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Abstract. Periodontitis is a chronic inflammatory disease 
caused by various periodontal pathogens. Weissella 
cibaria CMU (oraCMU) is a probiotic that promotes oral 
health. However, its anti‑inf lammatory effects against 
periodontal pathogens have not yet been investigated. The 
present study evaluated the anti‑inflammatory effects of live 
oraCMU against stimulation with the formalin‑inactivated 
periodontal pathogen Aggregatibacter actinomycetem‑
comitans in RAW 264.7 macrophages. Cell viability was 
analyzed by the MTS assay in a dose‑dependent manner 
(at multiplicities of infection of 0.1, 1, 10, 100 and 1,000). 
Nitric oxide (NO) was monitored using the Griess test. 
The mRNA expression of proinflammatory cytokines such 
as interleukin (IL)1β and IL6 was assessed by reverse 
transcription‑quantitative PCR. Western blotting was used 
to examine the effects of oraCMU on the phosphorylation 
of NF‑κB inhibitor α (iκBα) and iκBα kinase (IKK), the 
nuclear translocation of the NF‑κB subunit p65 and the 
expression of inducible NO synthase (iNOS). Live oraCMU 
had no cytotoxic effects on RAW 264.7 macrophages. In 
A. actinomycetemcomitans‑stimulated RAW 264.7 macro-
phages, oraCMU reduced NO production by suppressing 
iNOS expression and downregulating the mRNA expres-

sion of proinflammatory cytokines in a dose‑dependent 
manner. IKK phosphorylation and IκBα degradation were 
dose‑dependently inhibited by oraCMU and the nuclear 
translocation of p65 via the canonical NF‑κB pathway 
was simultaneously reduced. The results indicated that 
oraCMU possessed anti‑inflammatory activity associated 
with the inhibition of NF‑κB signal activation in response 
to periodontal pathogens. This suggests that oraCMU is a 
beneficial anti‑inflammatory probiotic that can aid in the 
maintenance of oral health.

Introduction

Inflammation occurs in defense against various external 
insults and metabolic products, and results in erythema, 
edema, fever, pain and dysfunction due to the activation of 
numerous inflammatory mediators (1). It is a local protective 
response to injury and infection; however, excessive or persis-
tent inflammation leads to chronic inflammatory diseases, 
including periodontitis (2). Periodontitis is a common 
disease of the oral cavity that involves chronic inflammation 
of the supporting tissue around the teeth; it is character-
ized by alveolar bone destruction and high concentrations 
of periodontal bacteria (3). Therefore, regulation of the 
inflammatory response in host cells has been proposed as a 
method for controlling the progression of periodontitis (4). 
Gram‑negative bacteria, including Aggregatibacter actino‑
mycetemcomitans, Porphyromonas gingivalis and Tannerella 
forsythia, are well‑known periodontitis‑associated patho-
gens (5); they stimulate periodontal cells to produce various 
inflammatory cytokines, such as interleukin (IL)1β and il6, 
and induce cellular immune inflammatory responses, thereby 
destroying periodontal tissue (6). In particular, A. actino‑
mycetemcomitans, a facultative anaerobic, gram‑negative, 
rod‑shaped bacterium, is a major causative agent of localized 
aggressive periodontitis (7,8). It expresses various virulence 
factors, including a powerful leukotoxin, lipopolysaccharide 
(LPS), cell surface‑associated materials, enzymes and less 
well‑defined virulence factors that modulate the activity of 
host defenses (9‑12).

Weissella cibaria CMU exerts an anti‑inflammatory effect by 
inhibiting Aggregatibacter actinomycetemcomitans‑induced  
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Among immune cells, macrophages play a pivotal role 
in inflammation by releasing inflammatory mediators, 
including proinflammatory cytokines (13). Macrophages 
are activated by periodontal pathogens and induce inflam-
matory responses through the NF‑κB pathway (14). NF‑κB, 
a transcription factor, is normally sequestered in the cyto-
plasm in a complex with NF‑κB inhibitor α (iκBα) (15). 
Periodontal pathogens activate IκBα kinase (IKK)α and 
IKKβ via phosphorylation, allowing them to phosphorylate 
iκBα. This disrupts the stable complex between NF‑κB and 
iκBα, enabling the translocation of the NF‑κB p65 subunit 
into the nucleus to activate the transcription of proinflam-
matory genes (15). Consequently, inducible nitric oxide 
synthase (iNOS) is expressed, and nitric oxide (NO) and 
proinflammatory cytokines (16), including IL1β and il6, 
are secreted to induce inflammatory responses (17). Thus, 
inhibiting NF‑κB activation is an important therapeutic goal 
for various inflammatory diseases.

