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The use of probiotic strains as nutri-
tional supplements has been gaining 

ground in the last decade. As the mecha-
nisms with which they modulate innate 
and adaptive immunity start to unravel, 
probiotics have repeatedly been sug-
gested as potential treatment for a wide 
variety of diseases, including inflamma-
tory bowel disease (IBD). However, even 
though the benefits of probiotic treat-
ment for conditions like atopic dermatitis 
are well established, very limited clinical 
benefit has been obtained on IBD treat-
ment. This could be due to the lack of 
suitable models on which to obtain valid 
pre-clinical data to select the most appro-
priate strain for a given condition.

We recently described a newly devel-
oped model for the culture and apical 
stimulation of whole human intestinal 
mucosal explants. We showed that the 
tissue was only viable if incubated in 
an O

2
 chamber, but it was possible to 

stimulate the tissue with bacteria in a 
conventional incubator. We used the new 
set-up to test three different Lactobacilli 
strains, none of which appeared to be 
benign on inflamed IBD mucosa.

Introduction

Prebiotics, namely components that facili-
tate the growth of beneficial microbes, as 
well as probiotics, have been introduced 
to the wide public not many years ago, 
however their popularity increases year by 
year, and the potential of using them as 
therapeutic agents for a variety of diseases 
is being extensively discussed. Promising 
results have been obtained in various 
studies using probiotics as adjuvants dur-
ing broad-spectrum antibiotic treatments 
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or as prophylaxis against post-operative 
infections1 and the feedback from the con-
sumers on their use in steady-state couldn’t 
be more enthusiastic. However, when pro-
biotics have been used as the actual treat-
ment agents for induction of remission 
in IBD, or even to ameliorate IBS symp-
toms, the outcome has not always been as 
encouraging.2,3 Of note, when probiotics 
were used to treat patients with acute pan-
creatitis, they significantly increased the 
mortality rate as opposed to the placebo 
treatment.4

Thus, previous disappointing clinical 
trials on the IBD front as well as other 
inflammatory diseases, along with the fact 
that the molecular mechanisms of interac-
tion between probiotics or their metabo-
lites and the host still remain for the 
greater part unknown, have led to a reduc-
tion in the number of clinical trials per-
formed in the past 3–5 years. Pre-clinical 
data obtained on the models used so far 
are not considered sufficient and many 
concerns have been expressed over the past 
years, with scientists reporting that the 
models used to evaluate the effects of vari-
ous treatments on the intestinal mucosa 
are not accurate enough, whether they are 
in vitro models using cell lines or mouse 
models of colitis.5,6 True enough, there 
is great variation to be observed between 
different protocols employed in different 
laboratories and the resulting data.7 Thus, 
the need for the development of more real-
istic models enabling an objective assess-
ment of the ensued immune response 
after application of the treatment has been 
widely recognized.

The interaction of ingested bacteria 
such as probiotics with intestinal mucosa is 
complex and comprises several key events 
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the first thing we wished to assess was the 
viability of the tissue in conventional incu-
bators. We found that even in the absence 
of the cylinder, the tissue was only viable 
when incubated in 100% O

2
 (Fig. 1).  

Indeed, if incubated in 100% O
2
, the tis-

sue as well as the commensals remained 
viable for up to 36 h as attested by fluo-
rescence in situ hybridization (FISH) 
(Fig. 2D), though by that time patches 
of apoptotic epithelium started to show.16 
Moreover, in 100% O

2
 the presence of the 

cylinder (Fig. 2D) and the surgical glue 
did not appear to be detrimental to the 
tissue’s wellbeing, as the amount of LDH 
secreted by the explant in the supernatant 
did not increase (Fig. 2C, stimulation 
with Salmonella was used as a positive 
control in this case).

