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Objective. IBD is an inflammatory disease with abnormalities such as dysbiosis and abnormal immune system activity. Probiotics,
as live beneficial microorganisms, play a role in maintaining health through various mechanisms, including the modulation of the
immune system and the control of inflammation. Here, we aimed to investigate the efficacy of a probiotic mixture of Lactobacillus
spp. and Bifidobacterium spp. in modulating JAK/STAT and NF-kB inflammatory signaling pathways. Method. A quantitative
real-time polymerase chain reaction (QPCR) assay was conducted to analyze the expression of JAK/STAT and inflammatory genes
after treatment with the probiotic mixture before, after, and simultaneously with the sonicated pathogen in the HT-29 cell line.
The production of IL-6 and IL-1p after probiotic treatment was investigated via cytokine assay. Results. Treatment with probiotics
resulted in downregulation of TIRAP, IRAK4, NEMO, and RIP genes in the NF-kB pathway and JAK/STAT genes compared with
sonicat-treated cells as inflammation inducers. The production of IL-6 and IL-1 decreased after probiotic treatment. Conclusions.
The probiotic mixture of Lactobacillus spp. and Bifidobacterium spp. showed anti-inflammatory effects by modulating JAK/STAT
and NF-kB signaling pathways. The use of probiotics could be considered as an appropriate complementary treatment for patients
with inflammatory bowel disease.

1. Introduction

Probiotics as live beneficial microorganisms have various
roles in maintaining health. Prevention of gastrointestinal
symptoms such as diarrhea, lowering cholesterol levels, and
prevention of cancer and allergy are some of the notable
effects of probiotics [1]. In addition, one of the most im-
portant remarkable effects of probiotics is to influence the
consequences of dysbiosis. An imbalance of the intestinal
microbiome can lead to an increase in pathogenic bacteria
and a decrease in the healthy microbiota. This process
eventually leads to abnormal function of immune cells,

including Th1 and Th17 [2]. Thl and Th17 could influence
the inflammatory response via the production of IL-2 and
IL-17. However, the abnormal activity of these cells usually
leads to chronic inflammation [3]. Probiotics could influ-
ence this process via immunomodulatory functions. Indeed,
Tregs suppress the immune response and prevent in-
flammation in the colon by producing IL-10. Probiotics
could modulate the immune system and reduce in-
flammatory conditions by causing an effect on Tregs [4].
Lactobacillus spp. and Bifidobacterium spp. are two probiotic
members that have anti-inflammatory effects. The anti-
inflammatory characteristics of these probiotic strains,
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especially in the intestinal epithelial cells, and the reduction
of symptoms in patients with ulcerative colitis have been
demonstrated [5]. Also, various studies have been demon-
strated that using the combination of probiotic strains
compared with individual strains has stronger effects on
improving health conditions [6].

One of the inflammatory diseases that pose challenges
to patients is inflammatory bowel disease (IBD). Ulcerative
colitis (UC) and Crohn’s disease (CD) are two subtypes of
IBD with some differences, including the location of the GI
tract that is affected. The exact etiology of IBD is not yet
fully understood. However, risk factors include genetics,
stress, antibiotic use, dysbiosis of the gut microbiome, and
abnormal immune system function [7]. IBD is described as
a disease with remission and relapse phases. The exact
timing of relapse is not known, but the use of an agent or
strategy that could prolong the duration of the remission
phase would be crucial for patients with IBD [8]. As
mentioned earlier, probiotics have immunomodulatory
effects, and since IBD may be caused by immunologic
imbalance, probiotic intake may be suitable to control IBD.
The immunomodulatory properties of probiotics could be
different. Various molecular signaling pathways, for in-
stance, could be affected by probiotics, so probiotics exert
their immunoregulatory and anti-inflammatory properties
[9]. The Janus kinase/signal transducer and activator of
transcription (JAK/STAT) and the nuclear factor kappa-
light-chain-enhancer of activated B Cells (NF-kB) are two
signaling pathways involved in various human diseases,
including inflammatory disorders. The association of these
signaling pathways with pre- and anti-inflammatory cy-
tokines may elucidate the link with inflammatory diseases
such as IBD. Since inflammatory cytokines play an im-
portant role in the progression of IBD, finding an agent
with positive modulatory effects on the aforementioned
signaling pathways could be useful for the treatment or
prevention of IBD [10, 11].

