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characterized by recurrent inflammation that requires lifelong therapies. Probiotics such as lactic acid bacteria (LAB) have been proposed to complement current treatment protocols for these patients; however, their characteristics are strain dependent. In this regard certain novel characteristics are only possible through the genetic modification of these beneficial microorganisms. Different delivery systems, such as protein delivery of anti-oxidant enzymes and the anti-inflammatory cytokines such as IL-10 and DNA delivery have been shown to be effective for preventing and treating IBD in animal models. In this study, the safety of the recombinant LAB (recLAB) Streptococcus thermophilus (S.) CRL807:CAT, S. thermophilus CRL807: SOD, Lactococcus (L.) lactis NCDO2118 pXILCYT:IL-10, L. lactis MG1363 pValac:IL-10 and L. lactis MG1363 pGroESL:IL-10 with proven beneficial effects were compared to their progenitor strains S. thermophilus CRL807, L. lactis NCDO2118 or L. lactis MG1363. The prolonged administration of genetically modified strains evaluated in the present work showed that they were just as safe as the administration of the native strains from which they derive as demonstrated by normal animal growth and relative organ weights, absence of microbial translocation, altered blood parameters and modifications of intestinal histology. The results show the potential use of these recLAB in future therapeutic formulations; however, the use of modern bio-containment systems is required for the future acceptance of these recLAB by the medical community and patients suffering IBD.
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INTRODUCTION

Inflammatory Bowel Diseases (IBD), which include ulcerative colitis and Crohn's disease, describe a group of disorders of the gastrointestinal tract characterized by recurrent inflammation, with periods of relapse and remission, and epithelial injury. Although the exact etiology for IBD is not completely elucidated, there is a direct association between an imbalance of the intestinal microbiota and in turn with the interactions between intestinal microorganisms and intestinal immune and epithelial cells, with a higher prevalence of chronic intestinal inflammation (Basso et al., 2014). IBD require lifelong treatments, and although they are not generally associated with increased mortality, they can cause morbidity.

Probiotic microorganisms, which have been defined as "live microorganisms that when administered in adequate amounts confer a health benefit on the host" (FAO/WHO, 2001), have appeared as an alternative for IBD patients and their efficiency have been analyzed in experimental animal models and also in clinical trials (De Greef et al., 2014, del Carmen et al., 2013). Many of the mechanisms involved in the beneficial effects of probiotics, specially Lactic Acid Bacteria (LAB), in the treatment of IBD have been extensively

recently reviewed and include i) the modulation of the intestinal microbiota, ii) the modulation of the host immune response by regulating the production of cytokines which are involved in regulation, activation, growth and differentiation of immune cells, iii) the reduction of oxidative stress, which is characterized by an uncontrolled increase in the concentration of reactive oxidative species (ROS) in the gastrointestinal tract, and iv) the production of other compounds such as vitamins that can in turn decrease inflammatory processes (de Moreno de [START_REF] Laiño | Milk fermented with selected strains of lactic acid bacteria is able to improve folate status of deficient rodents and also prevent folate deficiency[END_REF], de Moreno de LeBlanc & LeBlanc, 2014, del Carmen et al., 2013, LeBlanc et al., 2013a, LeBlanc et al., 2013b). One important consideration to take into account is that probiotic properties are strain dependent and it is not common to find microorganisms that provide various beneficial effects, thus the recombinant LAB (recLAB) have been also described as tools for the development of new treatments for IBD (de Moreno de [START_REF] Laiño | Milk fermented with selected strains of lactic acid bacteria is able to improve folate status of deficient rodents and also prevent folate deficiency[END_REF], LeBlanc et al., 2013b).

Previously, our group has demonstrated that recLAB were effective in the treatment and or prevention of IBD in animal models after conferring them the capacity to produce antioxidant enzymes such as catalase (CAT) or superoxide dismutase (SOD) (de Moreno de LeBlanc et al., 2008, del Carmen et al., 2014a) or the anti-inflammatory cytokine IL-10 (del Carmen et al., 2012, del Carmen et al., 2014c). Also, the effectiveness of recLAB for the local delivery of IL-10 DNA and the subsequent production of the cytokine by host cells has also been shown (del Carmen et al., 2015, del Carmen et al., 2013c[START_REF] Pontes | Production of Fibronectin Binding Protein A at the surface of Lactococcus lactis increases plasmid transfer in vitro and in vivo[END_REF][START_REF] Zurita-Turk | Lactococcus lactis carrying the pValac DNA expression vector coding for IL-10 reduces inflammation in a murine model of experimental colitis[END_REF]. In these trials, the generation of the recLAB were performed using the progenitor strains Lactococcus lactis MG1363, the most commonly used LAB for genetic engineering [START_REF] Gasson | Plasmid complements of Streptococcus lactis NCDO 712 and other lactic streptococci after protoplast-induced curing[END_REF], L. lactis NCDO2118, a strain with innate immune modulating properties [START_REF] Luerce | Anti-inflammatory effects of Lactococcus lactis NCDO 2118 during the remission period of chemically induced colitis[END_REF] or Streptococcus thermophilus CRL 807, a strain selected for its innate anti-inflammatory properties (del Carmen et al., 2014a).

