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Abstract
Probiotics are microbes having tremendous potential to prevent gastrointestinal disorders. In current
investigation, immunomodulatory action of probiotic Lactobacillus rhamnosus (LR:MTCC-5897) was
studied during exclusion, competition and displacement of Escherichia coli on intestinal epithelial (Caco-
2) cells. The incubation of intestinal cells with E. coli, enhanced downstream signalling and activated
nuclear factor kappa B (NF-κB). This signi�cantly increased (p<0.01) the pro-in�ammatory cytokines (IL-
8, TNF-α and IFN-ϒ) expression. While, incubation of epithelial cells with L. rhamnosus during exclusion
and competition with E. coli, counteracted these enhanced expressions. The immunomodulatory feature
of L rhamnosus was also highlighted with increased (p<0.05) transcription of toll like receptor-2 (TLR-2)
and single Ig IL-1-related receptor (SIGIRR) along with diminished expression of TLR-4. Likewise,
attenuation (p<0.05) of E.coli-mediated enhanced nuclear translocation of NF-κB p-65 subunit by L.
rhamnosus during exclusion was con�rmed with western blotting. Thus, present �nding establishes the
prophylactic potential of L. rhamnosus against exclusion of E. coli in intestinal cells. 

1. Introduction
The human gastrointestinal tract (GIT) gets colonized by variety of microbes soon after the birth of
neonates. These gut microbes have demonstrated positive impact on human health by modulating
metabolic functions including digestion of dietary substances, absorption of nutrients and
transformations of xenobiotics. Hence, these commensal organisms are commonly referred as “hidden
organ” of the body (Thursby and Juge 2017). Furthermore, intestinal cells, which remain in direct contact
with ingested microbes act as the �rst line of defense against any foreign material entering the gut. The
crosstalk between gut microbiota and intestinal epithelial cells cause activation of downstream pathways
and play crucial role in the regulation of immune response and the maintenance of barrier integrity
(Kawai and Akira 2009). Various factors like diet, stress, unhealthy lifestyle and use of antibiotics
adversely disrupt gut microbiota composition (Oriach et al. 2016) to unbalanced state known as
dysbiosis, which prompt unregulated induction of local and systemic immune responses (Belkaid and
Hand 2014). Unfortunately, these immune-compromised conditions are used by pathobiont or
opportunistic pathogens inciting damaging effects in the host through the disruption of epithelial barrier
which prompt intestinal disorders like in�ammatory bowel diseases (IBD), non-alcoholic fatty liver
disease, type I diabetes, obesity and rheumatoid arthritis etc (Lazar et al. 2018). Escherichia coli, a
common inhabitant of human gastrointestinal tract, behave as a harmless component of normal gut
�ora. But, commensal E. coli strains caused number of human maladies like IBD by prompting a
dysregulated immune response when host milieu was modi�ed by speci�c environmental or genetic
conditions (Kittana et al. 2018; Bereswill et al. 2013; Kim et al. 2005). Previous evidences displayed that
E. coli K12 which is generally referred as “safe” strain, have some virulence genes and regulatory process
similar to pathogenic bacteria and could switch to invasive and pathogenic life style without any major
change in genetic �ux (Koli et al. 2011). These bacteria further translocated to extra intestinal tissue sites
like mesenteric lymph nodes, spleen and liver by disruption of gut barrier in immunocompromised aged
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mice (Sharma et al. 2014). Similarly, under in vitro conditions, E. coli K12 enhanced the intestinal
permeability by altering the barrier integrity through decreasing the expression of tight junctions (Bhat et
al. 2019, a). Furthermore, E. coli K12 derived lipopolysaccharides (LPS) also caused enhanced T-helper
(Th1/Th17) immune response which resulted in severe intestinal in�ammation in mice model (Gronbach
et al. 2014).

