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Abstract: This study aimed to evaluate the immunomodulatory effect of the probiotic Limosilactobacillus reuteri
L26 Biocenol™ (L26) and its purified exopolysaccharide (EPS) with respect to antiviral innate immune response.
In our experiment, we used porcine epithelial IPEC-]J2 cells as a model of the intestinal barrier in a homolo-
gous infection by porcine Rotavirus A strain OSU6 (RVA). The production of selected molecules of non-specific
humoral immunity was evaluated at the mRNA level. The EPS alone significantly increased the level of interferon
A3 (IFN-A3) mRNA in the non-infected IPEC-J2 cells (P < 0.001). We also tested whether the treatment of IPEC-
J2 cells by L26 or EPS influences the replication of RVA by virus titration and real-time PCR. We found that
a pre-treatment in combination with subsequent continuous stimulation has no influence on the RVA replication.
However, both treatments significantly decreased the RVA-induced production of IFN-A3 (P < 0.05) and the “SOS”
cytokine interleukin 6 (IL-6; P < 0.01), already at the transcription level. In addition, the EPS treatment resulted
in significantly increased IL-10 mRNA in the RVA-infected cells. In summary, we assume an immunoregulatory
potential of L. reuteri 126 Biocenol™ and its EPS in the local intestinal antiviral immune response.
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Probiotics and their products have attracted the
attention of scientists for their beneficial effects
on human and animal health. Lactobacilli are one
of the major groups of Gram-positive immunomod-
ulatory lactic acid bacteria (LAB) — immunobiotics
and are generally recognised as safe (GRAS).

The gastrointestinal tract is one of the pathogenic
microorganisms’ most important entry sites. A bal-
ance between physiological and immunological
processes maintains its barrier function. Intestinal
viral infections often alter that balance, disrupting
the epithelial barrier integrity and causing diar-

rhoea. One of the most common causes of viral di-
arrhoea is Rotavirus A (RVA). Rotavirus infections
cause intestinal malabsorption and maldigestion
by destroying the terminally differentiated entero-
cytes at the tips of the intestinal villi (MacLachlan
and Dubovi 2011). This results in watery diarrhoea,
dehydration, anorexia, and weight loss with high
mortality and morbidity in piglets.

Several research groups reported the antiviral
effect of immunomodulatory LAB or their prod-
ucts in intestinal epithelial cells (Liu et al. 2010;
Albarracin et al. 2017; Kanmani et al. 2018; Mizuno
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et al. 2020). The Limosilactobacillus reuteri strain
L26 Biocenol™ (CCM 8616) was originally iso-
lated from the gut content of a healthy suckling
piglet and its exopolysaccharide (EPS) was char-
acterised as a high molecular weight p-glucan
polysaccharide with (1—3) and (1—6) glycosidic
linkages (Ksonzekova et al. 2016). Due to the sig-
nificant immunoregulatory potential of probiotics
or their products in intestinal mucosal immunity
(Ksonzekova et al. 2016; Karaffova et al. 2017;
Mudronova et al. 2018; Kanmani et al. 2018; Kim
et al. 2018; Mizuno et al. 2020), they are increas-
ingly used as oral vaccine adjuvants or carriers.

Here, we report the results of the study of the
immunomodulatory and antiviral capacity of L. re-
uteri 126 and its purified EPS under in vitro condi-
tions using porcine IPEC-]J2 enterocyte cells and
the RVA OSUBG6 strain.

