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Abstract
Inflammation participates in the pathogenesis of
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many liver diseases, including liver cirrhosis. Certain
inflammatory citokines, such as interleukin (IL)-1p and
IL-18, are produced after the activation of a multiprotein
complex known as the inflammasome. Activation of the
inflammasome has been documented in several liver
diseases, but its role in the development and progression
of liver cirrhosis or the complications associated with
this disease is still largely unknown. We have recently
studied the impact of the inflammasome in the sterile
inflammatory response that takes place in the ascitic
fluid of patients with decompensated cirrhosis, providing
evidence that activation of the absent in melanoma
2 (AIM2) inflammasome is an important response in
these patients. Ascitic fluid-derived macrophages were
able to mount a very robust AIM2-mediated response
even in the absence of a priming signal, which is usually
required for the full activation of all the inflammasomes.
In addition, high level of inflammasome activation in
these patients was associated with a higher degree of
liver disease and an increased incidence of spontaneous
bacterial peritonitis. These results may help explain the
exacerbated inflammatory response that usually occurs
in patients with decompensated cirrhosis in the absence
of detectable infections. Thus, inflammasomes should
be considered as possible therapeutic targets in sterile
inflammatory complications in patients with cirrhosis.
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Core tip: In this Editorial I discuss the involvement of
the inflammasome in the inflammatory reactions that
occur in patients with liver cirrhosis and ascites. I focus
on a recent work in which we observed that the absent
in melanoma 2 inflammasome is highly activated in the
ascitic fluid of patients with advanced cirrhosis and that
its activation is linked to the severity of liver disease.
These findings are important for the understanding of
the sterile inflammatory reactions in these patients, and
could have important therapeutic implications.
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Liver cirrhosis is the result of a long pathologic process
initiated by chronic infection with hepatitis B virus or
hepatitis C virus (HCV), excessive alcohol consumption,
accumulation of fat in liver cells, and other metabolic
alterations. The most important complications of liver
cirrhosis include intestinal bleeding, encephalopathy,
and ascites, and the development of any of these
complications is clinically known as decompensated
cirrhosis. Ascites is the most common cause of hepatic
decompensation, and usually precedes the others.
Decompensation of cirrhosis is usually associated with
a systemic inflammatory response characterized by
activation of innate immune cells and elevated expre-
ssion of pro-inflammatory cytokines [tumor necrosis
factor q, interleukin (IL)-1pB, IL-6] in the ascitic fluid. This
inflammatory response is usually the result of bacterial
translocation from the intestinal lumen to extra-intestinal
sites, such as mesenteric lymph nodes and ascitic
fluid. Bacterial translocation does not necessarily mean
bacterial infection, since the translocating bacteria is
often killed by the innate immune system. However, the
solely presence of molecules of microbial origin [such as
lipopolysaccharide (LPS) or bacterial DNA] is sufficient to
mount a sterile inflammatory response in the ascitic fluid
in the absence of active infection™ .

Since its first description in 2002 by Martinon et ai”,
the inflammasome has been a key subject of research
in multiple inflammatory diseases. Very comprehensive
reviews of the expression, activation, and function of the
inflammasomes have been published elsewhere®®”’, and
therefore these topics are discussed here only briefly.
The inflammasome is a cytosolic multiprotein complex
that controls the activation of the enzyme caspase-1*.
Once activated, caspase-1 mediates the maturation
and release of pro-inflammatory cytokines such as IL-
1B and IL-18. Caspase-1 activity can also result in a
highly inflammatory form of cell death called “pyroptosis”
in some cells®™, which occurs most frequently upon
infection with intracellular pathogens™. Inflammasomes
are assembled upon recognition of pathogen-associated
molecular patterns (PAMPs), as well as host-derived
signals known as damage-associated molecular pa-
tterns (DAMPs) that are released as a result of tissue
damage or cellular stress. Several members of the
NLR family (nucleotide-binding and oligomerization
domain and leucine-rich-repeat-containing proteins)
have been reported to exhibit inflammasome activity,
including NLRP1, NLRP3, NLRP6 or NLRC4. In addition
to NLRs, the HIN-200 domain-containing protein
absent in melanoma 2 (AIM2) has also the ability to
induce inflammasome activation. Full activation of the
inflammasome requires two different signals. The first
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signal is provided by the activation of pattern recognition
receptors, such as Toll-like receptors, resulting in
the accumulation of inactive pro-IL-1p and pro-IL-18
inside the cell. The second signal is then provided by
the activation of NLRPs or AIM2 by different danger
signals”®”.. For example, NLRP3 is activated by a wide
range of PAMPs and DAMPs (e.g., toxins, uric acid, ATP),
whereas AIM2 is activated only by double-stranded DNA
(dsDNA) of any origin™'" (Figure 1).

