Author’s copy

provided for non-commercial and educational use only

Beneficial
Microbes

ISSN 1876-2883

No material published in Beneficial Microbes may be reproduced without first
obtaining written permission from the publisher.

The author may send or transmit individual copies of this PDF of the article, to
colleagues upon their specific request provided no fec is charged, and further-

LIT 1

provided that there is no systematic distribution of the manuscript, e.g. posting on
a listserve, website or automated delivery. However posting the article on a secure
network, not accessible to the public, is permitted.
For other purposes, ¢.g. publication on his/her own website, the author must use an
author-created version of his/her article, provided acknowledgement is given to the
original source of publication and a link is inserted to the published article on the
Beneficial Microbes website by referring to the DOI of the article.

For additional information
please visit
www.BeneficialMicrobes.org.




Editor-in-chief
Koen Venema, Beneficial Microbes Consultancy, Wageningen, the Netherlands

Section editors

o animal nutrition Isaac Cann, University of Illinois at Urbana-Champaign, USA

e medical and health applications  Ger Rijkers, Roosevelt Academy, the Netherlands

e regulatory and safety aspects Mary Ellen Sanders, Dairy and Food Culture Technologies, USA

¢ food, nutrition and health Koen Venema, Beneficial Microbes Consultancy, Wageningen, the
Netherlands

Editors

Alojz Bomba, Pavol Jozef Saférik University, Slovakia; Yuliya Borre, Utrecht University, the Netherlands; Rober
Jan Brummer, Orebro University, Sweden; Michael Chikindas, Rutgers University, USA; James Dekker, Fonterra
Co-operative Group, New Zealand; Leon Dicks, University of Stellenbosch, South Africa; Ana Paula do Carmo,
Universidade Federal de Vigosa, Brazil; Margareth Dohnalek, PepsiCo, USA; George C. Fahey, Jr., University of Illinois,
USA; Benedicte Flambard, Chr. Hansen, Denmark; Melanie Gareau, University of California San Diego, USA; H. Rex
Gaskins, University of [llinois at Urbana-Champaign, USA; Audrey Gueniche, L'Oreal, France; Dirk Haller, Technical
University Miinchen, Germany; Arland Hotchkiss, USDA-ARS, ERRC, USA; Sin-Hyeog Im, Pohang University
of Science and Technology, Republic of Korea; David Keller, Ganeden Biotech, USA; Dietrich Knorr, Technical
University Berlin, Germany; Lee Yuan Kun, National University of Singapore, Singapore; Irene Lenoir-Wijnkoop,
Danone research, France; Takahiro Matsuki, Yakult Central Institute, Japan; Baltasar Mayo, CSIC, Spain; Eveliina
Myllyluoma, Valio Ltd., Finland; Jiro Nakayama, Kyushu University, Japan; Peter Olesen, ActiFoods ApS, Denmark;
Maria Rescigno, European Institute of Oncology, Italy; David Topping, CSIRO Human Nutrition, Australia; Roel
Vonk, University of Groningen, the Netherlands; Barbara Williams, University of Queensland, Australia; Zhongtang
Yu, The Ohio State University, USA

Founding editors:
Daniel Barug, Bastiaanse Communication, the Netherlands; Helena Bastiaanse, Bastiaanse Communication, the Netherlands

Publication information
Beneficial Microbes: ISSN 1876-2883 (paper edition); ISSN 1876-2891 (online edition)

Subscription to ‘Beneficial Microbes’ (4 issues, calendar year) is either on an institutional (campus) basis or a personal
basis. Subscriptions can be online only, printed copy, or both. Prices are available upon request from the Publisher or
from the journal’s website (www.BeneficialMicrobes.org). Subscriptions are accepted on a prepaid basis only and are
entered on a calendar year basis. Subscriptions will be renewed automatically unless a notification of cancelation has
been received before the 1* of December. Issues are send by standard mail. Claims for missing issues should be made
within six months of the date of dispatch.

