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Abstract

Alcoholic hepatitis (AH) is a clinical syndrome characterized by jaundice and progressive
inflammatory liver injury in patients with a history of prolonged periods of excess alcohol
consumption and recent heavy alcohol abuse. Severe AH is a life-threatening form of alcohol-
associated liver disease with a high short-term mortality rate around 30-50% at one month from
the initial presentation. A large number of pro-inflammatory mediators, metabolic pathways,
transcriptional factors and epigenetic factors have been suggested to be associated with the
development and progression of AH. Several factors may contribute to liver failure and mortality
in patients with severe AH including hepatocyte death, inflammation, and impaired liver
regeneration. Although the pathogeneses of AH have been extensively investigated and many
therapeutic targets have been identified over the last five decades, no new drugs for AH have been
successfully developed. In this review, we discuss interleukin-22 (IL-22) biology and its roles of
anti-apoptosis, anti-fibrosis, anti-oxidation, anti-bacterial infection and regenerative stimulation in
protecting against liver injury in many preclinical models including several recently developed
models such as chronic-plus-binge ethanol feeding, acute-on-chronic liver failure (ACLF), C-X-C
motif chemokine ligand 1 (CXCL1) plus high-fat diet (HFD) (HFD*¢*¢/2)-induced nonalcoholic
steatohepatitis (NASH). Finally, clinical trials of IL-22 for the treatment of AH are also discussed,
which showed some promising benefits for AH patients.
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Alcohol-associated liver disease (ALD) is a crucial cause of liver damage, liver cirrhosis,
hepatocellular carcinoma and end-stage liver diseases worldwide [1-4]. There are several
major stages of ALD including alcoholic fatty liver, alcoholic steatohepatitis (ASH), liver
fibrosis, cirrhosis, and hepatocellular carcinoma [1, 5]. Alcoholic hepatitis (AH) is a clinical
syndrome characterized by jaundice and progressive inflammatory liver injury in patients
with a history of prolonged periods of excess alcohol consumption and recent heavy alcohol
abuse [5-8]. Both chronic ALD with active alcohol binge and systemic inflammatory
response syndrome (SIRS) caused by bacterial infection are the most frequent precipitating
factors for progressing to acute-on-chronic liver failure (ACLF), a newly recognized
syndrome that occurs in patients with chronic liver diseases and is characterized by acute
decompensation, organ failures and a high risk of short-term mortality [9-11]. Severe
alcoholic hepatitis (SAH), characterized by a modified Maddrey’s Discriminant Function
(mDF) score 232, is a life-threatening form of ALD with a high short-term mortality rate
around 30-50% at one month from the initial presentation [12, 13]. Nearly 50% of liver-
related deaths in North American and Europe are implicated with ALD, which has recently
represented the most common indication for liver transplantation [3, 14, 15].

Unfortunately, no new drugs for AH have been successfully developed over the last five
decades [16, 17]. So far, corticosteroids are still the backbone drugs for treating SAH since
first introduced in 1971, and there are many contraindications such as infection,
gastrointestinal bleeding, pancreatitis, and viral hepatitis for using corticosteroids [16].
Moreover, the therapeutic benefit of corticosteroids is limited in AH. A recent meta-analysis
of clinical trials including the STOPAH study has confirmed that treatment with
corticosteroids in SAH only reduces risk of death within 28 days but not the following 6
months [18]. Therefore, there is an urgent need for development of novel therapeutic
strategies for treating AH.

