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Abstract

This review focuses on new findings about the in-
flammatory status involved in the development of
human liver cirrhosis induced by the two main causes,
hepatitis C virus (HCV) infection and chronic alcohol
abuse, avoiding results obtained from animal models.
When liver is faced to a persistent and/or intense local
damage the maintained inflammatory response gives
rise to a progressive replacement of normal hepatic
tissue by non-functional fibrotic scar. The imbalance
between tissue regeneration and fibrosis will determine
the outcome toward health recovery or hepatic
cirrhosis. In all cases progression toward liver cirrhosis
is caused by a dysregulation of mechanisms that
govern the balance between activation/homeostasis
of the immune system. Detecting differences between
the inflammatory status in HCV-induced vs alcohol-
induced cirrhosis could be useful to identify specific
targets for preventive and therapeutic intervention
in each case. Thus, although survival of patients
with alcoholic cirrhosis seems to be similar to that of
patients with HCV-related cirrhosis (HCV-C), there
are important differences in the altered cellular and
molecular mechanisms implicated in the progression
toward human liver cirrhosis. The predominant features
of HCV-C are more related with those that allow viral
evasion of the immune defenses, especially although
not exclusively, inhibition of interferons secretion,
natural killer cells activation and T cell-mediated
cytotoxicity. On the contrary, the inflammatory status
of alcohol-induced cirrhosis is determined by the
combined effect of direct hepatotoxicity of ethanol
metabolites and increases of the intestinal permeability,
allowing bacteria and bacterial products translocation,
into the portal circulation, mesenteric lymph nodes
and peritoneal cavity. This phenomenon generates a
stronger pro-inflammatory response compared with
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HCV-related cirrhosis. Hence, therapeutic intervention
in HCV-related cirrhosis must be mainly focused to
counteract HCV-immune system evasion, while in
the case of alcohol-induced cirrhosis it must try to
break the inflammatory loop established at the gut-
mesenteric lymph nodes-peritoneal-systemic axis.

Key words: Inflammation; Macrophages; Cirrhosis;
Alcohol; Hepatitis C virus; Cytokines; Liver
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Core tip: This review focuses on new findings about
the inflammatory status involved in the development
of human liver cirrhosis, avoiding results obtained
from animal models. Liver cirrhosis is induced by the
two main causes, infection with hepatitis C virus and
chronic alcohol abuse. Detecting differences in the
inflammatory status between both cirrhosis etiologies
could be useful to identify specific targets for preventive
and therapeutic intervention in each case.
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INTRODUCTION

Liver cirrhosis is an end stage hepatic disarrangement
characterized by a progressive replacement of the
functional hepatic architecture by non-functional
fibrotic tissue. Alcoholic liver disease (ALD) and
hepatitis C virus (HCV) infection are the two main
etiologies of chronic liver diseases leading to cirrhosis
and liver-related death in the Western world™. Ne-
vertheless, hepatic cirrhosis can be also caused by
hepatitis B virus (HBV) infection, hemochromatosis,
Wilson ‘s disease, autoimmune hepatitis, nonalcoholic
steatohepatitis associated to diabetes or dislipemy!?..
While the overall death rate caused by cirrhosis has
fallen in the last thirty years®, HCV death rates,
closely associated with cirrhosis, have been increasing
since the 1990s'.

Survival of patients with alcoholic cirrhosis (ALC-C)
seems to be similar to that of patients with HCV-
related cirrhosis (HCV-C). However, it has been re-
ported that the risk to develop ascites is higher in
ALC-C, while progression to hepatocellular carcinoma
is higher in HCV-C™. Most experimental data of ALD
are obtained from animal models in stages of mild liver
injury (moderate inflammation and steatosis), while
severe alcoholic hepatitis (AH) in humans is developed
in the phase of cirrhosis associated with severe hepatic
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failure. Furthermore, extrapolation from murine
models to man is not always feasible. Hence, human
translational studies are crucial for the development
of new therapeutic strategies. It is well established
that alcohol withdrawal and brief administration of
corticosteroids are critical to ameliorate the survival of
patients with AH and ALC-C'®, However, almost 40%
of people with the most severe forms of AH will not
improve after that treatment!”’.

Clearing HCV infection is difficult owing its high
tendency to persist and induce chronic hepatitis C
in approximately 75%-80% of infected individuals.
For this reason, more research on the key factors
required for a successful immune response against
HCV is necessary to avoid progression toward hepatic
cirrhosis. In this respect, it has been shown that the
ability to spontaneously eradicate the virus, as well as
the outcome of infection upon treatment with human
recombinant interferon (IFN)-a correlate most closely
with genetic variations within the region encoding the
IFN-% genes (reviewed by Mihm'®),

Nevertheless, little is known as for the differences
and/or similarities between alcohol- and HCV-induced
liver disease at the cellular and molecular levels™
and, to the best of our knowledge, data on the in-
flammatory status of ascitic human peritoneal cells are
very scarce. Hence, understanding the differences in
the immune response mechanisms implicated in the
pathogenesis of alcohol- and HCV-induced liver disease
will contribute to a better development of individually
tailored preventive and therapeutic procedures.

Natural history of liver cirrhosis

Hepatic damage leading to cirrhosis is the result of
a complex mechanism involving, from direct toxic
effects to a sustained inflammatory process, driving to
the death of hepatocytes and liver fibrosis, mediated
by secretion of several cytokines. The inflammatory
reaction is the coordinated process by which the
liver responds to local insults, trying to restore the
original structure and hepatic function. However, if
the local damage is persistent and/or intense, the
maintained inflammatory response gives rise to a
gradual replacement of normal hepatic tissue by
non-functional fibrotic scar. The imbalance between
tissue regeneration and fibrosis will determine the
outcome toward health recovery or hepatic cirrhosis.
The involvement of the innate immune response in
the pathogenesis of liver cirrhosis has been largely
described™. Secretion of interleukin (IL)-1p and tumor
necrosis factor (TNF)-a by hepatic macrophages, which
are accumulated in the liver during chronic hepatic
inflammation has been reported™*?!, Increased
hepatic and systemic injury is related with a high
production of pro-inflammatory cytokines such as IL-
1B, TNF-qa, IL-6, IL-17, as well as anti-inflammatory
cytokines, IL-10 and transforming growth factor
(TGF)-B™, Galectin (Gal)-3, a crucial component of the
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Figure 1 Progression and complications in human liver cirrhosis. The evolution of the liver cirrhotic disease, according to the clinical criteria, mortality rate,
pathology characteristic, HVPG, signs and the presence of ascites, is shown. Stage 1 in a compensated cirrhosis differs from stage 2 in the appearance of esophageal
varices as well as the increase of portal pressure. Stage 3 is characterized by the presence of ascites and/or esophageal varices. If variceal hemorrhage occurs,
cirrhosis gets to stage 4. Cirrhosis could be a reversible process in the earlier stages, as indicated with the orange arrows. HVPG: Hepatic venous pressure gradient;

SBP: Spontaneous bacterial peritonitis.

host response in tissue injury and acute inflammation,
has also been implicated in the progression toward
chronic inflammation after persistent insults. Although
normal human hepatocytes do not express Gal-3, it
is strongly expressed in the periphery of regenerating
nodules in human hepatic cirrhosis produced by a wide
range of etiologies!**®,

