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Abstract 

 

Effect of Lactobacillus fermentum 

 to alleviate symptoms  

of DSS-induced inflammatory bowel disease  

 

Jang You Jin 

Dept. of Environmental Health 

The Graduate School of Public Health 

Seoul National University 

 

 We identified and evaluated immunometabolic functions of novel 

Lactobacillus fermentum strains (KBL374, KBL375) isolated from 

healthy Korean stools. When human peripheral blood mononuclear 

cells PBMCs were treated with these L. fermentum KBL374 or 

KBL375 strains, pro-inflammatory cytokines such as IL-2, IFN-γ, IL-4, 

and IL-17A etc were reduced and anti-inflammatory cytokine such as 
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IL-10 were elevated. When these strains were orally administered into 

DSS-induced colitis mice model, both L. fermentum KBL374 and 

KBL375 showed beneficial effects in terms of colon length, cecum 

weight and histological scores. As consistent with PBMC data in 

human, both L. fermentum KBL374 and KBL375-treated mice 

demonstrated reduced Th1-, Th2- and Th17-type cytokine levels and 

increased IL-10 levels compared to DSS control group in the colon. In 

addition, administration of L. fermentum KBL374 or KBL375 in mice 

increased CD4+CD25+Foxp3+Treg populations in MLN. Furthermore, 

both L. fermentum KBL374 and KBL375 were demonstrated to 

modulate the innate immune response by improving gut barrier 

functions and reducing leukocyte infiltration. In addition to regulate the 

immune response, the administration of L. fermentum KBL374 or 

KBL375 reshaped and increased the composition of diversity of gut 

microbiota. In particular, L. fermentum KBL375 increased abundance 

of beneficial microorganisms such as Lactobacillus spp. and 

Akkermansia spp. We observed through the results of this study that 

both L. fermentum KBL374 and KBL375 alleviate inflammatory 

diseases such as IBD in the gut by regulating immune responses and 

altering the composition of gut microbiota and metabolite.  
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I. Introduction 

 Inflammatory bowel diseases (IBD) comprising Crohn's disease (CD) 

and ulcerative colitis (UC) are characterized clinically by chronic 

inflammation in the intestine. The etiology of IBD is unclear, however, 

accumulating data suggests that a genetic predisposition or 

susceptibility factors, defective mucosal barrier function, immune 

stimulation and altered microbial composition and function in the 

enteric environment contribute to the initiation and the recurrence of 

these diseases [1, 2]. Dextran sulfate sodium (DSS)-induced colitis is 

one of the most commonly used in vivo animal model in many studies 

[3], in which animals present increased permeability of the mucus layer, 

leukocyte recruitment such as neutrophil, monocyte and macrophage 

and secretion of cytokines leading to epithelium damage [4, 5].  

 Cytokines play a key role as mediators of modulating T cell 

differentiation into Th1, Th2, Th17 and Treg cells and cytokine 

imbalances have been shown to lead to IBD [6-8]. The activation of a 

number of genes associated with inflammatory cytokine expression is 

important in immune responses such as leukocyte infiltration when 

DSS-induced colitis occurs [9]. Th1, Th2 and Th17 cells are known to 
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be involved in the pathogenesis of DSS-induced colitis [10, 11] and 

Treg cells have recently been reported to be crucial in immune 

regulation through IL-10 production [12]. 

 The microbiota is a dense and complex ecosystem that is increasingly 

recognized as essential component for host immune system regulation 

[13]. Intestinal bacteria actively interact with the host immune system 

and dysregulation of the interactions between the host and microbiota 

can lead to inflammation-related disorders [13, 14]. Microbial dysbiosis, 

the imbalance of gut microbiota, leads to the alteration of the intestinal 

epithelial mucosa and can promote inflammation by modulating 

cytokine activity [15, 16]. UC has significant association with 

reductions in gut microbiota diversity and loss of key commensal 

species necessary to maintain immune homeostasis [17, 18].  

 Many studies have demonstrated that live biotherapeutic product 

(LBP) such as probiotics can contribute to modulating intestinal 

inflammation which in turn may alleviate diseases [15, 19]. For 

example, previous studies have demonstrated that probiotics can 

enhance the intestinal barrier function of the epithelium by reducing 

paracellular permeability, preserving the expression of tight junction 
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proteins and ameliorate clinical symptoms of DSS-induced colitis [20, 

21]. Consumption of LBP could promote the recovery of intestinal 

microbiota homeostasis by modulating the properties of the mucus 

layer and immune system [22, 23].  

 Effect of L.fermentum on host immune response as related to Th1-, 

Th2-, Th17-type cytokine and anti-inflammatory cytokine IL-10, 

changes of gut microbiome in detail and their metabolites have not 

been well studied. Due to enormous difference of each strain in its 

biological functions even within the same species [24], we screened, 

evaluated biological effect of L. fermentum strains KBL374 and 

KBL375 isolated from healthy Korean feces. Therefore, we identified 

probiotic candidate L. fermentum strains KBL374 and KBL375 and 

investigated how consumption of these strains improve gut ecosystem 

by modulating inflammatory cytokines associated with innate and 

adaptive immune response and altering microbiota diversity and 

composition which result in alleviating symptoms of DSS-induced 

colitis in a murine IBD model. 
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II. Materials and Methods 

1. Bacterial strains preparation 

Lactobacillus spp. were isolated from fecal samples of healthy adults 

and infant feces. All isolates were identified to the species level by 

sequencing of 16S ribosomal RNA (rRNA) gene sequencing 

(Macrogen, Inc., Seoul, Republic of Korea) and the EzBioCloud 

Bacteria Identification Service (ChunLab, Inc., Seoul, Republic of 

Korea; website: http://www.Ezbiocloud.net). All isolates were selected 

to the basis of their resistance to bile salt and low pH (data not shown).  

L.fermentum KBL374, KBL375 and Escherichia coli (E. coli) O157 

(strain EC4115) as positive control were cultivated in Lactobacilli MRS 

Agar (BD Difco, USA) supplemented with 0.05% L-cysteine-

hydrochloride at 37℃ in anaerobic conditions using Anaeropack 

(Mitsubishi Gas Chemical Company, Inc., Tokyo, Japan) for 24 hours. 

The bacterial concentration was determined by measuring the optical 

density (OD) at 600 nm. Cells were harvested by centrifugation (3000 

rpm), washed two times with  1X sterile Phosphate-buffered saline 

(PBS), resuspended at 5 x 10
8
 Colony forming unit (CFU)/ml PBS 
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containing 20% glycerol, and subsequently stored at -80℃.  

For stimulation of PBMC in vitro, bacteria grown for 24hr were 

washed two times with sterile PBS, counted with Bacteria Counting Kit 

(Molecular Probes, Eugene, OR, USA), and analyzed by flow 

cytometry (BD Accuri 
TM

 C6 Plus flow cytometer, BD Biosciences, San 

Jose, CA,USA). For oral inoculation of the mice, bacteria grown for 

24hr were subcultured for 12hr, were washed two times with sterile 

PBS to a concentration of 5 x 10
9
/ml PBS by measuring the OD at 600 

nm.  
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2. Preparation and treatment of PBMC 

PBMC from healthy donors (Zen-

Bio, Inc., NC, USA) were cultured in RPMI1640 (Gibco, Paisley, UK) 

containing with 1% penicillin/streptomycin (Gibco), 1% gentamycin (G

ibco) and 10% fetal bovine serum (Gibco). Cultured PBMC were check

ed with trypan blue staining and counted with a CKX31 inverted micro

scope (Olympus Corp., Tokyo, Japan).  

