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Abstract 

AIM: To investigate effect of probiotics on regulating T regulatory cells and reducing severity of experimental colitis in mice.
METHODS: Forty C57/BL mice were randomly divided into 4 groups. The colitis of mice was induced by 2, 4, 6-trinitrobenzene sulfonic acid (TNBS). After 10-d treatment with Bifico capsules combined bifidobacterium, lactobacillus and enterococcus (Bifico), body weight, colonic weight, colonic weight index, length of colon, histological scores were evaluated. CD4+CD25+Foxp3+T cell in mesenteric lymph nodes were measured by flow cytometry, and cytokines in colonic tissue homogenates were analyzed by cytometric bead array.
RESULTS: Colonic weight index and colonic weight of colitis mice treated with Bifico were lower than that of in TNBS-induced mice without treatment. However, colonic length and percent of body weight amplification were higher than in TNBS-induced mice without treatment. Compared with TNBS-induced mice without treatment, level of CD4+CD25+Foxp3+T cell in mesenteric lymph nodes, expression of Interleukin (IL)-2, IL-4 and IL-10 in colonic tissues from colitis mice treated with Bifico were up-regulated, and tumor necrosis factor (TNF)-α and interferon (IFN)-γ were down-regulated.
CONCLUSION: Probiotics effectively treat experimental colitis that was accomplished by improving CD4+CD25+Foxp3+T cell and regulating balance Th1 and Th2 cytokines in colonic mucosa.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Ulcerative colitis (UC) belongs to inflammatory bowel disease (IBD), which is a chronic, relapsing-remitting gastrointestinal disease of unknown etiology[1,2]. The primary treatments of UC with salazosulfamide, immunodepressant and surgery are usually resistant for intolerant, poor side-effect or high relapse and so on[3,4]. Many reports have indicated that the non-specific inflammation of UC is associated with bacterial over-growth and dysbiosis[5,6]. As live microbial feed supplements, probiotics can beneficially affect the host by improving the balance of the intestinal microbial flora to effectively and securely treat UC in human and murids[1, 7, 8]. It is a pivotal event in development of UC that high sensitivity to intestinal symbiosis microbial flora induce serious autoimmunity enteritis for inhibited function or low level of CD4+CD25+T cell, while re-import of CD4+CD25+T cell may prevent occurrence or aggravation of IBD[9]. It was potentially accomplished by secreting suppressor cytokines for recovering immunological tolerance and maintaining stability of internal environment in intestines [10, 11]. 

To explore the effects of probiotics on regular intestinal mucosal internal environment, we observed the level of CD4+CD25+T cell in mesenteric lymph nodes and the expression of related cytokines in colonic mucosa from mice with colitis induced by 2,4,6-trinitrobenzene sulfonic acid (TNBS).
MATERIALS AND METHODS

Reagents

2, 4, 6-trinitrobenzene sulfonic acid (TNBS, batch number: 2508-19-2) was purchased from Sigma (St. Louis, MO, United States). Bifico Capsules (Bifico, batch number: 20101002) combined bifidobacterium, lactobacillus and enterococcus and was produced from Bifico Pharma (Shanghai, China). Mesalazine (batch number: 110201) was purchased from Sunflower Pharma (Jiamusi, China). Mouse Regulatory T Cell Staining Kit (batch number: 88-8111-40) was purchased from eBioscience CO. BD Cytometric Bead Array (CBA) Mouse Th1/Th2/Th17 Cytokine Kit (batch number: 23-12380-00) was from BD Biosciences. 

Experimental design

Forty C57/BL mice (half male and half female, weighing 22-26g, the animal certificate number was SCXK 2009-0004) were provided from Sino-British Sippr/BK Lab Animal Co. Ltd. (Changsha, China) , and randomly divided into 4 groups: the normal group (Normal, mice were challenged and administrated with physiological saline), the model group (Model, mice were induced by TNBS without treatment), the Bifico group (Bifico, mice were induced by TNBS and treated with 345 mg/kg Bifico capsules), the Mesalazine group (Mesalazine, mice were induced by TNBS and treated with 300 mg/kg mesalazine). Ten animals were in each group. All animals were housed at 20 ± 1℃ with a humidity of 50% ± 5% in a 12 h light/dark cycle and fed libitum with standard mouse feed and water throughout the experiments. The experimental protocals were performed according to the Guidelines of the JiangXi University of Traditional Chinese Medicine Animal Research Committee.

