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Bacterial infection and smoking are an important risk factors involved in the development and progression of periodontitis. However, the signaling 

mechanism underlying the host immune response is not fully understood in periodontal lesions. In this study, we determined the expression of janus 

kinase (JAK)/signal transducer and activator of transcription (STAT) on Porphyromonas gingivalis lipopolysaccharide (LPS)- and nicotine-induced 

cytotoxicity and the production of inflammatory mediators, using osteoblasts. The cells were cultured with 5 mM nicotine in the presence of 1 μg/ml 

LPS. Cell viability was determined using MTT assay. The role of JAK on inflammatory mediator expression and production, and the regulatory 

mechanisms involved were assessed via enzyme-linked immunosorbent assay, reverse transcription-polymerase chain reaction, and Western blot 

analysis. LPS- and nicotine synergistically induced the production of cyclooxgenase-2 (COX-2) and prostaglandin E2 (PGE2) and increased the 

protein expression of JAK/STAT. Treatment with an JAK inhibitor blocked the production of COX-2 and PGE2 as well as the expression of 

pro-inflammatory cytokines, such as tumor necrosis factor-α, interleukin-1β (IL-1β), and IL-6 in LPS- and nicotine-stimulated osteoblasts. These 

results suggest that JAK/STAT is closely related to the LPS- and nicotine-induced inflammatory effects and is likely to regulate the immune response 

in periodontal disease associated with dental plaque and smoking.
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Introduction

Periodontitis is an infectious disease, and pathogenic 

bacteria are the driving force lead to periodontal tissue 

breakdown1). The degradation of the soft and hard tissues 

of the periodontium results from both the colonization of 

tooth surfaces by certain Gram-negative anaerobic bac-

teria, such as Aggregatibacter actinomycetemcomitans2,3) 
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and Porphyromonas gingivalis
4)

, and the host response to 

its accumulation
5)

. In dental plaque, lipopolysaccharide 

(LPS) from the cell wall of Gram-negative bacteria induces 

the production of bone-absorbing cytokines, such as 

interleukin (IL)-1, IL-6, interferon (IFN)-α, and tumor 

necrosis factor (TNF)-α6-8)
, and of prostaglandin E2 

(PGE2)
9)

.

Smoking is also an important risk factor in the 

progression of periodontitis
10)

. Nicotine, a major com-

ponent of tobacco smoke, influences the periodontopathic 

processes and has been detected on the subgingival plaque 

and in the gingival crevicular fluid of smokers
11)

. Previous 

reports demonstrated that nicotine inhibited growth of 

gingival fibroblasts and production of fibronectin and 

collagen, and promoted collagen breakdown
12)

. Nicotine 

has been shown to increase the release of IL-6 by cultured 

murine osteoblasts
13)

 and changes in IL-6, IL-10, and 

IFN-γ levels by treated with nicotine in mice
14)

. 

Although inflammation is an essential component of the 

host response to microbial challenge and various oral 

conditions, excessive secretion of inflammatory mediators 

results in loss of alveolar bone and connective tissue 

attachment around teeth, which are the hallmarks of 

destructive periodontal disease
15)

. Therefore, the regula-

tion of inflammatory mediators by intracellular mechanisms 

and the balance of pro-instead of anti-inflammatory activity 

will ultimately determine the severity and extent of sup-

porting tissue destruction in gingivitis and periodontitis
16,17)

.

Many cytokines that participate on periodontium 

damage such as ILs or IFNs signal through janus kinase 

(JAK)/signal transducer and activator of transcription 

(STAT) signal transduction. It is that activation of these 

pathways is essential for the signaling of cytokines and 

other stimuli, which regulates inflammatory gene expression.

The JAK/STAT pathway is the attractive targets of 

various cytokines which are regarded to have biologically 

significant roles in chronic periodontal disease
18,19)

. Other 

recent study has shown that activations of STAT3 and 5 

were noted on the ligature model of experimental perio-

dontitis
20)

.

However, the intracellular signaling mechanisms con-

trolling the inflammatory network in periodontal disease 

are still poorly understood. Thus, the object of this 

research was to investigate the role of JAK/STAT on LPS- 

and nicotine-induced inflammatory mediators in osteo-

blast cells. 