Although there is no proven scientific evidence to support the notion that genetically modified (GM) organisms are dangerous for consumption, the safety of the use of genetically modified probiotics designed to extend the range of applications covered by natural probiotics must be demonstrated. Consumption of GM microorganisms by human is still a highly controversial issue since the general public perceives genetic manipulation as not "natural". Scientists need to report, through well-designed studies, so that the general population is informed of the benefits that these modifications can confer while producing 5 minimal risk to their health and the environment. An example would be the case of the IL-10 producing LAB that was shown to be safe in human clinical trials (Braat et al., 2006).

Evaluation of recLAB has not been formally regulated in many countries [START_REF] Sybesma | Safe use of genetically modified lactic acid bacteria in food. Bridging the gap between consumers, green groups, and industry[END_REF]. Many researchers have proposed the use of the relevant substances as a guideline in the developing of new regulations for the evaluation of risk of these engineered microorganisms. The concept of the safety evaluation by means of substantial equivalence of recLAB involves the demonstration that these organisms are as safe as its unmodified progenitor strain which normally has a long history of safe use. Therefore the need for a complete biosafety evaluation is not necessary, saving both time and money necessary to perform these types of extensive experiments [START_REF] Leblanc | Risk Assessment of Genetically Modified Lactic Acid Bacteria Using the Concept of Substantial Equivalence[END_REF].

The objective of this study was to evaluate the relative safety of recLAB with proven beneficial effects for the treatment of IBD and to compare it to the one of progenitor strains from which they were derived in an animal model.

METHODS

Bacteria and growth conditions. Different recLAB with proven effectiveness to prevent or treat IBD in animal models were compared to the wild type strains from which they derived (Table 1).

LAB were grown for 16 h at 30°C (for L. lactis strains) or 37°C (for S. thermophilus strains) statically in 5 mL LAPTg medium (which contains 1% (w/v) glucose, 1.5% peptone, 1% tryptone, 1% yeast extract and 0.1% Tween 80) containing 10 μg/ml chloramphenicol or 5 μg/ml erythromycin when required. These cultures were washed twice with 5 ml of saline solution (0.85% NaCl) in order to eliminate any remaining traces of the antibiotic and finally they were resuspended in the same volume of reconstituted thermophilus CRL807:CAT and S. thermophilus CRL807: SOD were administered as a mix of both strain suspensions in a 1:1 ratio, because it was reported that this mixture exerted an improved anti-inflammatory effect compared to the administration of each strains individually (del Carmen et al., 2014a). Under these conditions, 1 x10 9 CFU per day were administered orally to each mouse, considering that each animal in this trial drank approximately 3 -5 ml of water (with or without bacteria) per day. The assay was performed with a protocol of daily LAB administration (as was described above) during 30 days. The bottles with bacterial suspensions were changed daily and bacterial counts were periodically controlled at the beginning and after 24 h of dilution in water to avoid modifications of more than one logarithmic unit. All groups (containing 5 animals each)

were fed ad libitum with balanced rodent diet and maintained in a room with a 12-h light/dark cycle at 21±2ºC. Animal growth (determined by measuring live weight daily), and food, and water intakes were determined twice a days. Since the complete experimental intraperitoneally to obtain a final concentration of 100 mg and 5 mg/kg body weights, respectively. Animals were sacrificed by cardiac puncture, and whole blood was transferred in EDTA containing tubes (EDTA, Sigma, St. Louis USA). A drop of fresh whole blood was smeared on a microscope slide and then stained with Giemsa (Biopur Quimica, Argentina). In parallel, white blood cell counts (WBCS), differential percentage of leukocytes, hematocrit, and hemoglobin concentration were determined using guidelines from of the CBT (Colegio Bioquıimico de Tucuman, Argentina.

Microbial translocation and relative weight of organs.

