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ABSTRACT 
 

Bifidobacterium breve CBT BR3 is effective in relieving intestinal 

inflammation by augmenting goblet cell regeneration 

 

Jongwook Yu 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Jae Hee Cheon) 

 

Probiotics are microorganisms that have beneficial properties for their hosts. 

Bifidobacterium is an anaerobic, gram-positive, catalase-negative, and rod-shaped 

bacterium. Bifidobacterium breve (B. breve) is the first isolated bacteria in the feces of 

healthy infants and is a dominant species in the guts of breast-fed infants. Some strains 

of B. breve are effective at relieving intestinal inflammation though pathogenesis is not 

elucidated in detail. In this study, I attempted to elucidate the pathogenesis of B. breve 

CBT BR3 isolated from South Korean infant feces using experimental animal models. 

B. breve CBT BR3 was orally administered to determine its effects as a probiotic on 

two kinds of murine colitis models. Colitis was induced with dextran sodium sulfate 

(DSS) and dinitrobenzene sulfonic acid (DNBS), respectively. The disease activity 

index (DAI) of the mice was recorded. After sacrifice, colon tissues were analyzed for 

periodic acid-Schiff staining and mRNA expression. 

B. breve CBT BR3 improved colitis symptoms as determined by the disease activity 

index. The DSS-induced colitis mice treated with B. breve CBT BR3 had a 62.5% 

survival rate while the DSS-vehicle group only had a 50% survival rate. Mice in both 

groups had similar body weights, colon lengths, and colon length-to-initial body weight 
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ratios. B. breve CBT BR3 did not have a significant proliferative effect on goblet cells 

in normal mucosa but it did increase both goblet cell density and the number of goblet 

cells per crypt in both groups. In both the DSS- and DNBS-colitis groups, B. breve 

increased mRNA expression of Spdef and Klf4, genes associated with goblet cell 

differentiation, and Muc5, but not Muc2. The mRNA expression of Occludin, a 

membrane tight junction protein, and Foxo3, which is related to butyrate metabolism, 

are also increased. FACS analysis for Rag1 KO mice showed that B. breve may affect 

through innate lymphoid cells. This study showed that B. breve CBT BR3 is effective 

at relieving intestinal inflammation by augmenting goblet cell regeneration, possibly 

through innate lymphoid cells and cytokines such as IL-10. 

Keywords: inflammatory bowel disease, goblet cells, Bifidobacterium breve, probiotics, 

innate lymphoid cells 
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Bifidobacterium breve CBT BR3 is effective in relieving intestinal 

inflammation by augmenting goblet cell regeneration 

 

Jongwook Yu 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Jae Hee Cheon) 

 

 

 

I. Introduction 

Probiotics are microorganisms that have beneficial properties for their hosts.1-3 They 

are associated with various human diseases, such as inflammatory bowel diseases (IBD), 

irritable bowel syndrome, allergic diseases, and even cancers.1,3-6 Although their 

pathophysiology is not clearly understood, they seem to have local effects through 

intestinal mucosa and immune-modulating systemic effects by interacting with their 

hosts.7-9 It is impossible to prove each probiotics’ pathophysiology because of the 

intestinal microbiology system’s complexity.  

IBD is an intestinal disease of unknown etiology, though multiple factors, such as 

genetic, immunological, and environmental factors, seem to be involved.10,11 One 

hypothesis is that an imbalance in commensal bacteria or intestinal microbiome causes 

abnormal intestinal homeostasis, which in turn causes intestinal mucosal 

inflammation.12,13 IBD is managed in various ways, such as with 5-aminosalicylic acids, 

immunomodulators such as azathioprine and 6-mercaptopurine, corticosteroids, and 

biological agents, though they all have possibly significant side effects. Probiotics are 
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another treatment option and are popular because they rarely have side effects, though 

few studies support their efficacy under real-world conditions.14 Probiotics have been 

shown to be effective at reducing intestinal inflammation, especially in patients with 

UC rather than CD, although this effect is not enough to prove that they are associated 

with the pathophysiology of IBD.7,14-26 Although some probiotics may be related to IBD, 

it is difficult to which specific strains are because there are so many probiotics and 

microorganisms in mammalian intestines, which can interact in complex ways.11,14,27-29  

The most commonly used and studied probiotics are lactic acid bacilli, including 

Lactobacillus and Bifidobacterium.5,14,30-32 Bifidobacterium is an anaerobic, gram-

positive, catalase-negative, rod-shaped bacterium that is associated with human 

diseases.33-36 Bifidobacterium breve (B. breve) is one of the first isolated bacteria in the 

feces of healthy infants and is one of the first colonizers of infant intestines that exhibits 

antimicrobial activity.6,37,38 B. breve is also a dominant species in the guts of breast-fed 

infants and has been isolated from human milk and healthy baby feces.39-41 It may be 

effective at controlling many diseases, such as obesity, allergic diseases, irritable bowel 

syndrome (IBS), hypertension, cancer, and even dementia.4,29,32,42,43 B. breve exhibits 

anti-Clostridioides difficile activity in vitro.44 In 2019, a randomized controlled trial 

showed that B. breve had a protective effect against mucosal injury induced by aspirin 

in the human small intestine, although its pathophysiology was not shown.45 In this 

study, I attempted to identify the pathogenesis of B. breve CBT BR3 isolated from 

South Korean infant feces using experimental animal models. 

 

II. Materials and methods 

 

I studied the effects of B. breve CBT BR3 on murine colitis models which were induced 

with dextran sulfate sodium (DSS) and dinitrobenzene sulfonic acid (DNBS), 

respectively.  
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1. Bacterial strains and growth conditions 

 

B. breve CBT BR3, kindly provided by Cell Biotech (Gimpo, South Korea) was 

cultured in Lactobacilli MRS Broth (BD Difco, NJ, USA) at 37°C in an incubator and 

re-suspended in sterile phosphate-buffered saline (PBS) at an optimal concentration.  

 

2. Experiments 

 

C57BL/6 mice were (OrientBio, Sungnam, Gyeonggido, South Korea) received 

alternating 12 h of light and darkness at 21–22℃ under specific pathogen-free 

conditions. The mice were administered DSS (MP Biomedicals, Solon, OH, USA) or 

DNBS (Sigma-Aldrich, St. Louis, MO, USA) to induce colitis. All experiments using 

animals were reviewed and approved by the Institutional Animal Care and Use 

Committee of Yonsei University Severance Hospital, Seoul, South Korea (approval no.: 

2020-0139) and were conducted in accordance with their guidelines. 

