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Abstract 
 

Background: It was proposed that probiotics may influence immune system through direct or indirect 

exposure. Direct exposure is mostly mediated by surface receptors. Toll-like receptors (TLRs) are conserved 

molecular sensors which could be triggered via some pathogen associated structures, hence, modulate the 

immune responses. This study was conducted to elucidate the impact of lactobacillus acidophilus as a common 

probiotic on the expression level of TLRs in the chicken’s cecal tonsil. 

Methods: Thirty one-day-old chicken were selected and separated into three groups as probiotic-fed, 

dairy-fed and control. In addition to commercial powder supply, each chicken in the probiotic-fed group 

received 109 CFU/Kg of L. acidophilus daily. While, chickens in the dairy-fed group were provided 

with commercial powder feed and sterile dairy milk. After 14 and 21 days of oral feeding the cecal 

tonsil was removed and the expression of TLR2, TLR4 and TLR5 were examined by real-time PCR. 

Results:  At the age of 14-day, there was a slight upregulation in the expression levels of TLR2 (118.9%), 

TLR4 (129.6%) and TLR5 (123.7%) of the cecal tonsil in the probiotic-fed group; however, these 

alterations were not statistically significant. At the age of 21-day, a non-significant downregulation was 

observed in TLR expression level of both dairy-fed (TLR2, 85%; TLR4, 79.5%; and TLR5, 86.5%) and 

probiotic-fed (TLR2, 88.8%; TLR4, 81%; and TLR5, 87.2%) groups in comparison to controls.    

Conclusions: The findings revealed that although the probiotic supplementation could be useful but it did not 

significantly affect innate immunity state through alteration of TLRs. 
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Introduction 
Recently, probiotic bacteria have become a great 

interest of research due to their health benefits. 

Among microorganisms that can be classified as a 

probiotic, Lactic acid bacteria (LAB) are 

considered as the most preferred groups with 

various genus (Lactococcus, Streptococcus, 

Enterococcus, Leuconostoc, and Lactobacillus) (1). 

Probiotics are involved in gastrointestinal mucosal 

barrier system and protect us against pathogenic  

 

microorganisms via regulating innate and adaptive 

immunity. Several beneficial effects of probiotics 

including control of gastrointestinal microbiota, 

control of serum cholesterol level, lactose 

tolerance, anti-carcinogenic activity and immune-

potentiation properties have been reported (2). 

Their therapeutic effects in some infections as well 

as allergic and inflammatory diseases have been 

shown (3). They could also play a role in the 
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prevention of irritable bowel syndrome (4), 

inflammatory bowel disease (IBD), and necrotizing 

enterocolitis (NEC) (5). Moreover, considering the 

increased resistance of pathogenic microorganisms 

to chemotherapeutics medications in the last 

decades, it seems that probiotics could be an 

interesting replacement to antibiotic therapies and 

prevention of infectious diarrheal and nosocomial 

infections (6). Probably the functionality of 

probiotics is mediated via epithelial cells 

stimulation and dendritic cells activation which is 

mainly conducted by the means of toll-like 

receptors (TLRs) and cytokines (7).  

As a group of transmembrane proteins, TLRs 

exist in various kinds of immune and non-immune 

cells including dendritic cells (DCs), B-cells, 

natural killer cells (NK-cells), macrophages and 

epithelial cells (8). They are a family of pattern 

recognition receptors (PRRs) that recognize 

conserved molecules on microorganisms (9). 

Signaling of TLRs play a role at least in three 

physiologic phenomena including the proliferation 

of epithelial cells, secretion of antimicrobial factors 

and regulation of immune response which all 

together lead to maintenance of the epithelial 

barrier integrity (10).   

TLRs have a primary role in the initiation of 

innate immune responses to the microbial 

components and subsequent activation of adaptive 

immunity (11).  

In addition, activation of TLRs triggers different 

signaling pathways which lead to production of 

pro-inflammatory cytokines, expression of co-

stimulatory molecules on antigen presenting cells 

and subsequently activation of T cells (12). 

Molecular patterns which are expressed on 

probiotics could also be recognized by TLRs on 

gastrointestinal lumen dendritic cells (2). Unlike 

pathogenic bacteria which initiate pro-

inflammatory cascade after TLR triggering; 

probiotics hinder inflammatory responses by 

induction of gut homeostasis through regulating of 

nuclear factor-κB (NFκB) activation (13, 14). 