A total of 2 x 10
5
 PBMC were incubated either with 1ug/ml anti-CD3 

monoclonal antibody (OKT3; Thermo Fisher Scientific, Inc., Waltham, 

MA, USA) alone or in combination Escherichia coli 0157 EC4115 and 

L. fermentum strains in 96 well plates (SPL, Pocheon-si, Gyeonggi-do, 

Republic of Korea) at 37°C. The bacteria : PBMC rations was 50:1. 

After 72hrs incubation, the supernatant was collected and the 

production of cytokines IL-2, IFN-γ, IL-4, IL-17A, IL-10 were detected 

using human BD Cytometric Bead Array Th1/Th2/Th17 Cytokine Kit 

(BD Biosciences) according to the manufacturer's protocol [25]. The 

concentration of cytokine IL-13 was measured in the supernatant by IL-

13 Human ELISA Kit (BMS231-3; Thermo Fisher Scientific) following 

the manufacturer's instructions.  
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3. Experimental colitis in vivo 

Seven to eight weeks old female C57BL/6N mice (Central Lab 

Animals Inc., Seoul, Republic of Korea) were prepared and grouped 8 

mice per each experimental condition. All animal experimental 

procedures were approved by the Institutional Animal Care and Use 

Committee (IACUC) of Seoul National University (IACUC: SNU-

160602-9-3). Colitis in the animal model was induced by adding 2% 

(w/v) DSS (molecular mass = 36,000-50,000 Da; MP Biomedicals, 

LLC., Santa Ana, CA, USA) to the drinking water for 7 days, which 

was subsequently replaced with normal water after 7 days. 5 × 10
9 

CFU/mL of L. fermentum KBL374 and KBL375 strains were daily 

administrated by oral gavage from 0 to 8 day [3]. On day 9, the mice 

were sacrificed and the colon, stool, cecum and mesenteric lymph node 

were isolated for further analysis. The body weight change was 

measured, and the percentage of weight change relative to the starting 

weight before DSS treatment on 0 day was calculated.  
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4. Histological analysis 

The distal colon samples were fixed using 10% formaldehyde, and 

colon tissues were stained with hematoxylin and eosin (H&E). To 

confirm the occurrence of colitis, the stained tissue were examined by 

Panoramic Viewer (3DHISTECH, Ltd., Budapest, Hungary) using the 

following criteria; (1) Loss of epithelium, (2) Crypt damage, (3) 

Depletion of goblet cells, (4) Inflammatory cell infiltration (Table 1). 

Total histology scores for each colon sample were calculated; the 

minimal score = 0 and the maximal score = 12.
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Table 1. Histological score of dextran sulfate sodium (DSS)-induced 

colitis. 

Histological feature Score Description 

Loss of epithelium 0 None 

 
1 0-5% loss of epithelium 

 
2 5-10% loss of epithelium 

 
3 Over 10% loss of epithelium 

Crypt damage 0 None 

 
1 0-10% loss of crypt 

 
2 10-20% loss of crypt 

 
3 Over 20% loss of crypt 

Depletion of goblet cells 0 None 

 
1 Mild 

 
2 Moderate 

 
3 Severe 

Infiltration 

of inflammatory cells 
0 None 

 
1 Mild 

 
2 Moderate 

 
3 Severe 
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5. Real-time PCR 

A subset of the mice from each group was used to determine the 

mRNA expression of a selection of genes in the colon. After sacrificing 

the mice, total RNA of 1cm colon pieces was weighted and 

homogenized in lysis buffer using a MM 400 Mixer Mill homogenizer 

(Retsch, GmbH., Haan, Germany). RNA was isolated using an easy-

spin total RNA Extraction Kit (Intron, Seoul, Korea) and subsequently, 

reverse transcribed into cDNA using High-Capacity RNA-to-cDNA Kit 

(Thermo Fisher Scientific). PCR reactions were performed using 

QuantiTect SYBR Green PCR kit (Qiagen) with 0.01mM primers listed 

in Table 2. The reaction for 40 cycles with denatured at 95°C for 10 

min followed by 95°C for 5 s and 60°C for 10 s were performed using a 

Rotor-Gene Q (Qiagen). The expression levels of target mRNAs of 

each sample were normalized to hypoxanthine-guanine 

phosphoribosyltransferase (HPRT).  

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwjx-IXevMLWAhUGE5QKHfC2AGsQFgg7MAM&url=http%3A%2F%2Fjhscience.com%2Fproduct_info.php%3Fproducts_id%3D4&usg=AFQjCNHWAPmfFRcU9CeEmVxtPfYEHrQj5A
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwjx-IXevMLWAhUGE5QKHfC2AGsQFgg7MAM&url=http%3A%2F%2Fjhscience.com%2Fproduct_info.php%3Fproducts_id%3D4&usg=AFQjCNHWAPmfFRcU9CeEmVxtPfYEHrQj5A
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi0gNGmvcLWAhUFipQKHdCRCY4QFggtMAA&url=https%3A%2F%2Fwww.thermofisher.com%2Forder%2Fcatalog%2Fproduct%2F4387406&usg=AFQjCNHcZacDZTIx6VtHQBZG5vc1XaD0PQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi0gNGmvcLWAhUFipQKHdCRCY4QFggtMAA&url=https%3A%2F%2Fwww.thermofisher.com%2Forder%2Fcatalog%2Fproduct%2F4387406&usg=AFQjCNHcZacDZTIx6VtHQBZG5vc1XaD0PQ
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Table 2. PCR primers  

 

Target Function Sequence Reference 

HPRT House keeping gene 
Fw

a
: 5′-TTA TGG ACA GGA CTG AAA GAC-3′ 

[26] 
Rw

b
: 5′-GCT TTA ATG TAA TCC AGC AGG T-3′ 

Reg3β Antimicrobial peptides 
Fw: 5’-GGC AAC TTC ACC TCA CAT-3’ 

[27] 
Rw: 5’-TGG GAA TGG AGT AAC AAT G-3’ 

Reg3γ Antimicrobial peptides 
Fw: 5’-CAA GAT GTC CTG AGG GC-3’ 

[27] 
Rw: 5’-CCA TCT TCA CGT AGC AGC-3’ 

Claudin-2 Tight junction protein 
Fw: 5’-CTA CTG AGA GGT CTG CCA T-3’ 

[28] 
Rw: 5’-GGC ACC GAC ATA AGA ACT TG-3’ 

Claudin-4 Tight junction protein 
Fw: 5’-ACT TTT TGT GGT CAC CGA CT-3’ 

[27] 
Rw: 5’-GCG AGC ATC GAG TCG TAC AT-3’ 
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ZO-2 Tight junction protein 
Fw

a
: 5′-CTA GAC CCC CAG AGC CCC AGA AA-3′ 

[29] 
Rw

b
: 5′-TCG CAG GAG TCC ACG CAT ACA AG-3′ 

IL-1β Pro-inflammatory cytokine 
Fw: 5’-GAA ATG CCA CCT TTT GAC AGT G-3’ 

[30] 
Rw: 5’-CTG GAT GCT CTC ATC AGG ACA-3’ 

CCL-2 Chemokine 
Fw: 5’-AGG TCC CTG TCA TGC TTC TG-3’ 

[27] 
Rw: 5’-TCT GGA CCC ATT CCT TCT TG-3’ 

CXCL1 Chemokine 
Fw: 5’-TTG TGC GAA AAG AAG TGC AG-3’ 

[31] 
Rw: 5’-CAA ACA CAG CCT CCC ACA-3’ 

IFN-γ Cytokine 
Fw: 5’-TCA AGT GGC ATA GAT GTG GAA GAA-3’ 

[26] 
Rw: 5’-TGG CTC TGC AGG ATT TTC ATG-3’ 