 

A. DSS model 

A total of 26 C57BL/6 male mice that were 6–8 weeks old and weighed 20–22 g were 

selected to serve as DSS-induced colitis models (control: n = 5, B. breve CBT BR3 

group: n = 5, B. breve CBT BR3 with DSS group: n = 8, PBS (vehicle) with DSS group: 

n = 8). The mice were acclimatized for 1 week before the experiments started. The mice 

in the treatment group were administered drinking water containing 2.5 % (w/v) DSS 

from day 0 to day 7 to induce colitis while the mice in the control group were 

administered untreated drinking water.46 Mice in the probiotic treatment group were 

administered 1×109 CFU of B. breve CBT BR3 in 0.2 mL PBS by oral gavage from day 

7 to day 14 after colitis was induced (Fig. 1A).  
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B. DNBS model 

A total of 13 C57BL/6 mice that were 8 weeks old and weighed 20–22 g were selected 

to serve as DNBS-induced colitis models (DNBS colitis with vehicle group: n = 5, 

DNBS colitis with B. breve CBT BR3: n = 8). Mice were anesthetized using isoflurane 

(Ifran liquid, Hana Pharm, Seoul, South Korea) in an anesthetic chamber supplemented 

with sufficient oxygen. Then, 5–6 mg of DNBS/100 ul with 50% ethanol was instilled 

rectally through an inserted catheter. Then the mice were positioned head-down for 90 

s to avoid loss of the DNBS (Fig. 1B).47  

 

 

 

 

 

 

 

 



7 

 

Figure 1. Experimental mouse colitis models. 

(A) Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis while 

the mice in the control group were administered untreated drinking water. Mice in the 

probiotic treatment group were administered 1×109 CFU of B. breve CBT BR3 in 0.2 

mL PBS by oral gavage from day 7 to day 14. 

(B) A total of 13 C57BL/6 mice that were 8 weeks old and weighed 20–22 g were 

selected to serve as DNBS-induced colitis models. A catheter was inserted and 5–6 mg 

of DNBS/100 ul with 50% ethanol was instilled rectally. 
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The DNBS- and DSS-induced colitis models were completed on days 5 and 14, 

respectively. The mice were sacrificed with CO2 gas and their spleens, colons, and 

entire intestines from the cecum to the anus were collected. Colon length between the 

cecum and the proximal rectum was measured. The colon was opened and gently 

cleared of stool using PBS. The distal colon was cut into 2–3 pieces. Then the degree 

of inflammation and inflammatory marker levels in colon tissue were measured through 

PAS staining and PCR. 

 

Daily changes in the mice’s stool characteristics, such as consistency, frequency, the 

presence of gross blood in the stool or on the anus; daily activity; body weight; anal 

protrusions; and overall mortality were recorded. The mice’s disease activity indices 

(DAI) were calculated as the average of their body weight loss, stool consistency, and 

gross bleeding scores (Table 1). Weight loss was calculated in terms of percentage 

relative to their weight on day 0. 
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Table 1. Disease activity index (DAI) scoring system. 

Score A. Body weight change B. Stool consistency C. Bleeding 

0 None Normal None  

1 1–5% Loose  Hemoccult negative 

2 5–10% Loose 
Slightly hemoccult 

positive  

3 10–20% Slight diarrhea  Hemoccult positive 

4 > 20% Watery diarrhea  Gross bleeding 

* The calculated DAI score = (A+B+C)/3. 
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3. Histological analysis 

 

Colon tissue samples were fixed with 10% formalin solution (Biosesang, Seongnam, 

South Korea) with a pH of 7.4 overnight and then were embedded in paraffin on a slide 

and sectioned using standard protocols. Deparaffinized sections were subjected to PAS 

staining using routine techniques for histological examination. Images were obtained 

with an Olympus BX41 optical microscope (Olympus Optical, Tokyo, Japan). Colitis 

severity was defined as the sum of the mice’s inflammatory cell infiltration and 

intestinal architecture change scores for a total possible score of 0–8 (Table 2).48 

PAS-stained slides were imaged and analyzed at x200 magnification. The integrated 

density (IntDen) of goblet cells in colon tissue was quantified using Image J (National 

Institutes of Health, Bethesda, MD, USA). IntDen values were obtained from 2–3 

random spots on each colon section using the PAS vector of the color deconvolution 

Image J plugin. The final values were the average of the collected values. Each mouse’s 

number of goblet cells per crypt was the average of 10 randomly chosen intact crypts.  
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Table 2. Colonic inflammation scoring system. 

A. Inflammatory cell infiltrate B. Intestinal architecture 

Severity Extent A 
Epithelial 

changes 

Mucosal 

architecture 
B 

Mild Mucosa 1 
Focal erosions 

 
 1 

Moderate 
Mucosa or 

submucosa 
2 

Erosions 

± Focal ulceration 2 

Marked Transmural 3 

Extended ulceration 

 3 ± granulation tissue 

± Pseudopolyps 

 

Death 
  

4 
 

Death 
  

4 

* The histopathological score = A+B (0–8). 

 

  



12 

 

4. Quantitative reverse-transcription polymerase chain reaction 

Total RNA was extracted from mouse colons using Ribospin II (GeneAll, Seoul, South 

Korea) according to the manufacturer’s instructions. A High-capacity cDNA Reverse 

Transcription Kit (Applied Biosystems, CA, USA) was used to reverse-transcribe 1 μg 

of RNA according to the manufacturer’s protocol. Real-time PCR was conducted by 

mixing cDNA with SYBR Green Master Mix (Applied Biosystems) and pairs of 

primers. Samples were amplified in a StepOne Plus real-time PCR system (Applied 

Biosystems) for 45 cycles and subject to the thermal cycler protocol at 95°C for 30 s, 

58–61°C for 30 s, and 72°C for 40 s. β-actin was used as the endogenous control gene 

for normalization. β-actin, Muc2, tissue necrosis factor-alpha (Tnf-α), Klf4, and others 

were used as primers for real-time PCR (Table 3). Gene expression levels were 

calculated using the relative comparative method using the following equation: 

 

ΔCt = Cttarget gene - Ctreference gene 

 

where Cti is the number of i genes. Relative gene expression levels were calculated 

using the following equation: 

 

Relative expression level = 2 - ΔCtsample - ΔCtcontrol
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Table 3. Real-time PCR primers. 