Our laboratory has demonstrated the phenotypic effects
of probiotics on the control of inflammatory status [12].
Also, the immunomodulatory and anti-inflammatory effects
of different probiotic strains before inflammation induction
have been shown to clarify the preventive effects of probiotic
strains to reduce inflammation [13]. Indeed, the identifi-
cation of the exact molecular effects of probiotics on sig-
naling pathways involved in the progression of
inflammation may clarify the beneficial effects of probiotics.
In the present study, we aimed to demonstrate the immu-
nomodulatory and anti-inflammatory effects of Lactobacil-
lus spp. and Bifidobacterium spp. as a mixture before, after,
and during inflammation by causing an effect on JAK/STAT
and NF-kB signaling pathways to determine whether they
could be used as therapeutic or preventive options for in-
flammatory conditions, including IBD.

2. Material and Methods

2.1. Bacterial Strain, Culture Medium, and Growth
Conditions. Here, the in vitro assay was conducted to
evaluate the effects of probiotics on NF-kB and JAK/STAT
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signaling pathways in the HT-29 cell line. Four Lactobacillus
spp. including L. plantarum, L. rhamnosus, L. brevis, and
L. reuteri and three Bifidobacterium spp. including
B. bifidum, B. longum, and B. infantis were isolated from
stool samples and breast milk as previously reported [12, 14].
The preparation of probiotic cocktails in addition to path-
ogenic bacteria, including enterotoxin-producing Escher-
ichia coli (ETEC) and Salmonella typhimurium (ST) were
explained [13]. The experimental protocols were established
following the Declaration of Helsinki and approved by the
ethics committee of Pasteur Institute of Iran
(IR.PII.REC.1398.060). All methods were carried out in
accordance with relevant guidelines and regulations.

2.2. Treatment of HT-29 Cells with Probiotics. HT-29 cells
were exposed to various bacteria, including sonicated
pathogenic enterotoxigenic E. coli (SP-ETEC), sonicated
pathogen Salmonella typhi, and Lactobacillus/Bifidobacte-
rium spp. mixture.

2.2.1. Investigation of the Preventive Effects of Lactobacillus/
Bifidobacterium Mixture. To study the effect of probiotics
before inflammation induction, the Lactobacillus/Bifido-
bacterium mixture was first added to HT-29 cell line, and
after 6 hours, SP-ETEC and SP-Salmonella typhi were added
to induce inflammation.

2.2.2. Investigation of the Therapeutic Effects of Lactobacillus/
Bifidobacterium Mixture at the Beginning of Inflammation.
To show the efficacy of Lactobacillus/Bifidobacterium at the
beginning of inflammation induction Lactobacillus/Bifido-
bacterium and sonicated pathogens were added to the HT-29
cell line simultaneously.

2.2.3. Investigation of the Therapeutic Effects of Lactobacillus/
Bifidobacterium Mixture after Inflammation Induction.
To study the effect of Lactobacillus/Bifidobacterium mixture
after inflammation induction, SP-ETEC and SP-Salmonella
typhi were first added to the HT-29 cell line, and
Lactobacillus/Bifidobacterium was added after 6 hours to
determine the presumed effects. Each treatment was
performed in two separate biological replicates and three
separate technical replicates.

In the next step, each well was washed twice with PBS to
remove the nonadherent bacteria. These treatments were
performed in duplicate and cell culture was maintained at
37°C and 5% CO, for up to 48 hours. The determination of
MOI was performed as previously described [15].

2.3. Cytokine Assays. To measure the production of proin-
flammatory cytokines, including IL-6 and IL-1f, the cell
culture supernatant was centrifuged at 6000 rpm, the sedi-
ment was discarded, and the supernatant was collected to
determine using an ELISA kit (Karmanian Pars Gene, Iran)
according to the manufacturer’s protocols.
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TaBLE 1: Primer sequences used in this study.

