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Objectives: Gastrointestinal disorders caused by Salmonella enterica serovar Enteritidis (SesE)
are a significant health problem around the globe. Probiotic bacteria have been shown to have
positive effects on the immune responses. Lactobacillus acidophilus was examined for its capabil-
ity to influence the innate immune response of HT29 intestinal epithelial cells towards SesE. The
purpose of this work was to assess the effect of L. acidophilus PTCC 1643 on cultured intestinal
epithelial cells infected with SesE.

Methods: HT29 cells were cultured in Roswell Park Memorial Institute medium supplemented
with 10% fetal bovine serum and 1% penicillin/streptomycin. The cells were treated with L.
acidophilus PTCC 1643 after or before challenge with SesE. At 2 and 4 hours post-infection, we
measured changes in the expression levels of TLR2 and TLR4 via real-time polymerase chain
reaction.

Results: Treatment with L. acidophilus inhibited SesE-induced increases in TLR2 and TLR4
expression in the infected HT29 cells. Moreover, the expression of TLR2 and TLR4 in cells that
were pretreated with L. acidophilus and then infected with SesE was significantly higher than
that in cells infected with SesE without pretreatment. Taken together, the results indicated that L.
acidophilus had an anti-inflammatory effect and modulated the innate immune response to SesE
by influencing TLR2 and TLR4 expression.

Conclusion: Our findings suggested that L. acidophilus PTCC 1643 was able to suppress inflam-
mation caused by SesE infection in HT29 cells and reduce TLR2 and TLR4 expression. Addi-
tional in vivo and in vitro studies are required to further elucidate the mechanisms underlying
this anti-inflammatory effect.
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INTRODUCTION

Probiotic strains are live bacteria and yeasts that have beneficial effects on human health
when ingested, particularly for the digestive system [1]. They are capable of changing the popu-
lation of flora in the gut and preventing intestinal infections, gut cancer, and allergy, and they
have specific immunomodulatory properties in the gut that are mediated by the repression of
inflammatory mediators. Additionally, they can influence the properties of the intestinal bar-
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rier [2,3]. The functional effects of probiotics are correlated with
their capabilities to compete with pathogenic organisms for
adhesion positions and adjust the host's immune response [4].
Among the many health benefits attributed to probiotics, their
beneficial interactions with the immune system are supported by
a growing corpus of in vivo and in vitro experiments as well as
clinical evidence [5]. Lactic acid bacteria, such as lactobacilli and
bifidobacteria, are usual residents of the human gastrointestinal
tract and are commonly used in dairy products [6]. Salmonella is
known as a major causative agent of food-borne illness in devel-
oped and developing countries [7]. Salmonella enterica serovar
Enteritidis (SesE) is the predominant cause of food-borne salmo-
nellosis in many countries including Iran [8]. Previous studies
demonstrated that Lactobacillus spp. have immunomodulatory
effects and antagonistic effects against Salmonella infection
both in vitro and in vivo [9-11]. Many of the effects of probiotic
strains are mediated via immune regulation, especially through
modulating the balance between pro- and anti-inflammatory cy-
tokines [12]. Host pattern recognition receptors, such as Toll-like
receptors (TLRs), play a key role in the recognition of pathogen
components and the response to specific pathogen-associated
molecular patterns that are associated with diverse microor-
ganisms including bacteria, viruses, and fungi [13]. Hence, the
induction of TLR2 and TLR4 after infection with intestinal bac-
teria may lead to the overexpression of inflammatory cytokines
through the activation of their corresponding signaling pathways
[14]. Lactobacillus strains are able to suppress the activation of
TLR2 and TLR4 signaling. Furthermore, some probiotic strains
have been shown to increase phagocytosis in phagocytic cells and
modify cytokine production following interactions with TLRs in
different cell populations, although the studies are limited to date
and the results have sometimes been contradictory [15]. Thus,
the purpose of this work was to assess the effect of the probiotic
L. acidophilus PTCC 1643 on cultured intestinal epithelial cells
infected with SesE in vitro.

MATERIALS AND METHODS

1. Bacterial preparation

This study was conducted in the Microbiology Laboratory of
the Department of Microbiology of Tehran University of Medical
Sciences in Tehran, Iran, during 2014 and 2015. L. acidophilus
PTCC 1643 was purchased from the Persian Type Culture Col-
lection of the Iranian Research Organization for Science and
Technology in Tehran, Iran. L. acidophilus was cultured in de
Man, Rogosa, and Sharpe broth (Merck, Darmstadt, Germany)
for 48 hours under a 5% CO, atmosphere at 37°C. Stock cultures
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were maintained at —20°C in 15% glycerol. SesE ATCC 17036
was cultured in Luria-Bertani medium (Merck) at 37°C over-
night [16].

