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Introduction

It is estimated that there are 17.6 million alcoholic individuals in the US and 140 million
worldwide; while not all alcoholics develop symptomatic liver disease, about 12,109 deaths/
year are attributed to alcoholic liver disease in the US [1,2]. The clinical spectrum of ALD
includes alcoholic fatty liver, alcoholic steatohepatitis with or without fibrosis and cirrhosis
over time [2]. Acute alcoholic hepatitis is the most severe form of the disease with high
mortality and limited treatment options. Over-activation of the innate immune system is one
of the major characteristics of acute alcoholic hepatitis and it plays a central role in disease
pathogenesis. Even in subclinical steatohepatitis, the presence of inflammation in the liver
contributes to diseases progression and development of fibrosis.

Innate Immunity and Inflammation

Inflammation is a response of the innate immune system to danger signals derived from
pathogens or from damaged self [3-6]. These pathogen-associated molecular patterns
(PAMPs) or damage associated molecules (DAMPS) are recognized by cells of the innate
immune system via various pattern recognition receptors. In recent years, several major
families of pattern recognition receptors have been identified including Toll-like Receptors,
Nod-like receptors and helicase receptors (RIG-1, Mda5). There are 13 different mammalian
TLRs of which TLR1,2,4,5,6 are expressed on the cell surface and TLR3,7,8,9 expressed in
endosomes [4,7]. Each of these TLRs have specific ligand recognition profiles. Immune
recognition of danger signals occurs with the help of pattern recognitions receptors (PRRs).
In “sterile” inflammation associated with tissue injury, damaged host cells release damage-
associated molecular patterns “DAMPSs” that are recognized by the same repertoire of TLRs
and PPRs as exogenous danger signals [6]. In certain pathologies, PAMPs and DAMPs can
be both involved and amplify inflammatory responses.

Toll-like receptors are evolutionarily conserved sensors of PAMPs. Of the 13 TLRs, most are
functionally active in humans. TLRs expressed on the cell surface (TLR1,2,4,5,6) recognize
extracellular PAMPs while intracellularly localized TLRs (TLR3, &, 8, 9) sense nucleic acid
sequences [4,7]. The cytoplasmic TIR domain of TLRs interact with the TIIR domain of
adapter molecules such as the My88 common adapter utilized by all TLRS except for TLR3.
MyD88 recruitment triggers downstream signaling via IRK1/4 kinases and IKK kinase
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activation to culminate in nk-x8 activation and induction of pro-inflammatory cytokine
genes. TLR3 and TLR4 utilize the TRIF adapter that activates IKK-e/TBK-1 leading to
IRF3 or IRF7 phoshorylation and after their nuclear translocation, induction of Type I IFNs
[4,5,7].

Nod-like receptors (NLRS) are sensors of the inflammasome complex that upon activation,
leads to caspase-1 cleavage and the activated caspase-1 cleaves pro-1L-18 to become
biologically active and secreted (17 kD IL-1R) [6]. Secreted I1L-1R has autocrine effects
through the 1L-1 receptor to increase its own production and it also amplifies inflammation
via induction of other pro-inflammatory cytokines [8].

Inflammation and Innate Immunity in Alcoholic Steatohepatitis

The pathomechanism of ALD involves complex interactions between the effects of alcohol
and its toxic metabolites on various cell types in the liver, induction of reactive oxygen
species, and up-regulation of the inflammatory cascade [9-13]. Studies using antibiotics to
“sterilize” the gut and experiments with elimination of Kupffer cells (KC) identified both
gut- derived factors, such as lipopolysaccharide (LPS), and Kupffer cell activation as central
components in the development of ALD (Figure 1) [14-18]. Studies demonstrated that
alcohol use results in impairment of the gut barrier function contributing to increased gut-
derived LPS delivery to the liver via the portal blood [19-22]. LPS, also known as
endotoxin, activates immune cells including Kupffer cells (liver resident macrophages), and
modulates the function of hepatocytes, sinusoidal endothelial cells and stellate cells [3,23].
At the cellular and molecular level, LPS is recognized by the Toll-like receptor (TLR) 4
complex and induces specific intracellular activation pathways. Chronic alcohol exposure
sensitizes macrophages to LPS-induced inflammatory cytokine production, however the
molecular mechanisms underlying this effect are yet to be fully explored [24-26].

Acute alcoholic hepatitis is a state of systemic pro-inflammatory cascade activation where
not only intrahepatic but also systemic signs of inflammation are present together with
hepatocyte/liver dysfunction. Previous studies identified TNFa as a central mediator of ALD
[27,28]. TNFa was increased in human alcoholic hepatitis in the serum and in the liver on
immunohistochemical staining [29,30]. However, human clinical trials with TNFa blockade
using anti-TNF antibodies were discontinued due to infectious complications [31,32]. The
currently used treatment for alcoholic steatohepatitis, corticosteroids or pentoxiphylline,
both have anti-inflammatory properties but limited benefits [33,34]. It has been shown that
pro-inflammatory cytokines, other than TNFa, are also increased including I1L-6, IL-8 and
IL-1[26,30].