Gene Primer sequence [5' > 3'] Primer-bank ID Product size [bp]
STATI R CAGTAACGATGAGAGGACCCT 1894588593 o
STATS R ICTGATGCAGGCTTITIGETG 12199233 %
STATS R 'GCCACAATOCGGGCAATCT 7080104 124
STATS R GAGCATGGTGTTCATTAACAGCT sas11065% o
STATS R GTTCCGGGOAGTCAAACTTCC 2131671763 50
STATE R GCAGGAGTTICTATCAAGETGTG 2960108672 5
JAK R ACCTCATCCGGTAGTGGAGE 1024690351 o
A R ATTCCATGOCGATAGGCTCTG 236719342
A R CACGATCAGGTTGGACITTICT 90952722 7
VIO R GTTCCCOAGGATICATGCC 187608611 7
RIP) R ¥ GGACATCATGCGOCACTTT ss141034c2 13
NEMO R MTCGCCCAGTACGTCCTGA L2381t %
TIRAD R CGACGTAGTACATGAATCGGAG i 15
IRAKS R AAANTTGATGCCATTAGCTGCAC 2236718873 7
Gapah R GGG TGT TGT CAT ACT TCT CAT GG s7s0s907c 197

2.4. RT-PCR of Inflammatory Signaling Pathway Genes.
Total RNA was extracted according to the manufacturer’s
instructions (Roche, Germany). The cDNA template was
synthesized with the cDNA synthesis kit (Yekta Tajhiz, Iran)
according to the manufacturer’s instructions. The online
PrimerBank website (http://pga.mgh.harvard.edu/
primerbank) was used to choose the qPCR primers (Ta-
ble 1). All the primers were tested using gradient PCR to get
an appropriate annealing temperature. The mRNA quan-
tification of studied genes was evaluated with the ABI step
one plus detection system (Applied Biosystems, USA co)
using SYBR Green master mix (Amplicon Bio, Denmark).
All the reactions were performed in duplicate. The formula
RQ =272 was used to get relative gene expression in the
comparative CT method [16]. The appropriate internal
control gene, glyceraldehyde 3-phosphate dehydrogenase
(gapdh), was selected as a housekeeping gene to normalize
the data.

2.5. Statistical Analysis. Graphs and statistical analyses of the
data were performed using GraphPad Prism 8 software to
compare the variables of the different groups. Statistical
differences between different groups, including control (C),
sonicated pathogen (SP), the first administration of Lacto-
bacillus/Bifidobacterium and second administration of
sonicated pathogen (LBP), the first administration of

sonicated pathogen and the second administration of Lac-
tobacillus/Bifidobacterium (PLB), and the concurrent ad-
ministration of Lactobacillus/Bifidobacterium and sonicated
pathogen (P+LB), were determined using ANOVA. P
values < 0.05 were considered statistically significant. Results
were expressed as standard deviation (SD).

3. Results

The efficacy of probiotics in up- or down-regulation of JAK/
STAT and inflammatory genes was investigated by com-
paring probiotic-treated HT-29 cells with negative control
cells (unexposed HT-29 cells) and HT-29 cells exposed to the
sonicated pathogen as the positive control. It should be said
that the concept of treatment phases refers to Lactobacillus/
Bifidobacterium treatments before, after, and during the
induction of inflammation.

3.1. Lactobacillus/Bifidobacterium Could Generally Decrease
the Expression Level of STAT Genes. Gene expression data
from STAT are shown in Figure 1. The expression level
increased after treatment with sonicated pathogens
(p <0.05) compared to negative controls.

The comparative analysis of STATI gene expression
showed that the overall trend was downward in most
treatment phases, especially compared to the sonicated
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FIGURE 1: Relative gene expression (mean fold change) of (a) STATI, (b) STAT2, (c) STAT3, (d) STAT4, (e) STATS5, and (f) STAT6 in the
different groups of treatments. Data were normalized with GAPDH. Data were represented as mean SD. The number 24 and 48 refers to
different time orders of HT-29 cell line treatments. (C) represents control; (P) represents pathogen; PLB represents first pathogen and then
Lactobacillus/Bifidobacterium; LBP represents first Lactobacillus/Bifidobacterium and then sonicated pathogen; P + LB represents sonicated
pathogen and then Lactobacillus/Bifidobacterium added simultaneously. Data were considered statistically significant when p <0.05
(*p<0.05, ** p<0.001). Letter (a) indicates the relatedness between C24 and C48 with other treatments, letter (b) shows the relatedness
between sp24 and other treatments, and letter (c) shows the relatedness between sp48 with other treatments. The relatedness between other

treatments is shown with brackets.

pathogens after 48 hours of treatment (SP48). Lactobacillus/
Bifidobacterium treatment after inflammation induction in
the 24 hours of treatment (PLB24) had almost the strongest
reduction effect (p <0.05). Treatment with our probiotic
mixture before inflammation induction (LBP48) had the
least reduction effect. It could be said that the probiotics
could have a better reducing effect on the post-treatment
status.