Pathogenesis of AH

The pathogeneses of AH have been extensively investigated over the last five decades [3,
19]. A large number of pro-inflammatory mediators, metabolic pathways, transcriptional
factors, epigenetic factors have been found associated with the development and progression
of AH [1, 3, 19, 20]. Liver is the major organ to convert ethanol into acetaldehyde, then into
acetate via several enzymatic systems, such as alcohol dehydrogenase (ADH), cytochrome
P450 isozyme CYP2EL, and aldehyde dehydrogenase (ALDH) [21]. In the process of
ethanol metabolism, ethanol-induced liver damage develops via direct hepatocyte injury and
inflammation caused by the cytotoxic effect of ethanol and its metabolites [19]. Meanwhile,
the carbohydrate and lipid metabolism in hepatocytes are also influenced due to the changes
of hepatic redox state which is conductive to generate hepatic steatosis [20]. Excessive
alcohol consumption that exceeds the limit of ethanol metabolic ability of the liver would
cause clinical symptoms such as anorexia, nausea, vomiting, headache, upper abdominal
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pain, hepatomegaly and fever [22]. Ethanol and its metabolites such as acetaldehyde would
increase the susceptibility of hepatocytes to free radical damage by activating CYP2E1
isozyme, inducing mitochondrial dysfunction, depleting anti-oxidant stores, and recruiting
inflammatory cells, exacerbating oxidative stress and cellular injury [17, 22].

Besides direct hepatocyte injury during ethanol metabolism, liver injury caused by
inflammation is also very important [20, 23] (Figure 1). Damaged hepatocytes release a
large amount of cellular components as sterile inflammatory mediators, which are
recognized as damage-associated molecular patterns (DAMPSs) and enter the circulation to
activate neutrophils [24, 25]. Alcohol consumption also damages the gastrointestinal mucosa
and changes the intestinal flora balance leading to increased gut permeability and
subsequent elevated bacterial products and aggravated inflammatory response in the liver
[26-28]. These bacterial products such as lipopolysaccharide (LPS) were recognized as
pathogen-associated molecular patterns (PAMPS) [24, 29]. Innate immune responses are
activated by the rapid recognition of PAMPs or DAMPs via pattern recognition receptors
(PRRs) on immune cells, including toll-like receptors (TLRs), nucleotide-binding and
oligomerization domain (NOD)-like receptors, and retinoid X receptors (RXRs). Multiple
types of cells in the liver, including immune cells, hepatocytes, and liver non-parenchymal
cells, can be activated by PAMPs or DAMPs to release chemokines, cytokines, acute phase
response proteins, and extracellular vesicles that play important roles in regulating
inflammatory responses in AH [20]. Hepatic neutrophil infiltration, a pathological feature of
AH, is attributed to cytokine-mediated and chemokine-mediated attraction of peripheral
neutrophils and monocytes into the liver [30-32]. Moreover, adaptive immune responses
mediated by B cells, T cells, natural killer (NK) cells, and NK T cells also have crucial roles
in inflammatory response in the liver [17, 33]. Excessive binge drinking is an important
precipitating factor to trigger liver inflammation in AH patients, which is in accordance with
the findings in a mouse model of chronic plus binge ethanol feeding model (NIAAA model)
showing that acute ethanol gavage (binge) induces marked increases in neutrophil infiltration
and liver injury in mice chronically fed an ethanol diet [34]. Recent studies suggest that
several new factors contribute to liver inflammation in ALD, including adipocyte death and
inflammation in adipose tissues [35, 36], mitochondrial RNA [37], intestinal fungal
dysbiosis [27], etc. Some of these factors could be used as therapeutic targets to treat ALD.

The liver is an organ with great ability to regenerate after injury or resection [38]. Early
studies in a rat partial hepatectomy model showed that liver regeneration is impaired by
chronic ethanol feeding [39]. In a novel mouse model of ACLF developed recently by our
group, it was found that acute-on-chronic liver injury or bacterial infection is associated with
impaired liver regeneration due to a shift from a pro-regenerative to an anti-regenerative
pathway [40]. Our group has previously demonstrated that alcohol or alcohol plus hepatitis
C virus (HCV) infection related 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 HCV cirrhosis [41]. In the
AH related ACLF patients, we also found lower numbers of Ki67* and PCNA* hepatocytes
suggesting impaired liver regeneration in these patients [40]. Other studies demonstrated that
the elevation of liver progenitor cell markers is correlated with suppressed hepatocyte
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proliferation and short-term mortality in AH patients [42, 43]. suggesting hepatocyte
regeneration is attenuated in AH.

Clearly, hepatocyte death, inflammation, and impaired liver regeneration are the three
important factors in the pathogenesis of AH (Figure 2). Identification of some of these
factors as therapeutic targets may help design better strategies for the treatment of AH.

