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Abstract: There are numerous reports that show the benefits on the health attributed to the probiotic consumptions. Most
of the studies were performed using animal models and only some of them were validated in controlled human trials. The
present review is divided in two sections. In the first section we describe how the probiotic microorganisms can interact
with the intestinal epithelial cells that are the first line of cell in the mucosal site, focusing in the studies of two probiotic
strains: Lactobacillus casei DN-114001 (actually Lactobacillus paracasei CNCMI-1518) and Lactobacillus casei CRL
431. Then we describe same beneficial effects attributed to probiotic administration and the administration of fermented
milks containing these microorganisms or potential probiotic yoghurt, principally on the immune system and on the
intestinal barrier in different experimental mouse models like enteropathogenic infection, malnutrition, cancer and

intestinal inflammation.
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INTRODUCTION

The intestinal microbiota is composed of many beneficial
microorganisms among which lactic acid bacteria (LAB) and
bifidobacteria are the most commonly evaluated.

Diet, drugs, chemotherapy, stress, can affect the
equilibrium of the intestinal microbiota, and probiotic
supplements can repair these deficiencies [1, 2]. Fermented
milks and yoghurts containing probiotic microorganisms are
widely accepted by consumers.

FAO/WHO defined probiotic as live microorganisms
which, when administered in adequate amounts confer a
health benefit on the host [3]. The beneficial claims for
probiotic or fermented milk consumption are numerous and
include: increase in the resistance to pathogens, prevention
of cancer [4-6], regulation of peristalsis, diminution of the
symptoms of lactose intolerance [7], decrease in gut
inflammatory response and prevention of food allergy [8].
It was demonstrated that the immune system plays an
important role in most of the benefits associated to
probiotics.

Considering that fermented products containing
probiotics enter to the host by oral way, the gut is the first
site. where they exert effect, and then, by the common
mucosal immune system, they can affect other distant organs
and also the systemic immunity. The knowledge of how
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these microorganisms can affect the systemic and mucosal
immunity is very important to found the scientific basis for
the use of probiotics or fermented milks and to determine
how these non-pathogenic microorganisms included in the
daily diet of many people can influence the host’s immunity.

The use of animal models is very important to
understand, in a controlled environmental, the modulation of
the host’s immune response that is an important effect
associated to the benefits observed with most probiotics. In
this sense, the importance of understanding the immuno-
modulatory capacity of probiotics was analysed [9]. Recently,
the immune system stimulation by different probiotic
microorganisms was reviewed [10]. Probiotics can improve
non-specific immune response by activation of macrophages,
natural killer (NK) cells, cytotoxic T-lymphocytes. Different
probiotic microorganisms can induce different cytokine
responses, and the increased number of IgA secreting cells
was associated to the improvement of gut mucosal immune
system by probiotics and fermented products containing
these microorganisms. The importance of immunomodulation
by probiotic was also related to the normalization of
dysbiotic microbiota associated with immunopathologies
[11]. However, if we refer to specific diseases, there are not
enough human trials where the application of probiotics as
biotherapeutic agents was evaluated in double-blinded large
scale clinical trials. These assays are very important before
the medical community accepts the addition of probiotic as
supplements for specific patients. This review summarizes
some of the most relevant results reported for two probiotic
strains, Lactobacillus (L.) casei CRL-431 and L. casei DN-
114001 (actually L. paracasei CNCMI-1518), in healthy
host and also in animal models for specific pathologies. The
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effect of yoghurt composed by potential probiotic strains will
be also described in a model on inflammatory bowel disease.
In all the models, the relation of probiotic consumption with
the host’s immune system will be discussed.

CONTACT OF Lactobacillus casei DN-114001 WITH
GUT EPITHELIAL AND IMMUNE CELLS

The abilities to persist in the intestine and to adhere to
this surface are important characteristics utilized to select
probiotic microorganisms [12].

The intestinal epithelial cells (IECs) are the first cells that
interact with probiotics at the intestinal level. Increased
adhesion of the microorganisms can enhance their survival in
the gastrointestinal tract, helps to counter the effect of the
peristalsis and provides a best activation of the IECs.

The contact of the probiotic microorganism with the
IECs is the first stage needed for the transduction of signals
that stimulate the immune response in the intestine and this
fact was demonstrated for L. casei DN-114001 by electron
microscopy using a mouse model (Fig. 1). Mice were orally
given a suspension of L. casei DN-114001 (10° CFU/ml),
and the samples from the small intestine were obtained at 10
min and used for microscopic observations. It was observed
the interaction of L.casei DN-114001 with the enterocytes
(microvilli, Fig. 1), similar to the results obtained previously
for the probiotic strain L. casei CRL 431 [13], and this
interaction activated the IECs by increasing the
multivesicular bodies in their cytoplasm [14].

Toll like receptors (TLR) can be expressed in the IECs
and the stimulation of these receptors allows them to produce
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cytokines such as IL-6, IL-1 and IL-8 [15]. It was reported
that the co-culture of a cell suspension enriched in IECs with
the probiotic bacterium L. casei CRL 431 activated these
cells stimulating the release of cytokine [16]. The in vivo
activation of the IECs by the probiotic fermented milk
(PFM) that contained the starter cultures of L. delbrueckii
subsp. bulgaricus (10° CFU/ml), Streptococcus thermophilus
(10 CFU/ml) and the probiotic bacterium L. casei DN-
14001 (10® CFU/ml) was evaluated through the measurement
of IL-6 release by IECs obtained from mice given PFM [14].
It was reported that mice given PFM significantly enhanced
IL-6 production by the IECs being these increases lower than
the induced by a pathogenic bacterium [17]. This cytokine is
important to initiate and maintain the cross-talk of the IECs
with the immune cells in the intestine, and it was also
reported that is involved in the induction of immunoglobulin
A (IgA) B cell clonal expansion [18]. The interaction of L.
casei DN-114001 with the gut associated immune cells was
also examined in a mouse model using bacteria labelled with
fluorescein isothiocyanate (FITC). The results showed that
the whole bacteria or their fragments interacted with the cells
of the immune system (fluorescent cells) located in the
Peyer’s patches (PP) and in the villi (lamina propria). After
10 min of probiotic administration the fluorescent cells were
observed in PP and in the lamina propria, they reached a
peak at 24 h, and gradually diminished until 72 h [14]. The
decrease observed in the number of fluorescent cells means
that the whole bacterium or the bacterial fractions did not
colonize for a long time in the intestine, remained a short
time and then continued the normal clearance. This is important
to consider that this bacterium is introduced in fermented
milk that is consumed on a regular diet by the hosts.