TNFa and IL-1 are both induced by pathogen-associated and/or damage-associated danger
signals (PAMPs and DAMPS) via pattern recognition receptors (TLRs and/or
inflammasomes) [3-6]. Furthermore, TNFa and IL-1 amplify one and another’s production
and inflammation [4-6,8]. While many cells produce pro-inflammatory cytokines,
monocytes and macrophages the most robust source of TNFa and IL-1. In liver
inflammation, monocytes are recruited via the circulation from the bone marrow to the liver
where they become macrophages [7]. Indeed, in AH the phenotype of circulating monocytes
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already indicates over-activation of the inflammatory cascade as these cells produce TNFa
and showed increased NF-xB activation. Thus, it is very likely that in alcoholic hepatitis,
cells of the innate immune system including blood monocytes are over-activated and fail to
activate homeostatic regulatory mechanisms that limit inflammation. This hypothesis is
supported by the lack of IL-10 production in monocytes/macrophages in ALD [35]. While in
normal monocytes repeated LPS challenge results in attenuated TNFa production as a result
of TLR tolerance, in monocytes exposed to chronic alcohol TLR tolerance is lost [36]. The
loss of TLR tolerance is associated with a hyper-responsiveness to LPS in monocytes after
chronic alcohol exposure as well as in KCs of alcohol-fed mice [36].

The Role of IL-1in ALD

Inflammatory cytokines, including TNF-a,, IL-6 and IL-1 are increased in the serum of
patients with alcoholic liver disease [27,30,37,38]. We evaluated the effects of a 4 week
alcohol feeding with a Lieber-deCarli or pair-fed control diet in C57BI/6 mice and found
significant induction of liver steatosis and evidence of pro-inflammatory cytokine induction
in the liver. In addition, we found increased concentration of IL-1, but not IL-1a, in the
serum and in the liver of alcohol-fed mice. Pro-IL-1p is cleaved by Caspase-1 which is
activated by the multiprotein cytoplasmic complex, inflammasome [39]. Inflammasomes are
composed of different NOD-like receptors, intracellular sensors of danger signals, adapter
molecules, such as ASC and cleave pro-Caspase-1 to induce Caspase-1 activation [6]. We
found that Caspase-1 activity was increased in livers after alcohol administration and there
was also an incresase in the mRNA expression of some of the key components of the
inflammasome including pro-Caspase 1, ASC and NALP3 (Figure 2). These results
suggested that IL-1 as well as upregulation of the inflammasome are major components of
the pathogenesis of alcoholic liver disease.

MicroRNAs in Regulation of Inflammation

Regulation of TNFa production involves multiple levels including microRNAs that
contribute to fine-tuning of cellular responses. MicroRNAs(miRNAS) are a class of
evolutionarily conserved, single-stranded non-coding RNAs of 19-24 nucleotides that
control gene expression at the post-transcriptional levels by imperfectly base pairing with
the 3’ untranslated regions (3’-UTR) of target RNAs, preventing protein accumulation by
repressing their translation or by accelerating mRNA degradation [40,41]. Transcripts from
genes encoding miRNA called primary miRNA (pri-miRNA) are processed to precursor
miRNA (pre-miRA) and upon translocation to the cytosol, they are cleaved by Dicer into
21-23 nucleotide miRNA duplexes [41]. Then miRNA strands are loaded into RNA-induced
silencing (RISC) complexes [41].

Innate immune responses are fine tuned by miR-155, miR-125b and miR-146a where these
miRNAs act to positively or negatively regulate target genes/proteins. MiR-155 exerts
positive regulation on TNF-a through enhancing its translation [42]. In contrast, miR146a
acts as a negative regulator of inflammatory mediator production, involved in TLR tolerance
and it inhibits IRAK-1 and TRAF6 [43]. MiR-125b functions as a post-transcriptional
repressor of TNF-a [42]. MicroRNA-155 is a multifunctional miRNA involved in numerous
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biological processes including inflammation, immunity and hematopoesis [43]. MiR-155 has
been characterized as a component of a macrophage inflammatory response and it is induced
by TLR ligands LPS (TLR4) or poly I:C (TLR3), cytokines including TNF-a and IL-1B, or
IFNB [43]. All of these cytokines are increased in alcoholic liver damage [27,30,37,38]. In
contrast, the anti-inflammatory cytokine, IL-10 has negative regulatory effect on miR-155
induction [5], however, this cytokine is decreased after chronic alcohol administration in the
liver [35]. We recently demonstrated that miR-155 induction involved NF-kB activation in
macrophages and in Kupffer cells [44]. TNF-a., the most studied target gene of miR-155, is
up-regulated by miR-155 via transcriptional regulation [45]. We also found that miR-155-
mediated augmentation of TNFa production involved increases in the mRNA stability of
TNFa in macrophages [44].