2. Cell culture

In this study, the HT29 human colon adenocarcinoma cell
line was purchased from the Cell Bank at the International Ge-
netic and Biological Center (Tehran, Iran), and grown in 25 cm’
cell culture flasks (Greiner Bio-one, Frickenhausen, Germany) in
an incubator with 95% (v/v) humidified air containing 5% CO,
at 37°C for 4-5 days. The cells were cultured in Roswell Park
Memorial Institute 1640 medium (RPMI 1640; HyClone, Logan,
UT, USA) supplemented with 10% (v/v) inactivated fetal bovine
serum and 1% (v/v) penicillin/streptomycin (Invitrogen, Carls-
bad, CA, USA). A negative control (untreated HT29 cells) was

used in all experiments.

3. Co-culture of L. acidophilus and SeskE with HT29 cells

HT?29 cells were seeded into 12-well plates at a density of 1 x
10° cells/well. After 2-3 hours of incubation, the culture medium
was replaced with fresh RPMI 1640 medium (without penicillin/
streptomycin). HT29 cells were co-incubated with L. acidophilus
at a density of 1 x 10” colony-forming units (CFU)/well for 2
hours at 37°C under a 5% CO, atmosphere. In separate 12-well
plates, HT29 cells were infected with SesE at a density of 1 x 10
CFU/well for 2 hours at 37°C under a 5% CO, atmosphere. After
incubation, the cells were washed twice with culture media (RPMI
1640 without penicillin/streptomycin and fetal calf serum) and
150 pL of SesE (1 x 10" CFU/well) was added to a plate contain-
ing HT29 and L. acidophilus, then 150 uL of L. acidophilus (1 x
10" CFU/well) was added to a plate containing HT29 and SesE.
Plates incubated with either L. acidophilus or SesE alone were
also included in the experiment. In the final step, the plates were
rotated gently for 10 seconds and then incubated at 37°C for 2-4
hours. After incubation, HT29 cells were collected via 5 minutes
centrifugation at 5,200 x g at room temperature. Each cell pellet
was washed twice with sterile phosphate-buffered saline (pH 6.7)
to quantify the expression levels of TLR2 and TLR4.

4. RNA extraction and cDNA synthesis

Total RNAs were extracted from HT29 cells using the QIAzol®
Lysis Reagent (Qiagen, Hilden, Germany). The quantity and
purity of the RNA were assessed by measuring the absorbance at
260 nm and its ratio relative to that at 280 nm using an ultravio-
let spectrophotometer (PhotoBiometer; Eppendorf, Hamburg,
Germany). In the next step, total RNA was treated with RNase-
free DNase I (Thermo Fisher Scientific, Waltham, MA, USA) to

eliminate DNA contaminants and its integrity was checked by
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Table 1. Primers used in the study

Primer Sequence (5’ to 3') Reference
TLR2F GCA GAA GCG CTG GGG AAT GG [17]
TLR2 R GGA TGC CTA CTG GGT GGA GAA [17]
TLR4 F GGT GGA AGT TGA ACG AAT GG [17]
TLR4 R CCA GCA AGA AGC ATCAGG TG’ [17]
ACTBF CTG GAA GAT GGT GAT GGG AT [9]
ACTBR GGA TTT GGT CGT ATT GGG CG [9]

ACTB, B-actin; TLR, Toll-like receptor.

electrophoresis on an agarose gel stained with GelRed™ (Bio-
tium, Hayward, CA, USA). For real-time (RT) polymerase chain
reaction (PCR) experiments, cDNA was synthesized from total
RNA using the QuantiTect® Reverse Transcription kit (Qiagen)
according to the manufacturer’s recommendations. The primer
sequences used for this study are shown in Table 1. The B-actin
gene (ACTB) was used as a housekeeping reference gene.

5. Quantitative RT-PCR

To characterize the effects of L. acidophilus on the expression
of TLR2 and TLR4, RT-PCR was carried out using SYBR" Premix
Ex Taq™ (Takara Biotechnology, Otsu, Japan) on a thermal cy-
cler (StepOnePlus™; Applied Biosystems, Foster City, CA, USA)
during 40 cycles. Briefly, 20 pL of reaction mixture contained 5
UL cDNA, 10 uL Power SYBR® Green PCR master mix (Applied
Biosystems), 4 ul RNase-free water, and 0.5 pL each of forward
and reverse primers. The PCRs were performed with 1 cycle at
95°C for 10 minutes for initial denaturation followed by 40 cycles
at 95°C for 30 seconds and 60°C for 30 seconds, then a final ex-
tension step for 30 seconds at 72°C. The results were expressed
as mean values averaged from three independent experiments.
ACTB was used as an endogenous control. In all tests, a negative
control was used to determine contamination. The relative quan-
tity (RQ) of gene expression for the sample was calculated using
the 27**“ method.