Thus, balancing the deregulated bacterial ecosystem is only a substitute for the prevention of various gut-
related diseases and conferring health bene�ts. Nowadays, nutritionists and researchers are looking
forward to probiotics as a healthier alternative to preserve gut immune homeostasis. Probiotics have
been known to have many bene�cial effects on metabolism, junctional integrity and regulation of
mucosal or systemic immune response (Galdeano et al. 2019; Bron et al. 2017). Therefore, probiotic
consumption as a versatile functional food has increased tremendously due to its enormous health
effects. Though, the number of indirect evidences depicted the health bene�ts of probiotics through
immune-modulations that displayed changes in expressions of immunoglobulins and pro-in�ammatory
cytokines in pre-clinical and clinical trials (Oh et al. 2018; Groeger et al. 2013; Milajerdi et al. 2019;
Horvath et al. 2016). However, scanty direct evidences are available which can suggest undergoing
molecular events to establish microbe’s potential individually because probiotic microbes have highly
complex and strain speci�c mode of action (Chiu et al. 2013). Hence, the present study was designed to
understand the immunomodulatory signals released from host intestinal epithelial cells, being the �rst
site of interaction after ingestion, in response to probiotic bacteria L. rhamnosus in presence of E. coli.
Earlier, this potential probiotic strain of L. rhamnosus (MTCC:5897) restored Th1/Th2 immune
homeostasis, anti-oxidative status and antagonize translocation of pathogenic E. coli in aging mice
(Sharma et al. 2014). Likewise, its feeding in the form of fermented milk in ovalbumin allergen sensitized
weaning mice also alleviated symptoms of allergies and depicted its immunomodulatory potential
(Saliganti et al. 2015). This potential probiotic also maintained junctional integrity in E. coli induced
in�ammatory response in intestinal cells (Bhat et al. 2019,a) and found safe during feeding to weanling
mice (Bhat et al. 2019,b).

2. Materials And Methods

2.1 Cell line and culture conditions
The human epithelial colorectal adenocarcinoma cell line (Caco-2) was purchased from NCCS, Pune,
Maharashtra (India) and maintained in Dulbecco’s Modi�ed Eagle’s Medium (DMEM) (Sigma-Aldrich, St.
Louis, Missouri, USA) supplemented with 10% fetal bovine serum (Sigma-Aldrich, St. Louis, Missouri,
USA), along with 1% antibiotic solution containing penicillin G (100 µg ml− 1), streptomycin (100 µg ml− 1)
and amphotericin (3 µg ml− 1). These cells were routinely grown in 25 cm2 tissue culture �ask with 37°C in
an atmosphere of 5% CO2 with 90% relative humidity. For different experiments, cells were sub-cultured in
6-well plate till con�uency. Cells of 20–40 passage numbers were used throughout the experiments.

2.2 Bacterial strains and culture conditions
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An indigenous probiotic L. rhamnosus (LR:MTCC-5897) used under present investigation was previously
isolated from household curd and characterized for probiotic attributes (Sharma et al. 2014). For this
study, bacterial culture was activated in sterile de Man, Rogosa and Sharpe (MRS) broth (Hi-Media,
Mumbai, Maharashtra, India) for 18 h under aerobic incubation at 37°C before use. Next day, activated
culture was used to harvest bacterial pellets by centrifugation at 2000 х g for 10 min, followed by
washing with phosphate buffered saline (PBS, pH-7.4). For in vitro treatments, bacterial pellets were
resuspended in antibiotic free DMEM media to obtain 109 colony forming unit (CFU) ml− 1. The number of
bacteria was determined by plate counting on MRS agar plates after aerobic incubation at 37°C for 24–
48 h. This particular dose of L. rhamnosus was selected on the basis of previous investigation in which
this probiotic was found safe in Caco-2 cells upto 24 h and displayed immunomodulatory effects in
weanling mice (Bhat et al. 2019,b).

E. coli strain (ATCC:14948) was obtained from National Collection of Dairy Cultures (NCDC), NDRI, Karnal,
Haryana (India). The culture was activated in nutrient broth under aerobic conditions for 18 h at 37°C and
preceded as above for further work. For various experiments, the desired bacterial count (1х108 CFU ml− 

1) was obtained by plate counting on eosin methylene blue (EMB) agar. Thereafter, the bacteria were re-
suspended in antibiotic free DMEM media to attain 100:1/well multiplicity of infection. This speci�c dose
of E. coli was selected through preliminary study performed on barrier integrity in intestinal cells (Bhat et
al. 2019, a).

