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Abstract
Acute alcoholic hepatitis (AAH) is a serious com-
plication of alcohol misuse and has high short term 
mortality. It is a clinical syndrome characterised by 
jaundice and coagulopathy in a patient with a history 
of recent heavy alcohol use and is associated with 
profound immune dysfunction with a primed but 
ineffective immune response against pathogens. Here, 
we review the current knowledge of the pathogenesis 
and immune defects of AAH and identify areas re-
quiring further study. Alcohol activates the immune 
system primarily through the disruption of gut tight 
junction integrity allowing the escape of pathogen-
associated molecular particles (PAMPs) into the portal 
venous system. PAMPs stimulate cells expressing 
toll-like receptors (mainly myeloid derived cells) and 
initiate a network of intercellular signalling by secretion 
of many soluble mediators including cytokines and 
chemokines. The latter coordinates the infiltration 
of neutrophils, monocytes and T cells and results in 
hepatic stellate cell activation, cellular damage and 
hepatocyte death by necrosis or apoptosis. On the 
converse of this immune activation is the growing 
evidence of impaired microbial defence. Neutrophils 
have reduced phagocytic capacity and oxidative burst 
and there is recent evidence that T cell exhaustion 
plays a role in this.
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only glucocorticoids demonstrating proven survival 
benefit. Development of other effective treatment 
requires a clear understanding of the mechanisms of 
immune dysfunction in AAH. Here, we review recent 
progress in the field and identify areas in need of 
further research; particularly the role of gut dysbiosis in 
allowing presentation of pathogen associated molecular 
patterns to innate receptors on myeloid cells and the 
subsequent recruitment of immune cell subsets. Recent 
data demonstrating that T cells have an exhausted 
phenotype and result in impaired antimicrobial defence 
is also discussed.
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INTRODUCTION
The United Kingdom has seen an increasing burden of 
liver related mortality over recent decades with rates 
increasing 4-fold since the 1970s and 5-fold in the 
under-65s[1]. This is closely mirrored by the relative 
affordability of alcohol over this time[2], which is 61% 
more affordable in 2013 than 1980[3] suggesting that 
alcohol is an important driving factor for liver disease 
in the United Kingdom. However, this is not a problem 
unique to the United Kingdom, similar changes in 
alcohol consumption and alcohol related mortality have 
been observed in Northern and Eastern Europe[1] as well 
as in sub-Saharan Africa, South America and Asia[4].

Given the increasing global consumption of 
alcohol, it is not surprising that the incidence of acute 
alcoholic hepatitis (AAH), a serious complication of 
harmful alcohol use, has also been rising over recent 
years[5]. AAH is a clinical syndrome characterised by 
jaundice and coagulopathy in a patient with a recent 
history of heavy alcohol consumption[6] and has a 
high short term mortality of up to 40%[7]. It should 
be clearly differentiated from alcoholic steatohepatitis, 
a histological diagnosis, which can occur outside the 
context of current alcohol misuse[8-10].

AAH is increasingly recognised as a systemic 
inflammatory condition, leading to progressive 
organ dysfunction and the presence of a systemic 
inflammatory response syndrome confers a poor 
prognosis[9]. As well as marked immune activation, 
there is severe impairment of immune protection 
against pathogens[11,12]. The discordance between the 
primed state of the immune system and its failure 
in microbial defence is yet to be fully explained and 
an understanding of this dysfunction would certainly 
help in identifying novel therapeutic targets. To 
date, therapy has focused on the suppression of an 
activated immune system and numerous clinical trials 

have been conducted to evaluate immuno-modulatory 
(for example, glucocorticoids) or anti-inflammatory 
therapies [for example, tumour necrosis factor (TNF) 
alpha antagonists] which target systemic immune 
activation. Initial promising results from an open 
label study of infliximab[13] were not confirmed in a 
randomised controlled trial which was stopped due to 
excess mortality and infection[14]. Similarly, etanercept 
treatment was associated with increased mortality[15]. 
Pentoxifylline, a non-selective phosphodiesterase 
inhibitor with anti-TNF properties, has also shown no 
benefit either in combination with glucocorticoids[16,17] 
or alone[18]. To date only glucocorticoids have a proven 
short term survival benefit[19,20]. The challenge is how 
to strike the correct balance between supressing an 
overactive immune system without further impairing 
its protective role since death through sepsis re-
mains a significant issue with immunosuppressive 
treatments[13,21].

