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Summary

Alcoholic hepatitis (AH) is a severe form of alcoholic liver disease with high mortality. The
pathogenesis of AH is not fully understood, but it is generally believed that inflammation is a key
factor leading to liver failure in AH. Steroids, which have broad immunosuppressive effects, have
been used for the treatment of AH over the last forty years. Steroids elicit modest improvement in
short-term survival rate in patients with severe AH, but also cause severe side effects. Several
specific inflammatory targets (e.g., IL-1, LPS, and gut microbiota) are currently under
investigation for the treatment of AH with the goal to obviate or reduce steroid administration. In
addition to inflammation, impaired liver regeneration is another major cause of liver failure in AH,
which deteriorates further after steroid treatment because inflammation plays a key role in
promoting liver repair. Interleukin-22 (IL-22) is a promising drug for the treatment of AH because
of its hepatoprotective and anti-fibrotic functions and relatively few known side effects. In
addition, 1L-22 treatment also ameliorates bacterial infection and kidney injury, two major
complications associated with severe AH. IL-22 is currently under investigation in preclinical and
clinical studies and may hold great promise for AH by providing more beneficial effects and fewer
side effects than current therapies.

Introduction

More than 95% of people with excessive alcohol intake develop fatty liver (steatosis).
Among them, approximately 20-40% also develop liver inflammation and fibrosis (also
called steatohepatitis), and 5-10% may progress to liver cirrhosis and hepatocellular
carcinoma [1]. Alcoholic hepatitis (AH) is a severe form of alcoholic liver disease (ALD),
which often occurs in active alcohol drinkers with underlying ALD and can happen at any
stage of ALD [2,3]. In severe cases and in patients with cirrhosis, AH has high short-term
mortality due to severe complications related to liver failure, bacterial infection, portal
hypertension, and renal failure among others [2-5]. Despite extensive research on ALD over
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the last forty years, the pathogenesis of AH is still not fully understood, and no new effective
drugs for ALD have been identified [1]. Use of corticosteroids, which was proposed for the
treatment of severe AH in early 1970s [6], is still currently the only drug treatment for this
disease; however, they have a modest benefit for short-term survival and significant side
effects. In this review, we briefly discuss the current understanding of pathogenesis and
treatment of AH with a focus on combination therapy of anti-inflammatory and
hepatoprotective drugs.

Pathogenesis of AH: inflammation and impaired liver repair

AH was initially proposed in 1961 as an acute disease that frequently occurs in chronic
alcoholics with recent heavy drinking and is characterized by jaundice with severe clinical
syndromes, such as anorexia, nausea, upper abdominal pain, hepatomegaly and fever [6].
Liver histology shows that the hallmark of AH is associated with hepatic infiltration of
neutrophils [7]. Infiltration of many other types of immune cells in the liver is also observed
in AH patients [8], but has not been carefully characterized. Microarray analyses of liver
biopsy samples revealed that AH results in elevated levels of a wide variety of cytokines,
chemokines, and other inflammatory mediators in the liver [9]. Collectively, inflammation is
generally accepted as a key factor contributing to hepatocellular damage and pathogenesis of
AH.

Emerging evidence suggests that multiple mechanisms may cause liver inflammation in AH
patients [10]. First, excessive alcohol consumption leads to hepatocyte death and oxidative
stress, which can activate Kupffer cells/macrophages. Damaged hepatocytes also release a
large amount of cellular components, including damage-associated molecular patterns
(DAMPs), that enter the circulation and activate neutrophils [10,11]. Second, chronic
alcohol consumption results in gut bacterial overgrowth and dysbiosis along with an increase
in gut permeability, followed by elevation of bacterial products (e.g., LPS) in the liver and
subsequent liver inflammation [12,13]. The fact that AH often occurs in alcoholics with a
recent history of excessive drinking suggests that excessive binge drinking is an important
factor triggering liver inflammation in AH patients. This is consistent with recent studies in
animal models demonstrating that acute ethanol gavage (binge) induces marked increases in
neutrophil infiltration and liver injury in mice chronically fed an ethanol diet [14-16]. Future
studies revealing the underlying mechanisms by which acute binge drinking activates
hepatic inflammation in alcoholics may help identify new therapeutic strategies for the
treatment of AH.

