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Abstract: Chronic respiratory disorders are some of the most frequent and severe chronic diseases in China. 
Epidemiological research has shown that particulate matter (PM) is a risk factor and is closely correlated to the 
progression of numerous respiratory diseases. Fibroblast growth factor 10 (FGF10) is a mesenchymal-epithelial 
signaling messenger essential for the development and environmental stability of several tissues. Nevertheless, 
its role in PM-induced airway inflammation remains unclear. The present study aimed to explore the mechanisms 
underlying the FGF10-related slowing of lung injury and inflammation in vivo and in vitro, as well as the therapeutic 
potential of these phenomena. Mice were intraperitoneally injected with a vehicle (PBS) or FGF10 (0.5 mg/kg) at 
one hour before intratracheal treatment with vehicle (PBS) or PM (4 mg/kg) for two consecutive days. Human airway 
epithelial BEAS-2B cells were exposed to a vehicle (PBS) or FGF10 (10 ng/ml) in vitro at one hour prior to incubation 
with a vehicle or PM (200 ug/ml) for 24 hours. Then, the impact on inflammatory molecules was investigated. In 
vivo, it was found that FGF10 diminished the inflammatory cell aggregation and reduced the apoptosis. Interestingly, 
in the PM group, the level of FGF10 increased in the bronchoalveolar lavage fluid (BALF). However, the pre-treatment 
with FGF10 markedly impaired the PM-induced increase in IL-6, IL-8, TNF-α and PGE2 levels in BALF and the cell 
supernatant. In conclusion, the present findings indicate that FGF10 attenuates PM-induced airway inflammation 
by inhibiting apoptosis and inflammation. This may be exploited for the prevention and management of PM-induced 
airway inflammation.
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Introduction

Chronic respiratory disorders (CRD), including 
chronic obstructive pulmonary disease (COPD) 
and asthma, are some of the most frequent 
and severe chronic diseases in China. The 
Chinese Adult Lung Health study has identified 
approximately 100 million cases of COPD in 
China [1] and 384 million cases worldwide [2]. 
Furthermore, 30 million people suffer from 
asthma in China [3], which corresponds to one 
of the largest CRD-related burdens worldwide. 
Moreover, in China, the upturn in industrializa-
tion and urbanization has propelled air pollu-
tion as one of the key factors behind the high 
incidence of these disorders [4]. Particulate 
matter (PM) has been recognized as the princi-

pal component of polluted air. Epidemiological 
research has shown that PM is closely correlat-
ed to the progression of numerous respiratory 
diseases [5]. PM comprises of various toxic 
substances, including metals, organic carbon 
and mineral salts, as well as bacteria and virus-
es. The American Cancer Society has shown 
that cardiopulmonary mortality increases by 6% 
for every 10 μg/m3 of PM2.5 concentration [6]. 
Since air pollution and respiratory disorders 
have increasingly become severe public health 
problems, the prevention and treatment of CRD 
in China has become a priority. The treatment 
of CRD presently centers on inhaled corticos- 
teroids and bronchodilators. Although these 
treatments are effective for symptom relief, 
these do not effectively change the disease 
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progression. Therefore, elucidating the molecu-
lar mechanism that links air pollution and espe-
cially PM to the pathogenesis of CRD is of great 
importance for public health systems, since 
this is essential for developing novel therapeu-
tic and preventive alternatives.

Epithelial integrity has attracted abundant 
attention in investigations correlated to CRD, 
which mainly focus on epithelial structural  
damage and abnormal immune function. These 
are both key pathophysiological components 
involved in the inflammation and remodeling of 
the airway observed in CRD [7]. Airway epithe-
lium is the primary barrier against air pollution, 
and is thereby a deposit for PM attracted by 
respiratory airflow. Loss of epithelial integrity in 
the airway is one of the initial phenomena 
observed in the development of CRD [8]. Unlike 
airway remodeling, which involves incompletely 
reversible pathophysiological processes such 
as fibroblast activation and abnormal deposi-
tion of the extracellular matrix (ECM), the mech-
anisms underlying the destruction of airway 
epithelia remain unclear. At present, research 
on this aspect has mainly focused on inflamma-
tory injury, and neglected this tissue’s self-
repairing capabilities [9]. These aspects display 
a large potential for the identification of drug 
targets for promoting airway epithelial repair, in 
order to achieve early and effective treatments 
for CRD.