The rising incidence of AAH together with its high 
mortality and limited treatment options has resulted 
in the European Association for the Study of the Liver 
identifying AAH as a priority area for research with a 
specific aim to investigate molecular signals which may 
predict clinical outcome[22]. Here, we review the current 
knowledge of the immune mechanisms involved in 
the pathogenesis of AAH and focus on areas in need 
of future study. We have not discussed the direct 
toxic effects on the liver of alcohol and its metabolites 
including oxidative stress and acetaldehyde adducts 
which have been reviewed in detail elsewhere[23,24].

THE GUT-LIVER AXIS
The mechanisms by which alcohol activates the 
immune system were first conclusively elucidated by 
Thurman et al[25] in 1999. The presence of alcohol 
allowed the presentation of pathogen associated 
molecular patterns (PAMPs) to hepatic macrophages 
(Kupffer cells) by modulating intestinal permeability[25]. 
Subsequent studies have highlighted the importance 
of the effects of alcohol on the gut microbiome itself 
with alterations in both the number and balance of 
organisms which contribute to the breakdown of the 
intestinal barrier[26]. In a murine model of alcohol 
related liver disease (ALD), intestinal bacterial 
overgrowth occurs with a corresponding reduction 
in probiotic species such as Lactobacillus[26]. In 
humans, bacterial overgrowth has been found in 
jejunal aspirates from chronic alcohol misusers[27] 
but the species of bacteria is also important. In a 
randomised controlled trial (RCT) of Lactobacillus 
and Bifidobacterium probiotic therapy in patients 
with alcoholic psychosis, baseline levels of intestinal 
probiotic species were lower than healthy controls and 
short term probiotic treatment significantly improved 
biochemical indices[28]. Improvement in clinical 
disease score has also been demonstrated in a small 
RCT by Escherichia coli Nissle treatment of patients 
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with stable cirrhosis[29]. There is also preliminary 
data that treatment with probiotics can improve 
neutrophil phagocytic function in stable cirrhosis with 
normalisation of phagocytosis after 7 d of treatment 
with Lactobacillus casei Shirota[30].

To date, the most detailed human study of the 
effects of alcohol on gut dysbiosis compared patients 
with ALD cirrhosis, patients with alcohol dependence 
and healthy controls using next generation sequencing 
techniques to analyse the 16S ribosomal RNA 
(rRNA)[31]. Compared to the control group a subset 
of patients displayed gut dysbiosis with significantly 
lower levels of Bacteroides and higher levels of 
Proteobacteria, which was associated with increased 
systemic endotoxin. Next generation sequencing rRNA 
studies have yet to be performed in patients with AAH.

Gut dysbiosis alters the intestinal lumen inte-
grity through mechanisms that are incompletely 
understood. It is clear that the microbiota are key in 
increasing gut permeability through murine experi-
ments in which the sterilised gut protects against 
alcohol-induced intestinal barrier leakage[32]. Disruption 
of tight junctions is probably mediated by microbial 
metabolism of alcohol to acetaldehyde[33]. However, 
systemic TNFα and IL-1b, which are increased in 
patients with AAH, also reduce tight junction integrity 
so there may be a positive feedback loop in these 
patients[34]. Furthermore, the loss of probiotic bacterial 
species may reduce barrier protection since transfer of 
Lactobacillus ameliorates ALD in a mouse model[35]. In 
a more acute murine model of alcoholic steatohepatitis 
Lactobacillus treatment restored intestinal integrity, 
reduced oxidative stress and improved histological liver 
damage[36].

