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Objective: This study aimed to investigate the potential effects of the combination therapy of irsogladine maleate
(IM) and azithromycin (AZM) on the inflammation in lipopolysaccharide (LPS)-induced gingival epithelial cells.
Methods: Human gingival epithelial cell OBA-9 was stimulated by LPS to construct the periodontitis model,
followed by the treatment of irsogladine maleate (IM) or azithromycin (AZM) with different concentration. Trans-
epithelial electrical resistance (TER) of cells in each group was analyzed, and qRT-PCR and western blotting
were used to detect the expressions of inflammatory cytokines. Immunofluorescence staining was performed
to detect the protein expression. Results: The TER for cells was significantly decreased while the inflammatory
cytokines expressions including IL-6, IL-8, IL-1B and TNF-a were all significantly increased by LPS compared
to the control (P<0.05). However, TER was increased significantly, whereas the cytokine levels were decreased
by IM or AZM, but these effects was more apparent in cells treated with IM and AZM combination (P<0.01).
Moreover, E-cadherin and vimentin expressions were more positive in the IM and AZM group than in the other
groups. The application of ERK and P38 MAPK inhibitors reversed the effects of LPS on cell inflammatory
cytokine production and cell TER. Conclusion: This study revealed that the combination therapy of IM and AZM

performed excellent effects on preventing the inflammatory progression of periodontitis.

1. Introduction

Periodontitis is a common disease characterized by symptoms like
gum inflammation and swelling, bleeding, alveolar bone resorp-
tion, periodontal pocket formation and tooth mobility (Bullon et
al. 2014). The pathogenesis of periodontitis is complicated, and
immune reactions, inflammatory reactions and pathogenic bacteria
including helix melanin producing Bacteroides and Actinomycetes
species are involved (Ishikawa et al. 1997). To date, periodontitis
treatment includes systemic and local administration and local drug
administration and fundamental dental plaque treatment (Borole et
al. 2014; Manetsch et al. 2014). However, treatment outcomes still
remain unsatisfactory due to the complicated pathogenesis of the
disease.

Irsogladine maleate (IM) has been reported to be a useful drug
in the clinical cure of gastric ulcer through protecting the mucosa
(Hiraishi et al. 2010). Recent studies have reported that IM could
suppress the secretion of cytokines and gingival epithelial cell
adhesion induced by Actinobacillus, and protect the oral mucosa
(Uchida et al. 2002; Chahboun et al. 2014). Azithromycin (AZM),
a macrolide antibiotic, has been reported to function as an anti-
inflammatory agent through anti-infection and immune regulation
in various of diseases (Bakheit et al. 2014; Havlir et al. 1996). In
vitro studies revealed that AZM could suppress the secretion of
inflammatory cytokines (Doyle et al. 2015; Shunmugaperumal and
Kaur 2015). Few studies have mentioned the potential effects of a
combination of IM and AZM in human periodontitis therapy.

In the current study, we constructed a periodontitis model in vitro
by stimulating the human gingival epithelial cell line OBA-9 using
lipopolysaccharide (LPS), and then analyzed the influences of
IM and AZM on transepithelial electrical resistance (TER) and
inflammatory cytokine secretion. This study aimed to investigate
the effects of a combination therapy of IM and AZM in the cure
of periodontitis and to reveal its potential molecular mechanisms.
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2. Investigations and results

2.1. Combination of IM and AZM enhanced TER

To analyze the effect of combination therapy of IM and AZM on the
inflammations in cells, the transepithelial electrical resistance (TER)
was measured (Fig. 1). LPS treatment significantly reduced the cell
TER compared to the controls with time increasing (P<0.001), the
TER was partly increased by the single treatment of IM or AZM
(P<0.05). Interestingly, cell TER was highly increased up to values
close to control by the combination treatment of IM and AZM.
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Fig. 1: Combination therapy of IM and AZM enhanced the cell transepithelial electrical
resistance (TER). Cell TER was significantly decreased by LPS, but was partly
increased by the IM or AZM treatment, however, TER was significantly increased
by the combination of IM and AZM compared to the LSP group, which was al-
most the same as control. **: P<0.01, and **: P<0.001 compared to the control;
#: P<0.05, ##: P<0.01, and ###: P<0.001 compared to the LSP treated group.
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2.2. Combination of IM and AZM reduced inflammatory
cytokine secretion