Although many studies have reported the beneficial 

effects of probiotics on the regulation of immune 

responses, still the precise mechanism is not clear. 

Herein, we investigated the expression of three 

kinds of TLRs in the gut section of chicken after 

oral administration of these useful bacteria. 

Materials and Methods 
Animal Housing  

Thirty-one-day old ROSS chicken were 

randomly selected and kept in separate cages. 

Prior to housing, the cages, drinkers and feeders 

were cleaned. Drinking water and commercial 

powder feed without antibiotic or other additives 

were available ad libitum. During the 

experimental period, no adverse events were 

observed in the chickens. The experimental 

animals were handled under the regulation of 

Iran University of Medical Sciences animal care 

committee, based on Helsinki guidelines.  

Experimental Design  

Chickens were randomly assigned into six 

groups so that five chickens were placed in each 

group. In the control group a basal diet 

composed of commercial feed was used for 

feeding. The dairy group received 0.5 ml of 

sterilized milk every day from hatching time, 

along with the basal diet. In addition to basal 

diet, the probiotic group orally intake 109 

CFU/Kg Lactobacillus acidophilus LA5 in 0.5 

ml sterilized milk, daily. 

Probiotic  

Lactobacillus acidophilus strain LA-5 was 

chosen as a common probiotic in this study. 

Briefly, the L. acidophilus strain was subcultured 

and grown in fresh MRS broth (DeMann, 

Rogosa, and Sharpe medium) under anaerobic 

conditions at 37 °C for 48h. Each day, 100 µL of 

the bacterial suspension was added to 10 ml of 

fresh medium and incubated for another 16 h to 

reach to an optical density at 600nm which was 

equivalent to a bacterial concentration of 

approximately 109 CFU/ml. The probiotic were 

then washed three times with sterile 0.9% saline 

and was diluted in 0.5 ml of sterile milk to an 

expected concentration of 109cfu/Kg to be used 

for daily oral gavage of chickens. Actual colony-

forming units which were administered for daily 

routine experiments were also determined 

retrospectively by spread-plating on MRS agar. 
 

Tissue Collections  

At days 14 and 21 of study, three animals from 

each group were euthanized by decapitation, the 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAAahUKEwjfme7RtNHIAhWCn3IKHYKTB_s&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F12200963&usg=AFQjCNHdC8ZxVjk4fLyZg0yJ3Im_DB-VKg&sig2=zBnG_n1rtObvrpAcXfBQuw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAAahUKEwjfme7RtNHIAhWCn3IKHYKTB_s&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F12200963&usg=AFQjCNHdC8ZxVjk4fLyZg0yJ3Im_DB-VKg&sig2=zBnG_n1rtObvrpAcXfBQuw
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abdominal cavity was opened and cecal tonsils 

(CT) from the midpoint of cecum were excised. 

Samples were washed with saline and 

immediately frozen in liquid nitrogen. 

 

RNA Extraction and cDNA Synthesis 

Chicken’s cecal tonsils were chopped into small 

pieces and homogenized by vibration and total 

RNA was extracted by GeneJET RNA 

Purification Kit (Thermo Fisher Scientific, 

Waltham, MA). The quantity of RNA was 

determined by measurement of absorbance, and 

samples with A260/A280 ratio between 1.8 and 

2.0 were chosen for further study. 

Approximately two micrograms of each total 

RNA sample was used for cDNA synthesis by 

RevertAid First Strand cDNA Synthesis kit 

(Thermo Fisher Scientific, Waltham, MA) 

according to the manufacturer’s instructions.  

 

RT PCR 

Initial setup of the PCR reaction was performed 

on ABI PCR machine (Applied Biosystems, 

Rotkreuz, Switzerland) in 20 µl volumes using 

1µl of cDNA, 1 µl of each of the forward and 

reverse primers (Table-1) using EvaGreen qPCR 

Mix Plus as the master mix. The samples were 

denatured at 95°C for 3 min and amplified using 

30 cycles of 94 °C for 30 sec, 58 °C for 30 sec, 

and 72 °C for 30 sec and the final elongation at 

72 °C for 3 min. Five microliters of the PCR 

products were analyzed by electrophoresis on a 

2% agarose gel. This step was only used for 

initial evaluation of the purity and singularity of 

the PCR product. However, the later steps were 

determined by real-time PCR method. 