Materials and Methods

1. Cell culture 

A murine pre-osteoblastic cell line, MC3T3-E1, was 

purchased from American Type Culture Collection 

(Manassas, VA, USA) and cultured in α-minimal essential 

medium containing 10% fetal bovine serum, 100 U/ml 

penicillin, and 100 μg/ml streptomycin. The cells were 

stimulated with 1 μg/ml highly purified P. gingivalis LPS 

(Invivogen, San Diego, CA, USA) and nicotine 1, 2, or 5 

mM (Sigma-Aldrich Chemical Co., St. Louis, MO, USA) 

for 24 hours. Other tissue culture reagents were from 

Gibco
TM

/Life Technologies (Carlsbad, CA, USA). JAK 

inhibitor was purchased from EMD Chemicals (Gibbs-

town, NJ, USA).

2. Cell cytotoxicity assay

The cytotoxicity was determined by a 3-(4,5-dimethyl-

thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT; 

Sigma-Aldrich Chemical Co.) assay. Cells seeded on 

96-well microplates at 1×10
4
 cells/well were incubated 

with LPS (from P. gingivalis) and nicotine for the 

indicated time period. Medium was removed and then 

incubated with 100 μl MTT solution for 4 hours. 

Absorbance was measured in a microplate reader (Bio- 

Rad, Hercules, CA, USA) at 595 nm.

3. Enzyme-linked immunosorbent assay (ELISA) 

The concentrations of cyclooxgenase-2 (COX-2) and 

PGE2 in the culture supernatants were determined using a 

commercially available ELISA kit (R&D Systems, Min-

neapolis, MN, USA). Triplicate assays were carried out on 

each specimen, and the data were converted to pg/ml. 

4. RNA extraction, reverse transcriptase-polymerase 

chain reaction (RT-PCR)

Total RNA was extracted from cells using Trizol 

(Invitrogen, Carlsbad, CA, USA) according to the manu-

facturer’s instructions. Reverse transcription of the RNA 
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Table 1. Sequences of Oligonucleotide Primer Used for RT-PCR Analysis

Gene Primer sequence (5'-3') Annealing temperature (oC)

TNF-α F: 5'-CTCTFFCCCAFFCAFTCAGA-3' 60

R: 5'-GGCGTTTGGGAAGGTTGGAT-3'
IL-1β F: 5'-TGGAGATGACAGTTCAGAAG-3' 58

R: 5'-GTACTGGTGCCGTTTATGC-3'
IL-6 F: 5'-TAFCCGCCCCACACAGACAG-3' 57

R: 5'-GGCTGGCATTTGTGGTTGGG-3'
GAPDH F: 5'-CGGAGTCAACGGATTTGGTCGTAT-3' 62

R: 5'-AGCCTTCTCCATGGTGGTGAAGAC-3'

RT-PCR: reverse transcription-polymerase chain reaction, F: forward, R: reverse, TNF-α: tumor necrosis factor-α, IL-1β: 
interleukin-1β, IL-6: interleukin-6, GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

was performed using AccuPower RT PreMix (Bioneer, 

Daejeon, Korea). A total of 1 μg of RNA and 20 pmol 

primers were preincubated at 70℃ for 5 minutes, and then 

transferred to a mixture tube. The reaction volume was 20 

μl. cDNA synthesis was performed at 42
o
C for 60 

minutes, followed by RT inactivation at 94
o
C for 5 

minures. Thereafter, the RT-generated DNA (2∼5 μl) 

was amplified using AccuPower PCR PreMix (Bioneer). 

Thirty cycles of amplification were run in a DNA thermal 

cycler (Roche Diagnostics, Mannheim, Germany). Primer 

sequences and PCR conditions are detailed in Table 1. 

PCR products were subjected to electrophoresis on 1.5% 

agarose gels and visualized with SYBR
Ⓡ

 Safe.