The leaky gut seen in patients with AAH results in 
presentation of PAMPs to hepatic innate immune cells, 
particularly Kupffer cells. Chronic alcohol misusers 
have higher levels of endotoxin [lipopolysaccharide 
(LPS)] systemically[37] as well as in the portal vein[38] 
suggesting that there is greater exposure of the liver 
to microbial components. Interestingly, this defect may 
be rapidly reversible: in a study of alcohol dependent 
patients, both intestinal permeability and LPS levels 
were elevated compared to normal controls but 
returned to normality after 3 wk of abstinence[39].

Most of our understanding of gut dysbiosis in AAH 
comes from animal models and patients with chronic 
ALD. Future study should be directed at analysing 
the gut microbiome of patients with AAH compared 
to healthy controls and patients with cirrhosis. A 
well powered RCT should then be conducted to test 
the efficacy of specific probiotic therapy designed to 
restore the microbiome. Work in this area is underway 
as demonstrated by a single trial registered at 
Clinicaltrials.gov which is investigating 7 d of treatment 
with several probiotic regimes but this is not powered 
to detect survival differences[40]. Prevention of the 

disruption of gut tight junctions is also an appealing 
therapeutic target but this is likely to be due to a 
complex interplay between gut bacteria and innate 
immunity and a more detailed understanding of the 
mechanisms of disruption is first required.

TOLL-LIKE RECEPTORS
Toll-like receptors (TLRs) are innate pattern recognition 
receptors for a wide variety of PAMPs such as microbial 
components, endogenous molecules and danger 
signals[41]. The TLR family consists of 10 receptors 
principally expressed by granulocytes and cells of 
myeloid lineage. The net action of ligand binding is 
the activation of the nuclear factor kappa B (NF-κB), 
activating protein 1 (AP1) and interferon regulatory 
factor (IRF) families and rapid and robust transcription 
of pro-inflammatory mediators[42]. In animal models 
of ALD, increased expression of TLR1, 2, 4, 6, 7, 8, 
and 9 is reported with increased sensitivity to their 
respective ligands[43] while in humans, TLR2, 4 and 9 
are upregulated in neutrophils from AAH patients[44] 
suggesting that the TLR signalling pathway is 
important in the pathogenesis of the disease.

LPS acting via TLR4 appears to be the most 
important interaction in the pathogenesis of AAH. Mice 
with non-functional mutant TLR4 are protected from 
alcoholic liver injury[45] as are those with inactivated 
Kupffer cells[46]. However, both Kupffer cells and non-
bone marrow derived liver cells are involved in TLR4-
mediated alcoholic liver injury shown by development 
of ALD in TLR4-/- mice transferred with wildtype bone 
marrow cells[47]. Furthermore, deficiency in IL-1 
receptor associated kinase (IRAK)-M (the negative 
regulator of TLR4) conferred more severe ALD[48].

The action of LPS and other PAMPs via innate 
receptors on intrahepatic cells initiates a sequence 
of pro-inflammatory responses. Patients with AAH 
have elevated levels of pro-inflammatory cytokines 
mostly produced by myeloid cells including IL-1, IL-6, 
IL-8 and TNFα (the latter is also related to disease 
severity)[49-51]. This results in hepatocellular damage 
via TNF Receptor 1 and intrinsic death pathways[52]. 
In addition, alcohol sensitises Kupffer cells to the 
effects of LPS[53] and hepatic macrophages and Kupffer 
cells produce reactive oxygen species in response to 
chronic alcohol exposure or LPS[54], driving further liver 
damage.

The TLR system has the potential to be modulated 
to reduce pro-inflammatory signalling in AAH but still 
requires more thorough evaluation. TLR expression has 
been studied in detail in neutrophils from patients with 
AAH but blockade of the overexpressed TLRs did not 
result in restoration of normal neutrophil function[44]. 
The function of other immune subsets with high TLR 
expression (especially monocytes, macrophages and 
Kupffer cells) should also be examined.
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CHEMOKINES
Stimulation of both immune and non-immune intra-
hepatic cells results in the secretion of an array of 
soluble mediators including cytokines and chemokines 
which co-ordinate the subsequent immune response 
and determine the balance between liver damage 
and resolution of inflammation. Chemokines and their 
respective receptors control the influx of leucocyte 
subsets into the liver and have been shown to play 
important roles in shaping the immune response 
in a variety of liver diseases[55]. Chemokines are 
low molecular weight proteins which bind to trans-
membrane receptors triggering a signalling cascade 
which alters integrin expression allowing interaction 
with endothelial adhesion molecules. The gradient 
of chemokine expression increases near the site of 
inflammation, which ensures the leucocyte is attracted 
to the appropriate site before migrating through the 
vascular endothelium.