As mentioned, it has been shown and 
is well established that properly polarized 
(apical) stimulation of the intestinal epi-
thelial layer is key for a proper homeosta-
sis and the induction of tolerogenicity to 
innocuous antigens.10 We demonstrated 
that in this set-up, challenge in the absence 
of the cylinder, led to stimulation via a 
non-physiological basolateral route occur-
ring from the cut sides of the explant, as 
attested by bacteria localization and exag-
erated cytokine secretion.16

quite reproducible and statistical signifi-
cance was achieved even with a relatively 
low number of samples. We used our 
model to test three different Lactobacilli 
strains and succeeded in showing differ-
ent effects. Here, we also show diverse 
effects of basolateral stimulation between 
a pathogenic agent (Salmonella) and the 
most anti-inflammatory of our probiotic 
strains.

We have managed to optimize a physi-
ologically relevant model for the testing of 
any kind of treatments directly on intesti-
nal mucosa, which we hope will become 
a routine complementary approach for 
obtaining robust pre-clinical data.

Setup of the Model  
and Viability Assessment

As the need for more physiological models 
of the human intestine on which to test 
various kinds of treatment has long been 
recognized, many attempts have been 
made in the past to keep tissue in culture 
in the presence of various stimuli and try 
to monitor the explants’ immune response. 
However, until quite recently, researchers 
had been indiscriminately keeping human 
or animal explants in conventional incu-
bators or in 100% O

2
 atmosphere,12-15 thus 

including attachment/degradation of 
mucus, competition with the commensal 
microbiota and resistance to antimicrobial 
peptides produced by the epithelial bar-
rier.8 As this kind of interactions is impos-
sible to replicate on a cell line, it would 
follow that the best alternative would be to 
test treatments of interest directly on intact 
intestinal mucosa. Organ cultures of the 
intestinal mucosa have been set up many 
decades ago, and various protocols have 
been examined in order to come up with a 
process that would correctly maintain tis-
sue viability in the long-term. Polarity is 
very important for the intestinal epithelial 
layer’s proper function as the same stimu-
lus can elicit completely different immune 
responses when applied apically or baso-
laterally.9-11 Polarized stimulation and 
long-term analysis of the effects, however, 
has been quite a tricky task for researchers 
and not many approaches so far have satis-
fied those criteria.

We recently presented the model we 
devised to achieve polarized challenge. 
This was done by gluing a cave cylinder on 
the apical face of the mucosa using surgi-
cal glue, whose presence on the tissue was 
not detrimental (Fig. 2). We observed that 
once the conditions for stimulation and 
culture were standardized, results were 

Figure 1. 24 hour long culture is only successful in O2. (A) tissue fixed immediately upon arrival in the laboratory; (B) tissue cultured for 24 hours in an 
atmosphere of 99% O2 in the pressure of 1 Atm; c. tissue cultured for 24 hours in a conventional incubator. Original magnification: 5x (panels modified 
from tsilingiri et al. Gut, 2012).
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described above, we succeeded in showing 
that three strains, all of them belonging 
to the Lactobacillus genus, could actu-
ally have quite different effects on healthy 
intestinal mucosa.16 These results con-
firmed previous work performed in our 
laboratory, where differential effect of said 
probiotics was also shown on complex co-
culture models as well as a mouse model of 
colitis.17 On that occasion, we had estab-
lished a protective effect for Lactobacillus 
paracasei B21060, as mice pre-treated with 
that strain showed a significantly reduced 
disease index during DSS colitis, whereas 
the other two Lactobacilli strains were by 
contrast detrimental and even resulted 
in an increased mortality rate. Thus, we 
had high hopes for applying L. paraca-
sei B21060 on extensively inflamed IBD 
mucosa. To our surprise, however, live 

