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Introduction

Inflammation is a basic host defense response against

external invasions and is necessary for the restoration and

maintenance of health [1]. Macrophages, a type of innate

immune cell, predominantly mediate inflammatory

responses through phagocytosis and release of pro-

inflammatory molecules that include cytokines, such as

interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α.

[2]. The activation of macrophages is triggered by various

stimuli including lipopolysaccharides (LPS), which are

endotoxins originated from Gram-negative pathogens, and

results in the activation of inflammation-related cellular

signaling pathways, such as the mitogen-activated protein

kinases (MAPKs) and nuclear factor (NF)-κB [3]. The

activation of MAPKs and NF-κB up-regulates the expression

of inflammatory genes and is followed by production of

pro-inflammatory mediators including cytokines, nitric

oxide (NO) and prostaglandin E2 (PGE2). However, prolonged

or excessive expression of those inflammatory mediators

may result in inflammatory disorders or cancer [4].

As the largest portion of the microbiome is the

gastrointestinal tract (GIT), the intestinal microbiota of the

host is the primary source of microbe-derived beneficial
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Probiotics are known to provide the host with immune-modulatory effects and are therefore of

remarkable interest for therapeutic and prophylactic applications against various disorders,

including inflammatory diseases. Weissella cibaria JW15 (JW15) has been reported to possess

probiotic and antioxidant properties. However, the effect of JW15 on inflammatory responses

has not yet been reported. Therefore, the objective of the current study was to evaluate the

anti-inflammatory potential of JW15 against lipopolysaccharide (LPS) stimulation. The

production of pro-inflammatory factors and the cellular signaling pathways following

treatment with heat-killed JW15 was examined in LPS-induced RAW 264.7 cells. Treatment

with heat-killed JW15 decreased nitric oxide and prostaglandin E2 production via down-

regulation of the inducible nitric oxide synthase and cyclooxygenase-2. In addition, treatment

with heat-killed JW15 suppressed the expression of pro-inflammatory cytokines, interleukin

(IL)-1β, IL-6, and tumor necrosis factor-α. The anti-inflammatory properties of treating with

heat-killed JW15 were associated with mitogen-activated protein kinase signaling pathway-

mediated suppression of nuclear factor-κB. These results indicated that JW15 possesses anti-

inflammatory potential and provide a molecular basis regarding the development of

functional probiotic products.

Keywords: Weissella cibaria JW15, kimchi, probiotics, anti-inflammation, nuclear factor-κB,
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effects [5]. Probiotics are viable microorganisms that confer

health benefits such as regulation of gut microbiota balance

and immunomodulatory effects on the host through

colonization in the intestinal microflora. [6]. Therefore, the

immunomodulatory potential of probiotics, especially

lactic acid bacteria (LAB), is of continued interest for

developing therapeutic and prophylactic treatments against

diverse disorders, ranging from pathogen-associated

diarrhea to allergic responses [7-9]. Accordingly, a growing

number of studies have reported the immunomodulatory

properties of probiotics, describing the Lactobacillus-

mediated modulation of Th1/Th2 polarization, attenuation

of inflammatory bowel disease (IBD), and suppression of

pro-inflammatory cytokines against LPS stimulation [10, 11].

Kimchi, a traditional Korean fermented vegetable side

dish, is commonly regarded as a health-enhancing functional

food due to its diverse bio-active components such as

vitamins, flavonoids, polyphenols, and LAB. Various LAB,

including Leuconostoc spp., Lactobacillus spp., and Weissella

spp., are associated with the fermentation of kimchi [12].

Weissella cibaria, which was recently classified as LAB, has

been derived from fermented foods, and is known to be a

typically dominant strain of kimchi microflora along with

Leuconostoc mesenteroides and Lactobacillus plantarum [13]. In

addition, W. cibaria has been reported to possess probiotic

potential and various beneficial properties, including

functional exopolysaccharide production and attenuation

of pathogen-mediated inflammatory responses. Accordingly,

previous studies have demonstrated that W. cibaria JW15

(JW15) isolated from kimchi exhibits probiotic, antioxidant,

and immuno-stimulatory properties [14, 15].

