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a b s t r a c t

Objectives: Temporomandibular joint osteoarthritis (TMJ-OA) is a multifactorial disease caused by
inflammation and oxidative stress. It has been hypothesized that mechanical stress-induced injury of TMJ
tissues induces the generation of reactive oxygen species (ROS), such as hydroxyl radical (OH�), in the
synovial fluid (SF). In general, the overproduction of ROS contributes to synovial inflammation and
dysfunction of the subchondral bone in OA. However, the mechanism by which ROS-injured synoviocytes
recruit inflammatory cells to TMJ-OA lesions remains unclear.
Methods: Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to
evaluate the mRNA expression of chemoattractant molecules. The phosphorylation levels of intracellular
signaling molecules were evaluated using western blot analysis.
Results: Hydrogen peroxide (H2O2) treatment significantly promoted mRNA expression of neutrophil
chemoattractant CXCL15/Lungkine in a dose-dependent manner (100e500 mM) in fibroblast-like syno-
viocytes (FLSs) derived frommouse TMJ. H2O2 (500 mM) significantly upregulated the phosphorylation of
extracellular signal-regulated kinase (ERK)1 and ERK2 in FLSs. Intriguingly, the mitogen-activated pro-
tein (MAP)/ERK kinase (MEK) inhibitor U0126 (10 mM) nullified H2O2-induced increase in CXCL15/
Lungkine mRNA expression. Additionally, H2O2 (500 mM) administration significantly upregulated OH�
production in FLSs, as assessed by live-cell permeant fluorescent probe targeted against OH� under
fluorescence microscopy. Furthermore, the ROS inhibitor N-acetyl-L-cysteine (5 mM) partially but
significantly reversed H2O2-mediated phosphorylation of ERK1/2.
Conclusions: H2O2-induced oxidative stress promoted the expression of CXCL15/Lungkine mRNA in a
MEK/ERK-dependent manner in mouse TMJ-derived FLSs, suggesting that FLSs recruit neutrophils to TMJ-
OA lesions through the production of CXCL15/Lungkine and exacerbate the local inflammatory response.
© 2022 Japanese Association for Oral Biology. Published by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Osteoarthritis (OA) of the temporomandibular joint (TMJ) is a
degenerative disease that is accompanied by dysfunction and se-
vere pain [1]. The pathogenesis of OA is affected by environmental
factors that are correlated with the activation of molecular mech-
anisms that promote progression of articular injury [2]. TMJ-OA is a
multifactorial disease that is induced by inflammation [3,4]. Pro-
gression of OA is associated with reactive oxygen species (ROS) and
oxidative stress [5,6]. Intriguingly, interleukin-1 beta (IL-1b), a
pro-inflammatory cytokine, induces the expression of inflamma-
tory mediators, such as IL-6, inducible nitric synthase, and
cyclooxygenase-2, and enhances ROS levels in human TMJ chon-
drocytes [7], suggesting that IL-1b strengthens the inflammatory
response and exacerbates oxidative stress in TMJ-OA lesions. ROS
signaling pathway is a new therapeutic target for OA treatment.
Consistently, Setti et al. reported that the major antioxidant
glutathione (GSH) and its precursor N-acetylcysteine exerted sig-
nificant protective effects against tissue injury by exacerbating
oxidative stress in chronic inflammatory diseases, such as OA [8].