Organism: Mouse 

Gene Primer 1 (5’-3’) Primer 2 (5’-3’) 

β-actin 
AGTGTGACGTTGACATCCG

T 
TGCTAGGAGCCAGAGCAGTA 

Muc2 
GGTCCAGGGTCTGGATCAC

A 
GCTCAGCTCACTGCCATCTG 

Tnfa 
CAAAGGGAGAGTGGTCAG

GT 
ATTGCACCTCAGGGAAGAGT 

Klf4 
AGAGGAGCCCAAGCCAAA

GAGG 

CCACAGCCGTCCCAGTCACA

GT 

Il10 
TGAATTCCCTGGGTGAGAA

G 
TCACTCTTCACCTGCTCCACT 

Wnt3a 
CATGCACCTCAAGTGCAAA

TG 
TGAGGAAATCCCCGATGGT 

Notch1 
GCTGCCTCTTTGATGGCTT

CGA 

CACATTCGGCACTGTTACAG

CC 

Spdef 
AAGGCAGCATCAGGAGCA

ATG  
CTGTCAATGACGGGACACTG 

Foxo3 
AGCCGTGTACTGTGGAGCT

T  
TCTTGGCGGTATATGGGAAG 

Il13 
AGCATGGTATGGAGTGTGG

ACCTG 

CAGTTGCTTTGTGTAGCTGAG

CAG 

Il33 
TCCAACTCCAAGATTTCCC

CG 

CATGCAGTAGACATGGCAGA

A 

Occludin 
CTCTCAGCCAGCGTACTCT

T 
CTCCATAGCCACCTCCGTAG 

Muc5ac 
GAGGCCAACAAGGTAGAG

CACA 

TGGGACAGCAGCAGTATTCA

GT 

Organism: Human 

Occludin 
TTTGTGGGACAAGGAACAC

A 
TCATTCACTTTGCCATTGGA 

Klf4 
CGGACATCAACGACGTGA

G 
GACGCCTTCAGCACGAACT 

Muc2 
AGGATGACACCATCTACCT

CACC 
GGTGTAGGCATCGCTCTTCTC 
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5. Fluorescence-activated cell sorting  

A total of 4 male 9-week-old mice were administered 1×109 CFU of B. breve CBT BR3 

in 0.2 mL PBS per day by oral gavage for 6 days. Rag1 KO mice spleens were dissected 

and splenocyte suspensions were prepared from them. Flow cytometric analysis of 

innate lymphoid cells (ILC) was conducted by blocking them with 2.5% normal mouse 

and rat serum in a fluorescence-activated cell sorting (FACS) buffer of DPBS 

containing 0.1% BSA and staining with the following antibodies as appropriate: anti-

Cd3(eFlour 450), anti-Cd25 (PerCP-Cy5.5), anti-Cd127 (PE-Cy7), and anti-Rorgt 

(APC). Data was acquired using a FACSVerse flow cytometer (BD Biosciences) and 

analyzed using FlowJo software (Three Star, San Carlos, CA, USA). 

 

6. In vitro Caco-2 FITC-dextran flux permeability assay 

The flux of FITC-dextran was measured to evaluate the integrity of tight junction 

barriers in Caco-2 cells taken from a human colon adenocarcinoma cell line. Caco-2 

cells were seeded in the upper chamber of 12-well transwell chambers and cultured in 

complete Dulbecco’s Modified Eagle Medium (DMEM) (HyClone, UT, USA) 

containing 10% FBS and 1% Penicillin-Streptomycin at 37 °C in a humidified 

atmosphere of 5% CO2 in air. Then, 200 μl of 1 mg/ml FITC-dextran was added to 

upper chamber. After 2 h, medium from the lower chamber was collected and its 

fluorescence was measured using a fluorescent microplate reader. Total RNA from 

transwell epithelial cells was extracted and 1 μg of RNA was reverse-transcribed. Real-

time PCR was conducted by mixing cDNA with pairs of primers. Samples were 

amplified for 45 cycles and subject to the thermal cycler protocol at 95°C for 30 sec, 

58‒61°C for 30 sec, and 72°C for 40 sec. β-actin was used as the endogenous control 

gene for normalization. Finally, gene expression levels were calculated. 
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7. Statistical analysis 

The results were examined using GraphPad Prism Software (La Jolla, CA, USA). 

Statistical significance was assessed using either a Mann-Whitney U test or one-way 

analysis of variance (ANOVA) with Tukey’s posttest. P-values < 0.05 were regarded 

to be statistically significant. 

 

8. Reagents 

Bifidobacterium breve CBT BR3 (Cell Biotech, Gimpo, South Korea) 

Lactobacilli MRS Broth (BD Difco, NJ, USA) 

Phosphate-buffered saline (PBS) (GenDEPOT, TX, USA) 

Dextran Sulfate Sodium Salt (DSS) (MP Bio, California, USA) 

Dinitrobenzene sulfonic acid (DNBS) (Sigma-Aldrich, St. Louis, MO, USA) 

Isoflurane (Ifran Liquid, Hana Pharm, Seoul, South Korea) 

10% neutral buffered formalin (Biosesang, Seongnam, South Korea) 

Ribospin II (GeneAll, Seoul, South Korea) 

High-capacity cDNA reverse transcription kit (Applied Biosystems, CA, USA) 

Power SYBR Green PCR Master Mix (Applied Biosystems) 

StepOne Plus real-time PCR system (Applied Biosystems) 

12 mm transwell with 0.4-μm pore polyester membrane insert (CLS3460) 

Fluorescein isothiocyanate-dextran (FD4) 

Dulbecco’s Modified Eagle Medium, FBS, penicillin-streptomycin 

Fluorescent microplate reader 
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III. Results 

1. DAI in DSS-induced colitis models 

The DAI for DSS-induced colitis models that were administered B. breve CBT BR3 

decreased more than that for the DSS-vehicle group meaning that B. breve improved 

colitis symptom in DSS-induced colitis models (Figure 2).  
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Figure 2. DAIs in DSS-induced colitis models. 

Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis. Mice 

in the probiotic treatment group were administered 1×109 CFU of B. breve CBT BR3 

in 0.2 mL PBS by oral gavage from day 7 to day 14. Daily changes in the mice were 

recorded and their DAIs were calculated. On day 14, the mice in the DSS group were 

sacrificed and their spleens and colons were collected. 

  

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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2. DAI in DNBS-induced colitis models 

The DAI of the DNBS-induced colitis group did not decrease more than that of the 

DNBS-vehicle group meaning that B. breve did not improve colitis symptom in DNBS-

induced colitis models (Fig. 3). 
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Figure 3. DAIs in DNBS-induced colitis models. 

For the DNBS colitis experiment, 8-week-old C57BL/6 mice that weighed 20–22 g 

were administered 5–6mg of DNBS/100 μl with 50% ethanol rectally through a catheter. 

Then they were administered either 1×109 bacteria or PBS by oral gavage daily for 4 

days. Daily changes in the mice were recorded and their DAIs were calculated. On day 

5, the mice in the DNBS group were sacrificed and their spleens and colons were 

collected.  