2.3 Stimulation of intestinal cells with bacteria
Caco-2 cells with 1х105 cells ml− 1 density were seeded in 6-well plate and after obtaining con�uency,
cells were treated with L. rhamnosus (1х109 CFU ml− 1) or E. coli (1х108 CFU ml− 1) for 3 h at 37°C in 5%
CO2. For further experiments, Caco-2 cells were incubated with probiotic/E. coli under three different
challenge modes known as exclusion (Ex: pre-treatment), competition (Com) and displacement (Dis: post-
treatment) respectively. In exclusion assay, Caco-2 cells were incubated with probiotic L. rhamnosus for 3
h, then media was removed and cells were washed with PBS followed by 3 h incubation with E. coli
containing DMEM medium for in�ammatory stimulation. In competition assay, Caco-2 cells were
simultaneously incubated with L. rhamnosus and E. coli for 3 h. While, during displacement assay, Caco-
2 cells were initially treated with E. coli containing medium which was then removed after 3 h of
incubation and cells were washed with PBS. Later, these intestinal cells were incubated with L.
rhamnosus for 3 h. In all these experimental assays, Caco-2 cells grown in DMEM media acted as a
negative control. All sets of experiments were carried out in triplicate. The treated cells were washed with
ice-cold PBS twice and used for RNA extraction and western blotting.

2.4 RNA isolation and relative expression of genes
associated with immune response
Total RNA was isolated from Caco-2 cells following Trizol method as described in manufacturer protocol
and further used for relative quanti�cation of genes associated with immune response. Purity of the RNA
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was con�rmed by determining O.D. at 260/280 ratio using microplate spectrophotometer (BioTek
Instruments, Winooski, Vermont, USA). RNA integrity was con�rmed on 1.5% agarose gel through
electrophoresis. Total RNA (1 µg) was reverse transcribed to cDNA using a reverse transcription kit
(Thermo Fisher Scienti�c, Waltham, Massachusetts, USA) following user manual. The prepared cDNA
was stored in -20°C until used further. Quantitative real-time PCR (qRT) analysis, reactions were
conducted to determine the relative gene expression by using ABI-fast 7500 thermocycler system (Applied
Biosystems, California, USA). For mRNA expressions, qRT-PCR reactions were performed in 10 µl reaction
volume containing 1 µl of test sample, 5 µL of syber (Thermo scienti�c, USA), 0.5 µl of each primer and 3
µl nuclease free water. Sequences of primers are shown in Table 1. GAPDH was used as a reference gene
throughout the experiments. The thermal pro�le for reaction was: initial denaturation of 5 min at 94°C, 35
cycles of denaturation (94°C for 30 sec), annealing (60°C for 30 sec) and extension (60°C for 45 sec) and
�nal extension cycle at 60°C for 5 min. After ampli�cation, threshold (Ct) values of both control and
treatment groups with reference genes (GAPDH) were used for calculating fold changes in respective
target genes expression (Livak and Schmittgen 2001).
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Table 1
Sequence of primers along with their corresponding amplicon size for mRNA quanti�cation immunity

related genes using qRT-PCR
Gene Sequence of primer Amplicon Length (bp) Accession number

Genes related to Interleukins

IL-8 F 5’-GGTGCAGTTTTGCCAAGGAG-3’

R 5’-TTCCTTGGGGTCCAGACAGA-3’

183 NM_001354840.2

IL-6 F 5’-GGCACTGGCAGAAAACAACC-3’

R 5’-GCAAGTCTCCTCATTGAATCC-3’

85 NM_001371096.1

TNF-α F 5’-GGGACCTCTCTCTAATCAGC-3’

R 5’-TCAGCTTGAGGGTTTGCTAC-3’

103 NM_000594.4

IL-23 F 5’-GTGGGACACATGGATCTAAGAGA-3’

R 5’- CTGGTGGATCCTTTGCAAGC-3’

