
From Bench to Bedside JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
Key
Rec
Add
me
ica
E-m
Abb
me
ate
AIM
mo
(Po
ate
ade
opt
bon
rec
tom
act
htt

© 2
Gut–Liver Axis: Role of Inflammasomes
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Inflammasomes are large multiprotein complexes that have the ability to sense intracellular danger signals
through special NOD-like receptors or NLRs. They include NLRP3, NLRC4, AIM2 andNLRP6. They are involved
in recognizing diverse microbial (bacteria, viruses, fungi and parasites), stress and damage signals, which result
in direct activation of caspase-1, leading to secretion of potent pro-inflammatory cytokines and pyroptosis.
NLRP3 is the most studied antimicrobial immune response inflammasome. Recent studies reveal expression
of inflammasomes in innate immune response cells including monocytes, macrophages, neutrophils, and den-
dritic cells. Inflammasome deficiency has been linked to alterations in the gastrointestinal microflora. Alter-
ations in the microbiome population and/or changes in gut permeability promote microbial translocation
into the portal circulation and thus directly to the liver. Gut derived lipopolysaccharides (LPS) play a significant
role in several liver diseases. Recent advancements in the sequencing technologies along with improved methods
in metagenomics and bioinformatics have provided effective tools for investigating the 1014 microorganisms of
the human microbiome that inhabit the human gut. In this review, we examine the significance of inflamma-
somes in relation to the gut microflora and liver. This review also highlights the emerging functions of human
microbiota in health and liver diseases. ( J CLIN EXP HEPATOL 2013;3:141–149)
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Inflammation is the defense mechanism of the body fol-

lowing tissue injury. In health, this defense mechanism
is smoothly switched on and off following initiation

and cessation of injury. However, continuous exposure to
the noxious stimulus leads to chronic inflammation, pa-
renchymal cell loss, healing by fibrosis and, in the case of
the liver, eventually to liver cirrhosis. This is the common
pathogenetic process underpinningmany chronic liver dis-
eases. The process of inflammation involves innate im-
mune cells and production of pro-inflammatory
cytokines IL-1a, IL-1b, and TNF-a.1

Macrophages are important cells of the innate immune
response and play a crucial role in the initiation and reso-
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lution of inflammation. They perform three key functions,
namely phagocytosis and destruction of infectious agents,
antigen presentation and immunemodulation, and initiat-
ing the release of various cytokines and growth factors.2–4

Two types of macrophages have been described. M1
macrophages or immune effector cells engulf and digest
damaged cells. They are activated by pro-inflammatory me-
diators such as lipopolysaccharides (LPS), IL-1b and IFN-g.
In turn, these cytokines produce other pro-inflammatory
cytokines (TNF-a, IFN-g, IL-6 and IL-12) which generate
reactive oxygen species.5,6 On the other hand, M2
macrophages function in wound healing and tissue
repair and produce the anti-inflammatory cytokine IL-10,
which turns off immune system activation.

Disturbances of steady state or acute damage lead to the
initiation of inflammation.7 Several receptors have been
studied that distinguish between homeostasis and agents
harmful to the host. Some receptors recognize pathogen
associated molecular patterns (PAMPs) which are impor-
tant for the survival of microbes. Thus, pathogens that
are devoid of these structures can be explicitly sensed in
the tissues.8 Alteration in tissue homeostasis due to micro-
bial or non-microbial agents causes the release of damage
associated molecular patterns (DAMPs). These molecular
patterns help in sensing stressed tissue.9
INFLAMMASOMES

The term inflammasome was first introduced by Martinon
and co-workers.10 They are large multiprotein complexes
which have the ability to sense intracellular danger signals
l and Experimental Hepatology | June 2013 | Vol. 3 | No. 2 | 141–149
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through NOD-like receptors or NLRs.11 NOD-like recep-
tors are members of the pattern recognition receptor fam-
ily. Two domains that play a key role in the activation of
the inflammasome are the C-terminal leucine rich repeat
(LRR) domain and the N-terminal domain present in
NAIP, CIITA, HET-E (Podospora anserine incompatibility lo-
cus protein) and telomerase associated protein (NACHT)
domain. Recognition of the ligand depends on the leucine
rich-repeat (LRR) domain whereas oligomerization and
dNTPase activity are functions of the central NACHT do-
main.6 A complex is formed between the NLR sensor and
the effector molecule, pro-caspase-1, which may or may
not require an adaptor molecule such as apoptosis-
associated speck-like caspase activation and recruitment
domain (CARD) domain containing protein (ASC).10–12