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using Mann-Whitney 

U test or a one-way ANOVA with Tukey’s posttest. 
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3. Body weight change in DSS-induced colitis models 

The weight of DSS-vehicle group decreased more than that of DSS colitis group 

administered with B. breve (Fig. 4). B. breve significantly preserved body weight in 

DSS-induced colitis group. 
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Figure 4. Serial body weight changes in DSS-induced colitis models. 

Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis. Then 

they were administered 1×109 CFU of B. breve CBT BR3 in 0.2 mL PBS by oral gavage 

from day 7 to day 14. Daily changes in the mice were recorded and their DAIs were 

calculated. On day 14, the mice in the DSS group were sacrificed and their spleens and 

colons were collected. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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4. Body weight change in DNBS-induced colitis models 

The DNBS-induced murine colitis group’s and the DNBS-vehicle control group’s body 

weights decreased to similar degrees (Fig. 5).  
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Figure 5. Serial body weight changes in DNBS-induced colitis models. 

For the DNBS colitis experiment, 8-week-old C57BL/6 mice that weighed 20–22 g 

were administered 5–6mg of DNBS/100 μl with 50% ethanol rectally through a catheter. 

Then they were administered either 1×109 bacteria or PBS by oral gavage daily for 4 

days. Daily changes in the mice were recorded and their DAIs were calculated. On day 

5, the mice in the DNBS group were sacrificed and their spleens and colons were 

collected. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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5. Survival rates in DSS-induced colitis models 

In the B. breve CBT BR3 group, 5 of the 8 (62.5%) mice survived, but 4 of the 8 (50%) 

in the DSS-vehicle group survived (Fig. 6). B. breve administration improved survival 

rates in DSS-induced colitis models. 
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Figure 6. Survival rates in DSS-induced colitis models.  

Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis. Then 

they were administered 1×109 CFU of B. breve CBT BR3 in 0.2 mL PBS by oral gavage 

from day 7 to day 14. Daily changes in the mice were recorded and their DAIs were 

calculated. On day 14, the mice in the DSS group were sacrificed and their spleens and 

colons were collected. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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6. Survival rates in DNBS-induced colitis models 

All of the mice in both the DNBS-vehicle and DNBS-B. breve groups survived until 

day 5 (Fig. 7). 
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Figure 7. Survival rates in DNBS-induced colitis models.  

For the DNBS colitis experiment, 8-week-old C57BL/6 mice that weighed 20–22 g 

were administered 5–6 mg of DNBS/100 μl with 50% ethanol rectally through a 

catheter. Then they were administered either 1×109 bacteria or PBS by oral gavage daily 

for 4 days. Daily changes in the mice were recorded and their DAIs were calculated. 

On day 5, the mice in the DNBS group were sacrificed and their spleens and colons 

were collected. 

*P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-Whitney 

U test or a one-way ANOVA with Tukey’s posttest. 
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7. Colon changes in DSS-induced colitis groups 

The B. breve group’s colon length and colon length-to-initial body weight ratio 

decreased significantly less than those of the DSS-vehicle colitis group (Fig. 8). B. 

breve administration significantly prevented shortening of colon length and colon 

length/initial body weight compared to DSS-vehicle colitis group.  
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Figure 8. Colon lengths and colon length-to-initial body weight ratios in DSS-

induced colitis models.  

Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis. Then 

they were administered 1×109 CFU of B. breve CBT BR3 in 0.2 mL PBS by oral gavage 

from day 7 to day 14. Daily changes in the mice were recorded and their DAIs were 

calculated. On day 14, the mice in the DSS group were sacrificed and their spleens and 

colons were collected. The colon lengths were measured from the cecum to the 

proximal rectum. The colon was opened and gently cleared of stool using PBS. The 

distal colon was cut into 2–3 pieces for PAS staining and RNA isolation. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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8. Colon changes in DNBS-induced colitis groups 

There was no statistically significant difference in the colon lengths and colon length-

to-initial body weight ratios of the DNBS-vehicle and DNBS-B. breve groups (Fig. 9). 
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Figure 9. Colon lengths and colon length-to-initial body weight ratios in DNBS-

induced colitis models.  

For the DNBS colitis experiment, 8-week-old C57BL/6 mice that weighed 20–22 g 

were administered 5–6 mg of DNBS/100 μl with 50% ethanol rectally through a 

catheter. Then they were administered either 1×109 bacteria or PBS by oral gavage daily 

for 4 days. Daily changes in the mice were recorded and their DAIs were calculated. 

On day 5, the mice in the DNBS group were sacrificed and their spleens and colons 

were collected. The colon lengths were measured from the cecum to the proximal 

rectum. The colon was opened and gently cleared of stool using PBS. The distal colon 

was cut into 2–3 pieces for PAS staining and RNA isolation. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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9. Histopathological scores in DSS-induced colitis models  

The DSS-B. breve group had lower histopathological scores than the DSS-vehicle 

colitis group, but this difference was not statistically significant (Fig. 10). 

Histopathological scores between proximal colon and distal colon were not 

significantly different.  
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Figure 10. Histopathological scores in DSS-induced colitis models.  

Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis. Then 

they were administered 1×109 CFU of B. breve CBT BR3 in 0.2 mL PBS by oral gavage 

from day 7 to day 14. Daily changes in the mice were recorded and their DAIs were 

calculated. On day 14, the mice in the DSS group were sacrificed and their spleens and 

colons were collected. The distal colon was cut into 2–3 pieces for periodic acid-Schiff 

staining and RNA isolation. Colitis severity was scored according to the extent of 

inflammatory cell infiltration and intestinal architecture changes. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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10. Histopathological scores in DNBS-induced colitis models 

Both the DNBS-B.breve and DNBS-vehicle colitis groups had similar histopathological 

scores (Fig. 11). 

 

  



35 

 

 

 

Figure 11. Histopathological scores in DNBS-induced colitis models. 

For the DNBS colitis experiment, 8-week-old C57BL/6 mice that weighed 20–22 g 

were administered 5–6 mg of DNBS/100 μl with 50% ethanol rectally through a 

catheter. Then they were administered either 1×109 bacteria or PBS by oral gavage daily 

for 4 days. Daily changes in the mice were recorded and their DAIs were calculated. 

On day 5, the mice in the DNBS group were sacrificed and their spleens and colons 

were collected. The distal colon was cut into 2–3 pieces for periodic acid-Schiff staining 

and RNA isolation. Colitis severity was scored according to the extent of inflammatory 

cell infiltration and intestinal architecture changes. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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11. Goblet cell density and numbers in DSS-induced colitis groups 

Intestinal goblet cell numbers were assessed in terms of goblet cell density (Fig. 12A) 

and goblet cell numbers per crypt (Fig. 12B). B. breve did not affect goblet cell 

proliferation in normal mucosa. There were more goblet cells in DSS-treated group 

mucosa than that of the control or B. breve groups. Furthermore, goblet cell density was 

higher in the group that received B. breve than the DSS-induced colitis groups. The 

results indicated that goblet cells recovered in mucosa injured by DSS during days 1–7 

during days 7–14 in the groups that were administered B. breve, likely because it helped 

them differentiate well (Fig.12).  
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Figure 12. Goblet cell densities and numbers in DSS-induced colitis models.  

Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis. Then 

they were administered 1×109 CFU of B. breve CBT BR3 in 0.2 mL PBS by oral gavage 

from day 7 to day 14. Daily changes in the mice were recorded and their DAIs were 

calculated. On day 14, the mice in the DSS group were sacrificed and their spleens and 

colons were collected. The distal colon was cut into 2–3 pieces for PAS staining and 

RNA isolation. PAS-stained slides were imaged and analyzed at 200 magnification. 

The goblet cells’ IntDen was determined by Image J software. IntDen values were the 

average values of random places of each colon section of 2–3 samples determined using 

the PAS vector of the Image J color deconvolution plugin. Goblet cell counts were the 

average of the number of goblet cells found in 10 randomly chosen intact crypts per 

mouse. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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12. Goblet cell density and numbers in DNBS-induced colitis groups 

Intestinal goblet cell numbers were assessed in terms of goblet cell density and the 

number of goblet cells per crypt, both of which increased in the group that was 

administered B. breve than in the DNBS-induced colitis group (Fig. 13). 
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Figure 13. Goblet cell densities and numbers in DNBS-induced colitis models.  

For the DNBS colitis experiment, 8-week-old C57BL/6 mice that weighed 20–22 g 

were administered 5–6 mg of DNBS/100 μl with 50% ethanol rectally through a 

catheter. Then they were administered either 1×109 bacteria or PBS by oral gavage daily 

for 4 days. Daily changes in the mice were recorded and their DAIs were calculated. 

On day 5, the mice in the DNBS group were sacrificed and their spleens and colons 

were collected. The distal colon was cut into 2–3 pieces for periodic acid-Schiff staining 

and RNA isolation. PAS-stained slides were imaged and analyzed at 200 

magnification. The goblet cells’ IntDen was determined by Image J software. IntDen 

values were the average values of random places of each colon section of 2–3 samples 

in each colon section determined using the PAS vector of the Image J color 

deconvolution plugin. Goblet cell counts were the average of the number of goblet cells 

found in 10 randomly chosen intact crypts per mouse. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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13. Histopathological analysis in DSS-induced colitis models  

B. breve did not have proliferative effects on normal mucosa. There was no significant 

difference between the control group and the B. breve group in terms of bowel wall 

thickness, deformity, or inflammation. The DSS-vehicle group exhibited severe 

inflammatory changes and thickened and deformed intestinal walls, but these changes 

were ameliorated in the DSS-B. breve group. PAS staining showed that the DSS-B. 

breve group had more goblet cells than the DSS-vehicle group (Fig. 14). 
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Figure 14. PAS-staining in DSS-induced colitis models. 

Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis. Then 

they were administered 1×109 CFU of B. breve CBT BR3 in 0.2 mL PBS by oral gavage 

from day 7 to day 14. Daily changes in the mice were recorded and their DAIs were 

calculated. On day 14, the mice in the DSS group were sacrificed and their spleens and 

colons were collected. The distal colon was cut into 2–3 pieces for PAS staining and 

RNA isolation. Colon tissue samples were fixed with 10% formalin solution overnight, 

embedded in paraffin on a slide, and sectioned. Deparaffinized sections were subjected 

to PAS staining for histological examination and images were obtained with the light 

microscope. Colitis severity was determined by the extent of inflammatory cell 

infiltration and intestinal architecture change. PAS-stained slides were imaged and 

analyzed at magnifications of 40 and 200, respectively. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest 
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14. Histopathological analysis in DNBS-induced colitis models 

Although there was no normal control in the DNBS experiments, the samples’ 

histopathologic scores indicated mild to moderate inflammatory changes and intestinal 

wall thickness and deformity were not significantly different between the DNBS-

vehicle and DNBS-B. breve groups. Visual inspection of PAS-staining images 

indicated that the DNBS-B. breve group had more goblet cells than the DNBS-vehicle 

group (Fig. 15).   
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Figure 15. PAS-staining in DNBS-induced colitis models. 

For the DNBS colitis experiment, 8-week-old C57BL/6 mice that weighed 20–22 g 

were administered 5–6mg of DNBS/100 μl with 50% ethanol rectally through a catheter. 

Then they were administered either 1×109 bacteria or PBS by oral gavage daily for 4 

days. Daily changes in the mice were recorded and their DAIs were calculated. On day 

5, the mice in the DNBS group were sacrificed and their spleens and colons were 

collected. The distal colon was cut into 2–3 pieces for periodic acid-Schiff staining and 

RNA isolation. Colon tissue samples were fixed with 10% formalin solution overnight, 

embedded in paraffin on a slide, and sectioned. Deparaffinized sections were subjected 

to PAS staining for histological examination and images were obtained with an optical 

microscope. Colitis severity was determined by the extent of inflammatory cell 

infiltration and intestinal architecture change. PAS-stained slides were imaged and 

analyzed at magnifications of x40 and x200, respectively. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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15. mRNA expression in DSS-induced colitis models 

Real-time PCR was performed to understand the genetic etiology of B. breve involved 

in DSS-induced colitis models (Fig. 16). The expressions of Notch, Wnt3, and the anti-

inflammatory cytokine IL-10 were greater in the DSS-B. breve group than in the DSS-

vehicle group. This result may have been a non-specific response to intestinal injuries 

caused by DSS. The expressions of Spdef and Klf4, which are associated with the 

terminal differentiation of goblet cells, were higher in the DSS-B. breve group than in 

the DSS-vehicle group. The expression of Muc2, which is associated with mucin 

secretion by goblet cells, was not higher in the DSS-B. breve group than in the DSS-

vehicle group. Instead of Muc2, the expression of Muc5, which is also associated with 

mucin secretion was higher in the DSS-B. breve group than in the DSS-vehicle group. 

In addition, IL-13 expression was higher in the DSS-B. breve group than in the DSS-

vehicle group while IL-33 expression was not. Foxo3 expression was higher in the 

DSS-B. breve group than in the DSS-vehicle group. 
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Figure 16. mRNA expression analysis in DSS-induced colitis models. 

