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Probiotics the Good Neighbor: Guarding the Gut Mucosal Barrier
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Abstract: Problem statement: The disruption of gut barrier function plays a aial role in the
pathogenesis of not only gastrointestinal diseases,also the diseases of liver and other organs.
Mucosal protective factors that preserve the gutidraintegrity are beneficial in the preventiondan
treatment of such diseases. Probiotics is a grdupelpful bacteria that protect the gastrointedtina
mucosa from a variety of insults. Therefore, un@ading the mechanism of probiotic-mediated
protection of gut barrier function is an importanéa of investigatiomrApproach: Several studies had
addressed the role of probiotics in the protectiddngut barrier integrity. In a recent study, we
investigated the role dfactobacillus rhamnosus GG and two soluble proteins, p40 and p75, in the
protection of gut barrier function in Caco-2 celbmolayer, a model of the intestinal epithelium.
Results: Studies demonstrated that live or ddaattobacillus rhamnosus GG prevents oxidative
stress-induced disruption of tight junctions andrika function in Caco-2 cell monolayers. The
isolated soluble proteins of this probiotic, p4@ Y5, also prevent hydrogen peroxide-induced tight
junction disruption. This protective effect of protic proteins was mediated by the activation of
ERK1/2 and protein kinase C isoforms, HK@nd PK&. Conclusion: Lactobacillus rhamnosus GG
prevent oxidative stress-induced disruption ofstitel epithelial tight junctions and barrier fuioct,
suggesting that preservation of epithelial barfigrction is one of the mechanisms involved in the
mucosal protective role of probiotics in the gut.
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INTRODUCTION functiod®, improve intestinal microbial ecology and
regulate immune functiéh.
Probiotics, the live microorganisms that inhabi t

gastrointestinal tract, confer health benefitshte host, Lactobacillus rhamnosus: Probiotics in the gut include
such as nutritional assistance, maturation of imamun 30 species oBifidobacteria, 52 species dfactobacillus
system, protection of mucosal barrier function andand others such aSaccharomyces, Streptococcus and
prevention of injurious effects caused by xenobiti Enterococcus. Lactobacillus rhamnosus GG (LGG),
and pathogef$. A flurry of basic and clinical studies originally isolated from the healthy human intestir
on probiotics during the past decade lead FAO/WHIO tis one of the best-studied probiotic bacteria inichl
define probotics as “live microorganisms which, whe trials for treating and/or preventing several itited
consumed in adequate amounts as part of food, canfe disorders, including inflammatory bowel diseases an
health benefit on the ho&; Probiotics are considered diarrhed’. Recent mechanistic studies using LGG as a
to offer potential therapeutic applications in themodel of probiotic bacterium find that LGG prevents
prevention and treatment of different diseases. Theytokine-induced apoptosis in the intestinal epidhe
current clinical applications of probiotics include cells through activation of Akt and prevention &8p
treatment and/or prevention of inflammatory bowel MAPK activatiod®. More importantly, constituents
diseases, diarrhea, irritable bowel syndrome, gluterecovered from LGG culture broth supernatant
intolerance, gastroenteritis anHelicobacter pylori  Stimulate Akt action to prevent cytokine-induced
infectiorf®. A significant body of evidence indicates apoptosis in intestinal epithelial célls Furthermore,
that probiotics regulate intestinal epithelial harstasis, two LGG-produced soluble proteins, p75 and p40ghav
such as promotion of cell survival and barrierbeen successfully purified and cloned. Both p75 and
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p40 activate Akt and regulate intestinal epithetiall  evaluated the effect of LGG and proteins secreted b
anti-apoptotic respond®s In the gastrointestinal tract LGG (p75 and p40) on hydrogen peroxide-induced
LGG promote good digestion, boost immune systemdisruption of tight junctions in Caco-2 cell monygas,
increase resistance to infection and inhibit growth g cell culture model of the intestinal epitheliﬁ%
pathogenic bacteria. One of the important mechaismpretreatment of cell monolayers with p40 or p75
by which LGG exerts its beneficial effect in gupaprs  attenuated the hydrogen peroxide-induced decrease i
to be the protection of mucosal barrier function. TER and increase in inulin permeability in a timela
dose-dependent manner. Probiotic proteins, p40 and