MATERIAL AND METHODS
IPEC-)2 cell line cultivation

The IPEC-]2 cell line was kindly provided by Juan
José Garrido (Department of Genetics and Animal
Breeding, University of Cordoba, Spain). The cells
were several times passaged in our laboratory and
tested negative for mycoplasma (Young et al. 2010).
The composition of the complete IPEC-J2 cultiva-
tion medium was as follows: DMEM/F-12 (PAN-
Biotech, Aidenbach, Germany), 5% foetal bovine
serum (FBS, PAN-Biotech), 2% L-glutamine (PAN-
Biotech), 50 pg/ml of gentamicin (Biowest, Nuaillé,
France), 5 ng/ml of epidermal growth factor (BD
Biosciences, San José CA, USA), 10 ug/ml of insulin,
10 pg/ml of transferrin and 10 ng/ml of selenium
(ITS, Lonza, Valais, Switzerland). The cells were cul-
tivated at 37 °C in a humidified 5% CO, atmosphere.

L. reuteri L26 strain and its EPS

L. reuteri 126 Biocenol™ (CCM 8616) was stored
in a Microbank™ cryoprotective medium (Pro-Lab
Diagnostics, Austin, Texas) at =70 °C. The bacteria
were inoculated on a de Man, Rogosa and Sharpe
(MRS) agar (Merck, Darmstadt, Germany) and an-
aerobically cultivated at 37 °C. After 48 h, the bac-
terial suspension was prepared in the MRS broth
and cultivated overnight at 37 °C with continuous
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stirring. The bacteria in the overnight broth cul-
ture were quantified by serial 10-fold dilution and
expressed as the number of colony forming units
per millilitre (CFU/ml). Details of the isolation, pu-
rification, and characterisation of chemical prop-
erties of the used EPS is described in Ksonzekova
et al. (2016). Briefly, the EPS were isolated using
ethanol extraction, and purified with proteinase K
and trichloroacetic acid to remove the proteins
or peptides. Finally, the supernatant with EPS was
dialysed to remove salts and other components
in order to obtain pure EPS. Lyophilised EPS was
dissolved in sterile deionised water.

Virus cultivation

The porcine RVA OSU6 (CAPM V-334) was ob-
tained from the Collection of Animal Pathogenic
Microorganisms (Veterinary Research Institute,
Brno, Czech Republic). Prior to infection with
MA104 (ECACC 85102918), the virus was treated
with trypsin (10 pg/ml, 37 °C, 40 min). The cell
monolayer was three times washed with Dulbecco’s
Modified Eagle Medium (DMEM)/F12 without FBS
and infected with the trypsin-treated virus. After
one-hour of adsorption at 37 °C, the inoculum was
removed, and the cells were washed with DMEM/
F12 without FBS. The cells were further cultivated
in a cultivation medium without FBS. When the
complete cytopathic effect (CPE) was developed,
the medium was collected, clarified by centrifuga-
tion at 4 000 x g for 10 min at 4 °C and the aliquots
of the virus stock were stored at —80 °C.

Experimental design

First, we analysed the immunomodulatory ac-
tivity of L. reuteri L26 and its EPS. The cells were
seeded at a density of 1 x 10°/cm? per well in a col-
lagen-treated (10 ug/cm?; Collagen type I from rat
tail; Sigma-Aldrich, St. Louis, USA) 24-well plate
(Greiner bio-one) and cultivated overnight at 37 °C
in a humidified 5% CO, atmosphere. After thorough
washing with DMEM/F-12, the cells were stimulat-
ed with 1.6 x 10° CFU/ml of L. reuteri L26, or with
1 mg/ml of EPS. To continuously stimulate the cells
with bacteria, we used a filtered (0.22 pm filters,
Merck) FBS-free cultivation medium without gen-
tamicin. The cells were stimulated for 21 hours.
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Second, we focused on the effect of the bacte-
rial and EPS stimulation on the virus replication
and the mRNA level of the selected cytokines.
Here, after five hours of stimulation, the medium
was discarded, and the cells were infected with
100 pl (3.9 x 10° PFU/ml) of the trypsin-treated
RVA in an FBS-free cultivation medium resulting
in MOI 2. Ensuring continuous stimulation, the vi-
rus inoculum contained 1.6 x 10° CFU/ml L. reuteri
L26 or 1 mg/ml of EPS. After one hour of adsorption
at 37 °C, 750 pl of filtered FBS-free cultivation medi-
um without gentamicin was added and the cells were
further incubated for 15 hours. Cell viability was
assessed by light microscopy with minimal cell dam-
age detected [Electronic Supplementary Material
(ESM) Figure S1 and S2]. Virus infection was as-
sessed by fluorescence microscopy (ESM Figure S3).

