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INTRODUCTION
Better fortunes and increased stress have led to life style changes across the world. Alcohol has become the commonest and most socially acceptable hepatotoxin worldwide. Additionally, with the availability of better drugs and more treatment options for managing liver disorders related hepatotrophic viruses, the proportionand burden of alcoholic liver disease has grown, and is likely to increase in the coming years. Alcoholic hepatitis (AH) related hospital admissions continue to increase with substantial increase in healthcare cost and utilization[1,2]. The spectrum of alcoholic liver disease varies from fatty liver, steatohepatitis, compensated/ decompensated cirrhosis, to hepatocellular carcinoma. Alcoholic hepatitis is the most florid manifestation of alcoholic liver disease with substantial morbidity, mortality and financial burden. The treatment options of severe alcoholic hepatitis (Maddrey’s discriminant score > 32) however, have not changed in nearly past three decades. Steroids, pentoxifylline and nutrition therapy remain the only accepted options available for the management of severe alcoholic hepatitis[3-5]. There is no advantage of combining or sequencing steroids and pentoxifylline in comparison with either alone[6-10]. No medical options are available to treat severe alcoholic hepatitis patients who are steroid unresponsive (Lille score > 0.45). Similarly no options are available for steroid ineligible patients (upper gastrointestinal bleed, impaired renal functions and/or sepsis) who far outnumber the patients who are eligible and respond to steroids. With advances in basic sciences and better understanding of the pathogenesis of alcoholic liver disease, significant advances in the management of severe alcoholic hepatitis arelikely. This review discusses various aspects of the pathogenesis and targeted treatment options in patients with alcoholic liver disease. 

PATHOGENESIS OF ALCOHOLIC HEPATITIS
Alcoholic steatosis is a complex process manifested through several mechanisms (Figure 1). The main pathogenetic factors underlying this process are increased fatty acid and triglyceride synthesis, enhanced hepatic influx of free fatty acids from adipose tissue and of chylomicrons from the intestinal mucosa, increased hepatic lipogenesis, inhibited lipolysis, and damaged mitochondria and microtubules, all of which result in accumulation of VLDL[11-16]. Lipogenic enzymes are overexpressed in alcoholics due to downregulation of peroxisome proliferator activated receptor α (PPARα) and the induction of sterol regulatory element binding protein (SREBP)[17,18]. AMP activated protein kinase (alters relative concentrations of intra cellular malonyl coenzyme A and long chain acyl coenzyme A) and the downstream pathways of fatty acid synthesis and degradation[19], the NADH reduction/oxidation potential in the liver and reduced microsomal triglyceride transfer protein activity are all implicated in the chronic alcoholism related fatty liver[20,21]. 
Some unclear triggering event is responsible for the initiation of steatohepatitis, in patientswith alcoholic fatty liver who continue to consume excessive alcohol. Gut dysbiosis, increased gut permeability, altered alcohol metabolism, increased lipopolysaccharide release into portal circulation, genetic background, associated malnutrition and micronutrient deficiency have been implicated as the initiating event for inflammation[21,22] and decide the severity of alcoholic hepatitis and cellular injury[23-25]. Acetaldehyde (the major product of alcohol metabolism) adducts forming neoantigens leading to activation of adaptive immune system[26,27], impaired glutathione function, oxidative stress and apoptosis[28-30] lead to inflammation and liver injury.
Prolonged alcohol intake markedly upregulatesCytochrome P450 2E1 (CYP2E1) activity. CYP2E1 dependent microsomal electron transport system of the respiratory chain, NADH dependent cytochrome reductase and xanthine oxidase are involved in the production of reactive oxygen species[31-33] in addition to alcohol dehydrogenase and aldehyde dehydrogenase. Thus alcohol ingestion stimulates the generation of ROS and hydroxyl radicals[34]. These metabolites and ROS activate various downstream inflammatory pathways that involve nuclear factor κB (NFκB), signal transducer and activator of transcription (STAT)–Janus kinase (JAK) and cJun N terminal kinase (JNK) in hepatic resident cells, leading to local synthesis of inflammatory mediators, such as tumor necrosis factor (TNF), IL17, CXC chemokines (including IL8), as well as osteopontin[21,35-40].
Alcohol intake also induces dysbiosis in the gut and alters the gut permeability leading to increased levels of lipopolysaccharides in the portal circulation. This increase in lipopolysaccharide induces inflammatory activation of Kupffer cells via the CD14–Toll-like receptor (TLR) 4 pathway[41]. Finally, increased endoplasmic reticular stress due to impaired protein degradation forms Mallory Denk bodies (hepatocellular aggregates of cytokeratins)[42].
Robust involvement of innate and adaptive immune disturbances in patients with alcoholic hepatitis is well known but has been only partially explored. Exaggerated systemic inflammatory response but still increased susceptibility to bacterial infections is the characteristic of alcoholic hepatitis[43] meaning to say that their immune cells are stimulated but with impaired antibacterial functions[44]. Although precise immunological mechanisms of alcoholic hepatitis are not clear, both adaptive[45] (neoantigens) and innate immune activation[46] are known to drive the clinical out look of alcoholic hepatitis (Systemic inflammatory response). The precise mechanism or event that triggers the acute event in alcoholic hepatitis is still cryptic. 
Some questions like, why only few chronic alcoholics develop liver disease and more so alcoholic hepatitis, why only few patients with alcoholic hepatitis respond to steroids and the standard of care and why only some of the alcoholic hepatitis patients are prone to develop renal impairment/ infections remain unanswered. The potential new treatments and key to better management of alcoholic hepatitis lie in the answers to the above questions. 

