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Abstract 

Objective:  Gut-microbiota plays key roles in many aspects like the health and illness of humans. It’s well proved that 
modification of gut microbiota by probiotics is useful for improving inflammatory bowel disease (IBD) conditions. 
According to recent studies, different types of bacterial metabolites can affect immune cells and inflammation condi-
tions. The present study aimed to evaluate the anti-inflammatory effects of metabolites of E. coli Nissle1917.

Results:  The cell-free supernatant could modulate TNF-α production and affected many crucial mediators in the Toll-
like receptor (TLR) signaling pathway. Also, supernatant showed significant dose-dependent properties in this regard. 
In this study, the TLR signaling pathway was found among probable mechanisms by which probiotics can affect 
inflammatory situations. These findings provide additional evidence on the use of probiotic metabolites for inhibit-
ing and down-regulating numerous key mediator factors in the TLR signaling pathway. Aberrant or dysfunctional TLR 
signaling contributes to the development of acute and chronic intestinal inflammatory pathways in IBD. Therefore, 
finding a component that can affect this process might be considered for therapeutic targets in IBD patients.
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Introduction
Inflammatory bowel disease (IBD) is an umbrella term 
for a group of intestinal disorders that cause prolonged 
inflammation of the digestive tract. In general, the gut 
bacterial population has a crucial effect on either the 
development or recurrence of the IBD [1]. Today, IBD 
treatment is based on using anti-inflammatory drugs, 
immune modulators substances, and surgery, which may 
bring a heavy burden on the therapeutic systems [2]. 
Some researchers reported that animal models without 

intestinal bacteria flora did not reveal the expansion of 
inflammatory diseases such as IBD [3]. However, sev-
eral studies showed that modifying gut microbiota with 
probiotics can help improve the IBD condition. Also, 
prescribing a high concentration of probiotics can end 
in extensive severity of the inflammatory condition in 
the intestine of IBD patients [4, 5]. Toll-like receptors 
(TLRs), as a member of the pattern recognition recep-
tors (PRRs) families, play an indispensable role in induc-
ing anti-inflammatory or inflammatory response and 
subsequent activation of adaptive immune responses [6]. 
TLRs are divided into cell membrane TLRs, which are 
expressed on the surface of cells (including heterodimers 
of TLR2 with TLR1 and TLR6 and TLR4-5–6) [7] and 
intracellular TLRs, which are localized to the endosome, 
lysosomes, or to endoplasmic reticulum (ER) [8]. TLR 
signaling pathways include MyD88-dependent pathway 
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that used all TLRs (except for TLR3) and can lead to the 
release of many different inflammatory cytokines [9]. The 
TRIF-dependent pathway used through TLR3 and 4 can 
lead to induction of interferon type-1 [10]. TLR signal-
ing pathway has a key role in the innate immune system 
such that alteration of TLR expression can contribute to 
IBD. Therefore, aberrant or dysfunctional TLR signaling 
may contribute to the development of acute and chronic 
intestinal inflammatory pathways in IBD and impair 
intestinal homeostasis [11].

Escherichia coli Nissle 1917 (EcN; O6: K5: H1), as a pro-
biotic, is attributed to a non-pathogenic and commensal 
E. coli. EcN is used to treat several inflammatory diseases 
like ulcerative colitis (UC) and Crohn’s disease (CD). The 
wide use of this strain is because probiotic treatment 
can promote an anti-inflammatory response. EcN has a 
positive effect on intestinal homeostasis and microbial 
balance. In addition, several studies confirmed the thera-
peutic benefits of this strain [12].

The presence of the metabolites and boosting their 
population are recommended as effective controlling 
strategies in IBD studies. Accordingly, in this study, we 
evaluated the effect of E. coli Nissle1917 metabolites on 
TLR signaling gene expression in inflammatory model 
cell culture. Overall, proposing some microorganisms 
that are useful for either treatment or identification of 
different diseases plays a key role in developing next-gen-
eration medicine.

Main text
Materials and methods
E. coli Nissle1917 culture and preparation of cell‑free 
supernatant
Escherichia coli Nissle 191 strain was grown in Lau-
ria-Bertani (LB) broth overnight at 37  ℃ with shak-
ing (150  rpm). The cell-free supernatant was prepared 
according to the method proposed by Ogunbanwo [13]. 
E. coli Nissle1917 was grown in LB broth for 24  h at 
37 ℃. Then, cell-free supernatant was prepared by centri-
fuging the culture at 20,000 rcf at 4 ℃ for 20 min. Finally, 
for removing bacterial bodies, they were filtered through 
0.2 μm filters [14].