135 NM_016584.3

Genes related to pathogen recognition receptor (PRR)

TLR-2 F 5’-AGCACTGGACAATGCCACAT-3’

R 5’-ACCATTGCGGTCACAAGACA-3’

113 NM_001318796.2

TLR-4 F 5’-CAAGAACCTGGACCTGAGCTT-3’

R 5’-AAAAGGCTCCCAGGGCTAAA-3’

200 NM_138554.5

MyD-88 F 5’-CAGCGACATCCAGTTTGTGC-3’

R 5’-GGCGGCACCTCTTTTCGAT-3’

146 NM_002468.5

Genes related to NF-κB pathway

NF-κB F 5’-ATGTGGGACCAGCAAAGGTT-3’

R 5’-CACCATGTCCTTGGGTCCAG-3’

134 NM_001319226.2

SIGIRR F 5’-GGTATGTCAAGTGCCGTCTCAAC-3’

R 5’- AGCTGCGGCTTTAGGATGAAGT-3’

120 NM_001135054.2

2.5 Enzyme linked immunosorbent assay
Cytokines secretions (TNF-α, IL-10, TGF-β and IFN-ϒ) were evaluated by enzyme linked immunosorbent
assay (ELISA) (Biolegend Inc., San Diego, California, USA) in supernatants of Caco-2 cells according to
manufacturer protocol. In brief, 96-well immune plates (Hi-media, Mumbai, Maharashtra, India) were
coated with 100 µl of capture antibody and incubated overnight at 4°C. Next day after PBS/T washing,
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200 µl of blocking buffer was added to each well to avoid non-speci�c binding. Afterward, serially diluted
respective standard cytokines or undiluted culture supernatant was used to determine the concentrations
of interleukins. Then, 100 µl well− 1 of detection antibody of respective cytokines were added. Later, 100 µl
well− 1 HRP-conjugated avidin was added as detection enzyme. In �nal step, TMB substrate (3,3,5,5-
tetramethyl diamine benzidine containing 0.03% H2O2) was added for the development of colour and 2 N
H2SO4 was used to stop the reaction. After that plate was read at 450 nm by using a microplate reader
(BioTek Instruments, Winooski, Vermont, USA).

2.6 Extraction of protein and determination of NF-κB
nuclear translocation by western blotting
Cytoplasmic and nuclear extracts of experimentally treated Caco-2 cells were collected by cell lysis using
extraction reagents (Cytoplasmic nuclear extraction reagents Kit, Infobio, India) and protein
concentrations were determined using Lowry method (Lowry 1951). After that, protein samples (30 µg
well− 1) were separated on SDS-PAGE (Laemmli 1970) followed by blotting on PVDF membrane for
detection of a speci�c protein. This membrane was blocked with 5% BSA (overnight) and incubated with
primary antibody for 4 h at room temperature against NF-κB p-65 (1:100 dilution, Santa Cruz Biotech Inc,
Dallas, Texas, USA), β-actin (1:1000 dilution, Sigma-Aldrich, St Louis, Missouri, USA) and Lamin (1:500
dilution, Santa Cruz Biotech Inc, Dallas, Texas, USA). The membrane was washed and incubated with
horseradish peroxidase conjugated secondary antibody (Sigma-Aldrich, St Louis, Missouri, USA) for 2 h at
room temperature. Signals were detected by using Dab Membrane Peroxidase tablets (Genetix, San Jose,
California, USA).

2.7 Statistical analysis
Data were analysed using GraphPad Prism (Version 5.01) software. Experimental results are presented as
means ± S.E.M. Data were subjected to analysis of variance (ANOVA) and the Tukey test was used to
separate the means (p < 0.05) which were considered statistically signi�cant.

