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The gastrointestinal tract is a complex and dynamic ecosystem. Commensal microorganisms (C),
which proliferate in the intestine from birth, are crucial for gut homeostasis while non
commensal (NC) microorganisms are transient and enter the organism from the environment
and foods. We studied comparatively the influence of oral administration of C and NC
Lactobacillus fermentum and Lactobacilus acidophilus on the gut-associated lymphoid tissue
(GALT) of conventional mice. To determine the importance of the selection of probiotic host-
specificity bacteria with immunomodulating capacity, we examined the interaction with the gut
by transmission electron microscopy and FITC-labelled bacteria. We compared the immuno-
modulation capacities of C and NC strains by studying the number of IgA secreting cells and
cytokine profile. No differences were found in the number of IgA+ cells ; however, the pattern
of cytokine response to C and NC bacteria was different. With regard to proinflammatory
cytokine (IFNc and TNFa), we found that TNFa was mainly produced by NC bacteria, while
C bacteria were able to elicit mainly IFNc. The regulatory cytokines (IL-10 and IL-4) were
induced with different patterns for both C and NC strains. No differences in the pathway of
internalization to the gut between C and NC were found. In summary, we determined that C and
NC bacteria interact with the intestine in the same way; both C and NC bacteria were able to
reinforce the surveillance of the gut mucosal immune system. The cytokine profile showed that
C bacteria would be involved in the regulation of intestinal homeostasis rather than in the
immune activation as the NC bacteria.
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The gastrointestinal tract is a complex ecosystem made up
of three main components that are permanently in contact
and interact with each other: host cells, nutrients and
microflora. Intestinal ecology results from a dynamic
equilibrium, remodelled by food intakes, between the
inhabitants of the gut lumen, where more than 400 different
bacterial species coexist.

Although the predominant human intestinal microflora
is relatively stable, each individual harbours a specific
bacterial community. In addition to individual differences,
some factors such as stress or antibiotic treatments
also induce variations in the gut microflora, resulting in

subdominant species or even pathogens becoming more
dominant (Moreau & Gaboriau-Routhiau, 2000).

The intestinal microflora can be divided in two main
groups: the autochthonous or commensal (C) flora, which
proliferate in the intestine from the moment of birth,
becoming stable after weaning; and a second group,
called allochthone or non-commensal (NC) microflora,
which are temporary and consist of different microorgan-
isms introduced by ingestion together with the food. The C
intestinal microflora play an important role in maintaining
the normal physiology and health of the host (Moreau &
Gaboriau-Routhiau, 2000). The composition and activity
of C microorganisms is responsible for three basic func-
tions: metabolic (food breakdown and vitamin synthesis),
barrier (protection against external and invading patho-
gens) (Raibaud, 1992) and interactions with the host*For correspondence; e-mail : perdigon@cerela.org.ar
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(in particular through the immune system). Experimentally,
the role of the microflora is determined by comparison
between germ-free and conventional animals. Newborn
germ-free animals exhibit an underdeveloped intestinal
immune system which can be rapidly normalized by
bacterial colonization of the intestine with faecal flora
from conventional animals. Recent studies using
Bacteroides thetaiotamicron, a prominent member of adult
mice and humans, revealed that this bacterium not only
modulates the expression of the genes involved in several
important intestinal functions such as nutrient absorption,
mucosal barrier fortification, angiogenesis and postnatal
intestinal maturation, but also modifies the pattern of gut
epithelium glycosylation (Bry et al. 1996; Stappenbeck
et al. 2002). Postnatal colonization of the intestine
‘educates’ our immune system so that we become tolerant
to a wide variety of microbial immunodeterminants
(Macpherson & Uhr, 2004). This education appears to
reduce allergic responses to food or environmental
antigens (Moreau & Gaboriau-Routhiau, 2000; Braun-
Fahrlander et al. 2002).