Hepatic stellate cells (HSCs) have a fundamental
role in liver immunology. These cells are the main
storage place for dietary vitamin A, that is required for
the suitable function of the immune system, represent
a multifaceted source of many soluble immunological
active mediators including cytokines and chemokines'”,
may function as an antigen presenting cells (APC), and
have autophagy capacity. HSCs are crucial sensors
of altered liver tissue integrity and able to initiate the
activation of cells of the innate immune system!*®). HSC
is considered the main fibrogenic cell type in the liver.
These cells produce several types of extracellular matrix
proteins and, when activated, they lose their Vitamin
A and lipids storage compartments and develop a
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myofibroblastic phenotype™®27,

Local accumulation of fibrous tissue isolates normal
hepatic lobules, hindering the contact and metabolic
exchange between hepatocytes and blood sinusoids,
disrupting the normal architecture of the liver, which
is steadily replaced by abnormal nodules surrounded
by fibrous tissue. This process results in a progressive
hepatic loss of function, such as catabolism of toxins
and drugs, metabolism regulation of carbohydrates,
lipids and proteins, synthesis of multiple proteins and
others crucial molecules™". Although liver cirrhosis
conveys a progressive liver derangement leading
to the patient’s death because limited therapeutic
strategies are available, there is increasing evidence
suggesting that hepatic fibrosis constitutes a po-
tentially bidirectional dynamic process'®!. Several
stages are distinguished according to the clinical
progression of liver cirrhosis (Figure 1). Frequently,
there is an asymptomatic or oligo-symptomatic stage
of variable duration referred to as compensated liver
cirrhosis followed by the decompensated liver cirrhosis
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stage, characterized by the presence of ascites, hepatic
encephalopathy, esophageal varices and bleeding,
jaundice, renal and cardiac failure and frequently,
hepatocellular carcinoma development'*?, The Child-
Turcotte-Pugh (CTP) and Model for End-Stage Liver
Disease (MELD) scores are currently used to estimate
the hepatic dysfunction and define prognosis, but they
do not provide direct evidence of the stage or dynamic
state of cirrhosis™®".

IMMUNE DYSREGULATION INDUCED BY
HCV INFECTION

Liver damage in chronic infection by HCV is currently
attributed to host’s immune-mediated mechanisms,
since HCV itself does not cause a cytopathic effect.
Multiple HCV-associated components interact with
different elements of the host’s innate and adaptive
immune system. In this respect, HCV genome RNA,
HCV core and other non-structural proteins activate
host innate immune response via different pathogen-
associated pattern recognition receptors (PRRs) such
as, Retinoic acid inducible gene- I receptor (RIG-I)**,
Toll-like receptors (TLRs)®®**"!, Nucleotide-binding
oligomerization domain-like receptor family (NLRP3)/
caspase-1©® and protein kinase R, expressed on
hepatocytes, Kupffer cells, plasmacytoid dendritic
cells and natural killer (NK) cells among others. This,
triggers specific intracellular signaling pathways
leading to secretion of type I and type Il IFNs, pro-
inflammatory cytokines, chemokines and other antiviral
products aimed to interfere and eliminate the viral
infection®®. However, several HCV-components are
able to disrupt and interfere with innate and adaptive
cellular components impairing the immunoregulatory
and cytotoxic activity of several innate and adaptive
cell types, such as APCs, NK cells and CD4" and CD8"
T lymphocytes, among others. HCV regulation of the
cross-talk between hepatic resident and recruited cell
subtypes seems to dictate the profile of IFNs as well
as pro- and anti-inflammatory cytokines production,
which will be critical to determine the outcome of
natural and treated HCV-infections.

Monocytes, macrophages and kupffer cells

Myeloid mononuclear cells are integrated by circulating
blood monocytes, tissue resident macrophages,
referred to as Kupffer cells (KCs) in the liver and
dendritic cells. These cell types link innate and
adaptive immunity and are crucial in the development
and maintenance of many inflammatory diseases. The
role of KC in the clearance and persistence of HCV
has been recently reviewed by Boltjes et a/*'. The
number of KC in the liver is increased in chronic HCV
infection®***, they display an activated phenotype
with high mRNA expression levels of CD33 and CD163
receptors®*?. Albeit a direct effect of KC on replication
of HCV is unknown, it has been described that the
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TNF-a produced by lipopolysaccharide (LPS)- and HCV-
activated KC, enhances HCV infection in hepatoma
cells®®. Furthermore, IL-6, IL-1B, and IFN-B secreted
by HCV- or TLR-ligand-stimulated KC pathways™**"*
inhibit HCV replication™**!, suggesting that KC can
also exert antiviral effect upon HCV exposure.

Nonetheless, viruses can interfere with the pro-
inflammatory activity of macrophages/KC to avoid
host defenses. In this respect, several studies have
shown that HBV and HCV are able to neutralize the pro-
inflammatory activities of immune cells and hepatocytes
by interfering with TLR- and RIG-I-signaling™**®,
However, studies on the effect on human KC are limited,
mainly because the difficulty to distinguish between
liver infiltrating macrophages and resident KC. Hence,
several studies have shown altered TLR responses of
blood monocytes obtained from chronic HCV-infected
patients, and modulation of cytokine synthesis by HCV
proteins'’“*?!, Meanwhile, one study described the
suppressed effect on the synthesis of type I IFN and on
the expression of TRAIL in human isolated KC by HCV
core protein through disruption of the toll-like receptor
3 (TLR3)/TIR-domain-containing adapter-inducing
interferon-B (TRIF)/TANK binding kinase 1 (TBK1)/
Interferon regulatory factor 3 (IRF3) pathway™”. In
turn, chronic exposure of APCs to the core antigen
induced hyporesponse to TLR ligands through activation
of TLR2, which correlated with liver dysfunction as
determined by platelet numbers and prothrombin
time levels. Furthermore, stimulation with TLR ligands
resulted in decreased synthesis of IL-6 by peripheral
blood monocytes from HCV- but not from HBV-infected
patients™”,

It has also been described that chronic hepatitis C
patients have high levels of serum IL-1B in comparison
to healthy controls. Several lines of evidence indicate
that secretion of IL-1B by resident hepatic macrophages
produces liver inflammation through HCV-induced
NLRP3/caspase-1 inflammasome signaling. RNA se-
quencing analysis from the liver of patients with chronic
hepatitis C demonstrated that viral engagement of
the NLRP3 inflammasome stimulated IL-1B production
leading to pro-inflammatory cytokine, chemokine, and
immunoregulatory gene expression networks linked
with clinical deterioration’®®,

NK cells

Relating the role of NK cells in the defense against HCV
infection, it is assumed that a strong and rapid NK cell
response at early stages of the infection induces strong
T cell responses leading likely to HCV clearance. In
contrast, chronic HCV infection tends to be related with
impaired NK cell activity and phenotypes (reviewed by
Ahlenstiel®) biased towards impaired ability to produce
IFN-y, elevated expression of NKp46-activating
receptor, reduced TRAIL and CD107a expression and
impaired degranulation compared with controls®>>4,
Hence, persistence of HCV infection is favored by the

November 7, 2015 | Volume 21 | Issue 41 |



Martinez-Esparza M et a/. Inflammatory status in cirrhosis

impaired secretion of IFN-y, which is required to induce
a strong T helper 1 (Th1) mediated cytotoxic response.
According with this, Li et a® compared the immune
state and correlations between cirrhosis produced by
HBV and HCV. The levels of IL-6 (Th2 cytokine) in both
groups of cirrhotic patients were increased, while the
IFN-y (Th1 cytokine) was only increased in HBV-related
cirrhotic patients. Thus, differences were not detected
between these cirrhotic groups except in the IFN-y
level.

