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The objective of the present study was to elucidate the
mechanism of intestinal microorganisms-bile acid-NLRP3
inflammasome regulation in mice with inflammatory
bowel disease treated with probiotics. The abnormal ac-
tivation of NLRP3 inflammasome is the main pathogenic
factor that leads to the development of chronic colitis
in IL-10- mice. In this study, we divided the IL-10-- and
wild-type mice on a C57BL/6 background into 3 groups:
control group (wt mice, n=10), IBD group (IL-10-- mice,
n=10), and probiotic group (IL-107- mice treated with
probiotics, n=10). The analyses included mRNA levels of
cytokines and protein expression of NLRP3 inflamma-
some and NOD2, as well as colorimetric determination of
Wnt, Notch and BMP activity in colon tissue and fresh co-
lon mass. The fresh colon mass was increased in the IBD
mice when compared with the control and the probiotic
groups (P<0.05). The histological score of the proximal co-
lon in the IBD group was higher than in two other groups
(P<0.05). The probiotic group showed lower levels of
IFN-y, IL-17F, IL-1a and IL-25 mRNA compared to the IBD
group (P<0.05). The main components of NLRP3 inflam-
masome (NLRP3, ASC, caspase-1 and IL-1B) and NOD2
were increased in IBD group compared to the control, and
decreased after probiotic treatment (P<0.05). FXR, TGR5,
vitamin D, and CAR were all increased in IBD group com-
pared to the control and probiotic groups (P<0.05). In
conclusion, probiotics modulated the intestinal microbial-
bile acid-NLRP3 inflammation in IBD mice.
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INTRODUCTION

Inflammatory bowel disease (IBD), including ulcera-
tive colitis (UC) and Crohn’s disease (CD), is caused by
gastrointestinal mucosal immune dysfunction. Interleu-
kin-10 deficient (IL-10~-) mouse model is one of the
most widely used animal models of IBD (Sokol ez al,
2018). People with IL-10R mutation can spontaneously
develop into Crohn’s disease patients at a very young
age (<1 year), which further emphasizes the importance
of IL-10 signal transduction and supports the use of IL-
10~/= colitis mouse model to understand the pathogen-

esis of IBD, especially the correlation with CD (Qazi ef
al., 2017).

Nucleotide-binding and oligomerization domain-1ike
receptors (NLRs) are intracellular innate immune recep-
tors, forming a family of at least 22 members in human
and 33 members in mouse. These receptors are consid-
ered to play an important role in the interaction between
host and microorganisms. The interaction between host
and environment, as well as immune regulation, has at-
tracted great attention in the field of intestinal mucosal
immunity and inflammation. NLRP3 is one of the most
typical members of NLRP (Cannito 7 4/, 2017). NLLRP3
can react with a variety of pathogens, immunogens, or
endogenous danger signals. Research shows that there
is a mechanism of IBD related to genetic variation and
mutation of NLRP3 gene.

The intestinal flora is composed of many kinds of
bacteria and plays an important role in the health of the
host. Probiotics genera in human body are mainly Lac-
tobacillus, Bifidobacterium, Bacillus, and some butyric acid
bacteria (Hai, 2015). The signal molecules produced by
intestinal flora include, among others, short chain fatty
acids, lipopolysaccharides, flagellin, and peptidoglycans.
They can interact with specific host receptors and affect
a number of host processes, including energy metabo-
lism, and immune function (Celiberto et al., 2018). Ka-
wase e/ al. demonstrated that the fermentation products
of Lactobacillus and Streptococcus could significantly reduce
vasoconstrictive pressure, decrease total cholesterol level
in blood and increase high density lipoprotein level (Ka-
wase ¢ al., 2000). Bifidobacterium and its surface molecules
can induce tumor apoptosis and inhibit tumor growth
through the expression of genes related to tumor cell
apoptosis; NAD oxidoreductase and SOD produced by
Bifidobacterinm can help enhance the body’s anti-cancer
ability (Ouwehand e a/, 2002). The gut microflora also
plays a key role in the chemical modification of bile ac-
ids, which may ultimately influence their local and sys-
temic signaling. The main role of bile acids is to digest
lipids in the digestive tract, but they also have a signaling
function similar to that of endocrine hormones. Changes
in the balance of microbial species in the gut (occurring
for example in malnutrition) can change the metabolic
potential of the community and lead to changes in the
characteristics of bile acids, ultimately causing a host re-
sponse. Many recent studies have analyzed the changes
in bile acid signaling in the development of gastrointesti-
nal and parenteral diseases and related these findings to
microbial abnormalities.