Male mice that were 6–8 weeks old and weighed 20–22 g were selected to serve as 

DSS-induced colitis models. The mice in the treatment group were administered 

drinking water containing 2.5 % (w/v) DSS from day 0 to day 7 to induce colitis. Then 

they were administered 1×109 CFU of B. breve CBT BR3 in 0.2 mL PBS by oral gavage 

from day 7 to day 14. Daily changes in the mice were recorded and their DAIs were 

calculated. On day 14, the mice in the DSS group were sacrificed and their spleens and 

colons were collected. The distal colon was cut into 2–3 pieces for PAS staining and 

RNA isolation. Total RNA was extracted from the colon samples and 1 μg of RNA was 

reverse-transcribed. Real-time PCR analysis was conducted by mixing cDNAs with 

pairs of primers. Samples were amplified for 45 cycles and subject to the thermal cycler 

protocol at 95°C for 30 sec, 58‒61°C for 30 sec, and 72°C for 40 sec. β-actin was used 

as the endogenous control gene for normalization. Finally, gene expression levels were 

calculated. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest. 
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16. mRNA expression in DNBS-induced colitis models 

Real-time PCR was performed to understand the genetic etiology of B. breve involved 

in DNBS-induced colitis models (Fig. 17). The expressions of Notch and Wnt3 were 

greater in the DNBS-B. breve group than in the DNBS-vehicle group. This result may 

have been a non-specific response to intestinal injuries caused by DNBS. The 

expressions of Spdef and Klf4, which are associated with the terminal differentiation of 

goblet cells, and mRNA levels of Occludin, a membrane tight junction protein, were 

higher in the DNBS-B. breve group than in the DNBS-vehicle group. The expression 

of Muc2, which is associated with mucin secretion by goblet cells, was not higher in 

the DNBS-B. breve group than in the DNBS-vehicle group, but the expression of Muc5 

was. In these models, DNBS was administered intrarectally and sacrifice occurred five 

days later. Changes in colon length, body weight, DAI, and histopathologic scores 

indicated that mild to moderate inflammation was induced. In addition, IL-13 

expression was higher in the DNBS-B. breve group than in the DNBS-vehicle group 

while IL-33 expression was not, which was consistent with a previous study.49 The 

mRNA expression of Foxo3, a marker of butyrate metabolism, was measured because 

butyrate stimulates goblet cell differentiation by increasing the expression of Klf4. 

Foxo3 expression was higher in the DNBS-B. breve group than in the DNBS-vehicle 

group.50,51  
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Figure 17. mRNA expression in DNBS-induced colitis models. 

For the DNBS colitis experiment, 8-week-old C57BL/6 mice that weighed 20–22 g 

were administered 5–6mg of DNBS/100 μl with 50% ethanol rectally through a catheter. 

Then they were administered either 1×109 bacteria or PBS by oral gavage daily for 4 

days. Daily changes in the mice were recorded and their DAIs were calculated. On day 

5, the mice in the DNBS group were sacrificed and their spleens and colons were 

collected. The distal colon was cut into 2–3 pieces for periodic acid-Schiff staining and 

RNA isolation. Total RNA was extracted from the colon samples and 1 μg of RNA was 

reverse-transcribed. Real-time PCR analysis was conducted by mixing cDNAs with 

pairs of primers. Samples were amplified for 45 cycles and subject to the thermal cycler 

protocol at 95°C for 30 sec, 58‒61°C for 30 sec, and 72°C for 40 sec. β-actin was used 

as the endogenous control gene for normalization. Finally, gene expression levels were 

calculated. 

* P < 0.05, ** P < 0.01, *** P < 0.005. Analyses were performed using a Mann-

Whitney U test or a one-way ANOVA with Tukey’s posttest.  

**** One case in the DNBS-B. breve group was not included in the analysis because it 

was an extreme outlier. 
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17. FACs analysis in Rag1 KO mice 

FACs analysis showed that the mean fluorescence of CD3-CD25-CD127+Rorgt+ILC3 

was higher in male Rag1 KO mice (Fig. 18). The male Rag1 KO mice These mice had 

no mature T or B lymphocytes, which indicates that CD3-CD25-CD127+Rorgt+ILC3 

may be involved in the etiology of the anti-inflammatory effects of B. breve.  
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Figure 18. FACs analysis in Rag1 KO male mice. 

A total of 4 in 9-week-old male mice were administered 1×109 CFU of B. breve CBT 

BR3 in 0.2 mL PBS by oral gavage once per day for 6 days at which point they were 

sacrificed. Their spleens were dissected and splenocyte suspensions were prepared. 

Flow cytometric analysis of ILCs was conducted by blocking them with 2.5% normal 

mouse and rat serum in FACs buffer, which was composed of DPBS containing 0.1% 

BSA, and stained with the appropriate antibodies. The antibodies used were anti-Cd3 

(eFlour 450), anti-Cd25 (PerCP-Cy5.5), anti-Cd127 (PE-Cy7), and anti-Rorgt (APC). 

Data was acquired using a FACSVerse flow cytometer (BD Biosciences) and 

analyzed using FlowJo software (Three Star, San Carlos, CA, USA).  
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18. In vitro Caco-2 FITC-dextran flux permeability assay 

In vitro Caco-2 FITC-dextran membrane permeability tests were performed to evaluate 

the effect of B. breve on intestinal mucosal damage induced by TNF-α and associated 

genes involved in intestinal epithelial regeneration (Fig. 19). However, for mice whose 

membrane integrity was similar or better following B. breve administration than that of 

the TNF-α control group, Occludin and Muc2 were more highly expressed than Klf4. 
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Figure 19. In vitro Caco-2 FITC-dextran flux permeability assay. 

FITC-dextran flux was measured to evaluate the integrity of the tight junction barriers 

in Caco-2 cells taken from human colon adenocarcinoma cell lines. Caco-2 cells were 

seeded in the upper chamber of 12-well trans-well chambers and cultured in complete 

Dulbecco’s Modified Eagle Medium (HyClone, UT, USA), which contained 10% FBS 

and 1% penicillin-streptomycin, at 37°C in a humidified atmosphere of 5% CO2. Then 

200 μl of 1 mg/ml of FITC-dextran was added to the upper chamber. After 2 h, medium 

from the lower chamber was collected and its fluorescence was measured using a 

fluorescent microplate reader. Total RNA from transwell epithelial cells was extracted 

and 1 μg of RNA was reverse-transcribed. Real-time PCR was conducted by mixing 

cDNAs with pairs of primers. Samples were amplified for 45 cycles and subject to the 

thermal cycler protocol at 95°C for 30 s, 58‒61°C for 30 sec, and 72°C for 40 sec. β-

actin was used as the endogenous control gene for normalization. Finally, gene 

expression levels were calculated. 
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IV. Discussion  

In this study, I evaluated the anti-inflammatory effects of a specific strain of probiotics 

using B. breve CBT BR3 in two experimental murine colitis models.33,52 Few strains of 