Inflammation is involved in the pathological processes 
of a number of diseases. Recently, periodontal pathogens 
have been implicated in systemic conditions, including 
cardiovascular diseases, premature birth and Alzheimer's 
disease (18‑20). Therefore, substances capable of modulating 
the expression of various inflammatory mediators in response 
to these pathogens are promising candidate treatments to 
prevent and suppress not only periodontitis but also systemic 
disease. Various antibiotics, including minocycline, doxycy-
cline, metronidazole and tetracycline, have been used to treat 
periodontal inflammation (21). However, as these drugs have a 
number of adverse effects, including hypersensitivity, and can 
result in antibiotic resistance, the development of alternative 
therapeutic agents is actively under way (22).

Over the last few years, researchers have reported the 
benefits of using probiotics to maintain oral health (23,24). 
Probiotics are living microorganisms that confer health bene-
fits on their host organisms when consumed in appropriate 
amounts (25). Effects on oral conditions, such as dental caries, 
periodontitis and bad breath, have been reported for a few 
probiotics, including Streptococcus salivarius, Lactobacillus 
reuteri and Weissella cibaria (26‑28). In particular, W. cibaria 
was first classified in a taxonomic study in 2002 and has been 
denoted as the dominant species in fermented foods, including 
kimchi (29). Notably, some W. cibaria strains are reported 
to possess stronger immunomodulatory activity than the 
commercially available strain (30,31). 

The W. cibaria Chonnam Medical University (CMU) strain 
(oraCMU) was isolated from the oral cavity and is an effec-
tive oral care probiotic (32). OraCMU inhibits the growth of 
periodontal pathogens and the production of proinflammatory 
cytokines, including IL6 and IL8, in oral epithelial cells (33). 
Furthermore, oraCMU was recently reported to reduce peri-
odontal tissue destruction by regulating the production of 
inflammatory cytokines in a periodontitis mouse model (34).

However, the mechanism by which oraCMU inhibits 
inflammation caused by periodontal pathogens has yet to be 
elucidated. The purpose of the present study was to investigate 
the effects of oraCMU on the production of inflammatory 
mediators in response to the periodontal pathogen A. actino‑
mycetemcomitans in RAW 264.7 macrophages and explore its 
molecular mechanism of action.

Materials and methods

Bacterial strains and sample preparation. A. actinomycetem‑
comitans (ATCC 33384, American Type Culture Collection) 
was provided by the Laboratory of Oral Biochemistry (School 
of Dentistry, Wonkwang University, Korea) and oraCMU 
was provided by OraPharm Inc. A. actinomycetemcomitans 
was grown anaerobically (85% N2, 10% H2 and 5% CO2) in 
tryptic soy broth supplemented with yeast extract (1 mg/ml) 
and 10% horse serum (HyClone; Cytiva) at 37˚C. Bacteria 
in the logarithmic growth phase were used in the experi-
ments. The bacteria were harvested, washed three times with 
phosphate‑buffered saline (PBS) and resuspended in PBS in 
10‑fold concentrated volumes. To obtain inactivated A. actino‑
mycetemcomitans, the bacteria were exposed to 0.5% formalin 
for 30 min at 4˚C and inactivation was confirmed by agar 
plating. The optical density (OD) of the formalin‑inactivated 
bacterial suspension was measured at 600 nm on a microplate 
reader (Sunrise™; Tecan Group, Ltd.) and the suspension was 
diluted to an OD of 1, which corresponded to 1x108 colony 
forming units (CFUs)/ml. To evaluate its potential anti‑inflam-
matory effects, oraCMU was grown in DeMan, Rogosa and 
Sharpe (MRS) broth (Difco; BD Biosciences) at 37˚C for 16 h 
under aerobic conditions. OraCMU was subcultured twice in 
MRS broth before each experiment. Bacterial cultures were 
harvested, washed twice with PBS and then resuspended in 
antibiotic‑free Dulbecco's modified Eagle's medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc.) containing 10%  fetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.). 