Further information about the journal is available through the website www.BeneficialMicrobes.org,

Paper submission

http://mc.manuscriptcentral.com/bm

Editorial office
~Wageningen Academic Publishers
P.O. Box 220 4

6700 AE Wageningen ‘I Wageningen Academic

[Publishers

The Netherlands
Tel: +31 317 476516
Fax: +31 317 453417

For questions related to paper submission: editorial@WorldMycotoxinJournal.org
For questions related to orders, claims and back volumes: subscription@WorldMycotoxinJournal.org



6/28/2020 Beneficial Microbes | Vol 9, No 5

’M, Signin | Register |

Enter words / phrases / DOl / ISBN / authors / keywords / etc. Anywhere Advanced search

Home > Beneficial Microbes > List of Issues > Vol. 9, No. 5

About Issues Editorial Pricing Submissions Parinerships Agenda Recommend
Beneficial Microbes

Vol. 9, No. 5, 2018

[ Iselect All For selected items: Please select v
RESEARCH ARTICLE

] Increased incidence of necrotizing enterocolitis associated with
routine administration of Infloran™ in extremely preterm infants

E. Escribano, C. Zozaya, R. Madero, L. Sdnchez, J. van Goudoever, J.M. Rodriguez,
M. Sdenz de Pipaon

9(5), pp. 683-690

https://doi.org/10.3920/BM2017.0098

Keywords: necrotizing enterocolitis, probiotics, sepsis, extremely low
gestational age

Print ISSN: 1876-2883

Abstract | References | Full-text (318 KB) Online ISSN: 1876-2891

[J  Effect of probiotic lozenges containing Lactobacillus reuteri on oral
wound healing: a pilot study

S. Twetman, M.K. Keller, L. Lee, T. Yucel-Lindberg, A.M. Lynge Pedersen R i

9(5), pp. 691-696 r -\
https://doi.org/10.3920/BM2018.0003 10 years Beneficial Microbes
Keywords: biopsy, cytokines, inflammation, oxytocin :
Thank you to all editors and

Abstract | References | Full-text (252 KB) y authors!

[ Lactobacillus acidophilus CL1285, Lactobacillus casei LBCS80OR and } \ J
Lactobacillus rhamnosus CLR2 improve quality-of-life and IBS
symptoms: a double-blind, randomised, placebo-controlled study - .

K. Preston, R. Krumian, J. Hattner, D. de Montigny, M. Stewart, S. Gaddam 2018 Journal Impact Factor 2.939
9(5), pp. 697-706 o 8
https://doi.org/10.3920/BM2017.0105

Keywords: irritable bowel syndrome, probiotics, quality of life, constipation,

diarrhoea
Abstract | References | Full-text (312 KB) \ J
OPINION PAPER
5 : 1 Ciestore
[ Expanding the reach of probiotics through social enterprises 76th percertiie

Powered by Scopus

G. Reid, R. Kort, S. Alvarez, R. Bourdet-Sicard, V. Benoit, M. Cunningham, D.M.

Saulnier, J.E.T. van Hylckama Viieg, H. Verstraelen, W. Sybesma

9(5), pp. 707-715 - =
https://doi.org/10.3920/BM2018.0015
Keywords: probiotics, fermented food, social business, developing world Most Read Most Cited
Abstract | References | Full-text (2101 KB)

Site Tools

[J The ascent of the blessed: regulatory issues on health effects and 8
heaith claims for probiotics in Europe and the rest of the world Sign up for e-alerts
T.M.G. Dronkers, L. Krist, FJ. Van Overveld, G.T. Rijkers [CEEH What is this?)
9(5), pp. T17-723

https://doi.org/10.3920/BM2017.0196
Keywords: Lactobacillus, Bifidobacterium, EFSA, clinical trials

Abstract | References | Full-text (758 KB)

REVIEW ARTICLE

[J  The application of in vitro human intestinal models on the
screening and development of pre- and probiotics

V.T. Pham, M.H. Mohajeri

https://www.wageningenacademic.com/toc/bm/9/5 1/3



b 6/28/2020 Beneficial Microbes | Vol 9, No 5

9(5), pp. 725-742
https://doi.org/10.3920/BM2017.0164
Keywords: gut microbiota, fermentation, screening, healthy gut

Abstract | References | Full-text (499 KB)

RESEARCH ARTICLE

[J  Probiotic Bacillus enhance the intestinal epithelial cell barrier and
immune function of piglets

W, Du, H. Xu, X. Mei, X. Cao, L. Gong, Y. Wu, Y. Li, D. Yu, 8. Liu, Y. Wang, W, Li
9(5), pp. 743754

https://doi.org/10.3920/BM2017.0142

Keywords: Bacillus amyloliquefaciens SC06, intestinal barrier, tight junction,
gut immunity, TLRs