Furthermore, C bacteria play crucial roles in promoting
B cell development in Peyer’s patches, which are under-
developed in germ-free animals. Consequently, animals
harbouring a normal intestinal flora have 10-times more
IgA-producing cells in the intestinal lamina propria
than germ-free animals, showing that C flora are essential
for the maturation of the immune system (Crabbe et al.
1968).

Lactic acid bacteria (LAB) are frequently used in dairy
products as probiotic microorganisms because of their
health-promoting effects (Lidbeck & Nord, 1993; Gibson
& Wang, 1994). Perdigón et al. studied different LAB as
well as the mechanisms involved in the mucosal immune
system activation (Perdigón et al. 2002; Maldonado
Galdeano & Perdigón, 2004) and showed that LAB can
adhere to the intestinal epithelial cells, interact with and
stimulate the gut immune cells to release inflammatory
and regulatory cytokines, and increase the number of
IgA-producing cells. This effect was dose- and strain
dependent. However, much of the literature advocates the
use of host-specific strains to achieve a better effect on
the intestinal ecosystem, due to colonization or strain
competition, mainly for use in farm animals. However,
in relation to the signals induced by pathogenic bacteria
on the immune cells associated with the gut, NC micro-
organisms should be more effective than C bacteria since
the latter could induce greater tolerance.

Previous results and the above considerations led us to
study comparatively, in conventional BALB/c mice, the
influence of the oral administration of C and NC Gram-
positive bacteria on the gut associated lymphoid tissue
(GALT), and to determine their effectiveness for selection
as probiotic bacteria. The conditions for the induction of
the gut immune response while maintaining intestinal
homeostasis, measured by the inflammatory immune
response, were also addressed.

Materials and Methods

Microorganisms

Four lactobacilli strains were tested, grouped as NC or
C bacteria with respect to BALB/c mice. The C bacterial
species identified Lactobacillus fermentum CRL 1386
and Lactobacillus acidophilus CRL 1462, were isolated
from the gut of healthy 6–8-week-old BALB/c mice,
and kept in the Centro Referencia Lactobacilos (CRL)
collection. The NC strains, Lactobacillus fermentum
CRL 345 and Lactobacillus acidophilus A9, were iso-
lated from a regional and commercial cheese respectively
(Bioqueso, Ilolay-Vita, Argentina).

Animals

BALB/c adult mice (6–8 weeks old, weighing 25–30 g)
were obtained from the close random bred colony kept
in our department at CERELA. Each experimental group
consisted of 20–30 mice (4–5 for each day and assay).
The control group were animals without lactobacilli
administration. In all assays, test and control groups were
fed ad libitum with a conventional balanced diet.

Oral administration of lactobacillus strains

All strains were cultured in MRS broth (Britania, Buenos
Aires, Argentina) overnight at 37 8C. Cells were harvested
by centrifugation at 8000 g for 10 min and washed twice
in phosphate-buffered saline (PBS). Cells were suspended
in 10% non-fat milk and were given to the mice in the
drinking water in a daily dose at a final concentration of
108 cells/mouse for NC strains, the same dose used for
probiotics preparations, and at 104 cfu/mouse per day for
commensal strains. This dose was selected according
Vinderola et al. (2004), as that which did not induce side
effects such as normal microflora translocation to the liver
and /or spleen. Animals were given the cell suspension for
2, 5 or 7 consecutive days. The volume drunk, controlled
daily, was 2.5–3 ml for each mouse in both experimental
and control groups. This feeding did not modify the weight
of the animals with respect to the control. The control was
a group of three animals (for each day and assay) fed
with a conventional balanced diet and water plus 10%
non-fat milk.