Cell culture. The RAW 264.7 macrophage line (TIB‑71, ATCC) 
was maintained in DMEM supplemented with 10% FBS and 
1% antibiotic‑antimycotic solution (Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C in 5% CO2. The cells were subcultured 
and plated at 80% confluency. Antibiotic‑free DMEM medium 
was used for the coculture of RAW 264.7 macrophages and 
live oraCMU. 

Bacterial infection. To prepare live oraCMU, bacterial cultures 
were harvested, washed twice with PBS and resuspended in 
antibiotic‑free DMEM medium. The OD was measured at 
600 nm and the suspension was diluted to obtain an OD of 
0.5, which corresponded to 5x108 CFU/ml. For each experi-
ment, RAW 264.7 macrophages were seeded in 24‑well plates 
at 5x105 cells/well. After 24 h, the medium was removed and 
the macrophages were incubated with various doses of live 
oraCMU [multiplicities of infection (MOIs) of 0.1, 1 and 
10] in antibiotic‑free DMEM medium and 1x107 CFU/ml 
A. actinomycetemcomitans cells, and the cocultures were 
incubated at 37˚C in 5% CO2. For mRNA analysis, oraCMU 
and A. actinomycetemcomitans were added for 4 or 6 h. For 
western blotting, 1x106 cells/ml were seeded in 60‑mm dishes 
and oracMu and A. actinomycetemcomitans were added for 
10 min, 30 min, 1 h or 16 h. 

Cell viability assays. The cytotoxicity of live oraCMU was 
measured using the MTS assay (CellTiter 96® Aqueous One 
Solution Cell Proliferation Assay kit; Promega Corporation). 
RAW 264.7 macrophages were seeded in a 96‑well culture 
plate at 1x105 cells/well and incubated overnight at 37˚C in 
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5% CO2. Then, cells were treated with various concentrations 
of oraCMU (MOIs =0.1, 1, 10, 100 and 1,000). After incubation 
for 24 h at 37˚C, the media was changed to remove almost all 
oraCMU and only macrophages were left in each well. After 
adding only DMEM, MTS was added to each well at a 1:5 ratio 
and the plate was incubated at 37˚C and 5% CO2 for 2 h. The 
absorbance was measured at 490 nm on a microplate reader.

NO quantification assays. RAW 264.7 cells were seeded at 
5x105 cells/well in 24‑well culture plates. After 24 h at 37˚C, 
the cells were treated with A. actinomycetemcomitans and 
various concentrations of oraCMU (MOIs =0.1, 1 and 10). 
Following incubation for 24 h at 37˚C, the supernatants were 
assessed by mixing with the same volume of Griess reagent 
(Promega Corporation). The absorbance was measured at 
540 nm on a microplate reader and the nitrite concentration 
was calculated using a sodium nitrite calibration curve.

Reverse transcription‑quantitative (RTq)‑PCR. Total RNA 
was extracted with TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
protocol, and quantified spectrophotometrically. First‑strand 
cDNA was synthesized from 1 µg of RNA using PrimeScript 
RT Reagent kit (Takara Bio, Inc.). RT‑qPCR was performed 
on a GeneAmp PCR system 2400 (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) using the AccuPower PCR 
PreMix kit (Bioneer Corporation). Each RT‑PCR reaction 
used 0.5 µM of each primer. Each cycle consisted of denatur-
ation at 94˚C (30 sec), annealing at 55˚C (30 sec) and extension 
at 72˚C (60 sec). The primer sequences were as follows: 
IL6 forward, 5'‑GATGGATGCTACCAAACTGGA‑3' and 
reverse, 5'‑TCTGAAGGACTCTGGCTTTG‑3' (142 bp); IL1β 
forward, 5'‑GAAAGACGGCACACCCACCCT‑3' and reverse, 
5'‑GCTCTGCTTGTGAGGTGCTGATGTA‑3' (166 bp); and 
β‑actin forward, 5'‑CATCACTATTGGCAACGAGC‑3' and 
reverse, 5'‑GACAGCACTGTGTTGGCATA‑3 (159 bp). The 
number of PCR cycles for IL6, IL1β and β‑actin were 25, 25 
and 28, respectively. β‑actin was used as an internal control. 
The amplified cDNA products were resolved on 1.5% agarose 
gels. The sizes of the amplified DNA fragments were identi-
fied by comparison with a SolGent 100 bp Plus DNA Ladder 
(SolGent Co., Ltd.). Bands were detected using an Azure 
cSeries (Azure Biosystems, Inc.). Densitometry was performed 
using ImageJ 1.52a software (National Institutes of Health) 
and normalized to the untreated control group. Quantitative 
amplification of cDNA was conducted in a StepOnePlus™ 
Real‑Time PCR System (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) with PowerSYBR Green PCR Master Mix 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
RT‑qPCR conditions were as follows: Incubation for 5 min 
at 95˚C, followed by 30 cycles of denaturation for 15 sec at 
95˚C, annealing for 15 sec at 60˚C and extension for 15 sec at 
72˚C. Relative mRNA levels were calculated using a standard 
curve generated from cDNA dilutions. The 2‑ΔΔCq method was 
used to calculate relative gene expression using quadruplicate 
measurements, with β‑actin as an internal control (35).