 

Real-time PCR 

Gene-specific primers for target genes (TLR2, 

TLR4 and TLR5) were used for real-time-PCR 

reaction (Table1). The qPCR analysis was 

performed on an ABI StepOne™ real-time PCR 

machine (Applied Biosystems, Rotkreuz, 

Switzerland), using EvaGreen qPCR Mix Plus, with 

ROX. Similar amounts of reagents which were used 

in conventional RT-PCR method were also applied 

in this reaction. Amplification was achieved using 

the following cycle settings: 5 min at 95°C followed 

by 30 cycles of 95°C for 30 s, 58°C for 30 s, and 

72°C for 30 s. The melting curve was analyzed to 

ensure the specificity of the amplification. The 

expression level of TLR genes in cecal tonsil was 

quantified as cycle threshold by deducting the cycle 

threshold values of β-actin as the reference gene to 

those of the samples. Finally, the mean of results 

was presented as percentage of control (15). 
 

Table 1. Oligonucleotide sequences of primers used in real-time PCR  

Gene of target Primer sequences 

β-Actin 
Forward 

Reverse 

5 -́TGCTGTGTTCCCATCTATCG-3  ́

5 -́TTGGTGACAATACCGTGTTCA-3  ́

TLR2 
Forward 

Reverse 

5 -́AGGCACTTGAGATGGAGCAC-3  ́

5 -́CCTGTTATGGGCCAGGTTTA-3  ́

TLR4 
Forward 

Reverse 

5 -́AGTCTGAAATTGCTGAGCTCAAAT-3  ́

5 -́GCGACGTTAAGCCATGGAAG-3  ́

TLR5 
Forward 

Reverse 

5 -́TGCACATGTTTTCTCCTAGGT-3  ́

5 -́CCACATCTGACTTCTGCCTTT-3  ́

 
Statistical Analysis 

The expression level of TLR genes was 

normalized to beta-actin as the internal reference 

control. The significance of the difference among 

the six groups was analyzed by variance analysis 

(ANOVA), confirmed with Tukey posthoc using 

Graph Pad Prism 6.  

 

 

Results 
In order to examine immunomodulatory effects of 

probiotics, the expression of TLRs were evaluated in 

chicken after administration of lactobacillus 

acidophilus for 14 and 21 days.  

At the age of 14-day, the level of mRNA 

encoding for TLR2 (118.9%), TLR4 (129.6%) and 

TLR5 (123.7%) tended to increase in cecal tonsil of 
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probiotic-fed chicken; but in comparison with 

dairy-fed and control group, these alterations were 

not significant. 

Analyzing cecal tonsil of chickens at 21-d 

showed that the treatments did not affect the 

mRNA expression significantly at this period, too. 

A slight decrease in both dairy-fed (TLR2 85%, 

TLR4 79.5%, and TLR5 86.5%) and probiotic-fed 

(TLR2 88.8%, TLR4 81%, and TLR5 87.2%) 

groups were seen as compared with control. 

Comparison of results between two different age 

groups revealed that although there was no 

significant difference between them, the expression 

of TLRs were slightly downregulated at 21-day. 

The results were shown as relative percent of 

control in figure 1. 

 

 
 

 
Fig. 1. The expression level of TLRs. One old day chickens 

separated into three groups of five each, as a probiotic-fed, dairy-

fed and control group. After 14 and 21 days of the experiment, the 

cecal tonsil was removed and gene expression of a.) TLR2, b.) 

TLR4, and c.) TLR5 were evaluated by Real-time PCR and 

normalized to the levels of β-actin. Bar indicates the mean of three 

experiments. TLR= toll-like receptor. 
 

 

Figure 1. The expression level of TLRs. One old 

day chickens separated into three groups of five each, 

as a probiotic-fed, dairy-fed and control group. After 

14 and 21 days of the experiment, the cecal tonsil was 

removed and gene expression of a.)TLR2, b.)TLR4, 

and c.)TLR5 were evaluated by Real-time PCR and 

normalized to the levels of β-actin. Bar indicates the 

mean of three experiments. 