The importance of miRNASs is not limited to regulation of intracellular processes, as they
represent a novel approach in diagnostics and therapeutic interventions. Owed to their
stability in the serum and plasma, miRNAs can serve as biomarkers in diseases including
liver disease [46—49]. Mir-122 is liver-specific (represents 80% of the total liver miRNAs
[50]) and it is abundantly expressed in hepatocytes where it regulates fat metabolism. Our
preliminary data and recent reports suggest that circulating miR-122 is increased in liver
injury and, thus, may be an attractive biomarker [49,51]. Our preclinical studies also indicate
that circulating miR-155 levels correlate with inflammation in the liver warranting the need
for further exploration of miRNAs as biomarkers of alcoholic liver disease (Figue 3).

Alcohol-induced MiR-155 Sensitizes Kupffer cells to LPS-induced TNF-a

Over-production

As detailed in our recent publication, prolonged alcohol exposure in RAW 264.7 cells, a
macrophage type cell line resulted in a selective increase in the expression of miR-155 and
not miR-125b or miR-146a [44,49]. Furthermore, alcohol exposure or miR-155 over-
expression in normal macrophages sensitized to LPS and resulted in significantly higher
TNFa production compared to untreated control cells. Using an anti-miR-155 inhibitor, we
showed that the sensitization of macrophages by alcohol to LPS could be prevented by
miR-155 inhibition. We demonstrated that alcohol alone increased the half-life of TNFa
mMRNA and miR-155 inhibition could prevent this effect [44]. We found that ex vivo LPS
stimulation of Kupffer cells from C57/BI6 mice increased miR-155 expression (Fig 4).
Furthermore, chronic alcohol feeding in mice resulted in increased levels of miR-155 in
isolated Kupffer cells and these KCs were in vivo sensitized for increased LPS-induced
miR-155 expression compared ot KCs from pair-fed mice (Fig 4). Together these results
suggest that chronic alcohol increases miR-155 in KCs and this likely contributes to the
increased sensitivity of alcohol-exposed KCs to LPS stimulation which mechanisms
amplifies inflammation.

Therapeutic implications

Evidence is emerging on evaluation of miRs as potential targets for new therapeutic
interventions [49,52,53]. We have recently reported the regulatory role of alcohol-induced
miR- 155 in sensitization of KCs to LPS that provides a basis for future investigation of anti-
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miR-155 strategies in alcoholic liver disease in this application. The clinical spectrum of
alcoholic liver disease includes steatosis, inflammation and alcoholic steatohepatitis and the
latter is associated with 50% mortality [54]. The currently available therapeutic modalities
have limited benefit in alcoholic hepatitis. Administration of corticosteroids have limited
benefits and carry the risk of infections [31,32]. Early clinical trials with anti-TNF-a
blocking antibodies were based on the clinical observation of elevated serum and liver TNF-
a levels and protection of TNFR1-deficient mice from alcoholic liver diseases. However,
clinical trials using anti-TNFa blocking antibodies were discontinued due to increased
frequency of infections. Pentoxyfillin, an inhibitor which minimally attenuates TNFa
production, had modest benefit in clinical applications [33]. While TNFa and regulation of
the inflammatory cascade remain attractive targets in regulation of innate immune system,
instead of full inhibition of pro-inflammatory mediator production, are desirable to
ameliorate the abnormal cytokine environment in ALD. Given the fine-tuning potential of
miRNAs, which have modest regulatory effect on inflammatory processing, they might be
desirable therapeutic targets in the future in ALD.
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this results in augmentation of LPS-induced KC TNFa production. Alcohol also sensitizes
hepatocytes to TNFa-induced cell injury. Micro-RNA-122, a hepatocye-specific miRNA as
well as miR-155 are increased in the serum in alcohol-induced liver damage in mice.
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Figure 4. Induction of miRNA-155 in Kupffer cells of alcohol-fed mice
Kupffer cells isolated either from pair-fed or alcohol-fed mice (n=8-10/group, cells from

two mice were pooled) after 5 weeks of Leiber DeCarli diet were plated onto 24 well plate.
Nonadherent cells were removed after 2—3h of plating, fresh medium was added to adherent
cells and rested overnight. Next day, cells were stimulated or not with 100ng/ml LPS for 6h,
washed with PBS and lysed in Qiazole (Qiagen). Total RNA was isolated using miRNeasy
kit (Qiagen) and used to quantify miRNA-155 expression by real time PCR using TagMan
miRNA Assays (Applied Biosystems). SnoRNA202 was used for normalization and fold
increase over the pairfed control group is shown. Data represent mean values + S.E.M. Non-
parametric MannWhitney test was employed for statistical analysis.
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