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ing milk fermented by the wild-type strain or those not re-
ceiving any treatment. The results obtained in this study 
show that the employment of fermented milks as a new form 
of administration of IL-10-producing  L. lactis  is effective in 
the prevention of inflammatory bowel disease in a murine 
model.  Copyright © 2012 S. Karger AG, Basel 

  Introduction 

 Inflammatory bowel diseases (IBD) have become one 
of the major gastroenterologic problems in the Western 
world manifesting itself in two main forms: ulcerative 
colitis and Crohn’s disease (CD). Despite many years of 
study, the exact etiology and pathogenesis of these disor-
ders remain unclear. However, it is known that it involves 
a complex interplay of factors associated with the im-
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  Abstract 
 Interleukin-10 (IL-10) is the most important anti-inflammato-
ry cytokine at intestinal level, and its absence is involved in 
inflammatory bowel diseases. However, oral treatment with 
IL-10 is difficult because of its low survival in the gastrointes-
tinal tract and systemic treatments lead to undesirable side 
effects. The aim of this paper was to evaluate the anti-inflam-
matory effect of the administration of milks fermented by 
 Lactococcus lactis  strains that produce IL-10 under the control 
of the xylose-inducible expression system using a trinitro-
benzenesulfonic acid-induced colitis murine model. Mice 
that received milks fermented by  L. lactis  strains producing 
IL-10 in the cytoplasm (Cyt strain) or secreted to the product 
(Sec strain) showed lower damage scores in their large intes-
tines, decreased IFN- �  levels in their intestinal fluids and low-
er microbial translocation to liver, compared to mice receiv-
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mune system, the intestinal microbiota and host genetics 
[Reiff and Kelly, 2010].

  Lactic acid bacteria (LAB) represent a heterogeneous 
group of Gram-positive microorganisms of great techno-
logical importance. Due to their numerous beneficial 
properties and their generally regarded as safe (GRAS) 
status, LAB are the most commonly used probiotic mi-
croorganisms that can be defined as ‘live microorgan-
isms which when administered in adequate amounts 
confer a health benefit on the host’ [FAO/WHO, 2001]. 
The application of probiotics as a tool in the treatment 
and prevention of IBD without the negative side effects 
often associated with conventional drug therapy has re-
cently been reviewed [del Carmen et al., 2011a].

  Furthermore, progress in recombinant DNA tech-
niques has led to the development of genetically modified 
LAB (GM-LAB) that possess novel applications, such as 
the release of beneficial compounds, vaccines or even the 
development of designer probiotics [del Carmen et al., 
2011b; LeBlanc et al., 2010; Miyoshi et al., 2010]. These 
advances have led to the creation of interesting strains, 
some of which have recently been tested using different 
inflammation animal models confirming their potential 
for the prevention and treatment of IBD [Carroll et al., 
2007; Han et al., 2006; LeBlanc et al., 2011; Rochat et al., 
2007; Watterlot et al., 2010].

  Interleukin (IL)-10 is a pluripotent cytokine and the 
most important anti-inflammatory cytokine involved in 
the intestinal immune response [Asadullah et al., 2003]. 
It is well known that IL-10 down-regulates inflammatory 
cascades through the suppression of pro-inflammatory 
cytokines. However, oral treatment with IL-10 is difficult 
because of its low half-life in the gastrointestinal tract 
(GIT), and systemic treatments have not been proven
effective in inducing clinical remission and have been
associated with undesirable side effects [de Moreno de 
LeBlanc et al., 2011]. For these reasons, some groups have 
proposed the use of IL-10-producing LAB for the local 
delivery of this cytokine in the GIT and to prevent the 
risks associated to systemic administration [Li and He, 
2004].