 

Discussion 
The gastrointestinal tract contains diverse 

commensal microbiome which play a crucial role 

in its functionality and integrity. It is well 

documented that intestinal microbiota intercede a 

symbiotic relationship with their host (16) (17) and 

could improve digestion, absorption, and storage of 

nutrients (18) and promote immune responses, as 

well (19). Probiotics are live non-pathogenic 

microorganisms that when administered in 

adequate amounts may confer health benefits to the 

host (4). They control the growth of intestinal 

pathogens through harnessing the antimicrobial 

mechanisms including competitive exclusion and 

production of a variety of biological products such 

as bacteriocins, organic acids, hydrogen peroxide 

and carbon dioxide (20).   
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Studies showed that probiotic can raise immune 

responses in chickens (21). In our previous study, we 

found that Lactobacillus acidophilus can influence the 

distribution of lymphocyte subpopulations(22) 

According to the immunomodulatory effect of 

Lactobacillus family on avian, in the present study, 

we decided to examine the effect of Lactobacillus 

acidophilus on the expression of TLR molecules 

which play a crucial role in innate immunity. Hence, 

Lactobacillus acidophilus was administered to the 

chickens at 14 and 21-days of age. We found that in 

comparison with control group, probiotic 

administration decreased the expression of TLR2, 

TLR4, and TLR5 in chicken’s cecal tonsil at age 21; 

however, the differences were negligible. Although, it 

seems that probiotics may confer their tolerogenic 

effects through inhibition of the expression level of 

TLRs or their signaling pathways, in this study we did 

not find a significant difference between the 

expression level of TLRs in the studied groups. 

Several species of LAB including Lactobacillus, 

Enterococcus, and Bifidobacterium may be colonized 

in the gut, and play a role as probiotic (23). After 

localization, they supply a source of ligands for TLRs 

which are highly expressed on intestinal epithelial 

dendritic cells (24), hence they may play a role in the 

control of inflammation in the gut tissue.  

TLRs are a highly conserved family of pattern 

recognition receptors and capable of binding to the 

pathogen-associated molecular patterns (PAMPs) 

such as peptidoglycans, lipoproteins, 

lipopolysaccharides, and unmethylated bacterial CpG 

DNA (25). Studies have proven the presence of 10 

types of TLRs in avian tissues; among them, TLR2, 

TLR4, TLR5, and TLR7 are orthologues with those 

of mice and human (26, 27).  

The cecal tonsil is a gut-associated lymphoid 

tissue of the chicken (28) in which Lactobacillus 

comprise approximately 50% of the whole bacterial 

population at 25-d of age (29). Previous studies 

showed that Lactobacillus-based probiotics could 

reduce the level of pro-inflammatory cytokines in the 

intestine of S. Enteritidis-infected chickens and 

increase the expression of TLR2 in their cecal tonsils 

(30). In this study, we showed slight up regulation of 

TLRs at 14-d, while those expressions were slightly 

decreased at the 21-d chicken. 

Castillo showed that administration of L. Casei to 

BALB/c mice can modulate the inflammatory 

response to pathogenic bacteria such as S. 

Typhimurium via affecting TLR expression. They 

reported that the continuous administration of 

probiotics could upregulate the expression of 

TLR2, TLR4, and TLR9 (31).  

Bermudez-brito reported that administration of 

Lactobacillus paracasei and its cell-free culture 

supernatant may alter innate immunity responses 

through diminishing the secretion of pro-

inflammatory cytokines in Salmonella-challenged 

DCs. They suggested that the possible mechanism 

of this decrement might be the modulation of TLR 

activation (32). Interaction of microbiota with 

TLR9 may inhibit the nuclear internalization of 

NF-κB and subsequently, prevent the production of 

pro-inflammatory cytokines in gut. As mentioned, 

in this study we showed a non-significant decrease 

of TLR expression. In addition, Aumeunier et al. 

found that a probiotic mixture containing 

bifidobacterium, lactobacillus and streptococcus 

can suppress both allergic and autoimmune 

responses in NOD mice through TLRs stimulation 

(33). Interestingly, the activation of TLRs on DCs 

could induce the secretion of TGF-β which is a 

crucial cytokine for deviation and development of 

the regulatory T cells (32). Therefore, 

understanding of the possible mechanisms which 

underlies the anti-inflammatory properties of 

microbiota needs more investigations (28, 34, 35). 

Although there are some contradictory reports 

with our results, we propose that the mechanism of 

immunomodulatory properties of probiotics could 

differ according to type and species of the 

probiotic, as well as the age and tissue type of the 

host. Taken together, our results along with other 

studies showed that Lactobacillus acidophilus may 

influence the innate immune system of the mucosal 

system by immunomodulation of TLR expression. 

Acknowledgement  
This study was supported by a grant (number 91-

02-131-17672) from the Iran University of 

Medical Science. The authors thank Reyhaneh 

Sadeghi for her assistance. 