In STAT2, the results were similar to those in STATI.
Again, Lactobacillus/Bifidobacterium treatment had the
strongest reduction effect after inflammation induction in
the 24 hours of treatment (PLB24) (p < 0.001). Lactobacillus/
Bifidobacterium treatment with concomitant inflammation
induction (P + LB48) also had a remarkable reduction effect
(p<0.05). Again, using our probiotic mixture before in-
flammation induction (LBP24 and LBP48) had the least
reduction effect. Therefore, the post-treatment had the better
reduction effect.

In STATS3, results showed that using Lactobacillus/Bifi-
dobacterium before inflammation induction (LBP24 and
LBP48) could increase the expression level (p <0.001).
Again, wusing Lactobacillus/Bifidobacterium after in-
flammation induction (PLB24) had the greatest reduction

effect (p<0.001) and using probiotic mixture before in-
flammation induction has the least reduction effects.

The comparative analysis of STAT4 gene expression
showed that the general trend was downward, especially in
the first 24 hours of treatment. Lactobacillus/Bifidobacterium
was able to significantly decrease the expression level in all
three treatment phases (p <0.05).

For STATS5, the addition of Lactobacillus/Bifidobacte-
rium before and after inflammation induction (LBP24 and
PLB24) had significant effects on reducing expression levels
compared to the positive control in the first 24 hours of
treatment (SP24) (p <0.01). It should be noted that using
Lactobacillus/Bifidobacterium after inflammation induction
(PLB24 and PLB48) had a reducing effect at both time
orders. It has been fully shown that the use of probiotic
strains in post-treatment had a better reduction effect.

The comparative analysis of STAT6 gene expression
showed that the general trend was downward in most
treatment phases. All treatments with Lactobacillus/Bifido-
bacterium were able to decrease the expression level, except
for P+ LB48. The addition of Lactobacillus/Bifidobacterium
before and after inflammation induction at both time points
(LBP24 and 48, PLB24 and 48) had a reducing eftect. The use
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FIGURE 2: Relative gene expression (mean fold change) of (a) JAKI, (b) JAK2, (c) JAK3, (d), and (e) TYK2 in the different groups of
treatments. Data were normalized with GAPDH. Data were represented as mean SD. The number 24 and 48 refers to different time orders of
HT-29 cell line treatments. (C) represents control; (P) represents pathogen; PLB represents first pathogen and then Lactobacillus/Bifi-
dobacterium; LBP represents first Lactobacillus/Bifidobacterium and then sonicated pathogen; P+ LB represents sonicated pathogen and
then Lactobacillus/Bifidobacterium added simultaneously. Data were considered statistically significant when p<0.05 (*p<0.05,
** p<0.001). Letter (a) indicates the relatedness between C24 and C48 with other treatments, letter (b) shows the relatedness between sp24
and other treatments, and letter (c) shows the relatedness between sp48 with other treatments. The relatedness between other treatments is

shown with brackets.

of Lactobacillus/Bifidobacterium after inflammation in-
duction in the first 24 hours of treatment (PLB24) reduced
the expression level to almost zero.

Regarding the expression of STAT genes, it can be said
that post-treatment with probiotic strains had the best re-
duction effects on all six STAT genes. This effect could show
the suitable therapeutic property of probiotics, which make
these strains suitable as complementary treatments.

3.2. Significant Reduction Effects Could Be Seen via Lacto-
bacillus/Bifidobacterium  Treatments on JAK Genes.
Expression data from JAK are shown in Figure 2. The
comparative analysis of JAK genes expression between
positive and negative controls showed that the sonicated
pathogens could significantly increase gene expression, es-
pecially after 48 hours of treatment (p < 0.001). A downward
trend in gene expression was observed for all JAK genes,
including JAK1, JAK2, JAK3, and TYK2.