Cell culture and create an IBD model cell
The HT-29 was cultured in high glucose Dulbecco’s 
modified eagle’s medium (HDMEM), which was sup-
plemented with 10% fetal bovine serum (FBS) and 1% 
penicillin–streptomycin and non-essential amino acids 
in six-well plates at 37 ℃ in 5% CO2. To mimic inflam-
matory conditions like IBD circumstance, the culture was 
treated with pro-inflammatory cytokines. The culture 
was maintained for 4  weeks to assess monolayer condi-
tions (much more similar to intestinal conditions). In 

week 3, it was treated with pro-inflammatory cytokines: 
10 ng/ml recombinant human IL-1β or 10 ng/ml recom-
binant human TNFα [15]. After 4  weeks, when HT-29 
monolayer was created and the existence of inflammation 
condition (same as the IBD conditions) was confirmed, 
the cell line was treated with the minimum inhibitory 
concentration of E. coli Nissle 1917 supernatant and an 
equal volume of PBS was used as a control well.

MTT assay
To evaluate the effect of E. coli Nissle1917 metabolites 
on the viability of HT-29 cells, an MTT assay was per-
formed. HT-29 was treated with a minimum inhibitory 
concentration of E. coli Nissle1917 metabolites and incu-
bated for 24, 48, and 72 h. Next, the MTT solution (5 mg/
ml) was added to each well and incubated at 37 for 3 h. 
After 3 h, the supernatants were removed and blue crys-
tals were solubilized with dimethylsulfoxide (DMSO). 
Finally, absorbance was measured at a wavelength of 
570 nm [16, 17].

RNA extraction, cDNA synthesis, and real‑time PCR
Total RNA was extracted from treated cells and control 
cells. After 48  h and confirming their quality by TRIzol 
reagent, cDNA was synthesized by SCRIPT cDNA Syn-
thesis Kit (Jena Bioscience) according to the manufac-
turer’s instructions (https://​www.​jenab​iosci​ence.​com/). 
Real-time PCR was performed based on the SYBRGreen 
method. A sequence of primers is shown in Table 1.

Analysis of data
The ΔΔct method was carried out for evaluating and 
analysis of relative gene expression. We also used differ-
ent housekeeping genes (Β-actin, GAPDH) for choosing 
a better reference gene. GraphPad Prism 8.0 was used for 
calculating changes in gene expression and analysis of 
cytokine as well. A P-value of less than 0.05 was consid-
ered statistically significant.

Results
MTT assay
The efficiency of different concentrations of bacte-
rial cell-free supernatants on the viability of cells was 
evaluated after 48 h by the MTT assay. Three concen-
trations of 2.5, 5, and 10 mg/ml were used for this pur-
pose. The concentration level of 10  mg/ml indicated a 
significant inhibitory effect on HT-29 cell line viability 
compared to the control sample (p < 0.05). Meanwhile, 
other concentrations (i.e. 2.5 and 5  mg/ml) did not 
show a significant inhibitory effect, which indicates that 
the supernatant of the E. coli Nissle 1917, as a probiotic 
strain, can affect the growth rate of cancerous cell lines. 
In addition, the efficiency of the cell-free supernatant 
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was dose-dependent, which allows considering it in 
future studies on cancer aspects, especially gastrointes-
tinal cancer. Studies that used some probiotic bacteria 
confirmed that they could reduce inflammation in can-
cer patients [18]. However, the 5 mg/ml concentration 
was chosen for continuing the project, because it was 
intended to evaluate the cell-free supernatant efficiency 
in total viable cells. Besides, a larger dataset supports 
this idea that we can modify gene expression without 
changing its phenotype (Fig. 1).

Effects of E. coli Nissle1917 metabolites on TLRs gene 
expression levels
There is a direct correlation between IBD and micro-
biota. In this regard, we evaluated the expression levels 
of TLRs genes involved in IBD [11]. The expression lev-
els of TLR-2 showed a statistically significant decrease 
(p < 0.05) compared to the control sample, while the 
expression levels of TLR-1, TLR-3, and TLR-7 were 
increased. The other TLR genes (i.e. TLR-4, TLR-5, TLR-
6, and TLR-8) did not show any change in their expres-
sion levels over the control sample. According to the 
findings, most changes were related to a 15-times reduc-
tion in TLR-2 expression. Other changes in expression 
levels ranged from 2 to 5 times compared to the control 
sample (Fig. 2a).

Effects of E. coli Nissle1917 metabolites on Myd88, IRAK1, 
IRAK4, TAB2, MAP3K, and NFkB gene expression levels
TLRs receptors are located in several cell types such as 
epithelial cells, macrophages, dendritic cells, T cells, B 
cells, and endothelial cells [19]. Previous studies that 
used animal models with a deficiency in MyD88 have 
confirmed the important role of TLR/MyD88 signaling 
in the inhibition of intestinal inflammation [20]. Interest-
ingly, all key mediator genes in the TLR signaling path-
way that were evaluated in our study, including Myd88, 
IRAK1, IRAK4, TAB2, MAP3K, and NFkB, showed a 
significant reduction in the expression level compared to 
the control sample. However, in contrast, the expression 

Table 1  Sequence of primers used in qPCR in cell line

Genes Name Forward Sequence (5′-3′) Reverse Sequence (5′-3′) Refs.