Histological examinations

At the end of each feeding period, with the dose selected
by negative translocation assays, test and control animals
were killed. Small (ileum) and large (transverse, ascending
and descending colon) intestine were removed and pro-
cessed according to Sainte-Marie’s technique for paraffin
embedding (Sainte-Marie, 1962). Sections of 4 mm were
cut and stained with haematoxylin-eosin for examination
by light microscopy.
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Bacteria-labelling procedure

To determine the transit and interaction of the adminis-
tered bacteria with the gut, bacterial pellets resulting
from an overnight culture were washed twice in PBS and
then resuspended in PBS solution with fluorescein iso-
thiocyanate (FITC) (100 ug/ml) for 1 h at 37 8C in the dark.
Labelled bacteria were washed three times with PBS sol-
ution to remove unincorporated FITC. No spontaneous
release of the FITC label was determined after 72 h (time
of experimentation). The pellet was finally resuspended
in PBS to a concentration of 108 or 104 cells/ml and
administered by gavage (0.2 ml) to mice.

Animals were killed by cervical dislocation after 20-min
gavage. To determine the interaction capacity of the strains
studied with the site of induction of an immune response,
the small and large intestine were removed and washed
with physiological saline solution (NaCl, 0.85%). Tissues
were prepared according to Sainte-Marie’s technique for
paraffin embedding and examined using a fluorescence
light microscope. The study of the transit and persistence
of lactobacilli in the gut was also performed with these
fluorescent bacteria administered by gavage as previously
described. Samples from the small and large intestine were
removed at 24, 48 and 72 h after the administration of
FITC-labelled bacteria.

Transmission electron microscopy assays

Groups of three mice that had received 0.2 ml of each
strain at doses of 1010 cfu/ml by gavage were killed by
cervical dislocation 20 min after LAB administration. The
small intestine of each mouse was removed and washed
with 1 ml of physiological saline solution (NaCl, 0.85%).
Tissues were fixed in formaldehyde (10%) and glutar-
aldehyde (2%). Specimens were then washed in PBS and
fixed in 1% osmium tetraoxide, dehydrated in ethanol,
cleared in propylene oxide and finally embedded in a low-
viscosity medium. Sections of the small intestine were
stained with saturated uranyl acetate in 50% ethanol and
4% citrate. All sections were examined by transmission
electron microscopy.

Immunohistochemical detection of IgA- and
cytokine-producing cells in the small and large intestine

At the end of each feeding period, animals were killed.
The small and large intestine from test and control animals
were removed and processed according to Saint-Marie’s
technique for paraffin embedding.

The number of IgA secreting cells was determined on
histological slices by a direct immunofluorescence assay.
After deparaffinization and rehydration in a graded series
of ethanol, paraffin sections (4 mm) were incubated with a
1 : 100 dilution of a-chain monospecific antibody con-
jugated with FITC (Sigma, St Louis MO, USA) for 30 min
and observed with a fluorescent light microscope.

Cytokine-producing cells were studied by an indirect
immunofluorescence assay. After deparaffinization and
rehydration in a graded ethanol series, paraffin sections
(4 mm) were incubated with a 1% blocking solution of
bovine serum albumin (BSA) (Sigma) for 30 min at room
temperature. They were washed three times in PBS and
incubated with normal goat serum (dilution 1 : 100) for
30 min. Rabbit anti-mouse IL-2, IL-4, IL-6, IL-10, IFNc and
TNFa were applied to the sections for 60 min at room
temperature. Then the slices were washed twice in PBS
and incubated for 45 min with a 1 : 100 dilution of the goat
anti-rabbit antibody conjugated with FITC (Jackson
Immuno Research Labs Inc., West Grove PA, USA) at
room temperature and washed twice in PBS.

The number of fluorescent cells was counted in 30
fields at 1000r magnification and results were expressed
as the number of positive fluorescent cells per ten fields.

Statistical analysis

Statistical analyses were performed using MINITAB
14 software. A factorial distribution (5r3, feeding
procedurerdays) was used; the comparison were
accomplished by an ANOVA general linear model followed
by a Tukey’s post hoc test and P<0.05 was considered
significant. Each experiment was repeated three times
and all results (from the three trials) were analysed
together. No interactions between the three trials were
observed when they were analysed at different times (days)
or when different lactobacilli administrations were used.