In both experiments after incubation, the me-
dium from each well was collected, centrifuged
(16 000 x g, 5 min, 4 °C) and stored at —80 °C for virus
titration and the cells were used for RNA extraction.

Virus titration

The RVA OSUB6 titration in the stock and in the
cultivation media of infection groups was car-
ried out on MA104 cells. The cells were seeded
on 96-well plates (Greiner bio-one, Kremsmiinster,
Austria) at a density of 2.5 x 10%/well and cultivated
overnight in a cultivation medium. The virus stock
was serially 10-fold diluted in a cultivation me-
dium without FBS and supplemented by trypsin
to a final concentration of 0.1 pg/ml. Each dilution
was tested in quadruplicate. The virus titre was
calculated using Spearman’s method and expressed
as 50% tissue culture infective dose per millilitre
(TCIDgy/ml). For the calculation of the multiplic-
ity of infection (MOI), TCID,,/ml was converted
to plaque-forming units per millilitre (PFU/ml)
by multiplying by 0.7 (Science Gateway n.d.).

RNA extraction and cDNA synthesis

One microgram of the total RNA extracted
by NucleoZOL (Macherey-Nagel, Diiren, Germany)
was treated with DNase I (Thermo Scientific,
Waltham, MA, USA) and used for the cDNA syn-
thesis with a LunaScript™ RT SuperMix kit (NEB,
Ipswich, Massachusetts, USA).

Intracellular virus RNA quantification

The virus RNA quantification in the cells was per-
formed using the Luna® Universal qPCR MasterMix
(NEB) according to the manufacturer’s instructions
containing 0.25 pM of primers [see Electronic
Supplementary Material (ESM) — Table S1]. The
thermal profile was as follows: initial denatura-
tion at 95 °C for 1 min; 45 cycles at 95 °C for 15 s
and at 52.5 °C for 30 s followed by a melting curve
analysis. The calibration curve (R? = 0.995) was
prepared from the 10-fold diluted virus stock with
a known PFU/ml.

Gene expression analysis

The analysis of interferon A3 (IFN-A3), IL-6, IL-
18, IL-10, transforming growth factor p (TGF-f)
and the P-actin gene expression was performed
by a Luna® Universal qPCR MasterMix (NEB) con-
taining 40 ng of cDNA using the primers listed
in ESM Table S1. The reaction runs at the condi-
tions: at 95 °C for 1 min; 45 cycles at 95 °C for 15 s
and at 55 °C or 60 °C for 30 s, followed by melt-
ing curve analysis. Each assay included no tem-
plate control. The reaction efficiency of each gene
reached 95 + 5%. The relative normalised expres-
sion was calculated by the 2722t method using
CFX96 Manager Software (BioRad) compared
to the PB-actin reference gene.

Statistical analysis

The results were expressed as the mean + stand-
ard deviation (SD, n = 3). The data were evalu-
ated using the GraphPad Prism v3.00 software
by a one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s multiple comparison test.