Fibroblast growth factor 10 (FGF10) belongs to 
the fibroblast growth factor family, which exhib-
its classic paracrine activity, and mediates stro-
mal and epithelial cell signaling via mesenchy-
mal-epithelial interactions [10]. Previous stud-
ies have focused on the role of FGF10 in embry-
onic lung morphogenesis and development, in 
which it promotes alveolar-bronchial epithelial 
mitosis to regulate the formation of the bron-
chial tree. The role of FGF10 in the repair of 
bronchial-pulmonary epithelial damage has 
sparked great scientific attention over the past 
decade [11]. At present, FGF10 has been con-
sidered to be able to regulate the mobilization 
and differentiation of mesenchymal stem cells, 
as well as the homeostasis of intrinsic cells of 
the lung structure, thereby promoting the re- 
pair of bronchial-pulmonary epithelial injury 
[12, 13].

Given the importance of FGF10 to repair func-
tions [14], an animal model of PM-induced air-

way disease was established to assess the 
expression of FGF10 in bronchoalveolar lavage 
fluid (BALF). As expected, an elevated FGF10 
expression was found in this setting. Thus, the 
present study aimed to evaluate the therapeu-
tic potential and mechanisms underlying the 
attenuating effect of FGF10 on PM, and inflam-
mation-induced lung injury in vivo and in vitro.

In the present study, the protective effect for 
FGF10 in PM-induced lung injury was discov-
ered. These findings provide new insights into 
the pathogeny of this condition, allowing for the 
development of novel treatment alternatives. 
The present study may also promote the dis-
covery of the beneficial effects of FGF10 and its 
therapeutic application in the context of other 
disorders.

Materials and methods

Reagents and antibodies

The PM (SRM NIST 1649b) was purchased from 
the Standard Reference Material Program, and 
certified by the National Institute of Standards 
and Technology (NIST, Gaithersburg, MD, USA). 
Human recombinant FGF10 was purchased 
from PeproTech (Shanghai, China). The One 
Step TUNEL Apoptosis Assay Kit was purchased 
from Roche (Mannheim, Germany). The anti-
cleaved caspase-3, Anti-Bcl-2, Anti-Bax, Anti-
Ki67 and anti-GAPDH antibodies were obtained 
from Cell Signaling Technology (Beverly, MA, 
USA). The reagents implemented in the wes- 
tern blot assays were obtained from Beyotime 
(Shanghai, China).

Cells and animals

BEAS-2B cells were obtained from the Chinese 
Academy of Sciences (Shanghai, China), and 
cultured in RPMI 1640 medium (Hyclone, 
Logan, UT, USA) supplemented with 100 U/ml 
of penicillin, 100 mg/ml of streptomycin, and 
10% heat inactivated fetal bovine serum (FBS) 
at 37°C with 5% carbon dioxide. Male C57BL/6J 
mice with weeks of age and 20-25 g of weight 
were provided by Shanghai SLAC Laboratory 
Animal Co., Ltd., and housed in a specific pa- 
thogen-free (SPF) facility in Wenzhou Medical 
University. All procedures performed on these 
animals were approved by the Institutional Ani- 
mal Care and Use Committee.
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Experiment design