Western blot analysis. Cytosolic protein extracts from RAW 
264.7 cells were prepared with PhosphoSafe Protein Extraction 
Reagent (Novagen, Inc.), according to the manufacturer's 

protocol. Isolation of nuclear fractions from RAW 264.7 cells 
was performed using a nuclear extraction kit (Cayman Chemical 
Company). Total protein was quantified using a bicinchoninic 
acid protein assay (Pierce; Thermo Fisher Scientific, Inc.) at a 
wavelength of 562 nm, and 15 µg cytosolic protein/lane and 
10 µg nuclear protein/lane were resolved by SDS‑PAGE on 
10% gels and transferred to Protran nitrocellulose membranes 
(Whatman plc; Cytiva). Membranes were blocked with 10 mM 
Tris‑buffered saline with 0.1% Tween‑20 (TBST) containing 
5% skimmed milk for 1 h at 25˚C, followed by incubation with 
primary antibodies overnight at 4˚C with gentle shaking. The 
antibodies used were as follows: phosphorylated (p‑)IκBα kinase 
(IKK)α/β (cat. no. 2697; 1:1,000; Cell Signaling Technology, 
Inc.), IKKα (cat. no. 2682; 1:1,000; Cell Signaling Technology, 
Inc.), IKKβ (cat. no. 2678; 1:1,000; Cell Signaling Technology, 
Inc.), p‑IκBα (cat. no. 2859; 1:1,000; Cell Signaling Technology, 
Inc.), IκBα (cat. no. 9242; 1:1,000; Cell Signaling Technology, 
Inc.), NF‑κB p65 subunit (cat. no. 8242; 1:1,000; Cell Signaling 
Technology, Inc.), iNOS (cat. no. 13120; 1:1,000; Cell Signaling 
Technology, Inc.) and proliferating cell nuclear antigen (PCNA; 
cat. no. sc‑56; 1:1,000; Santa Cruz Biotechnology, Inc.). A mouse 
monoclonal primary antibody against β‑actin (cat. no. A5441; 
1:5,000; Sigma‑Aldrich; Merck KGaA) was used as a loading 
control. The blots were washed in TBST and then incubated 
for 2 h at room temperature with horseradish peroxidase 
(HRP)‑conjugated anti‑rabbit (cat. no. 7074; 1:2,500; Cell 
Signaling Technology, Inc.) or anti‑mouse IgG (cat. no. sc‑516102; 
1:2,500; Santa Cruz Biotechnology, Inc.). The blots were subse-
quently washed with TBST and protein bands were visualized 
with HRP Substrate Luminol Reagent (EMD Millipore) and 
imaged on a Chemiluminescent Western Blot Imaging System 
(Azure Biosystems, Inc.). Densitometry of western blot bands 
was performed using ImageJ 1.52a software (National Institutes 
of Health). The detected bands were quantified using ImageJ and 
normalized to the untreated control group.

Statistical analysis. Statistical analyses were performed using 
SPSS v17.0 (SPSS, Inc.). Data are presented as the mean ± stan-
dard deviation of the mean. The Kruskal‑Wallis test followed by 
Dunn's post hoc test was used to compare the different groups. 
P<0.05 was considered to indicate a statistically significant 
difference. Each experiment was performed three times.

Results

Cytotoxic effects of oraCMU on RAW 264.7 macrophages. 
To assess the cytotoxicity of live oraCMU, its effects on the 
viability of RAW 264.7 macrophages were examined. No 
cytotoxic effects were detected after 24 h of treatment at 
various concentrations (Fig. 1). 