RESULTS

The immunomodulatory activity
of L. reuteri L26 and its EPS
on IPEC-J2 cells

Figure 1 depicts the immunomodulatory activ-
ity of L. reuteri L26 or its EPS on IPEC-]2 cells.
There was no significant change observed in the
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Figure 1. Gene expression profile of the IPEC-]2 cells after 21 h of stimulation with live Limosilactobacillus reuteri
126 (L26) or its exopolysaccharide (EPS)

The results are expressed as the mean + SD. Significantly different: a — compared to the control; b — compared to the L26
group (*P < 0.05; **P < 0.01; ***P < 0.001). Control — IPEC-]2 cells without stimulation

ND = not detected

IL-6 mRNA level. Messenger RNA of IL-10 was  Effect of L. reuteri L26 and its EPS on the
detected only in the control cells. When compared RVA replication and on the RVA-induced

to the control group, the L26 treatment led to asig- innate immune molecules

nificantly lower IL-18 mRNA level, but the EPS

treatment resulted in a moderate increase. The The continuous stimulation of the IPEC-J2 cells
most considerable change in the gene expression with L. reuteri or its EPS does not influence the
was observed after the EPS treatment, where the  virus replication (Figure 2). The TGF- mRNA level
IFN-A3 mRNA level reached approximately a 5-fold  showed no significant changes after the L26 or EPS
(5.1 £ 0.87) increase in comparison with L26 and treatments in the infected cells (Figure 3). As ex-
the control group. pected, the mRNA level of IFN-A3 was significantly
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Figure 2. Quantification of the extracellular RVA OSU6 and intracellular viral RNA

The cells were stimulated with Limosilactobacillus reuteri L26 (L26+RVA) or its exopolysaccharide (EPS+RVA) for 5 h
before infection. RVA-infected cells (one-hour adsorption) were additionally cultivated for 15 h with continuous stimula-
tion. The absolute quantification of the viral RNA in the IPEC-]2 cells was carried out based on a standard curve prepared
by a serial 10-fold dilution of the virus stock. Empty bars — quantification of the extracellular infectious virus by titration,
grey bars — quantification of the intracellular viral RNA by real-time polymerase chain reaction (PCR). RVA — the cells

were cultivated under the same conditions and were not stimulated only infected

172


https://www.agriculturejournals.cz/web/vetmed/

Veterinarni Medicina, 69, 2024 (5): 169-176

Original Paper

https://doi.org/10.17221/106/2023-VETMED

175+
150
1254 a.

100
g
50-

3+

Average fold difference

Control L26+RVA

EPS+RVA

%

»

3 IFN-lambda 3
B ]L-6

B [L-18

Il ]L10
TGF-beta

Figure 3. The effect of Limosilactobacillus reuteri 126 (L26) and its exopolysaccharide (EPS) on the gene expression
of the cytokines in the RVA OSU6 (MOI = 2) infected IPEC-]2 cells
The cells were continuously stimulated with L26 or EPS during the whole experiment for 21 hours. The results are

expressed as the mean + SD. Significantly different: a — compared to the control, b — compared to the RVA, ¢ — compared
to the L26 + RVA group (*P < 0.05; **P < 0.01, ***P < 0.001). Control — IPEC-J2 cells without stimulation or infection.
EPS+RVA - cells were stimulated with EPS and RVA infected; L26+RVA — cells were stimulated with L26 and RVA
infected; RVA — the cells were not stimulated, only RVA infected

ND = not detected

higher in all the infected groups (up to 158.7-fold)
in comparison with the control group. However,
when compared to the RVA group, the treatment
either with L. reuteri L26 (80.1 + 34.36; P < 0.05)
or its EPS (72.5 + 4.49; P < 0.01) resulted in a sig-
nificantly lower IFN-A3 mRNA level. In com-
parison to the control group, the RVA infection
caused a 2.2-fold increase in the IL-6 mRNA level.
However, the L26 and EPS treatment caused the
mRNA decrease. IL-18 reached the significantly
highest mRNA level in comparison with each ex-
perimental group (P < 0.001) after treatment with
L. reuteri. Similarly, to the first experiment, IL-10
mRNA was not detected in the RVA and L26+RVA
groups. On the other hand, the EPS stimulation
and RVA infection resulted in a 72.3-fold increase
in the IL-10 mRNA level.