IL-4 Cytokine 
Fw: 5’-ACA GGA GAA GGG ACG CCA-3’ 

[26] 
Rw: 5’-GAA GCC CTA CAG ACG AGC TCA-3’ 

IL-13 Cytokine 
Fw: 5’-GCA ACA TCA CAC AGG ACC AGA-3’ 

[26] 
Rw: 5’-GTC AGG GAA TCC AGG GCT AC-3’ 
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IL-6 Cytokine 
Fw: 5’-CTG CAA GAG ACT TCC ATC CAG-3’ 

[30] 
Rw: 5’-AGT GGT ATA GAC AGG TCT GTT GG-3’ 

IL17A Cytokine 
Fw: 5’-TTC ATC TGT GTC TCT GAT GCT-3’ 

[26] 
Rw: 5’-TTG ACC TTC ACA TTC TGG AG-3’ 

TNF-α Cytokine 
Fw: 5’-CAT CTT CTC AAA ATT CGA GTG ACA A-3’ 

[26] 
Rw: 5’-TGG GAG TAG ACA AGG TAC AAC CC-3’ 

Foxp3 Treg protein 
Fw: 5’-CCC ATC CCC AGG AGT CTT G-3’ 

[26] 
Rw: 5’-CCA TGA CTA GGG GCA CTG TA-3’ 

IL-10 Cytokine 
Fw: 5’-ATA ACT GCA CCC ACT TCC CA-3’ 

[26] 
Rw: 5’-TCA TTT CCG ATA AGG CTT GG-3’ 

 

a
Fw represents sequences of a forward primer 

b
Rw represents sequences of a reverse primer 
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6. Myeloperoxidase (MPO) measurement 

To confirm the myeloperoxidase (MPO) levels in colon samples, The 

homogenate was centrifuged at 4℃ for 10 min at 13,000 rpm and the 

supernatant was collected. Then, the MPO concentration of supernatant 

was measured using an ELISA kit (Hycult Biotech. Inc., Plymouth 

Meeting, PA, USA) following to the manufacturer's protocol. 
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7. Measurement of cytokine in protein level 

Firstly, colon samples were weighted and homogenized in 1X RIPA 

buffer (Thermo Fisher Scientific) with a Halt protease inhibitor cocktail 

(Thermo Fisher Scientific) using a MM 400 Mixer Mill homogenizer 

(Retsch, GmbH., Haan, Germany). The homogenate was centrifuged at 

4℃ for 10 min at 13,000 rpm and the supernatant was collected. 

Cytokine levels of IFN-γ, IL-4, IL-10, TNF, IL-6 and IL-17A in 

supernatant were measured by using mouse BD Cytometric Bead Array 

Th1/Th2/Th17 Cytokine Kit (BD Biosciences). 
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8. Flow cytometry analysis 

Mesenteric lymph nodes (MLN) were collected from mice. The tissue 

was carefully smashed and filtered through a cell strainer with a 100 

μm pore diameter. Cells were isolated, counted and submitted to FcγR 

blocking and the cells were used for surface staining for 30 min at 4C. 

The cells were stained with Fixable Viability Stain 510 (FVS510; BD 

bioscience) for live cells, CD3+ fluorescein isothiocyanate (145-2C11; 

BD bioscience), CD4+ Percep-Cyanine5.5 (RM4-5; BD bioscience)  

and CD25+ phycoerythrin (PC61; BD Bioscience) for cell surface 

staining and were permeabilized with fixation/permeabilization buffer 

(Ebiosciecnce) and were stained Foxp3+ Alexa Flow 647 (MF23; BD 

Bioscience) for intracellular staining. IgG isotypes were used as a 

control in all FACS experiments. The CD4+CD25+Foxp3+Treg 

population was analyzed by BD FACSVerse™ Flow Cytometer (BD 

Bioscience). 
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9. Taxanomic and functional analysis of gut microbiota 

Total genomic DNA from cecum contents was extracted using QIAmp 

Fast DNA stool mini kit (Qiagen). The V4-5 region of 16S rRNA gene 

was amplified using the barcoded primers 515F and 926R [32]. The 

concentration and fragment size of PCR amplicons purified using 

QIAquick PCR Purification Kit (Qiagen) and sequenced using a MiSeq 

platform (illumina. Inc., San Diego, CA, USA) [33]. Raw FASTQ files 

were demultiplexed and quality filtered and data was processed by 

using Quantitative Insights into Microbial Ecology (QIIME) 1.8.0 

software (QIIME development team; website: http://qiime.org/). The 

sequences were clustered into operational taxonomic units (OTUs) at 

least 97% identity and the relative abundances of microbial taxa genus 

to kingdom were generated from nonrarefied OTU table. Alpha-

diversity index (Chao1 index) was estimated for significant differences 

among groups. Beta diversity was calculated using the UniFrac 

distance between samples and visualized in three-dimensional (3D) 

plots based on weighted principle coordinate anlaysis (PCoA). Linear 

discriminant analysis (LDA) effect size analysis (LEfSe) was 

performed (http://huttenhower.org/galaxy) to identify significantly 

different phylotypes in experimental groups. In addition, phylogenetic 
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investigation of communities by reconstruction of unobserved states 

(PICRUSt) were then performed to identify functional genes in the 

sampled microbial community on the basis of the data in the KEGG 

pathway database (http://www.genome.jp/kegg/pathway.html) [34]. 

http://www.genome.jp/kegg/pathway.html
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10. Metabolite analysis using Ultra Performance Liquid 

Chromatography (UPLC) 

Cecum samples (30 μg) were immersed in 600 μL of LC grade 

MeOH and vortexed 5min. After centrifugation at 13,000g for 5min, 

ten microliters of the supernatant were transferred to autosampler vial 

and derivatized by adding a 70 μL of AccQ•Tag™ Ultra Borate Buffer 

and 20 μL of AccQ•Tag™ Ultra reagent (6-aminoquinolyl-N-

hydroxysuccinimidyl carbamate), followed by incubation for 10 min at 

55°C. The derivatized samples were injected 2 μL to UPLC-ESI-QTOF 

system. 

Amino acids separation was carried out on an Acquity UPLC system 

(Waters Corporation, Milford, USA) equipped with a HSS T3 column 

(2.1 mm × 10 mm, 1.7 μm) heated at 45°C. The mobile phase consisted 

of two eluents: (A) water with 0.1% formic acid and (B) acetonitrile 

with 0.1% formic acid. The following gradient program was used: 0-0.5 

min, 4% B; 2.5min, 10% B; 5min, 18% (B); 5.1 min, 95% B and 6.2-

7.5 min 4% B. The flow rate was set at 0.6mL/min.  

MS detection was performed on a Waters SYNAPT G2-Si Q-TOF 

mass spectrometer (Waters Technologies, Milford, USA) equipped with 
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an ESI probe. The mass spectrometer operation parameters were set as 

follows: MS acquisition, Tof-MRM mode; ESI source, positive mode at 

100°C; capillary voltage, 1.5kV; sampling cone, 20-60V depending on 

the amino acids ; desolvation gas, 600L/h; cone gas, 50L/h; and 

desolvation temperature, 250 °C. Data analysis and quantitation were 

carried out using MassLynx software 4.1 (Waters) [35]. 
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11. Statistical analysis 

Data are expressed as means ± standard error of the mean (SEM). 