For the in vitro assays, the PM was suspended 
in PBS at a stock concentration of 4 mg/cm3, 
and BEAS-2B cells before treatment with 200 
ug/ml of PM. FGF10 (10 ng/ml) was used to 
treat the BEAS-2B cells at one hour before stim-
ulation with PM. Regarding the in vivo experi-
ments, a total of 40 male C57BL/6J mice were 
allocated at random to each of the four groups: 
(1) Sham group, mice received intraperitoneal 
PBS at one hour before the intratracheal ins- 
tillation of PBS at the same dose as the PM 
group (Figure 1A); (2) FGF10 group, mice re- 
ceived intraperitoneal FGF10 (0.5 mg/kg) at 
one hour before the intratracheal instillation of 
PBS (Figure 1B); (3) PM group, mice received 
intraperitoneal PBS at one hour before intratra-
cheal instillation of 100 μg of PM in 25 μL of 
PBS per day for two consecutive days (Figure 
1C); (4) PM+FGF10 group, mice received intra-
peritoneal FGF10 (0.5 mg/kg) at one hour 
before treatment with PM for two consecutive 
days (Figure 1D).

Sodium dodecyl-sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and western blot

RIPA lysis buffer (Beyotime, Shanghai, China) 
with protease inhibitors was used to extract  
the intracellular proteins (Selleck, Shanghai, 
China). A Pierce BCA Protein Assay Kit (Thermo 
Fisher Scientific) was used for protein quantifi-
cation. Samples with equal concentrations we- 
re separated with SDS-PAGE before transfer-
ring onto a PVDF membrane for the western 
blot with the previously mentioned antibodies. 
The immunoreactive bands were assessed on 
a Bio-Rad Laboratories system with an ECL 
reagent (Thermo Scientific, Waltham, MA, USA). 
The ImageJ software was used to assess the 
protein band intensity.

Dysfunction and inflammation of the pulmo-
nary endothelial barrier

The inflammation in lung tissues was evaluated 
through the assessment of leukocyte migration 
into the alveolar space, and the local and sys-
temic production of inflammatory mediators. 
Mice lungs underwent intratracheal lavage with 
1-mL PBS injections, and approximately 0.8 mL 
was obtained for 10-minute centrifugation at 
1,000 rpm at 4°C. Then, the protein content  
in the BALK samples was assessed using BCA 

assays (Bio-Rad Laboratories). The absorbance 
was read at 570 nm (Molecular Devices, USA).

Histopathology and immunohistochemical 
staining

For the histopathology, the lung was inflated 
with 20 cm H2O pressure, and fixed with 4% 
paraformaldehyde and paraffinized. Lung injury 
severity was assessed via the observation of 
the morphological changes in the hematoxylin 
and eosin (H&E)-stained 5 µm sections. For the 
immunohistochemical staining, the same pro-
cedure was performed before incubation with 
the anti-cleaved Capase-3 and anti-KI67 anti-
bodies, as well as the corresponding secondary 
antibodies.

Cell viability assays

Cell viability was determined via Cell Counting 
Kit-8 (CCK-8) assays. Cells that were seeded 
into 96 wells were PM treated for 24 hours, and 
the CCK-8 was added to the wells for two  
hours. The absorbance was read at 450 nm  
on a spectrophotometer (Tecan, Männedorf, 
Switzerland).

Cell apoptosis measurement

Apoptosis was quantified through Annexin V/
Propidium iodide (PI) staining and TUNEL apop-
tosis assays. Briefly, the treated cells were 
resuspended in 200 μl of binding buffer, and 
treated with 5 μl of Annexin V-FITC and PI 
(Beyotime) for 15 minutes in the dark. Then, 
the staining was assessed on a FACS flow 
cytometer (BD Biosciences, CA, USA) to quanti-
fy the apoptotic cells.

One Step TUNEL Apoptosis Detection Kits 
(Roche, Mannheim, Germany) were used to de- 
tect the DNA fragmentation following the in vivo 
lung injury. A Nikon ECLPSE Ti microscope was 
used for the imaging analysis (Nikon, Japan).