In general, the production of chemokines contributes to inflam-
matory progression in OA lesions; chemokines produced in OA le-
sions promote chemotactic activity in inflammatory cells, such as
neutrophils, macrophages, and lymphocytes, and facilitate the
recruitment of these inflammatory cells into OA lesions, resulting in
further production of pro-inflammatory cytokines from the recruited
inflammatory cells [9]. Molnar et al. reported that IL-1b promotes the
expression of chemokines, including neutrophil chemoattractant IL-
8, monocyte chemoattractant protein-1/chemokine (CeC motif)
ligand 2 (CCL2), and T-cell-, macrophage-, eosinophil-, and basophil-
chemoattractant CCL5/RANTES in OA lesions [9]. Intriguingly, hy-
droxyl radicals (OH�) and hydrogen peroxide (H2O2) also induce
expression of IL-8 and intercellular adhesion molecule-1 in endo-
thelial cells, and subsequently promote extravasation of neutrophils
[10]. In addition, H2O2 treatment significantly induces IL-8 expres-
sion through the activation of mitogen-activated protein kinases
(MAPKs), including extracellular signal-regulated kinase (ERK), p38
MAPK, and c-Jun NH2-terminal kinase (JNK) in human periodontal
ligament cells [11]. In contrast, Luigi et al. demonstrated that H2O2
stimulation significantly induced IL-8 expression in fibroblasts
derived from systemic sclerosis patients in a phosphoinositide 3-
kinase (PI3K)/Akt-dependent manner [12]. Consistently, Jeong et al.
reported that H2O2 treatment significantly increased IL-8 expression
in a PI3K/Akt-dependent manner [13]. However, whether oxidative
stress promotes the expression of neutrophil chemoattractants, such
as IL-8, in TMJ-OA lesions in a MAPKs- or PI3K/Akt-dependent
manner remains to be clarified.

The chemokine (C-X-C motif) ligand (CXCL) family plays an
important role in the progression of inflammation [14]. CXCL15/
Lungkine, which is mapped to mouse chromosome 5, was identi-
fied as a homolog of human IL-8 and promotes chemotactic activity
in neutrophils both in vitro and in vivo. Intraperitoneal injection of
CXCL15/Lungkine increases the number of neutrophil marker Gr-1-
positive cells in the peritoneum. In addition, a transwell chemotaxis
assay revealed that CXCL15/Lungkine induced neutrophil migration
in a dose-dependent manner [15]. Histopathological analysis of
CXCL15/Lungkine null mice revealed that CXCL15/Lungkine is an
important factor that regulates neutrophil migration from the lung
parenchyma into the airspace [16]. A recent study showed that
CXCL15/Lungkine, previously reported to be a lung-specific che-
mokine, was also highly expressed in murine gastrointestinal,
urogenital, and endocrine organs [17]. However, whether CXCL15/
Lungkine plays an important role in the progression of TMJ-OA

remains to be clarified.
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Here, we evaluated whether the IL-8 inducer H2O2 promotes
CXCL15/Lungkine mRNA expression in the mouse TMJ-derived FLS
cell line FLS1 [18], and whether MAPKs- or PI3K/Akt-mediated
intracellular signals play an important role in the H2O2-mediated
expression of CXCL15/Lungkine mRNA. Additionally, this study
aimed to identify molecular targets for the establishment of novel
therapies that suppress the development of inflammatory lesions
in TMJ-OA.

2. Materials and methods

2.1. Cell culture

The FLS cell line FLS1 was previously established from synovial
tissue collected from the mouse TMJ. FLS1 cells were immortalized
by transfection with the simian virus 40 large T antigen (SV40LT)
expression vector [18]. Cells were cultivated in Ham's F-12 growth
medium supplemented with 10% fetal bovine serum (FBS), 2 mM L-
glutamine, penicillin (100 units/mL), and streptomycin (100 mg/
mL). The cells were incubated in a 5% CO2 and 20% O2 environment
at 37 �C and subcultured at a ratio of 1:4 when the cells reached
subconfluency.