Probiotic Activity in Health  
and Disease

The potential anti-inflammatory activ-
ity of certain probiotic strains has long 
been praised. These positive comments 
have so far been based largely in specula-
tion after preliminary data, and feedback 
from healthy consumers with only minor 
intestinal problems. However, an impor-
tant lesson from studying different probi-
otics is that even within the same genus, 
Lactobacilli for example, different strains 
may have different activities. Hence sim-
ple, easily reproducible and physiological 
enough models are needed for the sepa-
rate testing of every strain before eventual 
introduction to the food industry or clini-
cal practice. Having modified classical  
ex vivo organ culture protocols in the way 

Further, we show here that basolateral 
challenge elicits different results accord-
ing to the stimulus. Challenge with 
Salmonella FB62 in the absence of the 
cylinder leads to extensive crypt apopto-
sis and NfκB translocation to the nucleus. 
However, if a truly benign probiotic strain, 
such as L. paracasei is used in the same 
way, this is not the case (Fig. 3) and the 
observed NfκB activation is largely similar 
to that of the uncultured sample. Finally, 
as a proof of concept experiment we also 
used the cylinder for the opposite pur-
pose, namely to see whether the area of the 
explant “enclosed” in the cylinder would 
remain protected from a potential non-
polarized stimulation with Salmonella. 
Indeed, as shown in Figure 4, the cylinder 
not only sufficiently maintains stimuli in 
the inside, but also on the outside.

Figure 2. the presence of the surgical glue and the cylinder does not induce significant apoptosis on the explant (A) and (B). Schematic setup and 
mounting of the explant with the cylinder; (c) the presence of the cylinder does not lead to increased LdH secretion; (d) FiSH: both the tissue and the 
commensals are viable for up to 36 hours. Green, nuclei; dAPi red, bacteria. Left panel, tissue fixed upon arrival in the laboratory; middle panel, tissue 
cultured for 24 hours; right panel, tissue cultured for 36 hours, original magnification: 10×, middle panel modified from tsilingiri et al. Gut 2012.
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but we also showed that in this case, rather 
than an effect of the SN on Salmonella 
viability and/or proliferation, a direct 
effect on the intestinal epithelial layer was 
the reason why Salmonella could not pen-
etrate the tissue when the latter had been 
“conditioned” with SN prior to challenge. 
Microarray experiments on stimulated 
explants will show which pathways are 
modified after SN treatment and will shed 
light on the molecular mechanisms of this 
particular interaction.

Postbiotics as Therapeutic Agents 
for IBD

We previously described that even live 
probiotic bacteria that are completely 
innocuous on healthy tissue even when 
applied basolaterally can be detrimental 
for IBD tissue. Thus we reasoned that if 
the anti-inflammatory potential of one of 
these strains lay in the SN of the culture, 
that SN could potentially be used as a safer 
alternative for IBD treatment, eliminating 
the need and risk of using live bacteria. 
Besides, it had been previously described 
that the anti-inflammatory effect of 

by probiotic strains merely because of the 
niche competition phenomenon. Of note, 
mediation of one of these mechanisms of 
action does not necessarily exclude the 
possibility of the others being true at the 
same time. In some cases, these beneficial 
actions of the probiotics could be due to 
structural components of the latter inter-
acting with eukaryotic cells components 
or products, or they could be mediated 
by certain metabolites produced in situ by 
the bacteria.

Indeed, we had previously observed 
that the anti-inflammatory action of the 
Lactobacillus paracasei B21060 strain was 
due to a soluble mediator to be found in 
the culture supernatant (henceforth SN) 
of this particular strain; pretreatment 
with SN, even at very low concentrations, 
was very efficient in inhibiting the pro-
inflammatory effects of Salmonella on 
monocyte-derived dendritic cells, whereas 
live bacteria from which the SN had been 
extensively washed off before use lost this 
anti-inflammatory capacity (ref. 17 and 
unpublished data). Using our newly devel-
oped model, we not only confirmed that 
this action of the SN was evident ex vivo, 

bacteria of all three strains proved det-
rimental for patients’ mucosa, with ileal 
Crohn’s tissue being particularly sensitive 
to this kind of treatment. Noticeably, this 
would indicate that preventive strains are 
not necessarily going to be adequate for 
induction of remission as well, and hence 
preclinical data for every strain should be 
obtained in an experimental setting that is 
as similar as possible to the clinical situa-
tion for which the strain will be used.