The presence of microorganism in extra-intestinal organs, also known as microbial translocation was performed as described previously [START_REF] Laiño | Milk fermented with selected strains of lactic acid bacteria is able to improve folate status of deficient rodents and also prevent folate deficiency[END_REF][START_REF] Leblanc | A Novel Functional Soy-based Food Fermented by Lactic Acid Bacteria: Effect of Heat Treatment[END_REF][START_REF] Leblanc | Risk Assessment of Genetically Modified Lactic Acid Bacteria Using the Concept of Substantial Equivalence[END_REF]. Liver and spleen were removed and weighed in sterile conditions, then mixed followed by homogenization with 5.0 mL peptone solution ( 0.1% (w/v) peptone). Each homogenate was diluted and plated in triplicate in different agarized growth media such as MRS,

McConkey and Brain-Heart Infusion which were used for the enumeration of lactobacilli, enterobacteria and total anaerobic and aerobic bacteria. All petri dishes were maintained at 37 °C under aerobic and anaerobic conditions. After 48 h incubation, each colony was counted and the results expressed as colony forming units per g of each organ (CFU/g).
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Histology. Small and large intestinal tissues were processed using standard histological techniques and embedded in paraffin as described previously (de Moreno de LeBlanc et al., 2009, del Carmen et al., 2013c). Serial slides of 4 µm were obtained then and stained using HE (hematoxylin-eosin) and examined under light microscopy.

Statistical analysis. ANOVA GLM followed by a Tukey's post hoc test was performed using a commercial software package (MINITAB 15 , Minitab Inc., State College, Pennsylvania, USA) using this test means (n=15) ± standard deviation were calculated and P < 0.05 was considered significant

RESULTS AND DISCUSSION

The recLAB evaluated in the current study were previously studied, as described above, during short periods of administration and their beneficial activities were compared to the progenitor strains from which they derived. However, in this experiment, the feeding period was longer. In this regard 30 days for a mouse, with an average lifespan of 2 years is approximately equivalent of a human, with a life expectancy of 75 years, consuming the strains during 3 consecutive years, thus this trial would simulate the long term effect of recLAB consumption. In this current study, healthy mice were used since IBD models treatment and would perish before the end of the trial preventing comparative analysis.

After prolonged feeding of mice with approximately 1x10 9 CFU / day of the recLAB strains, no significant differences in body weight of mice were observed when compared to those obtained from animals fed with the WT strain (progenitor strains) or those of the control group that did not receive any type of bacterial supplementation (Fig. 1).There were no significant differences in food or water consumption between animals of different experimental groups (data not shown). Animal behavior or their general aspects (hair thickness, eye coloration, etc.) of the animals did not vary between the different groups (data not shown). The relative weights of liver did not vary significantly in animals fed recLAB with respect to those receiving the progenitor strains (wt) or with the animals from the control group (Fig. 2). The same results were observed regarding the relative weight of spleens, where no significant differences were observed between the different experimental groups (Fig. 2.). Although the relative weight of organs might seem to be lower in the control group compared to the animals that received microbial supplementation, there is in fact no significant difference between all experimental groups as determined by the ANOVA analysis of the data. These results are not surprising since no changes in animal growth rates and final live weights were observed, but confirmed that the recLAB did not cause any secondary side effects that might be reflected by abnormal relative organ weights.

No bacteria were detected in extra-intestinal organs (liver and spleen) following the consumption of any LAB strain showing that the WT and recLAB strains evaluated in the present study did not induce microbial translocation from the gastrointestinal tract to systemic organs. The architecture of the small and large intestines did not vary between animals from the different experimental groups (Fig. 3).The analysis of blood smears and

Comment citer ce document : de Moreno de LeBlanc, A. (Co-premier auteur), Del Carmen, S. (Co-premier auteur), Chatel, J.-M., Azevedo, V., Langella, P., Bermudez Humaran, L., LeBlanc, J. G. ( 2016 blood samples demonstrated that the animals from the groups that received the recLAB or the WT LAB and those from the control groups showed hematology levels in the normal range for BALB/c mice (Table 2). The recLAB strains evaluated in this study (i: S. thermophilus CRL807:CAT and S. thermophilus CRL807: SOD, ii: L. lactis NCDO2118 pXILCYT:IL-10, and iii: L. lactis pValac:IL-10 and L. lactis pGroESL:IL-10) are just as safe as the progenitor strains from which they derive (i: S. thermophilus CRL807, ii: L. lactis NCDO2118 or iii: L. lactis MG1363). These results confirm those published previously where the safety of three recLAB overproducing either the B-group vitamins folates and riboflavin or the digestive enzyme α-galactosidase under a promotor inducible by nisin [START_REF] Leblanc | Risk Assessment of Genetically Modified Lactic Acid Bacteria Using the Concept of Substantial Equivalence[END_REF] was shown to be substantially equivalent to its progenitor strain L. lactis MG1363. This new study provides more evidence that recLAB, in this case that produce antioxidant enzymes or the anti-inflammatory cytokine IL-10, are just as safe as the WT strains from which they derive. Therefore, further studies can be carried out to include them in future therapeutic formulations.