2.2. Materials

Ham's F-12 medium was purchased from SigmaeAldrich (St.
Louis, MO, USA). L-glutamine (200 mM), penicillin-streptomycin
(100 x), and alamarBlue® Cell Viability Reagent were purchased
from Invitrogen (Carlsbad, CA, USA). Hydrogen peroxide was pur-
chased from Nacalai Tesque Inc. (Kyoto, Japan). The MAP/ERK kinase
(MEK) inhibitor U0126, p38 MAPK inhibitor SB203580, and PI3K
inhibitor LY294002 were purchased from Merck KGaA (Darmstadt,
Germany). N-acetyl-L-cysteine (NAC) was purchased from
SigmaeAldrich (St. Louis, MO, USA). Rabbit polyclonal antibodies
p44/42MAPK (Erk1/2) (#9102S), phospho-p44/42 MAPK (Erk1/2)
(Thr202/Tyr204) (#9101S), p38 MAPK (#9212S), phospho-p38
MAPK (Thr180/Tyr182) (#9211S), SAPK/JNK (#9252S), Akt
(#9272S), and phospho-Akt (Ser473) (#9271S), and rabbit mono-
clonal antibodiesphospho-SAPK/JNK (Thr183/Tyr185) (#9255S), and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (#5174S)
were purchased from Cell Signaling Technology, Inc. (Danvers, MA,
USA). Importantly, phosphorylation of ERK1 and ERK2 (ERK1/2) at
Thr202/Tyr204, that of p38 MAPK at Thr180/Tyr182, that of JNK at
Thr183/Tyr185, and that of Akt at Ser473were required for activation
of these enzymes [19e22]. The Cell Meter™mitochondrial hydroxyl
radical detection kit (red fluorescence) was purchased from AAT
Bioquest, Inc. (Sunnyvale, CA, USA). Hoechst 33342 was purchased
from FUJIFILMWako PURE Chemical Corp (Osaka, JAPAN).

2.3. Cell viability assay

Cell viability assay was performed using the oxidation-
reduction indicator alarmarBlue® (resazurin). Briefly, 1 � 104

FLS1 cells/well were seeded into 96-well plates in growth medium
and incubated for 24 h. Then, the growth medium was replaced
with growth medium with or without H2O2 (100e1000 mM), and
the cells were incubated for 24 h. Subsequently, the growth me-
dium was replaced with growth medium containing alarmarBlue®
reagent (10% (v/v)), and the cells were incubated for 4 h. Absor-
bance was then measured using a plate reader (Tosoh Corp., Tokyo
Japan) at Abs570 (reduced form) and Abs600 (oxidized form). Cell
viability was calculated as the percentage of control cells that were
cultured without H2O2.
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2.4. Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR)

FLS1 cells (0.8 � 105 cells/well) were seeded in 12-well plates
with growth medium. After 24 h of incubation, the medium was
replaced with growth medium with or without H2O2 at the indi-
cated concentrations. The cells were further incubated for 24 h.
Total RNA was extracted from FLS1 cells using ISOGEN reagent
(Nippon Gene Co., Ltd., Toyama, Japan). After removing the proteins
from the sample solution containing the extracted total RNA using
the phenol extraction method, first-strand complementary DNA
(cDNA) was synthesized from the extracted total RNA using Pri-
meScript™ RT reagent Master Mix (Takara Bio Inc., Shiga, Japan).
Subsequently, qPCR for cDNA amplification was performed in a
Thermal Cycler Dice Real Time System (Takara Bio Inc.) with
SYBR Premix Ex Taq II (Takara Bio Inc.). The primers used
for cDNA amplification were as follows: CXCL15/Lungkine
forward, 50-GGCAAGAACACTGTGTCCAAAGA-30 and reverse, 50-
GTGGATGACTGTCCATGCAGAA-30; GAPDH forward, 50- TGTGTCC
GTCGTGGATCTGA-30 and reverse: 50- TTGCTGTTGAAGTCGCAGGAG-
30. GAPDH expression was used as an internal control.