The Potential of Postbiotics

One of the most important alleged prop-
erties of probiotic strains is the “shield 
effect” they might provide in a healthy 
intestine against potential pathogens. 
This “shield effect” could be the result of 
a variety of actions of beneficial microbes; 
in some cases the bacteria could act on 
the epithelial cells to make them more 
resistant to invasive strains, for exam-
ple by upregulating production of tight 
junction proteins18 or antibacterial mol-
ecules,19 or conserving the mucus layer.20 
Alternatively, the proliferation of poten-
tially dangerous strains could be inhibited 

Figure 3. non-polarized stimulation with a probiotic does not lead to extensive apoptosis or nfκB activation like Salmonella does—staining for p65 
(A) untreated tissue; (B) tissue stimulated with Salmonella in the absence of the cylinder; (c) tissue stimulated with L. paracasei in the absence of the 
cylinder.
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to the use of inadequately tested strains, 
or combination of strains, in irrelevant 
conditions. The results of such clinical 
trials designed in haste with insufficient 
pre-clinical data4 have triggered a fervent 
debate on how safe it would be to actu-
ally use live bacteria in acute inflamma-
tion, and it has even led to European Food 
Safety Authority (EFSA) passing very 
strict laws against health claims made on 
any kind of food industry product.

Thus, the potential utility of valid 
models like the one described here 
for obtaining robust pre-clinical data 
becomes apparent. Even though cell co-
culture and mouse models used so far have 
been invaluable for obtaining mechanistic 
insight on host-microbe interactions, it is 
admittedly much less plausible to evaluate 
the human bowel’s immune response to 
any stimuli using those models. Hence, we 
feel that this model could be a reproduc-
ible and simple, yet not simplistic comple-
mentary approach for the testing of any 
kind of treatment that requires polarized 
application on human intestinal mucosa. 

and wellbeing has emerged in the past 
decade. Probiotics are, by definition, live 
microorganisms which, when adminis-
tered in adequate amounts confer specific 
health benefits to the host. Indeed, probi-
otics have been widely used in recent years 
to alleviate minor to moderate intestinal 
discomforts, such as occasional or chronic 
constipation, diarrhea, IBS, etc. and it is 
estimated that the probiotic market moves 
around 30 billion US$ globally every year. 
In the clinics, probiotics have been suc-
cessfully used for the prevention or cure 
of certain inflammatory conditions such 
as mastitis or atopic dermatitis, and inter-
estingly, studies show that they could be 
used to lower health care costs, as patients 
receiving probiotics or synbiotics pre- or 
postoperatively were shown to spend sig-
nificantly less time in intensive care and 
have a significantly reduced chance of 
post-operative infections and complica-
tions.22-24 After such encouraging results 
however, we do run the risk of probiotics 
being viewed as a panacea for any possible 
inflammatory disorder. This could lead 

certain beneficial bacteria was associated 
with cellular metabolic products.21

We treated IBD explants with SN and 
observed that it was quite effective in 
downregulating a variety of proinflamma-
tory cytokines at a low concentration (5%) 
which allowed us to maintain the culture 
medium’s usual pH. Also in the case of 
IBD tissues, the SN not only improved tis-
sue wellbeing in general, but, once again, 
it was capable of preventing Salmonella 
invasion (Fig. 5).

These data would indicate that even 
though certain strains might be adequate 
for prolonging remission periods, it would 
still not be wise to use them during active 
disease, at least not without diligently test-
ing them first in a similar context. On the 
contrary, a potently anti-inflammatory 
postbiotic might be a safer alternative to 
live bacteria for IBD patients.