Furthermore, it has been described that certain
chronically activated NKp46™" subsets may be es-
pecially active against HSC, a crucial player in liver
fibrogenesis. The relevance of NK cells in the resolution
of HCV infection can be also exemplified by the effect
of genetic polymorphisms of killing inhibitory receptors
and their Human leukocyte antigen (HLA) ligands
on the individual outcome of HCV infection®™, Many
possible mechanisms, by which HCV may impair NK
cell cytotoxic and immunoregulatory functions have
been described. Thus, Séne et a/’*”! reported that
expression of the Natural killer group 2D receptor
(NKG2D) activating receptor on circulating NK cells is
down-regulated in chronic HCV infection, although its
ligands, MHC class I -related chain (MIC) molecules,
are expressed on hepatocytes. This impairs NK cell-
mediated cytotoxicity and secretion of IFN-y. Moreover,
stimulation of monocytes with HCV recombinant
NS5A protein through TLR4 promoted p38- and
phosphatidylinositide 3-kinase (PI3K)-dependent IL-10
secretion, while inhibited the production of IL-12. In
turn, IL-10 triggered secretion of TGF-B which down-
regulated the expression NKG2D on NK cells, impairing
their effector activity. Notably, this effect could be
impeded by exogenous IL-15, which could be assayed
as adjuvant of current treatments.

Moreover, the up-regulation of KLRG1, an inhibitory
transmembrane protein expressed on peripheral
blood CD56* NK cells and antigen-experienced T cells
in patients with chronic HCV infection, negatively
regulated NK cell numbers and functions through the
Akt pathway. Blockage of KLRG1 signaling significantly
restored the impaired IFN-y secretion by NK cells from
HCV-infected patients®®.

T and B lymphocytes

Besides NK cells, HCV-specific CD8"* cytotoxic T
lymphocytes kill HCV-infected cells via the perforin/
granzyme lytic pathway, but also by secretion of
Fas ligand (CD178 or CD95L) and inflammatory
cytokines, mainly IFN-y. In this respect, impaired
T-cell responses in chronic HCV-infected patients have
been related with HCV persistent infection. Thus, HCV-
specific T-cells become unresponsive and apparently
disappear in chronic HCV-infections through several
possible mechanisms, such as mutations in critical viral
epitopes, insufficient help, expansion of regulatory
T-cells (Treg) or clonal anergy.
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Tacke et al®® reported that HCV induces the
accumulation of CD33" myeloid-derived suppressor
cells (MDSC) in human peripheral blood mononuclear
cells (PBMC), resulting in reactive oxygen species
(ROS)-mediated suppression of T-cell responsiveness.
Hence, the accumulation of MDSCs during HCV
infection may reinforce and maintain HCV persistent
infection™. Furthermore, patients with microscopic
signs of inflammation displayed a significant higher
CD8" T-cell response to five HCV-derived epitopes from
core, NS3A, NS3B, NS4B, and NS5B antigens and also
a higher CD4" Th1 response to the HCV core antigen
than individuals with signs of fibrosis/cirrhosis. These
results indicate that the insufficient T-cell response
to HCV is associated with the progression of cirrhosis
during chronic HCV infection™”.

Expansion of CD4" FoxP3™ Treg in chronic HCV-
infected liver has been reported®, In this respect,
the Tim-3 pathway seems to control the effector/
regulatory T cell balance by modifying apoptosis and cell
proliferation during HCV infection®”. In turn, Ji et af®”
showed that HCV-infected human hepatocytes express
higher levels of TGF-B and Gal-9, and upregulate the
expression of both, Tim-3 and regulatory cytokines
TGF-B/IL-10 in co-cultured human CD4" T cells, which
evolved into CD25" FoxP3™ Treg cells. Notably, blockade
of Tim-3/Gal-9 ligations abrogated HCV-mediated Treg-
cell promotion by HCV-infected hepatocytes, suggesting
that interactions of Tim-3/Gal-9 may regulate the
development and function of human FoxP3* Treg cells
during HCV infection™?®. More recently, it has been
reported that CD4" T cells expressing HCV-core protein
upregulate FoxP3 and IL-10, and suppress CD8" and
CD4" T cell populations®.

The role of neutralizing antibodies on the patho-
genesis of HCV infections remains unclear. However it
is likely that humoral immunity may contribute to the
lysis of HCV-infected liver cells via antibody-dependent
cellular cytotoxicity.

MicroRNAs

MicroRNAs (miRNAs) are endogenous small noncoding
RNAs that regulate gene expression by binding to
mRNASs to interfere with the process of translation.
Several miRNAs are related to different liver diseases
depending on the etiologies™®, being miR-122 involved
in the HCV replication process. Expression of miR- 16,
193b, 199a, 222, 324 in PBMCs®” and serum levels
of miR-122 and miR-155 are elevated in chronic HCV
infection and correlate as inflammatory markers!®®,

IMMUNE DYSREGULATION INDUCED BY
CHRONIC ALCOHOL ABUSE

ALD is the result of the combined effect of direct
hepatotoxicity of ethanol, which is metabolized into
acetaldehyde on hepatocytes®”” and increases of
the intestinal permeability!’"), allowing bacteria and
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Figure 2 Inflammatory status in alcohol- and hepatitis C virus-induced human liver cirrhosis. The direct injury mediated by the hepatitis C virus infection on the
liver (1) and by the toxicity of alcohol simultaneously on the liver (1) and GALT (2), produces an inflammatory response that is spread in the systemic blood circulation.
This induces increases in translocation of bacterial products in the earlier stages, and of alive bacteria in advanced stages, which trigger a local inflammatory response
within the GALT that further augments intestinal permeability, perpetuating BT. Local abdominal inflammation promotes and maintains systemic inflammation, that
would close the loop, aggravating the situation with the progression of the disease, leading to the exhaustion of the immune system defenses. The differences in the
inflammatory status between both etiologies are indicated in the figure. HCV: Hepatitis C virus; GALT: Gut associated lymphoid tissue; BT: Bacterial translocation;

TNF: Tumor necrosis factor; IL: Interleukin; ALC: Alcohol; Th: T helper; pERK: Phosphorylated extracellular signal-regulated kinase.

gut-derived bacterial products, mainly endotoxin,
translocation in the portal circulation (Figure 2). The
microbiota composition is altered and correlates
with endotoxemia especially in certain subgroup of
alcoholics”*’*, Endotoxin can be frequently detected
in serum and ascites of alcoholic patients. Thus,
it is widely accepted that gut-derived endotoxins
have a prominent role in the induction of liver
damage and aggravation of ALDV*. Indeed, bacterial
decontamination and LPS neutralization improves
ALD (reviewed by Szabo). The influence of TLR
signaling in experimental and human ALD has been
analyzed and recently reviewed by Ceccarelli et al'’®.
Although human clinical evidence of the role of TLR
in the liver's inflammatory response in ALD is low, it
seems to be in agreement with the experimental data
reported in murine models. Stérkel et a’”! reported
that liver chronic activation of nuclear factor x-light-
chain-enhancer of activated B cells (NF«B), increased
expression of TLR3 and TLR7 and elevated secretion
of pro-inflammatory cytokines are associated with
human end-stage ALD. Related to this, up-regulation
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of the MyD88-dependent TLR4/NFxB pathway in AH
and non-alcoholic steatohepatitis (NASH) in liver
biopsies, where Mallory-Denk bodies (MDBs) formed,
has been recently described via the NFkB-CXCR (C-X-C
chemokine receptor) 4/7, providing further insights
into the mechanism of MDB formation in human liver
diseases"®.