5. Western blotting assay 

The treated cells were washed with phosphate buffer 

saline and cytosolic and nuclear protein extracts were 

prepared using 1× RIPA buffer (Santa Cruz Biotech-

nology, CA, USA) supplemented with a protease inhibitor 

cocktail. Protein concentrations were determined using the 

Bradford assay (Bio-Rad) as per the manufacturer's 

protocol. Proteins (30 μg) were mixed with an equal 

volume of 2× sodium dodecyl sulfate (SDS) sample 

buffer, boiled for 5 minutes, and then resolved by 

SDS-polyacrylamide gel electrophoresis (12% acrylamide) 

and transferred to polyvinylidene fluoride membrane, 

immobilon-P (Millipore Co., Milford, MA, USA). The 

membrane was blocked with 5% skim milk in tris- 

buffered saline, 0.1% tween 20 for 1 hour at room 

temperature and incubated with primary antibodies 

(1:1,000) and horseradish peroxidase-conjugated secondary 

antibodies. Protein bands were detected using an enhanced 

chemiluminescence system (Amersham Biosciences, 

Buckinghamshire, UK) according to the manufacturer’s 

instructions, and exposed to X-ray film. All other antibody 

was bought from Santa Cruz Biotechnology (Heidel-berg, 

Germany), unless indicated otherwise. 

6. Statistical analysis 

All experiments in this research were performed three 

times to test the reproducibility of the results, and represen-

tative findings are shown. Differences among groups were 

analyzed using one-way analysis of variance with the IBM 

SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). 

All values were expressed as means±standard deviations, 

and differences were considered significant at p＜0.05. 

Results 

1. Effects of LPS and nicotine on cytotoxicity and 

production of COX-2/PGE2

We first assessed the effects of LPS and nicotine on cell 

viability via MTT assay. MC3T3-E1 cells exposed to 

different concentrations of LPS and nicotine for various 

lengths of time showed a dose-dependent reduction in cell 

viability compared with control cells (Fig. 1A). Next, we 

examined the time course of LPS and nicotine-induced 

changes in COX-2/PGE2 production. Co-treatment with 

LPS (1 μg/ml) and nicotine (5 mM) resulted in a time- 

dependent increase of COX-2 and PGE2 secretion, with 

maximal induction after 18 or 24 hours of incubation (Fig. 

1B, 1C).
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Fig. 1. Effects of lipopolysaccharide (LPS) and nicotine on cytotoxicity and production of cyclooxgenase-2 (COX-2)/prostaglandin 
E2 (PGE2) in osteoblasts. Cells were incubated with the indicated concentrations of Porphyromonas gingivalis LPS and nicotine for 
24 hours. Cell cytotoxicity was determined by MTT (A), and production of COX-2 and PGE2 levels were determined by enzyme-linked 
immunosorbent assay (B, C). Data were obtained from three independent experiments. Values are mean±standard deviation of three 
experiments. 

a
Statistically significant difference compared with control (p＜0.05).

Fig. 2. Effects of lipopolysaccharide (LPS) and nicotine on the
janus kinase (JAK)/signal transducer and activator of tran-
scription (STAT) activation in osteoblasts. Cells were incubated
for 60 minutes with the indicated concentrations of LPS and 
nicotine. The levels of protein expression were determined by 
Western blotting. The data presented are representative of three
independent experiments.

2. Involvement of JAK/STAT pathway on LPS and 

nicotine-induced inflammatory mediator expression
Since JAK/STAT as a major transcription factor 

regulating inflammatory gene expression, we determine 

whether LPS and nicotine could activate JAK/STAT in 

association with its COX-2 and PGE2 upregulation. As 

shown in Fig. 2, LPS and nicotine treatment caused 

increased JAK accumulation in MC3T3-E1 cells. In 

addition, TNF-α, IL-1β, and IL-6 are major inflammatory 

cytokines in periodontitis, we investigated these cytokines 

was affected by JAK/STAT pathway. As shown in Fig. 3, 

JAK inhibitors significantly decreased mRNA expression 

of LPS and nicotine-induced TNF-α, IL-1β, and IL-6 in 

dose dependent manner.