Discussion

The importance of a properly balanced gut 
flora for the maintenance of homeostasis 

Figure 4. the cylinder does not only keep the stimulus inside, but potentially also outside (A) transverse section of explant stimulated with Salmonella 
outside of the cylinder, original magnification: 2×; (B) vertical section of the same explant, black lines: cylinder border, original magnification: 4×.
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and pathogenic strains, helping to further 
elucidate key players involved in infection 
processes,25 as well as the possibility of 
using bacterial strains as vehicles of vac-
cine delivery via the mucosal route, a sub-
ject on which much debate has arisen in 
recent years.26
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Nevertheless, the system we have 
described undoubtedly provides the 
researcher with a good amount of mate-
rial for many different assays once test-
ing has been performed (microarray, 
qPCR, western blotting, cytokine profil-
ing, IHC/IF, etc.) When other types of 
assays, such as functional characterization 
of lamina propria cell components after 
stimulation and culture, are optimized, 
this set-up will provide various potential 
read-outs and the possibility to confirm 
any data obtained with more than one 
analysis method. Thus, it will become an 
asset not only for the application of poten-
tial treatments and evaluation of the tis-
sue’s immune response, but also for the 
study of interactions between the mucosa 

Still, the feasibility of a large number 
of experiments on this model actually 
mainly depends on sample availability and 
influx, as we have so far strictly used sur-
gical specimens not necessary for diagno-
sis. Thus, this system is currently not the 
best option for high throughput screening 
of a large number of strains/treatments. 
Further, as the maximum culture time so 
far has not exceeded 36 h, it becomes dif-
ficult to adapt more complicated assays to 
this model, like siRNA protocols which 
could come in very handy if molecular 
mechanisms were to be studied on this set-
up. We are currently working to optimize 
culture in the presence of the cylinder for 
longer time frames in order to try out rel-
evant assays on this model.

Figure 5. L. paracasei supernatant (Sn) impedes Salmonella entrance and maintains tissue architechture and wellbeing on iBd tissues as well. (A) 
colonic crohn disease tissue stimulated with Salmonella; (B) the same tissue incubated with Sn alone; (c) the same tissue challenged with Salmonella 
in the presence of 5% Sn; original magnification: 10×.

References
1. Jeppsson B, Mangell P, Thorlacius H. Use of pro-

biotics as prophylaxis for postoperative infections. 
Nutrients 2011; 3:604-12; PMID:22254113; http://
dx.doi.org/10.3390/nu3050604.

2. Ligaarden SC, Axelsson L, Naterstad K, Lydersen S, 
Farup PG. A candidate probiotic with unfavourable 
effects in subjects with irritable bowel syndrome: 
a randomised controlled trial. BMC Gastroenterol 
2010; 10:16; PMID:20144246; http://dx.doi.
org/10.1186/1471-230X-10-16.

3. Meijer BJ, Dieleman LA. Probiotics in the treat-
ment of human inflammatory bowel diseases: update 
2011. J Clin Gastroenterol 2011; 45(Suppl):S139-44; 
PMID:21992953; http://dx.doi.org/10.1097/
MCG.0b013e31822103f7.

4. Besselink MG, van Santvoort HC, Buskens E, 
Boermeester MA, van Goor H, Timmerman HM, et 
al.; Dutch Acute Pancreatitis Study Group. Probiotic 
prophylaxis in predicted severe acute pancreatitis: a 
randomised, double-blind, placebo-controlled trial. 
Lancet 2008; 371:651-9; PMID:18279948; http://
dx.doi.org/10.1016/S0140-6736(08)60207-X.

5. Cencic A, Langerholc T. Functional cell models of 
the gut and their applications in food microbiology--a 
review. Int J Food Microbiol 2010; 141(Suppl 1):S4-
14; PMID:20444515; http://dx.doi.org/10.1016/j.
ijfoodmicro.2010.03.026.