METABOLOMIC PROFILING
Metabolomic profiling is one of the recently developed methods for identifying newer biomarkers. A recent study[47] compared serum metabolic profile between severe alcoholic hepatitis patients (n = 25) and alcoholic cirrhotics (n = 25). They have found altered levels of many biochemicals in subjects with severe AH and also demonstrated that metabolomic profiles separated the two cohorts with 100% accuracy. Severe AH was associated with enhanced triglyceride lipolysis, impaired mitochondrial fatty acid beta-oxidation, upregulated omega oxidation and decreased plasma membrane remodeling. While most measured bile acids were increased, low deoxycholate and glycodeoxycholate levels suggested intestinal dysbiosisin severe AH. Several changes in substrate utilization including increased glucose consumption by the pentose phosphate pathway, altered tricarboxylic acid (TCA) cycle activity, and enhanced peptide catabolism were noted. The same group has also demonstrated distinct lipidomic profile[48] in patients with severe alcoholic hepatitis in comparison with alcoholic cirrhosis with higher serum Resistin and plasma activation inhibitor-1 levels in and a decrease in serum Leptin levels in severe alcoholic hepatitis patients. Serum levels of the pro-lipolytic cytokines - tumor necrosis factor α, interleukin (IL)-6; IL-8 and IL-15 were found to be higher in severe alcoholic hepatitis patients in comparison to alcoholic cirrhosis. Serum IL-6 levels ≥ 38.66 pg/mL most precisely identified deaths in severe alcoholic hepatitis patients (levels ≥ 38.66 pg/mL had significantly decreased mean survival). Explosion of knowledge and understanding of metabolomic profiling (transcriptome, proteome and metabolome) in alcoholic hepatitis should lead to discovery of novel weak points in the pathogenesis. Future metabolomics studies should be able to identify novel specific therapeutic targets in the management of alcoholic hepatitis, which is the need of the hour.

POTENTIAL NEW AVENUES OF RESEARCH AND THERAPIES IN SEVERE ALCOHOLIC HEPATITIS
Prednisolone is the treatment of choice in the management of sub group of severe alcoholic hepatitis without any active infections or active UGI bleeding or renal impairment. Prednisolone is conventionally given at a dose of 40mg per day for 4weeks followed by tapering over next 2 wk, with close monitoring for infections and other side effects of steroids. Despite the best standard of care and steroids, many patients either do not respond to steroids or are not eligible for steroids. Large majority of steroid intolerant, ineligible, unresponsive alcoholic hepatitis patients are thus left with no specific available treatment options. Better understanding of the pathogenesis of alcoholic hepatitis and advances in the basic sciences are opening new avenues for alcoholic hepatitis, as described below (Table 1). 

Gut microbiota
Pre/probiotics and antibiotics: Several studies have shown that patients with liver disease have abnormal bowel flora overgrowth and thus probiotics, which help to restore normal bowel flora, have been proposed as a possible treatment for alcoholic liver disease[49,50]. Alcoholic patients who received probiotics (Bifidobacterium or Lactobacillus) for 5 d had improved AST, ALT and GGT levels in comparison to placebo[51]. Another study on alcoholic patients has shown that 4 wk probiotics (Bifidobacterium or Lactobacillus) improve and normalize neutrophil phagocytic capacity and decrease the endotoxin stimulated levels of soluble TNF-receptor-1, soluble TNF-receptor-2 and interleukin-10 ex vivo at the end of the study[52].
Rifaximin, a derivative of Rifamycin, with low systemic absorption and broad-spectrum activity against gastrointestinal tract micro-organisms that has been previously used to treat hepatic encephalopathy[53], is now being studied with regards to improving liver function in alcoholic cirrhosis. In a study, 28-d course of Rifaximin has been shown to decrease serum endotoxin levels in both systemic and splanchnic circulation along with significant improvement in HVPG in alcoholic cirrhotic patients[54]. 
Role of intestinal flora in the pathogenesis of alcoholic hepatitis is well known. However, targeting gut micro biome in the management of alcoholic hepatitis has rarely been attempted. This looks to be a promising area.