Wound healing assays

In order to assess the cell migration, 1 × 106 
cells were seeded into 6-well plates and drug 
treated for 24 hours under standard culture 
conditions. A wound was scraped into the cells 
using a p200 pipette tip, and cells were washed 
and incubated in RPMI-1640 containing 2% 
fetal bovine serum (FBS).
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Figure 1. Schematic diagram of the in vivo experimental design. PM, Particulate matter; FGF10, Fibroblast growth factor.
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Enzyme-linked immunosorbent assay (ELISA)

ELISA kits (R&D Systems) were implemented 
for the quantification of IL-6, IL-8, TNF-α, PGE2 
and FGF10 concentrations in the BALF and  
cell supernatant, according to manufacturer’s 
protocols.

Statistical analysis

Data were expressed as means ± SEM from 
several independent experiments (n≥5). Graph- 
Pad Prism 5.0 (San Diego, CA, USA) was used 
to perform all statistical analysis. The differ-
ences between two groups were assessed us- 
ing Student t-test. Multiple group comparisons 
were performed by one-way ANOVA, followed by 
Tukey’s post-hoc analysis. Results with P<0.05 
were considered statistically significant. 

Results

Pulmonary inflammation and endogenous 
FGF10 elevation induced by PM in mice

The pro-inflammatory effects of PM on mice 
were evaluated through the intratracheal ins- 
tillation of a vehicle (PBS) or PM (4 mg/kg) for 
two consecutive days. The histological changes 
in lung tissue were examined by H&E staining 
(Figure 2A). No damage was apparent in the 
samples from the vehicle group, while those 
from the PM group presented with evident 

inflammatory cell aggregates surrounding the 
PM deposits. The histopathology also revealed 
a significant increase in PM-induced airway 
inflammation (P<0.05, Figure 2B). Notably, the 
BALF FGF10 levels were greater in the PM 
group (P<0.01, Figure 2C).

Pretreatment with FGF10 protects against 
PM-induced lung damage and inflammatory 
response 

Exogenous recombinant FGF10 was adminis-
tered for the treatment of PM-induced inflam-
mation to investigate the impact of FGF10 in 
this context more in depth. First, in order to 
investigate the effects of PM-induced lung inju-
ry and the protective effects of FGF10 during 
disease development, lung tissue samples 
were subjected to pathologic analysis (Figure 
3A). The H&E staining revealed that PM expo-
sure caused the infiltration of inflammatory 
cells and alveolar septal thickening, when com-
pared to the vehicle group. In contrast, the pre-
treatment with FGF10 significantly diminished 
the lung damage and preserved the normal tis-
sue architecture and integrity. Although the 
lung injury scores were significantly higher in 
the PM group than in controls (P<0.01), the  
pretreatment with FGF10 obviously reduced 
these scores, when compared to the PM gr- 
oup (P<0.05, Figure 3B). In order to evaluate 
the PM-induced injury to the lung and tracheal 
epithelium, the total protein in BALF samples 

