowel disease, psoriasis,

rheumatoid arthritis, and multiple sclerosis [73].

Oxidative stress as trigger of alcohol-induced immune

reactions

The mechanisms by which alcohol triggers adaptive

immunity are still incompletely characterized. In their

pioneering study Israel and colleagues [25] have shown

that the adducts originating from acetaldehyde binding to

hepatic proteins cause the production of specific antibodies

when injected into experimental animals. The presence of

anti-acetaldehyde antibodies has been subsequently con-

firmed in rats chronically exposed to alcohol as well as in

alcoholic patients [30, 50]. Although the immunization

of ethanol-fed guinea pigs with acetaldehyde-modified

hemoglobin reproduces several features of alcoholic hep-

atitis [84], the interest for acetaldehyde-induced immune

responses is hampered by the uncertainty regarding identity

of the antigens involved and by the low specificity for ALD

of anti-acetaldehyde antibodies [29].

Subsequent researches have demonstrated that, by

interacting with proteins, hydroxyethyl free radicals (HER)

generated during cytochrome P4502E1- (CYP2E1)

dependent ethanol oxidation represent a source of antigens

distinct from those originating from acetaldehyde [45].

Accordingly, anti-HER IgG have been detected in chroni-

cally ethanol-fed rats as well as in alcohol abusers [1, 11].

Human anti-HER IgG recognize as main antigen HER-

modified CYP2E1 [12], while the presence of anti-HER

antibodies strictly correlates with CYP2E1 activity in both

rodents and humans [2]. These observations, along with the

demonstration of an oxidative stress-driven immunity in

atherosclerosis and in several autoimmune diseases [32,

51], prompted us to investigate the possible implication of

oxidative mechanisms in the immune responses associated

with ALD.

It is well established that alcohol causes oxidative stress.

Consistently, lipid peroxidation markers are increased in

both the serum and the liver of ALD patients [3]. In this

contest, we have observed that a large proportion (55–70%)

of patients with biopsy-proven alcoholic hepatitis and/or

cirrhosis have elevated titers of circulating IgG towards

proteins adducted by lipid peroxidation-derived products

such as malondialdehyde (MDA), 4-hydroxynonenal, and
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oxidized arachidonic acid [46]. During alcohol intake the

reaction between acetaldehyde, MDA, and the e-amino

group of protein lysine residues also generates condensa-

tion products named malonildialdehyde-acetaldehyde

adducts (MAA) [72]. MAA adducts have been detected in

the liver of ethanol-fed rats [72] and their formation is

responsible for the increased titers of IgG recognizing

MAA-modified proteins detectable in patients with

advanced ALD [57]. Furthermore, oxidative stress likely

contributes to the development of anti-phospholipid anti-

bodies in alcohol abusers, as oxidized phospholipids,

namely oxidized cardiolipin and phosphatidylserine, are

the main antigens recognized by anti-phospholipid anti-

bodies isolated from the sera of ALD patients [56, 76]. In

about 35% of the patients with advanced ALD the presence

of anti-MDA antibodies is associated with the detection

of peripheral blood CD4? T-cells responsive to MDA

adducts, indicating the capability of oxidative stress to

trigger both humoral and cellular immune responses [68].

Interestingly, ethanol stimulates oxidative stress-dependent

immunity also in chronic hepatitis C (CHC). Indeed, even

moderate alcohol intake by CHC patients increases in a

dose-dependent manner the prevalence of IgG targeting

lipid peroxidation-derived antigens [55]. This is consistent

with recent experimental observations about the synergy

between ethanol and hepatitis C virus in promoting

oxidative liver injury [13].

Possible mechanisms in the development of immune

responses in alcoholic liver disease

The interaction between alcohol and the immune systems is

complex. It is known since long time that excessive alcohol

consumption affects the innate and adaptive immunity

increasing the susceptibility to infections and compromis-

ing tissue response to injury [69]. Moreover, both acute and

chronic alcohol intake depresses antigen-presenting capa-

bility of monocytes and dendritic cells, affects the of

expression co-stimulatory molecules, and reduces T-cell

proliferation [69].