DISCUSSION AND CONCLUSION

The characterisation of the gene expression of se-
lected epithelial and innate immune-related mark-
ers showed that the IPEC-J2 cell line is a valuable
model for host-probiotic/pathogen interaction
studies in the porcine model (Mariani et al. 2009).
The present study analysed the immunomodulatory
properties of L. reuteri 126 Biocenol™ and its puri-

fied EPS on IPEC-J2 cells. Mudronova et al. (2018)
supposed that the lactobacilli-produced EPSs are
one of the most important immunomodulatory
products of the L26 strain, while the produced
organic acids by this strain contribute to its anti-
microbial potential. According to this assumption,
we observed a 5-fold increase in the IFN-A3 mRNA
level after the EPS treatment of the IPEC-]2 cells,
but not in the L26 group. It is important to note that
the used lactobacilli were cultivated in a standard
MRS and IPEC-]2 cultivation medium and probably
produced a small amount of EPS (Ksonzekova et al.
2016). The immunostimulatory effect of EPS needs
to be confirmed by further studies also at the protein
level. IFN-A3 is a type III IEN that primarily acts
on the epithelial cells and elicits a first-line antiviral
response (Sommereyns et al. 2008; Sang et al. 2010;
Deng et al. 2022). The gene expression of IFN-A3
was also observed in IPEC-J2 cells treated with
poly(I:C), which mimics viral dsRNA (Sang et al.
2010) and induces a similar antiviral immunotran-
scriptomic response as RVA does (Albarracin et al.
2017). Li et al. (2019) compared the transcriptional
profile of type I and type III IFNs in the IPEC-]J2
cells and showed that pre-treatment with IFN-A3
induces a non-redundant antiviral response through
the strong stimulation of most IFN stimulated genes
(ISGs). Deng et al. (2022) found that IFN-A3 was
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superior to IFN-a in inhibiting rotavirus replica-
tion in epithelial cells, which correlated with its
better stimulatory effect on the ISG expression.
Interestingly, co-treatment with IFN-A3 and IFN-«a
did not enhance this antiviral activity (Deng et al.
2022). Type III IFNs are important antiviral mol-
ecules at the epithelial barriers, possibly due to tis-
sue- and cell-specific receptor distribution. Lactic
acid bacteria may have different influences on vi-
rus replication. The administration of L. reuteri L26
to gnotobiotic mice resulted in the stimulation of the
local intestinal immunity and decreased the amount
of porcine circovirus type 2 (PCV-2) in the faeces
and ileum (Karaffova et al. 2017). On the other hand,
Lactobacillus acidophilus and L. reuteri colonisa-
tion did not reduce shedding and diarrhoea after
a human rotavirus strain Wa infection in neonatal
pigs (Zhang et al. 2008). Liu et al. (2010) reported
that the pre-treatment of IPEC-]2 cells with L. aci-
dophilus increased the virus replication of RVA
OSU6. In the study of Leblanc et al. (2022), a similar
porcine enterocyte (IPEC-]2 cells)-probiotics-virus
in vitro platform was used in combination with flow
cytometry. They found that the longer pre-treatment
(16 h) of the enterocytes or virus with probiotics
(Bifidobacterium longum R0175, B. animalis subsp.
lactis A026, Lactobacillus plantarum 299V) inhibit
the rotavirus infection. In the present study, we did
not observe any influence of either the EPS or L26
on the replication of RVA OSU. Taken together with
previous studies, different Lactobacillus species may
have different effects on the virus replication and
further work is necessary in this field.