Although such studies have reported on the functional

properties of W. cibaria strains, the effects of W. cibaria

strains against LPS-induced inflammation have not yet

been reported. Therefore, the present study aimed to

evaluate the anti-inflammatory potential of JW15. The

effect of heat-killed JW15 on the expression of pro-

inflammatory mediators and the cellular signaling pathways

was investigated in LPS-induced murine macrophage,

RAW 264.7 cells.

Materials and Methods

Chemicals and Reagents

Dulbecco’s modified Eagle’s medium (DMEM), water, antibiotics,

fetal bovine serum (FBS), and phosphate buffered saline (PBS)

were purchased from HyClone Laboratories, Inc. (USA). An

enzyme-linked immunosorbent assay (ELISA) kit was purchased

from R&D Systems (USA). Specific primers used in reverse

transcription-polymerase chain reaction (RT-PCR) were purchased

from Bionics (Korea). RIPA lysis buffer, Halt protease and

phosphatase inhibitor cocktail, and PCR reagents were purchased

from Thermo Scientific Pierce (USA). Primary antibodies against

β-actin, inducible nitric oxide synthase (iNOS), and cyclooxygenase

(COX)-2 were purchased from Thermo Scientific Pierce (USA).

Primary antibodies for phosphorylated-extracellular signal-

regulated kinase (p-ERK) 1/2, ERK 1/2, p-c-jun N-terminal

kinases (JNK), JNK, p-p38, p38, p-inhibitor κB-α (IκB-α), IκB-α, p-

p65, and p65 and horseradish peroxidase (HRP)-conjugated

secondary antibodies were purchased from Santa Cruz

Biotechnology (USA). Materials and equipment for western

blotting assays were purchased from Bio-Rad (USA), and other

chemicals were purchased from Sigma-Aldrich (USA).

Bacterial Strains and Sample Preparation

Lactobacillus rhamnosus GG (KCTC 12202BP, LGG) and Weissella

cibaria JW15 (KACC 91811P, JW15) was obtained from the Korean

Collection for Type Cultures (Korea) and Korean Agricultural

Culture Collection (Korea), respectively. LGG was employed for

comparative analysis as a representative commercial probiotic

strain. LGG and JW15 were cultivated and maintained in MRS

broth (Difco Laboratories, USA) at 37°C. To evaluate the anti-

inflammatory potential of these strains, overnight cultivated LGG

and JW15 were heat-killed at 90°C for 30 min. Following

centrifugation (12,000 ×g, 5 min), cell pellets were rinsed thrice

with PBS and suspended in DMEM to obtain concentrations of

6 Log CFU/ml and 7 Log CFU/ml by adjusting the absorbance at

600 nm.

Cell Culture

The RAW 264.7 cell line, a murine macrophage, was obtained

from the Korean Cell Line Bank (Korea) and maintained in DMEM

supplemented with 10% FBS and 1% antibiotics (100 U/ml

penicillin and 100 μg/ml streptomycin) at 37°C in an atmosphere

of 5% CO2. Cells were sub-cultured and plated at 80-90% of

confluency. 

Sample Treatment

To evaluate the anti-inflammatory potential of LAB strains,

RAW 264.7 cells were pre-incubated in 96-well plates (2.0 × 105

cells/well) and 6-well plates (1.0 × 106 cells/well) for 2 h and 18 h,

respectively. And then, cells were treated with different

concentrations (0, 6, and 7 Log CFU/ml) of heat-killed LGG or

JW15. After 2 h of incubation, cells were stimulated with or

without LPS (1 μg/ml) for 24 h. To investigate the effect of LAB

strains on the MAPKs and NF-κB activation, cells were stimulated

with LPS for 30 min.

Measurement of NO Production

The effect of LAB strains on the production of NO was

determined in LPS-induced RAW 264.7 cells by using Griess

reaction as described by Kim et al. [16] with slight modification.
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Cells plated in 96-well plates were treated with samples and LPS

as described in the sample treatment section. Supernatant from

each well was mixed with an equal volume of Griess reagent and

placed in the dark for 10 min at room temperature. Absorbance of

each well was measured at 540 nm using a microplate

spectrophotometer (BioTek, USA). Nitrite levels in growth

medium were calculated using a standard curve constructed

using NaNO2 in DMEM.