Experimental colitis in mice was induced with TNBS Solution (100 mg·kg-1body TNBS dissolved in 0.15 mL 30% ethanol) by enema[12]. The mice were maintained in a head-down position for 1 min. After 24 h, mice in treated groups were administrated Bifico capsules (345 mg/kg) or mesalazine (300 mg/kg) by lavage for 10 d, while mice in the normal and model group were received the equivalent volume of physiological saline.

To evaluate the therapeutic effect of probiotics treatment on experimented colitis, body weight, colonic weigh index [colonic weigh index (%) = colonic weigh/body weigh × 100%], colonic length and histological score were analyzed. The histological scoring was performed by Professor Chun Xiao of pathological department from Jiangxi University of Traditional Chinese Medicine, and was a total score of inflammatory cell infiltration and tissue damage according to the study of Schmidt and his colleagues[13]. Infiltration were given as follows: 0, no inﬁltration; 1, increased number of inﬂammatory cells in the lamina propia; 2, inﬂammatory cells extending into the submucosa; 3, transmural inﬂammatory inﬁltrates; and for tissue damage: 0, no mucosal damage; 1, discrete epithelial lesions; 2, erosions or focal ulcerations; 3, severe mucosal damage with extensive ulceration extending into the bowel wall[13]. 
On the 11 day, mice were euthanized, and mesenteric lymph nodes were separated and triturated with cold physiological saline in mortar into cell suspension. The cell suspension filtered by a 300 micron screen mesh of sieve was used to measure CD4+CD25+Foxp3+T cell. The colon from the ileocecal junction to the anus was excised, measured its length, cut open longitudinally at the mesenteric attachment, and washed with 5 mL of 0.01 mol/L PBS  (pH 7.4) to remove the fecal remnants to weighted and computed colonic weigh index. The partial colons were fixed in PBS-buffered 4% paraformaldehyde, and then processed for paraffin embedding and cut into 5-μm thick sections. The sections were stained with hematoxylin and eosin (HE). Other colons were made into tissue homogenates to analyze expression of the cytokine. 

Assay of CD4+CD25+Foxp3+T cell in mesenteric lymph nodes 
Cells from mesenteric lymph nodes were resuspended in eFluor® NC Flow Cytometry Staining Buffer so that the final cell concentration was 2×107/mL. FITC anti-mouse CD4+Ab (RM4-5, 0.125 µg/sample; eBioscience) and APC anti-mouse CD25+Ab (PC61.5, 0.25ug/sample; eBioscience) were added into the cell suspension. Cells were centrifugated at 300×g at 4°C for 5 min, fixed using Fix/Perm Buffer (eBioscience) for at least 12 h at 4°C, then incubated with PE-anti-mouse Foxp3+Ab (FJK-16s, 0.5 µg/sample; eBioscience) for 30 min in the dark at 4°C. Cells labeled with PE rat IgG2a were as isotype negative control. FACS analysis was performed on a FACSCalibur (BD Biosciences)[14].

Determination of cytokines in colonic tissue homogenates 

The concentrations of cytokines in colonic tissue homogenates were measured with BD Cytometric Bead Array (CBA) Mouse Th1/Th2/Th17 Cytokine Kit according to its manufacturer’s protocol. Fifty microliters of homogenates or standard was incubated with 50 μL capture beads for 1h at room temperature, and then mixed with 50 μL phycoerythrobilin (PE)-labeled Tumor necrosis factor (TNF)-α, Interleukin (IL)-4, IFN-γ, IL-10, IL-6, IL-17 and IL-2 detection antibodies and incubated for 2 h at room temperature to form a sandwich complex. Following incubations, 1 mL of washing buffer (BD Biosciences Pharmingen, United States) was added to each tube, and the mean fluorescence intensity was detected using flow cytometry (FA CSCalibur, B. D. Co, United States). The data were analyzed with BD Cytometric BeadArrayanalysis software[15].