The influence of L. reuteri L26 and its EPS on the
RVA-induced innate immune response in IPEC-]2
cells was also analysed. The rotavirus infection in-
duces gene expression or production of several im-
munologically important molecules in intestinal
cells, for example IL-6 (Liu et al. 2010), IL-8 (Sheth
et al. 1996; Liu et al. 2010), IL-2, IL-10, TNF-a,
INF-y, MIP-1a, MCP-1 (Huang et al. 2020), [EN-],
IL-18 and IL-22 (Xue et al. 2017). In this experi-
ment, the RVA infection itself increased the IFN-\3,
IL-6 and IL-18 mRNA, but the bacterial and EPS
treatment lowered the RVA-stimulated IFN-A\3
and IL-6 mRNA levels. This finding is in concord-
ance with a previous study, where L. reuteri and its
EPS significantly decreased the expression of the
pro-inflammatory IL-1p and the IL-6 cytokines
in porcine enterocyte-like cells after infection with
the enterotoxigenic Escherichia coli (Ksonzekova
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et al. 2016). However, Kanmani et al. (2018) re-
ported a decrease in the IL-6 mRNA in EPS treated
poly(I:C)-activated enterocyte-like cells.

Regarding IL-18, we found that the L26 stimu-
lation with the subsequent RVA OSU6 infection
slightly increased the IL-18 mRNA level compared
to each experimental group (P < 0.001). The gene
expression of IFN-A3 or IL-18 is regulated by IL-22
ina STAT3-dependent manner, which supports the
synergistic feedback loop between these cytokines
(Xue et al. 2017). In our experiment, IL-22 mRNA
in the IPEC-J2 cells was not detected (data not
shown). Zhang et al. (2014) reported preventive
and therapeutic effects of IL-18 in combination
with IL-22. They found that TLR5 or NLRC4 re-
ceptor activation in mouse dendritic cells in vivo
results in increased IL-22 or IL-18 production and
the immediate elimination of RVA-infected intes-
tinal epithelial cells.

IL-10 plays a role in immunoregulation or im-
munosuppression. In the present study, the IL-10
mRNA expression was found only in the control
groups and in the EPS treated infected cells.
Differences between the EPS treatment and the live
lactobacilli treatment could probably be due to the
above-mentioned cultivation conditions, which may
affect the production of the EPS of the used bacte-
ria. This result shows that the EPS of L. reuteri itself
may have an immunoregulatory or immunosuppres-
sive effect. Information about the expression of this
anti-inflammatory cytokine under similar experi-
mental conditions are limited, but in vivo studies
using other lactic acid bacteria support this find-
ing. Lactobacillus delbrueckii subsp. lactis CRL581
significantly increased the intestinal IL-10 detected
by an enzyme-linked immunosorbent assay (ELISA)
either itself or in poly(I:C) challenged mice (Elean
et al. 2020). Also, increased intestinal and serum
levels of IL-10 were observed in L. rhamnosus and
Lactiplantibacillus plantarum treated mice chal-
lenged with poly(I:C) (Tada et al. 2016).

In conclusion, neither treatment with the L. re-
uteri strain L26 nor its EPS influenced the RVA
replication in the IPEC-]2 cells. Both treatments
followed by a virus infection resulted in a decrease
in the RVA-induced IFN-A3 and IL-6 mRNA lev-
els. Based on the present (with the RVA infection)
and our earlier [with an Enterotoxigenic E. Coli
(ETEC) infection] in vitro study, we assume that
L. reuteri L26 Biocenol™ and especially its EPS
may have an important role in the regulation of the
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local gut innate immune response against intestinal
pathogens. However, further studies are necessary
to obtain a deeper insight into the antiviral poten-
tial of the probiotics and their products.

Acknowledgements

This work was supported by followed projects:
APVV-15-0415 and VEGA 1/0354/21. We also
thank to Mrs. Vladimira Antoziovd and Michaela
Stellmachovd, DVM for technical assistance.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Albarracin L, Kobayashi H, Iida H, Sato N, Nochi T, Aso H,
Salva S, Alvarez S, Kitazawa H, Villena J. Transcriptomic
analysis of the innate antiviral immune response in por-
cine intestinal epithelial cells: Influence of immunobiotic
lactobacilli. Front Immunol. 2017 Feb 2;8:57.