B. breve are effective in ameliorating intestinal inflammation in murine colitis models 

but its pathophysiology is not fully understood although its main mechanism appears 

to be immunomodulation through regulatory T cells and IL-10.53-57  

B. breve UCC2003 in neonatal mice modulates the intestinal barrier function by 

programming the transcriptome of intestinal epithelial cells to increase goblet cell 

numbers and mucus production.58 B. breve M1- and M2-ameliorated murine colitis 

models induced by DSS by producing conjugated linoleic acid. They maintained their 

intestinal epithelial barriers by inhibiting inflammatory cytokine activity and 

modulating gut microbiota.59 Linoleic acid, which is toxic to many bacteria, and B. 

breve DSM 20213 survived by modifying metabolism in response to linoleic acid.60  

Additionally, B. breve’s exopolysaccharide may have prevented dendritic cells from 

maturing and activating CD4+ T cells’ responses to antigens. In this way, they could 

evade adaptive immunity to become commensal microbiota.61  

Although, in human studies, B. breve Yakult has not been shown to improve clinical 

outcomes in patients with ulcerative colitis, recently B. breve Bif195 showed protective 

effects against mucosal injury induced by aspirin in human small intestines. However, 

the pathophysiology of its anti-inflammatory effects is not clearly understood.45,62  

In this study, I examined how B. breve affected two kinds of mice colitis models. DSS 

is one of the most frequently used chemical agents to induce colitis and it works by 

injuring the intestinal epithelium. DNBS causes Th-1-driven intestinal transmural 

inflammation. DNBS is cheaper, it triggers colitis more rapidly, and causes more 

consistent localized damage to the colon than DSS although DNBS requires anesthesia 

for rectal administration.  

For the DSS-induced colitis models, the DSS-B. breve group had significantly better 

colitis symptoms in terms of DAI score, preserved body weight, colon length, colon 
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length-to-body weight ratio, survival rates, and histopathological scores than the DSS-

vehicle group.  

On the other hand, in the DNBS-colitis models, there was no significant difference 

between DNBS-B. breve and DNBS-vehicle groups in terms of these colitis symptom 

metrics. Of interest, it seems that DNBS definitely induced intestinal inflammation 

based on worse histopathological scores both in DNBS-vehicle and DNBS-B. breve 

groups. The colon inflammation in the DNBS-induced colitis group was mild on the 

day of sacrifice, which was 5 days after they were administered DNBS. However, 5 

days may not have been long enough to trigger severe colon inflammation through the 

Th1 pathway.  

In this study, in DSS-induced colitis model, DSS-B. breve group was effective than 

DSS-vehicle group especially in proliferating of goblet cells. Similarly, for the DNBS-

induced colitis models, although there was no control group, the DNBS-B. breve 

consistently showed an augmentation in proliferating goblet cells than the DNBS-

vehicle group. In both colitis models, the groups that were administered B. breve had 

higher goblet cell densities and numbers per crypt than those that were not. Of interest, 

B. breve did not have any effect in proliferating goblet cells in non-colitis group (control 

vs. B. breve without chemical-induced colitis). Taken together, these results indicate 

that B. breve is effective at regenerating goblet cells in injured mucosal layers, not in 

normal mucosa layers. In other words, although goblet cells proliferated in both DSS-

vehicle and DSS-B. breve groups, they proliferated more in the DSS-B. breve group. In 

this study, intestinal mucosal injury was induced by DSS administration on days 1–7 

and goblet cell counts regenerated on days 7–14, suggesting B. breve’s treatment effects. 

However, in another study, 4 strains of B. breve (M1, M2, M3 and M4) were 

administered daily for 14 days and DSS was administered on days 7–14 with goblet 

cell proliferation in M1, M2 but not in M3, M4 suggesting B. breve’s specific strains’ 

protective effects on goblet cell loss.59  

Goblet cell proliferation in response to mucosa injury helps prevent inflammation and 

controls infection by regulating the mucus layer.63 OASIS under ER stress and Spdef 
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promote the terminal differentiation of goblet cells.64 Goblet cells are differentiated 

from Lgr5+ intestinal stem cells in intestinal crypts and move from the base of the crypt 

to the villus over 3–6 days.63,65 Goblet cell differentiation seems to depend on various 

kinds of signals. Goblet cells continuously secrete and replenish mucus into the 

intestinal mucosa through mucin gene expression. Although the role of mucus is not 

well understood, it could physically, chemically, and immunologically protect 

intestinal mucosa.63,66  

Additionally, some bacteria in the outer mucus layer ferment dietary fiber into short-

chain fatty acids that are used as fuel for intestinal epitheliums.67,68 Butyrate is a short-

chain fatty acid that is produced by probiotics and controls inflammation by causing 

bacteria to modulate macrophages, regulatory T cells, and IL-10. Butyrate also 

increases the number of goblet cells by increasing Klf4 expression.50 Therefore, 

butyrate may be involved in the goblet cell proliferation pathway directly or indirectly. 

In this study, Foxo3, which is directly associated with butyrate metabolism, was 

significantly higher in the groups that were administered B. breve than the groups that 

were not. Thus, butyrate, a microbial metabolite, may be involved in the etiology of 

goblet cell proliferation through B. breve. In addition, B. breve increases the mRNA 

expression of Occludin which is a membrane tight junction protein, which indicates 

that B. breve may also have a membrane-stabilizing effect. 

Among four types of intestinal epithelium, namely absorptive enterocytes, goblet cells, 

Paneth cells, and enteroendocrine cells, Notch signals the differentiation of enterocyte 

and Wnt signals the differentiation of secretory lineages.65 In this study, both Wnt3 and 

Notch expression were higher in groups that were administered B. breve than in those 

that were not. Studies have shown that Notch inhibition causes epithelial progenitor 

cells to differentiate into goblet cells,69,70 but in this study, Notch mRNA expression 

was higher in groups that were administered B. breve than those that were not. In a 

controlled environment, Notch signal inhibition might stimulate the development of 

secretory lineages, such as goblet cells. In this study, Notch signals might be non-

specifically increased by B. breve to compensate for extensive mucosa injury induced 
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by DSS and DNBS, though Notch signal activation might not be associated with goblet 

cell differentiation.  

In this study, IL-13 was higher in groups that were administered B. breve than in other 

groups rather than IL-33. IL-33 indirectly induces goblet cell hyperplasia through IL-

13.49 Similarly, IL-33 restores goblet cell numbers by switching macrophages’ 

types.71,72 Steroid receptor coactivator-3 promotes goblet cell differentiation by 

upregulating transcription factor Klf4.73 In this study, the expressions of Klf4 and Spdef, 

which are required for the terminal differentiation of goblet cells, were higher in both 

DSS and DNBS colitis models.74  

In both colitis models, mRNA expressions of Muc5 were higher in the groups that were 

administered B. breve than those that were not. In contrast, the expression of Muc2, 

which is necessary for Muc2 mucus protein production, was unaffected in either colitis 

group. It is unclear why Muc2 and Muc5 can be independently activated, though goblet 

cells in different stages of development might be stimulated by different kinds of mucin 

genes. Mice with deleted Muc2 had similar numbers of goblet cells as mice with Muc2, 

though the shape of the former group’s goblet cells was not typical signifying that Muc2 

is more associated with the function of goblet cells rather than the differentiation of 

them. 