3. Results

3.1 Modulation in intestinal cytokines
In initial set of experiments, the immunomodulatory effect of probiotic L. rhamnosus on E. coli evoked
in�ammatory responses were analysed through measuring change in gene expressions of pro-
in�ammatory cytokines by qRT-PCR in Caco-2 cells. Stimulation of Caco-2 cells with E. coli for 3 h
tremendously enhanced (p ≤ 0.01) the mRNA expressions of pro-in�ammatory cytokines IL-8, TNF-α, and
IL-23 by 8.12 ± 1.74, 8.75 ± 2.18 and 2.81 ± 0.49 folds as well as pleotropic cytokine IL-6 by 3.81 ± 0.44
folds as compared to control cells (Fig. 1A-D). Interestingly, probiotic LR treatment individually for
equivalent time did not bring much change in expressions of pro-in�ammatory cytokines than control.
Incubation of Caco-2 cells with L. rhamnosus during exclusion and completion of E. coli signi�cantly (p 
≤ 0.05) reduced the expression of pro-in�ammatory chemo-attractant IL-8 to 3.38 ± 1.18 and 4.19 ± 0.24
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folds than E. coli (8.12 ± 1.74 folds) stimulated cells (Fig. 1A). Likewise, mRNA levels of pro-in�ammatory
marker TNF-α, decreased considerably (p ≤ 0.01) during L.rhamnosus incubation in presence of E.coli
irrespective of the mode of challenge (Fig. 1B). Pro-in�ammatory cytokine IL-23 merely showed
signi�cantly (p ≤ 0.05) diminished mRNA transcription from intestinal cells during exclusion by probiotic
LR than other modes of challenges with E. coli (Fig. 1C). On the other hand, no major alterations occurred
in expression of IL-6 irrespective of the type of challenge between E. coli and probiotic bacteria during
incubation with intestinal cells.

The results of actually released pro-in�ammatory (TNF-α, IFN-ϒ) and regulatory cytokines (IL-10 and TGF-
β) measured by ELISA are shown in Fig. 2. E. coli challenged Caco-2 cells showed signi�cantly (p ≤ 0.05)
higher release of in�ammatory cytokines (TNF-α and IFN-ϒ) along with diminished secretions of anti-
in�ammatory cytokine (IL-10) as compared to negative control cells. It was also observed that incubation
of probiotic L. rhamnosus individually or during challenge with E. coli during exclusion, competition and
displacement assays prevented in�ammatory response by signi�cantly (p ≤ 0.05) reducing the secretions
of in�ammatory cytokines (TNF-α, IFN-ϒ) than E. coli in�amed cells (Fig. 2A and B). On the other hand,
probiotic L. rhamnosus treated intestinal cells showed much higher (p ≤ 0.05) production of TGF-β and
IL-10 in comparison to E. coli in�amed cells (Fig. 2C and D). Besides, E. coli exclusion by L. rhamnosus
signi�cantly (p ≤ 0.05) enhanced the release of IL-10 and TGF-β from intestinal cells, though assays
based variations were observed during competition and displacement. Thus, it is clearly depicted that
probiotic L. rhamnosus has an inhibitory effect on in�ammatory milieu induced by E. coli in intestinal
cells by suppressing pro-in�ammatory cytokines and modulating anti-in�ammatory cytokines more
effectively during exclusion assay.