(a) (b)

(d)(c)

Fig. 1. Light micrograph of haematoxilin-eosin stained sections
from the small and large intestine of mice fed with the assayed
strains (a) Small intestine of unfed mice; (b) small intestine of
mice after 7-d administration of NC Lb. acidophilus ; (c) Large
intestine of unfed mice; (d) large intestine of mice after 7-d
administration of NC Lb. acidophilus (magnification r400). A
slight cellular infiltration and increases of goblet cells (arrows)
were seen after lactobacilli administration compared to the
unfed mice.
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Results

Histological studies

No inflammatory immune response was observed for
either C or NC bacteria (Fig. 1). No evidence of modifi-
cation in the structure of the villi was detected in the
small or large intestine of mice fed with NC or C strains.
A slight cellular infiltration was seen for all the strains
assayed. No differences between C and NC bacteria were
determined.

Gut interaction studies

To see whether there were differences between C and NC
bacteria and their capacity to interact with the gut, we
used FITC labelled-bacteria. Figure 2 shows that C and NC
bacteria had a similar capacity of interaction with the gut.
We observed fluorescent bacterial antigens in the inductor
sites of the intestinal immune system (Peyer’s patches), in
the immune cells associated with the lamina propria of
the small intestine and in nodules and crypts of the large
intestine for all the microorganisms under study.

To determine whether the time of clearance of the
bacteria was similar in C and NC bacteria, we assayed
the persistence of lactobacilli in the gut. We observed that
fluorescent particles were cleared 72 h after the adminis-
tration of FITC-labelled bacteria, in the same way as all
particulate antigens, in agreement with earlier findings
(Maldonado Galdeano & Perdigón, 2004)

(a)

(c)(b)

Fig. 3. Transmission electron micrographs (a) Small intestine of
control mouse (magnification r5000) (b) small intestine of
mouse after receiving NC Lb. fermentum (magnification
r5000); (c) small intestine of mouse after receiving C Lb.
fermentum (magnification r3000). Intense lysosomal activity
(arrows) can be seen in Figs b and c.

(a) (b)

(c) (d)

Fig. 2. Histological slices of the intestine of mice after receiving FITC-labeled bacteria. Fluorescence in Peyer’s patches 20 min after
the administration of C Lb. acidophilus (a) and NC Lb. acidophilus (b). Fluorescence in the crypts of the large intestine 20 min
after the administration of C Lb. acidophilus (c) and NC Lb. acidophilus (d).
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Fig. 4. Effect of C and NC lactobacilli on IgA secreting cells (a) Effect of lactobacilli administration on the number of IgA+ cells.
Positive cells were counted in histological sections from small and large intestine of unfed control (black bar) 2-d group (diagonal
lines), 5-d group (grey bar) and 7-d group (horizontal lines). Values are means for n=5±SD. Means for each value without a common
letter differ significantly (P<0.05). (b) Microphotography of IgA+ cells in the lamina propria of the small intestine of unfed (control)
mice (c) Microphotography of IgA+ cells in the lamina propria of the small intestine of mice after 7-d administration of NC Lb.
acidophilus (d) Microphotography of IgA+ cells in the lamina propria of the large intestine of unfed (control) mice (e)
Microphotography of IgA+ cells in the lamina propria of the large intestine of mice after 7-d administration of NC Lb. acidophilus
(magnification r400).
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Transmission electron microscopy assays

We looked for bacteria adhered to the intestinal epithelial
cells or for lysosomal activation induced by bacterial
interaction 20 min after bacterial administration. No ad-
hered bacteria were observed on the surface of the epi-
thelial cells. No differences were seen for either strain in
the epithelial cells, while an increase in the lysosomal
activity of these cells was observed. These results are
shown in Fig. 3.