Inhibitory effects of oraCMU on NO production and iNOS 
expression. To investigate whether oraCMU possesses 
anti‑inflammatory effects against A. actinomycetemcomitans 
in RAW 264.7 macrophages, its effects on NO production were 
examined. After 24 h of A. actinomycetemcomitans treatment, 
NO release was higher compared with that in the untreated 
controls (Fig. 2A). Treatment with oraCMU significantly 
decreased A. actinomycetemcomitans‑induced NO production 
in a dose‑dependent manner. Changes in NO production can 
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be attributed to changes in iNOS expression (30). Treatment 
with A. actinomycetemcomitans significantly increased iNOS 
expression in RAW 264.7 macrophages and oraCMU treatment 
significantly decreased iNOS expression in a dose‑dependent 
manner (Fig. 2B and C). 

Inhibitory effects of oraCMU on the mRNA expression of 
proinflammatory cytokines. To determine whether oraCMU 

modulates the mRNA expression of proinf lammatory 
cytokines, RAW 264.7 macrophages were incubated with 
A. actinomycetemcomitans and various concentrations of 
oraCMU. IL6 and IL1β increased significantly with A. actino‑
mycetemcomitans treatment and were significantly decreased 
at higher doses of oraCMU (Fig. 3). 

Inhibitory effects of oraCMU on NF‑κB activation. as the 
NF‑κB pathway plays an important role in the transcriptional 
activation of proinflammatory factors, the effects of oraCMU on 
NF‑κB activation were next assessed by examining p65 levels 

Figure 3. OraCMU downregulates proinflammatory cytokine expression in 
A. actinomycetemcomitans‑induced RAW 264.7 macrophages. Expression 
levels of (A) IL1β and (B) IL6 mRNA, normalized to β‑actin. (C) Agarose 
gel electrophoresis showing the relative mRNA expression level of IL1β 
and IL6 following oraCMU treatment. (D) Relative quantification of IL1β 
and IL6 expression levels normalized to β‑actin. Data are presented as the 
mean ± standard deviation of three independent experiments. *P<0.05 vs. 
respective A. actinomycetemcomitans‑treated group. OraCMU, Weissella 
cibaria CMU; IL, interleukin; MOI, multiplicity of infection.

Figure 2. OraCMU suppresses NO production and iNOS expression in 
A. actinomycetemcomitans‑induced RAW 264.7 macrophages. (A) NO levels 
and (B) iNOS expression levels in A. actinomycetemcomitans-induced raW 
264.7 macrophages. Similar data were obtained in three independent experi-
ments. (C) Relative quantification of iNOS levels normalized to β‑actin. Data 
are presented as the mean ± standard deviation of three independent experi-
ments. *P<0.05 vs. A. actinomycetemcomitans‑treated group. OraCMU, 
Weissella cibaria CMU; NO, nitric oxide; iNOS, inducible nitric oxide 
synthase; MOI, multiplicity of infection.

Figure 1. OraCMU does not affect the viability of RAW 264.7 macrophages. 
Data represent the mean ± standard deviation of three independent experi-
ments. OraCMU, Weissella cibaria CMU; MOI, multiplicity of infection.
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in cytosolic and nuclear extracts from macrophages treated 
with A. actinomycetemcomitans and oraCMU for 30 min or 
1 h. A. actinomycetemcomitans alone resulted in increased 

nuclear p65, whereas oraCMU treatment significantly inhibited 
the nuclear accumulation of p65 at high doses (Fig. 4). 

Inhibitory effects of oraCMU on A. actinomycetemcomi‑
tans-induced iκBα and IKKα/β phosphorylation. As IκBα and 
IKKα/β are important regulators of NF‑κB activation, their 
activation after oraCMU treatment of A. actinomycetemcom‑
itans‑stimulated macrophages were evaluated. After 30 min, 
OraCMU significantly inhibited IκBα phosphorylation in a 
dose‑dependent manner (Fig. 5). In addition, after 10 min, 
oraCMU dose‑dependently inhibited IKKα/β phosphoryla-
tion (Fig. 6). 

Discussion

OraCMU is the first commercialized oral care probiotic 
in Korea (32) that can help prevent bad breath and dental 
caries (28,36,37). It inhibits the Fusobacterium nucleatum‑induced 
increase of the proinflammatory cytokines IL6 and IL8 in oral 
epithelial cells (33) and has antimicrobial activity against various 
representative periodontal pathogens, including A. actinomy‑
cetemcomitans (38). Therefore, oraCMU may aid in preventing 
periodontal disease. However, its inhibitory effects on proin-
flammatory cytokine expression in macrophages stimulated 
with A. actinomycetemcomitans, a periodontal pathogen, have 
not yet been reported. To the best of our knowledge, the present 
study is the first to elucidate the mechanism by which W. cibaria 
inhibits inflammatory cytokine expression after infection with 
periodontal pathogens.