The liver is a highly regenerative tissue and is capable of rapid regeneration after injury or
loss of tissue. Early studies in a rat model of partial hepatectomy have shown that chronic
ethanol feeding inhibits liver regeneration via multiple mechanisms [17]. However, it is
difficult to precisely determine liver regeneration in patients because the liver injury that
triggers liver regeneration varies significantly between patients. We have previously
demonstrated that alcoholic or alcoholic plus HCV cirrhotic livers have significantly fewer
Ki67* and phospho-STAT3* hepatocytes and bile duct cells than HCV cirrhotic livers,
suggesting that hepatocyte proliferation is suppressed in alcoholic cirrhosis compared with
HCYV cirrhosis [18]. In addition, measurement of ductular reaction and liver progenitor cell
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expansion, which often occur when hepatocyte proliferation is blocked, is used to indirectly
determine liver regeneration in patients. Several recent studies demonstrated that expression
of liver progenitor cell markers is highly elevated in AH patients, and this elevation is
correlated with short-term mortality [19,20]. This suggests that hepatocyte proliferation is
blocked in AH patients, which likely contributes to liver failure and short-term mortality in
these patients.

Collectively, inflammation and impaired liver repair are two major factors that lead to liver
failure in patients with severe AH (Fig. 1), both of these factors should be targeted for the
treatment of this devastating disease.

Inflammatory targets of AH (e.g., steroids, IL-1, LPS, gut microbiota)

Because inflammation is commonly believed to play a key role in the pathogenesis of AH,
anti-inflammatory therapy for this disorder has been extensively explored over the last forty
years [2,3,10]. Treatment of AH with steroids, which are potent immunosuppressive drug,
was first proposed in the early 1970s [6] and steroids are still widely used today to treat
patients with severe AH. Results from several clinical trials suggest that steroid treatment
improves short-term survival but has no beneficial effects on the long-term survival of severe
AH patients [21,22]. The improvement of short-term survival by steroids is probably due to
the suppression of systemic inflammatory responses. As inflammation plays an important
role in promoting liver repair, the broad anti-inflammatory effects of steroids likely block
liver regeneration and repair in AH patients. This notion is supported by data from studies in
animal models demonstrating that treatment of mice with steroids markedly delays liver
repair after hepatotoxin carbon tetrachloride-induced liver injury [23]. Another side effect of
steroid treatment is the increased risk of bacterial infection [5]. Taken together, these
detrimental effects of steroid treatment could exacerbate AH progression and lead to no
beneficial effect for long-term survival in patients with severe AH.

To circumvent the use of broad-spectrum immunosuppressive drugs, such as steroids,
researchers have been actively exploring more specific inflammatory targets and have
identified a wide variety of inflammatory cytokines, chemokines, and their receptors that are
elevated in AH patients and are involved in the pathogenesis of AH [9,10]. Antagonists to
block several of these mediators (e.g., IL-1, LPS, and microbiota) are currently being
investigated in clinical trials for the treatment of AH patients [3]. Because of the redundancy
of many inflammatory factors, targeting a single inflammatory mediator may not be enough
to control inflammation in AH patients. However, it is possible to use these inflammatory
mediator inhibitors in combination with a reduced dose of steroids for the treatment of AH,
which may reduce the side effects of steroid treatment.

Hepatoprotective functions of 1L-22

Over the last thirty years, many factors have been identified as having the ability to protect
against hepatocellular damage and promote liver regeneration, including IL-6, IL-6 family
cytokines, and hepatocyte growth factor. However, the therapeutic application of these
factors was limited by their potential side effects, which likely result from the ubiquitous
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expression of their receptors. The recent discovery of 1L-22 and its therapeutic application
have received considerable attention in various diseases areas [24], including AH, primarily
due to two reasons. First, 1L-22 is produced by a limited number of immune cells, such as
Th17, Th22, and activated NK cells. Consistent with this observation, it has been shown that
hepatic and serum IL-22 levels are not elevated in AH patients [25,26]. Second, IL-22R
expression is restricted to hepatocytes and hepatic stellate cells (HSCs). However, immune
cells do not express IL-22R [24]. Thus, 1L-22 specifically targets hepatocytes and HSCs
without affecting immune cells, and therefore, the side effects from IL-22 treatment are
expected to be relatively low.