Statistical analysis

Statistical analyses were performed using SPSS for Windows, version 15.0. Data were presented as means ± SD. Statistical analysis was performed using ANOVA and the F-test. P < 0.05 or P < 0.01 was considered significant.
RESULTS

Probiotics relieved macroscopic severity of TNBS-induced colitis in mice
Body weight amplifications of mice in the normal, Bifico and mesalazine groups were higher than that of in the model group (31.28 ± 9.23, 23.20 ± 6.51, 23.17 ± 6.05, vs 15.73 ± 3.73, P  <  0.05) (Figure 1A), however, the colonic weight index (CWI) and colonic weight (CW) in the Bifico group were decreased when they were compared to the model groups (CWI: 1.53 ± 0.15, 1.54 ± 0.12 vs 1.72 ± 0.13, P < 0.05; CW: 0.32 ± 0.02, 0.32 ± 0.02 vs 0.36 ± 0.03, P < 0.05) (Figure 1B and C). The colonic lengths of mice in the Normal, Bifico and mesalazine groups were significantly increased compared with that of in the model group (7.86 ± 0.37, 7.68 ± 0.53, 7.68 ± 0.61, vs 6.94 ± 0.63, P < 0.05) (Figure 1D).

Probiotics attenuated histological severity of TNBS-induced colitis in mice
Shown in Figure 2A, integral colonic epithelium and no inflammatory cell infiltration were seen in the slice from the normal mice. However, ulceration, colonic epithelium loss, incrassate intestinal wall and abundant inflammatory cell infiltration were found in the colon of mice in the model group (Figure 2B). Meanwhile, the above mentions were remarkably relieved with fewer infiltrated inflammatory cell and restored epithelium from colitis mice treated with Bifico and mesalazine (Figure 2C and D). Compared with in the model group, the histological score in the Bifico and mesalazine groups were statistically decreased (2.88 ± 1.33, 1.88 ± 0.83 vs 5.25 ± 0.89, P < 0.01) (Figure 2E). All results had indicated that Bifico effectively restrained colonic injury of experimented colitis mice. 

Probiotics improved level of CD4+CD25+Foxp3+T cell in mesenteric lymph nodes
To identify developmental capacity of CD4+CD25+T regulatory cell, the level of CD4+CD25+Foxp3+T cell in mesenteric lymph nodes was analyzed by flow cytometry. Seen in the Figure 3, the level of CD4+CD25+Foxp3+T cells in the model group was apparently decreased when they were compared with the normal group (29.70 ± 1.87 vs 34.73 ± 4.04, P < 0.05). But in the Bifico and mesalazine groups, it was higher than that of in the model group (34.46 ± 4.11, 32.18 ± 1.44 vs 29.70 ± 1.87, P < 0.05).

Probiotics regulated expression of cytokines in colonic tissues 

Compared with the normal, expression of TNF-α and IFN-γ in colonic tissues from mice in the model group were transparently increased (TNF-α: 32.67 ± 7.12 vs 18.33 ± 4.55, P < 0.01; IFN-γ: 28.90 ± 6.13 vs 10.24 ± 3.74, P < 0.01) (Figure 4A and B), and they were visibly decreased in the Bifico and mesalazine groups compared with in the model (TNF-α: 16.87 ± 2.70, 16.96 ± 1.72 vs 32.67 ± 7.12, P < 0.05; IFN-γ: 10.46 ± 5.44, 5.20 ± 2.10 vs 28.90 ± 6.13, P < 0.01) (Figure 4A and B). Meanwhile, IL-2, IL-4 and IL-10 in the model group were expressed lower than the normal group (IL-2: 2.00 ± 0.17 vs 2.40 ± 0.34, P < 0.05; IL-4: 1.58 ± 0.16 vs 1.84 ± 0.24, P < 0.05; IL-10: 7.50 ± 2.96 vs 13.35 ± 2.89, P < 0.05) (Figure 4C-E). Compared with the model group, the three cytokines were up-regulated in the Bifico and mesalazine groups (IL-2: 2.52 ± 0.40, 2.32 ± 0.11 vs 2.00 ± 0.17, P < 0.05; IL-4: 1.92 ± 0.34, 1.82 ± 0.20 vs 1.58 ± 0.16, P < 0.05; IL-10: 14.19 ± 4.14, 12.25 ± 3.41 vs 7.50 ± 2.96, P < 0.05) (Figure 4C-E). Regrettably, expression of IL-6 and IL-17 in colonic tissues from colitis mice without treatment only was expressed higher than in the normal (IL-6: 4.69 ± 1.47 vs 2.35 ± 0.19, P < 0.01; IL-17: 5.94 ± 1.54 vs 3.37 ± 0.96, P < 0.01), but in the two treated groups, they were no different compared with the model.