Interleukin-22 Biology in the Liver

The receptors and signal pathway of interleukin-22:

Interleukin-22 (IL-22), a cytokine first cloned in 2000, is one of the best-studied members in
IL-10 family [44, 45]. The function of IL-22 is mainly mediated via the activation of the
Jakl/Tyk2-STAT3 pathway by binding to the heterodimeric receptors of IL-22R1 and
IL-10R2 [46]. IL-22 also activates many other signaling pathways but to a much lesser
extent, such as STATI, STAT5, Akt, MAPK etc. Activation of STAT3 induces transcription
of many genes in hepatocytes that play an important role in promoting acute phase response,
hepatocyte survival, liver regeneration, lipid metabolism, and anti-bacterial responses
(Figure 3). IL-10R2 is ubiquitously expressed in many types of cells, whereas IL-22R1
expression is mainly restricted on epithelial cells, on the ‘out-body barrier’, such as skin,
liver, gut, kidney and lung, while not on immune cells [47]. This indicates that I1L-22
specifically targets epithelial cells without affecting immune cells, which makes us predicate
the minimal side effects of 1L-22 therapy [45]. Interestingly, IL-6 is also a well-documented
hepatoprotective cytokine via the activation of STAT3 in hepatocytes, but IL-6 receptor and
its signal chain gpl30 are expressed in many types of cells including immune cells [48]
(Figure 3). Therefore, IL-6 has much broader effects by targeting many types of cells than
IL-22 that mainly targets epithelial cells.

The producing and target cells of IL-22:

IL-22 is mainly secreted by various immune cells including Thl, Th2, Thl7, Th22, NK,
NKT, innate lymphoid cells (ILCs), and mucosal-associated invariant T cells (MAIT cells)
[47, 49, 50]. Although immune cells produce IL-22 but they do not express IL-22R1, thus
IL-22 does not target immune cells instead 1L-22 targets several types of liver cells that
express IL-22R1 and IL-10R2 (Figure 4). Hepatocytes and liver progenitor/stem cells
express high levels of IL-22R1 and IL-10R2 [51, 52]. By targeting these receptors, 1L-22
promotes survival and proliferation of hepatocytes and liver progenitor cells, thereby
promoting liver repair [51, 52]. Hepatic stellate cells (HSC) are mesodermal in origin but
they also express IL-22R1 and IL-10R2 [53]. IL-22 can promote HSC survival and
proliferation but also induce its senescence, thereby inhibiting liver fibrosis [53].
Hepatocellular carcinoma cells (HCCs), which are derived from hepatocytes, express high
levels of IL-22R1 and IL-10R2 [51, 54]. Studies from IL-22 transgenic mice and /in vitro
experiments suggest that IL-22 does not induce hepatocyte transformation into cancer cells
but can stimulate HCC survival and proliferation [51, 54], Kupffer cells express
IL-10R2butnot IL-22R1 [53], so they do not respond to IL-22 stimulation. Finally the
functions of IL-22 in biliary epithelial cells have not been explored.
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The role of IL-22 binding protein (IL-22BP):

IL-22BP (also called 1L-22Ra2) is a soluble protein that is believed to inhibit IL-22 activity;
however, its function is less clear. It has been reported that serum IL-22BP levels are very
high (40,000-70,000 pg/ml) in humans [55] but low (~40 pg/ml) in mice [40]. It is not clear
why there is a huge difference in serum IL-22BP levels between humans and mice, and
whether this difference was due to different ELISA kits used for the measurement.
Interestingly, //22bp-deficient mice were found to be more susceptible to acute liver damage
induced by ischemia reperfusion and acetaminophen (APAP) administration, which suggests
that IL-22BP plays a protective role in acute liver damage, via controlling 1L-22-induced
Cxcl10expression [56]. A recent study reported that ACLF patients are associated with
elevated IL-22 and IL-22BP [55], suggesting IL-22BP may affect the severity of ACLF via
the regulation of IL-22 activity. More studies are required to clarify the functions of IL-22BP
in the pathogenesis of liver diseases.