In 2004, we demonstrated for the first time that IL-22 is a potent survival factor for
hepatocytes and protects against T cell hepatitis in 2004 [27]. Since then, the protective
functions of IL-22 have been demonstrated in a variety of liver injury models (see review
[28], references therein) and in many /n vivo models using damaged epithelial cells of other
organs, including the lung, pancreas, and kidneys [29]. The protective effect of IL-22 is
mediated via binding to IL-22R1 and IL-10R2, followed by activation of signal transducer
and activator of transcription 3 (STAT3) and subsequent induction of anti-apoptotic and
proliferative genes [27]. Interestingly, HSCs, which are not cells of epithelial origin, also
express high levels of IL-22R1 and IL-10R2. IL-22 treatment induces HSC senescence and
consequently ameliorates liver fibrosis in mouse models [30,31].

Although IL-22-mediated hepatoprotective effects are well documented in animal models,
its role in pathogenesis of human liver diseases are less clear. It has been reported that serum
or hepatic levels of IL-22 are elevated and correlate positively with the severity of liver
diseases and the number of liver progenitor cells in patients with viral hepatitis infection
[32-34]. Production of IL-22 has also been implicated in ameliorating liver fibrosis in
patients infected with Schistosomes [35]. In vitro treatment with 1L-22 promotes liver
progenitor cell survival and proliferation [34]. Collectively, these data suggest that elevated
IL-22 contributes to disease progression by promoting liver inflammation or plays a
compensatory role in promoting liver repair and ameliorating liver fibrosis in patients with
hepatitis viral infection or schistosomiasis. In contrast to viral hepatitis, AH patients do not
have elevated hepatic and serum IL-22 levels [25,26], although the frequency of IL-22-
producing T helper cells was higher in AH patients compared with healthy controls [26].
The high frequency of 1L-22 producing T helper cells is associated with a favorable short-
term course in AH patients [26], suggesting that low levels of endogenous IL-22 play a
protective role in these patients.

Additional benefits of IL-22 treatment: amelioration of bacterial infection

and kidney injury

Severe AH is often associated with bacterial infection, which is a major cause of mortality in
patients [4,5,36]. Moreover, bacterial infection is further aggravated by steroid treatment [5].
It has been well documented that IL-22 plays an important role in host defence against

several invading pathogens by promoting anti-microbial protein production in epithelial cells
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[37]. Thus, treatment with IL-22 may have an additional benefit in ameliorating bacterial
infection in AH.

Acute kidney injury (AKI) is another major cause of death in AH patients [4].
Pentoxifylline, a TNF-a blocker, was unexpectedly found to have the ability to prevent
hepatorenal syndrome in AH and may be beneficial for treatment of AH [38]. Recently,
others and we have demonstrated that IL-22 plays a role in preventing AKI, and treatment
with IL-22 markedly ameliorates AKI in a mouse model of ischemia/reperfusion by
promoting tubular epithelial cell survival and regeneration [39,40]. Thus, we speculate that
IL-22 therapy also benefits the treatment of AH by ameliorating kidney injury.