Determination of Cell Viability

The effect of LAB strains on the viability of RAW 264.7 cells was

assessed by using the 5-3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay according to described

by Kim et al. [16] with minor modification. After aspiration of

supernatant for determination of the NO, cells were treated with

MTT solution (2.5 mg/ml in PBS) and incubated for 1 h.

Discarding the supernatant, dimethyl sulfoxide was added to each

well and generated formazan deposits were dissolved.

Absorbance of each well was measured at 570 nm using a

microplate spectrophotometer. The cell viability was calculated as

a percentage of the absorbance compared to LPS-positive groups.

Assessment of PGE2 and Pro-Inflammatory Cytokines

The effect of LAB strains on the production of PGE2 and pro-

inflammatory cytokines, IL-1β, IL-6, and TNF-α, was assessed in

LPS-induced RAW 264.7 cells using an ELISA kit. Cells plated in

96-well plates were treated with samples and LPS as described in

the sample treatment section. The appropriately diluted cell

growth media were used to determine the amounts of PGE2 and

each of the pro-inflammatory cytokines according to the

manufacturer’s instructions.

Reverse Transcription-Polymerase Chain Reaction

The effect of LGG and JW15 on the pro-inflammatory

transcriptome was assessed in LPS-induced RAW 264.7 cells using

an RT-PCR. Cells plated in 6-well culture plates were treated with

samples and LPS as described in the sample treatment section.

After rinsing twice with ice-cold PBS, total RNA was extracted

with the RNeasy Mini Kit (Qiagen, Germany). Equal amounts

(1 μg) of total RNA were reverse-transcribed using a RevertAid

First Strand cDNA Synthesis Kit. The mixtures containing

synthesized cDNA, PCR mastermix, and 100 μM of specific

primers were amplified as follows: initial denaturation at 95°C for

5 min followed by 95°C for 30 sec, annealing at primer-specific

temperature for 30 sec, extension at 72°C (20-25 cycles) and final

extension at 72°C for 10 min. The amplified PCR products were

separated by electrophoresis on a 1.5% agarose gel containing

DNA SafeStain (USA). Separated bands were visualized using a

fluorescent table (Vilber Lourmat, France).

Relative quantification was conducted using real-time PCR

(Thermo Scientific Pierce, USA). Using synthesized cDNA as a

template, a PCR mixture containing SYBR Green PCR Master Mix

and 400 μM of specific primers was amplified as follows: 95°C for

2 min followed by 40 cycles at 95°C for 5 sec, 60°C for 30 sec with a

final extension at 60°C for 30 sec. Single product amplification

was verified with melting curve analysis at the end of the

experiment. The result was analyzed after normalization with β-

actin as a reference gene and calculated with the delta-delta Ct

(ΔΔCt) method. Specific primer sequences used in this experiment

are listed in Table 1.

Western Blot Analysis

The effect of LAB strains on the expression of pro-inflammatory

proteins was determined in LPS-induced RAW 264.7 cells using a

western blot analysis. Cells plated in 6-well culture plates were

treated with samples and LPS as described in the sample

treatment section. Rinsing twice with ice-cold PBS, cells were

lysed with RIPA lysis buffer containing a protease and

phosphatase inhibitor cocktail. Cell lysates were centrifuged

(13,000 ×g, 20 min) and obtained supernatant was employed for

analysis. Determining the total protein concentration of

supernatant by using a DC Protein Assay kit (Bio-Rad), equal

Table 1. Mouse-specific PCR primer sequences.

Gene Primer sequence Base pair

iNOS Sense 5’-CCC TTC CGA AGT TTC TGG CAG CAG C-3’ 496 bp

Anti-sense 5’-GGC TGT CAG AGC CTC GTG GCT TTG G-3’

COX-2 Sense 5’-CAC TAC ATC CTG ACC CAC TT-3’ 696 bp

Anti-sense 5’-ATG CTC CTG CTT GAG TAT GT-3’

IL-1β Sense 5’-CAG GAT GAG GAC ATG AGC ACC-3’ 447 bp

Anti-sense 5’-CTC TGC AGA CTC AAA CTC CAC-3’

IL-6 Sense 5’-GTA CTC CAG AAG ACC AGA GG-3’ 308 bp

Anti-sense 5’-TGC TGG TGA CAA CCA CGG CC-3’