Interleukin-22 study in preclinical models of liver injury

Since we first reported the hepatoprotective functions of 1L-22 in 2004 [51, 57], IL-22 has
been extensively examined and found to protect against liver injury in a wide variety of
preclinical models of liver injury (Table 1). Subsequently, the protections of IL-22 against
injury of epithelial cells in many other organs (pancreas, gut, kidney, and lung) have been
reported in animal models by our laboratory and other groups [44, 47]. Clinical studies also
suggest the protective effects of 1L-22 in patients with liver diseases such as chronic
hepatitis B [58], drug-induced liver injury (DILI) [59] and ACLF patients [60]. In addition,
the role of host defense against bacterial infection of I1L-22 was also demonstrated [40, 44,
61].

In a murine model of chronic-plus-binge ethanol feeding simulating alcoholic liver injury
(NIAAA model), treatment with IL-22 activates hepatic STAT3 and ameliorates alcoholic
fatty liver, liver injury, and hepatic oxidative stress, indicating the potential therapeutic effect
of 1L-22 for alcoholic liver injury [62]. Considering the condition of hepatocyte injury,
inflammation, and impaired liver regeneration in AH patients, theoretically, IL-22 combined
with the most commonly used glucocorticoid might be a promising strategy for treating
these patients.

Besides alcoholic liver injury, IL-22 has been demonstrated to protect mice from DILI.
Several studies revealed that IL-22 protected mice from APAP-induced liver injury, the most
widely used model for studying DILI in mice, mainly via the activation of STAT3 [63, 64].
Recently, activation of autophagy has been reported to be also responsible for the ability of
IL-22 to protect against APAP-induced liver injury [65]. In addition, 1L-22 also protects
mice from T cell-mediated liver injury induced by injection of Concanavalin A (Con A),aT
cell mitogen. IL-22 reduces Con A-induced liver injury primarily through the activation of
STAT3 and its downstream anti-apoptotic genes such as Bcl2, Belx/, and Mcl1[51, 54, 57,
66, 67].

While IL-22 has been intensively studied in the preclinical models of various liver injury, the
effect of IL-22 has been elusive in acute-on-chronic liver failure (ACLF) and nonalcoholic
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steatohepatitis (NASH), in part due to the absence of appropriate animal models that
recapitulate the pathophysiology of these diseases. In our newly developed ACLF mouse
model combining chronic liver injury, acute hepatic insult and bacterial infection which
recapitulates some of the key features of acute-on-chronic liver failure in patients, I1L-22
therapy improved survival rate in ACLF mice by reprogramming impaired regenerative
pathways and attenuating bacterial infection [40].

Although fatty liver is readily induced by chronic high-fat diet (HFD) feeding in mice,
severe liver injury that can cause fatty liver-to-NASH promation is usually not observed in
HFD-fed mice. IL-22 has been shown to protect mice from fatty liver and mild liver injury
caused by HFD feeding [68, 69]. NASH has become the leading cause of chronic liver
disease due to the recent prevalence of metabolic syndrome. Effort has been made to
elucidate the NASH pathogenesis; however, there has been no FDA-approved medications
for NASH, and existing preclinical models fail to reflect the molecular pathogenesis and
pathophysiology of human NASH. Since remarkable neutrophil infiltration and increased
expression of neutrophil-recruiting chemokines (e.g., CXCL1 and IL-8) in the liver are key
features of human NASH as compared with fatty liver, our group has recently established a
new preclinical NASH model through the hepatic overexpression of Cxc/ in the liver of 3-
month HFD-fed mice (HFD**¢/L_induced NASH model) [70]. Hepatic Cxc/1
overexpression markedly elevated hepatic neutrophil infiltration in HFD-fed mice, and
reactive oxygen species produced by infiltrating neutrophils promoted hepatocyte death
through the activation of p38 mitogen-activated protein kinase which regulated factors
involved in apoptosis and ER stress such as BCL2, CHOP, and CASP3 [70]. HFD* /1.
induced NASH was ameliorated by 1L-22 administration primarily through the STAT3-
dependent activation of potent anti oxidant enzymes, metallothionein (MT)-l and MT-2 [70].