2.5. Western blot

FLS1 cells (5� 105 cells) were seeded in 6-cm disheswith growth
medium. After 24 h of incubation, the growth mediumwas replaced
with FBS-free starvation medium, and the cells were maintained for
24 h. The cells were then cultured with or without H2O2 (500 mM)
for the indicated times. Total protein was extracted from FLS1 cells
using RIPA cell lysis buffer (50 mM TriseHCl (pH 7.2), 150 mM NaCl,
1% NP-40, 0.5% sodium deoxycholate, and 0.1% sodium dodecyl
sulfate (SDS) [Nacalai Tesque Inc.]) supplemented with protease and
phosphatase inhibitor cocktail (SigmaeAldrich). Equal amounts of
extracted total protein were loaded onto 12.5% SDSePAGE gels and
separated. The separated proteins were transferred onto poly-
vinylidene difluoride membranes (Merck KGaA). The membranes
were incubated with the primary antibodies described in Section
2.2. Materials overnight at 4 �C according to the manufacturer's
protocol. The membranes were then incubated with an alkaline
phosphataseeconjugated secondary antibody for 1 h at room tem-
perature. The targeted bands on the membrane were visualized
using an alkaline phosphatase substrate kit (BCIP/NBT Substrate Kit)
(SeraCare Life Science, Inc., Milford, MA, USA). The band intensity on
the membrane was determined using the ImageJ 1.53a software
(National Institutes of Health, Bethesda, MD, USA).

2.6. Hydroxyl radical detection

Detection of hydroxyl radicals in FLS1 cells was performed using
a Cell Meter™ mitochondrial hydroxyl radical (OH�) detection kit
under a fluorescence microscope. Briefly, FLS1 cells
(0.07 � 105 cells/well) were seeded in 96-well plates with growth
medium and maintained for 24 h. The growth medium was then
replaced with that containing the permeant probe MitoROS™
OH580, which targets OH�, and emits red fluorescent light. The
cells were incubated for 1 h. Nuclei were also counter-stained with
Hoechst 33342 (FUJIFILM Wako PURE Chemical Corp). Subse-
quently, the growth medium was replaced with growth medium
with or without H2O2 (500 mM) and further maintained for 24 h.
Finally, the change in red fluorescence intensity was monitored
using an all-in-one fluorescence microscope BZ-X710 with Cy3/
TRITC filter set (Keyence Co., Ltd., Osaka, Japan). For the quantitative
analysis of OH� production levels in FLS1 cells, fluorescence RGB
color images were taken and quantitatively evaluated using an all-
in-one fluorescence microscope BZ-X analyzer.
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2.7. Statistical analysis

All experiments were repeated at least two times, and we
confirmed that we got same results. Data are presented as the
mean ± standard deviation and were analyzed using SPSS software
(IBM, Armonk, NY, USA). Tukey's multiple comparison test was
performed to determine statistical significance, except for the data
analysis shown in Fig. 4Ac. In Fig. 4Ac, the data were analyzed using
Student's t-test. Statistical significance was set at P < 0.05.

3. Results

3.1. H2O2 upregulates mRNA expression of CXCL15/Lungkine in FLS1
cells in a dose-dependent manner

We examined the effect of H2O2 (100e1000 mM) on FLS1 cell
viability. alarmarBlue® analysis revealed that 24 h treatment with
500 mM, 700 mM, and 1000 mM of H2O2 significantly decreased the
viability of FLS1 cells in a dose-dependent manner (500 mM, 90%;
700 mM, 48.4%; and 1000 mM, 0%); however, 100e300 mM H2O2 did
not affect cell viability (Fig. 1A). Therefore, we decided to
100e500 mM H2O2 for subsequent experiments.

We found that H2O2 (100e500 mM) promoted mRNA expression
of CXCL15/Lungkine in FLS1 cells in a dose-dependent manner
(Fig. 1B).

3.2. H2O2 treatment increases phosphorylation of ERK1/2, p38
MAPK, and Akt in FLS1 cells

We found that H2O2 (500 mM) promoted the phosphorylation of
ERK1/2 in FLS1 cells; upregulation of ERK1/2 phosphorylation
started at 10 min after H2O2 treatment, increased thereafter, and
peaked at 30min after H2O2 treatment (Fig. 2A). We also found that
H2O2 (500 mM) significantly promoted phosphorylation of p38
MAPK in FLS1 cells; upregulation of p38 MAPK phosphorylation
started at 10 min after treatment, increased thereafter, and peaked
at 30 min after H2O2 treatment (Fig. 2B). In addition, we found that
H2O2 (500 mM) promoted phosphorylation of Akt in FLS1 cells
10e30 min after treatment, and that the phosphorylation level
decreased 60e120 min after treatment (Fig. 2C). In contrast, JNK
phosphorylation was not detectable by western blot analysis (data
not shown).