Tight j:mgtions ?nd tgut barriert fltjr?cngr.]f:f QUt fp75 prevented hydrogen peroxide-induced
mucosa’ barrier function prevents the Qiiusion oty yigtihytion of occludin, ZO-1, E-cadherin aifd

potential injurious factors from the gastrointeatin : ; . : .
lumen into the tissue and eventually into the swite catenin from the intercellular junctions and their
y e dissociation from the detergent-insoluble fractions

circulatiod”. Disruption of barrier function and . A )
elevated permeability to luminal toxins, allergearsd Both p40 and p75 mduced a rapid increase in the
membrane translocation of PRC and PKG. The

pathogens play a crucial role in the pathogenekis o X o .
number of gastrointestinal diseases such gattenuation of hydrogen peroxide-induced inulin

inflammatory bowel disease, celiac disease and@rmeability and redistribution of tight junction
alcoholic liver disease. A major component of theProteins by pA0 and p75 was abrogated by Ro-3250432
mucosa barrier function is the specialized intdutai @ PKC inhibitor. LGG proteins, p40 and p75 also
junctional complex called tight junctions, a rapidly increased the levels of phospho-ERK1/2hie t
circumferential ring located at the apical end bé t detergent-insoluble fractions. U0126 (a MAP kinase
lateral membrane of the epithelial cells. Tightgtions  inhibitor) attenuated the p40 and p75-mediated
are formed by the organization of a number of djmeci reduction of hydrogen peroxide-induced tight juowcti
proteins such as occludin, zonula occludens (Z@&-,  disruption and inulin permeability.
2 and Z0-3), claudins and junctional adhesion The attenuation of hydrogen peroxide-induced
moleculé”. The assembly and disassembly of tightincrease in inulin permeability in Caco-2 cell
junctions are regulated by numerous intracellularmonolayers by live or dead LGG suggested that icerta
signaling moleculé¥’. _ component of LGG is responsible for this protective
F_’r0|lr_11fé?mmatqry f%%]ors such as yeactive oxygerresponse. Protection of tight junctions from hydog
specieS' "%, cytokine§**" and toxinS® disrupt the peroxide by LGG supernatant and the purified prstei

tight junction and compromise the barrier functioh 140 and p75, indicated that the proteins secreted b
the intestinal epithelium. Previous studies have 55 are involved in the amelioration of oxidative

Qemqnstrated that hydrogen peroxide disrupts ti.ghgtress-induced increase in paracellular permepb#it
!uncthns in the Capo-_z ceI_I monqlayéaé] by a me pu N previous study demonstrated that the probiotictepto
involving phosphotidylinositol 3-kinase and c-Src™. : . L

S Do . .the intestinal epithelial cells from TN#nduced
Hydrogen peroxide induces a redistribution of t'ghtapoptosi@. Although ZO-1 and occludin levels in

junction and adherens junction proteins, occludi®; ) ) .
. . , detergent-insoluble fractions were dramaticallyuest
1, E-cadherin and3-catenin, from the intercellular by KO, treat ¢ focal mi h d that
junctions into the intracellular compartments. The y M, reatment, coniocal microscopy showe a
redistribution of occludin from the junctions wasich

factors that prevent the inflammation-mediated S
disruption of the tight junction and barrier functimay ~ M°'® pronounced compared to the redistribution ©f Z

provide potential therapeutic benefit in the treattnof ~ 1+ This may be explained by proposing a possibitigt
many gastrointestinal diseases. H,O, had only minimal effect on the interaction between

Z0-1 and claudins and therefore a significant partf
Approach and results: LGG has been shown to protect ZO-1 remains to be localized at the intercellular
the intestinal mucosal integrity by preventing thejunctions. The adherens junction lies beneath ity t
cytokine-induced apoptosis of epithelial c&lisThe junction and is formed by the organization of Eteatih
probiotic, Escherichia coli Nissle 1917, mediates up and B-catenin. Evidence suggests that the adherens
regulation of tight junction protein, ZO-1 and peets junction indirectly regulates the integrity of tigh
gut barrier disruption induced by sodium dextranjunction. The probiotic proteins (p40 and p75) also
sulfate-induced colitt). In a recent study we prevent hydrogen peroxide-induced redistributionEef