Fig. (1). Adhesion of L. casei DN-114001 to the epithelial cell. Representative microphotographies obtained with transmission electronic
microscopy from samples of the small intestine of a mouse given L. casei DN-114001. A) Transmission electronic microscopy of L. casei
DN-114001 adhered to microvilli in the apical surface of epithelial cells. B) Scanning microscopy of the epithelial cell and the L. casei DN-
114001.
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These results also agree with the ones obtained with L.
casei CRL 431 [13], where it was suggested that fluorescent
cells detected after the administration of FITC-labelled
bacteria to mice were immune cells that interacted with
bacterial fragments. However, the presence of microfold
cells (M cells) in the intestinal villous possibilities that the
whole bacteria could also have translocated to the lamina
propria through these cells [19] or by the dendritic cells
(DCs), that express proteins like ones present in the tight
junctions, allowing them to extend cell prolongations
between the intestinal epithelial cells, without affect the
intestinal permeability [20].

PROBIOTIC FERMENTED MILK ADMINISTRA-
TION AFFECTS INTESTINAL NON-ESPECIFIC
BARRIER AND IMMUNE CELLS

A protective mucus layer covers the epithelium of the
gastrointestinal tract. This layer functions as an active
defensive barrier that is synthesized and secreted by goblet
cells and that increase in response to gut microorganisms
[21]. It was observed that mice given PFM containing L. casei
DN-114001 enhanced significantly the count of goblet cells
(Fig. 2) compared to the animals without special feeding [14].

Probiotic bacterium or bacterial fragments can make
contact with the intestinal immune cells as was expressed
above. This stimulation can induce modification in the
number and function of certain immune cells. It was reported
for the probiotic L. casei CRL 431 that when it was
administered to healthy mice enhanced the count of IgA+
cells and cells associated to the innate immunity, but CD4+
or CD8+ T lymphocytes did not modify in the small intestine
[22]. Enhanced intestinal IgA production is an effect
desirable with probiotic administration because constitutes a
mechanism of defence for the mucosal surfaces [23]. At
difference, for the PFM containing L. casei DN-114001, it
was reported that the administration to mice during 98 days
increased not only IgA+ cells but also increased significantly
CD8+ and CD4+ cells in samples of the small intestine [24].
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This result shows that benefits induced by each probiotic are
strain dependent. It is important to consider that the PFM as
whole product, contain other compounds such as bioactive
peptides, produced during the fermentation process and they
could be related with these additional effects.

It was demonstrated that gut innate immune response is
stimulated by probiotic administration [25]. Macrophages are
essential in the innate immunity and they also participate in
the acquired immunity [26]. DCs and effector molecules
produced by them (cytokines and chemokines) play also an
important role in the innate immune response and in the
initiation of the adaptive immunity [27]. The effects of PFM
containing L. casei DN-114001 on macrophages and DCs
were reported by Maldonado Galdeano et al. [14]. It was
described that macrophages (F4/80+ cells) were significantly
enhanced in the lamina propria of the small intestine from
mice given PFM compared to animals without especial
feeding; however PFM administration did not affect the
number of DCs. It was also reported that these changes in the
number of macrophages were not associated to modifications
in the expression of cell receptors, such as CD 206 and
TLR-4, which biological signals are implicated in their
activation [14].

Calcineurine (CN) was also analysed because it was
reported that this molecule participates in the coordinated
stimulation of the Granulocyte Macrophage Colony-
Stimulating Factor (GM-CSF) and IL-2 genes, mediated by
the transcriptional nuclear factor of activated T-cells (NF-
AT) in T lymphocytes [28]. This enzyme has been described
in macrophages [29], so CN might be also associated to the
stimulation of both macrophages and T lymphocytes. In this
sense, it was reported that mice given PFM increased the
count of CN+ cells in the lamina propria of their small
intestines [14].

Cells that secrete cytokines in the intestine were
examined in a mouse model of prolonged time (98 days)
continuous consumption of fermented milk that contained
the probiotic bacterium L. casei DN-114001.

Fig. (2). Effects of PFM administration on the goblet cells. Goblet cells (dark cells) were studied in the lamina propria of the small
intestine of mice that received PFM during 5 days. A) Representative microphotography from a control mouse without especial feeding. B)
Representative microphotography from a mouse given PFM during 5 days.
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IL-2 is a cytokine that acts as a growth factor for T
lymphocytes [30]. It is produced by these lymphocytes and
also by DCs [31]. The enhancement observed for IL-2 (+)
cells in the mice given PFM agrees with the enhanced count
of T cells observed in the intestine of these animals. Tumour
necrosis factor alpha (TNFa) is a cytokine produced by
stimulated macrophages/monocytes, fibroblasts, mast cells,
and also by some T and natural killer (NK) cells. Interferon
gamma (IFNy) is produced by activated T cells, NK,
macrophages and DCs [32]. These both cytokines are produced
by activated cells and activate other cells that participate in
the inflammatory responses and they are known as pro-
inflammatory cytokines. However, it was reported that
participate also in the crosstalk of the immune cells [33], and
the production of these cytokines was increased in the
intestine of mice given other probiotic bacterium [13]. In
agreement to these results, in the model of mice that received
PFM, the number of cells secreting both TNFa and IFNy
enhanced in the intestines. However, no inflammation was
observed in these animals, suggesting that these cytokines
could affect other process in the gastrointestinal tract (i.e.
apoptosis for TNFa) or that the pro-inflammatory effect was
regulated. The increases observed for IL-10+ cells agree
with this last possibility [24]. IL-10 is a cytokine with
regulatory properties that have a key role in the intestine and
its deficiency is related to inflammation [34].