These promising findings obtained from the preclinical models of liver injury have
highlighted the potential of IL-22 to be developed as a therapeutic option in the clinical
setting, which has motivated researchers to investigate the feasibility of the IL-22 therapy in
clinical trials as discussed below.

Clinical trials of IL-22 in AH

Over the last 10 years, many therapeutic targets have been identified for the treatment of AH
and some of them are currently being tested in clinical trials (Table 2)[71-73] with some
positive preliminary data reported [74, 75]. Among them, IL-22 is one drug with multiple
targets for severe alcoholic hepatitis with limited side effects due to its unique features as
described above (Fig. 5). Two phase I clinical trials of IL-22Fc (recombinant human 1L-22
1gG2-Fc) have been performed and demonstrated the well-tolerance with favorable
pharmacokinetics (PK) and pharmacodynamics (PD) properties via intravenous
administration in healthy volunteers [76, 77]. Because delayed injection site reactions were
observed via subcutaneous injection of IL-22Fc, intravenous administration was adopted. No
severe adverse events were observed via intravenous injection at the dose up to 45 pg/kg [76,
77].
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Recently, an open-label, cohort dose-escalation phase Ha study to assess the safety and
efficacy of IL-22 in patients with moderate and severe AH was performed (Fig. 6), showing
improved clinical manifestations treating with IL-22Fc plus standard of care which included
corticosteroids in some patients [74]. In detail, 18 patients (9 moderate and 9 severe AH)
were enrolled, and three doses of IL-22Fc (10, 30, 45 ug/kg) were administered. IL-22Fc
injection was safe in all three doses in these AH patients. Patients showed a high rate of
improvement determined by Lille and MELD scores compared to propensity matched
controls with reductions in markers of inflammation and increases in markers of hepatic
regeneration. Infection is a major factor contributing to death in severe AH patients;
however, none of the patients in this study developed an infection requiring antibiotic
treatment, which theoretically could be related to the anti-microbial effect of IL-22 in
addition to hepatoprotective and regenerative functions. Because only a very small number
of patients (18 patients) were enrolled in this pilot cohort dose-escalation phase Ha study,
the positive results acquired from this study should be interpreted cautiously until multi-
center and randomized placebo-controlled trials can be performed to confirm the benefits of
IL-22Fc treatment for AH.

Although humans have high serum IL-22BP levels (40,000-70,000 pg/ml) [55], which is
believed to inhibit IL-22 activity, emerging evidence suggests that IL-22Fc therapy is
effective in humans. First, healthy individuals responded very well to IL-22Fc injection, as
evidenced by marked elevation of acute phase proteins [76, 77]. Second, patients with AH
also responded to IL-22Fc injection as described above [74]. One of reasons for the
effectiveness of IL-22Fc therapy is probably because administration of pharmacological
doses of IL-22Fc elevated serum IL-22Fc levels up to 700,000 pg/ml [74], which is a
thousand-fold higher compared to endogenous IL-22 levels (~200 pg) in patients, and is also
a 10-fold higher compared to endogenous 1L-22BP levels. In addition, how potently
IL-22BP inhibits 1L-22 activity /n vivo still needs to be clarified. Collectively, endogenous
IL-22BP is not enough to block the pharmacologic effects of IL-22Fc therapy.

Another concern for IL-22Fc therapy is HCC growth because 1L-22 promotes HCC survival
and proliferation [51, 54, 78]. However, transgenic mice with high levels of 1L-22 (~ 6000
pg/ml) do not have higher incidence of spontaneous tumor development compared to wild-
type mice, suggesting that IL-22 itself does not initiate any tumor development including
HCC [54]. Thus, human studies have focused on short-term (such as 4 weeks) treatment
with IL-22 in patients without obvious liver cancer to avoid concerns between IL-22 and
HCC.