Determination of IgA producing cells

When analysing the effect of feeding with C or NC lacto-
bacilli on the IgA producing cells, we observed that all
strains assayed induced a significant increase in these cells
(Pf0.01) in the small intestine after 5 and 7 d of admin-
istration, in relation to the unfed control. Only C
Lb. fermentum was able to increase the number of IgA+
cells after 2 d of administration. In the large intestine, both
C and NC Lb. acidophilus stimulated the production of
IgA secreting cells for 5 and 7 d, while C and NC

Lb. fermentum increased the number of IgA+ cells only
after 7 d of administration. (Fig. 4a, b, c, d).

Effect of commensal and non commensal
lactobacilli on the cytokine profile

We also evaluated the effect of the oral administration of
C and NC lactobacilli on the activity of the immune cells
associated with the intestinal mucosa by cytokine release,
especially for the proinflammatory (IFNc and TNFa) and
regulatory (IL-10 and IL-4) cytokines. When we analysed
comparatively the effect of C and NC Lb. acidophilus, we
observed that the latter induced an increase in the number
of TNFa+ cells in the small intestine 5 and 7 d after
administration with respect to the unfed control, while no
increase was observed for C Lb. acidophilus. Both C and
NC Lb. acidophilus increased the number of IFNc+ cells
in the small intestine after 7 d of administration. In the
small intestine, IL-2 increased in the group receiving NC
Lb. acidophilus for 5 and 7 d while for C Lb. acidophilus
this increase was observed only for 2 d of administration.
Both strains caused a significant increase in the number of
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IL-6+ cells for 7 d in the small intestine. Commensal Lb.
acidophilus increased IL-4 in the small intestine for 2 d of
administration. IL-10 increased with both strains in the
small intestine, the effect being more relevant for C Lb.
acidophilus. (Fig. 5a). With regard to the large intestine,
C Lb. acidophilus induced an increase in IL-6, IL-10 and
TNFa and a slight increase in IL-2 and in IFNc positive
cells. No differences with respect to the unfed control
were found for IL-4.

When we analysed comparatively the results for C and
NC Lb. fermentum, we observed that C Lb. fermentum
increased the number of IFNc+ cells and IL-10+ cells in the
small intestine for 2 and 5 d, whereas NC Lb. fermentum
induced the release of TNFa, IL-2 and IL-4+ cells, no
increase in IL-10 or IFNc being observed. In the large
intestine, C Lb. fermentum induced an increase in IFNc,
IL-4 and IL-6. No increase in IL-10 was observed. IL-2 was

increased only for 2 d, while NC Lb. fermentum increased
IL-10, IFNc, TNFa and IL-2. These results are shown in
Fig. 5b.

Discussion

The C microflora that populates the intestine is in close
and continuous contact with the immune cells and the
stimulus induced by these microorganisms is essential for
the maturation of the immune system (Moreau &
Gaboriau-Routhiau, 2000). This enteric microflora main-
tains a chronic and balanced intestinal inflammatory
response (Fiocchi, 1996; Schreiber, 1997). The maintenance
of local homeostasis in the intestinal mucosa to luminal
antigens requires a fine tuning of the immunological pro-
cesses. It is known that there is tolerance towards the
C microflora and that unbalance in the bacterial population
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Fig. 5. (a) Effect of C and NC Lb. acidophilus on the cytokine profile on the small and large intestine (b) Effect of C and NC Lb.
fermentum on the cytokine profile on the small and large intestine Positive cells for each cytokine were counted in histological
sections from small and large intestine of unfed control (black bar) 2-d group (diagonal lines), 5-d group (grey bar) and 7-d group
(horizontal lines). Values are means for n=5±SD. Means for each cytokine without a common letter differ significantly (P<0.05).
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may lead to intestinal inflammation (Duchmann et al.
1995). Actually it is argued that the concept of oral
tolerance does not apply to C bacteria. Healthy animals are
ignorant of their microflora but not tolerant (Macpherson &
Uhr, 2004)

The microbes present in fermented foods could con-
tribute to health improvement by interacting with the
normal microflora and with the eukaryotic cells associated
with the gut. This implies that while the established normal
gut microflora are important in supporting a well-balanced
mucosal immune response, this balance can be emulated
by the transient selected microbes present in the food, most
commonly Gram-positive ones such as LAB which are
ingested as oral probiotics or in fermented foods. These non
pathogenic bacteria can also influence the functioning of
the gut mucosal immune system by different signals through
their interaction with the epithelial and immune cells.