Lipopolysaccharide (LPS): Gut-derived microbial LPS, a component of the outer wall of gram-negative bacteria, has been known to have a central role in the pathogenesis of ALD[55,56]. Alcohol has been known to cause dysbiosis and as well disrupt the gut barrier function, consequently, promoting the translocation of microbial LPS from the lumen of the intestines to the portal vein, where it travels to the liver. In the Kupffer cell, LPS binds to CD14, which combines with toll-like receptor 4, ultimately activating multiple pro-inflammatory cytokine genes[57]. Therefore, probiotics, prebiotics, antibiotics, or transplantation of gut-microbiota may be proposed as possible treatment avenues for AH, by attenuation of the increase in LPS or normalising the healthy gut flora. Recently, fecal microbiota transplantation (FMT) has been successfully used in the treatment of life-threatening infections with Clostridium difficile. Gut bacteria being actively involved in the pathogenesis of alcoholic hepatitis, FMT might have a potential role in the management of alcoholic hepatitis. There is however, little data to support this proposition.
Michelena et al[58] have recently shown in 162 alcoholic hepatitis patients that blood LPS levels help in predicting progression to multiorganfailure, mortality and the response to steroids. Severe AH patients also have increased expression of TLRs (TLR 2, 4, and 9) in neutrophilsalong with impaired phagocytic function and increased secretion of CXC chemokines[44,59] suggesting that increased expression of TLRs can trigger neutrophils to display an inflammatory rather than phagocytic phenotype. Markwick et al[60] have recently shown that 2 known immunoinhibitory factors (i.e., programmed death [PD-1] and T-cell immunoglobulin and mucin domain [TIM-3]) may play a role in the impaired immune function in AH. The authors found that antibacterial innate and adaptive immunity is severely dysfunctional in AH, differentiating these patients from stable alcoholic cirrhotics. Importantly, LPS or gut-derived endotoxin, which are typically elevated in sera of patients with AH, induced the overexpression of PD-1 and TIM-3 and their ligands PD-L1 and galectin-9 in all T-cell subsets. The blockade of these immunoinhibitory pathways restored normal lymphocyte (T-cell, natural killer/natural killer T cells, and T-regulatory cells) immunity and enhanced neutrophil antimicrobial activity. These results strongly suggest that LPS-induced expression of immunoinhibitory factors may play a role in the impaired antibacterial host immunity in AH. They also have shown that reduced interferon-γ/IL-10 ratios had a direct effect on PD1 and Tim3 expression on T-cell subsets. In another study, the soluble CD163, a specific marker of inflammatory macrophage activation was shown to be elevated in severe alcoholic hepatitis patients likely via LPS pathway (10 folds in comparison to controls and 3 folds in comparison to stable alcoholic cirrhotics)[61]. Hepatic macrophages may thus present a target for biological therapy of AH. Inflammatory activation of resident hepatic macrophages (Kupffer cells) by portal-derived lipopolysaccharide (LPS) has a primary role in hepatic inflammation in alcoholic hepatitis.
So, gut dysbiosis leading to increased gut derived bacterial products leads to immune-activation, exhaustion and paralysis in severe alcoholic hepatitis. Thus, changing the gut microbiome and/ or altering the down stream inhibitory immune signals might improve outcomes in alcoholic hepatitis (Figure 2).

Immune modulation
Chemokines: Chemokines are known to play an important role in the pathogenesis of alcoholic hepatitis. Many of the chemokines have been shown to be upregulated in the livers of alcoholic hepatitis. Early studies revealed that the levels of several CXC subfamily members, including IL-8, Gro-α, CXCL5, CXCL6, CXCL10 and platelet factor 4, are significantly elevated in AH livers compared with normal healthy control livers, and correlate with neutrophil infiltration and the severity of portal hypertension and patient survival[36,38,62]. CC chemokine CCL2 is also upregulated[62]. Higher expression levels of IL-8, CXCL5, Gro-γ, and CXCL6 were associated with a worse prognosis[38]. Among these chemokines, CCL20 is one of the most upregulated chemokines in AH liver tissue[63]. Many inflammatory mediators such as LPS, TNF-α, and IL-1β induce CCL20 expression. The mechanism by which CCL20 contributes to the pathogenesis of AH remains unknown. The major function of CCL20 is to attract lymphocytes, dendritic cells, Helper T 17 (Th17) cells and monocytes and to a much lesser extent, attract neutrophils[62]. These cells then produce inflammatory mediators and chemokines that subsequently cause neutrophil infiltration in AH. So CCL20 has an important role in regulating adaptive immunity and autoimmunity (Figure 3). In their study Affo et al[63] have shown that the levels of CCL20 are elevated in patients with alcoholic hepatitis and correlate with the levels of endotoxemia, degree of fibrosis and portal hypertension. Macrophages and hepatic stellate cells (HSCs) were identified as the main CCL20 producing cell types. And also they have shown that silencing CCL20 in vivo reduces - LPS induced aspartate aminotransferase and lactate dehydrogenase serum levels and hepatic proinflammatory and profibrogenic genes. 
Further studies in future models and human livers of AH are required to determine if targeting CCL20 is an effective and safe therapeutic strategy to modulate the inflammatory response and liver injury in alcoholic hepatitis[64]. 
Several chemokine receptor antagonists are being developed. But so for only two drugs have been approved for non-inflammatory diseases: a CCR5 inhibitor used to treat HIV, and a CXCR4 antagonist which serves as a hematopoietic stem cell mobiliser[65]. Most common reason for failure is the receptor redundancy (one chemokine can target several receptors and vice versa). Development of chemokine receptor blockers which can block multiple receptors are needed to counter the receptor redundancy. Better translational and human studies are required to identify further key targets to block chemokine induced hepatic inflammation.