Conclusions and Future perspectives

IL-22 biology in the liver has been extensively studied over the last 15 years, and multiple
beneficial effects of IL-22 have been identified in many preclinical models of liver injury
including ALD. An open-label, cohort dose-escalation phase Ha study demonstrated that
treatment with 1L-22 is safe in patients with moderate and severe AH [74], This pilot trial
study with a very small number of patients revealed promising results that 1L-22 treatment
improved Lille and MELD scores, reduced inflammatory markers but increased hepatic
regeneration markers [74]. supporting the need for randomized placebo-controlled multi-
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nter trials of IL-22 the test the efficacy of IL-22 in AH. In addition, IL-22 treatment

improves several types of liver injury in preclinical models including ACLF [40] and NASH
[70], suggesting 1L-22 may also have therapeutic potential for the treatment of these
maladies.

Serum IL-22BP levels are very high (40,000-70,000 pg/ml) in humans [55] and IL-22BP is
believed to inhibit IL-22 activity; however, how IL-22BP affects IL-22 signaling in the liver

an

d IL-22 therapy remains unknown, which should be evaluated in the future.
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Figure 1: Mechanisms causing inflammation in ALD.
Inflammation plays a key role in inducing ALD progression. Activation of innate immunity

is well documented and contributes to inflammation in ALD. Activation of adaptive
immunity has also been implicated in the pathogenesis of ALD, but more studies are

required to support this notion.
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Figure 2: Pathogenesis of alcoholic hepatitis.
Damaged hepatocytes release various types of cellular components as sterile inflammatory

mediators, which act as damage-associated molecular patterns (DAMPSs). The bacterial
products such as lipopolysaccharide (LPS) are elevated after alcohol consumption and act as
pathogen-associated molecular patterns (PAMPs). Both DAMPs and PAMPs activate hepatic
and systemic inflammation, causing systemic inflammatory response syndrome. Liver
regeneration is impaired in AH with massive proliferation of liver progenitor cells, causing
liver failure. Adapted from Mandrekar et al.: Hepatology. 2016;64:1343-55.
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Figure 3: IL-22 and IL-6 mainly activates STAT3 in hepatocytes.
Both IL-6 and I1L-22 mainly induces STAT3 in hepatocytes and subsequently induces

transcription of many genes that exert many important functions as indicated in the figure.
IL-6 and I1L-22 also activate many other signaling pathways (such as STATI, STAT5, AKT,
MAPK, AMPK etc) but to a much lesser extent. The action of 1L-22 is mediated by binding
to the heterodimeric receptors of IL-10R2 and IL-22R1 with the latter one mainly expressed
on epithelial cells. The function of IL-6 is mediated by binding to the IL-6R and its signal
chain gpl30, both of receptor and signal protein are ubiquitously expressed. Thus IL-6 has
much broader effects than IL-22 that mainly targets epithelial cells including hepatocytes.
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IL-22R1 and IL-10R2 are expressed in hepatocytes, HSCs, liver progenitor cells, and liver
cancer cells. By binding to these receptors, 1L-22 exert many important beneficial functions
in the liver but also some detrimental functions such as promoting liver cancer progression.
However, IL-22 does not initiate liver cancer development.
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Figure 5: 1L-22: one drug with multiple targets for severe alcoholic hepatitis with limited side

effects.

Due to its anti-apoptosis, anti-fibrosis, anti-oxidation, anti-bacterial infection and
regenerative stimulation functions, 1L-22 therapy may generate multiple benefits for AH

patients.
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Figure 6:
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- Excluded from analysis (give
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Analysed (n=6)

- Excluded from analysis (give

reasons) (n=0)

Consolidated Standards of Reporting Trials (CONSORT) flowchart from enrolled patients.
An open-label, cohort dose-escalation phase Ha study to assess the safety and efficacy of
IL-22 in patients with moderate and severe AH was performed. In detail, 18 patients (9
moderate and 9 severe AH) were enrolled, and three doses of IL-22Fc (10, 30, 45 pg/kg)

were administered. Adapted from Arab et al.: Hepatology 2019 Nov 27. doi: 10.1002/

hep.31046
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Table 1:

Major studies of IL-22 in preclinical models of liver injury and in patients

[74]