Abstract | References | Full-text (921 KB) | Supplemental Material

] Lactobacillus plantarum 1S-10506 activates intestinal stem celis in
a rodent model

A.E Athiyyah, A. Darma, R. Ranuh, W. Riawan, A. Endaryanto, F.A. Rantam, I.S.
Surono, S.M. Sudarmo

9(5), pp. 755-760
https://doi.org/10.3920/BM2017.0118

Keywaords: probiotic, intestinal stem cell, mucosal damage, regeneration,
lipopolysaccharide

Abstract | References | Full-text (312 KB)

[J  Exopolysaccharide from Bifidobacterium longum subsp. longum
35624™ modulates murine allergic airway responses
E. Schiavi, S. Plattner, N. Rodriguez-Perez, W. Barcik, R. Frei, R. Fersil, M. Kurnik-
Lucka, D. Groeger, R. Grant, J. Roper, F. Altmann, D. van Sinderen, C.A, Akdis, L.
O’Mahony
9(5), pp. 761~773
https://doi.org/10.3920/BM2017.0180
Keywaords: microbiota, airway inflammation, immunomodulation, bacterial
exopolysaccharide

Abstract | References | Full-text {392 KB} | Supplemental Material

[1  Lactobacillus acidophilus and Clostridium butyricum ameliorate
colitis in murine by strengthening the gut barrier function and
decreasing inflammatory factors

Y. Wang, Y. Gu, K. Fang, K. Mao, J. Dou, H. Fan, C. Zhou, H. Wang

9(5), pp. 775-787

https://doi.org/10.3920/BM2017.0035
Keywords: Lactobacillus acidophilus, Clostridium butyricumn, ulcerative colitis,

inflammation, cytokine
Abstract | References | Full-text {1062 KB)

[l Effect of probiotic Saccharomyces boulardii in experimental
giardiasis

M.R.S. Ribeiro, D.R. Oliveira, FM.S. Oliveira, M.V. Caliari, F.S. Martins, J.R. Nicoli,
M.F. Torres, M.E.R. Andrade, VN, Cardoso, M.A. Gomes

9(5), pp. 789-797

https://doi.org/10.3920/BM2017.0155

Keywords: Glardia lamblia, giardiasis, Saccharomyces boulardii, probiotic,
gerbil

Abstract | References | Full-text (325 KB)

] Gut bacterial composition in a mouse model of Parkinson’s disease

P, Perez-Pardo, H.B. Dodiya, PA. Engen, A. Naqib, C.B. Forsyth, S.J. Green, J.
Garssen, A. Keshavarzian, A.D. Kraneveld

9(5), pp. 799-814
https://doi.org/10.3920/BM2017.0202
Keywords: microbiota, dysbiosis, rotenone, caescum, neurodegeneration

Abstract | References | Full-text (494 KB) | Supplemental Material

Oral administration of Bifidobacterium bifidum TMC3115 to
neonatal mice may alleviate IgE-mediated allergic risk in adulthood

R.Y. Cheng, J.R. Yao, Q. Wan, JW. Guo, FF. Pu, L. Shi, W. Hu, Y.H. Yang, L. Li, M. Li,
F. He

9(5), pp. 815-828

https://doi.org/10.3920/BM2018.0005

Keywords: bifidobacteria, intestinal microbiota, allergy, early life, immunity
Abstract | References | Full-text (408 KB) | Supplemental Material

a

™

[J  Lactobacillus fermentum UCO-979C beneficially modulates the
innate immune response triggered by Helicobacter pylori infection

hitps://www wageningenacademic.com/toc/bm/9%5




' 6/28/2020 Beneficial Microbes | Vol 9, No 5
in vitro
V. Garcia-Castillo, H. Zelaya, A. llabaca, M. Espinoza-Monje, R. Komaisu, L.
Albarracin, H. Kitazawa, A. Garcia-Cancine, J. Villena
9(5), pp. 829-841

https://doi.org/10.3920/BM2018.0019
Keywords: Helicobacter pylori, gastric inflammation, macrophages, gastric
epithelial cells, Lactobacillus fermentum UCO-979C

Abstract | References | Full-text (372 KB)

New titles:

Energising networks i : - ‘

Anthropology mysticism

INITIATION

4

a
e

https://www . wageningenacademic.com/toc/bm/9/5

3/3



Beneficial Microbes, 2018; 9 (5): 755-760

Wageningen Academic
Publishers

Lactobacillus plantarum 1S-10506 activates intestinal stem cells in a rodent model

A.F. Athiyyah!’, A. Darmal, R. Ranuh!, W. Riawan?, A. Endaryanto!, F.A. Rantam?, LS. Surono? and S.M. Sudarmo!