In the selection of these probiotic bacteria to be added
to animals or human food, the claim is that these micro-
organisms must be species-specific (host specificity).
Considering the present knowledge of the role of the
C microflora (host ignorance) we might expect the behav-
iour of both C and NC non pathogenic bacteria to be dif-
ferent. The results obtained in the present study, however,
in general did not show the differences we expected.

We showed here that the oral administration of NC
lactobacilli induced immune signals in the gut different
from those of the C lactobacilli. However, no changes
in gut structure were observed with both strains in the
histological studies (Fig. 1). To determine whether the
interaction of both bacteria with the immune cells as-
sociated with the intestine were different, we performed
experiments using FITC-labelled bacteria. We demon-
strated that both C and NC microorganisms and their
fragments were able to cross the epithelial barrier and in-
teract with the immune cells of the lamina propria (Fig. 2).
No fluorescent cells were found adhered to the surface of
the gut enterocytes. No differences in the clearance (72 h)
of these microorganisms were observed in spite of the
different concentration of C (104 cfu/mouse per d) and NC
(108 cfu/mouse per d) bacteria administered; both were
processed as any particulate antigen. Recent knowledge
that M cells are present not only in Peyer’s patches but
also in the epithelial cells of the villi (Jang et al. 2004)
would explain the positive fluorescence observed in the
lamina propria of the small and large intestine. The above
observations led us to analyse by electron microscopy
whether there were differences between NC and C bac-
teria with regard to their interaction with the epithelial
cells. The epithelial surface is continuously exposed to
numerous microorganisms on its apical side and in close
proximity to the immune cells on its basolateral side
(Raibaud, 1992). The impact of different antigens (soluble
or particulate) on the epithelial cells leads to gene ex-
pression for receptors, cytokines, signals of proliferation or
differentiation and to increase in their metabolic activity
and in enzyme production, which are modulated by the

microflora, through mechanisms not well understood. It is
accepted that the C microflora do not initiate strong
immunological responses such as an inflammatory
response; however, C bacteria can constantly enter the gut
in small numbers and survive within intestinal dendritic
cells for an extended number of hours (72–96 h) and
these bacteria-loaded dendritic cells do induce mucosal
responses that maintain the immunological surveillance in
the gut (Macpherson & Uhr, 2004a)

On the other hand, Gram-positive and Gram-negative
bacteria from the microflora down-regulate the expression
of special receptors, the Toll-like receptors (TLR) (Karlsson
et al. 2004) which are the pattern of recognition receptors,
to prevent an inflammatory response induced by the
interaction of a high number of microorganisms with
the epithelial cells. These receptors are up-regulated by
pathogenic bacteria (Kagnoff & Eckmman, 1997). Since
the first signal for immune activation takes place through
the epithelial cells, when we analysed by transmission
electron microscopy the adhesion of the bacteria, we
noticed that neither C nor NC bacteria were found inter-
acting with the epithelial cells. However, intense lysoso-
mal activity with an increase in Golgi’s cisterns was
observed (Fig. 3). These results indicate that even when
the bacteria were not found interacting with epithelial
cells, they were able to induce a strong activation of these
cells. We think that whole bacteria were not found be-
cause they were degraded in the intestinal lumen and that
their fragments were responsible for the activation of
epithelial cells.