Discussion 

Periodontal diseases are chronic inflammation charac-

terized by destruction of tooth-supporting soft and hard 

tissues. Host immune and inflammatory responses are the 

main causes of promoting the progression of periodontal 

diseases5). Although previous studies reported that the 

biological activity of a variety of cytokines may be directly 

relevant to periodontal destruction1,15), the molecular mecha-

nisms of these effects have not been fully elucidated.

In the present study, it is that demonstrated that P. 

gingivalis LPS and nicotine can directly stimulate 

production of COX-2, PGE2, TNF-α, IL-1β, and IL-6 in 

vitro. COX-2 is induced by inflammation, and is re-

sponsible for the synthesis of PGE2, which causes pain and 

periodontal destruction
9,21)

. Furthermore, previous studies 

have reported that these mediators could initiate soft tissue 

degradation, osteoclast differentiation, and bone 

resorption, which are typical symptoms of periodontal 

disease
7,8,16)

. Remarkably, the limited production of these 

mediators may reduce the inflammatory cell chemotaxis 

and suppress the destruction and disintegration of perio-

dontium
22)

. Therefore, pharmaceutical inhibition of the 
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Fig. 3. Effects of janus kinase (JAK) inhibitor on expression of lipopolysaccharide (LPS) and nicotine-induced inflammatory mediators 
in osteoblasts. Cells were pretreated for 2 hours with JAK inhibitor, and then incubated with the indicated concentrations of LPS and 
nicotine for 24 hours. The levels of expression were determined by enzyme-linked immunosorbent assay (A, B) and reverse tran-
scription-polymerase chain reaction (C). The data presented are representative of three independent experiments. 

a
Statistically sig-

nificant difference compared with control (p＜0.05). 
b
Statistically significant difference compared with LPS and nicotine (p＜0.05). 

COX-2: cyclooxgenase-2, PGE2: prostaglandin E2, TNF-α: tumor necrosis factor-α, IL-1β: interleukin-1β, GAPDH: glyceraldehyde 
3-phosphate dehydrogenase.

production of inflammatory mediators may be an effective 

strategy for treating periodontal diseases.

In addition, recent studies have demonstrated that signal 

transduction pathways closely involved in inflammation 

or osteoclast differentiation include the MAPK pathway, 

nuclear factor kappa B pathway, JAK/STAT and nuclear 

factor of activated T cells c1 activation19,23,24). JAK/STAT 

pathway is essential for the signaling of cytokines, which 

contribute to the progression of various inflammatory 

diseases19,25,26). This pathway can influence the release of 

various genes with pro-inflammatory activity, such as 

INF-γ, TNF-α, IL-1, IL-4, IL-6, and IL-1018,20). We demon-

strated that treatment with JAK inhibitor down-regulated 

LPS and nicotine-induced inflammatory mediators, sug-

gesting that JAK/STAT pathway might play a critical role 

in these responses.

These results suggest that LPS and nicotine induced 

COX-2 and PGE2 production via the JAK/STAT pathway 

in osteoblasts. Based on these findings, we propose that 

JAK as an inflammatory mediator represents a important 

preventive or therapeutic target in periodontitis. 

 

Summary

Although periodontal diseases has been regarded as the 

result of hyper-immune or inflammatory responses to 

Bacterial infection and smoking, are rather poor activators 

and/or suppressors of the host immune response. JAKs is a 

key family of cytoplasmic tyrosine kinases, and JAK/STAT 

pathway have affects a considerable number of genes 

expression with pro-inflammatory activity in various 

inflammatory diseases. The present study was designed to 

clarify the relationship in signaling mechanism on COX-2 

and PGE2 production in relation to LPS and nicotine. After 

stimulation with LPS and nicotine, ELISA, RT-PCR, and 

Western blot experiments were performed to evaluate the 

effects of these stimulation on the production of in-

flammatory mediators and activation of signaling pathway. 

In conclusion, our study provides evidence for the P. 

gingivalis LPS as the major pathogenic factor and nicotine as 

cytotoxic agent of chronic periodontitis can cause alveolar 

bone resorption. Additionally, regulation of targeted JAK/ 

STAT pathway during inflammation by modulating 

inflammatory mediator levels in osteoblasts, which may 

provide a potential therapy for the patients with this disease.
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