3.2 Modulation in expression of Toll like receptors (TLRs)
To get more insight in molecular events related to immunomodulation brought by L. rhamnosus, mRNA
expressions of key pathogen recognition receptors (PRR’s) were assessed in Caco-2 cells (Fig. 3).
Stimulation of Caco-2 cells with E. coli or probiotic L. rhamnosus induced differential expression of these
genes. mRNA transcription of TLR-4 was enhanced (p ≤ 0.05) to 2.83 ± 0.13 folds after exposure of E. coli
than control cells (Fig. 3A) while it remained near to control levels on incubation with probiotic L.
rhamnosus individually or suppressed it signi�cantly (p ≤ 0.05) during respective exclusion and
competition assays as compared to E. coli in�amed cells. On the other hand, exposure of probiotic L.
rhamnosus noticeably (p ≤ 0.05) enhanced the TLR-2 expression by 2.42 ± 0.42 folds than E. coli infected
cells. Similarly, probiotic L. rhamnosus caused signi�cantly higher (p ≤ 0.05) TLR-2 mRNA expression in
intestinal cells than E. coli treated epithelial cells during exclusion as well as competition with
in�ammatory agent E. coli, (Fig. 3B). Though, displacement assays showed its transcriptional expression
almost same to control or E. coli treated cells. mRNA expression of adaptor protein MyD-88, which
regulates downstream signalling of all PRR’s in intestinal cells showed statistically higher (p < 0.05)
transcriptional activity in E. coli in�amed cells (Fig. 3C) without any major modulations in treatment
groups.
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3.3 Inhibition of NF-κB signalling in intestinal epithelial cells
In present investigation, infection of Caco-2 cells with E. coli resulted in increased mRNA expression of
NF-κB to 4.73 ± 0.34 folds (p ≤ 0.05) than control. In contrast, probiotic L. rhamnosus exposure to
intestinal cells kept mRNA transcription (1.84 ± 0.14 folds) close to control and signi�cantly less (p ≤ 
0.05) than E. coli treated cells. Exclusion and competition of E. coli with L. rhamnosus caused 3.05 ± 0.62
and 2.44 ± 0.64 folds of mRNA expression, respectively which differed insigni�cantly from control or E.
coli treated intestinal epithelial cells (Fig. 4A). The in�ammatory challenge of E. coli to epithelial cells
suppressed (p ≤ 0.05) transcription of single immunoglobulin IL-1R-related receptor (SIGIRR), a negative
regulator of NF-κB, than control (Fig. 4B). While, L. rhamnosus incubation to intestinal epithelial cells
individually or during various modes of challenge with E. coli resulted into signi�cantly higher (p ≤ 0.05)
transcription of SIGIRR than E. coli in�amed cells (Fig. 4B).

Figure 4C shows western blot analysis of nuclear translocation of NF-κB, p-65 subunit from cytoplasm
which was essentially required for activation of in�ammatory responses by secretion of various
in�ammatory cytokines. The nuclear translocation of p-65 subunit increased signi�cantly (p < 0.05) in the
cells infected with E. coli as compared to unstimulated negative control cells (Fig. 4d & e). In opposition,
cells treated with L. rhamnosus showed reduced nuclear translocation of p-65. Likewise, pre-incubation of
Caco-2 cells with L. rhamnosus before E. coli during exclusion assay also resulted in much less (p ≤ 0.05)
translocation of this factor than E. coli in�amed cells (Fig. 4d & e), which was contrary to the
observations made during competition or displacement assays.