Department of Child Health Dr. Soetomo Hospital Faculty of Medicine Airlangga University, JI. Prof. Dr. Moestopo No. 6-8,
Surabaya, Indonesia; *Laboratory of Biochemistry and Biomolecular Brawijaya University, JI. Veteran, Malang, Indonesia;
3Stem Cell Laboratory Institute of Tropical Disease, Jl. Mulyorejo, Surabaya, Indonesia; *Eood Technology Department,
Faculty of Engineering, Bina Nusantara University, Jakarta 11480, Indonesia; alpha-f-a@fk.unairac.id

Received: 15 Augustus 2018 / Accepted: 11 February 2018
© 2018 Wageningen Academic Publishers

RESEARCH ARTICLE
Abstract

This study investigated the probiotic effect of Lactobacillus plantarum 15-10506 in activating and regenerating
leucine-rich repeat-containing G-protein-coupled receptor (Lgr)5- and B lymphoma Moloney murine leukaemia
virus insertion region (Bmi)1-expressing intestinal stem cells in rodents following Escherichia coli serotype 055
lipopolysaccharide (LPS) exposure. Male Sprague-Dawley rats (1=64) were randomised into control (KN), L
(KL), probiotic + LPS (KL-Pr), and sequential probiotic + LPS + probiotic (KPR-7L) groups. Microencapsulatec
plantarum 1S-10506 (2.86x10'° cfu/day) was administered via a gastric tube once daily for up to 7 days, and LPS
(250 pg/kg body weight) was administered via a gastric tube on the first day of the experiment to all but the KN
group. On day 3, 4, 6, and 7, four rats per group were sacrificed, and Lgr5, Bmil, extracellular signal-regulated kinase
(ERK), and p-catenin expression in the ileum was assessed by immunohistochemistry. LPS treatment reduced Lgr5
(P<0.05) and Bmil (P=0.000) levels in intestinal epithelial cells, whereas probiotic treatment increased levels of
Lgr5 (KPR-7L, P=0.008) and Bmil (KL-Pr, P=0.008; and KPR-7L, P=0.000). Lgr5 expression was upregulated in the
KL-Pr group on day 3, 4, 6, and 7 (P=0.056). Additionally, ERK levels were elevated in Bmil- and Lgr5-expressing
cells in rats treated with probiotics (KL-Pr and KPR-7L), whereas p-catenin levels were increased in Lgr5-expressing
cells from KPR-7L rats and in Bmil-expressing cells from KL-Pr and KPR-7L rats on day 3 and 4. These results
demonstrated that the probiotic L. plantarum 1S-10506 activated intestinal stem cells to counter inflammation and
might be useful for maintaining intestinal health, especially when used as a prophylactic agent.

Keywords: probiotic, intestinal stem cell, mucosal damage, regeneration, lipopolysaccharide

1. Introduction proteins, such as galectin-4, myosin-1a, occludin, and zona

~ occludens-1 (Ranuh, 2008).

Probiotics are live microorganisms that confer health

benefits when consumed in adequate amounts (FAQ/
WHO, 2002), with one of its function is reducing duration
of infectious diarrhoea in children (Allen et al., 2010).
Recovery from diarrhoea is related to the repair of intestinal
epithelium damage, and probiotic administration was found
to mitigate ileal mucosal damage and inflammation, as well
as to alter cytokine profiles in Salmonella typhimurium-
infected mice (Castillo et al.,, 2013). Lactobacillus plantarum
IS-10506 is a probiotic isolated from dadih, a fermented
buffalo milk from Sumatra Island (Akuzawa and Surono,
2002). Additionally, L. plantarum 1S-10506 and 1S-20506
increase the expression of intestinal brush border structural