In experiments performed with enteral alcohol-fed rats

the hepatic expression of Th-1 cytokines (TNF-a, IL-12)

m-RNAs shows a biphasic pattern with an early peak after

14 days of alcohol feeding and a secondary rise after

35 days [59]. Interestingly, all over the treatment alcohol

suppresses the production of the Th-2 cytokine IL-4 and of

the Th-2 regulator GATA3 [59], in accordance with the

shift toward a Th-1 cytokine pattern observed in alcohol

abusers [35]. The secondary increase in Th-1 cytokine

RNAs is associated with the elevation of Th-1 regulators

T-bet and Stat-4 and histological evidence of necro-

inflammation [59]. Lipid peroxidation-derived antibodies

are evident in concomitance with the late increase of Th-1

expression and the histological evidence of inflammatory

infiltrates [59], while the anti-oxidant N-acetylcysteine

reduces oxidative stress, lipid peroxidation-driven antibody

production, and hepatic inflammation [58]. These obser-

vations suggest the possibility that, during the evolution of

ALD, the increased production of pro-inflammatory cyto-

kines/chemokines by endotoxin-activated Kupffer cells

along with adipokine and osteopontin unbalances might

overcome alcohol-dependent immune depression promot-

ing the response of intraportal lymphoid follicles against

antigens derived from oxidatively damaged hepatocytes

[79]. This latter process is likely facilitated by the capacity

of the scavenger receptors (SRA-1,2, CD36, SR-B1, LOX-1)

and of some patter recognition receptors to recognize

oxidized proteins and lipids [15]. Hepatic stellate cells

(HSC) might represent an additional pathway for the pre-

sentation of oxidative stress-derived antigens to CD4?

T-cell, as HSC are efficient antigen-presenting cells [81]

and have the capability to internalize oxidation products

[63]. Hepatic steatosis and oxidative stress have also been

shown to lower regulatory T-cell (Tregs) population in the

liver [39]. This might represent an additional factor in the

development of immune response in ALD, as Tregs have

key immuno-regulatory functions and their impairment is

critical for lymphocyte activation against oxidized antigens

from LDL during the evolution of atherosclerosis [23].

Little is known about the origin of anti-phospholipid

antibodies often associated with ALD. In the recent years

increasing evidence has linked defects in the disposal of

apoptotic cells with the development of anti-phospholipid

antibodies [31, 62]. Current view suggests that an impaired

macrophage clearance of apoptotic corpses might lead to

secondary necrosis of non-ingested cells with the release of

intracellular components capable to activate inflammation.

In this context, apoptotic cells might be ingested by

immature dendritic cells, promoting their maturation and

the presentation of self-antigens to T-lymphocytes [31, 62].

Accordingly, anti-phospholipid antibody production can be

induced in mice by the immunization with syngenic

apoptotic lymphocytes, but not with viable cells [8]. We

have observed that anti-phospholipid antibodies from the

sera of ALD patients bind to apoptotic, but not to living

cells, by specifically targeting oxidized phosphatidylserine

expressed on the cell surface [76]. Such specificity is

consistent with recent reports showing that phosphatidyl-

serine is oxidized during apoptosis before being exposed on

the outer layer of cell plasma membranes [27]. As chronic

alcohol intake stimulates hepatocyte apoptosis [48] and

impairs the capacity of neighboring hepatocytes to dispose

of apoptotic bodies [43], it is possible that the accumula-

tion of apoptotic hepatocytes may lead to the development

of anti-phospholipid antibodies in ALD.
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Oxidative stress and autoimmune reactions in alcoholic

liver disease

As mentioned above, autoimmune reactions involving the

presence of both non-organ-specific and liver-specific auto-

antibodies are a common feature in ALD. Among these

latter, we have observed that alcohol-fed rats as well as

about 40% of the patients with advanced ALD have cir-

culating IgG directed against CYP2E1 [28, 77]. Anti-

CYP2E1 auto-antibodies from ALD patients are similar to

those associated with halothane hepatitis and recognize at

least two distinct conformational epitopes in the C-terminal

portion of the molecule [78]. These epitopes are located in

the molecule surface and account for the recognition by

anti-CYP2E1 IgG of CYP2E1 expressed on the outer layer

of the hepatocyte plasma membranes [78].

The breaching of self-tolerance toward anti-cytochrome

P450 (CYP) isoenzyme is not rare in drug-induced hepa-

titis. This phenomenon has been explained by postulating

that the binding of reactive drug metabolites to CYPs

promotes humoral immune responses against the drug-

derived epitope(s) and favors at the same time the activa-

tion of normally quiescent auto-reactive lymphocytes

towards the carrier CYP molecules [75]. ALD patients with

anti-HER antibodies have a fourfold increased risk of

developing anti-CYP2E1 auto-reactivity as compared with

patients without anti-HER IgG [77]. This indicates that

CYP2E1 alkylation by HER is involved in the development

of ALD anti-CYP2E1 auto-antibodies.

Cytotoxic T lymphocyte associated antigen-4 (CTLA-4)

is a membrane receptor expressed by activated T-lym-

phocytes and by CD25?CD4? Tregs that down-modulates

T-cell-mediated responses to antigens [17]. Accordingly,

CTLA-4 knockout mice show an expansion of CD4?/

CD8? T and B lymphocytes [16], while CTLA-4 poly-

morphisms in humans are genetic risk factors for several

auto-immune diseases, including primary biliary cirrhosis

and type-1 autoimmune hepatitis [17]. We have observed

that CTLA-4 Thr17 ? Ala substitution increases by 3.8

fold the risk of developing anti-CYP2E1 IgG without

influencing the formation of anti-HER antibodies [77].