189



Am. J. Infect. Dis., 5 (3): 188-192, 2009

cadherin and B-catenin. Therefore, probiotics may junction proteins from the detergent-insoluble fiats.
stabilize both tight junction and adherens junctiond  Previous studies showed that the tight junction and
preserve the integrity of barrier function. adherens junction proteins, occludin, ZO-1, E-caidhe
Probiotic secretory proteins, LGG supernatant, p4A@&nd (-catenin are associated with the F-actin-rich
and p75, did not change the level of hydrogen gdegx  Triton-insoluble fractions in an intact epitheliuamd
indicating that the effect of probiotic was not nieédd  these fractions of the tight junction and adherens
by an antioxidant effect. This was further suppiitg  junction proteins correlate well with the integriof
the observation that LGG supernatant effectivelytight junctiod'®. Hydrogen peroxide caused a
prevented hydrogen peroxide-induced disruption ofdissociation of these tight junction and adherens
barrier function when the cells were pretreatedhwit junction proteins from the detergent-insoluble fiats,
LGG supernatant and removed before thesuggesting that the dissociation of tight junctiemd
administration of hydrogen peroxide. P40 and p7Bewe adherens junction proteins from the actin cytoskele
effective in preventing hydrogen peroxide-inducedis one of the mechanisms involved in this tightcjiion
disruption of tight junction even when they were disruption. Probiotic proteins somehow prevent
administered only to the apical surface or the lbasshydrogen peroxide-induced loss of interaction betwe
surface. This indicates that the necessary membrarthe actin cytoskeleton and the tight junction and
receptors required for their protective effects areadherens junction proteins. Therefore, the protecti
present in both the apical and the basolateragffects of P40 and P75 are likely to be mediated by
membranes of Caco-2 cell monolayers. Probioticspecific cellular mechanisms. It was shown that p40
protein, p75, also prevented hydrogen peroxidedadu and p75 activate Akt in the intestinal epitheliellg®.
disruption of barrier function in T84 and HT29 cell However, phopho-Akt was undetectable in p40 or p75-
monolayers, indicating that this effect is not ¢oefl to  treated Caco-2 cells. Therefore, probiotic-medigk&t
one cell line. activation may play a role in cell survival effebut is
Both p40 and p75 are novel bacterial proteinscivhi not involved in the protection of tight junctionofn
induce intestinal epithelial cell signal transdontiand  hydrogen peroxide (data not shown).
anti-apoptotic respons8s The deduced full-length p40 Attenuation of the P40 and P75-mediated
sequence is 79% identical to the sequence of @860 protection of barrier function and tight junctiorofi
acid protein of unknown function ibactobacillus casel _ hydrogen peroxide by Ro-32-0432 (a PKC-selective
334 (NCBI GeneBank COG3883) and the partialinninitor indicates that PKC activity is involved the

sequence of p75, which is most closely related 493 L : : - .
amino-acid cell wall-associated hydrolase of Lec834 tight junction protection by probiotic secretonofsins.

(NCBI GeneBank COG0791). The predicted moleculalRo—32—0432 is known to selectively inhibit the &':ttiels
mass of the full-length cell wall-associated hyesal of ©f PKCa, PKC: and PK@I. Both p40 and p75 rapidly
Lactobacillus casei 334 (49 kDa) differs substantially incréase the membrane translocation of EK&hd
from the molecular mass of the LGG p75 protein. The®KCBI; membrane localization of PKCwas unaltered.
p40 gene sequence and the partial p75 gene sequenbais indicates that p40 and p75 induce the actvanif
do not show significant similarity and the PKCe and PK@I and this activation of the PKC
experimentally determined N-terminal amino acidisoforms may be required for the protection of tigh
sequences of these two proteins are not relateds, Th junction from hydrogen peroxide. Maximal activation
based on the available sequence data, there is ¥ PKCBI was achieved by 2 min, while PKC

evidence to suggest that p40 is a degradation ptadu  transjocation was detectable only at 15 min afé5 p

p75. However, it is possible that there could bejqministration. This suggests that FKCactivation
sequence similarity between p40 and the