Figure 2. Effect of PM on airway inflammation in mice. A. Histological changes of lung were detected by H&E stain-
ing after PM induction. The inflammatory cells were increased in the airway after PM instillation. The hematoxylin 
staining (blue) indicates the localization of nuclei, while the eosin staining (red) indicates the localization of the 
cytoplasm. These images were taken using a BX51 microscope DP71 camera at ×40, ×200, or ×400 magnification. 
B. The inflammation scores for the two groups. C. The level of FGF10 in the BALF was detected by ELISA. The results 
are presented as mean ± standard error of the mean (SEM; *P<0.05, **P<0.01, n = 6).
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Figure 3. FGF10 protects against lung histological and inflammatory after PM induction. A. The histological changes of lungs detected by H&E staining at 48 hours. 
The animals were randomly assigned into four groups: vehicle group, FGF10 group, PM group, and PM+FGF10 group. The images were taken using a BX51 micro-
scope DP71 camera at ×40, ×200, or ×400 magnification. B. The inflammation scores for the four groups. C. The total protein level in the BALF was detected using 
a BSA protein assay kit. D-G. The expression of IL-6, IL-8, TNF-α and PGE2 in the BALF was measured by ELISA assay. The results are presented as mean ± standard 
error of the mean (SEM; **P < 0.01 vs Vehicle group; ##P < 0.01 vs PM group, n=3).
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was quantified for each experimental group 
(Figure 3C). The total protein levels in BALF 
were higher than those in the vehicle groups 
(P<0.01), but these decreased in response to 
the FGF10 treatment (P<0.01). FGF10 alone 
had no effects on basal BALF protein levels, 
suggesting that this specifically prevents 
PM-induced alveolar leakage. In addition to 
these pathological changes, a significant 
increase in secreted IL-6, IL-8, TNF-α and PGE2 
(Figure 3D-G) was observed in BALF in the PM 
groups, when compared to the vehicle groups 
(P<0.01). The FGF10 pretreatment substantial-
ly reduced the pro-inflammatory cytokine secre-
tion (P<0.01).

FGF10 reduced apoptosis in lung tissue via 
the regulation of pro-apoptotic proteins and 
increasing cell proliferation

TUNEL staining was performed to assess the 
levels of apoptosis in lung tissue (Figure 4A). 
The number of TUNEL-positive epithelial cells 
increased in response to PM, but decreased in 
the presence of FGF10 (P<0.05). In order to 
explore the mechanisms underlying these 
effects, the cleaved caspase-3 expression was 
assessed through immunohistochemical analy-
sis (Figure 4B), which increased in the PM 
group, but decreased following the FGF10 treat-
ment. FGF10 alone had no effects on the 

cleaved caspase-3 levels. The Ki67 staining 
revealed that the FGF10 treatment significantly 
increased the cell proliferation (Figure 4C). 

FGF10 promotes cell migration and protects 
BEAS-2B cells against PM-induced injury 

PM exposure slowed the rates of cell migration, 
while FGF10 pre-treatment promoted this pro-
cess (Figure 5A). In addition, FGF10 exhibited 
robust inhibitory effects on the IL-6, IL-8, TNF-α 
and PGE2 release from PM-challenged BEAS-
2B cells, suggesting that this protects BEAS-2B 
cells against PM-induced apoptosis (Figure 
5B-E).

FGF10 prevents BEAS-2B cell death through 
the regulation of pro-apoptotic proteins

It was further determined whether FGF10 could 
protect against PM-induced apoptosis and 
increase cell proliferation in BEAS-2B cells. The 
apoptosis was evaluated in PM-induced lung 
cell models through Annexin V/PI labeling 
(Figure 6A), which was effectively reduced fol-
lowing FGF-10 treatment (P<0.05). The CCK-8 
assays (Figure 6B) revealed that FGF10 pre-
treatment increased the BEAS-2B cell prolifera-
tion (P<0.01). In order to understand the pro-
tective mechanisms of FGF10, the expression 
of pro-apoptotic proteins cleaved caspase-3, 

Figure 4. FGF10 protects against PM-induced lung injury, reduces the apoptosis level and increases the cell pro-
liferation in lung tissue. (A) The representative sections of nuclear DNA fragmentation staining using TUNEL in the 
different groups, and the quantitative analysis of the number of TUNEL-positive airway epithelial cells (B) The IHC of 
cleaved-caspase 3 and (C) Ki67 of lung tissue sections obtained from the indicated groups, and the quantification 
of cleave-caspase 3 expression and Ki67 in lung tissue are shown. Scale bar = 100 µm. The results are presented 
as mean ± standard error of the mean (SEM; **P < 0.01 vs Vehicle group; ##P < 0.01 vs PM group, n=3).
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Bcl-2 and Bax were examined by western blot 
(Figure 6C). The expression of cleaved cas-
pase-3 and Bax significantly increased after 
PM injury, while the expression of Bcl-2 decre- 
ased. The FGF10 treatment significantly inhib-
ited the expression/activation of all pro-apop-
totic genes assessed. Taken together, these 
results indicate that FGF10 protects BEAS-2B 
cells from PM-induced apoptosis.