Activation of the inflammasome is a two-step process. Sig-
nal 1, due to toll-like receptor (TLR) activation, helps in up-
regulating expression of the inflammasome while signal 2
triggers its functional activation with the help of inflam-
masome ligand. Although, many inflammasomes have
been discovered till date, such as: NLRP1, 2, 3, 6, 10, 12,
NLRC4 and AIM2, we will elaborate the main inflamma-
some prototypes in this review namely: NLRP1 (NALP1),
NLRP3 (NALP3, cryopyrin), NLRC4 (IPAF) and
AIM2.11,12 Although differing in ligand recognition sites
and utilization of adaptor molecules, the core function
of different inflammasomes is activation of caspase-1.

NLRP1 Inflammasome
The first inflammasome described consists of NACHT,
PYD (pyrin domain) and LRR domains. The C-terminal
CARD domain interacts directly with caspase-1. Impor-
tantly, activity of NLRP1 inflammasome is further en-
hanced by the presence of ASC.13 Activation of NLRP1 is
triggered by (muramyl dipeptide) and the lethal Bacillus an-
thracis toxin.14–17 A unique feature of NLRP1 is that it can
localize in the nucleus unlike other inflammasomes which
are distributed in the cytoplasm.18

NLRP3 Inflammasome
Hoffman and co-workers (2001) first described the NLRP3,
the most elaborately characterized inflammasome, con-
taining NACHT, LRR and PYD domains containing pro-
tein 3 or cryoporin.19. Absence of CARD domain makes
it important for the ASC molecule to be present for com-
plex formation.13 Three main pathways have been de-
scribed for activation of this inflammasome. The first is
potassium efflux, due to the presence of P2X7 purinergic
receptors that sense extracellular ATP, which recruits pan-
nexin and causes activation of NLRP3.20–22 Secondly,
crystals or large particles such as silica, asbestos,
aluminum, amyloid, monosodium urate and cholesterol
also lead to activation of NLRP3 inflammasome.23–31

Thirdly, activation of NLRP3 inflammasome also
142
depends on reactive oxygen species (ROS), as suggested
by a study in which blocking of priming by ROS
inhibitors prevented activation of the NLRP3
inflammasome.12

NLRC4 Inflammasome
NLRC4 inflammasome contains protein 4 and is activated
by flagellin of Gram-negative and Gram-positive bacteria
as well as type III secretion system (T3SS) of Gram-
negative bacteria.32–34 However, the mechanism involving
activation of this inflammasome is not yet fully
understood. Although other NLR proteins, such as
murine 143 NAIP5 and NAIP2 also interact with
bacterial flagellin or type III secretion system (T3SS), it is
the rod components that cause the assembly and
activation of NLRC4 inflammasome.35 Recently, it has
been shown that Salmonella typhimurium infection of
NLRP4 macrophages causes phosphorylation of NLRC4
S533. This is followed by the conformational changes nec-
essary for NLRC4 inflammasome activity and host innate
immunity.36

AIM2 Inflammasome
AIM2 is a cytosolic inflammasome which senses dsDNA. It
is activated by bacterial, viral and mammalian host DNA,
causing caspase-1 activation.37–39 AIM2 can bind directly
to its ligand. Strikingly, it recognizes the mammalian
DNA which acts as a contributory factor toward the
pathogenesis of autoimmune diseases.40 The association
of helicase receptor RIG of dsRNA with the inflammasome
adaptor molecule ASC leads to inflammasome activation
which triggers caspase-1 activation.41

Inflammasome Activates Caspase-1
Inflammatory processes involve pro-inflammatory cyto-
kine IL-1b.42 Though synthesis of IL-1b does not require
any signal sequence, interestingly, its activation and release
from cellular compartment is dependent on the cysteine
protease, caspase-1. Following the protein secretion path-
way, caspase-1 also contributes to the processing and secre-
tion of IL-18.