4. Discussion
Intestinal epithelial cells, besides acting as a physical barrier, also play crucial role as immune modulator
because epithelium is the site of interaction between microbes and host. Upon microbial pattern
recognition by PRR’s present at intestinal surface, epithelial cells initiate immune response through
secretions of cytokines or chemokines. Probiotic stimulation modulates levels of cytokines through
innate immune response mediated by pathogen recognition receptors (Brito et al. 2013), therefore
evaluation of TLRs expression were utmost helpful in understanding the modulations of immune
responses in intestinal cells. The mRNA expression of TLR-2 enhanced in the presence of L. rhamnosus
was quite justi�able since Gram-positive bacteria have speci�c surface signature such as peptidoglycans,
lipothechoic acid and lipopeptides which use TLR-2 signalling (Pinto et al. 2009). Probiotic utilized TLR-2
signalling for the release of IL-10 from regulatory T-cells to induce immune tolerance response
(Konieczna et al. 2012). TLR-2 also played important role in induction of anti-microbial peptides which
acted against the invasion of pathogens causing epithelial damage (Jia et al. 2019). Moreover, present
study also con�rmed that probiotic L. rhmanosus maintains immunotolerance through decreasing the
expression of TLR-4 even in the presence of E. coli. Earlier probiotic L. jensenii TL2937 inhibited the
increased TLR-4 levels induced by pathogenic E. coli or LPS infection in porcine epithelial cells (Shimazu
et al. 2012). Likewise, treatment of intestinal cell with L. amylovorous or its supernatant reduced
enterotoxigenic E. coli (ETEC) induced in�ammatory response by decreasing TLR-4 regulated signalling
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(Finamore et al. 2014). Thus, these data clearly suggested that probiotic bacteria are exerting protective
effect by differentially modulating the TLR signalling cascade and cytokines production that regulate
immune response. Under current investigation, signi�cant up-regulation of genes encoding pro-
in�ammatory markers IL-8, TNF-α, IFN-ϒ and IL-23 were observed in E. coli treated intestinal cells. These
results are consistence with previous �nding where increased expression of potent in�ammatory markers
(TNF-α and IL-8) were observed in response to E. coli (Dhanani and Bagchi 2013). Similarly, Ghadimi et al.
(2012) reported enhanced expression of pro-in�ammatory cytokine IL-23 in LPS stimulated intestinal
cells. These increased syntheses of cytokines, induced in�ammatory conditions, which could often be
linked to the development of chronic in�ammation and auto immune diseases causing serious health
complications (Chen et al. 2018). Moreover, incubation of intestinal cells with probiotic L. rhamnosus,
under present investigation, showed levels of pro-in�ammatory cytokines similar to control which were
quite lower than cells treated with E. coli. These observations are consistent with the earlier reports where
no major change in the levels of pro-in�ammatory cytokines with probiotic bi�dobacteria or lactobacilli
were observed (Bahrami et al. 2011). Probiotic strains are known to display their protective role against
in�ammatory stimulus either through down-regulation of pro-in�ammatory cytokines expressions and up-
regulation of regulatory cytokines (Duary et al. 2014). This was also evident in the present investigation
depending upon the mode of in�ammatory challenge with E. coli wherein L. rhamnosus suppressed
in�ammatory responses by reducing pro-in�ammatory (IL-8, TNF-α, IFN-ϒ) cytokines and simultaneously
increased the release of anti-in�ammatory cytokines (IL-10 and TGF-β). Similarly, previous �ndings with
probiotic L. jensenii treatment before exposure with heat-killed enterotoxigenic E. coli reduced IL-8
expressions at transcriptional levels (Takanashi et al. 2013). Likewise, probiotic Bi�dobacterium animalis
MB5 and L. rhamnosus GG defended intestinal cells from pathogenic E. coli K88 induced in�ammatory
response by diminishing the production of in�ammatory markers such as IL-8 and TNF-α (Roselli et al.
2006). On the same lines, probiotic L. acidophilus was able to counteract Salmonella typhimurium
in�ammatory responses by enhancing TGF-β production in intestinal cells (Caco-2) (Haung et al. 2015).
Although, under present investigation, post-treatment of probiotic L. rhamnosus during displacement
assay was not found much effective in controlling in�ammatory response but it clearly mitigated
in�ammatory responses and maintained intestinal homeostasis by achieving balance between pro and
anti-in�ammatory cytokines (Shadnoush et al. 2013) during exclusion and competition assays. For
further insight into plausible mechanism of immunomodulation by probiotic L. rhamnosus in presence of
E. coli induced in�ammatory response, mRNA expression of NF-κB and its translocation from cytoplasm
to nucleus were also explored. It was well established that regulated NF-κB dependent signalling is critical
for e�cient immune response, but prolonged activation contributes to generation of in�ammatory
diseases (Yan and Polk 2010). During present study, E. coli stimulation induced signi�cant increase in
mRNA expression of NF-κB in intestinal cells. On the other hand, L rhamnosus suppressed expression of
NF-κB at transcriptional level than E. coli treated cells. Likewise, probiotic L. acidophilus diminished
Salmonella induced NF-κB transcriptional activity in intestinal epithelial cells (Huang et al. 2015).
Similarly, co-stimulation of intestinal cells with probiotic Bi�dobacterium lactis and in�ammatory
stimulus such as IL-1β and LPS also suppressed NF-κB activation (Kim et al. 2010). Inhibition of NF-κB
signalling can be controlled through action of negative regulator such Tollip, SIGIRR, SOCS1 and IRAK-M
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which in turn help in maintaining homeostasis in intestinal cells (Finamore et al. 2014). These
membrane-bound regulators modulate TLR signalling pathways by disrupting TLR and ligand
interactions. Likewise, SIGIRR control NF-κB activation through interaction with IRAK and TRAF6 by
inhibiting TLR signalling (Villena and Kitazawa 2014). Thus, reduced mRNA expression of SIGIRR in
Caco-2 cells during E. coli infection in contrast to much enhanced expression with L. rhamnosus
stimulation individually or during respective challenge assays, under present investigation, indicated
inhibition of NF-κB signalling. These results are in consonance with previous �nding which displayed
better expression of SIGIRR in intestinal cells on stimulation with probiotic bi�dobacteria (Tomosada et
al. 2013). Similarly, in another study, probiotic L. delbrueckii inhibited E. coli 987P induced NF-κB
pathways through enhancing TLR negative regulators in porcine intestinal cells (Wachi et al. 2014).
Higher translocation of NF-κB p-65 subunit from cytosol to nucleus in intestinal cells by E. coli, observed
under present investigation, also supported previous �ndings of Finamore et al. (2014). Impediment of E.
coli induced in�ammatory response by diminished translocation of p-65 subunit from cytosol to nucleus
by L. rhamnosus also supported previous results where pre-treatment of Caco-2BBe cells with L.
rhamnosus GG diminished NF-κB activation induced by TNF-α (Donato et al. 2010). Thus, inhibition of
NF-κB translocation during exclusion of E.coli with probiotic L. rhamnosus emerged as crucial factor for
anti-in�ammatory activity which in turn decreased the expression and release of pro-in�ammatory
cytokines and simultaneously substantiated the release of regulatory cytokines.