Combination therapy: anti-inflammatory plus hepatoprotection

AH is a severe form of liver disease associated with liver inflammation and impaired liver
repair, along with other complications, such as bacterial infection, renal failure, etc. This
suggests that combination therapy is required for AH. Indeed, several types of combination
therapy, including prednisolone plus N-acetylcysteine (anti-oxidant) [41] and prednisolone
plus pentoxifylline, have been tested [42]. However, none of these combinations resulted in a
better outcome than the prednisolone alone treatment. In addition, several anti-inflammatory
targets (e.g., IL-1 blocker, anti-LPS, probiotics) are currently under investigation either alone
or in combination with reduced doses of steroids for AH treatment [3]. Such combinations
may reduce the side effects from steroid treatment. Another hepatoprotective compound that
is current under consideration is the farnesoid X receptor (FXR) agonist. It has been shown
that activation of FXR results in some beneficial effects in various types of liver diseases,
including non-alcoholic steatohepatitis, by reducing oxidative stress and/or improving bile
salt metabolism [3,43]. Treatment with FXR agonist plus or minus steroids may be
beneficial for AH patients.

Steroid plus IL-22 could be a good combination for the treatment of severe AH. This
combination most likely has more beneficial effects and relatively fewer side effects in AH
patients compared with treatment with a single drug. First, steroid treatment attenuates
systemic and liver inflammation, which ameliorates liver injury, but also results in inhibition
of liver regeneration and promotion of bacterial infection. These two side effects can be
ameliorated by additional 1L-22 treatment because 1L-22 promotes liver regeneration and
suppresses bacterial infection. Second, AH is associated with the elevation of many
inflammatory mediators, such as IL-6, which may reduce the sensitivity of hepatocytes to
IL-22 stimulation because IL-22 shares signalling pathways with IL-6 and I1L-6 family
cytokines. However, steroid treatment blocks inflammation, thereby restoring hepatocyte
response to 1L-22 stimulation. Third, AH patients have low basal levels of endogenous
IL-22, which likely makes them sensitive to IL-22 therapy [22,23]. Fourth, IL-22 treatment
may also result in additional benefits, such as amelioration of bacterial infection and renal
injury. Finally, IL-22R1 expression is restricted to hepatocytes, HSCs, and other types of
epithelial cells, and it is not expressed in immune cells. Thus, IL-22 treatment is likely to
have relatively few side effects. Previous studies have reported that IL-22 stimulates
hepatocytes to produce acute phase responses and subsequently induces mild liver
inflammation during chronic viral hepatitis [32,33]. But short-term treatment with 1L-22 is

Clin Res Hepatol Gastroenterol. Author manuscript; available in PMC 2017 May 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gao and Shah

Page 6

unlikely to cause significant liver inflammation. Even if IL-22 causes mild inflammation, the
steroid treatment could therapeutically control it. Another side effect is that IL-22 promotes
liver cancer proliferation [44]. However, the fact transgenic mice with very high serum levels
of 1L-22 (~6000 pg/mL) have no obvious adverse phenotypes (e.g., inflammation) and do
not spontaneously develop any cancers indicates that IL-22 is not toxic and does not initiate
cancer development [44]. Therefore, short-term treatment with I1L-22 should be safe for AH
patients without liver cancer but probably should not be used for those with liver cancer.
Indeed, early phase studies on safety of IL-22 in AH patients will soon commence.

In summary, AH is a severe disease with high short-term mortality and requires combination
therapy. Several types of combination therapy are currently under consideration for the
treatment of severe AH. It is anticipated that combination therapy will prove to be the
effective treatment for this devastating disease in the near future.
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Figurel.
Pathogenesis of AH and potential combination therapy for AH. Pathogenesis: excessive

alcohol consumption causes liver inflammation via three major mechanisms. First, alcohol
damages hepatocytes, leading to the release of damage-associated molecular patterns that
activate inflammatory cells. Second, chronic alcohol consumption results in gut bacterial
overgrowth and dyshiosis, an increase in gut permeability, followed by elevation of bacterial
products (e.g., LPS) in the liver and subsequent liver inflammation. Third, alcohol
metabolites interact with proteins to form protein adducts, which can activate adaptive
immunity and trigger liver inflammation. In addition, liver regeneration is impaired in severe
AH, but the underlying mechanisms are still not known. Finally, severe AH is accompanied
by many complications. Combination therapy: severe AH, which is associated with multiple
problems, requires combination therapy. Several types of potential combination therapy are
listed.
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