Moreover, IL-1a and fibroblast growth factor-2 are also
secreted by the caspase-1 mechanism.43 Bergsbaken and
group studied the role of caspase-1 in pyroptosis, which
is programmed cell death involving both apoptosis (DNA
fragmentation) and necrosis (inflammation and releasing
cytokines).44 A recent study supported that pyroptosis oc-
curs due to altered secretion and release of IL-1b.45 Basi-
cally, caspase-1 becomes proteolytically active by
controlled dimerization in the inflammasome where it is
synthesized as the inactive zymogen, pro-caspase-1.
Figure 1 depicts the different inflammatory caspases in
both humans and mice. Caspase-1 activating complex
has been called the inflammasome.10 The sequence of
© 2013, INASL



Figure 1 Inflammatory caspases.
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caspase-1 activation and IL-1b secretion results in the acti-
vated inflammasome. Although studies by Andrei et al
have found caspase-1 in secretory lysosomes along with
other lysosomal proteins and pro-IL-1b, much more light
needs to be shed on the molecular mechanism associated
with secretion of IL-1b. Release of IL-1b depends on
ATP-triggered potassium efflux which causes calcium-
dependent phospholipase C activation. This in turn trig-
gers the activation of phospholipase A2 and the process
of exocytosis releases IL-1b.46

The activation of caspase-1 by inflammasome com-
plexes due to PAMPs and DAMPs leads to the maturation
and secretion of IL-1b and IL-18. Recently, certain effector
mechanisms like induction of pyroptosis, restricted bacte-
rial replication, cellular repair by activation of lipid meta-
bolic pathways and the secretion of DAMPs and
cytokines have been reported to be activated independent
of IL-1b and IL-18. Thus, non-canonical functions of
caspase-1 demonstrate various mechanisms which elabo-
rate the role of inflammasomes that might help in innate
immunity, repair process and host defense.47

Caspase-11 belongs to caspase-1 subfamily of proteases
and is known to be homologous to the human caspase-4.
Not yet fully explored, caspase-11 is believed to be an in-
flammatory caspase like caspase-1 with 46% similarity be-
tween the two.48 Also, caspase-11 is involved in secretion
of IL-1a and high-mobility group box1 (HMGB1) which
is an important inflammatory mediator.49 Kayagaki et al
investigated the role of caspase-11. Casp11 �/� mice was
generated by targeting Casp11 exon 5 which contain the
critical catalytic residue cysteine 254. Similar amount of
IL-1b secretion was observed from both wild type
and Casp11 �/� bone marrow-derived macrophages
(BMDMs) by canonical stimuli (ATP, Francisella tularensis,
Pseudomonas aeruginosa, flagellin, monosodium urate, ni-
gericin and calcium pyrophosphate). However, Cholera
toxin B (CTB), Escherichia coli, Citrobacter rodentium and Vib-
rio cholera stimuli showed that caspase-11 is indispensible.
Thus, caspase-11 dependent inflammasomes are called
non-canonical inflammasomes. Caspase-1 is important
for proteolytic processing and release of IL-1b, IL-18,
IL-1a, HMGB1 and pyroptosis following canonical inflam-
Journal of Clinical and Experimental Hepatology | June 2013 | Vol. 3 | No. 2
masome activation. However, in the case of non-canonical
inflammasomes, stimulators CTB, E. coli, C. rodentium and
V. cholera lead to secretion of IL-1a, HMGB1 and can trig-
ger a death signal independent of caspase-1. CTB and E. coli
cause secretion of caspase-11 independent of NLRP3 and
ASC. Two important pathways followed by caspase-11
are: caspase-1 dependant production of IL-1b and IL-18
and caspase-1 independent macrophage death in response
to non-canonical activators. Kayagaki and co-workers
showed that caspase-11 may prove to be the important ef-
fector of inflammatory response instead of caspase-1. They
further suggested that caspase-4 and caspase-5 may be bet-
ter therapeutic targets as compared to caspase-1 for the pa-
tients suffering from sepsis.49
Inflammasomes Initiate Antimicrobial Host
Response
The role of inflammasome has been extensively studied
in vivo by Elinav and group revealing its association with
microbial innate immune response.50 NLRP3, with its in-
volvement in antibacterial, viral, fungal and parasitic im-
mune responses, is the most studied inflammasome in
regard to the antimicrobial response. An example which
depicts the activation of NLRP3 is the influenza A virus act-
ing as an indirect activator of inflammasome. Viral RNA
recognition through toll-like receptor 7 (TLR7) induces
transcription of NLRP3 inflammasome components.51