EFFECT OF CONTINUOUS PROBIOTIC FERMENTED
MILK ADMINISTRATION ON IMMUNE CELLS
OUTSIDE THE INTESTINE

Continuous consumption of PFM that contain L. casei
DN-114001 during long time (98 days) was also evaluated
outside the intestine. It was reported that macrophages
isolated from the peritoneum of these mice increased
their phagocytic capacity only in the beginning of the
experiment (until 14 days) [24]. This long term continuous
PFM administration was also able to activate the IgA cycle,
and the count of IgA producing cells increased not only in
the small and large intestine, but also in other mucosal sites
outside the intestine such as bronchus and mammary glands.
It is important to note that unlike the results obtained in
the intestine, the increases of IgA secreting cells in the
sites distant from the intestine were only observed in the
first samples. It was also described that the counts of
CD4+ and CD8+ T lymphocytes did not modify after PFM
administration in these mucosal sites during all the
experiment. These results agree with the theory of mucosal
compartmentalization and the needed of local stimuli to
induce the migration of the cells from gut to other mucosal
sites [35]. Similar results were obtained in mice given the
probiotic L. casei CRL 431 which administration was
assayed in short periods of time [23], and agree with other
study where after the injection of tumour cells in the
mammary glands (local stimuli), mice given L. helveticus
R389 showed a significant enhance of IgA+ cells and T
lymphocytes in the mammary glands [36].

According to these results, and at difference of the results
observed in the gut, the cytokine producing cells did not
modify in both bronchus and mammary glands of mice given
PFM compared to those without especial feeding [24].
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PREVENTIVE AND THERAPEUTIC EFFECTS OF
MILK CONTAINING A PROBIOTIC BACTERIUM IN
AN ENTEROPATHOGENIC INFECTION MODEL

Enteric infections caused by bacteria are an important
medical problem in development and under development
countries. They are the major cause of mortality in children
in these countries, and also are a risk for the travellers. It is
also important to consider that antibiotics should be used
carefully in public health because of the complications
associated to it (drug-resistance, chronic toxicity). Actually
no oral vaccines are available to protect against diarrhoeas of
different aetiologies. Thus the prevention of these diseases
by oral administration of probiotic bacteria having an
immunomodulatory effect is an attractive possibility. Many
mechanisms were proposed for the effectiveness of probiotics
in the protection or as therapy against enteropathogens,
among them the competition for nutrients, the production
of inhibitory components or antimicrobial agents that
act against pathogens, the modulation of toxin production
and the modulation of host’s immune response [37-39].
Considering the immunomodulatory capacity of PFM
containing L. casei DN-114001, the effect of this probiotc
product was evaluated in mouse models of enteric infections
caused by enteroinvasive Escherichia coli or Salmonella
enterica serovar Typhimurium.

The model of E. coli infection, in which the animals were
fed preventively for 5 consecutive days with PFM diluted to
a concentration of viable L. casei DN-114001 of 10’ CFU/ml
showed that the colonization of the pathogen in the liver and
spleen was less compared to control mice that did not
received any special feeding. These results were associated
to increased levels of anti-E. coli secretory IgA in the fluids
obtained from the intestine of mice given PFM [40].

Another experiment reported that in mice infected with
Salmonella the administration of PFM containing L. casei
DN-114 001 after Salmonella infection diminished the
severity of the infection; and the benefits of continuous
PFM administration (before and after infection) was also
demonstrated [41]. Mortality rate and the spread of the
pathogen to organs decreased in mice that received PFM.
The analysis of the small intestines obtained from these mice
showed increased counts of IgA secreting cells in the tissues
and total secretory IgA (s-IgA) in the intestinal content. The
macrophage inflammatory protein la (MIP1l-a) was a
chemokine also analysed in this model of Salmonella
infection. MIP1-a is produced by monocyte / macrophages in
response to the lipopolysaccharide (LPS) stimulus and acts
as a chemoattractant for a variety of cells [42]. Continuous
PFM administration induced a fast reaction of the immune
response with increases of MIP-la+ cells since 2 days post
infection. These increases of the chemokine MIP-1o were
related with a higher afflux of cells from the first line of the
immune response such as macrophages. In this sense, it was
reported that microbicidal activity of these phagocytes
(obtained from Peyer’s patches) increased the day of the
infection in animals given PFM compared to the control
group. Finally, TLR-4 was analysed because is required to
control the Salmonella infection. The results demonstrated
that the count of cells expressing TLR-4 decreased after S.
Typhimurium infection in all the animals compared with the
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data obtained previous to the infection. These decreases were
remarkable in the group of animals that received PFM
continuously or post-infection. It would be associated to the
reduction in the severity of the infection observed in these
animals, where, a faster diminution in the count of
Salmonella in spleen and liver was described compared to
the infected animals without any especial feeding. These
results can be explained because during Salmonella
infection, the activation of TLR-4 is related with the
production of pro-inflammatory mediators by the cells of the
innate immune system, but this response is then followed by
the suppression of its own mRNA expression [43].

These results agree with the ones obtained using the
probiotic strain L. casei CRL431 and demonstrated by
Castillo et al. [38, 39].