  The first description of a  Lactococcus lactis  strain that 
can secrete biologically active IL-10 was published over 
10 years ago [Schotte et al., 2000]. Intragastric adminis-
tration of this recombinant strain prevented the onset of 
colitis in IL-10 KO mice and caused a 50% reduction of 
the inflammation in a DSS-induced chronic colitis mod-
el [Steidler et al., 2000]. An important step forward to-
wards the safe use of GM-LAB for human therapeutic 
purposes was the construction of a biological contain-

ment system for human IL-10-producing  L. lactis  [Steidler 
et al., 2003]. This containment system was recently evalu-
ated in CD patients and it was shown that no adverse ef-
fects were produced after consuming this GM-LAB [Braat 
et al., 2006]. Although only preliminary results were ob-
tained from this phase 1 trial, the use of  L. lactis  for mu-
cosal delivery of IL-10 is a feasible strategy in humans 
with chronic intestinal inflammation. However, its clini-
cal use is still hindered by the sensitivity of  L. lactis  to 
freeze-drying and its poor survival in the GIT, reasons 
for which novel means of administration for more effec-
tive mucosal delivery of therapeutic LAB are currently 
being developed and are essential for increasing their 
therapeutic potential [Huyghebaert et al., 2005a, b; Ter-
mont et al., 2006].

  A novel regulated expression system with the ability 
of targeting heterologous proteins to the cytoplasm or to 
the extracellular medium has been described for  L. lactis  
NCDO2118 strain. The xylose-inducible expression sys-
tem (XIES) was found to be tightly controlled and was 
efficient in producing high-level, long-term, targeted 
proteins [Miyoshi et al., 2004]. In a recent study a strain 
of  L. lactis  using XIES to produce rodent IL-10 was ad-
ministered intranasally to mice and successfully modu-
lated an acute allergic airway inflammation [Marinho et 
al., 2010].

  The aim of this paper was to evaluate the anti-inflam-
matory effect of the administration of milks fermented 
by  L. lactis  strains that produce IL-10, using the XIES
expression system in a trinitrobenzenesulfonic acid 
(TNBS)-induced colitis murine model.

  Materials and Methods 

 Bacterial Strains and Growth Conditions 
  L. lactis  NCDO2118 (hereafter referred as the wild-type (Wt) 

strain) and  L. lactis  NCDO2118 harboring the XIES to target  Rat-
tus norvegicus  IL-10 to the cytoplasm (Cyt strain) or to the extra-
cellular medium (Sec strain) were used in this trial. Briefly, the 
construction of these strains was made inserting sequence encod-
ing full-length  R. norvegicus  IL-10 with the codon usage of  L. lac-
tis  into plasmids pXYCYT and pXYSEC. The resulting plasmids, 
pXYCYT: IL-10 and pXYSEC: IL-10, were then cloned in  L. lactis  
[Marinho et al., 2010].

  All strains were grown for 16 h at 30   °   C without agitation in 
LAPT medium (1.5% peptone, 1% tryptone, 1% yeast extract and 
0.1% Tween 80) containing 1% xylose and 10  � g/ml chloramphen-
icol for plasmid selection in the case of Cyt and Sec strains. Before 
being used in the elaboration of the fermented milk products, 
these cultures were washed twice with 5 ml of saline solution
(0.15  M  NaCl) in order to eliminate any remaining traces of the 
antibiotic.
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  Fermented Milk Preparation and IL-10 Production 
 Reconstituted sterile nonfat milk (Milkaut, Argentina) con-

taining 1% xylose was inoculated with the previously described 
Wt, Cyt or Sec strains in a concentration of 1% (v/v) and incu-
bated statically for 16 h at 30   °   C. The fermented milks prepared 
under these conditions contained an average number of live bac-
teria of 1  !  10 10  CFU/ml.

  IL-10 concentration in fermented milks was determined using 
BD OptEIA cytokine ELISA set (BD Bioscience, San Diego, Calif., 
USA) according to the manufacturer’s indications. Uninoculated 
milk containing 1% xylose was used as the control. The results 
were expressed as the concentration of IL-10 per volume of milk 
(pg/ml). These milks were prepared freshly every day during the 
feeding period.

  Induction of Intestinal Inflammation 
 Five-week-old female BALB/c mice weighing 20–25 g were ob-

tained from the inbred closed colony maintained at CERELA 
(Centro de Referencia para Lactobacilos, San Miguel de Tucumán, 
Argentina). Intestinal inflammation was induced using a previ-
ously described technique [de Moreno de LeBlanc et al., 2009]. 
Briefly, mice were anesthetized intraperitoneally using a mixture 
of ketamine hydrocholoride (Holliday-Scott SA, Buenos Aires, 
Argentina; 100  � g/g body weight), and xylazine hydrochloride 
(Rompun; Bayer, Division Sanidad Animal, Buenos Aires, Argen-
tina; 5  � g/g body weight) after which they received an intrarectal 
administration of 100  � l of a solution of TNBS (Sigma, St. Louis, 
Mo., USA; 2 mg/mouse) dissolved in phosphate-buffered saline 
(PBS solution) 0.01  M , pH 7.4, and mixed with an equal volume of 
ethanol (50% ethanol). Control mice (Control group) received 
PBS mixed with ethanol (without TNBS) using the same tech-
nique.