DISCUSSION

In the present study, the curative effect of probiotics treatment with experimental colitis was proved by the increased extent of body weights, the lengthened length of the colon, decreasing histological scores followed with restored pathological characters. While probiotics inhibited the decreased tendency of CD4+CD25+T cell in mesenteric lymph nodes, down-regulated the expression of TNF-α and IFN-γ, up-regulated the products of IL-2, IL-4 and IL-10 in colonic mucosa from TNBS-induced colitis mice treated by probiotics for 10 d.
Many studies have indicated that dysregulation of intestinal microflora played an important role in initiating and perpetuating colonic inflammation in development of human UC[16, 17, 18]. And findings from animal DSS- or TNBS-colitis models suggest that the intestinal microflora plays a key role in the abnormal immune response lead to mucosal injury of experimental colitis because germ-free animals do not mount an intestinal inflammatory response [1, 19-20]. Recently, probiotic therapy has been recognized to be safe and effective for patients with UC. Lin-Lin Chen and their colleagues demonstrated that every strain of three probiotics in Bifico Capsules (combined bifidobacterium, lactobacillus and enterococcus) had a better effect on DSS-induced experimental colitis in mice [21]. 

CD4+CD25+T regulatory (Treg) cell is critical for maintaining immune homeostasis and establishing tolerance to foreign, non-pathogenic antigens including commensal bacteria and food, and identified by their constitutive expression of Foxp3. CD4+CD25+T cell secretes suppressive cytokines as IL-2, IL-10 and TGF-β etc to regulate balance of Th1/Th2 cells and maintain mucosal immunity in the intestine[22-24]. Evidences has shown that non-functional, absent Tregs or genetic mutations in FoxP3 induced hypersensitivity to bacterial antigen [10, 11], and destroyed the balance of intestinal mucosal immunity to inflammatory injury followed with lymphocytic infiltration of the intestinal mucosa[25, 26]. CD4+CD25+Foxp3+ T cell was increased in the colon of paracmasis patients with UC[22]. All facts indicated Tregs would be a promising strategy to treat UC because increasing appropriate Tregs activity in the gut should help to restore inflamed colonic tissues [27]. 

In the present study, we found that level of CD4+CD25+Foxp3+ T cell was down-regulated in mesocolic lymph nodes from experimented colitis mice without treatment, while IL-2, IL-10 and IL-4 were hypo-expression in colonic tissues in the model group. The results stated that suppressed function of CD4+CD25+Foxp3+T cell was lacking to induce disturbance of Th1/Th2 cytokines in colonic mucosa, and to induce increasing susceptibility to symbiotic bacteria, to over-express proinflammatory factor (IL-1, TNF-α, IFN-γ), and to finally result in inflammatory injury and ulceration. After 10-days-treatment by probiotics, impaired colonic mucosa were restored with epithelial hyperplasia, intact colonic epithelium and fewer inflammatory cells infiltration. It was shown that probiotics effectively treated mice with colitis. While CD4+CD25+Foxp3+T cells were up-regulated with high expression of IL-10, IL-4 and IL-2, and TNF-α and IFN-γ were decreased in colonic mucosa from colitis mice treated by probiotics. In the study, probiotics improved quantity of CD4+CD25+Foxp3+T cell, and restored suppressed function of CD4+CD25+Foxp3+T cell. The Treg cells secreted more and more IL-10 and IL-4, competitively bound with IL-2, enhanced immune tolerance of intestinal mucosa to restrain bacterial antigens and activity of proinflammatory factor (as TNF-α and IFN-γ), renewingly built immunologic barrier of colonic mucosa. Probiotics had alleviated colonic inflammatory injury of colitis mice by restoring suppression or increasing quantity of CD4+CD25+Foxp3+T cell.  

In summary, Probiotics effectively treated experimental colitis that was accomplished by improving CD4+CD25+Foxp3+T cell and regulating balance of Th1/Th2 cytokines in colonic mucosa. 

COMMENTS

Background

Ulcerative colitis (UC) is a chronic, inflammatory disease of colonic mucosa characterized by a relapsing-remitting course though the cause is largely unknown. However dysregulation of intestinal microflora and hypofrontality of T regulatory cell were played important roles in pathogenesy of UC. 

Research frontiers

The barrier of intestinal mucosal immunity was damaged which primarily may be that the inhibition of T regulatory cell to bacterial antigen was decrease. It hint that regulating function of T regulatory cell and/or the balance of intestinal microflora are potentially an effectively tactic. 