While the complex signals generated in the gut by
bacterial colonization de novo remain to be fully eluci-
dated, the irrefutable fact is that orally delivered probiotic
strains from lactobacilli or bifidobacteria or fermented
milk with probiotic bacteria are capable of modulating the
gut immune response (Perdigón et al. 2002) ; can activate
antitumour responses to prevent or delay tumour growth
(de Moreno de LeBlanc & Perdigón, 2004; de Moreno de
LeBlanc et al. 2005); and can increase secretory IgA anti-
body production for the control of microbial pathogens
(Elmer et al. 1996). In this context, we compared C and
NC strains under study with respect to the number of IgA
producing cells. We did not find differences in the number
of IgA+ cells in the small intestine, where the pattern of
increase in the number of these cells was similar for both C
and NC bacteria. Differences in the number of IgA+ cells
were found in the large intestine, where only a slight in-
crease for certain doses was observed for the strains as-
sayed (Fig. 4a). Results from the small intestine showed
that both C and NC bacteria were able to reinforce the
surveillance of the gut mucosal immune system, due to the
multiple functions attributed to IgA (Lamm et al. 1996).
When we tried to determine whether the signals through
the epithelial cells or the direct interaction with the
immune cells associated with the lamina propria of
the intestine were translated to the cytokine release, we
noticed that the pattern of cytokine response in this
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complex ecosystem of conventional mice to C and NC
bacteria was different (Fig. 5a, b). With regard to the
proinflammatory cytokines (IFNc or TNFa) we found that
TNFa was produced mainly by NC bacteria, possibly as
a way of initiating the cross talk between the immuno-
competent cells associated with the lamina propria and the
intestinal epithelial cells (Neutra et al. 2001). The role of
TNFa in immune homeostasis, among other functions, and
the control exerted by the epithelial cells to maintain
immune activation without an inflammatory response have
been well demonstrated (Nathens et al. 1995). Commensal
bacteria are able to elicit mainly IFNc, which is necessary
for the maturation of dendritic cells and for priming them
for antigen presentation. IFNc is also able to up-regulate
TLR to increase the surveillance against pathogens and to
control cellular proliferation at the intestinal level
(Goodrich & McGee, 1999; Becker & Neurath, 2004) to
maintain homeostasis. With regard to IL-2 and IL-6 posi-
tive cells, they were mainly increased by NC bacterial
stimulation. This observation agrees with the concept that
heterologous antigens are potentially more antigenic than
their homologous ones by the role of the C microorgan-
isms in the maintenance of immunological surveillance.
The role of IL-6 as a B cell activator to maintain the
number of IgA cells in the lamina propria is also described
(Haller et al. 2001). The regulatory cytokines, IL-10 and
IL-4 were induced with different patterns for both C and
NC bacteria. This finding agrees with the important role
of IL-10 as an immune suppressor cytokine to regulate
the inflammatory immune response, and with our histo-
logical studies where no alterations were found (Fig. 1).
However, at the mucosal level these cytokines can induce
T independent switch of IgM to IgA to maintain the
number of IgA+ cells in the intestine (Macpherson & Uhr,
2004)

In summary, we showed that oral administrations of
C and NC lactobacilli were able to induce activation of the
immune cells associated with the gut without side effects
such as an inflammatory immune response. Both NC and
C lactobacilli interacted with the intestine and with the
immune cells associated with it, inducing signals to in-
crease the mechanisms of surveillance. The difference in
the cytokines profile found may have a role in controlling
local inflammation in the gut maintaining the number of
IgA+ cells and the intestinal homeostasis. The C micro-
organisms would be involved in the regulation of intestinal
homeostasis rather than in the immune activation as the
NC lactobacilli. Even though our results are from mouse,
the similarity in the behaviour of the immune system to
the human one allows us to predict the immunological
capacity of potentially probiotic bacteria. In our opinion,
in the selection of probiotic bacteria with immuno-
modulatory properties for their use in human functional
food, NC bacteria would be more appropriate than C ones.
However, the probiotic properties are specific for each
strain and should be analysed independently of the
specificity of the host.
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