Interest in chemokines and their receptors 
as therapeutic targets has increased over recent 
years since they can control the ingress of specific 
pro-inflammatory leucocyte subsets into sites of 
inflammation or injury. Currently, a number of clinical 
trials evaluating several chemokine and chemokine 
receptor antagonists for the treatment of inflammatory 
diseases including asthma, inflammatory bowel 
diseases and primary biliary cirrhosis have been regis-
tered at clinicaltrials.gov. In the context of AAH, many 
different chemokines have been implicated and the 
challenge is to determine which pathway to block. 
Neutrophils may be the most appropriate target since 
liver tissue from patients with AAH demonstrates a 
significant neutrophilic infiltration, the degree of which 
correlates with disease severity[56].

Ischaemic models of acute liver injury demonstrate 
that neutrophils are activated by TNFα, IL-1b and 
IL-17 and recruited by CXC chemokines such as 
CXCL1 (GROα) and CXCL8 (IL-8)[57]. Elevated levels of 
these chemokines among others have been confirmed 
in transcriptome microarray and PCR analysis of 
homogenised liver biopsy material from patients with 
AAH[58]. Levels of CXCL1, 5, 6 and 8 were all elevated 
in AAH vs normal liver and correlated with neutrophil 
infiltration and degree of portal hypertension and were 
associated with a poor prognosis at 90 d[58]. However, 
the exact role of the neutrophil in the pathogenesis of 
AAH is unclear[11] and the control of their entry into the 
liver is not fully understood. Moreover, chemokines that 
are known to attract neutrophils will also attract other 
immune cell types. CXCL1, 5, 6, and 8 specifically 
attract both neutrophils and monocytes which both 
express the relevant CXCR1 and CXCR2 receptors for 
these chemokines. Therefore, a clearer understanding 
of the complex pathways of leucocyte trafficking in 
AAH is required and blockade of a single component of 
the pathway may not translate into a clinical benefit[59].

The same transcriptome study also identified 
CCL20 as being the third most upregulated gene 
expressed in AAH liver tissue compared to controls[58]. 
CCL20 binds to CCR6 which is expressed on the Th17 
subset of T cells as well as on hepatic stellate cells 
(HSCs) and γδT cells and is likely to play an important 
role in the adaptive immune response.

TH17 CELLS
The Th17 cell subset, defined by its production of 
IL-17 and expression of RORγt, is derived from naïve 
CD4+ T cells under the influence of cytokines IL-1b and 
IL-6[60]. As well as being important in the clearance 
of extracellular pathogens, it is also implicated in 
the pathogenesis of several autoimmune[61] and 
inflammatory diseases including ALD and AAH[62,63]. 
IL-17 enhances the inflammatory response by stimu-
lating a wide variety of cells including monocytes, 
endothelial cells and fibroblasts, to secrete CXCL8, a 
neutrophil chemoattractant[64]. In a positive feedback 
loop, IL-17 also stimulates CCL20 secretion, itself a 
Th17 chemoattractant, with high levels of its receptor 
CCR6 expressed by Th17 cells[65,66].

Th17 cells have been implicated in the pathogenesis 
of AAH[63]. IL-17 protein in serum from patients with 
AAH was elevated as was peripheral CD4+ T cell 
capacity to produce IL-17 on stimulation compared 
to healthy controls. In AAH liver tissue, there was 
an enrichment of IL-17+ cells which were T cells and 
neutrophils and numbers correlated with degree of 
fibrosis. Furthermore, it was shown that HSCs have 
the IL-17 receptor and their secretion of important 
fibrotic mediators was dependent on IL-17[34].