TLRs play a pivotal role in host cell recognition and re-
sponses to microbial pathogens by acting as germline-
encoded pattern recognition receptors (PRRs).52

Interestingly, activation of mouse NLRP1 inflamma-
some plays a pivotal role in initiation of antimicrobial re-
sponse to B. anthracis infection. This involves caspase-1
triggered pyroptosis of infected macrophages, limiting in-
fection and initiating antimicrobial neutrophilic reac-
tion.53 Hsu et al showed that the formation of NLRP1
inflammasome was ASC-dependent in humans whereas
mouse NLRP1b caused the activation of caspase-1 in an
ASC-independent manner.17 Indeed, muramyl dipeptide
can be sensed by NLRP1, like NOD2 and NLRP3.54 Micro-
bial infection elicits effector mechanisms during the pro-
cess of host defense.7 Pyroptosis plays a key role during
in vivo infection by Salmonella enterica Typhimurium, Legion-
ella pneumophila or Burkholderia thailandensis through its
caspase-1 mediated effects, although there have been stud-
ies on the role of IL-1b and IL-18 induced by inflamma-
some during infection by influenza virus and Shigella.55

The cooperation of distinct inflammasomes plays a key
role in host defense and in clearing infection by eliciting
a protective immune response. Infection by Salmonella ty-
phimurium is an example of an overlapping effect of inflam-
masomes, where deficiency in vivo of either NLRP3 or
NLRC4 alone does not lead to increased bacterial infection.
Surprisingly, NLRC4 and NLRP3 deficient mice had
| 141–149 143
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increased chances of infection when compared to mice
with caspase-1 deficiency.56

Liver and the Inflammasomes
While the liver contains a preponderance of parenchymal
cells or hepatocytes, it also has large numbers of immune
cells including macrophages, neutrophil leukocytes, den-
dritic cells, T cells, NK/NKT cells and B lymphocytes.6 Re-
cent studies have revealed the expression of
inflammasomes in innate immune cells including mono-
cytes, macrophages, neutrophils, and dendritic cells. Fur-
thermore, non-immune cells including hepatocytes,57–59

stellate cells,60 endothelial cells,61,62 and myofibroblasts63

also contain the functionally active inflammasome com-
plex. Studies at the mRNA levels support the expression
of NLRP1, 2, 3, 6, 10, 12, and NLRC4 in the liver.59 Com-
paring the human spleen and liver, Lech et al concluded
that levels of NLRP10 inflammasome expression were
higher in the liver, whereas murine liver has shown high
level expression of NLRP6 inflammasome.64

Intracellular Pathogens and the Inflammasomes
Studies by two prominent groups of researchers have
shown that, though phenotypically normal, AIM2 defi-
cient macrophages were not able to generate inflamma-
somes following infection by Francisella species, vaccinia
virus or mouse cytomegalovirus (mCMV).65,66 In vivo
studies have highlighted low levels of serum IL-18 and
less secretion of interferon-g (IFN-g) by splenic NK cells
in AIM2 deficient mice infected with mCMV.66 Likewise,
AIM2 deficient mice infected with F. tularensis novicida
have high bacterial loads, low levels of serum IL-18 and
lower survival than do wild type mice.65