  After TNBS inoculation, mice were subdivided into four ex-
perimental groups: (1) inflammation group (TNBS group) with-
out special feeding; (2) TNBS-Wt group, where mice received 
milk fermented with the Wt strain; (3) TNBS-Cyt group, where 
mice received milk fermented with the Cyt strain, and (4) TNBS-
Sec group, where mice received milk fermented with the Sec 
strain. Mice received the fermented milk products  ad libitum 
 from TNBS inoculation until sacrifice (day 3 post-TNBS). The 
intake per mice was followed on a bi-daily basis. Each animal in 
this trial drank approximately 3 ml of milk per day. Intragastric 
administration of the fermented milks was not performed in or-
der to avoid causing unnecessary stress to the animals, especially 
to inflamed mice.

  All animals also received a balanced diet ad libitum and were 
maintained in a room with a 12 h light/dark cycle at 18  8  2   °   C. 
Each experimental group consisted of 12 mice. Body weight and 
animal mortality rates were controlled on a daily basis.

  All animal protocols were preapproved by the Animal Protec-
tion Committee of CERELA and all experiments comply with the 
current laws of Argentina.

  Macroscopic and Histological Evaluation of Intestinal 
Inflammation 
 Large intestines and cecum were removed, visually inspected 

for macroscopic evaluation, and prepared for histological evalua-
tion using standard methods [Sainte Marie, 1962]. Serial paraffin 
sections of 4  � m were made and stained with hematoxylin and 
eosin for light microscopy examination. Macroscopic lesions were 

assessed using a previously described scoring system [Cenac et al., 
2002]. The extent of colonic damage and inflammation was as-
sessed using a standard histopathological grading system [Ameho 
et al., 1997] as previously described [LeBlanc et al., 2011]. High 
macroscopic or histological damage scores indicate increased 
damage in the intestines.

  Microbial Translocation to Liver 
 Microbial translocation to liver was determined following pre-

viously described protocols [LeBlanc et al., 2004]. The liver was 
aseptically removed, weighed and homogenized in 5.0 ml sterile 
0.1% (w/v) peptone solution. Serial dilutions of the homogenate 
were plated in triplicate in the following media: Mann-Rogosa-
Sharp (MRS; Britania Laboratories, Buenos Aires, Argentina), 
MacConkey (Britania Laboratories) and LAPT containing 1% 
glucose. Bacterial growth was evaluated after incubation at 37   °   C 
for 48–72 h.

  Determination of Cytokines in Intestinal Fluids and Tissues 
 Intestinal fluids were collected from the large intestines of 

mice with 1 ml PBS and immediately centrifuged at 5,000  g  dur-
ing 15 min at 4   °   C. The supernatants were recovered and stored at 
–20   °   C until determinations. The concentration of the cytokines 
(IFN- � , IL-10) was determined using BD OptEIA cytokine ELISA 
set (BD Bioscience). The results were expressed as concentration 
of each cytokine in the intestinal fluid (pg/ml).

  Cytokine-positive cells were detected by indirect immunoflu-
orescence on large intestine tissue slides, following a previously 
described technique [de Moreno de LeBlanc and Perdigón, 2004]. 
Briefly, after deparaffinization, rabbit anti-mouse IFN- �  (Pepro-
tech Inc., Rocky Hill, N.J., USA) and IL-10 (ProSci Inc., Poway, 
Calif., USA) or goat anti-mouse IL-12 (Peprotech Inc.) or IL-17 
(BD Bioscience) polyclonal antibodies (diluted in saponin-PBS) 
were applied to the 4- � m sections for 75 min at room temperature 
(25   °   C). The sections were then treated with a dilution of goat 
anti-rabbit or rabbit anti-goat antibody conjugated with fluores-
cein isothiocyanate (Jackson ImmunoResearch Laboratories Inc., 
West Grove, Pa., USA). Results were expressed as the number of 
positive cells in ten fields of vision as seen at 1,000 !  using a fluo-
rescence light microscope.