IL-8: Inhibition of neutrophil mediated hepatic injury might also be a potential therapeutic approach in managing AH. A higher level of IL-8 gene expression has been shown to correlate with poorer outcome in patients with alcoholic hepatitis[38]. IL-8 gene expression is also related to neutrophil hepatic infiltration as well as increased portal pressure[38]. IL-8 inhibition should lead to decrease in neutrophil infiltration of liver but the effect on bactericidal function of neutrophils could be a potential concern.

Th17: T cells producing Th17 have a central role in many inflammatory and autoimmune conditions[66]. IL-17 can act as a neutrophilchemotaxinand can also stimulate production of other chemotaxins such as IL-8 and CXCL1[67]. Serum and liver tissue IL-17 and IL-17 producing T cell are elevated in patients with alcoholic hepatitis and the number of infiltrating cells correlate with the Maddrey Discriminant Function. The increased levels of IL-17 within the liver are likely to act on hepatic stellate cells, which when stimulated with IL-17 increase chemotaxis of neutrophils[39].
Secukinumab, a humanised anti-IL-17A monoclonal antibody has shown some success in the phase 1 trials in the treatment of rheumatoid arthritis, psoriasis and uveitis[68]. To date no studies of secukinumab have been reported in patients with liver disease, which could be a potential agent.

IL-22/signal transducer and activator of transcription 3: IL-22 a member of IL-10 family of cytokines (produced by helper T17 and NK cells) has important role in bacterial infections and tissue repair[37]. IL-22 might be used to treat patients with ALD because of its antioxidant, antiapoptotic, antisteatotic, proliferative, and antimicrobial effects and it has been shown to work through activation of STAT3 in animal models of ALD. More over IL-22 receptor 1 expression is upregulated, whereas IL-22 expression is undetectable, in patients with alcoholic hepatitis[40]. Stoy et al[69] have found higher frequencies of IL-22 producing T-helper cells in alcoholic hepatitis patients (n = 21) in comparison with stable cirrhotics (n = 10) and healthy controls (n = 10). The frequency of IL-22-producing T helper cells was higher in AH patients and more so in those whose condition seemed to improve with improvement in alcoholic hepatitis severity. A study in a chronic ethanol-fed mouse model showed that treatment with recombinant IL-22 improves liver injury and hepatic oxidative stress[40] and another study in murine model of acute hepatitis, IL-22 receptors have been shown to be upregulated in the hepatocytes and blockade of IL-22 receptors has been shown to exacerbate the disease and administration of IL-22 to ameliorate the same[70].
So, IL-22 augmentation could be a potential therapeutic target in the management of alcoholic hepatitis. As IL-22 is produced by IL-17 cells, which also are involved in the production of pro inflammatory cytokines in the pathogenesis of alcoholic hepatitis, selective augmentation of IL-22 might be useful.

IL-10: IL-10 is a potent anti-inflammatory cytokine, which suppresses the production of many pro-inflammatory cytokines including TNF-α by Kupfer cells, monocytes and T-Helper cells and also from neutrophils[71]. IL-10 levels correlate with response to steroids and survival in patients of alcoholic hepatitis[72,73]. So far, recombinant human IL-10 (rhuIL-10) has failed to show any benefit in clinical trials on patients with Crohn’s disease although well tolerated[74,75]. A pilot open label study of rhuIL-10 in combination with glucocorticoids in 8 patients with severe AH failed to show any changes to neutrophil-derived or serum IL-8 and TNFα production or improvement in mortality or disease severity in comparison with the control group[76].

Osteopontin (OPN): Osteopontin is an extracellular matrix protein and is highly expressed in alcoholic hepatitis patients and the levels of OPN are found to have very good correlation with the disease severity. OPN is reported to act as an immune modulator in a variety of manners- chemotaxis, immune cell recruitment and activation and modulation of apoptosis. In target cells, OPN binds to integrin and CD44 to promote profibrogenic and inflammatory actions[77]. There is growing evidence to suggest that OPN plays a major role in the wound-healing response to acute and chronic injury in many organs[78]. Hepatic expression and serum levels of OPN are markedly increased in AH, compared to normal livers and other types of chronic liver diseases, and its levels have been shown to correlate with short-term survival. Serum levels of OPN also correlated with hepatic expression and disease severity. OPN was mainly expressed in areas with inflammation and fibrosis. Two proteases that process OPN (thrombin and matrix metalloproteinase 7) and cleave OPN are increased in livers with AH. OPN synthesis is induced by lipopolysaccharide[78]. Fibrogenic mediators such as TGFβ are known to increase the OPN expression and also the alcohol mediated liver injury is attenuated in mice that lack OPN[21]. Human and experimental data suggest a role for OPN in the pathogenesis of AH. Further studies should evaluate OPN as a potential therapeutic target. 