Recent studies have suggested that the inflam-
masome also plays an important role in chronic liver
disease!'”. For example, the inflammasome is activated
in response to HCV infection®, in drug-induced liver
injury™, or in the pathogenesis of non-alcoholic steato-
hepatitis™™'®!. However, the inflammasome-mediated
response in decompensated cirrhosis was unexplored
until publication of our recent study by Lozano-Ruiz
et a1, In this study we show that activation of the
inflammasome is an important response in the ascitic
fluid of cirrhotic patients. Macrophages from ascitic fluid
showed high levels of pro-IL-18 and pro-IL-18 mRNA,
constitutive activation of caspase-1 and enhanced
expression of AIM2 protein and mRNA when compared
to blood-derived macrophages from the same patients.
Moreover, contrary to blood macrophages, activation of
the AIM2 inflammasome did not require a priming signal
in these cells, demonstrating the pre-activated state of
the inflammasome in the ascitic fluid. This pre-activated
state of the AIM2 inflammasome was associated with
the presence of bacterial DNA fragments in the ascitic
fluid of these patients, suggesting that translocation of
bacteria and their products could be responsible for this
priming™”.

It was previously shown that bacterial translocation
and inflammation increases depending on the degree
of liver damage and the clinical stage of the disease®.
Thus, it was conceivable that the severity of liver disease
could affect the extent of inflammasome activation in
cirrhosis. Indeed, activation of caspase-1 and AIM2-
mediated production of IL-1f and IL-18 were increased
in patients with Child-Pugh C score, compared to those
with Child-Pugh B. Additionally, high level of IL-18 in
ascitic fluid showed a significant association with the
occurrence of spontaneous bacterial peritonitis (SBP) in
these patients independently of the Child-Pugh score,
suggesting that increased inflammasome activation
might be a marker of increased risk of SBP.

In summary, these findings are important for the
understanding of the sterile inflammatory reactions
in patients with advanced cirrhosis. In these patients,
complications associated with high mortality are
normally accompanied by excessive inflammation, and
therefore our results could have important translational
implications. We propose that a two-hit process could
explain the exacerbated inflammasome activation in
advanced cirrhosis (Figure 2). First, bacterial trans-
location would lead to an abnormal influx of exogenous
PAMPs (e.g., LPS or bacterial DNA) that induce a pre-
activation state of the inflammasome in ascitic fluid cells.
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Figure 1 Basic representation of inflammasome activation. Inflammasomes are formed after NLR or PYHIN family members recognize signals associated with
tissue damage or infection. Receptors that have a CARD domain can recruit pro-caspase-1 directly (e.g., NLRC4), whereas those that contain a PYD domain (e.g.,
NLRP3 and AIM2) recruit pro-caspase-1 through the accessory protein ASC (which contains a PYD and a CARD). NLRP1 contains a CARD and can bypass the
requirement for ASC, but also contains a PYD and its interaction with ASC enhances the activity of the NLRP1 inflammasome. CARD: Caspase-1 recruitment domain;
PYD: Pyrin domain; ASC: Apoptosis-associated speck-like protein containing a CARD; LRR: Leucine rich repeat; HIN-200: Hematopoietic interferon-inducible nuclear
antigen with 200 amino-acid repeat; PAMPs: Pathogen-associated molecular patterns; DAMPs: Damage-associated molecular patterns; AIM2: Absent in melanoma 2;
dsDNA: Double-stranded DNA; IL: Interleukin; S. aureus: Staphylococcus aureus; L. monocytogenes: Listeria monocytogenes; C. albicans: Candida albicans; TLR:
Toll-like receptor.
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Figure 2 Theoretical mechanism of inflammasome activation in ascitic fluid. Advanced cirrhosis is typically associated with overgrowth of intestinal bacteria and
increased intestinal permeability, which results in the translocation of bacterial products (e.g., DNA or LPS) to the ascitic fluid. The presence of these PAMPs activates
PRRs in innate immune cells of the ascitic fluid, inducing the synthesis of IL-18 and IL-18 precursors and inflammasome components (signal I ). At the same
time, continuous liver damage (e.g., by virus or alcohol) would result in hepatocyte death and release of DAMPs (e.g., host dsDNA). These DAMPs (and probably
new translocation events of PAMPs from the intestinal lumen) would activate inflammasome-forming receptors such as AIM2 (providing signal II'), which in turn
results in the activation of caspase-1 and the maturation and release of IL-1p and IL-18 into the ascitic fluid. IL: Interleukin; PAMPs: Pathogen-associated molecular
patterns; DAMPs: Damage-associated molecular patterns; AIM2: Absent in melanoma 2; dsDNA: Double-stranded DNA; PRRs: Pattern recognition receptors; LPS:
Lipopolysaccharide.
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Second, endogenous DAMPs released from damaged
liver cells (e.g., host dsDNA) would provide the second
signal for the activation of the AIM2 inflammasome
and the promotion of inflammation in the absence of
active infection!’”). However, some questions remain
that need to be further clarified. For example, it is not
clear whether the inflammasome contributes to, or is
a consequence of, cirrhosis progression. In addition,
the use of the inflammasome as a therapeutic target
in cirrhosis needs to be carefully addressed. Several
IL-1B blocking agents are currently approved and
used in patients suffering from different inflammatory
diseases'*®, but the increased risk of infections would
argue against using these immunosuppressive drugs
in certain situations, such as in SBP. Therefore, more
studies are needed to determine the exact role of the
inflammasome in the pathogenesis of advanced cirrhosis
and its potential use as a therapeutic target for the
treatment or prevention of inflammatory complications.
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