3.3. MEK inhibitor and neither p38 MAPK inhibitor nor PI3K
inhibitor suppresses H2O2-mediated mRNA expression of CXCL15/
Lungkine in FLS1 cells

We confirmed that H2O2 (500 mM)-mediated increase in ERK1/2
phosphorylation was abrogated by pretreatment with the MEK
inhibitor U0126 (10 mM) (Fig. 3A). We also confirmed that H2O2
(500 mM)-mediated increase in Akt phosphorylationwas abrogated
by pretreatment with the PI3K inhibitor LY294002 (10 mM)
(Fig. 3B). We found that H2O2 (500 mM)-mediated increase in
CXCL15/Lungkine mRNA expression was clearly suppressed by
pretreatment with the MEK inhibitor U0126 (10 mM) (Fig. 3C).
Unexpectedly, neither p38 MAPK inhibitor SB203580 (10 mM) nor
PI3K inhibitor LY294002 (10 mM) suppressed H2O2-mediated in-
crease in CXCL15/Lungkine mRNA expression (Fig. 3D and E,
respectively).

3.4. Antioxidant NAC partially and significantly reverses the H2O2-
mediated increase in phosphorylation of ERK1/2 in FLS1 cells

The HO� detection assay revealed that H2O2 (500 mM) signifi-
cantly increased HO� production in FLS1 cells (Fig. 4Aa, Ab, and Ac).



Fig. 1. H2O2 treatment induced mRNA expression of CXCL15/Lungkine in FLS1 cells in a dose-dependent manner. (A) Cell viability assay was performed as described in the Materials
and methods section. The absorbance in each well at Abs570 (reduced form) and Abs600 (oxidized form) was measured using a plate reader. Cell viability was calculated as % of
control cells that were not treated with H2O2. Data are presented as the mean ± standard deviation (SD) (n ¼ 8). *, P < 0.01; **, P < 0.05. (B) Expression of CXCL15/Lungkine mRNA
was evaluated by RT-qPCR analysis as described in the Materials and methods section. Cells were treated with H2O2 at the indicated concentrations. Data are presented as the
mean ± standard deviation (SD) (n ¼ 4). *, P < 0.01.
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In addition, the antioxidant NAC (3e5 mM) partially and signifi-
cantly suppressed H2O2 (500 mM)-mediated increase in ERK/1/2
phosphorylation in FLS1 cells; however, a lower concentration of
NAC (1 mM) did not exert the same effect (Fig. 4B).

4. Discussion

We found that H2O2 treatment at high concentrations
(�500 mM) suppresses cell viability to 10e100% of that of control
Fig. 2. H2O2 treatment increased phosphorylation of ERK1/2, p38 MAPK, and Akt in FLS1 c
section. Cells were treated with H2O2 (500 mM) for the indicated time. (A) Total (upper pan
phosphorylated ERK1/2 against total levels of ERK1/2 were shown as the ratio of band inten
evaluated. Relative levels of phosphorylated p38 MAPK against total levels of p38 MAPK w
(middle panel) Akt levels were evaluated. Relative levels of phosphorylated Akt against total
as the mean ± SD (n ¼ 3). **, P < 0.05. GAPDH levels (lower panel) were examined as a re
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cells (Fig. 1A), suggesting that H2O2 administration at high con-
centrations (�500 mM) induces oxidative stress in FLS1 cells.
Consistently, we found that H2O2 (500 mM) promoted HO� pro-
duction in FLS1 cells (Fig. 4Aa, Ab, and Ac). Ueno et al. demon-
strated that H2O2 (100 mM) reduces the viability of TMJ-derived
chondrocytes, and this was significantly abrogated by NAC treat-
ment (2.5e5 mM) [23], suggesting that H2O2 induces oxidative
stress in TMJ chondrocytes. Hiran et al. previously demonstrated
that superoxide anions, which are thought to be the dominant ROS
ells. Western blot analysis was performed as described in the Materials and methods
el) and phosphorylated (middle panel) ERK1/2 levels were evaluated. Relative levels of
sity. (B) Total (upper panel) and phosphorylated (middle panel) p38 MAPK levels were
ere shown as the ratio of band intensity. (C) Total (upper panel) and phosphorylated
levels of Akt were shown as the ratio of band intensity. (A, B, and C) Data are presented
ference for the amount of protein loaded in each lane.