Probiotics are live microorganisms that provide
health benefits when consumed. Probiotics usually have
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a long history of safe use, and many of them have been
approved as GRAS (generally recognized as safe) by
FDA. The ultimate standard of a probiotic is that it is
scientifically proven to be effective in promoting health
or preventing and treating specific diseases (Huang ef
al., 2019). Probiotic preparation VSL#3 is a drug com-
monly used in experimental and clinical research in
recent years. VSL#3 is a lyophilized bacterial mixture
containing4 Lactobacillus strains, 3 Bifidobacterium strains
and  Streptococens thermophilus, in the amount of 9x10"
CFU bacteria in each portion. Tursi e/ a/. summarized
the recent studies on the use of VSL#3 in combination
with low doses of mesalazine in the treatment of IBD
and proposed that this method had positive impact
on the treatment of mild to moderate ulcerative coli-
tis (Tursi e¢f al, 2007). On the other hand, a controlled
study of 30 CD patients treated with Synbiotic 2000
(a mixture of 4 probiotic species and 4 prebiotics) or
placebo after surgery showed that two years later there
was no difference in clinical symptoms, laboratory tests
and endoscopy results between the two groups (Ch-
ermesh ez al., 2007).

In this experiment we selected a probiotic mixture
containing Lactobacillus rhammosus dm905 (Quality Inspec-
tion Center of Chinese Medicine, China) and Lactococcns
lactis JCM 5805 (Zhongke Quality Inspection Strain Pres-
ervation Center, China) to explore its effect on the intes-
tinal microbial bile acid-NLRP3 inflammation pathway in
mice with IBD.

MATERIALS AND METHODS

Animal experiments

C57BL/6 IL-10-/- mice and C57BL/6 wild type mice
were kept at controlled temperature (25°C) and pho-
toperiod with SPF (12:12-h light-dark cycle). The mice
were divided into three experimental groups of ten
according to their genotype and feeding regime. The
control group consisted of C57BL/6 wild type mice
supplied with ordinary drinking water; the IBD group
consisted of C57BL/6 IL-10-/~ mice supplied with ot-
dinary drinking water and the probiotic group consisted
of C57BL/6 IL-10-/~ mice that were given probiotics at
100 mg/kg/day duting the course of experiment. The
probiotic used was a mixed microbial flora (the number
of viable bactetia <2X101 CFU/g) containing Lactoba-
ctllus rhammnosus dm905 (quality inspection center of Chi-
nese medicine, China) and Lactococcus lactis JCM 5805
(Zhongke Quality Inspection Strain Preservation Cent-
er, China). All the mice were sacrificed at experimental
day 8 and their colons were immediately extracted for
further analyses.

Ethics

This study protocol has been approved by Animal
Care and Use Committee of Guangzhou First People’s
Hospital (Approval number is DWGZ-2019-048).

Histological evaluation of colitis

Proximal and distal colon sections were stained with
hematoxylin and eosin to examine colon inflamma-
tion and damage. Histological scores were assigned by
the pathologists unaware of the treatment conditions.
Each colon segment (proximal or distal) was scored on
a scale of 0 to 8 (0 meaning no inflammation and 8

meaning severe damagewith a combined score of 0 to
8 per animal.