Deng L, Yin Y, Xu Z, Li F, Zhao J, Deng H, Jian Z, Lai S,
Sun X, Zhu L. Antiviral activity of porcine IFN-A3 and
IFN-a against porcine rotavirus in vitro. Molecules 2022
Jul 18;27(14):4575.

Elean M, Albarracin L, Cataldo PG, Londero A, Kitazawa H,
Saavedra L, Villena J, Hebert EM. New immunobiotics
from highly proteolytic Lactobacillus delbrueckii strains:
Their impact on intestinal antiviral innate immune re-
sponse. Benef Microbes. 2020 Aug 12;11(4):375-90.

Huang H, Liao D, Zhou G, Zhu Z, Cui Y, Pu R. Antiviral
activities of resveratrol against rotavirus in vitro and
in vivo. Phytomedicine. 2020 Oct;77:153230.

Kanmani P, Albarracin L, Kobayashi H, Iida H, Komatsu R,
Humayun Kober AKM, Ikeda-Ohtsubo W, Suda Y, Aso H,
Makino S, Kano H, Saito T, Villena J, Kitazawa H. Ex-
opolysaccharides from Lactobacillus delbrueckii
OLL1073R-1 modulate innate antiviral immune response
in porcine intestinal epithelial cells. Mol Immunol. 2018
Jan;93:253-65.

Karaffova V, Csank T, Mudronova D, Kiraly J, Revajova V,
Gancarcikova S, Nemcova R, Pistl ], Vilcek S, Levkut M.
Influence of Lactobacillus reuteri L26 Biocenol™ on im-
mune response against porcine circovirus type 2 infection
in germ-free mice. Benef Microbes. 2017 May 30;8(3):
367-78.

Kim K, Lee G, Thanh HD, Kim JH, Konkit M, Yoon S,
Park M, Yang S, Park E, Kim W. Exopolysaccharide from
Lactobacillus plantarum LRCC5310 offers protection
against rotavirus-induced diarrhea and regulates inflam-
matory response. ] Dairy Sci. 2018 Jul;101(7):5702-12.

Ksonzekova P, Bystricky P, Vickova S, Patoprsty V, Pulzova L,
Mudronova D, Kubaskova T, Csank T, Tkacikova L. Ex-
opolysaccharides of Lactobacillus reuteri: Their influence
on adherence of E. coli to epithelial cells and inflammatory
response. Carbohydr Polym. 2016 May 5;141:10-9.

Leblanc D, Raymond Y, Lemay M]J, Champagne CP, Bras-
sard J. Effect of probiotic bacteria on porcine rotavirus
OSU infection of porcine intestinal epithelial IPEC-]J2
cells. Arch Virol. 2022 Oct;167(10):1999-2010.

LiL, Xue M, FuF, Yin L, Feng L, Liu P. IFN-lambda 3 medi-
ates antiviral protection against porcine epidemic diar-
rhea virus by inducing a distinct antiviral transcript
profile in porcine intestinal epithelia. Front Immunol.
2019 Oct 17;10:2394.

LiuL, Li G, Wen K, Bui T, Cao D, Zhang Y, Yuan L. Porcine
small intestinal epithelial cell line (IPEC-]J2) of rotavirus
infection as a new model for the study of innate immune
responses to rotaviruses and probiotics. Viral Immunol.
2010 Apr;23(2):135-49.

MacLachlan NJ, Dubovi EJ. Fenner’s veterinary virology.
4t ed, London, UK: Academic Press of Elsevier Inc.; 2011.
507 p.

Mariani V, Palermo S, Fiorentini S, Lanubile A, Giuffra E.
Gene expression study of two widely used pig intestinal
epithelial cell lines: IPEC-]J2 and IPI-2I. Vet Immunol Im-
munopathol. 2009 Oct 15;131(3-4):278-84.