GraphPad Prism 5.04 (GraphPad Software, Inc., La Jolla, CA) was 

used to visualize and analyze all other data using a one-tailed unpaired 

t-test. Statistical significance was given as ‘*’ p < 0.05, ‘**’ p < 0.01, 

‘***’ p < 0.001.    
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III. Results  

1. Lactobacillus fermentum Spp. differentially induce cytokine 

production in PBMC 

To assess the immunomodulatory capacity of the bacterial strains, 

freshly isolated PBMC were stimulated by nonpathogenic gram-

positive L.fermentum species or pathogenic gram-negative E. coli at a 

ratio of 50:1 (live bacteria to PBMC) in the presence of anti-CD3 for 3 

days. Cytokine secretion in PBMC was detected using the human 

Th1/Th2/Th17 cytometric bead array (CBA) kit and IL-13 ELISA kit. 

The production of IL-2, IFN-γ, IL-4, IL-13 and IL-10 cytokine in 

PBMC stimulated by E. coli was significantly increased compared to 

PBS and only CD3 stimulated cells (Fig. 1A-D and F). IL-17A 

production in PBMC stimulated by E. coli tended to increase compared 

to only CD3 stimulated cells with no significance (Fig. 1E). 

L.fermentum KBL374 and KBL375 significantly decreased Th1- (IL-2 

and IFN-γ), Th2– (IL-4 and IL-13), Th17-type (IL-17A) cytokine and 

IL-10 production compared to E. coli (Fig. 1A-F). Also, L.fermentum 

KBL374 and KBL375 significantly decreased Th1- (IFN-γ), Th2- (IL-4 

and IL-13) and Th17-type (IL-17A) cytokine production and increased 

IL-10 compared to only CD3 stimulated cells. However, L.fermentum 
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KBL374 and KBL375 had no significant effect on IL-2 production (Fig. 

1B-F). Compared to only CD3 stimulated cells, production of Th1-, 

Th2- and Th17-type cytokines was reduced and IL-10 was increased in 

the presence of two L. fermentum strains (KBL 374, KBL375).  
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Figure 1. Evaluating the capability of producing pro- and anti-inflammatory cytokines by either Lactobacillus fermentum KBL374 or 

KBL375 in PBMC  

PBMC were stimulated with CD3 antibodies and cultured with L. fermentum KBL374 and KBL375 and E.coli as a positive control. After 3 

days of co-culture, culture supernatants were collected for Th1/Th2/Th17 cytokine determination using Cytometric Bead Array (CBA) kit and 

enzyme-linked immunosorbent assay (ELISA) kit. Quantities of Th1- type cytokine (A) IL-2, (B) IFN-γ, Th2- type (C) IL-4 and (D) IL-13, 

Th17- type (E) IL-17A and anti-inflammatory cytokine (F) IL-10 were measured. Statistical analysis was performed using a one-tailed 

unpaired t test based on treatment from duplicate wells run as 3 independent experiments. Error bars represent SEM.  

*, P < 0.05; **, P < 0.01; ***, P < 0.001.  
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2. L. fermentum KBL374 and KBL375 alleviate the symptoms of 

DSS-induced colitis in vivo 

To investigate the effects of L. fermentum further, a murine DSS-

induced colitis model in vivo was performed. On day 5 the weight of 

DSS + PBS-treated mice began to steeply decrease and by day 9 

showed a decrease to 83.6% (Fig. 2A). DSS + L. fermentum KBL374-

treated mice and DSS + L. fermentum KBL375-treated mice followed a 

similar weight change curve of the DSS + PBS-treated mice, where the 

curve of two strains groups was changed after 5 days. Weight change 

had a significant value between the DSS + PBS-treated mice and DSS 

+ L. fermentum KBL375-treated mice in the consecutive days 

following day 5. DSS + L. fermentum KBL374-treated mice and DSS + 

L. fermentum KBL375-treated mice decreased to 88.1% and 89.7% on 

day 9, respectively. DSS + L. fermentum KBL374-treated mice and 

DSS + L. fermentum KBL375-treated mice had significantly longer 

colon lengths than the DSS + PBS-treated mice as well as significantly 

increased cecum weight than the DSS + PBS-treated mice (Fig. 2B and 

C). Due to DSS-induced inflammation, histological changes showed 

increase of epithelial structure damage and inflammation occurs in 

colonic mucosa in group treated with DSS + PBS-treated mice 
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compared to Water + PBS-treated mice (Fig. 2D). However, DSS + L. 

fermentum KBL374-treated mice and DSS + L. fermentum KBL375-

treated mice exhibited less damaged crypts and thickened epithelial 

layer. Histology score of the DSS + L. fermentum KBL374-treated mice 

and DSS + L. fermentum KBL375-treated mice also show significantly 

lower loss of goblet cells, less crypt distortion and decreased leukocyte 

infiltration in the colonic mucosa compared to DSS + PBS-treated mice 

(Fig. 2E). In vivo results showed that L. fermentum KBL374 and 

KBL375 have significantly protective role against DSS-induced colitis. 

In particular, administration of L. fermentum KBL375 was more 

efficient in aspect of clinical signs. 
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Figure 2. Improvement of symptoms of DSS-induced colitis by Lactobacillus fermentum KBL374 and KBL 375. 

(A) Body weight of mice was evaluated throughout the experiment and values expressed as the percentage of change of the initial value 

measured before DSS administration. The entire colon was harvested on the 9th day. (B,C) Colon length and cecum weight were measured. (D) 

The distal colon was stained by H&E to determine the degree of inflammation and (E) histology score was assessed. Statistical analysis was 

performed using a one-tailed unpaired t test based on 8 mice per group and error bars represent SEM.  

*, P < 0.05; **, P < 0.01; ***, P < 0.001.  
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3. Administration of L. fermentum KBL374 and KBL375 decreases 

AMP and increases tight junction related gene expression in colon    

We assessed the mRNA expression of mucosal antimicrobial peptides 

and tight-junction related genes to examine the effect of L. fermentum 

KBL374 and KBL375 on protecting mucus layer from intestinal barrier 

disruption. A significant increase in colonic expression of regenerating 

islet-derived proteinIII-β (RegIII-β) and RegIII-γ in the DSS + PBS -

treated mice than Water + PBS-treated mice with a trend of decreased 

RegIII-β and RegIII-γ in DSS + L. fermentum KBL374-treated mice. 

However, significant decrease in DSS + L. fermentum KBL375-treated 

mice compared to the DSS + PBS-treated mice was observed (Fig. 3A 

and B). We measured tight junction (TJ) related genes such as claudin-2, 

claudin-4 and Zonula occludens-2 (ZO-2) at the mRNA level. The DSS 

+ PBS-treated mice exhibited lower mRNA expression of tight junction 

than the Water + PBS-treated mice, which was caused by an increase in 

permeability and the breakdown of the gut barrier with progressing 

inflammation. L. fermentum KBL374 and KBL375 resulted in a 

significant increase in claudin-2 and claudin-4 mRNA expression in 

inflamed colonic tissue compared to the DSS + PBS-treated mice (Fig. 