TNF superfamily receptors: Anti TNF-α agents like infliximab have been used with only limited clinical success and significant side effects[79,80]. Several members of the TNF receptor superfamily are markedly upregulated in patients with alcoholic hepatitis. TNF receptor superfamily member 12A (also known as Fn14 or the Tweak receptor) is markedly over expressed in these patients and its expression correlates with the severity of alcoholic hepatitis[21]. TNFRSF12A is mainly expressed in hepatic progenitor cells, which accumulate in patients with severe forms of alcoholic hepatitis. Therapeutic utility of this information needs further exploration. With the availability of metabolomics and transcriptomics, new therapeutic targets are expected. Affo et al[81], have identified increased expression of TNF-α superfamily receptors by transcriptome analysis of the liver tissue from alcoholic hepatitis patients. They have also shown that 207 genes are differentially expressed in patients with AH (> 5-fold) and revealed seven pathways differentially regulated including 'cytokine-cytokine receptor interaction'. Several tumor necrosis factor (TNF) superfamily receptors, but not ligands, were overexpressed in AH. Fn14, the receptor for TNF-like weak inducer of apoptosis, was selectively upregulated in patients with AH (n = 5) in comparison to normal controls (n = 7). 
Intricate linkage analysis of the downstream signaling pathways might provide further insight in to the exact role and as well as therapeutic utility of the TNF and its receptors.

Proapoptotic molecules:Fas and Bcl-2: Oxidative stress stimulates the expression of Fas and Bcl2 in the livers of patients with alcoholic liver disease[82,83]. These targets are very appealing in the short-term management of acute alcoholic hepatitis.

ADAMTS13: von Willebrand factor cleaving protease: Activity of ADAMTS13 (a disintegrin and metalloproteinase produced by stellate cells) is decreased in alcoholic hepatitis due to pro inflammatory cytokines. This leads to accumulation of thrombi of unusually large von Willebrand factor leading to sinusoidal microcirculatory disturbances and subsequent liver injury[84,85]. Therapeutic potential of this fact needs to further exploration.

Complement: Inflammation and systemic inflammatory response (SIRS) are an integral part of alcoholic hepatitis. Alcohol induced activation of complement system contributes to the pathophysiology of alcohol related liver injury[86]. In their study Shen et al[86] have shown significantly higher immunoreactivity intensity of C1q, C3, and C5 as well gene expression of C1q and C5 in patients with alcoholic hepatitis than that seen in normal controls. They have also shown the co-localization of C5a receptor (C5aR) in Mallory-Denk bodies (MDBs) forming balloon hepatocytes. C5aR was focally overexpressed in the MDB forming cells.Inhibition of complement activation could be a potential therapeutic option in the management of severe alcoholic hepatitis.

Inflammasomes: Recent studies indicate that the inflammasome activation plays important roles in the pathogenesis of AH. Nod-like receptor protein 3 (NLRP3) is a key component of the macromolecular complex that is so called the inflammasome that triggers caspase 1-dependent maturation of the precursors of IL-1βand IL-18 cytokines. It is expressed in myeloid cells and is a component of the innate immune system[87]. Inflammasome activation in AH liver biopsy specimen has been shown to correlate with Mallory Denk body (MDB) formation, suggesting that MDB could be an indicator of the extent of inflammasome activation.
So, new studies targeting inhibition of inflammaosome activation might discover some new treatment avenues for managing alcoholic hepatitis.

In vitro steroid sensitivity
A 48-h in vitro measure of steroid sensitivity, the dexamethasone inhibition of lymphocyte proliferation assay (DILPA), predicts 6-mo survival with 78% sensitivity[88]. The accuracy of the DILPA in predicting 6-mo survival, assessed by area under the receiver-operating characteristic (AUROC), was 0.86. Addition of the anti-IL-2 receptor (anti-CD25) monoclonal antibody, Basiliximab was shown to reverse the steroid resistance in vitro with improvement in lymphocyte proliferation count in 91% of the tested patients. Suggesting that intrinsic lack of steroid sensitivity may contribute to poor clinical response to steroids in severe AH and IL-2 receptor blockade represents a potential mechanism to overcome this. Basiliximab, the CD25 (IL-2 receptor) inhibitor which is used as single dose therapy to prevent transplant rejection, could reverse glucocorticoid resistance in peripheral blood mononuclear cells from patients with alcoholic hepatitis[88]. 
As T cells play a role in the recruitment of neutrophils and the perpetuation of inflammation in AH, Basiliximab may prove to be a useful adjunct to glucocorticoid therapy in patients who do not respond to this therapy.

Genetic polymorphism: Discoveries through genomic technologies and genome-wide association studies (GWAS), have increased evidence for genetic determinants of liver damage and progression to cirrhosis, and have implicated novel etiologic pathways. We know that not all heavy drinkers ever progress to cirrhosis. So the question remains why some people progress to cirrhosis, while others who drink to similar levels don’t? Evidence from twin studies, variability in inter-ethnic ALD mortality rates and the recent association of PNPLA3 variant with alcoholic cirrhosis indicate that there is an underlying genetic basis that may account for the variability of liver damage observed in heavy drinkers, independent of alcohol dependence[89]. Genetic polymorphisms of ethanol metabolizing enzymes such as cytochrome p450 (CYP) 2E1 activation may change the severity of ASH.