Recently, there was a report about the genes involved in goblet cell differentiation.75 

Endoplasmic reticulum membrane protein complex subunit 3 (EMC3) is required for 

the differentiation and functioning of exocrine secretory lineages, such as goblet cells 

and Paneth cells. Deleting EMC3 causes endoplasmic reticulum (ER) stress. ER stress 

leads to decreased mucus production in goblet cells and Paneth cells, which in turn 

triggers gut microbial dysbiosis, which in turn aggravates intestinal inflammation and 

increases susceptibility to DSS. EMC3 depletion is associated with a relative increase 

in Klf4 and decrease in Muc2 mRNA expression, which were similarly observed in 

DSS-induced colitis models of this study. In other words, during goblet cell 

differentiation, given the increase in mRNA expression of goblet cell differentiation 

markers, such as Spdef and Klf4, a decrease in the mRNA expression of goblet cell 
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functional marker, Muc2, might be expected. Regardless of Muc2 expression, Muc5 

expression levels increase during the active phase of ulcerative colitis and Muc5 

knockout-induced aggravation of inflammation, suggesting that Muc5 may have a 

protective effect against colitis.76  

Previous studies on B. breve and goblet cells have shown that B. breve may promote 

the differentiation of goblet cells through innate lymphoid cells and cytokines. 

Intestinal inflammation causes the release of cytokines such as IL-33, thereby activating 

innate lymphoid cells. ILC2 also secrets cytokines such as IL-13 and IL-10 that help 

goblet cells to differentiate.77-80 In this study, FACs analysis showed increased mean 

fluorescence of CD3-CD25-CD127+Rorgt+ILC3 in male Rag1 KO mice that were 

administered B. breve. No mature T or B lymphocytes were found in these mice, 

suggesting that CD3-CD25-CD127+Rorgt+ ILC3 may be involved in the etiology of the 

anti-inflammatory effects of B. breve. Based on previous studies about how B. breve 

may have anti-inflammatory effects through regulatory T cells and IL-10, B. breve may 

induce goblet cell differentiation through innate lymphoid cells and IL-10.55,56,77,79-83  

In addition, B. breve SK134 showed immunomodulatory effects in the colon through 

CD103+CD11b+ dendritic cells in a study about immunomodulatory effects of each of 

the 53 human-resident bacterial species on the host immune system.84 B. breve may 

stimulate goblet cell differentiation through intestine-specific CD103+CD11b+ 

dendritic cells, especially in the early phase of inflammation.84-86  

In vitro Caco-2 FITC-dextran membrane permeability tests revealed that membrane 

integrity and function were higher in groups that were administered B. breve than in 

those that were not as evidenced by increased mRNA expression of mucosa barrier 

genes, such as Occludin and Muc2. 

Goblet cells play an important role in maintaining and restoring the homeostasis of 

mucosa barrier functioning and may have paracrine effects through mucus. Probiotics 

such as B. breve may help augment goblet cell regeneration and hyperplasia, especially 

in the face of mucosal injury. Intestinal epithelial barrier dysfunction is a key part of 
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IBD pathogenesis, so probiotics such as B. breve may play a significant role in 

ameliorating mucosal inflammation by assisting goblet cell regeneration.  

 

V. Conclusion 

Bifidobacterium breve CBT BR3 is effective in relieving intestinal inflammation by 

augmenting goblet cell regeneration. 
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ABSTRACT (IN KOREAN) 

 

Bifidobacterium breve CBT BR3의 술잔 세포 증식 촉진을 통한  

장 염증 개선효과 

 

<지도교수 천재희> 

 

연세대학교 대학원 의학과 

 

유종욱 

 

유산균은 숙주에 이로운 효과를 주는 미생물로 이중 Bifidobacterium은 

혐기성, 그램 양성, 카탈라제 음성인 간균이다. Bifidobacterium의 다양한 

종 중에서 Bifidobacterium breve는 건강한 영아에서 잘 분리되는 

박테리아로 모유수유를 한 영아에서 우세한 균주로 알려져 있다. 

Bifidobacterium breve의 일부 계통으로 시행된 동물 및 인간 연구에서 장 

염증에 효과가 있었으나, 기전이 명확하지 않아, 이 연구에서는 실험 동물 

모델을 통해 그 기전을 연구하고자 한다. Bifidobacterium breve CBT BR3가 

두가지 동물 장 염증 모델, 즉 DSS 및 DNBS로 장 염증이 유도된 마우스 

모델에 경구 투여되었고, 질병 활동성 지수(disease activity index)를 추적 

관찰하였다. 또한 부검을 통해 장 조직을 채취 후 조직 병리, PAS 염색, 

goblet cell 밀도 및 mRNA 표현을 통해서 분석하였다. 그 결과 DSS 마우스 

모델에서는 장 염증 증상 및 생존율이 개선되었고, 체중, 장 길이, 장 

길이/초기 체중이 보존되었다. 또한 DSS, DNBS 모델 모두에서 현미경적, 
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조직학적으로 술잔 세포 숫자의 증가를 확인할 수 있었다. mRNA 분석 결과 

DSS, DNBS 모델 모두에서 술잔 세포 분화와 연관된 Klf4, Spdef가 증가한 

반면 mucin분비와 연관된 Muc5는 증가하였으나 반면 Muc2는 증가하지 않았다. 

반면 DNBS 모델에서는 장내 미생물의 metabolite인 butyrate의 

metabolism과 연관된 Foxo3 및 막 밀착 연접에 연관된 유전자인 Occludin의 

발현이 모두 증가하였다. 또한 Rag1 KO 마우스에서 FACs 분석 결과, innate 

lymphoid cell이 B. breve 투여와 상관 관계가 있었다. 이상의 연구결과를 

통해 Bifidobacterium breve CBT BR3가 butyrate metabolism 혹은 innate 

lymphoid cell과 연관된 경로를 통해 유전자 발현 촉진을 통해 술잔 세포 

증식을 촉진하여 장 염증 개선 효과를 나타냄을 확인할 수 있었다.  

핵심 되는 말: 염증성 장 질환, 술잔 세포, 유산균, Bifidobacterium breve, 

innate lymphoid cells 

 

 

 