TNF-α Sense 5’-TTG ACC TCA GCG CTG AGT TG-3’ 364 bp

Anti-sense 5’-CCT GTA GCC CAC GTC TA GC-3’

β-actin Sense 5’-GTG GGC CGC CCT AGG CAC CAG-3’ 603 bp

Anti-sense 5’-GGA GGA AGA GGA TGC GGC AGT-3’
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amounts (30 μg) of total protein were separated by 8 or 12% of

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-

PAGE) and transferred onto polyvinylidene difluoride (PVDF)

membranes. Transferred immunoblots were blocked with 5%

skim milk, and then probed with the primary antibodies (1:2,000)

at 4°C for 16 h. After brief washing with Tris-buffered saline

containing Tween 20 (TBS-T), immunoblots were probed with

secondary antibodies (1:5,000) at room temperature for 2 h. After

subsequent washing with TBS-T, blots were detected on an x-ray

blue film by using an enhanced chemiluminescence reagent.

Intensity of each band was measured with Image J software.

Statistical Analysis

The results are presented as the mean ± standard deviation (SD)

from independent experiments conducted in triplicates. Statistical

analysis was performed using IBM SPSS for Windows version 18.0

(SPSS Inc., USA). The unpaired one-tailed Student’s t-test was

used to analyze statistical differences between two groups and

one-way analysis of variance (ANOVA) was used to analyze

statistical differences between multiple groups using Duncan’s

multiple-range test. P-values < 0.05 were considered statistically

significant.

Results

Effect of Heat-Killed JW15 on Cell Viability

To verify whether the anti-inflammatory properties were

due to cytotoxicity, the effect of heat-killed JW15 on the cell

viability was determined in RAW 264.7 cells. Neither heat-

killed LGG nor JW15 had no significant effect on cell

viability compared to either the LPS-positive groups or the

LPS-negative groups at the tested concentrations (Fig. 1A).

Therefore, regarding the anti-inflammatory effect of heat-

killed JW15, the influence of cytotoxicity was not

considered in subsequent experiments.

Inhibition of NO and PGE2 Production

To evaluate the anti-inflammatory potential, the effects

of heat-killed JW15 on the production of NO and PGE2

were examined in LPS-induced RAW 264.7 cells.

Compared to the LPS-negative group, treatment with LPS

markedly increased the production of both NO and PGE2.

However, treatment with heat-killed JW15 inhibited the

production of NO and PGE2 in a dose-dependent manner

(Figs. 1B and 1C). In addition, JW15 exhibited significant

inhibitory effects on NO and PGE2 production compared to

LGG at the tested levels.

Suppression of iNOS and COX-2 Expression

To determine whether the inhibitory effect of JW15 on

NO and PGE2 production was associated with changes in

the expression levels of their respective synthesis enzymes,

protein and transcriptional expression levels of iNOS and

Fig. 1. Effect of heat-killed LAB strains on (A) cell viability

and production of (B) NO and (C) PGE2 in LPS-induced RAW

264.7 cells. 

Cells were treated with heat-killed LGG or JW15 and stimulated with

LPS for 24 h. The results were expressed as mean ± S.D. of three

independent experiments. *p < 0.05, compared to LPS positive group;

#p < 0.05, comparison between LGG and JW15. 
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COX-2 were investigated. As expected, treatment with LPS

markedly increased the protein expression levels of iNOS

and COX-2. However, treatment with heat-killed JW15

suppressed the expression levels of iNOS and COX-2

(Figs. 2A-2C). Similarly, the mRNA levels of iNOS and

COX-2 were up-regulated by LPS stimulation and were

down-regulated following treatment with heat-killed JW15

(Figs. 2D-2F). This result indicated that treatment of JW15

inhibits production of NO and PGE2 through suppressing

the expression of iNOS and COX-2. Further, JW15

exhibited significant inhibitory effects against both iNOS

and COX-2 expression compared to LGG at the tested

levels.