Although the use of recLAB are used as a "proof of concept", human trials using such strains have successfully been performed without showing any significant negative side effects on the consumer. In this regard, it was shown in a phase 1 trial that evaluated the safety of a strain of L. lactis expressing human IL-10 for the treatment of Crohn's disease was safe for use (Braat et al., 2006) and more recently, a recombinant L. lactis secreting the mucosal protectant human trefoil factor 1 was successfully used in a phase 1b study [START_REF] Limaye | Phase 1b, multicenter, single blinded, placebo-controlled, sequential dose escalation study to assess the safety and tolerability of topically applied AG013 in subjects with locally advanced head and neck cancer receiving induction chemotherapy[END_REF]. These studies clearly show the potential for the clinical use of recLAB as an alternative treatment options.

The removal of antibiotic resistance markers in the recLAB used in this study is necessary before their use in the design of novel therapeutic products that could be included in human
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Conclusions

It is important to use LAB with innate anti-inflammatory properties to produce and deliver anti-inflammatory compounds (such as anti-oxidant enzymes or anti-inflammatory

Comment citer ce document : de Moreno de LeBlanc, A. (Co-premier auteur), Del Carmen, S. (Co-premier auteur), Chatel, J.-M., Azevedo, V., Langella, P., Bermudez Humaran, L., LeBlanc, J. G. ( 2016 cytokines). This combination is an attractive strategy to design novel more effective strains with potential applications for IBD patients. The prolonged administration of genetically modified strains evaluated in the present work showed that they were just as safe as the administration of the progenitor native bacterial strains from which they derive which have many years of safe use in the formulation of food products. The results show the potential use of these recLAB in future therapeutic formulations; however the use of modern biocontainment systems is required for the future acceptance of these recLAB by the medical community and patients suffering IBD. These attractive strains should be evaluated as an adjunct treatment to current protocols for IBD patients and because of the beneficial properties; they could actually improve the quality of life of these patients and contribute to prevent the unbalance of beneficial/pathogenic microbiota present in the GIT.
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Table 1 . Reported effects on IBD of recLAB strains and their progenitor wild-type 430 strains.
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	431				
	LAB strains	Reported Effects associated with IBD	References
	Streptococcus thermophilus	Modulation of host immune response in a	(del Carmen et al., 2014a)
		TNBS induced model in mice
	CRL807 WT *				
	Streptococcus thermophilus	Modulation of host immune response and	(del Carmen et al., 2014a)
	CRL807:CAT #	increased CAT activity in a TNBS
		induced	model	in	mice	when
		administered individually or together
		with the SOD producing strain
	Streptococcus thermophilus	Modulation of host immune response and
	CRL807:SOD #	increased SOD activity in a TNBS
		induced	model	in	mice	when
		administered individually or together
		with the CAT producing strain
	Downloaded from www.microbiologyresearch.org by
		IP: 194.167.77.53		
		On: Mon, 08 Aug 2016 14:01:37		

Table 2 . Hematology values of mice that received bacterial supplementation during 30 days with recLAB or their progenitor wild type
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	442								
	443	(WT) strains							
	444								
		Experimental groups	WBCS * (x10 3 /mm 3 )	Hemoglobin (g/dl)	Hematocrit (%)	Differential leucocytes (%) Neutrophils Lymphocytes Monocytes Eosinophils Basophils
	Control (no bacterial supplementation) 4.3±0.9	20.0±1.5	60±2	18.5±0.7	80.5±0.7	1.0±1.4	0±0	0±0
	S. thermophilus CRL807 WT #	3.9±0.7	19.5±1.0	58±3	15.0±2.8	83±5.7	1.5±2.1	0±0	0±0
	S. thermophilus RL 807:CAT/SOD	4.9±0.1	23.0±0.5	62±2	16.0±5.2	83±4.4	1.0±1.0	0±0	0±0
	L. lactis NCDO2118 WT #	3.9±0.2	20.5±0.5	63±1	13.0±1.4	86.5±2.1	0.5±0.7	0±0	0±0
	L. lactis NDCO 2118 pXILCYT:IL-10	3.8±1.0	19.5±1.5	62±2	19.5±0.7	78.5±0.7	2.0±0.0	0±0	0±0
	L. lactis MG1363 WT #	4.7±0.2	20.0±0.5	59±3	18.5±2.1	80.5±2.1	1.0±0.0	0±0	0±0
	L. lactis MG1363 pValac:IL-10	3.9±1.3	19.5±1.0	60±2	16.0±2.6	83.3±2.1	0.7±0.6	0±0	0±0
	L. lactis MG1363 pGroESL:IL-10	4.1±1.0	21.0±0.5	57±1	15.7±2.1	84.0±2.7	0.3±0.6	0±0	0±0
	445								
	446								
	447	*WBCS = white blood cells							
	448	# Wild type (WT) strain from the recLAB derive						
	449								
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