Fig. 3. MEK inhibitor and neither p38 MAPK inhibitor nor PI3K inhibitor suppressed H2O2-induced mRNA expression of CXCL15/Lungkine in FLS1 cells. Cells were treated with H2O2

(500 mM) for 24 h. (A and C) MEK inhibitor U0126 (10 mM), (B and E) PI3K inhibitor LY294002 (10 mM), or (D) p38 MAPK inhibitor SB203580 (10 mM) were added 30 min before H2O2

administration. (A) Levels of total (upper panel), and phosphorylated (middle panel) ERK1/2 levels were evaluated by western blot analysis. Relative levels of phosphorylated ERK1/
2 against total levels of ERK1/2 were shown as the ratio of band intensity. (B) Levels of total (upper panel) and phosphorylated (middle panel) Akt were evaluated by western blot
analysis. Relative levels of phosphorylated Akt against total levels of Akt were shown as the ratio of band intensity. (A and B) Data were presented as the mean ± SD (n ¼ 3). *,
P < 0.01. GAPDH levels (lower panel) were examined as a reference for the amount of protein loaded in each lane. (C, D, and E) Expression of CXCL15/Lungkine mRNAwas evaluated
by RT-qPCR analysis. Data were presented as the mean ± SD (n ¼ 3). *, P < 0.01**; P < 0.05.
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in chondrocytes, were converted to H2O2 in chondrocytes [24],
suggesting that H2O2 is a major candidate as an oxidative stress
inducer in OA.

We found that H2O2 (500 mM) increased the phosphorylation of
ERK1/2, p38 MAPK, and Akt in FLS1 cells (Fig. 2A, B, and 2C). In
addition, the MEK inhibitor U0126 (10 mM) completely reversed
H2O2-mediated increase in mRNA expression of CXCL15/Lungkine
in FLS1 cells (Fig. 3C); however, the same effect was not observed
with p38 MAPK inhibitor SB203580 (10 mM) (Fig. 3D), and not
with PI3K inhibitor LY294002 (10 mM) (Fig. 3E). These results
strongly suggested that H2O2 induced a MEK/ERK1/2-mediated
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signal that promoted the mRNA expression of CXCL15/Lungkine,
and also suggested that the H2O2-induced p38 MAPK-, or PI3K/
Akt-mediated signals were not involved in promotion of CXCL15/
Lungkine mRNA expression in FLS1 cells. In contrast, H2O2
(250 mM) has been reported to induce IL-8 expression through the
activation of ERK1/2, p38 MAPK, and JNK in human periodontal
ligament cells [11]. Importantly, the antioxidant NAC (5 mM), a
precursor of GSH, partially but significantly reversed H2O2-medi-
ated phosphorylation of ERK1/2 in FLS1 cells (Fig. 4B). Taken
together, these results suggest that H2O2-induced oxidative stress
upregulates CXCL15/Lungkine mRNA expression in FLSs in a MEK/