  Biosafety Evaluation 
 In order to test the biosafety of the novel products, fermented 

milk administration was also evaluated in healthy animals (not 
treated with TNBS) during 7 days. Healthy mice were divided
in four groups, each containing 5 mice: (1) the control group
received only milk containing 1% xylose, (2) the Wt group re-
ceived milk fermented by the Wt strain, (3) the Cyt group re-
ceived milk fermented by the Cyt strain, and (4) the Sec group 
received milk fermented by the Sec strain. The mice received the 
fermented milks ad libitum as previously described. Body weight 
and animal mortality were controlled on a daily basis, and all 
animals were sacrificed after the feeding period for biosafety 
evaluation (microbial translocation to liver, macroscopic and 
histological evaluations of the intestines and cytokine produc-
tion profiles).

  Statistical Analysis 
 Statistical analysis were performed with the software package 

Minitab 14 (Minitab, State College, Pa., USA) using ANOVA 
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GLM followed by a Tukey’s post-hoc test, and p  ̂   0.05 was con-
sidered significant. Unless otherwise indicated, all values (n = 9) 
were the means of three independent trials  8  SD (no significant 
differences were observed between individual replicates).

  Results 

 Animal Body Weight and Mortality 
 Only mice that received milk fermented by the Sec 

strain showed a significant increase in body weight after 
induction with TNBS when compared to the animals 
from the TNBS group or to those that received treatments 
with milks fermented by the Wt or the Cyt strain (data 
not shown).

  No difference in mortality was observed between all 
mice inoculated with TNBS, regardless of the adminis-

tered fermented milk treatment. No deaths were observed 
in the control group.

  Large Intestine Macroscopic and Histological Damage 
Scores 
 Significantly lower damage scores were observed in 

animals that received milks fermented by the Cyt or Sec 
strain when compared to the TNBS group ( fig. 1 ).

  Macroscopic damage score showed a similar pattern; 
the score values were also lower in mice from the TNBS-
Sec and TNBS-Cyt group than those from the TNBS 
group; however, animals from the TNBS-Cyt group 
showed no significant difference in their macroscopic 
damage score with those from the TNBS-Wt group 
( fig. 1 a).

  Mice from the TNBS-Sec and TNBS-Cyt groups 
showed a significant decrease in histological damage 
scores compared to those that received milk fermented by 
the Wt strain ( fig. 1 b).

  Microbial Translocation to Liver 
 In all the evaluated growth media, mice that received 

milk fermented by the Sec strain showed a significant de-
crease in the liver microbial counts comparing to the rest 
of the mice treated with TNBS. Furthermore, bacterial 
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  Fig. 2.  Microbial growth in liver of animals from the control 
group, TNBS group and those that received milk fermented by the 
Wt strain, the Cyt strain or the Sec strain. Results are expressed 
as means  8  SD of the log 10  CFU/g liver.   a–c   Means without a com-
mon letter differ significantly (p  !  0.05). 

  Fig. 1.  Large intestines macroscopic ( a ) and microscopic ( b ) dam-
age scores. Each value represents the mean of n = 3  8  SD.
 a–d  Means for each value without a common letter differ signifi-
cantly (p  !  0.05). There were no significant differences in the mac-
roscopic or microscopic damage observed in the large intestines 
of healthy animals not treated with TNBS. 
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counts in MRS and MacConkey media reached control 
values ( fig. 2 ).

  Although mice that received milk fermented by the 
Cyt strain also showed decreased microbial counts in liv-
er when compared to the TNBS group, this decrease was 
not as significant as that from the TNBS-Sec group.

  IL-10 and IFN- �  Levels in Intestinal Fluid 
 Mice receiving treatments with milks fermented by 

the Sec or the Cyt strain showed decreased IFN- �  con-
centrations compared to the TNBS and TNBS-Wt groups. 
No significant difference in IFN- �  levels was observed 
between animals that received milk fermented by the Wt 
strain or in the TNBS group ( fig. 3 a).