PROBIOTIC FERMENTED MILK ADMINISTRATION
EXERTED A BENEFICIAL EFFECT IN AN
EXPERIMENTAL NON SEVERE MALNUTRITION
MODEL

It is known that malnutrition is the cause of a lack of
balance between the nutrient consumption and the energy
requirement. The malnutrition not only affects body growth
and development but also affects the immune system, being
the infections more frequent in malnourished.

The administration of PFM containing L. casei
DN-114001 as a re-nutrition supplement was analysed in
mice under non-severe protein-energy malnutrition. After
malnutrition period (loose the 25% of the body weight), mice
received different dietary supplements (milk, PFM or the
bacterial free supernatant obtained from the PFM, BFS)
during the re-nutrition period. It was observed that mice
given PFM or its BFS as a supplement of the re-nutrition diet
increased the body weight and improved the intestinal
histology affected by the malnutrition, faster than the mice
given whole milk. The administration of PFM affected
also beneficially the intestinal microbiota of the animals
with increases of bifidobacteria population [44]. These
finding were important because many benefits, especially
on the immune system, such as enhanced production of
slgA [45]; stimulation of phagocytosis by mononuclear
cells [46]; increased lymphocyte responsiveness to antigen
administered orally and systemically [47, 48], were attributed
to bifidobacteria.

Different immunological parameters were also evaluated
and it was showed that the count of IgA secreting cells,
macrophages and DCs increased in the mice given PFM as a
re-nutrition supplement, compared to the malnourished
control group. These mice not only increased the counts of
these cells but also their activity, observed by the increased
production of cytokines such as IFN-y, TNF-a, IL-12. The
activation of the immune system in mice that received PFM
supplementation during the re-nutrition was also observed
with the evaluation of the macrophages obtained from
peritoneum and spleen, which increased the percentage of
phagocytosis [44].

It was also reported that the malnutrition diminished the
systemic immune response against OV A antigen in the mice,
and the three diet supplements evaluated during the re-

Endocrine, Metabolic & Immune Disorders - Drug Targets, 2015, Vol. 15, No. 1 41

nutrition period improved this response, and no significant
differences were observed between them. The effect of PFM
administration as a re-nutrition supplement was also
analysed in a S. Typhimurium infection model. Mice that
received PFM before and after infection diminished the
translocation of this pathogen to liver; compared to the mice
given milk or BFS. This result agrees with the ones obtained
previously where, well-nourished mice that received PFM
had better protection against Salmonella infection, with
enhancement of the intestinal and systemic immunity, as was
described above.

The effect of this PFM was also examined in the thymus
of malnourished mice, after re-nutrition period [49]. It was
observed that PFM administration was more effective than
the other diet re-nutrition supplements in the improvement of
thymus histology. Mice that received this probiotic supplement
during the re-nutrition decreased cellular apoptosis,
recovered the ratio of CD4 / CD8 single-positive thymocytes,
and increased cytokine productions in this organ.

These results showed that the administration of PFM as a
diet supplement for the re-nutrition of malnourished mice
improved the intestinal immunity and exerted a protective
effect against Salmonella infection, and served also as
adjuvant of the systemic immunity, as was also previously
demonstrated using yogurt supplement in a severe
malnutrition model [50].

EFFECT OF PFM ADMINISTRATION TO MOTHERS
DURING NURSING OR TO THE OFFSPRING AFTER
WEANING

The analysis of the administration of PFM containing
L. casei DN-114001 in early periods of the life was reported
using a mouse model. It was demonstrated that the
consumption of PFM, either by the mothers during suckling
period or by their babies after weaning, increased the counts
of bifidobacteria and decreased enterobacteria in the samples
obtained from the large intestine of the new-borns. This effect
is desirable because many benefits have been attributed to
bifidobacteria [51-53]. In that study, the analysis of IgA
secreting cells in samples from the small intestines of new-
born mice showed that the consumption of PFM by their
mothers during the nursing did not influence the counts of
these cells, compared to the control group whose mother did
not receive any especial feeding. It was also reported that
after weaning, the increase of IgA secreting cells was
progressive in the new-borns from the control group, without
especial feeding. This finding was related to the maturity of
the own adaptive immune system in the babies. In contrast, it
was observed a lower count of IgA secreting cells at day 28
in mice from mothers that received PFM during suckling
period, and it was suggested that this last finding was the
result of the protective effect exerted by the passive immunity
acquired through breast feeding, which has been reinforced
by PFM consumption by their mothers. At 45 days of life,
when mice were matured from the immunological point of
view, the effect of the administration of PFM to the mothers
was not evidenced, and the values were similar to those
obtained in the animals from mothers that never consumed
the PFM.
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The effect of the PFM administration was also analysed
on the s-IgA concentrations in the intestinal fluids. It was
reported that mice from mothers that received PFM increased
s-IgA concentration in their small intestines at age of 12 days.
This finding was related to the increase of IgA in the breast
milk of mothers that received PFM. It was suggested that
antibodies from the mother could exert suppression on the
progress of mucosal immunity in their babies, and in this
conditions, the immune system of the offspring is partially
developed at weaning [54].

Macrophages and DCs were also evaluated in the small
intestine of the offspring because, as was explained above,
they are key cells of the innate immunity, and also participate
in the initiation of the adaptive immunity. Intestinal DCs
were expected to regulate the immune response to the
intestinal microbiota. Hart ef al. evaluated different probiotic
bacteria and reported that they had difference in their
immunomodulatory properties, and affect the polarity of the
immune responses by DCs [55]. In this sense, bifidobacteria
strains showed remarkable anti-inflammatory properties
which were associated to increased production of IL-10 by
DCs [54]. In the model of mothers and offspring given PFM,
the administration of this probiotic product to the mothers
down regulated both macrophages and DCs in the small
intestine of their babies on day 12. It was suggested that the
mothers protected their offspring with the passive immunity
or that the different microbiota influenced the down
regulation of these cells at this time point. An equilibrated
and complete bacterial colonization was favoured with this
situation because an increased activity of these immune cells
(participating in the phagocytic activity and the antigen
presentation) would not be beneficial for the bacterial
colonization. It is remarkable to note that new-born mice
from the group that never received PFM did not show this
immunoregulatory effect.
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It was also observed in mice that reached their
immunological maturity, with a complete microbiota
establishment in their intestine, that the consumption of PFM
by them increased the count of macrophages and DCs. These
results are in agreement with other previous observations
that were also referred above in this review, where the
administration of PFM to adult mice stimulated their
mucosal immunity with increased production of different
cytokines by T cells, macrophages and DCs [56].