RNA isolation and real-time PCR

RNA was extracted from the colon mucosa of
mice using Trizol (Invitrogen, Carlsbad, CA), and re-
verse transcribed using High-Capacity ¢cDNA Re-
verse Transcription Kit (Applied Biosystems, Catlsbad,
CA). PCR amplification was performed using 12.5 pl.
DreamTaq™Green PCR Master Mix (Fermentas-Glen
Burnie-MD, USA). Primer sequences for RT-qPCR are
listed in Supplementary Table 1 (at https://ojs.ptbioch.
edu.pl/index.php/abp/).

Western blotting assay

The colon protein extracts were separated on SDS-
polyacrylamide gel and transferred onto 0.2 um poly-
diene-difluoro-ether membrane (Millipore, Bedford, MA,
USA). The membrane was blocked with 3, BSA (MP
Biomedicals, Irvine, CA, USA) in TBST for X h and
incubated with IL-1B, caspase-1, or B-actin antibodies
(Sigma—Aldrich, St. USA) in 4°C overnight, in or in RT.
The protein blots were developed with Clarity™ West-
ern System (BIO-RAD, CA, USA) and photographed us-
ing the BIO-RAD ChemiDoc™ XRS System.

Wnt, Notch and BMP activity determination

The colon tissue lysate was centrifuged and the pro-
tein in the supernatant was quantified. Forty ul. of cas-
pase-1 reaction buffer and 50 pL of each sample (100 pg
protein) were added to 96 well plate, and 10 pl. of sub-
strate was added. After incubation at 37°C for 2 hours,
the activity of Wnt, Notch and BMP was measured by
spectrophotometry at 405 nm.

Statistical Analysis

The statistical software package SPSS 14.0 (SPSS Inc.,
Chicago, IL, USA) was used to analyze the data. Stu-
dents’ ~test was used to compare two groups, and the
results were expressed as mean +688standard error. The
data were also evaluated by one-way ANOVA with Tuk-
ey’s post hoc multiple comparison test; P<0.05 was con-
sidered statistically significant.

RESULTS

Morphological features of chronic colitis in IL-10-- mice

Colitis in mice is characterized by enlargement and
thickening of the colon wall, diarrhea, or poor formation
of fecal particles, and rectal prolapse. We found that the
fresh colon weight could be used as an accurate indica-
tor of IBD in IL-10-/- mice. Fresh colon weight in the

Table 1. Colon weight statistics —,xts

Group Fresh weight (g)
Control 0.25+0.06

IBD 0.68+0.11
Probiotics 0.37+0.04

F 12.356

P value 0.014
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Control group

Figure 1. Histological examination of the colon using hematoxylin and eosin staining

IBD group was higher than in the control group, while
that in the probiotics group it was lower than that in the
IBD group (P<0.05). Data are shown in Table 1.

Molecular characteristics of IL-10-- mice with chronic
colitis

Histological colon analysis showed clear microscopic
lesions with goblet cell atrophy, crypt loss, and exces-
sive regenerative proliferation or leukocyte infiltration in
mice with colitis. Probiotic therapy relieved colon disease
in mice (Fig. 1). The histological score of the proximal
colon in the IBD group was higher than in the control
group, and in the probiotic group it was lower than in
the IBD group (P<0.05). Data are summarized in Ta-
ble 2.