The present study evaluated whether live oraCMU 
had inhibitory effects on the inflammation induced by 

Figure 4. OraCMU inhibits p65 nuclear translocation in A. actinomycetem‑
comitans‑induced RAW 264.7 macrophages. (A) Expression levels of p65 
in cytosolic and nuclear extracts. PCNA and β‑actin were used as nuclear 
and cytosolic loading controls, respectively. (B) Relative quantification of 
nuclear p65. Data are presented as the mean ± standard deviation of three 
independent experiments. *P<0.05 vs. A. actinomycetemcomitans-treated 
group. OraCMU, Weissella cibaria CMU; PCNA, proliferating cell nuclear 
antigen; MOI, multiplicity of infection.

Figure 5. OraCMU inhibits IκBα phosphorylation in A. actinomycetemcom‑
itans‑induced RAW 264.7 macrophages. (A) Expression levels of p‑IκBα 
and iκBα in cytosolic extracts. (B) Relative quantification of IκBα phos-
phorylation. Data are presented as the mean ± standard deviation of three 
independent experiments. *P<0.05 vs. A. actinomycetemcomitans-treated 
group. OraCMU, Weissella cibaria CMU; IκBα, NF‑κB inhibitor α; p‑, 
phosphorylated; MOI, multiplicity of infection.

Figure 6. OraCMU inhibits IKKα/β phosphorylation in A. actinomycetem‑
comitans‑induced RAW 264.7 macrophages. (A) Expression levels of 
p‑IKKα, p‑IKKβ, IKKα and IKKβ. (B) Relative quantification of p‑IKKα/β. 
Data are presented as the mean ± standard deviation of three indepen-
dent experiments. *P<0.05 vs. A. actinomycetemcomitans‑treated group. 
oracMu, Weissella cibaria CMU; IKK, IκBα kinase; p‑, phosphorylated; 
MOI, multiplicity of infection.
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formalin‑inactivated A. actinomycetemcomitans in RAW 264.7 
cells. The A. actinomycetemcomitans‑induced inflammatory 
response was characterized by increased NO production and 
increased inoS, il1β and IL6 expression; oraCMU decreased 
the levels of these proinflammatory mediators. To exclude the 
possibility that cytotoxicity caused by live oraCMU infection 
was responsible for the inhibition of the proinflammatory 
mediators, the viability of oraCMU‑infected cells was tested. 
No obvious cytotoxic effects were detected at any MOI used, 
consistent with the results of our previous study (33).

NO is an important biomarker of the inflammatory 
response and is regulated by iNOS (16). The iNOS enzyme 
cannot be detected under normal conditions but is induced 
through NF‑κB activation, leading to excessive NO production. 
Excessive NO leads to the upregulation of other proinflam-
matory cytokines and can cause malfunctions ranging from 
severe cellular damage to inflammatory disorders (39). Thus, 
regulating iNOS expression is an important strategy in the 
development of inflammatory disease therapies. The present 
study found that oraCMU significantly decreased A. actino‑
mycetemcomitans‑induced NO production and downregulated 
iNOS expression in a dose‑dependent manner, suggesting that 
oraCMU acts as an anti‑inflammatory regulator. 

Madeira et al (40), found that A. actinomycetemcomitans 
LPS plays an important role in alveolar bone loss. They also 
demonstrated that it can induce NO production in murine 
macrophages. The present study used inactivated A. actinomy‑
cetemcomitans as a trigger instead of its LPS and found that 
live oraCMU decreased A. actinomycetemcomitans-induced 
NO production in RAW 264.7 cells by inhibiting iNOS at the 
mRNA level. Similarly, Yu et al (31), reported that treatment 

with heat‑inactivated W. cibaria JW15 decreased NO produc-
tion in RAW 264.7 cells upon LPS stimulation, which was 
attributable to downregulated iNOS expression. 

NF‑κB regulates the expression of iNOS and other 
proinflammatory factors (16,17). In the present study, A. 
actinomycetemcomitans stimulation increased p65 levels in 
the nucleus; this was inhibited by high doses of oraCMU, 
suggesting that it can inactivate NF‑κB. In addition, it inhib-
ited iκBα and IKKα/β phosphorylation in a dose‑dependent 
manner. These results suggested that oraCMU blocks the 
expression of proinflammatory mediators by inhibiting the 
classical NF‑κB pathway.