We further analyzed the effects of combination therapy of IM and
AZM on the inflammatory cytokine secretion (Fig. 2). Cytokine
levels including those of IL-6, IL-8, IL-1f and TNF-a were all
significantly increased by the LPS treatment (P<0.05), whereas, they
were significantly decreased by the combination therapy of IM and
AZM compared to the single treatment of IM or AZM (P<0.01).
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Fig. 2: Combination therapy of IM and AZM reduced the inflammatory cytokine secre-
tion in cells. Cytokines including IL-6, IL-8, IL-1p and TNF-a were all highly ex-
pressed in cells treated with LPS, however, their levels were significantly reduced
by the combination therapy of IM and AZM. **: P<0.01, and **: P<0.001 com-
pared to the control; #: P<0.05, and ##: P<0.01 compared to the LSP treated group.

2.3. Combination of IM and AZM increased the expres-
sions of E-cadherin and vimentin

To analyze the potential effect of IM and AZM combination from a
molecular perspective, the expression of vimentin and E-cadherin
was analyzed. Immunofluorescence assay showed that vimentin and
E-cadherin expressions were drastically decreased in the LPS treated
group compared to the controls (Fig. 3). Additionally, expression of
the two proteins were highly expressed by the combination therapy of
IM and AZM compared to that in cells treated with IM or AZM alone.

2.4. Combination of IM and AZM activated the ERK/
P38-AMPK signal pathway

The phosphorylated (p-)p38 and p-ERK were highly expressed by
the LPS inducement, but was decreased by the single IM or AZM
treatment. However, the expressions of p-ERK and p-AMPK were
drastically decreased by the combination therapy (Fig. 4). These
results indicated that the p38 AMPK/ERK signal pathway could be
deactivated by the treatment of IM and AZM.

2.5. The reverse test in vitro

To further analyze the potential roles of IM and AZM combination
therapy on the ERK/AMPK signal pathway-related protein expres-
sion, the AMPK or ERK inhibitor was introduced to the study (Fig.
5). SB203580 and PD98059 showed to inhibit AMPK and ERK in
previous studies (Clerk and Sugden 1998; Yamaguchi et al. 2002).
When cells were treated with the inhibitors, the percentage of TER
was significantly increased compared to the LPS treatment group
with time increasing (P<0.01, Fig. 5A). In addition, the secretion
of cytokines including IL-6, IL-8, IL-1p and TNF-a was signifi-
cantly decreased by the inhibitor application compared to the LPS
treated group (P<0.01, Fig. 5B).

3. Discussion

Periodontitis remains to be a common oral disease, which is
characterized by high morbidity and may become a striking
health problem (Darveau 2010). The pathogenesis of periodontitis
includes bacterial infections, which are difficult to treat (Tonetti et
al. 2007; Hajishengallis 2014). In this study, we tried to develop a
novel therapy method for periodontitis by using two anti-inflam-
matory drugs, IM and AZM, and to analyze possible molecular
mechanism for an effective combination therapy.

Studies have revealed that TER represents the permeability of a
cell membrane for inside and outside ions (Min and Min 2013).
Inflammatory infections may decrease the TER of gingival cells
(Blascobaque et al. 2012), while IM or AZM treatment could both
increase the TER of gingival cells (Kishimoto et al. 2008; Oteo et al.
2010), which was in accordance with our results (Fig. 1). However,
our data revealed that the combination therapy of IM and AZM
could excellently increase the TER, indicating that a combination
therapy of these drugs may be useful in the treatment of periodon-
titis. In addition, we further detected the inflammatory cytokines
in each group. Savitri et al. (2014) proved that IM inhibited the
Porphyromonas gingivalis-mediated expression of IL-8 and then
played certain roles in preventing the progression of periodontitis,
whereas Doyle et al. (2015) demonstrated that AZM suppressed
the production of pro-inflammatory cytokines and chemokines in
human gingival fibroblasts. Our results showed that the LPS treat-
ment resulted in a high expression of IL-6, IL-8, IL-1p, and TNF-a,
while their levels were decreased by the single treatment of IM or
AZM at different levels, namely, IL-8 and TNF-a depression by
IM, and IL-6 and IL-1P depression by AZM. Interestingly, their
levels can be significantly decreased by the combination therapy
of IM and AZM (Fig. 2), indicating that excellent effects of the IM
and AZM combination on alleviating the inflammatory in cells.