Mizuno H, Arce L, Tomotsune K, Albarracin L, Funa-
bashi R, Vera D, Islam MdA, Vizoso-Pinto MG, Taka-
hashi H, Sasaki Y, Kitazawa H, Villena J. Lipoteichoic acid
is involved in the ability of the immunobiotic strain Lac-
tobacillus plantarum CRL1506 to modulate the intestinal
antiviral innate immunity triggered by TLR3 activation.
Front Immunol. 2020 Apr 9;11:571.

Mudronova D, Karaffova V, Csank T, Kiraly ], Revajova V,
Gancarcikova S, Nemcova R, Pistl ], Vilcek S, Levkut M.
Systemic immune response of gnotobiotic mice infected
with porcine circovirus type 2 after administration of Lac-
tobacillus reuteri L26 Biocenol™. Benef Microbes. 2018
Dec 7;9(6):951-61.

Sang Y, Rowland RRR, Blecha F. Molecular characterization
and antiviral analyses of porcine type Il interferons. ] In-
terferon Cytokine Res. 2010 Nov;30(11):801-7.

Science Gateway. Cell biology protocols. MOI, pfu, and
TCID50 [Internet]. n.d. [cited: 2024 Mar 14]. Available
from: https://www.sciencegateway.org/protocols/cellbio/

cell/moipfu.html.

175


https://www.agriculturejournals.cz/web/vetmed/
https://www.sciencegateway.org/protocols/cellbio/cell/moipfu.htm
https://www.sciencegateway.org/protocols/cellbio/cell/moipfu.htm

Original Paper

Veterinarni Medicina, 69, 2024 (5): 169176

Sheth R, Anderson J, Sato T, Oh B, Hempson S]J, Rollo E,
Mackow ER, Shaw RD. Rotavirus stimulates IL-8 secre-
tion from cultured epithelial cells. Virology. 1996 Jul 15;
221:251-9.

Sommereyns C, Paul S, Staeheli P, Michiels T. IFN-lambda
is expressed in a tissue-dependent fashion and primarily
acts on epithelial cells in vivo. PLoS Pathog. 2008 Mar 14;
4:e1000017.

Tada A, Zelaya H, Clua P, Salva S, Alvarez S, Kitazawa H,
Villena J. Immunobiotic Lactobacillus strains reduce
small intestinal injury induced by intraepithelial lympho-
cytes after Toll-like receptor 3 activation. Inflamm Res.
2016 Oct;65:771-83.

Xue M, Zhao J, Ying L, Fu F, Li L, Ma Y, Shi H, Zhang J,
Feng L, Liu P. IL-22 suppresses the infection of porcine
enteric coronaviruses and rotavirus by activating STAT3
signal pathway. Antiviral Res. 2017 Jun;142:68-75.

176

https://doi.org/10.17221/106/2023-VETMED

Young L, Sung J, Stacey G, Masters JR. Detection of Myco-
plasma in cell cultures. Nat Protoc. 2010 May;5(5):929-34.

Zhang W, Azevedo MSP, Gonzalez AM, Saif L], Nguyen
TV, Wen K, Yousef AE, Yuan L. Influence of probiotic
lactobacilli colonization on neonatal B cell responses
in a gnotobiotic pig model of human rotavirus infection
and disease. Vet Immunol Immunopathol. 2008 Mar 15;
122(1-2):175-81.

Zhang B, Chassaing B, Shi Z, Uchiyama R, Zhang Z, Den-
ning TL, Crawford SE, Pruijssers AJ, Iskarpatyoti AJ, Estes
MK, Dermody TS, Ouyang W, Williams IR, Vijay-Ku-
mar M, Gewirtz AT. Prevention and cure of rotavirus
infection via TLR5/NLRC4-mediated production of IL-22
and IL-18. Science. 2014 Nov 14;346(6211):861-5.

Received: October 17, 2023
Accepted: April 16, 2024
Published online: May 27, 2024


https://www.agriculturejournals.cz/web/vetmed/