TLR-1 GCC​CAA​GGA​AAA​GAG​CAA​AC AAG​CAG​CAA​TAT​CAA​CAG​GAG​ [43]

TLR-2 TCT​CCC​ATT​TCC​GTC​TTT​TT GGT​CTT​GGT​GTT​CAT​TAT​CTTC​ [43]

TLR-3 TAA​ACT​GAA​CCA​TGC​ACT​CT TAT​GAC​GAA​AGG​CAC​CTA​TC [18]

TLR-4 GAA​GCT​GGT​GGC​TGT​GGA​ GAT​GTA​GAA​CCC​GCAAG​ [18]

TLR-5 TTG​CTC​AAA​CAC​CTG​GAC​AC CTG​CTC​ACA​AGA​CAA​ACG​AT [18]

TLR-6 GTG​CCA​TTA​CGA​ACT​CTA​ TTG​TTG​GGA​ATG​CTGTT​ [18]

TLR-7 CTG​ACC​ACT​GTC​CCT​GAG​ AAC​CCA​CCA​GAC​AAA​CCA​ [18]

TLR-8 AAC​ATC​AGC​AAG​ACC​CAT​ GAC​TCC​TTC​ATT​CTC​CCT​ [18]

TLR-9 CGC​CAA​CGC​CCT​CAA​GAC​A GGC​GCT​TAC​ATC​TAG​TAT​TTGC​ [18]

Myd88 TGG​CCT​TGT​TAG​ACC​GTG​A AAG​TAT​TTC​TGG​CAG​TCC​TCCTC​ [44]

IRAK1 AGG​TTT​CGT​CAC​CCA​AAC​ATT​ CGG​GCT​GTA​CCC​AGA​AGG​A [45]

IRAK4 CCT​GAC​TCC​TCA​AGT​CCA​GAA​ ACA​GAA​ATG​GGT​CGT​TCA​TCAAA​ [46]

MAPK GAC​GAG​GAG​CTT​ATG​GTT​CTGT​ TTT​TCA​TCC​ACT​GTT​GAC​CGAA​ [47]

NFkB GTC​AAA​AAC​GCC​ACC​TCT​CAA​ CTC​GCA​TGG​AAT​TTG​GAA​CCG​ [22]

TAB2 CTC​CTG​GTG​GTA​CAA​CTC​GAC​ TGA​TTT​GGC​TGT​TGA​GAT​GAGG​ [48]

IFN-β CAA​CTT​GCT​TGG​ATT​CCT​ACA​AAG​ TAT​TCA​AGC​CTC​CCA​TTC​AATTG​ [48]

Β-actin AAC​CGT​GAA​AAG​ATG​ACC​CAGAT​ CAC​AGC​CTG​GAT​GGC​TAC​GT [19]

GAPDH AAC​GGG​AAG​CTT​GTC​ATC​AAT​GGA​AA GCA​TCA​GCA​GAG​GGG​GCA​GAG​ [18]

Fig. 1  MTT assay: Evaluation of viable cells in present of different 
concentration of cell-free supernatant
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levels of INF-β1 were increased significantly (Fig. 2b and 
c and Additional file 1: Figure S1).

Discussion
These days, probiotics are widely using in various path-
ways for addressing many medical problems [21]. For 
instance, the emergence of several infectious agents, 
which are multi-drug-resistant (MDR), has led to public 
health concerns. Various agents are responsible in this 