Suppressive Effect on Pro-Inflammatory Cytokine

Expression

JW15-mediated effect on expression levels of pro-

inflammatory cytokines was examined in LPS-induced

RAW 264.7 cells. Compared to the LPS-negative group,

treatment of LPS markedly increased the production of IL-

1β, IL-6, and TNF-α. However, the concentration of those

pro-inflammatory cytokines was decreased following the

treatment of heat-killed JW15 in a dose-dependent manner

(Figs. 3A-3C). Consistent with the results of the ELISA,

transcriptional expression of IL-1β, IL-6, and TNF-α was

significantly induced by stimulation of LPS, contrarily,

mRNA expression levels of those pro-inflammatory

cytokines were attenuated by treatment of heat-killed JW15

(Figs. 3D-3G). Moreover, JW15 exhibited significant

inhibitory effect on expression of pro-inflammatory

cytokines compared to LGG at a concentration of 7 Log

CFU/ml. Consequently, the down-regulated pro-

inflammatory signatures following treatment with heat-

killed JW15 in LPS-induced RAW 264.7 cells led to the

hypothesis that JW15-mediated anti-inflammatory properties

might be associated with regulation of NF-κB pathway.

Fig. 2. Suppressive effect of heat-killed LAB strains on the expression of iNOS and COX-2 in LPS-induced RAW 264.7 cells. 

Cells were treated with heat-killed LGG or JW15 and stimulated with LPS for 24 h. Expressed protein levels of iNOS and COX-2 were determined

with (A) immunoblots and (B and C) relative quantification of band intensity. Expressed mRNA levels of iNOS and COX-2 were determined with

(D) agarose gel blotting and (E and F) relative quantification by normalization with β-actin. The results were expressed as mean ± S.D. of three

independent experiments. *p < 0.05, compared to LPS positive group; #p < 0.05, comparison between LGG and JW15.
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Inhibition of IκB-α Degradation and NF-κB Activation

To verify whether the down-regulated expression of pro-

inflammatory factors was associated with alteration of

transcription factors, the effect of heat-killed JW15 on the

activation of NF-κB was investigated in LPS-induced RAW

264.7 cells. Treatment with LPS significantly induced the

phosphorylation of IκB-α indicating the degradation of

IκB-α and NF-κB complex (Figs. 4A and 4B). The increased

phosphorylation of IκB-α was correlated with up-regulated

phosphorylation of p65, a subunit of the NF-κB

heterodimer (Figs. 4A and 4C). However, pre-treatment

with heat-killed JW15 decreased the degradation of IκB-α

and NF-κB complex by inhibiting the phosphorylation of

IκB-α and p65 (Figs. 4A-4C). In addition, JW15 exhibited a

Fig. 3. Down-regulatory effect of heat-killed LAB strains on the expression of pro-inflammatory cytokines in LPS-induced RAW

264.7 cells. 

Cells were treated with heat-killed LGG or JW15 and stimulated with LPS for 24 h. The amounts of IL-1β, IL-6, and TNF-α were assessed with (A-

C) an ELISA kit. Expressed mRNA levels of those cytokines were determined with (D-F) relative quantification by normalization with β-actin and

(G) agarose gel blotting. The results were expressed as mean ± S.D. of three independent experiments. *p < 0.05, compared to LPS positive group;

#p < 0.05, comparison between LGG and JW15.
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significant inhibitory effect on NF-κB activation compared

to LGG at the tested levels.

Inhibition of MAPKs Activation

To gain more insight into the anti-inflammatory properties

of JW15, the effect of heat-killed JW15 on MAPKs activation

was examined in RAW 264.7 cells upon LPS stimulation. As

expected, phosphorylation of MAPKs including ERK 1/2,

JNK and p38 was markedly increased following LPS

stimulation. However, treatment of heat-killed JW15

suppressed phosphorylation of MAPKs in a dose-dependent

manner (Figs. 5A-5D). These results suggested that JW15-

mediated anti-inflammatory properties are associated with

inhibition of MAPKs activation. Furthermore, JW15 displayed

a significant suppressing effect on MAPKs activation

compared to LGG, except for JNK.