Epigenetic modification: Ethanol consumption causes epigenetic changes that may contribute to alcohol-induced liver damage. Exposure to ethanol or its metabolite (acetate), up-regulates histone acetylation in macrophages, which causes up-regulation of transcription of several pro-inflammatory cytokines, leading to thedevelopment of alcoholic hepatitis. Therefore, epigenetic modifications can be new therapeutic target[90].

Liver regeneration through growth factors
Liver regeneration and stem cell therapy are active areas of current research in the field of hepatology. Ineffective liver regeneration has been postulated as one of the major reasons for progressive liver failure and non-recovery with conservative management in patients with alcoholic hepatitis. Recently Dubuquoy et al[91] have shown in explant livers from a small group of steroid non-responsive alcoholic hepatitis (n = 16) that their livers lack cytokine profile conducive for liver regeneration (TNF-α and IL-6) and also have shown insufficient hepatic progenitor cell differentiation tendency towards hepatocyte lineage. 
In experimental models of alcoholic hepatitis, the administration of the cytokine granulocyte colony-stimulating factor (G-CSF) was found to mobilize the hematopoietic stem cells, induce liver regeneration, and improve survival[92,93]. In patients of alcoholic hepatitis, a 5 d G-CSF administration, (10 μg/kg/d, subcutaneously) mobilised CD34+ stem cells, increased circulating hepatocyte growth factor and induced proliferation of hepatic progenitor cells in liver biopsyspecimens[94]. A randomised placebo-controlled trial from our group using G-CSF (12 doses 5μg/kg s.c. each over 1 mo) in patients with ACLF (57% had alcoholic hepatitis) has shown mobilization of CD34+ stemcells, with significantly improved survival, and decreased the risk of bacterial infection and kidney failure in G-CSF group[95]. In another recent study, Singh et al[96] have used G-CSF (5 μg/kg every 12 h for 5 d) in patients with severe alcoholic hepatitis and compared with Pentoxifylline (1200 mg/d) and have shown mobilization of CD34+ cells and as well decreased infections, improved Maddrey’s discriminant score and increased survival at 3 mo in patients receiving G-CSF. Other than stem cell mobilization and liver regeneration another potential mechanism of action of G-CSF in alcoholic hepatitis patients is postulated to be by stimulating the bactericidal activity of neutrophils[97-99] thus overcoming the immune paralysis.
It would be worthwhile to assess the role of G-CSF therapy in comparison to corticosteroids as none of the above studies have used steroids in their standard of care. G-CSF might improve the ineffective regeneration seen in those who fail to respond to the standard of care (e.g., steroids) and may as well improve the neutrophil functionality and prevent infections. There is also need to study the role G-CSF in treating alcoholic hepatitis patients who are steroid ineligible or steroid unresponsive, in larger group of patients.

Early liver transplantation
The vast majority of transplant programs (85%) require 6 mo of abstinence[100] prior to transplantation commonly known as “6-mo rule”. But there is a lack of evidence to support a 6-mo sobrietyperiod. Patients who do not respond to steroids have a 6-mo survival of 25%–30%, and patients with hepatorenal syndrome (HRS) have a 3-mo mortality rate above 90%, unless treated with liver transplantation[101]. To date, nobody has been able to establish a certain period of abstinence, which ensures no future alcohol relapses; apart from this fact, in case of SAH, the 3-mo mortality rate is about 70%[102].
Currently there are very few options left in the management of severe alcoholic hepatitis patients, especially once they are unresponsive to steroids with Lille score > 0.45. Despite controversies, liver transplantation remains the sole major hope for such patients. Liver transplantation is more ethical in the case of living related donor transplantation as no other patient is deprived of the limited cadaveric resources and the emotionally attached relative wants to donate part of his liver to save his relative who may not survive to fulfill the current 6-mo abstinence rule. In a recently conducted public survey[103], majority of the respondents were neutral towards donating their organs for an early transplantation of a severe alcoholic hepatitis patient and only minority (26.3%) were hesitant to donate their organs to such patients. The scenario in a severe alcoholic hepatitis with a good family support and in the setting of living donor liver transplantation should be even better. So, early transplantation for carefully selected patients with acute alcoholic hepatitis may not be as controversial to the public as previously thought.
Emerging data has challenged the 6-mo abstinence rule as beneficial effects of early liver transplantation have been shown in select group of steroid un-responsive severe alcoholic hepatitits patients. In an elegant study, by Mathurin et al[104], twenty-six patients (median Lille score, 0.88) were selected and placed on liver transplantation list within a median of 13 d after nonresponse to steroid therapy. The cumulative 6-mo survival rate was higher among patients who received early transplantation than among those who did not (77% vs 23%, P < 0.001). This benefit of early transplantation was maintained through 2 years of follow-up (HR = 6.08; P = 0.004). The authors concluded that there are no major ethical barriers in transplanting patients affected by severe SAH, not responding to medical therapy. Presence of an Alcohol Addiction Unit (Alcohology unit) within a liver transplant center may significantly reduce the risk of alcohol relapse and the recurrence of disease after LT, and may allow liver transplantations in some selected patients, even in case of less than 6 mo of abstention[105]. Singhal et al[106] have also shown a 5-year outcome in alcoholic hepatitis patients (n = 11) at par with alcoholic cirrhotic patients (n = 33) undergoing liver transplant from the UNOS database. 
There is published data of seven severe alcoholic hepatitis patients with non-response to therapies, and hepatorenal syndrome, who were submitted to transjugular intrahepatic portosystemic stent shunt (TIPS), and then underwent liver transplantation[102,107]. Steroid therapy was contraindicated because of the presence of renal failure. All patients were followedup by the Alcohology Unit, and attended self-help groups. None of them had recidivism over the next 5 years.
Despite the promising results from many studies and over all public and professional concern and intent towards a shorter mandatory abstinence period prior to liver transplant after initial non-response to medical management, too many uncertainties exist. There is a need to define and form guidelines for setting universally suitable and logically acceptable norms to do liver transplant in this group of patients which should also address delicate issues like pre transplantation counseling, deceased vs living related donor liver transplantation, setting up of Alcohology units for post transplant support systems etc.