The surface of intestinal epithelial cells consists of villi and
crypts, where a high proliferation rate is balanced with
apoptosis (Yen and Wright, 2006). Stem cells proliferate
into multipotent progenitor cells that differentiate into
absorptive enterocytes, mucin-producing goblet cells,
hormone-producing enteroendocrine cells, and Paneth
cells (Clevers, 2013; Scoville et al., 2008; Yeung et al., 2011).
The intestinal stem cell population consists of columnar
base label-retaining cells (LRCs) expressing leucine-rich
repeat-containing G-protein-coupled receptor (Lgr)5 and
B lymphoma Moloney murine leukaemia virus insertion
region (Bmi)1 (Barker et al,, 2007; Yan et al., 2011). Lgr5-
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positive stem cells continuously divide to regenerate
intestinal epithelial tissue. Signalling pathways involved
in stem cell activation and proliferation include Wnt, which
is marked by high B-catenin activity (Crosnier et al., 2006),
and epidermal growth-factor receptor (EGFR), which
induces stem cell proliferation via mitogen-activated protein
kinase (MAPK)/ extracellular signal-regulated kinase
(ERK) signalling (Karim and Rubin, 1998). Proliferation
is followed by differentiation and maturation during the
repair of damaged mucosa (Umar, 2010).

In this study, we investigated the probiotic effect of L.
plantarum 1S-10506 on protein expression in stem cells
during intestinal inflammation induced by Escherichia
coli O55:B5 lipopolysaccharide (LPS) in a rodent model.

2. Materials and methods
Animals

Ethical approval was obtained from the Ethics Committee
(Animal Care and Use Committee) of Veterinary Medicine
School, Airlangga University (Surabaya, Indonesia). Male
Sprague-Dawley rats (12-weeks old, 100-120 g; n=64)
were randomised into control (KN), LPS (KL), probiotic
+ LPS (KL-Pr), and sequential probiotic + LPS + probiotic
(KPR-7L) groups, each of which was subdivided into four
subgroups (n=4 rats each) that were sacrificed on day 3, 4,
6, and 7. Rats were allowed to adapt for 1 week prior to the
start of experiments. Sterile water was administered via a
gastric tube for 14 days in control (KN) rats. The KL group
was treated with E. coli O55:B5 LPS on day 1 and sterile
water on the remaining 13 days. The KL-Pr group received
LPS on day 1 and L. plantarum 1S-10506 on day 2 until the
time of sacrifice. The KPR-7L group was given L. plantarum
15-10506 for 6 days before LPS administration, followed by
the probiotic until the time of sacrifice. At the end of the
experiment, the ileum was dissected for analysis. Rats were
examined daily for morbidity and other symptoms of ill
health, such as reduced activity level, abnormal evacuation,
and decreased body weight.

Probiotic

Microencapsulated L. plantarum 1S-10506 (GenBank
accession no. DQ860148) was used as a probiotic. The
probiotic was packed in an aluminium foil sachet at the
Pharmacy Installation of Dr. Soetomo Hospital (Surabaya,
Indonesia) and administered via a gastric tube once daily
for 6 days after LPS administration in the KL-Pr group,
or for 6 days before and after LPS administration in the
KPR-7L group. Probiotic viability was assessed 1 week
prior to the intervention. The probiotic powder was
administrated by dissolving in 1.5 ml sterile water at a
dose of 2.9%100 cfu/day.

Lipopolysaccharides

E. coli O55:B5 LPS (L2880; Sigma-Aldrich, St. Louis, MO,
USA) was used at a dose of 250 pg/kg body weight (diluted
with 0.9% NaCl in a 10:1 ratio). LPS was orally administered
via a gastric tube on day 1 of the study in all but the KN

group.
Immunochistochemistry

The ileum was cleaned and fixed in 10% formalin buffer
solution, followed by dehydration, clearing, and embedding.
Tissue sections were probed with antibodies against Lgr5
(sc-135238; Santa Cruz Biotechnology, Dallas, TX, USA)
and Bmil (sc-10745; Santa Cruz Biotechnology) to evaluate
protein expression in intestinal stem cells, and against
B-catenin (sc-1496; Santa Cruz Biotechnology) and ERK
(sc-94; Santa Cruz Biotechnology) to detect activation
of Wnt and MAPK signalling pathways. Samples were
observed with a light microscope (CX21; Olympus, Tokyo,
Japan) and photographed with an ILCE6000 camera (Sony,
Tokyo, Japan). The number of immunopositive cells was
determined by counting the mean number of cells in 20
random fields at 1000x magnification.