Expression of cytokines mRNA

Probiotic-fed mice’s histology significantly differed
from their IL-10-/- counterparts, so we measured the
mRNA expression of a variety of cytokines in the con-
trol (?), IBD and probiotic groups. Two electrophoretic

Table 2. Histological analysis of the proximal colon -,x+s

Group Score
Control 1.00+0.32
IBD 7.29+0.16
Probiotics 3.17+0.27
F 13.964

P value <0.001

Table 3. Expression level of cytokine mRNA -,x+s

bands in each one were repeated in two mice. They rep-
resent at least four mice in each group. In IL-10-/- mice,
we detected increased levels of pro-inflammatory cy-
tokines mRNA that included II.-18, TNF-a, IFN-y and
IL-17F. Compared with the control group, their blood
lipids also increased (P<0.05). The probiotic group
showed lower IFN-y, IL-17F, IL-1 o and IL-25 mRNA
levels than the IBD group (P<0.05). The expression of
IL-22 receptor-1 (il-22r1), was used as a control, stayed
constant between the three groups (P>0.05). Data are
shown in Table 3.

Probiotics increase the constitutive expression of NLRP3
in IL-10- mice

cDNA gel electrophoresis and Western blot of the
total lysates revealed the main expression components
of NLRP3 inflammasomes, including NLRP3, ASC, cas-
pase 1, and IL-1 beta in the IL10~/~ mice. Since NOD2
is a member of the NLRP family and one of the most
characteristic IBD related genes, we examined its protein
expression alongside NLRP3, ASC, caspase 1, and IL-1
in the control, IBD and probiotic groups. Compared
with the control group, both NOD2 and all the major
components of NLRP3 inflammatory bodies were in-
creased in IL-10-/- mice (IBD group) and decreased in
the group treated with probiotics (P<0.05) (Fig. 2 and
Table 4).

Probiotics increase the expression of nuclear receptors
in IL-10- mice

Bile acid activated nuclear receptors such as preg-
nane X receptor (PXR), G-protein-coupled bile acid
receptor (TGR5), vitamin D receptor (VDR) and con-
stitutive androstane receptor (CAR) play a key role in
the regulation of lipid, glucose, and energy metabolism,

Cytokine Control IBD Probiotics F P value
IL-1a 0.24+0.06 5.88+0.48 0.37+0.08 13.524 <0.001
IL-25 0.45+0.22 8.76+0.34 0.53+0.09 11.546 <0.001
IL-17F 0.68+0.14 7.96+0.33 0.66+0.37 12.879 <0.001
IFN-y 0.35+0.04 9.88+0.78 0.37+0.11 10.337 <0.001
TNF-a 0.27+0.16 8.81+0.35 0.37+0.08 9.264 <0.001
IL-18 0.15+0.03 8.78+0.24 0.31+£0.17 11.356 <0.001
IL-22R1 9.43+0.82 9.47+0.79 9.46+0.85 13.542 0.379
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Figure 2. Probiotics increase constitutive expression of NLRP3
inflammasomes in IL-10-- mice

inflammation and drug metabolism and detoxification.
Expression of nuclear receptors in the control IBD and
probiotic groups was compared. PXR, TGR5, VDR and
CAR were increased in I1L-10-/- IBD group mice and de-
creased in the probiotic group (P<0.05) (Table 5).

Probiotics affect the relative number of gut microbes

The relative numbers of gut microbes were compared
between the mice from the control, IBD and probiotic
groups. Mice from the IBD group (IL-10/-) had el-
evated relative numbers of Mycobacterium, sulfur-reducing
bacteria, Lactobacillus and Bacillus, and decreased relative
numbers of Enterobacteriaceae compared to the control
group. In the group of IL-10-~ mice that were receiv-
ing probiotics, the relative numbers of Mycobacteriom,
sulfur-reducing bacteria, Lactobacillus and Bacillus were de-
creased, and the relative number of Enterobacteriaceae was

Table 4. Expression level of NLRP3 inflammasomes —,x+s

increased compated to the IBD group (P<0.05). Data
are shown in Table 6.

Probiotics increase expression of Wnt, Notch, b-actin,
and BMP in IL-10-- mice

We studied the expression of major components
of the Wnt, Notch, and BMP pathways in mice from
the control, IBD and probiotic groups. Wnt, Notch,
B-catenin and BMP were decreased in IBD group com-
pared to the control, but increased in probiotic group
compared to IBD group (P<0.05). Data are shown in
Table 7.