Discussion

Epidemiological studies have demonstrated 
that PM exposure induces acute inflammatory 
responses and chronic lung inflammation, whi- 
ch in turn promotes CRD, such as asthma and 
chronic bronchitis [15, 16]. Despite the abun-
dant research, no effective treatment has be- 
en found for PM-induced lung injury, which 
remains an urgent medical necessity. In this 
scenario, it is essential to explore the mecha-
nism underlying PM-induced airway inflamma-
tion. In the present study, the PM instillation 
model was used for the first time to investigate 
the protective effects of FGF10 on lung injury.  
It was found that PM elicited a severe inflam- 
matory response, with an endogenous rise of 
FGF10 in BALF. Recombinant FGF10 was ad- 
ministered to mice exposed to PM, revealing 

that this molecule could effectively alleviate 
lung inflammation and inhibit cell apoptosis.

Fibroblast growth factors (FGF) participate in 
numerous cellular activities, such as prolifera-
tion, differentiation and migration [17]. In par-
ticular, FGF10 is key for the transduction of 
mesenchymal signals into epithelial cells, as 
well as bronchopulmonary development, and 
cardiac development and homeostasis [10, 
18]. Furthermore, FGF10 acts as a paracrine 
messenger by binding to a specific FGF recep-
tor 2b (Fgfr2b) through heparin/heparan sul-
fate molecules [19]. It has been reported that 
FGF10 can mobilize interstitial cells in the lung 
to reduce LPS-induced lung injury [20], while 
another study demonstrated that FGF10-FG- 
FR2 signaling mediates the differentiation of 
basal cells, promoting the repair of the alveo- 
lar epithelial barrier injury caused by influenza 
virus infection [21]. Indeed, this molecule ap- 
pears to mediate the natural response of pro-
moting the steady maintenance of cells intrin-
sic to lung structure upon injury. Previous study 
found that FGF10 prevented mechanically-
induced DNA fragmentation in alveolar epithe-
lial cells via Grb-SOS/RAS/Raf-1/ERK1/2 sig-
naling, resulting in reduced apoptosis [22]. 
FGF10 also improved epithelial integrity, ame-

Figure 5. Effects of FGF10 on PM-induced cell migration, and the increase in proinflammatory marker in BEAS-2B 
cells. Cells treated with FGF10 (10 ng/ml) were used to treat BEAS-2B cells at one hour before stimulation with PM, 
and subsequently stimulated for 24 hours. A. Cell migration growth was analyzed by scratch assay. B-E. The intracel-
lular concentrations of IL-6, IL-8, TNF-α and PGE2 were measured using ELISA. The results are presented as mean 
± standard error of the mean (SEM; **P < 0.01 vs Vehicle group; ##P < 0.01 vs PM group, n=3).
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liorating high-altitude edema [23]. However, the 
impact of FGF10 on PM-induced airway inflam-
mation has not been reported to date. In the 
present study, the effect of FGF10 on the 
PM-induced lung injury model was evaluated 

throughout various experiments in vivo and in 
vitro.

An animal model of airway inflammation was 
established to investigate the FGF10-mediated 