Finally, the analysis of mucus producing cells showed
that their numbers decreased in the first sample (12 days of
age) in the mice from mothers given PFM during suckling
period; after which the number of goblet cells reached, and
maintained during all the experiment, values similar to the
control (independently of the PFM administration after
weaning). After weaning, the administration of PFM to the
offspring affected the number of goblet cells only in the
babies whose mothers never were given PFM. These results
suggest again the influence of the passive immunity provide
by mothers, which was reinforced for the administration of
PFM as was demonstrated for IgA secreting cells.

YOGHURT IN THE PREVENTION OF INTESTINAL
INFLAMMATION AND COLORECTAL CANCER

The effects of probiotics and fermented products on
intestinal diseases have been extensively examined considering
that these microorganisms enter the organism orally and can
positively modulate the intestinal microbiota involved in
many of these disorders. It has been shown that LAB and
other probiotic microorganisms can counteract inflammatory
bowel diseases (IBD) by equilibrating the intestinal microbiota,
stabilizing the intestinal barrier, and by altering the immuno-
genicity of enteral antigens enhancing their degradation [57].
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Fig. (3). Effects of yoghurt administration in a TNBS-induced colitis model. Figure A represents the most important modifications
observed in the intestine of mice inoculated with TNBS. They present an imbalance of the gut microbiota and typical inflammatory response
with increases of Th-17 and CD4+ and CD8+ T lymphocytes. Figure B shows the improvements observed in mice that received yoghurt.
They increased bifidobacteria and lactobacillus, mucus producer cells, and showed an anti-inflammatory profile with decrease of Th-17 and
CD8+ T lymphocytes, increase of IL-10+ cells, IgA secreting cells, macrophages and dendritic cells (DCs).
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It was demonstrated, using an acute trinitrobenzene
sulfonic (TNBS)-induced mouse model of IBD, that the
administration of yoghurt with potential probiotic strains,
decreased the inflammation by modulating of the host
immune response [58]. The same yoghurt administered
during the remission period in a chronic TNBS- induced
model of IBD, prevented the recurrence of the inflammation
in these animals maintaining an anti- inflammatory profile of
cytokines in the intestine [59]. These both effects were
related to beneficial changes in the microbiota of the mice,
associated to increases of bifidobacteria population. Fig. 3
summarizes the results obtained in this experimental model.

This anti-inflammatory effect observed in mice that
consumed yoghurt was also associated to the anti-tumour
potential of this fermented product. Yoghurt feeding
inhibited tumour growth in a DMH-induced colon cancer
model in mice by modulating of the host’s immunity [60,
61]. The analysis of cytokine producing cells showed that
yogurt administration stimulated cytokine production in the
intestine when this was required; but maintained a regulated
immune response. IL-10 was suggested as a cytokine
involved in this regulatory response because its production
was increased in the intestine of mice that received yoghurt
[62, 63]. The analysis of the activity of pro-carcinogenic
enzymes demonstrated that mice fed cyclically with yoghurt
decreased activity of these enzymes in the intestinal content
compared to the tumour control group, in which the
increased activity of these microbial enzymes would
contribute to the cancer development [64]. These results
agree with others in which probiotics L. rhamnosus GG and
L. acidophilus suppressed pre-neoplastic aberrant crypt foci
in early stage of colon carcinogenesis using a DMH-induced
model in Sprague Dawley rats, and this effect was related to
decrease of pro-carcinogenic faecal enzymes [65].

CONCLUSIONS

This review shows the beneficial effects of two probiotic
strains which were related to their immonomodulatory
potential, especially at the intestinal level. There is not a
unique mechanism of action by which probiotics can
improve the host’s immune system and they are strain
dependent. The beneficial effects associated to the immune
system stimulation by the administration of fermented milks
containing these probiotic microorganisms were also
demonstrated in animal models of different pathologies.
Finally the benefits associated to probiotic in inflammatory
bowel diseases and colon cancer were analysed by showing
results obtained with the administration of a potential
probiotic yoghurt in animals models of these pathologies.
The use of animal models is very useful to understand the
mechanisms of action related to each probiotic; however,
these effects should be validated in controlled human trials.
In this sense, it is important to distinguish probiotic
microorganisms that are included in medicines from other
that are included in functional foods. Among functional
foods, fermented products are the most common as source of
probiotics. In this foods, it is important to consider that in
addition to the microorganisms, other products are released
as consequence of the matrix fermentation (peptides, fatty
acids, enzymes, etc), and they can be also involved in the
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beneficial effects of the fermented products. There are several
reports about clinical trials using probiotic microorganisms,
and considering that the effects are dependent of each
specific strain, studies are needed to demonstrate the benefits
of specific probiotic or fermented product. The realization of
double-blinded large scale clinical trials are very important
before the medical community can accept the addition of
probiotic as supplements for specific patients.

CONFLICT OF INTEREST

The authors confirm that this article content has no
conflict of interest.

ACKNOWLEDGEMENTS

This work was financially supported by Consejo de
Investigacion de la Universidad Nacional de Tucuman
Argentina and Consejo Nacional de Investigaciones Cientificas
y Técnicas (CONICET). Authors are also grateful to engineer
Ricardo Weill for his important contribution in the preparation
of the discussion of the present paper.