Chronic exposure to bacteria and their pathogen
associated molecular patterns (PAMP) activates the
inflammatory immune response and produces a
dysregulation of the homeostatic mechanisms that
control the innate and adaptive immune response,
leading to AH, cirrhosis and hepatocellular carcinoma.
Acute-on-chronic hepatic failure is characterized by
acute worsening of cirrhosis, disturbances in systemic
and hepatic hemodynamics, marked activation of the
sympathetic nervous system and multi-organ failure,
all of them associated with dysregulated inflammation.
Hence, inflammation drives the progression of ALD
from reversible to advanced stages. These alterations
predict high death rates in alcohol-related acute-on-
chronic liver failure patients”®. Among the intracellular
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mechanisms trying to counterbalance a dysregulated
inflammatory process have emerged autophagy, an
important regulatory mechanism of liver homeostasis
under physiological and pathological conditions. Thus,
there is increasing evidence that complex pathways
of autophagy are involved in liver fibrosis, with pro-
fibrogenic activity based on its direct activation of
HSC, but also with antifibrogenic effects by its indirect
hepatoprotective and anti-inflammatory properties
(reviewed by Mallat et ai* and Ding'®"). Recently, up-
regulation of metacaspasel and chaperones related to
protein quality control in liver biopsies from alcoholic
patients has been reported, indicating that autophagy
is active in human alcoholic steatohepatitis™,

Nowadays, there is accumulating evidence of an
abnormal frequency and/or function of every single
component of the human immune system implicated
in advanced stages of ALD. In fact the majority of
studies on the systemic inflammatory status on human
cirrhosis have been performed in ALC-C.

Monocytes, macrophages and dendritic cells
There is increasing evidence of alcohol-induced
dysfunction of peripheral blood and resident myeloid
mononuclear cells. Thus, it has been described that high
circulating endotoxin levels induced by alcohol abuse
leads to activation of KC, which causes a hypoxia-
reoxygenation injury process®®. Also, the function of
macrophage Fc gamma receptors is altered in patients
with ALC-C, and this impairment likely contributes to the
high frequency of bacterial infections in such patients®".
Dysregulation of the M1 (classical)/M2 (alternative)
macrophage polarized balance becomes apparent as
a central mechanism implicated in the pathogenesis
of chronic inflammatory diseases. This suggests
that strategies impairing M1 macrophage phenotype
and/or enhancing the M2 macrophage polarization
could protect against intensified inflammation and
in this way they could limit tissue injury. Relating
subpopulation of macrophages involved in AH, it has
been reported a complex interplay between different
types of macrophages M1, M2a, M2b, and M2c in
liver biopsies expressing a diverse array of molecules
and receptors®®’, as well as a new M1/M2 balance
regulatory mechanism, that relies on the apoptotic
activity of M2 KCs towards their M1 counterparts.
These data suggest that inducing M1 KC apoptosis
mediated by M2 might be a pertinent strategy to
control alcohol-induced inflammation and hepatocyte
injury™®!. Notably, it has been recently described
the regulatory activity of overexpressed miR-27a
on activation and polarization of monocytes induced
by alcohol. Alcohol binge drinking in healthy people
results in higher frequency of CD16" and CD68" and
M2-type (CD206*, DC-SIGN*-expressing and IL-10-
secreting) CD14" blood monocytes. Overexpression
of miR-27a in monocytes increased the secretion of
IL-10 via activation of the ERK signaling pathway by
decreasing the expression of ERK inhibitor sprouty2®”.,
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Furthermore, it has been also described a defect of
TLR2 but not TLR4-mediated innate immune response
in monocytes from the blood of individuals with
compensated chronic ALD™®®. Acute alcohol challenge
of monocytes strongly inhibited the NF«B (involved in
TLR signaling) activation through mediators of early
(LPS) or late (IL-1, TNF-) stages of inflammation®?.,

Neutrophils

Recruitment and activation of neutrophils constitutes
the first line of cell defense against microbial insults,
and is highly mediated by local secretion of IL-8
and IL-17, among others. Circulating neutrophils in
both, alcoholic with severe bacterial infections® and
patients with cirrhosis, are often very low, displaying
lower phagocytic activity/capacity, which predicts
the development of infection, organ dysfunction and
increased mortality'®"!. Defective neutrophil function in
ALC-C is caused by decreased generation of superoxide
anion and defects of degranulation. Neutrophils from
patients with cirrhosis and acute AH have decreased
phagocytosis in the early stages of bacterial challenge,
although their capacity for ingestion and killing of
bacteria is greater than neutrophils from individuals
with cirrhosis alone®. Furthermore, a greater resting
burst, revealing neutrophil activation, and a lower
phagocytic capacity was associated with significant
higher risk of infection, organ failure, and mortality™
Neutrophil phagocytic dysfunction in stable cirrhosis
was related with increased expression of TLR2 and 4 in
inflamed peripheral tissues and excessive production
of inflammatory mediators®”. Related to this, it has
been shown that plasma from AH patients induced an
increment of the oxidative burst, while it decreased
the expression of CXCR1+2, and the phagocytic
capacity of neutrophils obtained from healthy donors,
concomitantly with a higher expression of TLR2, 4, and
9 and depletion of ATP. Moreover, the presence of the
endogenous endotoxin scavenger albumin, prevented
the detrimental effect of patients’ plasma on neutrophil
TLR expression, phagocytosis and resting burst®*,
which attributes an important role to the presence of
circulating LPS and others bacterial products.

NK cells

Although alcohol per se produced an increase in the
number and cytotoxic capacity of NK-cells”®, their
lytic ability is depressed in the stage of alcoholic
cirrhosis, supporting the hypothesis that efficiency
of immunosurveillance may be depressed in these
patients®”*®, On the other hand, alcohol promotes
collagen accumulation, which has been correlated
with inhibition of anti-fibrotic activity of NK cells®.
Furthermore, NK-derived IFN-y induces HSC cell cycle
arrest and apoptosis™®.

T and B cells
To date little is known about the mechanisms by
which adaptive immunity might contribute to hepatic
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inflammation in ALD. Indeed, activation of the adaptive
arm of the immune system may be the consequence of
an ongoing alcohol-activated innate immune response.
Furthermore, cell damage induced by toxic ethanol
metabolites and ROS may produce the breaking of the
self-tolerance toward liver components!'®!. Regarding
the alcohol intake duration, the most relevant findings
in peripheral blood were a significant activation of
the T-cell population, and specifically of the TCRap+
subpopulation, with a higher expression of both
HLA-DR and CD11c markers, as well as a significant
increment of both, NK cells (CD3/CD56") and cyto-
toxic T cells CD56*. In addition, a decrease in the total
number of B cells and their CD5"/CD19" subset was
found™®,

Patients with ALD had decreased number of lympho-
cytes, but only individuals W|th advanced ﬁbr05|s had a
significant increase in the CD4 /CD8 ratlo Alcohollc
patients also display CD57" T cells expansion, which
express significantly higher amounts of cytoplasmic
TNF-o. and IFN-y after 6 h of TCR-stimulation than the
CD57 counterparts %1 Defective in vitro proliferative
activity of PBMC and |mpa|red or normal production
of IL-2, together with an increment of lymphoid cells
bearing T activation markers and rIL- 2 resgonsweness
was early reported from ALC-C patlents

It has been recently described that ALD patients
lymphocytes express high levels of the immune in-
hibitory receptors, PD1 and Tim-3 and their respective
ligands, CD274 and Gal-9, which modulate the balance
between protective immunity and host immune-
mediated damage. These lymphoid cells produce lower
levels of IFN-y and higher IL-10 by chronic endotoxin
exposure. Furthermore, these effects can be reversed
by blocking PD1 and Tim-3, increasing the antimicrobial
activity of T cells and neutrophils™®®.