Statistical analysis

Differences between groups were evaluated by one-way
analysis of variance for data with a normal distribution and
with the Mann-Whitney and Kruskal-Wallis tests for non-
normally distributed data (two and more than two groups,
respectively). Significance was set at P<0.05.

3. Results

Probiotic administration promotes the regeneration of
intestinal tissue damaged by lipoplysaccharides

Rats treated with LPS showed fewer Lgr5-expressing
cells on day 3 (KL, P=0.02; KL-Pr, P=0.02; and Kpr-7L,
P=0.02) as compared to the KN group, indicating that
the intestinal stem cell population was reduced by LPS-
induced inflammation. However, L. plantarum 15-10506

administration increased the number of Lgr5-positive cells
in the KPr-7L group (P=0.008) (Figure 1A), but the increase
required pre-treatment with the probiotic prior to LPS
administration, as the KL-Pr group showed no difference in
the number of Lgr5-positive cells when compared to the KL
group. Lgr5 expression decreased in the KL group (P=0.037)
from day 4 to 6, but increased in the KL-Pr group (P=0.046)
from day 4 to 6, and in the KPr-7L group, an increase was
observed starting at day 4 (P=0.019) and persisted until
the end of the experiment. The increase in the number of
Lgr5-expressing cells on day 7 in rats pre-treated with L.
plantarum 1S-10506 indicated that probiotic promoted
the recovery of intestinal mucosa.
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Figure 1. Changes in Lgr5 (A) and Bmi1 (B) expression over time. + Significant change in expression from day 3 to 4; # Significant
change in expression from day 4 to 6; * Significant change in expression from day 6 to 7; ** Significant change in expression

from day 3, 4, 6,and 7.

On day 3, the number of Bmil-expressing cells was
lower in the KL (P=0.019) and KL-Pr (P=0.019) groups
when compared to the KN group; moreover, there was
no significant difference in Bmil-positive cell number
between the KPr-7L and KN groups (P=0.180), suggesting

increased in the KL-Pr (P=0.006) and KPr-7L (P=0.000)
groups over time (Figure 2A), with upregulation detected
on day 4 (P=0.028) and 6 (P=0.028) in the KL-Pr group,
and on day 4 (P=0.019) in the KPr-7L group.

that probiotic administration prior to LPS treatment had
a protective effect. The increase in the number of Bmil-
positive cells was observed starting on day 7 in the KL-
Pr group (P=0.008), and on day 3 in the KPr-7L group
(P=0.000), which persisted until day 7 (Figure 1B).

Probiotic administratit_jn activates intestinal stem cells

We observed fewer ERK/Lgr5 double-positive cells in
the KL group as compared with the KN group on day 3
(P=0.018). However, the KPr-7L group showed a higher
number of ERK/Lgr5-expressing cells than that observed
in the KN group (P=0.020). Additionally, ERK expression

The number of ERK/Bmil double-positive cells was
comparable in the KL and KN groups on day 3 (P=0.647);
however, the number increased in rats receiving probiotic
treatment (KL-Pr, P=0.019; and KPr-7L, P=0.019). An
overall increase in ERK activation was observed in the KL-
Pr (P=0.003) and KPr-7L (P=0.034) groups; however, ERK
activation decreased between day 3 and 4 in both groups
(KL-Pr, P=0.017; and KPr-7L, P=0.013), and between day 6
and 7 (P=0.046) in the KL-Pr group, but increased between
day 4 and 6 (P=0.047) in the KPr-7L group (Figure 2B).

We observed fewer B-catenin/Lgr5 double-positive cells in
the KL (P=0.017) and KL-Pr (P=0.019) groups as compared

Beneficial Microbes 9 (5)
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with the KN group on day 3. Probiotic administration
increased the number of cells expressing B-catenin/Lgr5
only in the KPr-7L group (P=0.036; Figure 2C) relative to
those in the KN group, and the immunoreactivity increased
over time in the KPr-7L group (P=0.015; Figure 2C).

At day 3, the number of B-catenin/Bmil double-positive
cells did not differ between the KL (P=0.278) and KL-
Pr (P=0.369) groups as compared with that observed in
the KN group; however, the number of cells expressing
both pB-catenin and Bmil was higher in the KPr-7L group
relative to the KN group (P=0.019). Additionally, B-catenin
activation increased over time in the KPr-7L group
(P=0.007; Figure 2D).