6. Schoeb TR, Bullard DC. Microbial and histopatho-
logic considerations in the use of mouse models of 
inflammatory bowel diseases. Inflamm Bowel Dis 
2012; PMID:22294506; http://dx.doi.org/10.1002/
ibd.22892.

7. te Velde AA, Verstege MI, Hommes DW. Critical 
appraisal of the current practice in murine TNBS-
induced colitis. Inflamm Bowel Dis 2006; 12:995-
9; PMID:17012970; http://dx.doi.org/10.1097/01.
mib.0000227817.54969.5e.

8. Rescigno M. The intestinal epithelial barrier in 
the control of homeostasis and immunity. Trends 
Immunol 2011; 32:256-64; PMID:21565554; http://
dx.doi.org/10.1016/j.it.2011.04.003.

9. Lee J, Mo JH, Katakura K, Alkalay I, Rucker AN, 
Liu YT, et al. Maintenance of colonic homeostasis 
by distinctive apical TLR9 signalling in intesti-
nal epithelial cells. Nat Cell Biol 2006; 8:1327-
36; PMID:17128265; http://dx.doi.org/10.1038/
ncb1500.

10. Lee J, Gonzales-Navajas JM, Raz E. The “polar-
izing-tolerizing” mechanism of intestinal epithe-
lium: its relevance to colonic homeostasis. Semin 
Immunopathol 2008; 30:3-9; PMID:18026955; 
http://dx.doi.org/10.1007/s00281-007-0099-7.

11. Vicente-Suarez I, Brayer J, Villagra A, Cheng F, 
Sotomayor EM. TLR5 ligation by flagellin con-
verts tolerogenic dendritic cells into activating 
antigen-presenting cells that preferentially induce 
T-helper 1 responses. Immunol Lett 2009; 125:114-
8; PMID:19555720; http://dx.doi.org/10.1016/j.
imlet.2009.06.007.

12. Borruel N, Casellas F, Antolín M, Llopis M, Carol 
M, Espíin E, et al. Effects of nonpathogenic bac-
teria on cytokine secretion by human intestinal 
mucosa. Am J Gastroenterol 2003; 98:865-70; 
PMID:12738469; http://dx.doi.org/10.1111/j.1572-
0241.2003.07384.x.

13. Schüller S, Lucas M, Kaper JB, Girón JA, Phillips 
AD. The ex vivo response of human intestinal mucosa 
to enteropathogenic Escherichia coli infection. Cell 
Microbiol 2009; 11:521-30; PMID:19134113; http://
dx.doi.org/10.1111/j.1462-5822.2008.01275.x.

D
ow

nl
oa

de
d 

by
 [

12
2.

10
2.

12
4.

20
2]

 a
t 0

3:
06

 0
6 

N
ov

em
be

r 
20

15
 



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

448 Gut Microbes Volume 3 issue 5

23. Liu Z, Qin H, Yang Z, Xia Y, Liu W, Yang J, et al. 
Randomised clinical trial: the effects of perioperative 
probiotic treatment on barrier function and post-
operative infectious complications in colorectal can-
cer surgery - a double-blind study. Aliment Pharmacol 
Ther 2011; 33:50-63; PMID:21083585; http://
dx.doi.org/10.1111/j.1365-2036.2010.04492.x.

24. Rayes N, Seehofer D, Theruvath T, Schiller RA, 
Langrehr JM, Jonas S, et al. Supply of pre- and 
probiotics reduces bacterial infection rates after 
liver transplantation--a randomized, double-
blind trial. Am J Transplant 2005; 5:125-30; 
PMID:15636620; http://dx.doi.org/10.1111/j.1600-
6143.2004.00649.x.

25. Lembo-Fazio L, Nigro G, Noël G, Rossi G, Chiara 
F, Tsilingiri K, Rescigno M, Rasola A, Bernardini 
ML. Gadd45α activity is the principal effector of 
Shigella mitochondria-dependent epithelial cell death 
in vitro and ex vivo. Cell Death Dis 2011; 2:e122; 
PMID:21368893; http://dx.doi.org/10.1038/
cddis.2011.4.