Mice deficient in ASC or caspase-1 show similar pheno-
type as described for the AIM2 deficient mice. This evi-
dence suggests that AIM2, ASC and caspase-1 function
in a single signaling pathway that helps in detecting infec-
tion with Francisella, vaccinia virus or mCMV and provokes
protective host responses.67 A significant relationship be-
tween the interferon response to the infection and the in-
flammasome response can be inferred. Deficiency of
AIM2 has been found to increase the interferon response
to dsDNA transfection or Francisella infection but elicits
a normal response in the case of mCMV infection.65,66 A
recent study by Liu and group68 established that the pro-
duction of IL-1b and IL-18 in NLRP3 and NLRC4 inflam-
masomes plays a critical role in host defense against enteric
infection caused by C. rodentium. An enteric bacterial path-
ogen in the intestinal tract of the mouse, C. rodentium trig-
gers inflammatory responses similar to those seen in
humans infected with enteropathogenic and enterohemor-
rhagic E. coli.Mice deficient in inflammasome components
NLRP3, NLRC4, and caspase-1 were hyper-susceptible to
C. rodentium-induced gastrointestinal inflammation. This
144
can be attributed to defective IL-1b and IL-18 produc-
tion.68
Gut microbiota and Inflammation
Gutmicrobiota is composed of strict anaerobes, facultative
anaerobes and aerobes.69 In human, the gut microbiota is
dominated by the Bacteroidetes and Firmicutes while Proteo-
bacteria, Verrucomicrobia, Actinobacteria, Fusobacteria, and Cy-
anobacteria are present in trace amounts.70 Recent reports
suggest the existence of over 35000 bacterial species in
the human gut microbiota.71 An important characteristic
of gut microbes is their heterogeneity.69 Frank and co-
workers studied biopsy samples from the small intestine
and colon of healthy individuals and found different bac-
terial groups at different sites in the gastrointestinal tract.
The small intestine was enriched with Firmicutes and Actino-
bacteria whereas prevalence of Bacteroidetes and the Lachno-
spiraceae family of the Firmicutes was more in colonic
samples.71 A thick and complex mucus layer separated
the intestinal epithelium from the luminal cavity. Studies
by Swidsinski et al demonstrated the inability of many bac-
terial species to access the mucus layer and the epithelial
crypts from the intestinal lumen.72 Colonization of the hu-
man gut by microbes starts at the time of birth.69 Interest-
ingly, different gut microbial populations develop in
infants born by caesarean section compared with those
born by vaginal delivery.73 The composition of GALT
(gut associated lymphoid tissue) is affected by presence
of microbial colonies in the gastrointestinal tract. There
is steep rise in the number of intraepithelial lymphocytes
immediately after exposure to luminal microorgan-
isms.74,75 The intestinal immune system and the resident
gut microbiota have a complex relationship and, at
times, it is difficult for the epithelial cells and the
mucosal immune system to distinguish pathogens from
non-pathogens. In addition, bacterial antigens are detected
by the intestinal epithelial cells and may play a role in ini-
tiation and regulation of innate and adaptive immune re-
sponses. Major histo-compatibility complex I and II
molecules and toll-like receptors (TLRs) help in signal
transmission from bacteria to adjacent immune cells
such as macrophages, dendritic cells and lymphocytes.76,77

TLRs were so named due to their similarity to the receptor
encoded by the Toll-gene that was first studied in the fruit
fly, Drosophila melanogaster (toll meaning ‘fantastic’ in
German). More than ten types of TLRs are known in
humans. Sites where TLRs can be easily studied in
myelomonocytic, dendritic, endothelial and epithelial
cells. TLRs are capable of recognizing PAMPs and their
interaction triggers processes activating complex
intracellular signaling cascades and up-regulating inflam-
matory genes. Secretion of pro-inflammatory cytokines, in-
terferon production and myeloid cell recruitment also
depends on communication between TLRs and PAMPs.
© 2013, INASL
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TLRs–PAMPs association can also stimulate expression of
co-stimulatory molecules leading to the activation of adap-
tive immune response by antigen presenting cells.78

NLRs are other important membrane-bound receptors
besides the TLRs for the detection of proteins. More
than twenty NLRs have been known till date, although
the best characterized are NOD1 and NOD2. The presence
of NLRs matter more where there is low concentration of
TLRs for example on the epithelial cells of the gastrointes-
tinal tract.79