In JAKI, Lactobacillus/Bifidobacterium treatment had
the strongest reduction effect after inflammation induction

in the 24 hours of treatment (PLB24) (p < 0.001). For JAK2,
almost all treatments were able to down-regulate the ex-
pression level, except for LBP24. All treatments could have
reduction effects in the expression level of JAK3. In TYK2,
the same result (the reduction effect) could be seen in all
treatments. It should be noted that the expression level in
PLB48 decreased to zero (see Figure 2(d)). As with STAT
genes, post-treatment with our probiotic strains could re-

duce the expression of JAK genes (especially in JAK1 and
TYK2).

3.3.  Lactobacillus/Bifidobacterium  Treatment Reduces
the Expression of Inflammatory Genes. Inflammatory gene
expression data are shown in the comparative analysis of
inflammatory gene expression, including NEMO, TIRAP,
IRAK, and RIP between the positive and negative controls
which showed that sonicated pathogens could significantly
increase gene expression, especially after 48 hours
(p<0.001). The expression level in some genes, including
TIRAP using Lactobacillus/Bifidobacterium in all three
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FIGURE 3: Relative gene expression (mean fold change) of (a) NEMO, (b) TIRAP, (c) IRAK, (d) RIP in the different groups of treatments.
Data were normalized with GAPDH. Data were represented as mean SD. The number 24 and 48 refers to different time orders of HT-29 cell
line treatments. (C) represents control; (P) represents pathogen; PLB represents first pathogen and then Lactobacillus/Bifidobacterium; LBP
represents first Lactobacillus/Bifidobacterium and then sonicated pathogen; P+ LB, sonicated pathogen and then Lactobacillus/Bifido-
bacterium added simultaneously. Data were considered statistically significant when p < 0.05 (* p < 0.05, ** p < 0.001). Letter (a) indicates the
relatedness between C24 and C48 with other treatments, letter (b) shows the relatedness between sp24 and other treatments, and letter (c)
shows the relatedness between sp48 with other treatments. The relatedness between other treatments is shown with brackets.

treatment phases, could decrease the expression level to
near zero (see Figure 3(b)). Although, as can be seen in
Figure 3, all treatments were able to reduce the expression
level of inflammatory genes, a closer look at the magnitude
of the reduction shows that post-treatment had a greater
impact on the reduction (especially for the genes NEMO,
TIRAP, and RIP). Again, the expression of inflammatory
genes could show the complementary therapeutic effect of
our probiotic strains.

3.4. The Results of Cytokine Production. The results of pro-
inflammatory cytokine production could be seen in
Figure 4. Cytokine production was significantly higher
after treatment with SP. However, Lactobacillus/Bifido-
bacterium treatment significantly decreased cytokine
production before, after, and during inflammation. No
significant difference was seen between the different
treatment phases.

4. Discussion

IBD as a chronic inflammatory disease has different phases
of relapses and remissions. Patients usually present with
various symptoms, including diarrhea, abdominal pain, and
bloody stools, as well as the production of inflammatory
cytokines [17]. As mentioned above, abnormal responses of
the innate and adaptive immune systems are one of the
causative processes involved in IBD. The inhibition of Treg
function is a process that could occur in the pathogenesis of
IBD. Treg cells are associated with anti-inflammatory cy-
tokines such as IL-10 and therefore have an inhibitory effect
on other Th cells including Th1 and Th17. Inhibition of Tregs
could lead to overproduction of pro-inflammatory cyto-
kines. The other process that may be involved in the
pathogenesis of IBD is the activation of the NF-kB pathway,
which is associated with IL-17, and the production of pro-
inflammatory cytokines, including IL-6 [18]. JAK/STAT is
another signaling pathway associated with pro-
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FiGure 4: Different levels of concentrations of (a) IL-6 and (b) IL-1f. Data were represented as mean SD. The number 24 and 48 refers to
different time orders of HT-29 cell line treatments. (C) represents control; (P) represents pathogen; PLB represents first pathogen and then
Lactobacillus/Bifidobacterium; LBP represents first Lactobacillus/Bifidobacterium and then sonicated pathogen; P + LB represents sonicated
pathogen and then Lactobacillus/Bifidobacterium were added simultaneously. Data were considered statistically significant when p <0.05
(*p<0.05, ** p<0.001). Letter (a) indicates the relatedness between C24 and C48 with other treatments, letter (b) shows the relatedness
between sp24 and other treatments, and letter (c) shows the relatedness between sp48 with other treatments. The relatedness between other

treatments is shown with brackets.