  Only a slight increase in IL-10 concentration was ob-
served in the intestinal content from mice that received 

milks fermented by the Sec or the Cyt strain ( fig.  3 b); 
however, higher IL-10/IFN- �  ratios were still observed in 
the TNBS-Sec and TNBS-Cyt groups (2.9  8  1.4 and 1.8 
 8  0.68 respectively) compared with the TNBS (0.50  8  
0.14) and the TNBS-Wt (0.39  8  0.27) groups (data not 
shown).

  Cytokine-Positive Cells in Intestinal Tissues 
 IL-10-producing immune cells from the large intes-

tine tissues increased slightly in mice that received milks 
fermented by the Cyt or Sec strains compared to those 
from the TNBS and the TNBS-Wt group ( table 1 ).

  A significant increase in the number of IFN- � -pro-
ducing cells was observed in mice from the TNBS group, 
whereas those that received milks fermented with the Cyt 
or the Sec strains presented a decreased number of IFN-
 � -positive cells with values similar to those observed in 
the control group. No significant differences were ob-
served in the number of cytokine-producing cells be-
tween mice receiving milk fermented by the Wt strain 
and the TNBS group ( table 1 ).

  The variation of the number of IL-12-producing cells 
between the different experimental groups was similar to 
that observed for IFN- �  ( table 1 ).

  Mice treated with milks fermented by the Cyt or the 
Sec strain also showed significantly decreased IL-17-pos-
itive cell counts compared to the TNBS and TNBS-Wt 
group. No significant difference in the number of IL-17-
producing cells was observed in the Wt group compared 
to the TNBS group ( table 1 ).

  IL-10/IFN- � , IL-10/IL-12 and IL-10/IL-17 ratios (cal-
culated in this work using cytokine-producing cells) were 
increased in mice receiving Cyt and Sec fermented milk 
treatments compared to those from the TNBS and the 
TNBS-Wt groups, reaching similar values to those ob-
served in the control group.

  Biosafety Evaluation 
 Regardless of the administered fermented milk treat-

ment, healthy animals did not present microbial translo-
cation to liver, and there were no significant differences 
in IL-10 levels in the intestinal fluid nor in the number of 
cytokine-producing cells in the intestinal tissue of healthy 
animals treated with milks fermented either by the Cyt, 
Sec or Wt strain comparing with the control group (data 
not shown).
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  Fig. 3.  IFN- �  (     a   ) and IL-10 ( b   ) concentrations in the large intestine 
contents of animals from the control group, TNBS group and 
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Wt strain, the Cyt strain or the Sec strain.  a–c  Means without a 
common letter differ significantly (p  !  0.05). 
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  Discussion 

 The potential oral use of IL-10-producing  L. lactis  is 
limited to the survival of this microorganism through the 
stomach and adequate release of the cytokine in the GIT. 
The survival of this strain in the different portions of the 
GIT has been previously evaluated [Nouaille et al., 2003]. 
Here, we describe for the first time the use of a fermented 
product (containing IL-10-producing  L. lactis)  in the pre-
vention and/or treatment of IBD using a rodent model of 
CD.

  The production of IL-10 using XIES was chosen as a 
first step in generating a food-grade inducible expression 
system (antibiotic gene resistance markers would have to 
be eliminated for strains to be considered food-grade). 
This expression system (XIES) was effective in the food 
matrix (milk) as observed by significant increases of the 
cytokine in milks fermented with IL-10-producing 
strains (Cyt and Sec). The levels of IL-10 in these ferment-
ed milks were lower than those reported previously using 
microbial growth media; this could be explained by the 
presence of small quantities of glucose in the milk that 
could lead to the repression of protein expression using 
XIES [Miyoshi et al., 2004].

  XIES is a food grade expression system that is tightly 
regulated by a sugar (xylose) that is rarely found in con-
ventional foods and acts as inductor. When xylose is pres-
ent in the media, IL-10 is expressed in high levels. On the 
other hand, the presence of glucose inhibits IL-10 expres-
sion. In this way IL-10 expression can be up- or down-
regulated, which is useful especially for expression stud-
ies of the cytokine in media or milk. In this particular 
study, the addition of filtered xylose to the milk makes 
the formulation more difficult but for the purpose of test-

ing the fermented milk in a TNBS model, this added sug-
ar does not affect mice consumption of the fermented 
product.