REFERENCES

[1] Candela, M.; Biagi E.; Maccaferri S.; Turroni S. and Brigidi P.
(2012) Intestinal microbiota is a plastic factor responding to
environmental changes. Trends Microbiol., 20, 385-391.

[2] Bailey, M.T. (2012) The contributing role of the intestinal
microbiota in stressor-induced increases in susceptibility to enteric
infection and systemic immunomodulation. Horm. Behav., 62, 286-
294.

[3] FAO/WHO (2001) Evaluation of health and nutritional properties
of powder milk and live lactic acid bacteria. Food and Agriculture
Organization of the United Nations and World Health Organization
Expert Consultation Report. Available from http://www.fao.org/ag/
agn/agns/micro_probiotics_en.asp.

[4] Zhang, J.W.; Du, P.; Gao, J.; Yang, B.R.; Fang, W.J. and Ying,
CM. (2012) Preoperative probiotics decrease postoperative
infectious complications of colorectal cancer. Am. J. Med. Sci.,
343, 199-205.

[5] de Moreno de LeBlanc, A. and Perdigon, G. (2010) The application
of probiotic fermented milks in cancer and intestinal inflammation.
Proc. Nutr. Soc., 69, 421-428.

[6] Escamilla, J.; Lane M.A. and Maitin V. (2012) Cell-free
supernatants from probiotic Lactobacillus casei and Lactobacillus
rhamnosus GG decrease colon cancer cell invasion in vitro. Nutr.
Cancer, 64, 871-878.

[7] Almeida, C.C.; Lorena S.L.; Pavan C.R.; Akasaka H.M. and
Mesquita, M.A. (2012) Beneficial effects of long-term
consumption of a probiotic combination of Lactobacillus casei
Shirota and Bifidobacterium breve Yakult may persist after
suspension of therapy in lactose-intolerant patients. Nutr. Clin.
Pract., 27,247-251.

[8] Kuitunen, M. and Boyle R.J. (2012) Probiotics for the prevention
of allergic disease. Clin. Exp. Allergy, 42,991-993.

[9] Pot, B.; Foligne, B.; Daniel, C. and Grangette C (2013) Understanding
immunomodulatory effects of probiotics. Nestle Nutr. Inst.
Workshop Ser., 17, 75-90

[10] Ashraf, R. and Shah, N.P. (2014) Immune system stimulation by
probiotic microorganisms. Crit. Rev. Food Sci. Nutr., 54, 938-956

[11] Hardy, H.; Harris, J.; Lyon, E.; Beal, J. and Foey, A.D. (2013)
Probiotics, prebiotics and immunomodulation of gut mucosal
defences: homeostasis and immunopathology. Nutrients, 5, 1869-
1912

[12] Bezkorovainy, A. (2001) Probiotics: Determinants of survival and
growth in the gut. Am. J. Clin. Nutr., 73, 399S-405S.

[13] Galdeano, C.M. and Perdigon, G. (2004) Role of viability of
probiotic strains in their persistence in the gut and in mucosal
immune stimulation. J. Appl. Microbiol., 97, 673-681.



44 Endocrine, Metabolic & Immune Disorders - Drug Targets, 2015, Vol. 15, No. 1

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Galdeano, C.M.; de Moreno de LeBlanc, A.; Carmuega, E.;
Weill, R. and Perdigon, G. (2009) Mechanisms involved in the
immunostimulation by probiotic fermented milk. J. Dairy Res., 76,
446-454.

Haller, D.; Bode, C.; Hammes, W.P.; Pfeifer, A.M.; Schiffrin, E.J.
and Blum S. (2000) Non-pathogenic bacteria elicit a differential
cytokine response by intestinal epithelial cell/leucocyte co-cultures.
Gut, 47, 79-87.

Dogi, C.A.; Galdeano, C.M. and Perdigon, G. (2008) Gut immune
stimulation by non pathogenic Gram(+) and Gram(-) bacteria.
Comparison with a probiotic strain. Cytokine, 41, 223-231.
Vinderola, G.; Matar C. and Perdigon G. (2005) Role of intestinal
epithelial cells in immune effects mediated by gram-positive
probiotic bacteria: Involvement of Toll-like receptors. Clin. Diagn.
Lab. Immunol., 12, 1075-1084.

Beagley, K.W.; Eldridge, J.H.; Aicher, W.K.; Mestecky, J;
Di Fabio, S.; Kiyono, H. and McGhee, J.R. (1991) Peyer's
patch b cells with memory cell characteristics undergo terminal
differentiation within 24 hours in response to interleukin-6.
Cytokine, 3, 107-116.

Jang, M.H.; Kweon, M.N.; Iwatani, K.; Yamamoto, M.; Terahara,
K.; Sasakawa, C.; Suzuki, T.; Nochi, T.; Yokota, Y.; Rennert, P.D.;
Hiroi, T.; Tamagawa, H.; Iijima, H.; Kunisawa, J.; Yuki, Y. and
Kiyono, H. (2004) Intestinal villous M cells: An antigen entry site
in the mucosal epithelium. Proc. Natl. Acad. Sci. USA, 101, 6110-
6115.

Rescigno, M.; Urbano, M.; Valzasina, B.; Francolini, M.; Rotta, G.;
Bonasio, R.; Granucci, F.; Krachenbuhl, J.P. and Ricciardi-
Castagnoli, P. (2001) Dendritic cells express tight junction proteins
and penetrate gut epithelial monolayers to sample bacteria. Nat.
Immunol., 2,361-367.

Mack, D.R.; Michail S.; Wei S.; McDougall L. and Hollingsworth
M.A. (1999) Probiotics inhibit enteropathogenic E. coli adherence
in vitro by inducing intestinal mucin gene expression. Am. J.
Physiol., 276, G941-G950.