3C and D). Administration of L. fermentum KBL375 significantly 
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upregulated the mRNA expression of ZO-2 than the DSS + PBS-treated 

mice. On the other hand, L. fermentum KBL374 rather significantly 

downregulates the mRNA expression of ZO-2 compared to the DSS + 

PBS-treated mice (Fig. 3E). These results demonstrate that L. 

fermentum KBL374 and KBL375 play a role in strengthening epithelial 

barrier function and restoration in DSS-induced colitis to maintain 

intestinal homeostasis. 
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Figure 3. Activation of antimicrobial peptide and tight junction-related genes in the colon by Lactobacillus fermentum KBL374 and 

KBL 375 

Antimicrobial peptide related genes (A) RegIII-β, (B) RegIII-γ, tight junction related genes (C) claudin-2, (D) claudin-4, (E) ZO-2 were 

measured by real-time PCR and HPRT is normalized for expression of indicated genes. Statistical analysis was performed using a one-tailed 

unpaired t test of 8 mice per group and error bars represent SEM. *, P < 0.05; **, P < 0.01.  
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4. L. fermentum KBL374 and KBL375 reduce leukocyte 

recruitment in colon 

In order to evaluate the degree of inflammatory cell infiltration of 

leukocyte, we measured the protein level of MPO, an enzyme produced 

mainly by neutrophil granulocytes, in colonic tissue. After DSS 

treatment, the DSS + PBS-treated mice showed significantly higher 

MPO concentrations than the Water + PBS-treated mice. MPO 

concentrations of DSS + L. fermentum KBL375-treated mice were 

significantly lower than the DSS+PBS-treated mice. DSS + L. 

fermentum KBL374-treated mice had slightly decreased MPO 

concentrations compared to the DSS + PBS-treated mice, but no 

significant difference was identified (Fig. 4A). mRNA expression of 

pro-inflammatory cytokine IL-1β and chemokines including CCL2 and 

CXCL1 induces leukocyte recruitment and activated neutrophils, 

monocytes or macrophages to travel to inflamed epithelium tissue 

during acute DSS-induced colitis. IL-1β, CCL2 and CXCL1 mRNA 

expressions induced by DSS treatment were significantly increased 

compared to mice treated with Water + PBS-treated mice. L.fermentum 

KBL375 significantly decreased IL-1β mRNA expressions compared to 

the DSS + PBS-treated mice. L. fermentum KBL374 showed a 
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tendency to decrease IL-1β mRNA expressions compared to the DSS + 

PBS-treated mice, but there was no significant difference between the 

two groups (Fig. 4B). Administration of L. fermentum KBL374 or 

KBL375 had a significant effect on the decrease of CCL2 levels 

compared to DSS + PBS-treated mice (Fig. 4C). Also, L. fermentum 

KBL375 significantly decreased CXCL1 mRNA expression compared 

to DSS + PBS-treated mice. L. fermentum KBL374 showed a tendency 

to decrease CXCL1 mRNA levels compared to the DSS + PBS-treated 

mice, though the difference was not significant (Fig. 4D). Overall, these 

results suggest potential efficacy of L. fermentum KBL374 and 

KBL375 at preventing infiltration of leukocyte into colonic tissue 

against DSS-induced colitis. 
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Figure 4.  Regulation of innate immune response in colon by Lactobacillus fermentum KBL374 and KBL 375 

In innate immune response, (A) MPO levels were measured by ELISA and (B) IL-1β, (C) CCL2 and (D) CXCL1 expression was measured by 

real-time PCR. HPRT is normalized for expression of the indicated genes. Statistical analysis was performed using a one-tailed unpaired t test 

of 8 mice per group and error bars represent SEM. *, P < 0.05. 
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5. L. fermentum KBL374 and KBL375 down-regulate protein levels 

and mRNA expression of Th1-, Th2- and Th17-type cytokines in 

the colon 

 We measured the Th1-, Th2- and Th17-type cytokines in the colon in 

protein concentrations and RNA expression. Production of cytokines 

can be considered to play a role in the progress of IBD. By DSS-

induced inflammation, analysis of inflammatory cytokine levels 

showed that DSS treatment induced significantly higher cytokine level 

than Water + PBS-treated mice in the colon with the exception of IL-4 

in protein level. L. fermentum KBL374 significantly suppressed the 

production of Th1- (IFN-γ) in mRNA expression and protein 

concentration and Th17- (IL-17A) in mRNA expression compared to 

DSS + PBS-treated mice (Fig. 5A, Supplemental Fig. 1A and 1E). 

However, L. fermentum KBL375 significantly decrease the production 

of Th1- (IFN-γ) and Th17-type (IL-6, IL-17A and TNF) cytokines in 

mRNA expression and protein concentration compared to DSS + PBS-

treated mice (Fig. 5A, C-E and Supplemental Fig. 2A, D-F). In mRNA 

expression, the cytokine/HPRT ratios for Th2-type (IL-4, IL-13) 

cytokines in the DSS + L. fermentum KBL375-treated mice also 

decreased compared to DSS+PBS-treated mice (Supplemental Fig. 1B-
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C). Anti-inflammatory cytokine IL-10 was significantly elevated in the 

DSS+PBS-treated mice compared to the Water + PBS-treated mice (Fig. 

5F, Supplemental Fig. 2H). Compared to DSS + PBS-treated mice, the 

DSS + L. fermentum KBL374-treated mice tended to increase IL-10 

concentrations with no significant difference while DSS + L. fermentum 

KBL375-treated mice showed significantly increased IL-10 

concentrations. (Fig. 5F) but two strains significantly increased IL-10 

in mRNA expression (Supplemental Fig. 2H). mRNA expression of 

Treg-type cytokine (Foxp3) were significantly increased in DSS + L. 

fermentum KBL374-treated mice and DSS+ L. fermentum KBL375 -

treated mice compared to the DSS + PBS-treated mice (Fig. 5G). The 

lower concentration of inflammatory cytokines in the colon of L. 

fermentum KBL374 and KBL375 administered mice demonstrated that 

L. fermentum KBL374 and KBL375 can alleviate inflammation 

associated with DSS-induced colitis by modulating the secretion of 

cytokines associated with T cell. L. fermentum KBL375 showed an 

increased ability to effectively suppress the production of Th1-, Th2- 

and Th17-type cytokines and induce that of anti-inflammatory cytokine 

IL-10 than L. fermentum KBL374.  
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Figure 5. Administration of Lactobacillus fermentum KBL374 and KBL375 reduce inflammatory cytokine and elevate anti-

inflammatory cytokine production in the colon 

Th1-type (A) IFN-γ, Th2-type (B) IL-4, Th17-type cytokine (C) IL-6, (D) IL-17A, (E) TNF and anti-inflammatory cytokine (F) IL-10 

concentrations were measured by CBA. Statistical analysis was performed using a one-tailed unpaired t test based on triplicate independent 

experiments and error bars represent SEM. *, P < 0.05; **, P < 0.01.
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6. The effect of L. fermentum KBL374 and KBL375 on T regulatory 

cells population in MLN 

In order to confirm the potent immunomodulatory effect of L. 

fermentum KBL374 and KBL375 strains in MLN, we investigate Treg 

(CD4+CD25+Foxp3+) cells population in MLN by fluorescence-

activated cell sorting (FACS) in the DSS-induced colitis. Oral 

administration of L. fermentum KBL374 and KBL375 significantly 

increased expression of CD4+CD25+Foxp3+Treg population compared 

to DSS + PBS-treated mice (Fig. 6A and B). This observation strongly 

indicates that both L. fermentum KBL374 and KBL375 induced 

generation of CD4+CD25+Foxp3+ T cells population in MLN with 

potentiated the immune-suppressor function 
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Figure 6. Increase of CD4+CD35+Foxp3+Treg population in MLN by Lactobacillus fermentum KBL 374 and KBL375   

MLN cells were stimulated with CD3 antibodies for 3h. Intracellular Foxp3 and surface CD4, CD25 staining were performed and then 

measured by FACS. The numbers of CD4+CD25+Foxp3 Tregs were calculated based on percentage of total MLN cell counts. Statistical 

analysis was performed using a one-tailed unpaired t test of 8 mice per group and error bars represent SEM. 