DISCUSSION

There is a strong evidence that intestinal flora is in-
volved in the pathogenesis of IBD. In the experiment
presented here, the fresh colon weight there was signif-
icantly higher in the IBD group than in the probiotic
group. The colon of IBD mice showed significant wall
thickening This result supported the significance of pro-
biotics in the treatment of IBD.

Histological score of 0 points is assigned to a colon
with a normal tissue structure, 1 point to a slight submu-
cosal or lamina propria separation, and a score greater
than or equal to 2 can be described as necrotizing colitis.
Therefore the lower the score, the healthier the intestine.
In this experiment, the histological scores of the colon
extracted from the probiotic-fed I1.-10~/~ mice were sig-

Cytokine Control IBD Probiotics F P value

IL-18 0.57+0.23 4.88+0.46 1.24+0.23 12.251 <0.001

Caspase 1 0.46+0.12 5.88+0.38 1.31+£0.28 11.329 <0.001

NLRP3 0.62+0.11 8.74+0.47 1.58+0.27 9.324 <0.001

ASC 1.56+0.34 8.36+0.42 2.71+0.73 12.338 <0.001

NOD2 0.27+0.07 1.43+0.16 0.38+0.14 13.145 <0.001
Table 5. Expression level of nuclear receptor —,x+s

Nuclear receptor Control IBD Probiotics F P value

FXR 3.42+0.31 0.73+0.17 2.89+0.24 12.371 0.013

TGR5 4.48+0.28 0.68+0.14 3.95+0.32 11.375 0.014

vit-D 5.26+0.19 1.23+£0.17 4.88+0.42 14.372 0.011

CAR 5.22+0.31 0.97+0.15 4.95+0.16 10.876 <0.001
Table 6. Relative quantity of Gut microbes —,x+s

Gut microbes Control IBD Probiotics F P value

Mpycobacterium 100.37+£10.24 128.45+11.07 107.24+9.58 12.435 0.021

Sulfur reducing bacteria 100.42+3.56 124.53+12.48 105.32+8.59 11.483 0.033

Lactobacillus 100.85+8.57 122.46+13.54 106.42+7.83 13.157 0.015

Bacillus 100.42+7.53 132.28+15.17 108.78+9.89 15.768 0.014

Enterobacteriaceae 100.43+6.26 87.27+7.54 97.43+6.74 13.82 0.015




Vol. 68

Probiotics alleviate inflammatory bowel disease 691

Table 7. Expression level of Wnt, Notch, B-catenin, and BMP —,x+

Parameters Control IBD Probiotics F P value
Wnt 3.33+0.21 0.67+0.13 2.74+0.32 12.318 0.015
Notch 4.67+0.38 1.22+0.12 4031035 1 1326 7777777 0.013
B-catenin 7.24+0.17 2.55+0.27 6781075 1 3627 7777777 0.014
BMP 5.16+0.31 0.82+0.15 4531056 1 1426 7777777 0.007

nificantly lower than for the mice form the IBD group,
indicating that the intestinal tissue of mice fed with pro-
biotics was healthier (Nadler ¢z 4/, 2000).

Probiotics can achieve their therapeutic effects in
IBD in a number of ways. They influence the compo-
sition of the intestinal flora and change the metabolic
characteristics of the microbiome (Hayase & Hashimo-
to, 2017). By increasing the production of short chain
fatty acids, they can lower the pH of the colon’s en-
vironment, thereby inhibiting the growth of potential
pathogenic microorganisms. Many probiotic strains can
produce antibacterial substances, such as hydrogen per-
oxide, hydrogen sulfide, lactic acid and specific bacte-
riocins, and replace harmful microorganisms by com-
peting for binding sites on the lumen mucosa interface
(Zhang et al., 2018).