Galdeano, C.M.; de Moreno de LeBlanc, A.; Vinderola, G.; Bonet,
M.E. and Perdigon, G. (2007) Proposed model: Mechanisms of
immunomodulation induced by probiotic bacteria. Clin. Vaccine.
Immunol., 14, 485-492.

de Moreno de LeBlanc, A.; Galdeano C.M.; Chaves, S. and
Perdigén, G. (2005) Oral administration of Lactobacillus casei
CRL 431 increases immunity in bronchus and mammary glands.
Eur. J. Inflamm., 3, 23-28.

de Moreno de Leblanc, A.; Chaves S.; Carmuega E.; Weill R;
Antoine J. and Perdigon G. (2008) Effect of long-term continuous
consumption of fermented milk containing probiotic bacteria on
mucosal immunity and the activity of peritoneal macrophages.
Immunobiology, 213, 97-108.

Galdeano, C.M. and Perdigon G. (2006) The probiotic bacterium
lactobacillus casei induces activation of the gut mucosal immune
system through innate immunity. Clin. Vaccine Immunol., 13,219-226.
Wijburg, O.L.; Heemskerk M.H.; Boog C.J. and Van Rooijen N.
(1997) Role of spleen macrophages in innate and acquired immune
responses against mouse hepatitis virus strain a59. Immunol, 92,
252-258.

Wen, H.; Schaller, M.A.; Dou, Y.; Hogaboam, C.M. and Kunkel,
S.L. (2008) Dendritic cells at the interface of innate and acquired
immunity: The role for epigenetic changes. J. Leukoc. Biol., 83,
439-446.

Kaminuma, O.; Kitamura, F.; Kitamura, N.; Hiroi, T.; Miyoshi, H.;
Miyawaki, A. and Miyatake, S. (2008) Differential contribution of
NFATC2 and NFATCI to TNF-alpha gene expression in T cells. J,
Immunol., 180, 319-326.

Tsuboi, A.; Masuda, E.S.; Naito, Y.; Tokumitsu, H.; Arai, K. and
Arai, N. (1994) Calcineurin potentiates activation of the
granulocyte-macrophage colony-stimulating factor gene in t cells:
Involvement of the conserved lymphokine element 0. Mol. Biol.
Cell, 5, 119-128.

Feghali, C.A. and Wright T.M. (1997) Cytokines in acute and
chronic inflammation. Front Biosci., 2, d12-26.

Rizza, P.; Ferrantini M.; Capone I. and Belardelli F. (2002)
Cytokines as natural adjuvants for vaccines: Where are we now?
Trends Immunol., 23, 381-383.

Frucht, D.M.; Fukao, T.; Bogdan, C.; Schindler, H.; O'Shea, J.J.
and Koyasu, S. (2001) Ifngamma production by antigen-presenting
cells: Mechanisms emerge. Trends Immunol., 22, 556-560.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Maldonado Galdeano et al.

McKenzie, B.S.; Kastelein R.A. and Cua D.J. (2006) Understanding
the 11-23-11-17 immune pathway. Trends Immunol., 27, 17-23.
Sydora, B.C.; Tavernini, M.M.; Wessler, A.; Jewell, L.D. and
Fedorak, R.N. (2003) Lack of interleukin-10 leads to intestinal
inflammation, independent of the time at which luminal microbial
colonization occurs. Inflamm. Bowel. Dis., 9, 87-97.

Roux, E.; Dumont-Girard, F.; Starobinski, M.; Siegrist, C.A.; Helg,
C.; Chapuis, B. and Roosnek, E. (2000) Recovery of immune
reactivity after t-cell-depleted bone marrow transplantation depends
on thymic activity. Blood, 96, 2299-2303.

de Moreno de LeBlanc, A.; Matar, C.; Theriault, C. and Perdigon,
G. (2005) Effects of milk fermented by Lactobacillus helveticus
R389 on immune cells associated to mammary glands in normal
and a breast cancer model. Immunobiol., 210, 349-358.

de Moreno de LeBlanc, A.; Castillo, N.A. and Perdigon, G. (2010)
Anti-infective mechanisms induced by a probiotic lactobacillus
strain against Salmonella enterica serovarTtyphimurium infection.
Int. J. Food Microbiol., 138, 223-231.

Castillo, N.A.; Perdigon G. and de Moreno de Leblanc A. (2011)
Oral administration of a probiotic lactobacillus modulates cytokine
production and tlr expression improving the immune response
against Salmonella enterica serovar Typhimurium infection in
mice. BMC Microbiol., 11, 177.

Castillo, N.A.; de Moreno de LeBlanc A.; C M.G. and Perdigon G.
(2013) Comparative study of the protective capacity against
salmonella infection between probiotic and nonprobiotic
lactobacilli. J. Appl. Microbiol., 114, 861-876.

Medici, M.; Vinderola, C.G.; Weill, R. and Perdigon, G. (2005)
Effect of fermented milk containing probiotic bacteria in the
prevention of an enteroinvasive escherichia coli infection in mice.
J. Dairy Res., 72, 243-249.

de Moreno de LeBlanc, A.; Galdeano C.M.; Dogi, C.A.; Carmuega
E.; Weill, R. and Perdigon, G. (2010) Adjuvant effect of a probiotic
fermented milk in the protection against Salmonella enteritidis
serovar Typhimurium infection: Mechanisms involved. Int. J.
Immunopathol. Pharmacol., 23, 1235-1244.

Green, S.J.; Crawford, R.M.; Hockmeyer, J.T.; Meltzer, M.S. and
Nacy C.A. (1990) Leishmania major amastigotes initiate the I-
arginine-dependent killing mechanism in ifn-gamma-stimulated
macrophages by induction of tumor necrosis factor-alpha. J.
Immunol., 145, 4290-4297.

Totemeyer, S.; Foster, N.; Kaiser, P.; Maskell, D.J. and Bryant,
C.E. (2003) Toll-like receptor expression in C3h/hen and C3h/hej
mice during Salmonella enterica serovar Typhimurium infection.
Infect.Immun., 71, 6653-6657.