  The use of an inducible expression system is not only 
interesting from a genetics point of view, but also provides 
safety in that the genes are only expressed when required 
by adding the inducer (in this case xylose). A constitutive 
expression system would continuously express and cause 
the production of IL-10 (or other genes under its control) 
which might not be required, especially in strains that 
could persist in the GIT (not the case for  L. lactis  but the 
XIES system could be applicable to other LAB).

  Production of IL-10 by  L. lactis  has been previously 
reported, showing that induction with xylose increased 
the cytokine levels ( 1 500 pg/ml for the Cyt strain and 
 1 1,000 pg/ml for the Sec strain) [Marinho et al., 2010]. It 
has previously been demonstrated that  L. lactis- produc-
ing IL-10 in the cytoplasm showed a higher immuno-
modulatory potential in a murine lung inflammation 
model, hypothesizing that the recombinant IL-10 pro-
duced in the cytoplasmic form and stored within the bac-
teria is probably kept under optimum conditions for a 
longer period of time and is slowly released in the tissue 
together with the bacterial host lysis. This differs from 
our findings where the strain secreting IL-10 showed a 
more pronounced anti-inflammatory effect compared to 
the strain producing IL-10 in the cytoplasm. This could 
be due to the fact that this labile cytokine and the  L. lactis 
 Sec strain are probably both protected by the food matrix. 
Milk might act as a carrier protecting the passage of  L. 
lactis  together with the secreted IL-10 through the GIT, 
thus resulting in a more efficient delivery of IL-10 in the 
gut and in consequence in a more pronounced protective 
effect in front of inflammation.

Table 1.  Number of IL-10-, IFN-�-, IL-17- and IL-12-positive cells in 10 fields of vision and IL-10/IFN-�, IL-10/
IL-12 and IL-10/IL-17 ratios

Group Cytokine-positive cells (cells/10 fields) R atio

IL-10 IFN-� IL-12 IL-17 IL-10/IFN-� IL-10/IL-12 IL-10/IL-17

Control 3182a 2482a 1782a 1483a 1.380.1 1.880.2 2.280.3
TNBS 4186a, b 5188b 3387b 3888b 0.880.1 1.280.2 1.180.2
TNBS-Wt 3785a, b 4485b, c 2885b 3589b 0.880.1 1.380.2 1.180.1
TNBS-Cyt 4683b 3781a, c 1685a 2583a 1.280.0 2.980.6 1.980.2
TNBS-Sec 4587b 2688a 1783a 2083a 1.780.4 2.680.5 2.380.4

Eac h value represents the mean of n = 3 8 SD. a, b, c Means for each value without a common letter differ 
significantly (p < 0.05).
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  An unexpected result was the fact that no significant 
increases in IL-10 concentration in intestinal fluids were 
detected in animals that received the fermented milk 
products. This can be explained by the fact that the anti-
murine-IL-10 antibody in the ELISA set only partially 
cross-reacts with rat IL-10 produced by  L. lactis ; this 
might also explain why lower concentrations of IL-10 
were detected in our fermented milk product compared 
to previous studies where strains were grown in media. 
Regardless of these results, the IL-10 produced by these 
lactococci was able to induce an anti-inflammatory effect 
in our TNBS model and this effect is attributed to IL-10 
because the Wt strain did not exert any effect. Moreover, 
it has previously been reported that rat IL-10 could induce 
a immunomodulatory effect in murine cells [Thompson-
Snipes et al., 1991] and that human IL-10 can effectively 
bind murine IL-10 receptors [Moore et al., 1993], showing 
that species specificity might not be a limiting factor. This 
is probably due to the high level of homology between IL-
10 sequences; murine and rat IL-10 sequences share 88% 
identity between each other and 74% compared to the hu-
man version of the cytokine. When milk fermented with 
IL-10-producing strains are to be tested in humans, this 
species’  (Homo sapiens)  IL-10 sequence should be used in 
the design of LAB hosts.