The liver transcriptome study[58] suggests that 
in AAH, the high expression of CCL20 results in the 
infiltration of Th17 cells. Further work has shown that 
CCL20 levels correlate with clinical severity score, 
degree of portal hypertension and survival in patients 
with AAH and, using an animal model of acute on 
chronic ALD [mice treated with carbon tetrachloride 
(CCl4), ethanol and LPS], that macrophages and 
HSCs are the primary source of CCL20[67]. In addition, 
exposure of primary HSCs in vitro to CCL20 promotes 
fibrogenesis[67].

Therefore, it is likely that CCL20 mediates hepa-
tic inflammation and fibrosis in AAH by direct effects 
on HSCs and via recruitment of Th17 cells. The 
Th17 cytokine IL-22 has also been shown to be 
upregulated in peripheral blood of patients with AH 
and increased levels subsequently predicted better 
patient outcome[68]. Plasma IL-17 (but not IL-21 or 
IL-23) was also elevated compared to healthy controls 
but not related to outcome. Data was not presented to 
determine whether IL-17 and IL-22 were co-expressed 
so it is possible that IL-22 may be from the novel Th22 
cells rather than pathogenic Th17 cells and hence 
may have a hepatoprotective effect. The protective 
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effects of IL-22 have been demonstrated in a chronic/
binge ethanol feeding model where administration of 
exogenous IL-22 ameliorated liver injury and oxidative 
stress via a STAT3 mechanism[69]. A phase 2 clinical 
trial of recombinant human IL-22 is currently underway 
in patients with AAH.

Interestingly, a recent study extensively chara-
cterised pathogenic Th17 cells from healthy controls 
and then confirmed that they were enriched in the 
peripheral blood and inflamed gut of patients with 
Crohn’s disease[70]. These pathogenic Th17 cells 
were resistant to steroid-mediated T cell suppression 
in terms of pro-inflammatory cytokine production 
and proliferation[70]. An animal model of airways 
inflammation has also suggested that Th17 cells are 
steroid resistant[71]. This has been further assessed 
by gene profile analysis, cytokine expression and 
proliferation in Th17 cells derived from patients with 
autoimmune uveitis as well as murine Th17 cells in an 
experimental model of uveitis, which were shown to be 
resistant to steroid treatment[72]. The latter study also 
demonstrated that both human Th17 cells in vitro and 
murine Th17 cells in vivo were selectively inhibited by 
the calcineurin inhibitor, ciclosporin A (CsA)[72]. 

The observation that Th17 cells are enriched in 
AAH but may be resistant to steroid treatment may 
help to explain why some patients do not respond 
clinically to steroid treatment. Further research is 
needed to clarify whether these cells are indeed steroid 
resistant in the context of AAH and whether there are 
different characteristics in this T cell subset between 
steroid responders and non-responders. As suggested 
by the recent in vitro and in vivo data discussed 
above[72], rescue therapy with CsA in patients with 
steroid resistant AAH may be efficacious. It is already 
well-established therapy for the treatment of steroid 
resistant acute severe ulcerative colitis albeit with 
significant toxicities and side-effects[73] but the risk 
of sepsis with such a potent immunosuppressive 
agent would be too high to justify a clinical trial in 
AAH patients unless a method to specifically target 
Th17 cells could be found. Alternatively, if steroid non-
responders could be accurately identified, for example 
by the bioassay recently reported by our group[74], 
CsA could be selectively offered to these patients with 
the highest risk of death from AAH. Another perhaps 
less toxic approach is to prevent Th17 cell ingress 
to the liver with anti-CCL20 antibody, which may be 
particularly efficacious in patients who do not respond 
to steroid treatment.