Inflammasomes Sense Microflora
Anelaborate study of alterations ofweight,metabolism and
inflammation due to regulation of the gut flora by inflam-
masomes would be the next major step in understanding
innate immunity and host response.7 A recent study has
shown the association of NLRP6 inflammasome with the
autoinflammation-promoting microbiota expansion. The
microbiota includes bacterial taxa such as Prevotellaceae
and TM7.80 There are certain unknown mechanisms about
the sensing of microflora by inflammasomes and regulat-
ing tissue repair and regeneration. Coordination of themu-
cosal immune response during the process of inflammation
needs to be fully understood. The linking of inflammasome
deficiency to alterations in the gastrointestinal microflora
has been done in different studies and has helped in under-
standing the metabolic syndrome, obesity and atheroscle-
rosis, both in mice and human.81,82 Additionally, a study
on rural African children demonstrated the presence of
Prevotellaceae in the faecal matter, whereas it was absent in
the European population. This gives an indication that
the genetic and the environmental factors also contribute
toward the regulation of the microflora composition.83

Connecting Gut and Liver
Gut microbes play a significant role in various body func-
tions such as digestion of food and vitamins. In addition,
they also help in shaping immunity in the host.84,85

Alterations in the microbiome population and/or changes
in gut permeability promote microbial translocation into
the portal circulation that delivers blood directly to the
liver. Danger signals derived from the microbiome trigger
the inflammatory cascade andactivate immune cells.86 Liver
and spleen are the major organs that help in removing bac-
terial toxins and their lipopolysaccharides (LPS) from the
blood.87 Mechanisms that balance the barrier function of
the gut and the ability of the liver to detoxify have been stud-
ied.86,88 It was found that gut derived LPS played
a significant role in several liver diseases.89,90 Lu et al
observed an increase in inflammatory responses as there
was attrition of the protective ability of the liver to
detoxify LPS derived from the gut.91 A positive correlation
between liver dysfunction and bacterial translocation has
been reported by others also.92,93
Journal of Clinical and Experimental Hepatology | June 2013 | Vol. 3 | No. 2
This close interplay between the gut and the liver has
been termed the gut–liver axis.94 Liver is the organ most ex-
posed to gut derived toxins (bacteria and bacterial prod-
ucts), due to the portal circulation. Ethanol, ammonia
and acetaldehyde produced in the intestine are metabo-
lized in the liver. Importantly, these toxins keep a check
on the Kupffer cell activity and cytokine production.95

While it has been evident that there is an increased level
of bacterial lipopolysaccharide (LPS) in the portal and/or
systemic circulation, further studies are needed to reveal
the complete picture of the variety and quantity of gut-
derived microbial products being transferred to the liver
or reaching the systemic circulation after bypassing the
liver through porto-systemic shunts. This factor has been
implicated in several types of chronic liver diseases.96 Liver
macrophages or Kupffer cells are activated by the bacteria
and bacterial products. This activation is dependent on an
NFkB-mediated mechanism which releases cytokines such
as tumor necrosis factor alpha (TNF-a). As soon as cyto-
kines are released, specific intracellular pathways are acti-
vated including pro-apoptotic signals via the caspase
cascade.97 LPS behaves as a hepatotoxin causing morpho-
logical and functional changes. Accumulation of polymor-
phonuclear cells induces an acute inflammatory response,
releasing reactive oxygen metabolites, proteases and other
enzymes. The whole process culminates in worsening of
liver damage.98 An inter-relation between the gut micro-
biota with its altered composition and the liver is depicted
in Figure 2 where the activation of inflammasome complex
causes the release of IL-1b (Figure 2).