Discussion

The beneficial effects of probiotics are primarily derived

from the GIT, because it contains the largest proportion of

human microbiota [8]. The cells of the GIT, including

intestinal epithelial cells, lymphocytes, dendritic cells, and

macrophages, possess various pattern recognition receptors

(PRRs) that recognize the conserved microbe-associated

molecular patterns (MAMPs). Various MAMPs in bacterial

surface molecules, including peptidoglycan, LPS, and

lipoteichoic acid (LTA), interact with PRRs and directly or

indirectly mediate the cellular physiological functions, such

as immune responses, differentiation, and proliferation [17,

18]. Composition of bacterial surface molecules such as

amino acid residues, disaccharide ratio, and difference in

cross-link type, is different between microbes, thereby,

Fig. 4. Inhibitory effect of heat-killed LAB strains on the NF-κB activation in LPS-induced RAW 264.7 cells. 

Cells were treated with heat-killed LGG or JW15 and stimulated with LPS for 30 min. Alteration in protein expression of IκB-α and NF-κB was

evaluated with (A) Immunoblots and (B and C) relative quantification of band intensity. The results were expressed as mean ± S.D. of three

independent experiments. *p < 0.05, compared to LPS positive group; #p < 0.05, comparison between LGG and JW15.
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microbe-mediated immune responses are depend on

specificity of bacterial strains [19, 20].

The inflammatory response is a multi-cascade defensive

process against external invasion, including elimination of

stimuli and initiation of recovery processes, and is

therefore crucial for maintaining health [21]. Macrophages

play an essential role in the inflammatory responses by

perceiving the foreign threats with specific receptors,

including the Toll-like receptor (TLR)-4 [22]. Upon

recognition of LPS by TLR-4, macrophages initiate extensive

inflammatory responses, including activation of MAPKs

and NF-κB resulting in up-regulated production of pro-

inflammatory mediators such as cytokines, NO, and PGE2.

However, excessive or prolonged expression of pro-

inflammatory mediators causes immune system imbalance

and may result in acute or chronic inflammatory disorders

Fig. 5. Inhibitory effect of heat-killed LAB strains on the MAPKs activation in LPS-induced RAW 264.7 cells. 

Cells were treated with heat-killed LGG or JW15 and stimulated with LPS for 30 min. Protein expression levels of MAPKs were determined with

(A) Immunoblots and (B-D) relative quantification of band intensity. The results were expressed as mean ± S.D. of three independent

experiments. *p < 0.05, compared to LPS positive group; #p < 0.05, comparison between LGG and JW15.



1030 Yu et al.

J. Microbiol. Biotechnol.

such as arthritis, asthma, IBD, and multiple sclerosis [23].

Moreover, suppression of excessive pro-inflammatory

mediators derived from aberrantly activated macrophages

may lead to attenuation of inflammation-induced disorders

[24]. The current study was therefore performed to

evaluate the anti-inflammatory potential of JW15 and to

elucidate the associated cellular signaling pathways.

NO and prostaglandins are modulated by distinct NOS

and COX isoforms, respectively, and are important

biomarkers in the inflammatory responses that are

inducing the pain, swelling, fever, and tenderness [25].

Among the isoforms of those enzymes, iNOS and COX-2

are undetectable in the basal state. However, specific

stimuli, including LPS, induce the expression of those

enzymes through NF-κB activation and result in excessive

production of NO and PGE2. Inordinate generation of NO

and PGE2 causes up-regulated expression levels of other

pro-inflammatory mediators, including the cytokines, and

could lead to malfunctions ranging from severe cell injury

to inflammatory disorders [26]. Therefore, regulating the

iNOS and COX-2 is one of the most critical strategies for

developing therapeutic materials for inflammatory

diseases. In the current study, treatment with heat-killed

JW15 decreased the production of NO and PGE2 in RAW

264.7 cells against challenge of LPS via suppressing the

iNOS and COX-2 at both the mRNA and protein levels.

Similarly, treatment of heat-killed Lactobacillus brevis K65

decreased the production of NO and PGE2 in RAW 264.7

cells upon LPS stimulation, which is attributable to down-

regulated expression levels of iNOS and COX-2 [27].