T CELL EXHAUSTION
The phenomenon of a primed immune system but with 
failure of pathogen defence may be caused by a defect 
in effector cell negative regulatory signalling. Inhibitory 
pathways exist to maintain immune homeostasis to 
prevent over-activation and exhaustion of immune 

cells but allow appropriate clearance of pathogens and 
tumours. Several pathways exist; the best studied 
involves the cytotoxic T-lymphocyte associated protein 
4 (CTLA-4) family. CTLA-4, a T cell surface receptor, by 
binding to the same molecules on antigen presenting 
cells, competitively antagonises CD28, the T cell co-
stimulation receptor and prevents T cell activation[75]. 
Deletion of CTLA-4 in murine models leads to the deve-
lopment of fatal multiorgan autoimmune disease[76], 
probably as a result of unchecked CD28-mediated 
T cell stimulation, demonstrating its importance in 
immune control. A member of the CTLA-4 family, 
programmed death 1 (PD-1) serves a similar purpose 
to maintain balance of effector T cell function[77] while 
T-cell immunoglobulin and mucin domain 3 (TIM-3) 
also has potent inhibitory functions on both T cells and 
innate immune cells[78]. It has recently been proposed 
that inappropriate expression of PD-1 and TIM-3 plays 
a role in the immune paresis seen in AAH[79].

Impairment in both innate and adaptive immunity 
was seen in patients with AAH; poor neutrophil anti-
microbial function and reduced T cell interferon-γ 
(IFNγ) production was demonstrated. In addition, 
PD-1, TIM-3 and their ligands were overexpressed on 
T cells from the peripheral blood of patients with AAH 
compared to patients with ALD or healthy controls but 
when these receptors were blocked the immune defect 
was overcome. It was shown that the overexpression 
of these inhibitory molecules was mediated by LPS 
binding to TLR4 on CD14+ monocytes[79].

These intriguing data inform new paradigms of how 
an active immune system exposed to many PAMPs can 
remain impaired at pathogen clearance and suggest 
that gut dysbiosis is central to the pathogenesis 
of the disease. However, the effect of other TLR 
ligands, cytokines and the direct effect of alcohol 
on negative regulatory molecule expression (PD-1, 
TIM-3 and others) have not been investigated. It is 
important to note that this study was conducted using 
peripheral blood derived immune cells which may not 
accurately reflect what occurs within the liver and 
therefore a similar effect needs to be demonstrated 
on intrahepatic immune cell subsets. Finally, careful 
consideration of how to translate these findings to a 
possible therapy is required. Restoration of immune 
homeostasis involves the rebalancing of pro- and anti-
inflammatory pathways. Improving host defence by 
blockade of these regulatory pathways may result in 
the tipping of the balance too far in favour of immune 
activation which may drive further liver damage. An 
experimental model of AAH should be first employed 
to assess whether this strategy would have a beneficial 
effect.

GRANULOCYTE COLONY-STIMULATING 
FACTOR
The cytokine granulocyte colony-stimulating factor 
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(G-CSF) stimulates bone marrow production of 
granulocytes and haematopoietic stem cells and 
is involved in the proliferation and differentiation 
of neutrophils but may also play a role in hepatic 
regeneration[80]. G-CSF treatment enhances the 
bactericidal and phagocytic capacity of human neutro-
phils from healthy subjects as well as impaired 
neutrophils from HIV-1 infected individuals[81]. It is 
therefore an appealing therapy for AAH which has 
the potential to both enhance neutrophil function and 
hepatocyte regeneration.

G-CSF was well tolerated in patients with cirrhosis 
and alcoholic steatohepatitis; 5 d of treatment was 
associated with an increase in circulating CD34+ cells 
(a surrogate for haematopoietic stem cells), increased 

serum hepatocyte growth factor and proliferation of 
hepatic progenitor cells in day 7 liver biopsy specimens. 
However, there was no change in liver function 
compared to the control group[82]. A randomised open 
label trial of G-CSF treatment of Acute on Chronic Liver 
Failure (of which 57% had alcoholic hepatitis as the 
underlying aetiology) demonstrated increased hepatic 
CD34+ cells after 28 d and significantly improved 60 
d survival[83]. A recent open label RCT of 5 d of G-CSF 
vs standard care (including pentoxifylline) in the 
treatment of patients with AAH resulted in a greater 
number of serum CD34+ cells and improved 3 mo 
survival compared to standard care[84].