*, P < 0.05; **, P < 0.01; ***, P < 0.001.  
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7. L. fermentum KBL374 and KBL375 administration significantly 

change community structure of the cecal microbiota 

 We investigated the gut microbial profile in the cecum following the 

treatment of DSS or injection of bacteria. Chao1 is the alpha diversity 

index used to measure the microbial population, which revealed a 

significant reduction in DSS + PBS-treated mice compared to Water + 

PBS-treated mice but increment in DSS + L. fermentum KBL374-

treated mice and DSS + L. fermentum KBL375-treated mice compared 

to DSS + PBS-treated mice (Fig. 7A and B). Principal coordinate 

analysis (PCoA) of the Bray-Curtis distance based on OTUs showed 

that bacterial communities in mice within the same groups have a 

greater tendency to cluster together, but there were shifting patterns of 

the gut microbiota among four groups (Fig. 7C). PCoA showed that gut 

microbiota structure changed the most in the DSS + PBS-treated mice 

compared to Water + PBS-treated mice. DSS treatment caused gut 

microbiota disturbance, which was less severe when also administered 

with L. fermentum KBL374 or KBL375. Prominent microbiota at genus 

level in the Water + PBS-treated mice was f_S24-7_unclassified (42%) 

followed by o_Clostridiales_unclassified (10.7%) and g_Oscillospira 

(4.8%). Notably in the DSS + PBS-treated mice, the relative abundance 



 

44 

 

of f_S24-7_unclassified (6%) was reduced and g_Bacteroides (31.5%) 

was sharply increased compared to the Water + PBS-treated mice. The 

relative abundance of f_S24-7_unclassified was decreased in DSS + L. 

fermentum KBL374-treated mice and DSS + L. fermentum KBL375-

treated mice compared to the Water + PBS-treated mice while increased 

compared to DSS + PBS-treated mice. On the other hand, the 

proportion of g_Bacteroides was greater in DSS + L. fermentum 

KBL374-treated mice and DSS + L. fermentum KBL375-treated mice 

compared to Water + PBS-treated mice and lower compared to the DSS  

+ PBS-treated mice despite treatment with DSS (Fig. 7D).  
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8. L. fermentum KBL374 and KBL375 administration alter the 

cecal microbiota composition at genus level 

 We next observed specific phylotypes related to DSS treatment and L. 

fermentum KBL374 or KBL375 administration by using the LEfSe 

algorithm. Four groups have discriminating abundant taxa at genus 

level (Fig. 7A). Water + PBS-treated mice have significantly increased 

relative abundance in g_Lactobacillus compared to DSS + PBS-treated 

mice and DSS + L. fermentum KBL375-treated mice. In DSS + L. 

fermentum KBL375-treated mice, the significant increase of 

g_Lactobacillus was displayed compared to DSS + PBS-treated mice. 

DSS + PBS-treated mice contained significantly higher proportions of 

g_Bacteroides and g_Mucisprillium compared to Water + PBS-treated 

mice, DSS + L. fermentum KBL374-treated mice and DSS + L. 

fermentum KBL375-treated mice. But L. fermentum KBL374 and 

KBL375 significantly decrease the abundance of them compared to 

DSS + PBS-treated mice. DSS + PBS-treated mice significantly 

increase g_Akkermansia  compared to Water + PBS-treated mice 

while DSS + L. fermentum KBL374-treated mice and DSS + L. 

fermentum KBL375-treated mice significantly more increase 

g_Akkermansia compared to DSS + PBS-treated mice (Fig. 7F). Our 
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results show that changed microbial diversity and bacteria population 

are associated with DSS treatment and L. fermentum KBL374 or 

KBL375 inoculation. Notably, the microbiota of two strains fed mice 

have a higher diversity and have a different abundance of gut bacteria 

from DSS + PBS-treated mice. 
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Figure 7. Taxanomic changes of microbiota in mouse cecum by Lactobacillus fermentum KBL374 and KBL375 

Microbiome analysis was processed with cecal samples from 7-16 mice per group. (A) Rarefaction plot measured by Chao1. (B) Chao1 

diversity index at 5500 sequences per sample. (C) PCoA plot of the cecal microbiota structure measured by weighted UniFrac distance. (D) 

Average relative abundance of taxa at the genus level . (E) Significantly different taxa between water (green), DSS (orange), DSS + 

L.fermentum KBL374 (red) and DSS + L.fermentum KBL375 (blue) treated groups as measured by linear discriminant analysis (LDA) Effect 

Size (LEfSe) analysis (threshold >2.0). (F) Comparison of relative abundances of significantly different microbial taxa at the genus level. 

Statistical analysis was performed using a one-tailed unpaired t test and error bars represent SEM.  *, P < 0.05; **, P < 0.01; ***, P < 0.001.  
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9. L. fermentum KBL374 and KBL375 change in function of amino 

acid metabolism 

We investigated to estimate the microbiota changes would alter 

metabolic pathways using Phylogenetic Investigation of Communities 

by Reconstruction of Unobserved States (PICRUSt) which predicted 

Kyoto Encyclopedia of Genes and Genomes (KEGG) orthology 

annotation and amino acids by using UPLC in cecum. KEGG pathways 

showed differentially expressed genes (Fig. 8A). In Water + PBS, 

significant changes in amino acid biosynthesis and metabolism were 

observed. However, treatment of DSS led to a number of pathways 

including transporters, bacterial motility proteins and several other 

pathways. L. fermentum KBL374 administration show genes encoding 

carbohydrate metabolism such as galactose, amino acid metabolism 

such as alanine_asparatate and glutamate, glycine and tryptophan. In L. 

fermentum KBL375, energy metabolism, amino acid metabolism 

including glycine_serine and threoinine and D_Glutamine and 

D_glutamate were increased. In cecum, amino acids glutamic acid and 

glycine were significantly lowered in DSS + L. fermentum KBL374-

treated mice and DSS + L. fermentum KBL375-treated mice compared 

to those in DSS + PBS-treated mice (Fig. 8B). DSS + KBL374-treated 
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mice had significantly lowered glutamine concentrations in comparison 

with DSS + PBS-treated mice. This results are similar in KEGG that L. 

fermentum KBL374 and KBL375 are predicted to be involved in 

glutamine, glutamic acid and glycine. Glutamine, glutamic acid and 

glycine were changed in administration of L. fermentum KBL374 or 

KBL375, indicating that two strains are involved in utilizing amino 

acid in gut. 
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Figure 8. Functional changes of gut microbiota and cecal metabolites by Lactobacillus fermentum KBL374 and KBL375 

(A) Significantly functional profile change between water (green), DSS (orange), DSS + L.fermentum KBL374 (red) and DSS + L.fermentum 

KBL375 (blue) treated groups as measured by linear discriminant analysis (LDA) Effect Size (LEfSe) analysis (threshold >2.0). (B) Analysis 

of amino acid by using UPLC. Statistical analysis was performed using a one-tailed unpaired t test and error bars represent SEM.  

*, P < 0.05; **, P < 0.01; ***, P < 0.001. 
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IV. Discussion 

We identified and demonstrate that L. fermentum strains KBL374 and 

KBL375 can modulate the immune response and improve the 

symptoms of IBD via gut microbiota and related metabolites. Initially, 

we investigated immunomodulatory effects using PBMC from healthy 

volunteers and then subsequently DSS-induced colitis animal models. 

Based on these in vitro and in vivo models, we reported the capability 

of two L.fermentum strains to modulate the concentrations of different 

cytokines. 