uncharacterized C-terminal portion of p75 The My be one of the initial events in the mechanigm o
mechanisms of p40 and p75 regulating cell si'gnalin robiotic—rr_1edia_ted protection of tight junction and
are an area of active investigation including2dnerens junction. PkCmay play a role in the down
identification of potential interacting proteins can Stréam events of the signaling pathway involvethis
potential receptor(s), however no candidates haamb Process.
clearly identified so far. Studies also showed that MAP kinase activity is
Both p40 and p75 effectively prevented hydrogeninvolved in the p40 and p75-mediated preventiothef
peroxide-induced loss of tight junction and adheren hydrogen peroxide-induced disruption of tight juoist
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and increase in paracellular permeability. U0126 (a ACKNOLEDGEMENT
MEK selective inhibitor) attenuates the proteceftect
of p40 and p75 on tight junction, indicating thiaese
probiotic proteins activate ERK1/2 via MEK activity
This is confirmed by the demonstration that botl® p4
and p75 rapidly increase the level of p-ERK in Gaco
cells. A recent study demonstrated that activatién
ERK plays a crucial role in the EGF-mediated
prevention of hydrogen peroxide-induced disruptidn
tight junction and the increase in paracellular
permeabilitf??. Phospho-ERK directly interacted with d=Retrieve&db=PubMed&dopt=Citation&list_uids
occludin and prevented hydrogen peroxide-induced =14242024 .
dephosphorylation of occludin on Thr residues. A2 (\évzfs”t(rignygrgn 20062.2.Immung‘!folg%/.43Curr. CIJD%T
similar mechanism may play a role in the probiotic- 1 647/01 Mg 0000245531.35518.77
medlqted.protectlc.)n of the tight junction from hygen 3. Brown, A.C. and A. Valiere, 2004. Probiotics and
peroxide-induced insult.

g / o medical nutrition therapy. Nutr. Clin. Care, 7: 68-
PKC inhibitors failed to prevent probiotic-induced  pttp:/Awww.ncbi.nlm.nih.gov/entrez/query.fcgi?cm
activation of ERK1/2 and similarly, MEK inhibitor

d=Retrieve&db=PubMed&dopt=Citation&list_uids
faled to prevent probiotic-induced membrane =15481739
translocation of PKE or PK@BI. These data suggested 4. Resta-Lenert, S. and K.E. Barrett, 2006. Pratsot
that probiotic-induced activation of MAP kinase and and commensals reverse TéRnd IFN~induced
PKC signaling pathways are independent of one dysfunction in human intestinal epithelial cells.
another. Therefore, it is likely that probiotic pims Gastroenterology, 130: 731-746. DOI: S0016-
activate multiple signaling pathways and coordoati 5085(05)02525-4
these signaling pathways is required for the pribio 5. Yan, F. and D.B. Polk, 2002. Probiotic bacterium
mediated protection of intestinal epithelial tight  Prevents cytokine-induced apoptosis in intestinal
junctions. The precise mechanism involved in PK@ an  €Ppithelial cells. J. Biol. Chem., 277: 50959-50965.
MAP kinase activation in tight junction regulatiés DOI: 10.1074/jbc.M207050200

not known. A recent study suggested that pKcS-  Yan, F"h.H' Cao,dT.L. Covlekr, R. WhiteTeé\ld,
activation is involved in stabilization of perijuianal M.K. Washington and D.B. Polk, 2007. Soluble

actomyosin rinY. MAP kinase activation may proteins produced by probiotic bacteria regulate

. . intestinal cell survival and growth.
regulate the Thr-phosphorylation of Occludin. Gastroenterology, 132 562-75. DOI:

10.1053/j.gastro.2006.11.022

Yan, F. and D.B. Polk, 2006. Probiotics as

) ) o o functional food in the treatment of diarrhea. Curr.
The evidence is convincing that probiotics protect Opin. Nutr. Metab. Care, 9: 717-721. DOI:

the gastrointestinal mucosa from a variety of itssul 10.1097/01.mco.0000247477.02650.51

including infection by harmful bacteria. Several 8. Gorbach, S.L., T.W. Chang and B. Goldin, 1987.

mechanisms appear to be associated with this mucosa Successful treatment of relapsing Clostridium

protective role of probiotics. One such mechanisay m difficile colitis with Lactobacillus GG. Lancet

involve preservation of the integrity of epitheltght 2:1519-15109.

junctions and therefore the gut barrier functioecént http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cm
studies demonstrate that soluble proteins of d=Retrieve&db=PubMed&dopt=Citation&list_uids

Lactobacillus rhamnosus GG are effective in protecting 9 =2892070
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