These trials have demonstrated the potential 
benefit of G-CSF in the treatment of AAH but con-

Figure 1  Immune dysfunction in acute alcoholic hepatitis. Alcohol has a direct effect on hepatocytes by production of reactive oxygen species causing oxidative 
stress. It also results in the production of acetaldehyde adducts which can cause DNA damage, mutagenesis and direct cell death. Alcohol consumption also leads 
to intestinal bacterial overgrowth and gut dysbiosis with a loss of lactobacillus and increase in proteobacteria species. Dysbiosis together with the direct effect of 
acetaldehyde (a metabolite of alcohol) and pro-inflammatory cytokines disrupts epithelial tight junctions and allows the escape of pathogen-associated molecular 
patterns (PAMPs) into the portal circulation. Within the liver PAMPs are presented to Toll-like receptors (TLRs) on myeloid cells including monocytes (Mono), 
macrophages (Mac) and Kupffer cells (KC) stimulating release of cytokines and chemokines. In addition, TLR4 activation on monocytes leads to upregulation of 
negative inhibitory molecules programmed death 1 (PD-1) and T-cell immunoglobulin and mucin domain 3 (TIM-3) on effector T cells (Teff), which in turn inhibit 
neutrophil (Neut) anti-microbial functions. Chemokines and cytokines coordinate the infiltration and stimulation of other immune cells in particular neutrophils, 
monocytes (both by CXCL1, 5, 6 and IL-8) and Th17 cells (by CCL20). Th17 cells further increase neutrophil infiltration and also stimulate hepatic stellate cells (HSCs) 
to produce fibrogenic mediators. TNFα and Fas produced by T cells also leads to hepatocyte cell death by apoptosis through the Fas and TNF receptor pathways.

CXCR1/2

IL-8

IL-17 Th17
IL-17

Neut

Teff

TIM3

PD1

CCL20

TNFα

FAS

TNFα
KC

IL-1b

IL-17

IL-6

CCL20

CCR6

CXCL1

CXCL5

CXCR1/2

CCR2

TLR

Mono

Mac

TLR

CXCL1

CXCL5

CXCL6

IL-8

HSC

Hep

Fibrogenesis

Apoptosis
Necrosis

Oxidative 
stress

Adducts

Portal vein

PAMPs

Disrupted 
tight junction

Intestinal 
epithelium

Dysbiosis

Alcohol

Dhanda AD et al . Immune dysfunction in alcoholic hepatitis



11910 November 14, 2015|Volume 21|Issue 42|WJG|www.wjgnet.com

firmation of its benefit in a large double-blind RCT 
is needed. Further study is required to elucidate the 
mechanisms of G-CSF action and evaluate its benefit 
in the context of steroid resistant disease.

CONCLUSION
Evidence drawn from studies on patients with AAH and 
chronic ALD as well as animal models has enhanced 
our understanding of the immune mechanisms 
that occur in AAH. In summary, chronic alcohol con-
sumption leads to gut dysbiosis, disrupting the gut 
epithelial integrity and allowing the presentation of 
PAMPs to intrahepatic cells via the portal circulation. 
This in turn causes activation of a network of cells 
resulting in the alteration of surface molecular patterns 
and the release of a plethora of soluble mediators, 
which co-ordinates the influx of immune cells into the 
liver. In the context of AAH, these immune cell subsets 
cause direct damage to hepatocytes and stimulate 
HSCs to produce fibrogenic molecules leading to liver 
cell death and fibrosis. Additionally, there is evidence 
of immune paresis with poor innate cell responses 
and increased T cell exhaustion resulting in a reduced 
ability to prevent bacterial infection (Figure 1).

Many of the mechanisms of pathogenesis require 
confirmation and testing in patients with AAH but have 
the potential to yield new therapeutic targets in the 
future. Here, we have highlighted the gut microbiome, 
the expression of TLRs on different myeloid cell 
subsets, the chemokine pathway, the steroid respon-
siveness of Th17 cells, T cell exhaustion and G-CSF 
therapy as priority areas for further research.
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