The proinflammatory cytokines IL1β and IL6 are repre-
sentative diagnostic markers that provide information about 
the progression of periodontal disease (17). Their expression 
is higher at sites of periodontal inflammation and is closely 
associated with the clinical severity of periodontitis. IL6 
secretion, stimulated by exposure to IL1β, is involved in the 
periodontal tissue destruction that occurs in periodontitis (17). 
In the present study, live oraCMU displayed dose‑dependent 
anti‑inflammatory activities in macrophages activated by 
A. actinomycetemcomitans by inhibiting NF‑κB signaling 
(Fig. 7). Heat‑inactivated W. cibaria JW15 has also been 
shown to suppress IL1β and IL6 expression; moreover, 
mechanistically, its anti‑inflammatory properties are mediated 
by mitogen‑activated protein kinase signaling and result in 
NF‑κB inhibition (31).

Probiotics are viable microorganisms that have a number of 
health benefits, which includes regulating intestinal microbial 
balance and exerting immune‑modulating effects on the host 
through colonization of the intestinal microflora (25). Since the 

Figure 7. Model of the mechanism of the anti‑inflammatory effect of oraCMU in A. actinomycetemcomitans‑infected RAW 264.7 macrophages. The results 
suggest that oraCMU: (A) Suppresses iNOS expression and NO production; (B) inhibits IL1β and IL6 mRNA expression; (C) inhibits p65 nuclear transloca-
tion; (D) inhibits IκBα phosphorylation; and (E) inhibits IKKα and IKKβ phosphorylation. OraCMU, Weissella cibaria CMU; iNOS, inducible nitric oxide 
synthase; NO, nitric oxide; IL, interleukin; IκBα, NF‑κB inhibitor α; IKK, IκBα kinase.
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composition of bacterial surface molecules, including amino 
acid residues, disaccharide ratio and differences in cross‑link 
type, are different between microbes, microbe‑mediated 
immune responses are probiotic strain‑specific (23‑25). The 
present study simultaneously inoculated macrophages with 
formalin‑inactivated A. actinomycetemcomitans and live 
bacteria oraCMU, and then confirmed the mechanism of action 
of A. actinomycetemcomitans‑induced inflammatory cytokine 
expression via cell signaling. Probiotics and periodontal 
pathogens were evaluated by direct contact with macrophages. 

Metabolites and altered surroundings produced by probi-
otics can affect the inhibition of inflammatory cytokine 
expression in macrophages, but do not exert inhibitory effects 
due to the use of inactivated A. actinomycetemcomitans. Since 
oraCMU is commercially used as a living bacterium, the live 
bacterium oraCMU was used in this study. As oraCMU is an 
anaerobic bacterium, it was expected to be effective because 
it can grow well under anaerobic conditions when it enters the 
periodontal pocket. 

Previous studies on W. cibaria strain derived from Kimchi, 
a fermented food, have focused on intestinal immunity (30,31). 
However, previous studies have reported that probiotics work in 
the oral cavity and have beneficial effects (24‑28). The present 
study is novel in that the W. cibaria strain, derived from the 
saliva of children with healthy mouths, was investigated for 
the prevention of proinflammatory responses by A. actinomy‑
cetemcomitans and for its cellular signaling mechanism.

In conclusion, the present study demonstrated the 
anti‑inflammatory effects of the oral cavity‑derived probiotic 
oraCMU, indicating its usefulness as a prophylactic oral 
probiotic. OraCMU inhibited proinflammatory signaling in 
A. actinomycetemcomitans‑induced macrophages by blocking 
NF‑κB activation, resulting in decreased phosphorylation of 
IKKs and IκBα, decreased translocation of p65 to the nucleus 
and decreased expression of iNOS, IL1β and IL6. Although 
further in vivo research will be required to confirm the 
anti‑inflammatory effects of this strain, these results provide 
molecular evidence for the immunomodulatory effects of 
oraCMU. Overall, the findings of present study indicated that 
oraCMU could be used to develop oral care probiotics that can 
aid in the prevention of periodontal disease. The effects of live 
probiotics were investigated in the present study. Comparative 
studies on live and dead oraCMU in a further study might be 
meaningful and should be considered in further research.
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