 

 

 



Asgari F et al. 

 

         Rep. Biochem. Mol. Biol, Vol. 6, No. 2, Apr 2018 156    

References 
1. Rizzello V, Bonaccorsi I, Dongarra ML, Fink LN, 

Ferlazzo G. Role of natural killer and dendritic cell 

crosstalk in immunomodulation by commensal 

bacteria probiotics. BioMed Research 

International2011;2011. 

2. Galdeano CM, de LeBlanc AdM, Vinderola G, 

Bonet MB, Perdigon G. Proposed model: mechanisms 

of immunomodulation induced by probiotic bacteria. 

Clinical and Vaccine Immunology2007;14(5):485-92. 

3. Caselli M, Vaira G, Calo G, Papini F, Holton J, 

Vaira D. Structural bacterial molecules as potential 

candidates for an evolution of the classical concept of 

probiotics. Advances in Nutrition: An International 

Review Journal2011;2(5):372-6. 

4. Reid G, Sanders M, Gaskins HR, Gibson GR, 

Mercenier A, Rastall R, et al. New scientific paradigms 

for probiotics and prebiotics. Journal of clinical 

gastroenterology2003;37(2):105-18. 

5. Sanders ME, Guarner F, Guerrant R, Holt PR, 

Quigley EM, Sartor RB, et al. An update on the use 

and investigation of probiotics in health and disease. 

Gut2013;62(5):787-96. 

6. Gillingham L, Lescheid D. Probiotics and 

mucosal immunity: strain-specific effects on Th1/Th2 

cell modulation. Int J Neutropathic Med2009;4:18-22. 

7. Rajput IR, Li WF. Potential role of probiotics in 

mechanism of intestinal immunity. Pak Vet 

J2012;32:303-8. 

8. Gómez-Llorente C, Munoz S, Gil A. Role of Toll-

like receptors in the development of immunotolerance 

mediated by probiotics. Proceedings of the Nutrition 

Society2010;69(03):381-9. 

9. Fang J, Fang D, Silver PB, Wen F, Li B, Ren X, et 

al. The role of TLR2, TRL3, TRL4, and TRL9 

signaling in the pathogenesis of autoimmune disease in 

a retinal autoimmunity model. Investigative 

ophthalmology & visual science2010;51(6):3092. 

10. Villena J, Kitazawa H. Modulation of intestinal 

TLR4-inflammatory signaling pathways by probiotic 

microorganisms: lessons learned from Lactobacillus 

jensenii TL2937. Frontiers in immunology2013;4. 

11. Khailova L, Frank DN, Dominguez JA, 

Wischmeyer PE. Probiotic administration reduces 

mortality and improves intestinal epithelial 

homeostasis in experimental sepsis. 

Anesthesiology2013;119(1):166-77. 

12. Purchiaroni F, Tortora A, Gabrielli M, Bertucci F, 

Gigante G, Ianiro G, et al. The role of intestinal  

 

microbiota and the immune system. Eur Rev Med 

Pharmacol Sci2013;17(3):323-33. 

13. Hyland NP, Quigley EM, Brint E. Microbiota-

host interactions in irritable bowel syndrome: epithelial 

barrier, immune regulation and brain-gut interactions. 

World journal of gastroenterology: 

WJG2014;20(27):8859. 

14. Patel RM, Lin PW. Developmental biology of gut-

probiotic interaction. Gut Microbes2010;1(3):186-95. 

15. Maxwell P, Gallagher R, Seaton A, Wilson C, 

Scullin P, Pettigrew J, et al. HIF-1 and NF-κB-

mediated upregulation of CXCR1 and CXCR2 

expression promotes cell survival in hypoxic prostate 

cancer cells. Oncogene2007;26(52):7333-45. 

16. Mountzouris K, Tsitrsikos P, Palamidi I, Arvaniti 

A, Mohnl M, Schatzmayr G, et al. Effects of probiotic 

inclusion levels in broiler nutrition on growth 

performance, nutrient digestibility, plasma 

immunoglobulins, and cecal microflora composition. 

Poultry science2010;89(1):58-67. 

17. Rahimi S, Kathariou S, Grimes J, Siletzky R. 

Effect of direct-fed microbials on performance and 

Clostridium perfringens colonization of turkey poults. 

Poultry science2011;90(11):2656-62. 

18. Bäckhed F, Ding H, Wang T, Hooper LV, Koh 

GY, Nagy A, et al. The gut microbiota as an 

environmental factor that regulates fat storage. 