  The presence of IL-10, even though its concentrations 
in the intestinal fluid did not seem to be increased, influ-
enced IFN- �  concentrations in mice treated with milk 
fermented by the IL-10-producing lactococci. IFN- �  is an 
inflammatory cytokine induced by TNBS and implicated 
in the CD inflammation model. Prevention of intestinal 
damages (macroscopic and microscopic) observed in 
mice that received the milks fermented by the Cyt of the 
Sec strain proved the anti-inflammatory effect of these 
products.

  The study of the GIT cytokine-producing immune 
cells showed that the fermented product can also induce 
some change in the response against the inflammatory 
agent. It was demonstrated that the number of IL-10-
secreting cells (B lymphocytes, macrophages, etc.) in-
creased in the intestine of TNBS-inoculated mice, as a 
normal defense mechanism of the immune system 
against the inflammatory agent [de Moreno de LeBlanc 
et al., 2009]. In the present work, the increased number 
of pro-inflammatory cytokine-producing cells (IFN- � , 
IL-12 and IL-17) induced by TNBS was lower in the mice 
that received milks fermented by the Cyt of Sec strains; 
it is important to note that these animals maintained an 
elevated number of IL-10-producing immune cells, 
showing that the presence of the bacterial produced IL-

10 did not abolish the normal immune response in the 
host.

  The ratio between anti- and pro-inflammatory cyto-
kines (i.e. IL-10/ IL-12) has been described as effective in 
predicting the anti-inflammatory potential of probiotic 
strains [Foligne et al., 2007]. In the present work, IL-10/
IFN- � , IL-10/IL-12 and IL-10/IL-17 ratios calculated 
from cytokine-producing immune cells were increased 
in mice from TNBS-Cyt and TNBS-Sec groups, indicat-
ing yet again the anti-inflammatory potential of the 
milks fermented with the IL-10-producing lactococci.

  Furthermore, in healthy mice, without inflammatory 
(TNBS) stimulus, there was no significant difference in 
the number of cytokine-positive immune cells and cyto-
kine release in the large intestine tissue from the groups 
that received fermented milks compared to the control 
animals. This observation showed that changes in the cy-
tokine profile observed in the inflammation model were 
induced by the inflammatory agent and not by the fer-
mented product itself. However, the IL-10/IL-17 ratio cal-
culated from the cytokine-positive immune cells of the 
GIT was higher in mice that received milks fermented by 
the Cyt of the Sec strains than in mice from the control 
group (data not shown). This result shows the potential 
preventive anti-inflammatory effect of these products 
that would maintain a more regulated cytokine environ-
ment in the intestine, making the host immune system 
more alert against inflammatory agents.

  Several studies have demonstrated that the adminis-
tration of yogurt and fermented milks containing probi-
otic bacteria enhance intestinal mucosal immunity, re-
duce inflammation and inhibit promotion and progres-
sion of colorectal cancer [de Moreno de LeBlanc et al., 
2009; de Moreno de LeBlanc and Perdigón, 2004; Kaila-
sapathy and Rybka, 1997]. Although probiotics are cur-
rently available in a variety of foods and supplements, 
they are most commonly included in fermented dairy 
products [de Moreno de LeBlanc et al., 2008; Kopp-Hoo-
lihan, 2001].

  The results obtained in this study show that the em-
ployment of fermented milks as a new form of adminis-
tration of IL-10-producing  L. lactis  is effective in the 
treatment of IBD. This new approach could lead to the 
development of novel fermented products with therapeu-
tic purposes suitable for specific populations suffering 
from gastrointestinal disorders or prone to acquiring 
them. Similar strains could also be included in probiotic 
mixtures together with other strains that are able to pre-
vent inflammation by other mechanisms such as im-
mune stimulation, reduction of free radicals, etc.
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  From a biosafety point of view, the novel potentially 
therapeutic fermented milks did not show any adverse 
side effect in healthy animals. This preliminary evalua-
tion would also need to be performed in larger mammals 
(monkeys, chimpanzees) before implying to safe use in 
the design of phase I human clinical trials.

  The removal of antibiotic resistance markers in the IL-
10-producing strains is necessary before their employment 
in the design of novel therapeutic products that could be 
used in human IBD clinical studies. However, this study 
clearly shows the proof of concept that milks fermented by 
IL-10-producing LAB merit additional studies based on 
the positive results obtained in this animal trial.
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