Others
Extracorporeal liver support: Extracorporeal liver support procedures, which have the ability to remove some potential damaging circulating molecules may, therefore, logically have a role in patients with severe AH. Survival in severe alcoholic hepatitis patients with non-response to medical care and renal impairment is very poor even with best of the available management. Despite great efforts[108,109], no clearbenefits have been proved using these complicated liver dialysis devices, which additionally are very expensive and have many issues to be answered before the utilization in the clinical setting. There are some motivating reports concerning albumin dialysis[110] as a support treatment in patients with severe AH which may potentially bridge recovery or liver transplantation who otherwise have no other options available especially those with renal impairment[111].

Granulocytapheresis: Granulocytapheresis, a technique that removes up to 60% of activated granulocytes and monocytes from circulating blood, is well tolerated and many case series exist in literature on its usefulness in severe alcoholic hepatitis patients. Some also mention their benefit in steroid non-responders[112,113]. Role of granulocytapheresis is still not proven in any good quality studies till date and only case series are available.

Anti-oxidants: Although oxidative stress is implicated in the pathogenesis of alcoholic hepatitis[114], several studies have negated any additional benefit of N-Acetyl cysteine in comparison to corticosteroids in the management of alcoholic hepatitis[115-117]. Only few of the studies have shown a short-term benefit of combination therapy with corticosteroid plus N-acetylcysteine with increased 1-mo survival among patients with severe alcoholic hepatitis, but without anyimprovementin 6 mo survival was noted[117]. ACochrane review earlier had shown that use of S-Adenosyl-L-Methionine is not of any help in managing alcoholic hepatitis[118]. Conceptually anti-oxidants should potentially have a role in the management of alcoholic hepatitis but we need more data to establish the definitive role of N-Acetyl Cysteine or S-Adenosyl-L-Methionine in the management of severe alcoholic hepatitis. There remains a large void of treatment options for SAH. The ongoing clinical trials in treating alcoholic hepatitis are mentioned in Table 2. A major improvement in our understanding and a paradigm shift in the treatment approaches are required to improve the outcome of these patients.

CONCLUSION
The burden of alcoholic hepatitis is on the rise and the proportion of patients with alcoholic hepatitis is rapidly increasing with better treatment options of viral liver diseases. The morbidity, mortality and the treatment options for the management of alcoholic hepatitis have not significantly changed in the last many decades. Currently steroids, pentoxifylline and nutrition remain the only acceptable treatment options. A better and newer treatment options for alcoholic hepatitis are the need of the hour.Advances in the basic science, ‘Omic’s’ platform and translational medicine have given a better insight into the pathogenesis and have opened up many potential new therapeutic avenues in the management of alcoholic hepatitis. Targeting gut microbes and their products, targeting hepatic inflammation and infections through immune modulation, improving liver regeneration by G-CSF and early liver transplantation for those not responding to the standard of care (Figure 4) are the most promising areas for research and future clinical trials should focus on these areas in developing new therapies in the management of alcoholic hepatitis.
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Pathways:
1. Activation of Kupffer cells- CD-14/ TLR4
2. NF-B, JAK-STAT, cJNK pathways
3. Generation of local inflammatory mediators – TNF-, chemokines (including IL-8), IL-17, osteopontin, etc.
4. Generation of reactive oxygen species and hydroxyl ethyl radicals- O2-, OH-
5.  Endoplasmic reticular stress
6. Exaggerated local and systemic inflammatory response
7. Immune dysfunction and susceptibility to infections
Alcoholic hepatitis
Unknown triggers
Continued alcohol consumption
Pathways
1.  Acetaldehyde and acetate
2.  Decreased PPAR-
3.  SREBP 
4.  AMP kinase activity
5.  NADPH/H+
Mechanisms
1. Lipogenesis (fatty acid synthesis/triglyceride synthesis)
2. f.a influx and decreased f.a. efflux
3. lipolysis
Alcoholic steatosis

Chronic alcohol intake





Initiating event:
1. Dysbiosis/  gut permeability
2.  LPS/ bacterial products in portal circulation
3. Altered alcohol metabolism
4. Genetic background 
· Insulin resistance
· ALDH/ CYP2E1 polymorphisms
5. Malnutrition/ micronutrient deficiency
6. Formation of neo-antigens
7. Altered immune response (adaptive/ innate)




Figure 1 Pathogenesis of alcoholic hepatitis.