About 80 years ago it was shown that the patients with
chronic liver disease had altered gut microbiota. About 20–
75% of patients suffering from the chronic liver disease
have demonstrated changes in microbiome, in particular
small intestine bacterial overgrowth i.e. SIBO.94 Patients
suffering from non-alcoholic fatty liver disease (NAFLD)
have reported SIBO correlating with severity of steato-
sis.95,99 While many more studies need to be done for
understanding the link between SIBO and NASH,
intestinal permeability is the key toward better insight.94

The development of insulin resistance and related meta-
bolic disorders is influenced by the gut microbiota which
plays a pivotal role in fat storage and energy harvest-
ing.100–102 Strikingly, fewer Bacteroidetes and more
Firmicutes in the obese as compared to the lean controls
demonstrate the affect of gut microbiota on calorie
proportions obtained from the intestine.103

Study by Flavell and co-workers have demonstrated the
link between inflammasomes, gut microbiota and
NAFLD.104As already discussed, inflammasomes aremulti-
protein complexes which induce production of pro-inflam-
matory cytokines IL-1b and IL-18. The group showed that
dysbiotic and colitogenic microflora in the mice due to de-
ficiency in the components of the NLRP6 inflammasome
could be transmitted to co-housed wild-type mice which
| 141–149 145



Figure 2 Activated caspase-1 causes the release of IL-1b with the alterations in gut microbiota aggravating liver diseases.
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led to IBD in them. A pivotal finding in their studies was
that NLRP6 and NLRP3 inflammasomes (through activa-
tion of the effector protien IL-18) negatively regulated
NAFLD/NASH progression and caused metabolic syn-
drome via a cell-extrinsic effect ofmodulation of the gutmi-
crobiota through activation of the effector protein IL-18.105

It was shown that changes in the composition of the gutmi-
crobiota caused the portal circulation to be flooded with
Toll-like receptor TLR4 and TLR9 agonists. This enhanced
hepatic expression of tumor necrosis factor (TNF) and ag-
gravated steatosis and inflammation, resulting in the pro-
gression of NAFLD/NASH. Flavell and group have
described inflammasomes as steady-state sensors and regu-
lators of colonic microbiota. Astonishingly, it was discov-
ered that the deficiency in components of two
inflammasomes, NLRP6 and NLRP3 (both of which in-
clude ASC and caspase-1) resulted in an altered transmissi-
ble, colitogenic intestinal microbial community.104

Human Microbiome Project
The human microbiome project (HMP) is working to-
ward complete characterization of the human micro-
biome which will help researchers and scientists to
understand variations in human microbiome due to fac-
146
tors like population, genotype, disease, age, nutrition,
medication and environmental factors.106 This would
help in understanding the influence of the microbiome
on human health and disease. Recent advancement in
sequencing technologies along with development of
metagenomic and bioinformatics methods have increased
insight into investigating the 1014 microorganisms
that inhabit the human gut.107 Handelsman and Rodon
were the first to describe metagenomics.108,109

Metagenomics gives an understanding of the functional
features of non-cultivated bacteria by analyzing the col-
lective genomes available in a defined environment or
ecosystem.107 Two large insert libraries were the first
among the human gut metagenomic libraries that were
generated after analyzing faecal samples from six healthy
people and six Crohn's disease patients.110,111

With the upcomingmetagenomics and high throughput
technologies, Bajaj and group made an interesting observa-
tion where they studied the sigmoid mucosal microbiome
of cirrhotic patients and control group, comparing the pa-
tients with hepatic encephalopathy (HE) and no-HE and
further analyzing the cognition and inflammation in these
patients.112 This study revealed a vast difference between
the mucosal microbiome and the stool microbiome.
© 2013, INASL
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Patients with cirrhosis especially HE were lacking poten-
tially beneficial autochthonous bacteria and an increase in
potentially pathogenic bacteria was observed. This gives
a brighter view leading to the association of HE patients
with poor cognitive performance and inflammation.
FUTURE PERSPECTIVES

Strong evidence relates the gut microbiome to the patho-
genesis of liver diseases. Understanding molecular mecha-
nisms involved in the production of gut bacterial toxins
and their detoxification by liver leading to the activation
of inflammasomal complex would open a new field toward
the better understanding of the specific liver diseases. Al-
though, innate immune systemhas been explored to under-
stand themultiprotein complexes- inflammasomes, certain
genetic and biochemical mechanisms that involve activa-
tion of the inflammasomes and their modulatory affects
need to be answered. It would be interesting to explore cer-
tain inhibitory pathways or molecules that can act upon
these NLR protein platforms to understand the pathogen-
esis of diseases and work toward therapeutic interventions.
m
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