ALD patients having both anti-HER IgG and mutated

CTLA-4 show a prevalence of anti-CYP2E1 auto-reactivity

23-fold higher than those negative for both these factors

[77]. Thus, in a sub set of ALD patients the antigenic

stimulation by HER-modified CYP2E1 in combination

with an impaired control of T-cell proliferation due to

mutated CTLA-4 promotes the breaking of self-tolerance.

The actual clinical significance of these observations needs

further investigations. Preliminary data show that high

titers of anti-CYP2E1 auto-antibodies correlate with

the extension of lymphocyte infiltration and the frequency

of apoptotic hepatocytes, suggesting that in a sub-set of

ALD autoimmune mechanisms might contribute to tissue

injury.

Possible role of immunity in the progression of alcohol

liver damage

Studies in atherosclerotic plaques have shown that the

presentation of lipid peroxidation-derived antigens origi-

nating from oxidized low-density lipoproteins (LDL) to

CD4? T-cells leads to their Th-1 differentiation. On their

turn, Th-1 cells produce TNF-a, and INF-c and express

CD40 ligand that stimulate macrophages to release pro-

inflammatory mediators, reactive oxygen species, and

proteases further stimulating LDL oxidation and local

inflammation [18]. A similar scenario might also occur in

ALD where endotoxemia along with alcohol-mediated

Kupffer cell activation promotes the production of pro-

inflammatory cytokines priming hepatic lymphocytes to

respond to lipid peroxidation-derived antigens. The cyto-

kines released by activated CD4? T-cells can then further

stimulate macrophage activation fueling in this way oxi-

dative stress, parenchymal injury, hepatic inflammation,

and collagen deposition.

Prior epidemiological prospective survey has shown an

association between the presence of antibodies toward

alcohol-modified hepatocytes and an increased risk of

developing alcoholic liver cirrhosis [70]. At the same line,

elevated titres of antibodies toward lipid peroxidation

adducts and oxidized phospholipids are prevalent in heavy

drinkers with alcoholic hepatitis and/or cirrhosis as com-

pared to subjects without liver injury or with steatosis only

[46, 56]. Lymphocyte-rich infiltrates are detectable in

about 40% of ALD patients and their presence correlates

with the extension of intralobular inflammation, peace-

meal necrosis, and septal fibrosis [14]. Liver infiltrating

T-lymphocytes in both ALD patients and alcohol-con-

suming rodents express markers associated with the acti-

vation/memory phenotypes and have an increased capacity

to secrete pro-inflammatory cytokines [4]. Consistently,

heavy drinkers with lipid peroxidation-derived antibodies

have a fivefold higher prevalence of elevated plasma TNF-

a levels than alcohol abusers with these antibodies within

the control range [80]. Moreover, in these subjects the

combination of high TNF-a and lipid peroxidation-induced

antibodies increases by 11-fold the risk of developing

advanced ALD [80]. Altogether, these findings are con-

sistent with a possible contribution of oxidative stress-

driven immunity in sustaining hepatic inflammation in

ALD. Interestingly, the elevation of the antibodies against

lipid peroxidation-derived adducts is also an independent

predictor of advanced fibrosis/cirrhosis in alcohol-con-

suming patients with CHC [81].
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In conclusion, growing evidence indicates that alcohol-

induced oxidative modifications of hepatic constituents

trigger specific immune responses and, in combination with

genetic predisposition, lead the breaking of the self-toler-

ance in the liver. The development of such adaptive immune

responses is likely favored the alcohol-mediated stimulation

of innate immunity and, on its turn, may contribute to

maintain hepatic inflammation during the evolution of ALD.

Nonetheless, in the progression of ALD to cirrhosis alcohol

interactions with both the innate and adaptive immune sys-

tems are likely more complex. Indeed, recent reports indi-

cate that chronic alcohol intake can promote fibrosis by

interfering with the capacity of liver NK cells to selectively

control the proliferation of early activated stellate cells

[22, 26], whereas liver CD8? T-lymphocytes participate to

the pro-fibrogenic activation of stellate cells [61].

Prospective clinical studies are required to dissect out

the precise role of immune responses in the progression of

ALD. If supported by other studies, the concept that

acquired immunity is involved in alcohol hepatotoxicity

might lead to the development of simple immunometric

assays to discriminate ALD patients at risk of progressing

to hepatitis and/or fibrosis. Moreover, the identification of

alcohol abusers with a prominent immune component in

their hepatic disease might lead to a targeted use of

immune-suppressive therapy in ALD.
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