In previous PBMC studies, both gram-negative E. coli and gram-

positive bacteria stimulated substantial amounts of inflammatory 

cytokines and anti-inflammatory cytokine, though the induction of 

cytokines by E.coli was significantly higher than live gram-positive 

bacteria on average [36, 37]. In this study, significant reduction in Th1 

(IL-2 and IFN-γ), Th2 (IL-4 and IL-13) and Th17 (IL-17A) related 

cytokine concentrations were observed in PBMC stimulated with L. 

fermentum KBL374 and KBL375 after T cell stimulation. In addition, 

we found that stimulation with L. fermentum KBL374 and KBL375 

significantly increased IL-10 secretion, which is often associated with 
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anti-inflammatory effects. The ratio of IL-10 to IFN-γ was increased in 

L. fermentum KBL374 and KBL375 compared to E. coli in stimulation 

with CD3 as previously reported (Supplemental Fig. 1). The capability 

of L. fermentum to alter PBMC cytokines by inducing IL-10 and 

reducing Th1, Th2 and Th17 cytokines in vitro [25, 38, 39] indicated 

that applying specific L. fermentum strains in vivo could have a 

protective function in IBD. 

DSS-induced murine colitis models are a useful tool to examine the 

clinical efficacy and possible working mechanism of probiotics in the 

development of IBD. Recently, Lactobacillus strain has shown 

protective effects in colitis models [40, 41]. For example, L. plantarum 

and L. paracasei, as well as Faecalibacterium prausnitizii, increased 

the anti-inflammatory responses in TNBS-induced colitis and DSS-

induced colitis [40, 41]. A previous study reported that L. fermentum 

strains had an effect in alleviating DSS-induced colitis not only by 

improving clinical parameters but also exhibiting beneficial anti-

oxidative and anti-inflammatory properties in the mouse colitis model 

[15, 42-46]. Our study also have an effect on alleviating symptoms in 

early phase.   

Mice treated with DSS for 5-7 days showed extensive bodily harm 
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including severe crypt depletion and moderately slow regeneration of 

colonic epithelium associated with clinical features such as weight loss, 

loose stools/diarrhea, and rectal bleeding [47-49]. In our experiment, 

oral administration of either L. fermentum KBL374 or KBL375 

significantly prevented weight loss, length and cecum weight compared 

to DSS control group. In addition, L. fermentum KBL374 and KBL375 

better recovered mucosal and crypt structure by reducing mucosa-

associated lymphoid tissue as shown in histological analysis. 

There could be multiple reasons for improving colitis model. Both L. 

fermentum KBL374 and KBL375 strains protected colonic mucosa 

from harmful DSS effects, decreasing the production of AMPs such as 

RegIII-β and RegIII-γ and increasing TJ expression such as claudin-2, 

claudin-4 and ZO-2 in the colonic epithelium. Antimicrobial peptides 

(AMPs) and the RegIII family of proteins from intestinal epithelial 

cells play a key role in barrier defense in the intestine [50]. DSS 

induced an upregulation of RegIII-β and RegIII-γ [51] but L. fermentum 

KBL374 and KBL375 downregulate AMP level. In addition, the 

function of TJ is important in paracellular barrier integrity in the 

intestine. For example, claudins are transmembrane epithelial proteins 

which are important in intestinal barrier function. ZO-2 proteins which 
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are important intracellular tight junction proteins play a role in linking 

the cell cytoskeleton to the transmembrane tight junction proteins [52]. 

Alterations in TJ expression and distribution could be considered the 

onset of colon inflammation and UC [53]. As previous study proved 

that L.fermentum increase epithelial integrity proteins [45], L. 

fermentum KBL374 and KBL375 also increase TJ expression. Mucosal 

barrier dysfunction by increased permeability result in altering the 

composition of gut microbiota, dysbiosis, and enhancing susceptibility 

to intestinal inflammation and pathogenic infection [50, 54, 55]. 

In addition to increase of AMP and tight junction in the epithelial cells, 

the addition of L. fermentum KBL 374 and KBL 375 reduced innate 

immune responses [56]. In both murine DSS-induced colitis and IBD, 

leukocyte infiltration such as mast cells, lymphocytes, macrophages 

and activated neutrophils is common feature. Increased inflammation in 

colon was indicated by significantly high levels of MPO, TNF-ɑ, CCL2, 

IL-1β, and CXCL1 etc. In other words, the changes in MPO levels 

could reflect the degree of neutrophil infiltration and tissue damage in 

the colon. TNF and CCL2 are one of key pro-inflammatory cytokines 

and chemokines primarily produced by monocytes and macrophages. 

Moreover, TNF-ɑ is an activator of NF-κB, which could further 
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promote the secretion of TNF and up-regulate other pro-inflammatory 

cytokines such as IL-1β and IL-6 [57-59]. CXCL1 is a chemokine with 

dual roles in host immune response by recruiting and activating 

neutrophils [60]. Overall, the colons of L. fermentum KBL374 and 

KBL375-treated mice contained reduced quantities and level of these 

inflammatory markers. Particularly, L. fermentum KBL375 consistently 

resulted in the reduction of most inflammatory markers.   

Penetration of bacteria in the mucosal layer will lead to the activation 

of resident innate immune cells that in turn can lead to an adaptive 

immune response where T cells are involved. Indeed, we have recently 

demonstrated that antigen-specific T cells develop during the acute 

stage of DSS-induced colitis [61]. It has been postulated that it is 

essential to target both Th1 and Th17 cells for treatment of CD, the 

major form of IBD [62]. In addition, it has been shown that transient 

Treg depletion leads to increased severity of DSS-induced colitis [63]. 

In fact, both mRNA expression and protein concentration of Th1-, Th2-, 

and Th17-type cytokines decreased and Foxp3 increased after L. 

fermentum KBL374 and KBL375 treatment. Oral administration of 

these strains can successfully modify the mucosal immune response to 

modulate the levels of specific activation proteins such as cytokines.  
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In fact, previous study indicated that lactic acid bacteria can prevent 

the development of local inflammatory diseases by increase of IL-10 

and subsequently decrease of pro-inflammatory cytokines, which could 

be used as an adjunct therapy with conventional treatments [64]. IL-10 

can inhibit the expression of other inflammatory cytokines (i.e, IL-1, 

IL-6, and IL-12) and chemokines produced by activated monocytes or 

macrophages [19, 65, 66]. In this study, L. fermentum KBL374 and 

KBL375 significantly increased anti-inflammatory cytokine levels and 

improved the symptoms caused by DSS treatment. In addition to 

changes of cytokines, we found that administration of either L. 

fermentum KBL374 or KBL375 led to increase of 

CD4+CD25+Foxp3+Treg in MLN. CD11+DC are converted into rDC 

which express IL-10 and convert CD4+Foxp3-Tcells into 

CD4+Foxp3+Tregs. Generated Tregs in MLN migrate to the inflamed 

region to suppress disease progression [26]. These findings were 

consistent with previous study that Tregs are restored in MLN by 

inoculation of L.fermentum [45].  

Recently, the role of gut microbiota in controlling host immune 

response has been receiving increasingly attention. Immune system can 

also shapes the composition of gut microbiota [67, 68]. A number of 



 

60 

 

previous studies demonstrated not only that modulating immune 

responses has an effect on IBD, but also the gut microbiota have a 

critical role in the attenuation or development of IBD [2, 69, 70]. Many 

studies have reported that loss of microbiota diversity and a distinctive 

microbial community composition can drive inflammation in IBD 

patients [2, 69, 71]. Our results showed that DSS + PBS-treated mice 

altered the composition and reduced the diversity of gut microbiota. 