It has been described a sharp reduction in the
frequency and absolute number of alcoholics’ CD5" B
lymphocytes as well as a decrease in the percentage
of CD5 CD45RA™" B cells, leaving many patients
with a B cell population that was mostly CD19" CD5
CD45RA"™. This subpopulation is phenotypically
analogous to the described IgM-producing CD5’
CD45RA"" subset, reported by others, and may be
enriched for autoantibody-producing cells™*”,

Patients with ALD have antibodies against alcohol
dehydrogenase (ADH), as well as ADH-specific T-cell
responses, which have been associated with alcohol
intake in ALC-C patients. Anti-ADH titers are also
associated with disease severity and active alcohol
consumption. ADH peptides promoted the secretion
of IFN-y, IL-4, and IL-17 from PBMCs of patients with
ALC-C. IL-4 secretion was lower in active drinking vs
abstinence, while IL-17 production was higher. The
intensity of the predominant Th1l responses correlated
with disease severity!'%!,

A prospective study reported an association between
the presence of antibodies against alcohol-modified
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hepatocytes and an augmented risk of developing
ALC-C"®!, Furthermore, alcohol abusers with lipid-
peroxidation derived antibodies have a five-fold higher
presence of increased levels of TNF-a in plasma than
heavy drinkers with these antibodies within the normal
range™”, Furthermore, the association of high TNF-o
and lipid-peroxidation-induced antibodies raises by
11-fold the risk of progressing toward advanced ALD.
Of note, the combination of steatosis and elevated titers
of antibodies against lipid peroxidation-derived products
is an independent predictor of severe fibrosis/cirrhosis
in alcohol-drinking people with chronic hepatitis C™**.
B cells from ALC-C patients produced spontaneously
more IgA than healthy controls. Moreover, the
production of IgA by oligodeoxynucleotides with CpG
motifs-activated B lymphocytes was significantly
increased compared to controls. These results strongly
suggest that TLR priming of B cells could account in
part, for the hyperimmunoglobulinemia detected in
ALC-C patients!''?, although it is also established that
hyperimmunoglobulinemia in chronic hepatic diseases
is mostly caused by the collateral circulation secondary
to portal hypertension, antigens and endotoxins from
gut that bypass the liver and contact with the antibody-
producing cells!**?,

Cytokines

Alcohol intake activates the innate immune system
and induces several pro-inflammatory cytokines such
as IL-1B8 and TNF-q, inducing hepatocellular damage.
Although it is well established that mediators of the
inflammatory process participate in ALD pathogenesis,
the exact contribution of inflammasomes in ALD is
still unclear™. In this respect, blocking IL-1B activity
with recombinant IL-1RA (anakinra) ameliorated
alcohol-induced hepatic inflammation and damage.
IL-1B gene polymorphisms have been correlated with
AH™. Furthermore, high expression of IL-18 has
been associated with advanced ALD"*®!, Besides PAMP,
inflammation is also elicited by damage associated
molecular patterns (DAMP). It has been recently
described that endogenous signals of metabolic
danger, such as uric acid and ATP, are implicated in
inflammatory cross-talk between hepatocytes and
immune cells and have a prominent participation in
alcohol-induced liver inflammation!**®, Activation of
inflammasomes in liver biopsies from AH patients has
been associated with MDBs formation, suggesting that
MDB could be indicative of the extent of inflammasome
activation'”), More studies are needed to elucidate
the exact alcohol-responsive cells in vivo and to clarify
the role of inflammasome components associated with
ALD.

Human ALD is also associated with the activation of
the IL-17 pathway. In AH, liver infiltration with IL-17-
secreting cells is a crucial feature that might contribute
to liver neutrophil recruitment and it correlates to
MELD score in ALD. PBMC of ALD patients produce
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higher levels of IL-17, and their CD4" T cells are highly
Th17. The IL-17 receptor is expressed by HSCs, which
recruited neutrophils after IL-17 stimulation in a dose-
dependent manner through IL-8 and Gro-a secretion
in vitro™®l, Activation of the innate immune system
results in elevation of hepatoprotective mediators such
as IL-6"*?!, and anti-inflammatory cytokines, such as
IL-10, which play a relevant role in meliorating alcoholic
liver damage and inflammation™. However, chronic
alcohol intake moderates the signaling pathways
triggered by those cytokines, thereby decreasing their
anti-inflammatory and hepatoprotective activities,
and contributing to progression of ALD™?**#, Thus,
while compensated ALC-C is characterized by serum
increases of IL-6 and decreases of IL-10, patients
with decompensated ALC-C, besides increased IL-6,
have also increased concentrations of TNF-o. and IL-8.
In turn, TGF-B1 and IL-10 levels were alike to those
found in healthy controls. Hence, significant alteration
of the balance between pro-inflammatory and anti-
inflammatory mediators is characteristic of compensated
and especially of decompensated ALC-C!'***!, Recently,
fibroblast growth factor-inducible 14, a molecule
included in the TNF receptor superfamily, was described
to be over-expressed in the liver, especially by hepatic
progenitors, in patients with AH and it correlated with
aggravated stages!***.,

Serum IL-12 levels, an important cytokine driving
Th1l cell-mediated responses, were higher in AH,
ALC-C and alcoholic steatosis patients than in a control
group. IL-12 presented good sensitivity and specificity
in the diagnosis of ALD!"**,

Increased serum levels of activin-A (a component
of the TGF superfamily, involved in hepatic fibrosis,
regeneration and stem cell differentiation) only in
patients with ALC-C or hepatocellular carcinoma
suggest its potential role in the pathophysiology of
ALD™?,

Up-regulation of the pro- and anti-inflammatory
cytokine system and simultaneous desensitization of
effector cells in patients with ALC-C, could explain the
attenuated systemic inflammatory response to chronic
endotoxemia. This dysregulation of the immune
state may produce the failure of the host defenses
against infections, which are frequent complications of
ALC-C7,

Complement

A recent work has suggested that alcohol drinking
increases the activity of the complement system in
the liver, contributing to the inflammation-associated
pathogenesis of AH!"?®,

Chemokines

The main neutrophil’s chemoattractant, IL-8 is acti-
vated in ALD, especially in AH, and it correlated with
liver damage. The levels of IL-8 can reflect the stage
and severity of ALD, and may predict the survival
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of patients with AH!'*"% | jver samples from AH
show up-regulated expression of the CXC subfamily
members IL-8, Gro-a, CXCL5, CXCL6, CXCL10,
and platelet factor 4 and correlate with neutrophils
infiltration. The expression of CC chemokine CCL2
(C-C ligand-2), but not CCLS5, is also increased. Higher
expression of IL-8, CXCL5, Gro-y, and CXCLS6 levels are
related with worse prognosis'**!!. On the other hand,
CXCLS5 levels are lower in the plasma of people with
chronic liver disease, which suggests that CXCL5 might
be implicated in its pathogenesis/*****), The CXCL9
(ligand of CXCR3) has also effects on the liver, in fact it
is released by the liver and might contribute to hepatic
and extrahepatic organ malfunction. High levels of
CXCL9 are associated with higher mortality in cirrhotic
patients with severe portal hypertension receiving
transjugular intrahepatic portosystemic shunt™*. A
recent study has described that elevated serum levels
of CXCL1, mostly expressed by mononuclear cells
activated by LPS, together with a polymorphism in the
gene encoding for this molecule are risk factors for
ALC-C™,

CCL20 is a strong chemotactic factor for lym-
phocytes that binds to the chemokine receptor CCR6.
Hepatic and serum levels of CCL20 are elevated
in people with AH and correlated with the grade of
fibrosis, endotoxemia, portal hypertension, disease
severity scores and short term mortality**..