Each probiotic strain may have unique immune regu-
lation characteristics, so probiotics can indirectly or di-
rectly regulate intestinal immune response. In short, the
effects of probiotics on the immune system can be di-
vided into two categories: one with immune stimulating
properties, the other with anti-inflammatory properties.
The down regulation of inflammatory immune response
by probiotics including those with clinical efficacy in
IBD treatment, was shown by many studies (Nothaft e#
al., 2017). Several probiotics work by enhancing regula-
tory T cells (Tregs) response. Tregs are antigen-specific
T cells, which can prevent autoimmunity and maintain
tolerance to harmless antigens (including intestinal sym-
biotic flora). They can control the excessive activation
of the NF-»B pathway, reduce the production of pro-
inflammatory cytokines (such as TNF-o, INF-y and
IL-8), and induce the production and secretion of anti-
inflammatory cytokines (such as I11.-10 and TGF-8) (Liu
et al., 2017). In our study we got similar results. The ex-
pression of the inflammatory factors IFN-y, IL-17F, IL-
la and IL-25 was significantly reduced in the probiotic
group as compared to the ID mice.

In the past two decades, a number of interventional
clinical studies have been published to compare the effi-
cacy of probiotic therapy versus placebo or standard ther-
apy versus medication. With different study designs and
different probiotic strains and doses, only a few studies
are similar so that the results can be compared consist-
ently, so it is difficult to come to common conclusions.

The changes in the spectrum of bile acids and the
microbial population in IBD patients in remission or
flare state have been analyzed. Compared to the healthy
controls, IBD remission in patients is characterized by a
reduction in a number of bacteria from the Firmicutes
phylum (especially Clostridium coccoides, C. leptum and Fae-
calibacterinm pransnitzii) in the gut (Perera ef al., 2017). In
our study, the probiotic treatment resulted in a decrease
of the relative number of mycobacteria, sulfur-reducing
bacteria, lactobacilli, and Bacillus, while the relative num-
ber of Eunferobacter increased (P<0.05).

In the past decade, the composition of intestinal flora
in IBD patients has been studied extensively. A large
number of studies have found that the fecal microflora
of IBD patients has different composition than that of
the healthy people, and some differences between the
microbial populations in CD and UC were also detected
(Gongalves ¢t al, 2017). In addition, differences were
observed between the active and inactive stages of the
disease, and between the inflamed and non-inflamed ar-
eas of the intestine. There are certain facts to remember
when studying the intestinal flora in IBD. First of all,
only 30% of the total bacterial population can be identi-
fied with the conventional bacteriology technology, but
the detection rate can be greatly improved by using the
molecular technology, although a large number of bacte-
ria remain not detected (Compton e al., 2017). Secondly,
many strains found in the IBD patients’ intestines do
not belong to the main phylogenetic groups occurring in
healthy people.

In addition, the mucosal and fecal flora should be
analyzed separately.. The composition of these two do-
mains is unique, and it seems to be important in IBD.
In enteritis patients, especially CD patients, the concen-
tration of mucosal bacteria was higher than in healthy
controls. Fecal microflora differs from that associated
with the mucosa; the latter may be more related to intes-
tinal immune regulation (Zhang & Jiang, 2017). A reduc-
tion in microbial diversity in IBD has been previously
reported. This decrease is due to a large loss of bacterial
species, including Ewbacterinm and Lactobacillus. The de-
crease in the number of mucosa-associated bifidobacteria
and the increase in the number of E. w/i and Clostridinm
in IBD patients support the hypothesis that an imbal-
ance between potentially beneficial and pathogenic bacte-
ria may lead to the development of this disease (Gao ef
al., 2018). The experimental results support this hypoth-
esis. Macrogenomics was used to demonstrate that the
complexity of Bacteroides, especially Clostridium, in CD pa-
tients was reduced compared to healthy controls. How-
ever, other studies have shown a correlation between the
increase in the number of mucosae-associated bacteria
and the increase in the number of bacteria from the En-
terobacteriaceae family, including the invasive E. co/i.