Proceedings of the National Academy of Sciences of 

the United States of America2004;101(44):15718-23. 

19. Round JL, Mazmanian SK. The gut microbiota 

shapes intestinal immune responses during health 

and disease. Nature Reviews 

Immunology2009;9(5):313-23. 

20. Kailasapathy K, Chin J. Survival and therapeutic 

potential of probiotic organisms with reference to 

Lactobacillus acidophilus and Bifidobacterium spp. 

Immunology and Cell Biology2000;78(1):80-8. 

21. Molnár A, Podmaniczky B, Kürti P, Tenk I, 

Glávits R, Virág G, et al. Effect of different 

concentrations of Bacillus subtilis on growth 

performance, carcase quality, gut microflora and 

immune response of broiler chickens. British poultry 

science2011;52(6):658-65. 

22. Asgari F, Madjd Z, Falak R, Bahar M, Nasrabadi 

MH, Raiani M, et al. Probiotic feeding affects T cell 

populations in blood and lymphoid organs in chickens. 

Beneficial Microbes:1-8. 



 Effect of Probiotic on TLR Expression 

     Rep. Biochem. Mol. Biol, Vol. 6, No. 2, Apr 2018       157 

23. Alvarez-Olmos MI, Oberhelman RA. Probiotic 

agents and infectious diseases: a modern perspective 

on a traditional therapy. Clinical infectious 

diseases2001;32(11):1567-76. 

24. van Baarlen P, Wells JM, Kleerebezem M. 

Regulation of intestinal homeostasis and immunity 

with probiotic lactobacilli. Trends in 

immunology2013;34(5):208-15. 

25. Hawlisch H, Köhl J. Complement and Toll-like 

receptors: key regulators of adaptive immune 

responses. Molecular immunology2006;43(1):13-21. 

26. Temperley ND, Berlin S, Paton IR, Griffin DK, 

Burt DW. Evolution of the chicken Toll-like receptor 

gene family: a story of gene gain and gene loss. BMC 

genomics2008;9(1):62. 

27. Smith J, Speed D, Law AS, Glass EJ, Burt DW. 

In-silico identification of chicken immune-related 

genes. Immunogenetics2004;56(2):122-33. 

28. Brisbin JT, Gong J, Parvizi P, Sharif S. Effects of 

lactobacilli on cytokine expression by chicken spleen  

and cecal tonsil cells. Clinical and Vaccine 

Immunology2010;17(9):1337-43. 

29. Shanmugasundaram R, Sifri M, Selvaraj RK. 

Effect of yeast cell product supplementation on broiler 

cecal microflora species and immune responses during 

an experimental coccidial infection. Poultry 

science2013;92(5):1195-201. 

30. Penha Filho RAC, Díaz SJA, Fernando FS, 

Chang Y-F, Andreatti Filho RL, Junior AB. 

Immunomodulatory activity and control of Salmonella 

Enteritidis colonization in the intestinal tract of 

chickens by Lactobacillus based probiotic. 

Veterinary immunology and 

immunopathology2015;167(1):64-9. 

31. Castillo NA, Perdigón G, de LeBlanc AdM. 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 

microbiology2011;11(1):177. 

32. Bermudez-Brito M, Muñoz-Quezada S, Gomez-

Llorente C, Matencio E, Bernal MJ, Romero F, et al. 

Human intestinal dendritic cells decrease cytokine 

release against Salmonella infection in the presence of 

Lactobacillus paracasei upon TLR activation. PLoS 

One2012;7(8):e43197. 

33. Aumeunier A, Grela F, Ramadan A, Pham Van L 

BE, Gomez Alcala A, Jeannin P, et al. Systemic Toll-

like receptor stimulation suppresses experimental 

allergic asthma and autoimmune diabetes in NOD 

mice. PLoS One2010;5(7):e11484. 

34. Saez-Lara MJ, Gomez-Llorente C, Plaza-

Diaz J, Gil A. The Role of Probiotic Lactic Acid 

Bacteria and Bifidobacteria in the Prevention and 

Treatment of Inflammatory Bowel Disease and 

Other Related Diseases: A Systematic Review of 

Randomized Human Clinical Trials. BioMed 

research international2015;2015. 

35. Neish AS. Microbes in gastrointestinal health and 

disease. Gastroenterology2009;136(1):65-80. 

 

 

 

 
 