MiRNA

Several members of the miRNAs family are affected
by the presence of alcohol, producing an abnormal
miRNA profile in the liver and peripheral blood in ALD.
The functions and advances on the effect of circulating
miRNAs in human alcoholic diseases, mainly focusing
on inflammation and cell survival after ethanol/LPS
treatment, have been reviewed by McDaniel et at**’},
Szabo"® and Gao and Bataller™®,

Other molecules

Systemic blood, portal and hepatic levels of Gal-3
are increased in patients with ALC-C and it has been
described to be negatively associated with liver
functiont™,

A role for osteopontin in AH has been described.
Hepatic expression and serum levels of osteopontin are
highly elevated in AH compared to normal livers and
other classes of chronic liver diseases, and correlated
with short-term survival**?,

STUDIES COMPARING HCV- VS
ALCOHOL-INDUCED CIRRHOSIS

A comprehensive transcriptional study using oligo-
nucleotide microarrays on hepatic biopsies from
cirrhotic patients evidenced that there are genes
differentially expressed between ALC-C and HCV-C.
Various of the gene expression changes detected in
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the HCV-induced cirrhotic livers were associated with
the activation of the innate antiviral immune response,
while differences between chronic liver injury due
to HCV or ethanol seem to be more associated with
the regulation of lipid metabolism and deposition of
extracellular matrix components concomitantly with
others related with macrophage activationt**%4,
When severity, measured by CTP classification, of
cirrhosis from each etiology was compared, a different
gene expression pattern was identified in clinical stages
of ALC-C™, but not in HCV-induced disease. Thus,
CTP class A ALC-C livers displayed unique expression
patterns for genes involved in the inflammatory
response, including those acting on macrophage
activation and migration, as well as oxidative stress
and lipid metabolism. This is in agreement with the
above mentioned studies demonstrating that the
exposition to alcohol activates the innate immune
response and induces several pro-inflammatory,
hepatoprotective and anti-inflammatory cytokines™*.
However, chronic alcohol intake diminishes the
intracellular signaling cascades induced by several
cytokines, decreasing their anti-inflammatory and
hepatoprotective actions, and then, contributing to the
development of ALD!*?,

Transcriptome studies of human liver samples
has revealed that the expression of several TNF
superfamily receptors is up-regulated in the liver of
patients with AH compared with healthy individuals
or patients with other hepatic diseases. Among
them, Fn14, was the only TNF superfamily molecule
exclusively up-regulated in AH compared with other
hepatic diseases and correlated with both short-term
mortality and portal hypertension severity!***.

Advanced oxidation protein products (AOPP) are
oxidative stress markers with a pro-inflammatory
activity that accumulate in hepatic cirrhosis. AOPP level
positively correlated with the Child-Pugh score in ALC-C
but not in HCV-C, and the correlation with the markers
of chronic inflammation, more specifically TNF-a, was
stronger in ALC-C. This suggested that oxidative stress
may be a mediator of chronic inflammatory status
at the initial stage of ALC-C. In turn, AOPP in HCV-C
was less related with the inflammation, although a
significant correlation with antioxidant defenses could
be detected"*’\.

The size of the spleen, recorded by sonography and
computed tomography, also varies by the etiology of
the cirrhosis, being in the alcohol group significantly
smaller than in the hepatitis C and NASH groupst*.

DEVELOPMENT OF ASCITES INDUCED
BY LIVER CIRRHOSIS

Ascites is the most common complication of liver
cirrhosis. Thus, 60% of patients with compensated
cirrhosis develop ascites within 10 years during the
course of their disease!***!, As liver fibrosis progresses
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the presence of regenerative nodules and bioactive
molecules increases, driving to portal hypertension.
Ascites only appears when portal hypertension and,
specifically sinusoidal hypertension, has developed
producing arterial splanchnic vasodilatation. This causes
an increment of capillary pressure and permeability,
and a decreased effective volume of arterial blood.
The increase of plasma volume and cardiac output are
adaptable mechanisms for this reduction. Activation
of both the sympathetic nervous system and renin-
angiotensin-aldosterone system induce a compensatory
retention of sodium and water, thereby leading to the
accumulation of ascites!**®, The ascites is classified
on the basis of quantitative criterion and determines
the clinical treatment: grade 1 corresponds to mild,
only detectable by ultrasound and is not treated,
grade 2 corresponds to moderate ascites, evident
by slight symmetrical abdominal distension, which is
treated by reduction of sodium intake and diuretics,
and grade 3 is a large ascites volume with manifest
abdominal distension, which is treated by large-volume
paracentesis, followed by limitation of sodium intake
and diuretics (Figure 1). The presence of ascites in
cirrhotic patients usually goes parallel with worsening
of the clinical state and predicts a poor prognosis, thus
many patients are referred for liver transplantation
after development of ascites"*”). Bacterial infections
are frequent complications appearing in patients with
cirrhosis and ascites, being spontaneous bacterial
peritonitis (SBP) the most habitual and clinically
relevant™®,

BACTERIAL TRANSLOCATION IN LIVER
CIRRHOSIS

Commensal microbiota has defined lines of com-
munication in peaceful coexistence with the host,
without induction of pro-inflammatory responses
in healthy conditions. Bacterial translocation (BT)
defined as displacement of bacteria and/or bacterial
components from the gut to the mesenteric lymph
nodes (MLNs) (Figure 2) is a crucial physiological
process for the host s immunity training. In contrast,
throughout the course of liver cirrhosis there is a
“pathological increase of BT"1***! due to changes and
overgrowth of intestinal microbiota!**”, an increase
of intestinal permeability and the dysregulation of
the gut associated lymphoid tissue (GALT) immune
response (revised by Wiest et a'*'). Thus, bacterial
products and/or alive bacteria of intestinal origin come
across the intestinal wall'*®, reaching the MLN and
ascitic fluid from where they can be carried by the
lymph toward the blood circulatory system, and finally
disseminated toward other organs. The dysregulation
and deterioration of the immune system mechanisms
paralleled the disease progression!'®**!],

Significant increases of LPS and LBP have been
detected in cirrhotic patients!***!. Bacterial DNA may be
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also present by BT in ascites of as many as one-third
of cirrhotic patients with non-neutrocytic and culture-
negative ascitic fluid™** and it could be also detected in
peripheral blood™, On the other hand, and in contrast
to that reported in hospitalized patients (30%-40%),
bacterial DNA is rarely detected in serum and ascitic
fluid of cirrhotic outpatients with non-neutrocytic
ascites!™*®, Bacterial peptides (glyceraldehyde-3-
phosphate dehydrogenase A, Porin OmpC and HSP60)
have been also detected in ascitic fluid from a group of
patients with advanced cirrhosis and culture-negative
ascites™”,

ABDOMINAL INFLAMMATION IN THE
ABSENCE OF INCREASED PERMEATION
OF VIABLE BACTERIA

In stages of cirrhosis without increased permeation of
viable bacteria, the systemic inflammation developed
in response to the HCV infection or alcohol abuse
described above, induces small but continuous
increases in translocation of bacterial products, which
trigger an increased pro-inflammatory cytokine
response and release of ROS within the GALT in order
to improve the anti-bacterial defenses.