inflammatory and anti-inflammatory cytokines and there-
fore may play a crucial role in the pathogenesis of IBD [19].
The use of an agent, such as probiotics, that could affect these
signaling pathways might be suitable to treat or prevent the
symptoms of IBD. As mentioned above, the combination of
probiotics has better effects on health status compared to
individual strains [6]. Therefore, we aimed to use probiotics
(Lactobacillus/Bifidobacterium) before, after, and during
inflammation induction and evaluate the molecular effects of
these strains to determine whether probiotics have anti-
inflammatory effects as preventive and/or therapeutic
agents.

The results of our previous in vivo study showed anti-
inflammatory effects of probiotics [12]. In the present study,
we performed in vitro molecular studies to investigate the
exact mechanisms of the anti-inflammatory effect of pro-
biotics. The cytokine assay results were in complete agree-
ment with the previous in vivo results. The use of
Lactobacillus/Bifidobacterium before, after, and during in-
flammation induction was able to significantly decrease the
production of IL-6 and IL-1f. Molecular study was also
consistent with these phenotypic results. The results of JAK/
STAT and NF-kB were remarkable. The general trend of all
genes examined in the present study after Lactobacillus/
Bifidobacterium treatment was downward. As mentioned
above, the association of the JAK/STATs and NF-kB with
various cytokines makes these pathways a suitable target for
reducing inflammation. According to Flamant et al., some
pro-inflammatory cytokines, including IL-6, IL-9, and IL-12,
correlate with severity and disease activity in patients with
UC and CD, and STAT1/STATS5, JAK1, JAK3, and TYK2 are
associated with these inflammatory cytokines. Therefore,
any agent that targets the activation of this pathway and
inhibits it could be suitable for the treatment of IBD [20].

Zundler et al. have also shown that STATs may play different
roles in the development of IBD. For example, they dem-
onstrated that upregulation of STATI is a primary defect
that leads to the initiation of inflammation in patients with
IBD. They also showed that the deletion of some STATs,
including STAT4, may protect patients from colitis pro-
gression. In addition, the activation of STAT6 has been
shown to lead to a reduction in the induction of Tregs, and
thus it plays a critical role in the development of colitis in
mice [21]. Similar findings have been reported about JAKs.
Leonard et al. have been reported that JAKs are associated
with various inflammatory cytokines; therefore, several JAK
inhibitors are suitable agents to control and treat IBD [22].
On the other hand, targeting NF-kB is also a suitable way to
control IBD, as colitis is associated with the excessive ac-
tivation of the NF-kB pathway [23]. Many of the therapeutic
agents used in IBD, including sulfasalazine, infliximab, and
anti-TNF-a, have inhibitory effects on the NF-kB
pathway [24].

5. Conclusion

As mentioned above, there are several treatment options,
including monotherapy with chemical drugs, the use of
immunomodulators, or surgical treatments for severe forms
of the disease [25]. The present study demonstrated the
beneficial properties of probiotics in controlling in-
flammation in both phenotypic and molecular assays. Al-
though phenotypic tests and molecular analysis could show
the anti-inflammatory effects of probiotic strains in all
treatment phases, the results of molecular studies showed
that the use of Lactobacillus/Bifidobacterium seems to have
a stronger reduction effect after inflammation induction, as
it was able to reduce the expression level towards zero in



some genes, including STAT6, TYK2, and TIRAP. Indeed,
using eight different probiotic strains might be a cause of
such a reduction effect. Therefore, the use of probiotics to
control and manage symptoms in patients with IBD, es-
pecially those in the relapsing phase and active stage of the
disease, would be crucial to improve patients’ lifestyle. It
should be noted that our study has some potential limita-
tions. The use of protein assays such as western blotting
(immunoblotting) and thorough evaluation of anti-
inflammatory cytokines along with JAK/STAT inhibitors/
agonists need to be thoroughly explored.
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