5. Conclusion
In summary, this study clearly provided direct insight into the mode of action of probiotic L. rhamnosus
(LR:MTCC-5897) under in�ammatory milieu induced by E. coli in intestinal cells. This potential probiotic
strain displayed immunomodulatory and anti-in�ammatory functions to varying extent in intestinal cells
depending upon the type of E. coli challenge. However, differential expression of TLRs caused effective
reduction in NF-κB p-65 nuclear translocation during exclusion of E.coli with L.rhamnosus. Thus immune
homeostasis was achieved by reducing the expression of pro-in�ammatory and enhancing the release of
regulatory cytokines. Thus, it can be concluded that L. rhamnosus (LR:MTCC-5897) may be a potential
candidate to produce nutraceuticals products for prevention of E. coli induced intestinal in�ammation.
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Figures

Figure 1

Transcriptional modulations of genes associated with immune signals (A: IL-8; B: TNF-α; C: IL-23; D: IL-6)
during challenge with E. coli in the presence of probiotic L. rhamnosus. Values are expressed as means ±
SEM (n=3). Means with different alphabets indicate signi�cant difference (p< 0.05)
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Figure 2

Release of interleukins (A: TNF-α; B: IFN-γ; C: IL-10; D: TGF-β) as immune signals by intestinal epithelial
cells during challenge with E. coli in the presence of probiotic L. rhamnosus. Values are expressed as
means ±SEM (n=3). Means with different alphabets indicate signi�cant difference (p< 0.05)
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Figure 3

Transcriptional modulations of pathogen recognition receptor genes (A: TLR-2; B: TLR-4) and adaptor
protein (C: MyD-88) during challenge with E. coli in the presence of probiotic L. rhamnosus. Values are
expressed as means ± SEM (n=3). Means with different alphabets indicate signi�cant difference (p<
0.05)
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Figure 4

Effect of E. coli challenge on NF-κB master regulator of in�ammation in the presence of probiotic L.
rhamnosus. A: Modulation in transcriptional expression of NF-κB; B: SIGIRR genes; C: Translocation of
NF-κB (p-65) from cytosol to nucleus by western blotting; D: Relative density of cytoplasmic NF-κB (p-65)
bands; E: Relative density of nuclear NF-κB (p-65 bands). Values are expressed as means ± SEM (n=3).
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Means with different alphabets indicate signi�cant difference (p< 0.05) LR: Lactobacillus rhamnosus, Ex:
Exclusion, Com: Competition, Dis: Displacement