Galdeano, C.M.; Nunez, IN.; de Moreno de LeBlanc, A.;
Carmuega, E.; Weill, R. and Perdigon, G. (2011) Impact of a
probiotic fermented milk in the gut ecosystem and in the systemic
immunity using a non-severe protein-energy-malnutrition model in
mice. BMC Gastroenterol., 11, 64.

Park, J.H.; Um, J.I.; Lee, B.J.; Goh, J.S.; Park, S.Y.; Kim, W.S. and
Kim, P.H. (2002) Encapsulated bifidobacterium bifidum
potentiates intestinal iga production. Cell Immunol., 219, 22-27.
Gill, H.S.; Rutherfurd, K.J.; Prasad, J. and Gopal, P.K. (2000)
Enhancement of natural and acquired immunity by Lactobacillus
rhamnosus (HNOO1), Lactobacillus acidophilus (HNO017) and
Bifidobacterium lactis (HNO19). Br. J. Nutr., 83, 167-176.

Yasui, H.; Kiyoshima, J.; Hori, T. and Shida, K. (1999) Protection
against influenza virus infection of mice fed bifidobacterium breve
yit4064. Clin. Diagn. Lab Immunol., 6, 186-192.

Shu, Q. and Gill, H.S. (2001) A dietary probiotic (bifidobacterium
lactis hn019) reduces the severity of escherichia coli 0157:H7
infection in mice. Med. Microbiol. Immunol., 189, 147-152.
Gauffin, C.P.; Agiiero, G.; Perdigon, G. (2002). Adjuvant effects of
Lactobacillus casei added to a renutrition diet in a malnourished
mouse model. Biocell., 26, 35-48.

Nunez, I.N.; Galdeano, C.M.; Carmuega, E.; Weill, R.; de Moreno
de LeBlanc, A. and Perdigon, G. (2013) Effect of a probiotic
fermented milk on the thymus in BALB/c mice under non-severe
protein-energy malnutrition. Br. J. Nutr., 110, 500-508.

Reyed, M. (2007) The role of bifidobacteria in health. Res. J. Med.
Sci., 2, 14-24.

Williams, A.M.; Probert, C.S.; Stepankova, R.; Tlaskalova-
Hogenova, H.; Phillips, A. and Bland, P.W. (2006) Effects of
microflora on the neonatal development of gut mucosal t cells and
myeloid cells in the mouse. Immunol., 119, 470-478.



Role of Probiotics and Functional Foods in Health

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Woodmansey, E.J. (2007) Intestinal bacteria and ageing. J. Appl.
Microbiol., 102, 1178-1186

Husband, A.J. and Gleeson M. (1996) Ontogeny of mucosal
immunity--environmental and behavioral influences. Brain Behav.
Immun., 10, 188-204.

Hart, A.L.; Lammers, K.; Brigidi, P.; Vitali, B.; Rizzello, F.;
Gionchetti, P.; Campieri, M.; Kamm, M.A.; Knight, S.C. and
Stagg, A.J. (2004) Modulation of human dendritic cell phenotype
and function by probiotic bacteria. Gut, 53, 1602-1609.

de Moreno de LeBlanc, A.; Dogi, C.A.; Galdeano, C.M.; Carmuega,
E.; Weill, R. and Perdigon, G. (2008) Effect of the administration
of a fermented milk containing Lactobacillus casei DN-114001 on
intestinal microbiota and gut associated immune cells of nursing
mice and after weaning until immune maturity. BMC Immunol., 9,27.
Isolauri, E.; Salminen, S. and Ouwehand, A.C. (2004) Microbial-
gut interactions in health and disease. Probiotics. Best Pract. Res.
Clin. Gastroenterol., 18,299-313.

de Moreno de LeBlanc, A.; Chaves, S. and Perdigon, G. (2009)
Effect of yoghurt on the cytokine profile using a murine model of
intestinal inflammation. Eur. J. Inflamm., 7, 97-109.

Chaves, S.; Perdigon, G. and de Moreno de LeBlanc, A. (2011)
Yoghurt consumption regulates the immune cells implicated in

Received: 21 April, 2014

Accepted: 12 November, 2014

[60]

[61]

[62]

[63]

[64]

[65]

Endocrine, Metabolic & Immune Disorders - Drug Targets, 2015, Vol. 15, No. 1 45

acute intestinal inflammation and prevents the recurrence of the
inflammatory process in a mouse model. J. Food Prot., 74, 801-
811.

Perdigon, G.; de Moreno de LeBlanc, A.; Valdez, J. and Rachid,
M. (2002) Role of yoghurt in the prevention of colon cancer. Eur.
J. Clin. Nutr., 56 Suppl 3, S65-S68.

Isaacson, P. (1982) Immunoperoxidase study of the secretory
immunoglobulin system and lysozyme in normal and diseased
gastric mucosa. Gut, 23, 578-588.

de Moreno de Leblanc, A. and Perdigon G. (2004) Yogurt feeding
inhibits promotion and progression of experimental colorectal
cancer. Med Sci Monit 10, BR96-104.

de Moreno de LeBlanc, A.; Valdez, J. and Perdigon, G. ( 2004)
Inflammatory immune response. Eur. J. Inflamm., 2, 21-31.

de Moreno de LeBlanc, A. and Perdigon, G. (2005) Reduction of
beta-glucuronidase and nitroreductase activity by yoghurt in a
murine colon cancer model. Biocell.,, 29, 15-24.

Verma, A. and Shukla, G. (2013) Probiotics Lactobacillus
rhamnosus GG, Lactobacillus acidophilus suppresses DMH-
induced procarcinogenic fecal enzymes and preneoplastic aberrant
crypt foci in early colon carcinogenesis in sprague dawley rats.
Nutr. Cancer, 65, 84-91.