It has been well known that E-cadherin and vimentin may serve
as indicators of epithelial-mesenchymal transition (Myong 2012).
Inflammatory cytokines or chemokines would destroy the gingival
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Fig. 3: Combination therapy of IM and AZM increased the expression of Vimentin and E-cadherin. Immunofluorescence assay showed that Vimentin and E-cadherin expressions
were drastically decreased in LPS treated group compared to the control group, while expression of the two kinds of proteins were highly expressed by the combination

therapy of IM and AZM compared to that in cells treated with single IM or AZM.
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Fig. 4: Combination therapy of IM and AZM activated the ERK/AMPK signal path-
way. P-ERK and p-AMPK protein were highly expressed in LPS treated
group, while they were slowly expressed by the signal treatment of IM or
AZM, however, their expression was even lowly expressed by the combina-

tion therapy of IM and AZM.
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Fig. 5: Inhibitor of ERK/AMPK signal pathway reversed the expression of TER
and cytokine secretion caused by LPS in cells. A: the inhibitor application of
SB203580 or PD98059 enhanced the percentage of TER in cells compared
to the LPS treated group; B: secretion of IL-6, IL-8, IL-18 and TNF-a was
reduced by the inhibitor treatment of SB203580 or PD98059 compared to the
LPS-treated group. **: P<0.01, and ***: P<0.001 compared to the control; #:
P<0.05, and ##: P<0.01 compared to the LSP treated group.

tissue through affecting the epithelial-mesenchymal transition.
Our data showed that the inflammatory of LPS stimulation resulted
in 4 decrease of vimentin and E-cadherin in cells, while the two
proteins were higher expressed in cells treated with IM or AZM
than the control (Fig. 3). We hypothesized that IM and AZM
combination treatment would promote the epithelial-mesenchymal
transition in gingival cells.

Furthermore, p38 and ERK are pivotal cell transduction signals,
which are involved in various processes including cell prolifera-
tion, apoptosis, and inflammation (Bordicchia et al. 2012; Ma et al.
2014). Previous studies suggested a correlation between p38 or ERK
signal and periodontitis, but no evidence has proved the effects of
IM or AZM on p38 or ERK signals in human gingival cells. Rogers
et al. (2007) had demonstrated that the p38 MAPK inhibitor could
arrest bone loss during periodontitis development in a rat model, and
Yoshimoto et al. (2015) proved that the ERK signal was involved
in TGF-B1 induced cell apoptosis in gingival epithelial cells. Since
SB203580 and PD98059 are inhibitors for AMPK and ERK (Clerk
and Sugden 1998; Yamaguchi et al. 2002), we evaluated the effects
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of IM and AZM on inflammatory cytokine secretion and TER of
gingival cells using the two inhibitors. In agreement with previous
results (Blascobaque et al. 2012), our results showed that the ERK
and p38 MAPK signal were both activated by the application of
LPS in gingival cells. However, the reverse validate results revealed
that the inflammatory reaction was suppressed while cell TER was
increased by the application of ERK and p38 MAPK inhibitor (Fig.
4), suggesting a suppression of IM and AZM combination on the
activation of the ERK/P38 MAPK signal.

To sum up, the data presented in this study reveals that a combination
therapy of IM and AZM plays a role in the development and progres-
sion of periodontitis via suppressing the inflammatory reaction and
promoting epithelial-mesenchymal transition through inhibiting
the activation of the ERK/P38 MAPK signal pathway. This study
may provide the theoretical basis for an improved treatment of peri-
odontitis, but further studies are needed to investigate mechanism in
detail andf to implement this approach in clinical practice.

4. Experimental

4.1. Cell culture

The immortalized human gingival epithelial cell OBA-9 (HGEC) line (obtained from
ATCC) was cultured in Humedia-KG2 medium (Kurabo, Osaka, Japan) containing
insulin (10 mg/mL), human epidermal growth factor (0.1 mg/mL), hydrocortisone
(0.67 mg/mL), bovine pituitary extract (150 mg/mL), gentamycin (100 mg/mL) and
amphotericin B (100 mg/mL). The cells were incubated at 37 °C in an atmosphere of
5% CO, until they reached confluence.