Data show that NLRP3 plays a key role in the patho-
genesis of IBD in humans. Compared to the control
group, NLRP3 inflammatory bodies were activated i
vitro in CD patients, while in UC patients they were ac-
tivated in the late stage of the disease. This finding was
combined with an 7z vivo increase in the concentration of
IL-18 in peripheral blood mononuclear cells of CD pa-
tients as compared to the UC patients and healthy con-
trols. A recent study showed that NLRP3 components
were up-regulated in CD and UC patients, based on the
increased mRNA expression of NLRP3, IL-18, ASC and
caspase-1 in colon biopsy (Cattaneo e al., 2017). This
result is related to the exacerbation of the disease. The
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inhibition of NLRP3 in CD patients leads to the inhi-
bition of pro-inflammatory cytokines and chemokines,
emphasizing the pathogenic role of abnormal activation
of NLRP3 in the disease. In addition, I11.-1f and 1L-18
cytokines were increased in plasma and colon mucosa of
IBD patients. The increase of IL.-18 secretion in colon
and macrophages of IBD patients promotes chronic in-
testinal inflammation and is related to the severity of the
disease.

The clinical research on NLRP3 inflammasome’s ac-
tivity is limited. Probiotics are NLRP3 inhibitors that
act by interfering with the secretion of IL-18 and the
activation of caspase-1 mediated by inflammatory cor-
puscles. They have been proved to be potential and
safe drugs for the treatment of UC. Controversial data
on NLRP3 activity in IBD reveal the complex and pos-
sibly diverse roles of NLRP3 inflammatory bodies in
IBD. As high expression levels of the NLRP3 compo-
nents have been observed in both in IBD mice and pa-
tients, NLRP3 activation appears to be a major feature
of inflammation. The activation of NLRP3 inflammas-
omes is a key step in the inflammatory process, which
leads to tissue damage and the development of IBD
clinical manifestations. The pathogenicity of NLRP3
may be due to the increase or abnormality of the com-
plex’s activity. The activation of NLRP3 inflammas-
omes and the end point of this process (IL-13, IL-18,
fever) seem to be promising treatment options and
need further study. In our study, the main components
of NLRP3 inflammasome and NOD2 were significantly
decreased in the probiotic group compared to the IBD
group. This result is similar to that of Schmitz and oth-
ers (2015), indicating that probiotics can inhibit the ex-
pression of chronic metabolic inflammasomes (Liang ez
al., 2019, Schmitz ez al., 2015).

Most of the genes found to be associated with an in-
creased risk of IBD encode proteins that maintain the
mucosal barrier and/or regulate the host immune sys-
tem. The discovery of NOD2/CARD15 gene product’s
involvement in IBD is a major breakthrough in under-
standing the relationship between genetic susceptibil-
ity and IBD development. The gene encodes a protein,
which belongs to a pattern recognition receptor family
and is responsible for the recognition of microorgan-
isms, as well as the induction and control of anti-mi-
crobial genes’ expression. Genetic defects found in IBD
and CD patients may make them particularly susceptible
to infection by intracellular bacteria such as Mycobacterium
avinm, Listeria monocytogenes and invasive E. coli. Mutations
in Toll like receptor and card4/Nodl receptor genes
may also be associated with the increased susceptibility
to IBD.

In conclusion, probiotics regulate the expression of
Wnt, notch, B-catenin and BMP by lowering the levels
of mRNA of proinflammatory cytokines (IFN-y, IL-17F,
IL-1a and 11.-25) and the main components of NLRP3
inflammasomes (NLRP3, ASC, caspase-1 and II.-18), as
well as the level of NOD2. Our data provide preclini-
cal evidence and molecular basis for the development of
new IBD therapies targeting NLRP3 inflammatory ribo-
somes and their downstream signaling molecules.
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