The year the study was Targeting cells Or Liver injury models and results

conducted [Ref] disease

2004 [51, 57] Hepatocytes IL-22 protects again liver injury induced by Con A, CCl4, Fas ligand, APAP; also
2007 [79]; 2011 [54] tested in IL-22 KO and IL-22 transgenic mice,

2004 [51] HCC IL-22 promotes HCC survival and proliferation /n vitro, and growth in vivo; but
2011 [54, 78] IL-22 does not initiate liver cancer development

2010 [62]; 2019 [80]; 2020 ALD IL-22 protects against chronic-plus-binge ethanol-induced liver injury in mouse

models. IL-22 improves AH in patients in a phase Ib trial

2010 [52]; 2014 [81]
2020 [70]

Fatty liver, NASH

IL-22 protects against HFD-induced fatty liver and HFD*<*¢/-induced NASH

2012 [53]; 2016 [82]

HSCs, liver fibrosis

I1L-22 induces HSC senescence and inhibits liver fibrosis

2012 [52]

Liver progenitor/stem
cells

IL-22 promotes HSC survival and proliferation, promoting liver repair

2014 [64]; 2018 [65]

Drug-induced liver
injury

IL-22 protects against APAP-induced acute liver injury

2016 [61]; 2020 [40]

Bacterial infection

IL-22 promotes hepatocytes to produce anti-bacterial proteins, thereby inhibiting
bacterial infection

2016 [83] Ischemia/reperfusion IL-22 protects against ischemia/reperfusion-induced acute liver injury

2020 [40] ACLF IL-22 protects against ACLF in a new model induced by chronic and acute CCl4
treatment plus bacterial infection

2019 [76, 77] Phase I trial Well-tolerance with favorable pharmacokinetics (PK) and pharmacodynamics
(PD) properties

2020 [74] Phase I1b trial IL-22 improves Lille and MELD scores, reduces inflammatory markers and

increases regenerative markers in AH patients
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Table II:
Current registered and ongoing trials for AH
AH targets Drug types Trial design Title/trial number
Lipid metabolism, DUR-928 (sulfated DUR-928 dose-escalation DUR-928 in patients with AH/
inflammation oxysterol) NCT03917407

Lipid metabolism,
inflammation

5-lipoxygenase inhibitor
(DS102)

DS102 versus placebo

Efficacy and safety of orally administered
DS102 in patients with acute AH/
NCT03452540

Inflammation, I1L-1

IL-1 monoclonal antibody
(canakinumab)

Canakinumab versus placebo

IL-1 signal inhibition in AH/ NCT03775109

Neutrophils, Hepatic
regeneration

Anakinra (plus zinc) and
G-CSF (also known as

Anakinra (plus zinc) versus
prednisone or placebo; G-CSF

Trial of anakinra (plus zinc), G-CSF, or
prednisone in patients with SAH/

filgrastim) versus prednisone or placebo NCT04072822
G-CSF G-CSF versus steroid or Efficacy and safety of G-CSF in patients with
placebo SAH with null or partial response to steroid/
NCT02442180
G-CSF G-CSF + standard medical GCSF in AH/ NCT03703674

therapy versus standard
medical therapy

Pegfilgrastim (pegylated
form of filgrastim)

Pegfilgrastim + standard of care
versus standard of care

Pegfilgrastim in patients with AH/
NCT02776059

Hepatic regeneration I1L-22 (F-652) F-652 dose escalation Use of F-652 in patients with AH/
NCT02655510
Gut microbiota Probiotics Probiotic Lactobacillus Novel therapies in moderately severe acute

rhamnosus GG versus placebo

AH/ NCT01922895

Immunomodulation, Gut
permeability

Bovine colostrum
(IMM-124E)

IMM-124E versus placebo

Comparison of bovine colostrum versus
placebo in treatment of SAH: A randomized
double-blind controlled trial/ NCT02473341

Oxidative stress, Infection

Antioxidant (N-
acetylcysteine, NAC)

NAC + prednisolone versus
prednisolone

N-acetylcysteine to reduce infection and
mortality for AH/ NCT03069300
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