4.2. Trans-epithelial electrical resistance (TER)

Cells were seeded at a density of 8x10* cells/mL on the polyethylene terephthalate
membrane of a cell culture insert, and maintained in 800 mL of medium A (insert: 300
mL, lower chamber: 500 ml). Confluent HGEC were pretreated with DMSO, irsogla-
dine maleate (IM, 1 M), azithromycin (AZM, 60 mg/mL), irsogladine maleate + AZM
(IM+AZM), SB203580 (10 M, a p38 MAP kinase inhibitor) and PD98059 (10 M,
an ERK inhibitor) for 1 h. They were then exposed to LPS at 1 g/ mL for 24 h at 37 °C
in a 5% CO, atmosphere in serum-free medium. TER of HGEC was measured using
a Millicell-ERS (Millipore, Billerica, MA, USA).

4.3. Real-time PCR

To analyze cytokines mRNA, confluent HGEC were pretreated with DMSO, irsogla-
dine maleate (IM, 1 uM), azithromycin (AZM, 60 mg/ml), irsogladine maleate + AZM
(IM+AZM), SB203580 (10 uM, a p38 MAP kinase inhibitor) and PD98059 (10 uM,
an ERK inhibitor) for 1 h. They were then exposed to LPS at 1 mg/mL for 24 h at 37
°Cin a 5% CO, atmosphere in serum-free medium. Total RNA was extracted using
TRIZOL reagent and assessed for quantity and integrity using agarose gel electropho-
resis and Eppendorf Biophotometer Plus. Total mRNA (1 pg) was reverse transcribed
using PrimeScript@ 1-st Strand cDNA Synthesis Kit according to the manufacturer’s
manual. Real-time PCR was performed on a fluorescence ration PCR instrument
using SYBR@ Premix Ex TaqTM II. Target cDNA (TNF-a, IL-6, IL-8, IL-1B) and
endogenous control cDNA (B-actin) were amplified under the following conditions:
94 °C for 4 min, 35 cycles at 94 °C for 20 s, 60 °C for 30 s and 72 °C for 30 s. Relative
quantitative (RQ) measurements of target gene levels were performed using the AACt
method, where Ct is the threshold concentration.

4.4. Immunofluorescence

Immunofluorescence staining was performed using rabbit anti-mouse E-cadherin
(Santa Cruz Biotechnology, Inc.), vimentin (Cell Signaling Technology) and B-actin
(Santa Cruz Biotechnology Inc.) as previously described. In brief, HGEC cells were
cultured on 10-mm round coverslips and stained using standard methods. Cells were
mounted on slides using ProlongH Gold antifade reagent (Life Technologies Corpora-
tion, Carlsbad, CA, USA) and imaged by fluorescence microscopy (Olympus).

4.5. Western Blot

Cells were pretreated with DMSO, irsogladine maleate (IM, 1mM), azithromycin
(AZM, 60 mg/mL) and irsogladine maleate + AZM (IM+AZM) for 1 h. The cells
were lysed with lysis buffer (150 mM NaCl, 50 mM Tris-HCI (pH 8.0), 0.1% SDS,
1% Triton X-100) containing protease and phosphatase inhibitor. Cell lysate protein
content was determined using a bicinchoninic acid (BCA) protein assay kit. Equiva-
lent amounts of whole cell extracts were subjected to SDS-PAGE gel and transferred
to nitrocellulose membranes. The membranes were blocked with 5% non-fat milk for
2 h and then incubated with respective primary antibody overnight at 4 °C followed
by the incubation with the appropriate HRP-conjugated secondary antibody for 1.5 h
at room temperature. Blots were visualized with an ECL detection kit (Pierce, USA)
and analyzed using Quantity One 1-D Analysis Software (Bio-Rad, Hercules, USA).
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4.6. Statistical analysis

Data are expressed as the mean + SEM. The data were analyzed using Student’s t
test or the ANOVA test. Results with P<0.05 were considered statistically significant.
GraphPad Prism (GraphPad Software Inc., San Diego, California, USA) was used for
these analyses.

Conflicts of interest: None declared.
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