Excess alcohol consumption
LPS release into portal circulation/ Kupffer cell activation
Intestinal oxidative stress
Leaky gut / Intestinal inflammation

Hepatic inflammation with systemic symptoms
(Alcoholic hepatitis)
Release of inflammatory mediators/ Chemoattractants/ Chemokines
(IL-6, IL-8, TNF-α, Chemokines, ROS, immune activation, etc.)
Alcoholic steatosis
(Increased synthesis and decreased oxidation and efflux of fatty acids 
Dysbiosis

Figure 2 Potential steps in the initiation of alcoholic hepatitis, which can be modulated by targeting, the gut microbiome. 
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Figure 3 A model depicting the roles of CCL20 in alcoholic steatohepatitis. Excessive alcohol drinking results in elevated levels of bacterial products, such as lipopolysaccharides (LPS), in the portal blood. LPS, via targeting TLR4, stimulates Kupffer cells and hepatic stellate cells to produce CCL20. This chemokine activates dendritic cells (DCs) and monocytes/macrophages to produce proinflammatory cytokines by targeting CCR6, leading to liver inflammation[62]. 
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Figure 4 Approach to management of alcoholic hepatitis.






Table 1 Potential new avenues for research and therapy in severe alcoholic hepatitis
	1. Gut microbiota modification
a. Antibiotics (luminal, systemic)
b. Prebiotics and probiotics
c. Fecal microbiota transplantation 
d. Blockade of LPS and its downstream pathways, e.g., PD-1 and TIM-3 inhibition
	Modification of genetic polymorphism of alcohol metabolizing enzymes
Epigenetic modification of alcohol induced liver damage

	2. Immune modulation
e. Chemokines, e.g., CCL20 inhibition
f. IL-8, IL-17 inhibition
g. Recombinant IL-22, recombinant human IL-10
h. Osteopontin inhibition
i. TNF-α superfamily receptor modulation
j. ADAMTS 13 enhancement
k. Inhibition of complement activation
l. Inhibition of inflammasome activation
	Liver regeneration and Early liver transplantation
Granulocyte colony stimulating factor (G-CSF)
Liver transplantation (DDLT/LDLT)
Setting up of alcohol units for post transplant support
Others
Extracorporeal liver support
Granulocytopheresis
Anti-oxidants - N-Acetyl Cysteine, S-Adenosyl Methionine

	3. Increasing steroid sensitivity,
e.g., Basiliximab, Theophylline 
	





Table 2 Ongoing registered studies on newer treatment for alcoholic hepatitis
	Treatment
	Type of molecule/intervention
	Mechanism of action
	Identifier

	ELAD 
	Extracorporeal, human cell-based liver support system
	supplement hepatic function
	NCT01829347, NCT00973817,
NCT01471028

	Obeticholic acid
	Biliary acid
	affect bile acid abnormalities
	NCT02039219

	Corticosteroids+ Bovine + Colostrum
	Protein supplement
	Improving immunity
	NCT02473341

	IMM 124-E
	Hyperimmune Bovine Colostrum
	Improving immunity
	NCT01968382

	G-CSF
	Liver regeneration/ immunomodulaion
	improves liver regeneration and immunity in steroid non-responders
	NCT02442180, NCT02451033, NCT01820208

	Corticosteroids + N-acetyl cysteine
	Anti-oxidant
	Augments steroid function
	NCT00863785

	Amoxicillin + corticosteroid
	Antibiotic
	Decreases infections
	NCT02281929

	S-adenosyl-l-methionine
	Antioxidant
	decreasing oxidative stress
	NCT02024295

	Rifaximin
	Luminal antibiotic
	Improves gut dysbiosis
	NCT02116556, NCT02485106

	Ciprofloxacin
	Antibiotic
	Decreasing infections
	NCT02326103

	Emricasan/ IDN-6556
	Pan-caspase inhibitor
	Reduces apoptosis
	NCT01912404

	Lactobacillus Rhamnosus GG
	Probiotic
	Improving Dysbiosis
	NCT01922895

	MycophenolateMofetil and Rilonacept
	Immunosuppressant and immune modulation
	Decreasing hepatic inflammation
	NCT01903798

	Metadoxine
	Anti-oxidant
	
	NCT02161653

	Fecal microbiota transplantation
	Healthy microbiome replacement
	Correction of dysbiosis
	NCT02458079

	Early liver transplantation
	New Liver
	Liver transplant in patients unresponsive to medical treatment
	NCT01756794

	Anakinra, 
	interleukin-1 receptor antagonist
	Decreases hepatic inflammation
	NCT01809132
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