However, the mice group administered with either L.fermentum 

KBL374 or KBL375 partly restored the characteristics of gut 

microbiota in terms of the composition and diversity of gut microbiota 

in line with previous study [45]. We more observed the composition of 

microbiota in genus level. A decrease of Bacteroides abundance and 

increase of S24-7_unclassified in L.fermentum KBL374 and KBL375 

treated-mice compared to DSS + PBS-treated mice were observed, 

suggesting that these strains influenced ameliorating colitis and resulted 

in microbiota changes that promoted recovery. Consistent with our 

results, previous studies have reported that relative abundances of 

Bacteroides are higher, and S24-7 are lower in DSS + PBS-treated mice 

[2, 72-74]. Bacteroides have been identified as possible indicators of 

disease onset in the mouse model of colitis and decreased after 
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beginning recovery [2, 73]. Conversely, the abundance of S24-7 is 

decreased from the onset of colitis [73]. Compared to DSS + PBS-

treated mice, increased abundance of Lactobacillus in L. fermentum 

KBL375 and of Akkermansia in L. fermentum KBL374 and KBL375 -

treated mice were observed. Lactobacillus has been reported that 

stimulate DCs to produce regulatory IL-10 [75] and Akkermansia 

reduce inflammation by anti-inflammatory activity such as inducing 

Foxp3 regulatory T cells in adipose tissue [76]. Also, Akkermansia 

stimulate IL-10 production and involve in play an immunological role 

in homeostasis of the gut mucosa and barrier function [77]. According 

to previous study, caffeic acid ameliorates colitis in association with 

increased Akkermansia population in the gut microbiota of mice [78]. 

Oral administration of L. fermentum KBL374 or KBL375 may 

contribute to restoring Lactobacillus and Akkermansia and increasing 

IL-10 therefore alleviate DSS-induced colitis.  

In addition, changes in the composition of the gut microbiota lead to 

metabolite alterations that are able to impact IBD pathogenesis [69]. 

Therefore, both L. fermentum KBL374 and KBL375 involved in amino 

acid metabolism such as glutamine, glutamic acid and glycine which 

show that two strains could regulate the metabolism related to these 
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amino acids in gut. Specific function and causality of each microbial 

taxa of gut microbiota and metabolite needs to be further evaluated.  

Manipulation of intestinal microbiota may ameliorate IBD and it 

could be possible by consumption of LBP [2]. Diverse effects of LBP 

have been demonstrated, and the effects of probiotics on cytokine 

regulation have been widely studied [19]. However, it should be noted 

that these immunomodulating capability is largely in a strain dependent 

manner [25, 65]. From our results, we demonstrated that both L. 

fermentum KBL374 and KBL375 may guide therapeutic strategies for 

manipulating the microbiota to control IBD.  

In conclusion, novel strains of L. fermentum isolated from Korean 

feces were identified and these strains can control immune cytokine 

and alter microbiome and metabolic function which leads to convey 

differential efficacy in the prevention of DSS-induced colitis. L. 

fermentum KBL374 and KBL375 are promising probiotic candidates 

with novel prophylactic strategies for IBD treatment. 
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[Appendix 1] Supplementary figure 1 
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Supplementary figure 1. The ratio of Th1-,Th2-,Th17-type cytokines relative to IL-10 in PBMC 

PBMC were stimulated with CD3 antibodies and cultured with KBL374 and KBL375 and E.coli as a positive control. After 3 days of co-

culture, culture supernatants were collected for Th1/Th2/Th17 cytokine determination using Cytometric Bead Array (CBA) kit and enzyme-

linked immunosorbent assay (ELISA) kit. Ratio of Th1- type cytokine (A) IL-2, (B ) IFN-γ, Th2- type (C) IL-4 and (D) IL-13 and Th17- type 

(E) IL-17A relative to anti-inflammatory cytokine IL-10 were measured. Statistical analysis was performed using a one-tailed unpaired t test 

based on treatment from duplicate wells run as 3 independent experiments. Error bars represent SEM.  

*, P < 0.05; **, P < 0.01; ***, P < 0.001.  
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[Appendix 2] Supplementary figure 2 
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Supplementary figure 2. Administration of KBL 374 and KBL375 reduce inflammatory cytokine and elevate anti-inflammatory 

cytokine mRNA expression in the colon 

Colon tissue was collected and Th1-type (A) IFN-γ, Th2-type (B) IL-4, (C) IL-13, Th17-type (D) IL-6, (E) IL-17A, (F) TNF, Treg-type 

cytokine (G) Foxp3 and anti-inflammatory cytokine (H) IL-10 were analyzed by real-time PCR (HPRT normalized) for expression of the 

indicated genes. The mRNA cytokine expression is presented as an increase relative to the results for Water+PBS group. Results are expressed 

as mean + SEM, n = 8 mice per group.  *:p<0.05  
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[Appendix 3] Abbreviation 

Peripheral blood mononuclear cell (PBMC) 

Dextran sulfate sodium (DSS) 

Mesenteric lymph nodes (MLN) 

Inflammatory Bowel Disease (IBD) 

Crohn's disease (CD) 

Ulcerative colitis (UC) 

Phosphate buffer solution (PBS) 

Man, Rogosa and Sharpe (MRS) 

Optical density (OD) 

Room temperature (RT) 

Fetal bovine serum (FBS) 

Radioimmunoprecipitation assay (RIPA) 

Quantitative Insights into Microbial Ecology (QIIME) 

Operational taxonomic units (OTUs) 

Principle coordinate anlaysis (PCoA)  

Linear discriminant analysis (LDA)  

Linear discriminant analysis effect size (LEfSe) 

Standard error of the mean (SEM) 
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Ultra Performance Liquid Chromatograophy (UPLC) 

Regenerating islet-derived proteinIII- β (RegIII -β) 

Zonula occludens-2 (ZO-2) 

Fluorescence-activated cell sorting (FACS) 

Antimicrobial peptides (AMPs)  

Tight junction (TJ) 
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 한국인 대변에서 분리한 새로운 락토바실러스 퍼멘텀 균주 

KBL374와 KBL375는 PBMC in vitro실험과 DSS를 유도한 

염증성 장질환 in vivo 실험에서 면역 반응을 조절한다는 것을 

발견하였다. PBMC에 KBL374와 KBL375를 처리했을 때 

PBS를 처리한 그룹에 비해 염증성 싸이토카인은 감소하고 염

증 억제 싸이토카인은 증가하였다. PBMC 실험 뿐 아니라 

DSS 유도 염증성 장질환 마우스 모델에서도 균주가 좋은 효

과를 보였다. 특히 KBL375 균주를 투여하였을 경우 장 길이, 

대변 무게, 조직학 검사를 통해 유의하게 효과가 있음을 증명

하였다. 장 조직을 이용해 면역 관련 실험들을 진행한 결과  

KBL374와 KBL375 균주는 장벽 손상을 막고 백혈구의 조직

으로의 침윤을 막는 선천 면역 반응을 조절하였다. 게다가 두 

균주를 투여한 그룹은 DSS와 PBS를 처리한 그룹에 비해 

Th1-, Th2-, Th17- 타입의 싸이토카인이 감소하고 염증 억

제 싸이토카인인 IL-10은 증가시켰다. 또한, 두 균주를 투여

한 그룹의 장간막 림프절에서 조절 T세포의 비율이 증가하였

다. 두 균주는 면역반응 뿐 아니라 장내균총에도 변화를 일으
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켰다. 마이크로비옴 분석 결과 두 균주를 투여했을 때 DSS와 

PBS를 처리한 그룹보다 장 내 균의 다양성이 증가하였고 장 

내 균의 군집 구조가 다르다는 것이 증명되었다. 특히 

KBL375균주를 먹였을 때 락토바실러스와 아커만시아를 포함

한 유익균이 증가하였다. 이후 아미노산 분석 결과 KBL374와 

KBL375는 아미노산 중에 글루타민, 글루탐산, 글라이신을 장 

내에서 많이 이용한다는 것을 밝혔다. KBL374와 KBL375 균

주는 Th1-,Th2-,Th17-타입의 염증성 싸이토카인은 감소시키

고 IL-10은 증가시키며 장 내 균총을 변화시킴으로써 DSS유

도 염증성 장질환을 완화시킨다 
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