Figure 6. FGF10 reduces PM-induced apoptosis and proapoptotic protein expression, and increases cell prolifera-
tion in BEAS-2B cells. Cells were treated with FGF10 (10 ng/ml), were used to treat BEAS-2B cells at one hour be-
fore stimulation with PM, and subsequently stimulated for 24 hours. A. The apoptosis of BEAS-2B cells stimulated 
by PM and FGF10 detected by flow cytometry in the (1) vehicle, (2) FGF10 (10 ng/ml), (3) PM (200 ug/ml) and (4) 
PM+FGF10 groups. B. The in vitro proliferation assay by CCK-8 demonstrate that FGF10 significantly promoted cel-
lular proliferation in BEAS-2B cells. C. The results of the protein expression of cleaved csapase-3, Bcl-2, Bax and 
GAPDH as loading control in the four groups, as determined by western blot. The results are presented as mean ± 
standard error of the mean (SEM; **P < 0.01 vs Vehicle group; #P < 0.05, ##P < 0.01 vs PM group, n=3).
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attenuation of PM-induced airway inflamma-
tion. The exposure to PM was corroborated to 
trigger a severe inflammatory response, as evi-
denced by the increased levels of protein and 
inflammatory cytokines in BALF, the thickening 
of the alveolar septa as observed under H&E 
microscopy, and the greater apoptosis levels, 
as reflected by the increased cleaved cas-
pase-3 levels. PM exposure was found to 
upregulate pro-inflammatory factors in BALF, 
such as IL-6, IL-8, TNF-α and PGE2, which favor 
inflammation and alveolar epithelial damage. 
FGF10 administration effectively reduced the 
inflammatory factors and total protein in BALF. 
Most importantly, FGF10 attenuated the histo-
pathological changes, inflammation and apop-
tosis associated with PM exposure, and in- 
creased cellular proliferation, and this was in 
harmony with presently available research.

Epithelial cells are a major cell type in lung tis-
sues, which mediate repair and intervene in  
the pathophysiology of CRD [24-26]. The dys-
function of epithelial barriers has been recog-
nized as a key component in the pathogenesis 
of multiorgan failure [27]. Thus, BEAS-2B cells 
were used to investigate the protective role of 
FGF10 in PM-induced acute lung injury. Simi- 
lar to the results from the in vivo experiments, 
FGF10 effectively hindered the PM-induced 
increase in inflammatory factors and inhibited 
cell apoptosis. Together, these results indicate 
that FGF10 has a significant protective effect 
on PM-induced lung injury.

The present study has certain limitations: First, 
since FGF10 has widespread effects, the intra-
peritoneal route selected for the administration 
was bound to lead to systemic FGFR2, resulting 
to a series of side effects, despite the satisfac-
tory results. Therefore, in the future, the inves-
tigators intend to improve the administration 
method by using atomization for local adminis-
tration, which should improve the results. 
Second, BEAS-2B cells were used for the in 
vitro assays, which are virus-transformed, im- 
mortalized bronchial epithelial cells. In the fu- 
ture, primary epithelial cells from mice should 
be utilized. Future studies should also investi-
gate the participation of signaling mediated by 
high mobility group box 1-receptor for advanc- 
ed glycation end-products (HMGB1-RAGE) in 
the context of PM-induced lung injury models. 
Indeed, this component has been recently fo- 
und to be implicated in this context, with the 

rapid release from the nucleus into the extra-
cellular matrix, mediating apoptosis and inflam-
matory activation. Thus, in the future, the inves-
tigators will focus in elucidating the molecular 
mechanisms underlying the protective role of 
FGF10 in PM-induced lung injury. 

Conclusion 

In summary, the present study was able to suc-
cessfully construct short-term PM-induced lung 
injury models both in vivo and in vitro. The treat-
ment with PM elicited a severe inflammatory 
response with increased IL-6, IL-8, TNF-α and 
PGE2 levels in BALF, and cell apoptosis. FGF10 
administration effectively alleviated the inflam-
mation and reduced the expression of inflam-
matory factors, demonstrating for the first time 
that exogenous recombinant FGF10 amelio-
rates PM-mediated pulmonary injury through 
the alleviation of inflammation, the reduction of 
cell apoptosis, and increasing cell proliferation. 
These present results suggest that FGF10 can 
effectively alleviate airway inflammation. These 
may serve as a foundation for the potential  
use of FGF10 atomization or inhalation as a 
clinically useful treatment approach for airway 
inflammation.
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