regard, for instance using indiscriminate and inadequate 
antibiotics [22] or overexpressed efflux pumps, especially 
in gram-negative bacteria [23]. Therefore, the utilization 
of probiotics, instead of antibiotics, for treating several 
diseases has been evaluated [24]. Additionally, other 
properties of probiotics include prevention and treat-
ment of different cancers [25]. However, one of the inno-
vative functions of probiotics is reducing or treatment of 
many inflammatory diseases [26]. E. coli Nissle1917 has a 
wide array of intestinal benefits for its hosts. Several anti-
microbial agents, such as defensing, can inhibit adhesion 
and invasion of pathogenic bacteria. EcN, as a probiotic 
bacteria, can induce immune responses in IBD patients 
by defensin production [27]. Also, it has a positive effect 
on the expression (up-regulation) of zonula occludens 
(ZO) proteins (namely, ZO-1 and ZO-2) and thus repair-
ing leaky gut phenomena [28]. Other favorable effects of 
EcN are related to reducing pro-inflammatory cytokines 
such as IL-2, TNFα, and IFNγ and increasing anti-inflam-
matory cytokines, which are helpful to maintain immu-
nological homeostasis [29]. These properties might be 
because EcN has a specific LPS without serious immuno-
toxic properties and it has a strong influence on intestinal 
immune conditions [30]. However, some studies reported 
that using live microorganisms can negatively affect 
patients and in some cases has led to increased inflam-
matory conditions. Therefore, using the metabolites of 
microorganisms as a therapeutic agent seems to be a con-
troversial issue. In the present study, the probiotic strain 
was chosen based on previous studies, which indicates 
that the anti-inflammatory effects of EcN can decrease 
inflammatory cytokine levels [29]. On the other hand, the 
TLR signaling pathway has a crucial effect on the patho-
genesis of IBD. Also, it affects the efficiency of treatment 
in IBD [11]. Several functions have been recognized for 
TLRs, such as detection of pathogenic agents, detection 
of various antigens, and bridging the adaptive and innate 
immunity, which can regulate numerous pathways such 
as cytokine production, proliferation, and survival [31]. 
Initiating signaling pathways through TLRs function 
can stimulate the production of different cytokines and 
chemokines [32]. As there is a direct association between 
IBD and some TLR, understanding these pathways pro-
vides the opportunity to find out appropriate strategies 
for improving the treatment of IBD patients [33]. Addi-
tionally, there is a direct correlation between the alterna-
tion of TLR receptor genes and the composition of the 
microbiota and people who suffer from IBD have differ-
ent TLR genes expression against healthy people [34]. 
Therefore, because of the importance of EcN in intestinal 
immune responses and the importance of the TLR sign-
aling pathway in immune responses, we evaluated the 
vital genes in the TLR signaling pathway dysfunction of 

Fig. 2  a The assessment of cell-free supernatant effect on the TLRs 
genes in the IBD model by Real Time PCR based on SYBR Green 
method. P < 0.01 were considered statistically significant; b TLRs 
recruit different adaptors like as MyD88, TRIF, TIRAP/MAL, or TRAM. 
All TLRs can utilize the Myd-88 adaptor and activates NF-kB and 
MAPKs for induction of inflammatory cytokines. Key genes in this 
pathway which were evaluated in the study showed by arrows; c 
The evaluation of key mediator expression genes in TLR signaling 
pathway in present of cell-free supernatant. P < 0.01 were considered 
statistically significant
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the immune system. The increased expressions of TLR-2, 
4, 8, and 9 have been reported in CD patients while the 
expression of TLR5 depended on the severity of the dis-
ease [35]. In addition, the findings indicated decreased 
expression of TLR2, while no change was observed in the 
expression of TLR 4, 5, and 6. Hence, it can be speculated 
that EcN could improve the inflammatory condition in 
CD patients due to the lack of LPS (for prompting TLR-
4) and flagellin (for prompting TLR-5).

Another speculation is the loss of structure and struc-
tural component after centrifuging. Thus, they could 
not induce some TLR-gene expressions. A previous 
study demonstrated that inhibition of the TLR2/6 sign-
aling pathway has an indispensable role in the progres-
sion of IBD [36]. In this regard, our results revealed 
decreased TLR-2 expression along with un-changeable 
TLR6 expression. Hence, we assumed the inhibition of 
the TLR1/2 pathway. Furthermore, regarding the vital 
role of TLR1 signaling in mucosal protection [37], this 
study demonstrated that metabolites of E. coli Nissle1917 
can stimulate the expression of TLR-1 significantly. 
Besides, based on a previous study, lack of TLR1 dur-
ing gastrointestinal infection end up in the activation 
of chronic immunity [38], which might confirm the fact 
that TLR1 and its signaling pathway can inhibit inflam-
mation in IBD patients [11]. TLR4 is another receptor 
that is important in IBD because it has a preliminary role 
in the inflammatory response against pathogenic bacte-
ria. Therefore, it might be effective on UC diseases [39]. 
Nevertheless, in the present study, TLR-4 expression did 
not show any change. Gibson et  al. demonstrated that 
TLR-2 had a protective effect against different danger-
ous agents and TLR-2 could maintain mucosal integrity 
against increased inflammatory responses by the TLR-4 
pathway [40]. A previous study indicated the conspicuous 
down-regulation of TLR3 and TLR7 in epithelial cells of 
patients who suffer from IBD [41]. Besides, other studies 
showed a direct correlation between TLR3TLR-7 genetic 
variation and the severity of UC disease [42, 49].

Conclusion
Finally, mechanistic exploration of the function of the 
component in different pathways can help design innova-
tive therapeutic agents in several medical aspects.

Limitation
It is necessary to mention some limitations and biases 
of our study, including evaluating a few number of 
cytokines, which should be addressed in future studies.
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