26. Fujkuyama Y, Tokuhara D, Kataoka K, Gilbert RS, 
McGhee JR, Yuki Y, et al. Novel vaccine development 
strategies for inducing mucosal immunity. Expert 
Rev Vaccines 2012; 11:367-79; PMID:22380827; 
http://dx.doi.org/10.1586/erv.11.196.

19. Möndel M, Schroeder BO, Zimmermann K, Huber 
H, Nuding S, Beisner J, et al. Probiotic E. coli treat-
ment mediates antimicrobial human beta-defensin 
synthesis and fecal excretion in humans. Mucosal 
Immunol 2009; 2:166-72; PMID:19129752; http://
dx.doi.org/10.1038/mi.2008.77.

20. Subramani DB, Johansson ME, Dahlén G, Hansson 
GC. Lactobacillus and Bifidobacterium species do 
not secrete protease that cleaves the MUC2 mucin 
which organises the colon mucus. Benef Microbes 
2010; 1:343-50; PMID:21831773; http://dx.doi.
org/10.3920/BM2010.0039.

21. Sokol H, Pigneur B, Watterlot L, Lakhdari O, 
Bermúdez-Humarán LG, Gratadoux JJ, et al. 
Faecalibacterium prausnitzii is an anti-inflammatory 
commensal bacterium identified by gut microbiota 
analysis of Crohn disease patients. Proc Natl Acad Sci 
U S A 2008; 105:16731-6; PMID:18936492; http://
dx.doi.org/10.1073/pnas.0804812105.

22. Na X, Kelly C. Probiotics in clostridium diffi-
cile Infection. J Clin Gastroenterol 2011; 
45(Suppl):S154-8; PMID:21992956; http://dx.doi.
org/10.1097/MCG.0b013e31822ec787.

14. Dame MK, Bhagavathula N, Mankey C, DaSilva M, 
Paruchuri T, Aslam MN, et al. Human colon tissue 
in organ culture: preservation of normal and neo-
plastic characteristics. In Vitro Cell Dev Biol Anim 
2010; 46:114-22; PMID:19915935; http://dx.doi.
org/10.1007/s11626-009-9247-9.

15. Armbrecht HJ, Boltz MA, Kumar VB. Development 
of a vitamin D-responsive organ culture system 
for adult and old rat intestine. Dig Dis Sci 2002; 
47:2831-8; PMID:12498308; http://dx.doi.
org/10.1023/A:1021038129203.

16. Tsilingiri K, Barbosa T, Penna G, Caprioli F, 
Sonzogni A, Viale G, et al. Probiotic and postbi-
otic activity in health and disease: comparison on 
a novel polarised ex-vivo organ culture model. Gut 
2012; 61:1007-15; PMID:22301383; http://dx.doi.
org/10.1136/gutjnl-2011-300971.

17. Mileti E, Matteoli G, Iliev ID, Rescigno M. 
Comparison of the immunomodulatory properties of 
three probiotic strains of Lactobacilli using complex 
culture systems: prediction for in vivo efficacy. PLoS 
One 2009; 4:e7056; PMID:19756155; http://dx.doi.
org/10.1371/journal.pone.0007056.

18. Karczewski J, Troost FJ, Konings I, Dekker J, 
Kleerebezem M, Brummer RJ, et al. Regulation 
of human epithelial tight junction proteins by 
Lactobacillus plantarum in vivo and protective effects 
on the epithelial barrier. Am J Physiol Gastrointest 
Liver Physiol 2010; 298:G851-9; PMID:20224007; 
http://dx.doi.org/10.1152/ajpgi.00327.2009.

D
ow

nl
oa

de
d 

by
 [

12
2.

10
2.

12
4.

20
2]

 a
t 0

3:
06

 0
6 

N
ov

em
be

r 
20

15
 