6. Statistical analysis

Statistical analyses were performed using the Microsoft Excel
2010 (Microsoft, Redmond, WA, USA) analysis tool package.
Unless otherwise stated, all results are the mean values * stan-
dard deviation of two independent experiments with at least 3
replicates. Data from each experiment were analyzed by one-way
analysis of variance. Differences at p < 0.05 were considered to be
statistically significant. Differences at p < 0.01 were considered to
be statistically significant.
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Figure 1. Effect of Lactobacillus acidophilus on TLR2 mRNA expression
in HT29 intestinal epithelial cells. Cells were treated with L. acidophilus
and Salmonella enterica serovar Enteritidis (SesE) individually. After
6 hours of incubation, real-time polymerase chain reaction was per-
formed to measure TLR2 mRNA expression levels. Untreated HT29
cells (filled histograms) were used as a control.

7. Ethics statement

Ethical approval was not required for the study, as there was
no direct patient involvement and only cell cultures and bacterial
strains were studied.

RESULTS

1. Effects of L. acidophilus and SesE on TLR2 expression
in HT29 cells

Analysis by RT-PCR revealed that the RQ of TLR2 in HT29
cells after 6 hours of incubation with SesE was 2.89, while that
in the cells treated with L. acidophilus (without SesE) was 6.13
(p < 0.01). Our results indicated that TLR2 expression in HT29
cells exposed to L. acidophilus or SesE was elevated compared
with that of the control, and the increase in cells treated with
L. acidophilus was higher than that in the cells infected with SesE
(Figure 1).

2. Effects of co-culture with L. acidophilus and SesE on
TLR2 expression in HT29 cells

When HT29 cells were incubated with SesE for 2 hours and
then treated with L. acidophilus, the RQ of TLR2 expression
after 2 hours treatment with L. acidophilus was 0.785, and after
4 hours treatment, the RQ decreased to 0.146. When the HT29
cells were treated with L. acidophilus and then incubated with
SesE, the RQs of TLR2 expression after 2 and 4 hours incubation
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Figure 2. Effect of Lactobacillus acidophilus on TLR2 mRNA expression
in Salmonella enterica serovar Enteritidis (SesE)-infected HT29 cells.
Cells were incubated with L. acidophilus for 2 hours and then SesE for
4 hours, or with SesE for 2 hours and then L. acidophilus for 4 hours. At
2 and 4 hours after adding the second bacterium, real-time polymerase
chain reaction was performed to measure TLR2 mRNA expression lev-
els. Untreated HT29 cells (filled histograms) were used as a control.

with SesE were 2.55 and 0.650, respectively. The most notable of
these findings was that TLR2 expression in SesE-exposed HT29
cells was markedly reduced after 4 hours of incubation with L.
acidophilus (Figure 2).

3. Effects of L. acidophilus and SeskE on TLR4 expression
in HT29 cells

TLR4 expression was investigated in HT29 cells exposed to
either L. acidophilus or SesE. The RQ of TLR4 expression in the
HT29 cells infected with SesE was 1.489 after 6 hours incubation,
while that in the cells treated with L. acidophilus was 3.97 (p <
0.001). These findings indicated that L. acidophilus increased
the expression of TLR4 in the HT29 cells to a greater extent than
SesE did (Figure 3).

4. Effects of co-culture with L. acidophilus and SesE on
TLR4 expression in HT29 cells

To further examine the effects of L. acidophilus and SesE on
TLR4 expression in HT29 cells, RT-PCR was performed. When
HT?29 cells were incubated with SesE for 2 hours and then treated
with L. acidophilus, the RQs of TLR4 expression at 2 and 4 hours
after treatment with L. acidophilus were 0.623 and 0.414, respec-
tively.