Fig. 4. Antioxidant NAC partially and significantly reverses the H2O2-mediated increase in phosphorylation of ERK1/2 in FLS1 cells. (A) Cells were cultured (Aa)without or (Ab) with
H2O2 (500 mM) for 24 h, and then OH� production in the cells was fluorescently visualized as described in the Materials and methods section. The nuclei were counter-stained with
Hoechst 33342 (blue). Scale bar, 50 mm. (Ac) Relative production of HO� in H2O2-treated cells against to that in non-treated cells was shown as the ratio of fluorescent intensity as
described in the Materials and methods section. Data were presented as the mean ± SD (n ¼ 6). *, P < 0.01. (B) Cells were incubated with or without H2O2 (500 mM) for 30 min and
pretreated with the antioxidant N-acetyl-L-cysteine 30 min before H2O2 administration. Then, total (upper panel) and phosphorylated (middle panel) ERK1/2 levels were evaluated
by western blot analysis. Relative levels of phosphorylated ERK1/2 against total levels of ERK1/2 were shown as the ratio of band intensity. Data were presented as the mean ± SD
(n ¼ 3). *, P < 0.01; **, P < 0.05. GAPDH levels (lower panel) were examined as a reference for the amount of protein loaded in each lane.
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ERK1/2-dependent manner. Unexpectedly, NAC (5 mM) did not
reverse H2O2-induced upregulation of CXCL15/Lungkine mRNA
expression in FLS1 cells (data not shown), suggesting that the
partial reduction in H2O2-mediated phosphorylation of ERK1/2
might not be sufficient to inhibit H2O2-mediated upregulation of
CXCL15/Lungkine mRNA expression. However, NAC administration
reportedly promotes IL-8 expression through activation of the
transcription factor erythroid 2-related factor 2 (Nrf2) in a cell
type-specific manner: Wang et al. demonstrated that NAC injec-
tion ameliorated carrageen-induced prostate inflammation and
pain by promoting Nrf2 expression in rats [25]. In addition, Jan-
natifar et al. reported that oral NAC supplementation significantly
promoted Nrf2 expression in the sperm of patients with asthe-
noteratozoospermia [26]. Intriguingly, Zhang et al. demonstrated
that Nrf2 overexpression in human kidney mesangial cells pro-
moted IL-8 mRNA expression by increasing the half-life of IL-8
mRNA [27]. In light of these previous findings, it seems plausible
that NAC administration might promote CXCL15/Lungkine mRNA
expression through the upregulation of Nrf2 expression in FLSs. In
contrast, NAC has been reported to reverse H2O2-induced sup-
pression of osteoblastic differentiation of mouse osteoblastic cells
via downregulation of Nrf2 expression [28]. Therefore, NAC can
upregulate or downregulate Nrf2 expression, which possibly re-
sults in upregulation or downregulation of CXCL15/Lungkine
mRNA expression, respectively, in a cell- and tissue-specific
manner.

Here, we showed that there was possibility that ERK1/2-
mediated signal related molecules could be molecular targets for
the establishment of novel therapies that suppress the develop-
ment of inflammatory lesions of TMJ-OA: inhibitors against to
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ERK1/2-mediated signal transduction molecules might retain an
ability to suppress the oxidative stress-promoted expression of
CXCL15/Lungkine mRNA, resulting in inhibition of infiltration of
inflammatory cells to lesions of TMJ-OA. In addition, we have to
elucidate whether the antioxidants other than NAC retain an ability
to abrogate both the H2O2-promoted phosphorylation of ERK1/2
and the H2O2-induced expression of CXCL15/Lungkine mRNA near
future.

5. Conclusion

In summary, we found that H2O2-induced oxidative stress pro-
motes the expression of CXCL15/Lungkine mRNA in a MEK/ERK-
dependent manner in FLSs derived from mouse TMJ, suggesting
that FLSs recruit neutrophils to TMJ-OA lesions through production
of CXCL15/Lungkine thereby exacerbating the local inflammatory
response. Our findings provide insights into the molecular mech-
anisms underlying the development of inflammatory lesions in
TMJ-OA.
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