Innovations and breakthroughs

Previous studies have highlighted re-imported T regulatory cell may prevent occurrence or aggravation of UC. In the present study, probiotics (Bifico) inhibited the decreased tendency of CD4+CD25+Foxp3+T cell induced by 2, 4, 6-trinitrobenzene sulfonic acid (TNBS) to effectively treat experimental colitis followed with regulating the balance of Th1/Th2 cytokines in colonic mucosa.

Applications

By understanging effects of probiotics treating experimental colitis by inhibiting the decreased level of T regulatory cell and regulating of the balance Th1/Th2 cytokines, the study provided some evidence to explore the effect of probiotics on maintaining stable intestinal mucosal immunity to treat UC. 

Peer review

The authors investigated effects of probiotics on treating experimental colitis and explored its potential mechanism by observing the level of T regulatory cell and expression of Th1/Th2 cytokines in colonic mucosa. It has revealed that probiotics effectively treated experimental colitis that was accomplished by improving CD4+CD25+Foxp3+T cell and regulating balance Th1 and Th2 cytokines in colonic mucosa. The results were valuable to explore the mechanism of probiotics treating UC.
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Figure 1 Change of body weight amplification, colonic weight index, colonic weight and colonic length. A: Percent of body weight amplification; B: Colonic weight; C: Colonic weight index; D: Colonic length. Normal: The normal group, the animals were challenged and administrated physiological saline; Model: The model group, the animals were challenged with TNBS without treatment; Bifico: The Bifico group, the animals were challenged by TNBS and treated with Bifico at 345 mg/kg; Mesalazine: The Mesalazine group, the animals were challenged by TNBS and treated with 300 mg/kg Mesalazine. Data were mean ± SEM (n = 10). TNBS: 2, 4, 6-trinitrobenzene sulfonic acid; aP < 0.05, bP < 0.01 vs the normal group; cP < 0.05 vs the model group.

Figure 2
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Figure 2 Representative histological images and scores of mice.  A: The Normal group; B: The Model group; C: The Bifico group; D: The Mesalazine group; E: Histological images and scores (HE, light microscope, ×100). Normal: The normal group, the animals were challenged and administrated physiological saline; Model: The model group, the animals were challenged with TNBS without treatment; Bifico: The Bifico group, the animals were challenged by TNBS and treated with Bifico at 345mg/kg; Mesalazine: The Mesalazine group, the animals were challenged by TNBS and treated with 300mg/kg Mesalazine. Data were mean ± SEM (n = 10). TNBS: 2, 4, 6-trinitrobenzene sulfonic acid; bP < 0.01 vs the normal group; dP < 0.01 vs the model group.
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Figure 3 Representative flow plots and level of CD4+CD25+Foxp3+T cell.  A: The Normal group; B: The Model group; C: The Bifico group; D: The Mesalazine group; E: The level of CD4+CD25+Foxp3+T. Normal: The normal group, the animals were challenged and administrated physiological saline; Model: The model group, the animals were challenged with TNBS without treatment; Bifico: The Bifico group, the animals were challenged by TNBS and treated with Bifico at 345mg/kg; Mesalazine: The Mesalazine group, the animals were challenged by TNBS and treated with 300 mg/kg Mesalazine. Data were mean ± SEM (n = 10). TNBS: 2, 4, 6-trinitrobenzene sulfonic acid; aP < 0.05 vs the normal group; cP < 0.05 vs the model group.
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Figure 4 Expression of cytokines in colonic mucosa. A: Level of tumor necrosis factor (TNF)-α; B: Level of interferon (IFN)-γ; C: Level of IL-2; D: Level of IL-4; E: Level of IL-10. Normal: The normal group, the animals were challenged and administrated physiological saline; Model: The model group, the animals were challenged with TNBS without treatment; Bifico: The Bifico group, the animals were challenged by TNBS and treated with Bifico at 345 mg/kg; Mesalazine: The Mesalazine group, the animals were challenged by TNBS and treated with 300 mg/kg Mesalazine. Data were mean ± SEM (n = 10). TNBS: 2, 4, 6-trinitrobenzene sulfonic acid; aP < 0.05, bP < 0.01 vs the normal group; cP < 0.05, dP < 0.01 vs the model group.

PAGE  
18