The intestinal inflammation in cirrhotic patients could
be suggested by the elevated fecal polymorphonuclear
leukocytes elastase concentrations!™®!. Patients with
advanced hepatic cirrhosis, and particularly those with
ascites, had augmented local production of TNF-a in
MLNs, whereas the levels of IL-6 were not different
between cirrhotic and controls. This could be attributed
to BT and might contribute to systemic alterations of
cirrhosis™.

The translocation of bacterial DNA triggers an
increased pro-inflammatory cytokine response with
high levels of TNF-a, IL-2, IL-6, IL-12, increased
expression of the complement system proteins
C3b, membrane attack complex and C5a**'®*, and
release of ROS and nitric oxide (NO) through the
inducible form of NO synthase!***. The translocation
of LPS induces the production of TGF-B, IL-6, IL-1B
and hyaluronan by peritoneal cells in ascites*®*!. The
presence of bacterial peptides in ascitic fluid of patients
with advanced cirrhosis and culture-negative ascites, is
associated with elevated levels of C3b and membrane
attack complex proteins and a marked inflammatory
response with higher levels of TNF-o. and IFN-/"",

The peritoneal macrophages from individuals with
decompensated cirrhosis and culture-negative ascites,
present a predominant activated state!*>®!*1¢>,
These cells show a pre-activated immune status at
baseline, with high CD54, CD86 and HLA-DR surface
marker expression levels, increased phosphorylated
levels of ERK1/2, PKB and c-Jun intracellular signaling
molecules, and enhanced secretion of IL-6. This
fact probably reveals that consecutive episodes of
BT boost a sustained immune response in these
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patients, even in the momentary absence of bacterial
products. This primed status would favor an IL-
6-controlled rapid response against repeated BT
episodes!*®. In vitro studies performed with peritoneal
macrophages obtained from ascites of cirrhotic
patients, have demonstrated that secretion of pro-
inflammatory cytokines IL-18, TNF-o and IL-6 from
this clinical situation strongly depends on the MAPK
signaling pathways, while the PI3K-Akt (also known
as Protein kinase B) route plays a relevant role in
the regulation of the anti-inflammatory function
mediated by IL-10"°*'*"), The inhibitors of mitogen-
activated protein kinase kinase (MEK1) and c-Jun
N-terminal kinases (JNK) reduced the secretion of IL-
1B, IL-6 and TNF-a and could serve as therapeutic
agents for pharmaceutical intervention to decrease
hepatic damage, reducing the inflammatory response
associated to liver failure. On the contrary, PI3K-Akt
inhibitors suppressed the production of IL-10, and
increased the release of IL-18, mostly by enhancing
the release of intracellular IL-18 and caspase-1 toward
the extracellular medium. Therefore, the inhibitors of
PI3K-Akt are discarded as potential therapeutic agents
in hepatic fibrosis, as these drugs would promote
the inflammatory response. Macrophages from non-
infected ascitic fluids showed constitutive activation
of caspase-1 and a notable increase in the expression
of IL-18, IL-1B, and AIM2 compared to blood macro-
phages. The activation of the inflammasome in vitro
did not require a priming signal, supporting the pre-
activated state of these cells!®”**®,

As described above, hepatic cirrhosis patients
present an altered B lymphocyte function and increased
systemic immunoglobulin levels. However, in spite that
the serum!*® and salivary!**® levels of secretory IgA
(sIgA) are elevated in these patients, the concentrations
of fecal sIgA as well as the secretion of mucosal sIgA
into the jejunum are decreased!**"®,

Exosomes are small membrane vesicles released
from many cell types which contain functional proteins,
mRNAs and miRNAs. Exosomes can be engulfed by
other cells modulating their functions and playing an
important role in the control of immune responses™®.
Exosomes purified from ascites of hepatic cirrhosis
patients, have proved to induce the production of IL-
1B, IL-6 and TNF-a through NFkB/STAT3 activation
in a TLR-dependent way, after internalization by
monocytic cells in vitro™™”®. Furthermore, increased
levels of free miR-212 have been detected in the gut
after alcohol consumption, resulting in the inhibition of
the expression of the tight junction (TJ) protein ZO-1,
increasing the gut permeability!”*.

The fibrinolytic activity of plasma from patients with
decompensated cirrhosis and ascites is higher than
that of patients without ascites. In turn, the ascites
from such patients has even higher fibrinolytic activity
than their plasma, as suggested by: the lower levels
of plasminogen and fibrinogen, the elevated fragment
D-dimer and fibrin split levels, and the short euglobulin
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lysis time (fibrinolytic activity) found in the ascitic fluid.
Since ascites fluid re-enters the systemic circulation via
the thoracic duct or/and via a natural peritoneovenous
shunt, ascites can be considered as a pathological fluid
that contributes to the systemic fibrinolytic state found
in most patients with ascites"”,

The peritoneal immune response differs from
the systemic one in non-infected cirrhotic patients
with ascites, and could potentially determine the
likelihood for future adverse events. Hence, subjects
with advanced liver cirrhosis and ascites showed
significantly greater levels of IL-2, IL.-4, IL-6, IL-8, IL-10,
monocyte chemotactic protein (MCP)-1, TNF-a, vascular
endothelial growth factor (VEGF) and epidermal growth
factor (EGF) in the ascitic fluid compared to serum,
while the levels of IL-1a, IL-B and IFN-y were not
statistically different™”*.

The local inflammation caused by BT in this cir-
rhotic stage further loosens intestinal TJ-function
augmenting intestinal permeability™* and perpetuating
BT. Alterations in TJ-proteins have been demonstrated
in duodenal biopsies with diminished expression of
occludin and claudin-1 that progressively increase from
crypt to tip of the villi">®), Therefore, under cirrhotic
situations, loosening of TJs may allow an increased
accessibility of viable bacteria and bacterial components
to areas of free passage. As cirrhosis advances, the
gut evolved into a major source of activated immune
cells and pro-inflammatory cytokines, inducing and
maintaining a systemic inflammatory status™.

ABDOMINAL INFLAMMATION IN THE
PRESENCE OF INCREASED PERMEATION
OF VIABLE BACTERIA

Progressively, in advanced decompensated cirrhosis a
combination of severe impaired functional capacity of
the liver, a sustained failure of both the mononuclear
phagocytic system and the protein synthesis involved
in the immune response is established. Furthermore,
the increased intestinal permeability that allows the
epithelial crossing of viable bacteria from gut, and the
consequent deterioration of the systemic inflammatory
status, determine the difficulty of the immune
system to solve this situation. Then, it switches into
a immunodeficient state, which characterizes severe
decompensated cirrhosis with extra-hepatic organ
failure stages'®.