Inflammatory responses to LPS were accompanied by

markedly up-regulated production of pro-inflammatory

cytokines. Synthesis of pro-inflammatory cytokines,

including IL-1β, IL-6, and TNF-α, is primarily mediated by

COX-2 resulting from NF-κB activation and excessive

production of those cytokines has been known to be

associated with occurrence of both acute and chronic

inflammation [28, 29]. Thus, alleviation of pro-inflammatory

cytokines is important for improving inflammatory

disorders. For instance, over-expressed IL-6 has been

known to play a pivotal role in the development of

rheumatoid arthritis and Th1 cell-mediated chronic colitis,

however, the IL-6 gene-knockout mice are resistant to

dextran sodium sulphate-induced colitis. Consistent with

these findings, heat-killed L. casei Shirota-mediated

attenuation of IBD was involved in the inhibition of the IL-

6/STAT-3 signaling pathway [30]. Additionally, W. cibaria

inhibited production of IL-6 and IL-8 in Fusobacterium

nucleatum-induced KB cells [13]. Therefore, the current

results indicated that JW15-mediated modulatory effect on

the expression of the pro-inflammatory cytokines

potentially contributes to improvement of the inflammatory

disorders as a clinical application.

NF-κB is a primary transcriptional factor modulating the

expression of pro-inflammatory genes. Recognition of LPS

induces degradation of IκB-α and NF-κB complex and

results in translocation of NF-κB to the nucleus.

Translocated NF-κB initiates the transcription of iNOS,

COX-2, and pro-inflammatory cytokines [22, 24]. It has

been found that excessively activated NF-κB is strongly

associated with inflammatory diseases. Accordingly, NF-

κB-mediated over-expression of cytokines and adhesion

molecules has been known to be involved in pathogenicity

of inflammatory airway diseases, a result that correlates

with the inordinate activation of NF-κB found in bronchitis

biopsies of asthma patients [26, 31]. The present study

demonstrated that down-regulated pro-inflammatory

features following treatment with heat-killed JW15 in LPS-

induced RAW 264.7 cells were associated with suppressing

the activation of NF-κB. These results are supported by

much experimental evidence demonstrating the probiotics-

mediated improvement of inflammatory disorders. Previous

study demonstrated that LGG attenuates the interferon-γ-

and TNF-α-induced intestinal barrier malfunction by

attenuating the pro-inflammatory responses resulting from

the suppression of MAPKs and NF-κB activation [32].

Similarly, Lactobacillus suntoryeus HY7801 displayed down-

regulated the expression of pro-inflammatory cytokines

through inhibiting the TLR-4-linked activation of NF-κB in

2,4,6-trinitrobenzenesulfonic acid-induced colitic mice [33].

Collectively, strategies suppressing the aberrant activation

of NF-κB are pivotal in the development of therapeutic

approaches regarding the improvement of inflammatory

disorders.

The MAPKs are part of an important intracellular

signaling pathway for transcriptional regulation of pro-

inflammatory responses through NF-κB activation [23].

Although the precise signaling pathways of MAPKs remain

unclear, the present study showed that treatment with

heat-killed JW15 suppresses the activation of MAPKs, ERK

1/2, JNK, and p38, in a dose-dependent manner. Similarly,

several studies have demonstrated that LPS-induced

activation of MAPKs results in initiation of inflammatory

responses including pro-inflammatory factors. Amongst

three subfamilies of MAPKs, only p38 has been linked with

the expression of iNOS against stimulation of LPS [3, 34].

As a probiotic application, L. casei OLL2768 down-regulated

Escherichia coli-mediated inflammatory signatures through
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suppressing the MAPKs activation in a bovine epithelial

cell line [35]. Additionally, Lactobacillus pentosus b240

alleviated Streptococcus pneumoniae-induced pneumonia by

modulating the expression of MAPKs, and of specific PRRs

including TLR-2 and TLR-4 [36].

In conclusion, the present study demonstrated the anti-

inflammatory potential of JW15 derived from kimchi as a

functional probiotic candidate. Heat-killed JW15 displayed

anti-inflammatory potential by alleviating the pro-

inflammatory features in LPS-induced RAW 264.7 cells

through suppressing NF-κB activation. The cellular

signaling pathways of its anti-inflammatory effect were

involved in inhibition of MAPKs activation. Although

further in vivo investigation is still required to confirm the

anti-inflammatory effect of JW15, these results may provide

the molecular evidence for the immunomodulatory effect

of probiotics. Taken together, JW15 might be employed for

development of functional probiotic products in the food

and pharmaceutical industries.
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