4. Discussion

Epithelial cells of the small intestine exhibit self-renewal
capacity and cells are replaced every 3 to 5 days in mice.
Consistent with a previous study (Ranuh, 2008), we found
that LPS administration caused damage to the ileal mucosa,
as shown by a decrease in the number of Lgr5- and Bmil-
expressing cells. However, intestinal stem cell regeneration
occurred in rats that were not treated with L. plantarum 1S-
10506, based on the presence of Lgr5-expressing cells in the
KL group. This agreed with a previous finding that a subset
of crypt cells expressing high levels of sex-determining
region Y-box 9 (i.e. LRCs) co-express activated intestinal
stem cell markers, such as Lgr5 (Roche et al., 2015).
Probiotics activate cells by inducing the Toll-like receptor
(TLR)-2 receptor in Lgr5-expressing cells (Scheeren et al.,
2014), leading to an increase in enterocyte proliferation
(Hormann et al., 2014). Lactobacillus spp. (L. rhamnosus
GG, L. acidophilus and 1. casei) administration also showed
cytoprotective effects against radiation-induced intestinal
injury, which was dependent upon TLR-2 signalling (Ciorba
et al., 2012). In the present study, we found that probiotic
pre-treatment abrogated LPS-induced decreases in Bmil-
positive intestinal stem cell number relative to control
animals after 3 days. This represents the first evidence
that probiotic administration protects Bmil-positive cells
under conditions of inflammation.

The recovery of intestinal mucosa following injury or
infection depends not only upon stem cell activation but
also on coordination between stem cell proliferation and
differentiation. Various signalling pathways contribute to
this process, including signalling associated with Janus
kinase/signal transducer and activator of transcription,
EGFR, bone-morphogenetic protein, Wnt, and Notch
(Buchon et al., 2010). In the present study, we found that
B-catenin was downregulated and upregulated in the KL
and KL-Pr groups, respectively, as compared with the
KN group. Moreover, we also observed increases in the
number of B-catenin/Lgr5 double-positive cells. A previous
study reported that $-catenin phosphorylation increased
in mouse colon epithelial cells following administration
of Salmonella, leading to a decrease in B-catenin activity
and target gene expression (Duan et al., 2007). Importantly,
in animals treated with probiotics, we observed more
[-catenin/Bmil double-positive cells relative to the KN
group; with the highest number observed in the KPr-7L
group. This suggested that the probiotic had a greater effect
on quiescent stem cells than activated stem cells.

We observed that ERK expression was higher and time-
dependent in the KPr-7L group as compared with the KN
group. In contrast, ERK was down regulated in the KL and
KL-Pr groups relative to the KN group. These results were
consistent with those reported in a study demonstrating
that increased TLR-2 signalling activates ERK1/2 and
AKT pathways, which play important roles in epithelial
cell proliferation (Hérmann et al., 2014). We also found
that the number of ERK/Bmil double-positive cells was
higher in rats treated with probiotic as compared with the
KN group, and the number was highest in the KPr-7L group,
indicating that L. plantarum 1S-10506 had a preventative
effect against inflammation-induced epithelial tissue injury.

Furthermore, L. plantarum 15-10506 had a greater effect
on EGER signalling than on Wnt signalling. We speculated
that prophylactic probiotic administration increased
ERK expression, activated EGFR signalling, and thereby
enhanced intestinal epithelial cell proliferation.

5. Conclusions

Under normal conditions, homeostasis of the intestinal
mucosa is maintained by Lgr5-expressing cells, whereas
Bmil-positive cells can compensate for the loss of Lgr5-
positive cell function (Barker et al., 2007; Carlone and
Breault, 2012; Montgomery ef al., 2011; Shivdasani, 2014;
Tian et al., 2011). Additionally, cells expressing Bmil are
more resistant to radiation-induced injury than those
expressing Lgr5 and contribute to the clonal expansion
of epithelial cells during tissue regeneration (Yan et al.,
2011). Therefore, higher numbers of Bmil-positive cells are
expected to increase the regenerative potential of intestinal
muéosa. =

Our results suggested that L. plantarum 1S-10506 increased
the size of the Lgr5- and Bmil-expressing intestinal stem
cell pool and induced the activation of these cells based on
elevated ERK and B-catenin expression to mitigate intestinal
mucosal injury caused by inflammation. These findings
demonstrated that L. plantarum 1S-10506 is a potentially
effective therapy, especially when used prophylactically,
for the maintenance of gastrointestinal health.
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