Prostaglandin E2 (PGE2), likely produced by
circulating monocytes, KC and resident macrophages,
has been recently identified as a major contributor
to the immunosuppressive status in acutely decom-
pensated cirrhosis. In addition, the decrease of
albumin (that reduces the bioavailability of PGE2)
levels present in these patients seems to be associated
with the increased free PGE2 levels””,

Ascites from cirrhotic patients presents a reduced
opsonic activity as a consequence of reduced con-
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centrations of C3 and C4"%'®!, The concentration of

C3 is the main factor to confer local defense against
infection of ascitic fluid. Hepatic production of C3 and
its concentration in ascites are significantly decreased
in patients with advanced cirrhosis, and also in those
who develop SBP respect to cirrhotic patients without
infection!®”, On the basis of these findings, defects
of opsonophagocytic activity seem to contribute in
the increased susceptibility to infection in cirrhotic
patients™®!,

Neutrophil chemotaxis and phagocytosis were
decreased in cirrhotic patients with previous episodes of
bacterial infection compared with non-infected subjects.
The expression of complement receptor 3 (CR3) in
neutrophils from peripheral blood was significantly
increased in cirrhotic patients, whereas it was sig-
nificantly reduced in elicited neutrophils of cirrhotic
patients with previous bacterial infection'®. Lower
respiratory burst in response to Escherichia coli was
detected during infection in hepatic cirrhosis!'®®.. These
data suggest that impaired neutrophils recruitment to
the infection site caused by BT and defective phagocytic
activity may contribute to bacterial infections in cirrhotic
patients with advanced liver disease.

The ascitic NO concentrations registered at diag-
nosis of an infectious episode are associated with the
frequency of clinical complications and death!'*'®],
Increased systemic TNF-o'**® and ascitic Macrophage
inflammatory protein (MIP)-18"*" levels at admission
have been found in cirrhotic patients who subsequently
developed SBP compared with those of uninfected
patients, and also a more severe immune response is
detected in cirrhotic patients with SBP compared with
non-cirrhotic patients with sepsis!*®®,

Infected ascitic fluid of decompensated cirrhotic
patients displays a decrease of both the CD4/CD8 ratio
(due to reduction in CD4 and maintenance of CD8) and
T cell receptor (TCR) & expression, while the levels
of TNF-a were increased compared with non-infected
ascites. In turn, ascitic levels of IL-8, IL-10, IL-12 and
TNF-o. were higher in infected patients defined by
ascitic positive bacterial culture™®. Intracytoplasmic
levels of IL-4, the major defining Th2 cytokine, were
no different between infected and non-infected groups.
These data suggested the predominant cytotoxic
response, especially Thil, in cases of decompensated
liver cirrhosis with ascitic infections, and the pos-
sible role of TNF-a in the pathogenesis of ascites
infections™™. Furthermore, levels of soluble receptors
of TNF (sTNFR) in the ascitic fluid were found to be
elevated in patients with SBP. The levels of TNF-a, IL-6,
IL-1B, C-reactive protein, and the anti-inflammatory
molecules, soluble IL-1 receptor antagonist (sIL-
1Ra), sTNFR55 were elevated in patients with SBP
compared to cirrhotic controls™®®**!, SBP was also
associated with significantly higher chemokines (IL-8,
Gro-a. and MCP-1) soluble adhesion molecule ICAM-1,
which could be implicated in the peritoneal infiltrate in
patients with SBP"*%,
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As prognosis markers of bacterial infections
and more concretely of the Syndrome of systemic
inflammatory response in cirrhosis, besides the
clinical indexes MELD and Child-Pugh, the presence of
bacterial DNA™, LPS binding protein and C reactive
protein*®*!, 1L-221"°%1 HLA-DR’s expression and
IL-10"%*"*®) among others have been proposed.

DIFFERENCES BETWEEN THE
PERITONEAL INFLAMMATORY STATUS
IN CIRRHOTIC ASCITES INDUCED BY
ALCOHOL AND HCV INFECTION

Kiyici et al'®”, also segregated cirrhotic patients by the
viral or non-viral cirrhotic etiology, showing that the
levels of TNF-a. were higher in the infected group than
in non-infected only in viral etiology; IL-8 was higher
in the infected group than in non-infected only in non-
viral cirrhosis; and no differences were detected on
IL-12 and IL-10 cytokine levels between infected or
non-infected group respect to the etiology. Related to
this, our group has reported that cirrhosis promoted
by HCV is associated with a prevalent immune
inhibitory status in both ascites and isolated peritoneal
M-DM, contrasting with the cirrhosis induced by
alcohol™”), Ascites associated with HCV-C contains a
significant higher number of leukocytes (T lymphocyte,
polymorphonuclear and monocyte cell subpopulations)
than ALC-C. These findings did not agree with the
cellular distributions recorded in the peripheral blood.
This indicates that the absolute cell number and
population distribution of peritoneal leukocytes in
ascites from cirrhotic patients vary with the underlying
cause and do not match the situation in peripheral
blood. Moreover, the findings also reveal that leukocyte
migration towards the peritoneal cavity is not a
passive process induced by hemodynamic alterations
associated to cirrhosis, like portal hypertension, but is
more the consequence of an active chemoattractant-
induced process, recruiting leukocytes not only
from the blood, but also probably, from impaired
lymphatic drainage. Hence, a specific differential
profile of chemoattractant stimuli must be implicated
in the recruitment of each particular cell population,
depending on the cirrhotic etiology. These results™”
also revealed that ascites from HCV-C patients displays
a significant lower concentration of IL-12 and a higher
level of IL-10 than the corresponding from the ALC-C
group, indicating a predominant Th2/Treg pattern in
the pathogenesis of advanced HCV-C. However, when
cytokine levels of ascitic fluid were compared with the
number of macrophages contained there, or secreted
in vitro by isolated peritoneal macrophages, besides
discrepancies in IL-12, the concentration of IL-6 and
TNF-o were also different between both groups of
cirrhotic patients. Moreover, this fact was related with
a lower baseline ERK1/2 phosphorylation in HCV-C

Baishidenge ~ WJG | www.wjgnet.com

11534

than that detected in the ALC-C group. Peritoneal
macrophages are “differently primed” by the in vivo
pathophysiological environment and maintain their
inflammatory differentiation pattern for at least 24 h,
being more pro-inflammatory under ALC-C condition.
This “alert state” could be useful for preventing the
development of SBP in recurrent events of intestinal BT
in ALC-C patients. Peritoneal macrophages showed a
predominant immune inhibited status in the last-stages
of HCV-induced liver damage compared with ALC-C™®”,
which may be produced to avoid immune-mediated
decompensation. The drop of significant differences
in the IL-10 levels with respect to the number of
peritoneal macrophages, clearly suggests that other
cell populations are contributing to the total amount
of this anti-inflammatory cytokine in ascites of the
HCV-C group, essentially Treg cells. However, this does
not imply that these cells in HCV-C are functionally
exhausted or endotoxin-tolerant as described™®, since
they are able to be further activated by several PAMP
agonists. In fact, the relative increase of IL-6 secretion
and ERK1/2 phosphorylation after stimulation with
LPS was significantly higher in HCV-C than in ALC-C
patients. Similar results were observed for IL-6
secretion induced by oligodeoxynucleotides (ODN)
and Candida albicans, and IL-10 induced by ODN
from HCV-C patients. These findings also indicate the
differential expression and/or susceptibility to agonists
of PRRs in the macrophages contained in ascites from
both groups of cirrhotic patients.

The smaller inflammatory profile of ascites from
HCV-C patients compared with those with alcoholic
etiology could also be the consequence of the hypo-
thetically lower frequency of intestinal BT in HCV-C
patients.

CONCLUSION

This review focuses on new findings about the in-
flammatory status involved in the development of
human hepatic cirrhosis induced by the two major
causes, infection with hepatitis C virus or chronic alcohol
abuse, avoiding results obtained from animal models.
Described differences between the inflammatory
status of cirrhosis caused by these etiologies highlight
the interest to perform new studies that allow to
obtain further insights into the cellular and molecular
mechanisms implicated in this disease. Advances
in this field will contribute to a better development
of individually tailored preventive and therapeutic
procedures.
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