When HT?29 cells were treated with L. acidophilus for 2 hours
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Figure 3. Effect of Lactobacillus acidophilus on TLR4 mRNA expression
in HT29 cells. Cells were treated with L. acidophilus and Salmonella
enterica serovar Enteritidis (SesE) individually. After 6 hours of incuba-
tion, real-time polymerase chain reaction was performed to measure
TLR4 mRNA expression levels. Untreated HT29 cells (filled histo-
grams) were used as a control.
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Figure 4. Effect of Lactobacillus acidophilus on TLR4 mRNA expression
in Salmonella enterica serovar Enteritidis (SesE)-infected HT29 cells.
Cells were incubated with L. acidophilus for 2 hours and then SesE for
4 hours, or with SesE for 2 hours and then L. acidophilus for 4 hours.
At 2 and 4 hours after adding the second bacterium, RT-PCR was per-
formed to measure TLR4 mRNA expression levels. Untreated HT29
cells (filled histograms) were used as a control.

and then incubated with SesE, TLR4 expression significantly
increased after 2 hours exposure to SesE (RQ = 1.432) but was
markedly reduced after 4 hours exposure to SesE (RQ = 0.840).
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Taken together, the results showed that the expression levels of
TLR2 and TLR4 were reduced after treatment with L. acidophilus
in HT29 cells pre-incubated with SesE, and TLR4 was downregu-
lated more than TLR2 (Figure 4).

DISCUSSION

Food-borne diseases caused by SesE remain a major public
health concern. SesE is one of the predominant bacteria that
cause human salmonellosis in many developing countries includ-
ing Iran [8]. Recently, probiotics have been effectively used for
the treatment and inhibition of enteric infections in humans [17].
Among the normal human gastrointestinal flora, L. acidophilus
plays a key role in exerting inhibitory effects on the growth of
obligate pathogens such as SesE, Staphylococcus aureus, Shigella
dysenteriae, and other microorganisms [18,19]. Hence, previous
studies have shown that L. acidophilus possesses a strong anti-
inflammatory activity [20,21].

Previous studies have reported conflicting results about the
expression of TLR2 in intestinal epithelial cells. Melmed et al [22]
showed that intestinal epithelial cells were largely inattentive to
bacteria that are recognized via TLR2. Otte et al [23] reported
that intestinal epithelial cell lines showed reduced TLR4 and
TLR2 expression during prolonged contact with TLR ligands
(lipopolysaccharides and lipoteichoic acid). Furrie et al [24] re-
ported that the expression of TLR2 and TLR4 was significantly
increased in HT29 cells when they were cocultured with certain
gram-positive bacteria, but gram-negative bacteria elicited no
such change in expression. TLR2 stimulation can protect the
epithelial barrier, and it has been shown that the activation of
TLR2 plays an essential role in mediating resistance to bacterial
invasion by enhancing the innate immune response [13]. Vizoso
Pinto et al [25] reported that TLR9 and TLR2 were expressed
by HT29 cells and their expression ratio changed after exposure
to Lactobacillus plantarum BFE 1685, but was unchanged after
incubation with S. enterica serovar Typhimurium only. Similar
results were also obtained by Bermudez-Brito and coworkers [26].
In addition, other investigations have suggested that probiotics
alone can promote the expression of TLR2 and activate the innate
immune response and immunostimulation [26-28].

In our study, the expression of TLR2 significantly decreased in

HT?29 cells when they were treated with L. acidophilus either after
or before infection with SesE. Our observation that L. acidophi-
Ius modulates TLR gene expression is in agreement with several
studies conducted in Germany, Spain, and France [25,26,29].

Our results revealed that TLR4 expression in HT29 cells in-
creased after treatment with L. acidophilus alone. Our findings
agree with those previously reported by a study performed in Ar-
gentina [28]. In contrast, previous studies have shown that TLR4
expression in Caco-2 cells decreased after treatment with lactic
acid bacteria [30,31], whereas Miettinen et al [32] found that
Lactobacillus rhamnosus GG did not influence TLR4 expression.

In the present study, the expression of TLR4 was decreased
in HT29 cells when they were treated with L. rhamnosus either
before or after infection with SesE. The expression of both TLR2
and TLR4 was reduced after treatment with L. acidophilus in
HT29 cells challenged with SesE, but the downregulation of
TLR4 was higher.

L. acidophilus plays critical roles in regulating TLR4 expres-
sion and inducing an anti-inflammatory response via decreas-
ing inflammatory cytokine generation. Similar to our results,
decreases in the expression of TLR4 in response to probiotics
and Salmonella have been reported by Bermudez-Brito et al
[26] in Spain. Villena et al [33] reported that Lactobacillus jen-
senii TL2937 attenuates the inflammatory response triggered by
the activation of TLR4 in intestinal epithelial cells. Our results
demonstrated that the use of L. acidophilus for the treatment of
cells infected with SesE significantly boosted innate immune re-
sponses. Overall, the obtained results suggested that L. acidophi-
lus has strong immunomodulatory properties and can modulate
the expression of TLR2 and TLR4 in HT29 intestinal epithelial
cells challenged with SesE. These observations support that
L. acidophilus may have applications in the prevention and/or
treatment of inflammatory diseases. Further in vivo and in vitro
investigations are required to elucidate the mechanisms of these
anti-inflammatory effects in future studies.
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