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Abstract: The survival rate of preterm neonates increases significantly with the development of neonatal care and 
comprehensive treatment, but more and more high-risk preterm neonates suffer from bronchopulmonary dysplasia 
(BPD). Currently, there is no effective treatment for BPD, thus it is still a major cause of disability and mortality in 
neonates. Thus, it is imperative to investigate the pathogenesis and treatment of BPD in depth. Fibroblast growth 
factor-10 (FGF-10) is a paracrine growth factor binding its receptors (FGFR1 and FGFR2) to regulate a lot of biologi-
cal processes. FGF-10, with mitotic and chemotactic activities, plays an important role in histogenesis during embry-
onic stage. It can prevent and attenuate mechanical or infection induced inflammation in lung. Results showed lung 
FGF-10 expression reduced significantly in neonatal mice with BPD, and exogenous FGF-10 was able to promote the 
growth of pulmonary mesenchymal stem cells and alveolar epithelial cells type II and reduce the expression of pro-
inflammatory cytokines. We preliminarily explored the relationship between FGF-10 and NF-κB in this animal model 
and found FGF-10 could inhibit NF-κB p65 expression as a feedback. Thus, to investigate the protective effects of 
FGF-10 on hyperoxia induced BPD in neonatal mice will provide a new strategy for the treatment of BPD.
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Introduction 

Bronchopulmonary dysplasia (BPD) is a chronic 
lung disease (CLD) often found in preterm neo-
nates after long lasting exposure to hyperoxia 
and/or mechanical ventilation. The incidence of 
BPD is 12.3%-30.0% in preterm neonate with a 
gestational age of <32 weeks [1]. BPD may 
compromise lung function and increase the risk 
for chronic obstructive pulmonary disease, ear-
ly-onset emphysema, and neurological disor-
ders [2]. The survival rate of preterm neonates 
increases over time with the development of 
neonatal care, prenatal use of steroids for lung 
maturation, treatment with pulmonary surfac-
tant, improvement of strategies for mechanical 
ventilation and other comprehensive therapies, 
but the preterm neonates with high risk for BPD 
increase [3]. Currently, BPD is mainly treated by 
mechanical ventilation and pharmacotherapy, 

but the therapeutic efficacy is still unsatisfac-
tory. BPD is still a major cause of mortality and 
disability. Thus, it is imperative to investigate 
the pathogenesis and treatments of BPD in 
depth. 

It has been shown that fibroblast growth fac-
tor-10 (FGF-10) is able to regulate the morpho-
genesis of lung structure in the early stage of 
lung development [4]. FGF-10, also known as 
keratinocyte growth factor-2 (KGF-2), is a mem-
ber of FGF family and belongs to the FGF-7 sub-
family [5]. FGF-10 is an alkaline protein that is 
composed of 84-246 amino acids and has  
the molecular weight of 20 kDa. It is mainly 
expressed on embryonic epithelium, interstitial 
cells, and fibroblasts as well as in the adult liver, 
lung and intestine. FGF-10 via paracrine binds 
heparan sulfate to activate FGFR1 and FGFR2 
[6], which then regulates different biological 
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processes. FGF-10 is a paracrine growth factor 
and plays important roles in the limb bud devel-
opment [7], palate development [8], directional 
growth of lung bud [9], otocyst morphogenesis 
[10], adipogenesis [11], and the development 
of adrenal gland [12], breast [13], lacrimal 
gland [14] and submandibular gland. There is 
evidence showing that FGF-10 may prevent and 
attenuate the mechanical or infection induced 
lung injury. Thus, to investigate the protective 
effects of FGF-10 on the hyperoxia induced 
lung injury in neonatal mice will provide evi-
dence for the treatment of BPD. 

To further understand the role of FGF-10 in 
BPD, a BPD model was established in neonatal 
mice, and the FGF-10 expression was detected 
in the lung of BPD mice. In addition, lung cells 
were cultured in vitro. The influence of FGF-10 
in the medium on the production of pro-inflam-
matory cytokines, lung mesenchymal stem 
cells, and alveolar epithelial cells type II was 
further investigated, and the relationship be- 
tween FGF-10 and NF-κB was also evaluated. 

Materials and methods 

Animals and reagent 

Kunming mice were purchased from the Military 
Academy of Medical Sciences. Recombinant 
mouse FGF-10 (R&D Systems Inc, USA), rabbit 
anti-mouse FGF-10 polyclonal antibody (Abno- 
va, USA), anti-mouse CD29 monoclonal anti-
body (PE), anti-mouse CD105 monoclonal anti-
body (PE), anti-mouse CD90 monoclonal anti-
body (FITC), anti-mouse CD34 monoclonal anti-
body (FITC) (BD Pharmingen), SPC antibody 
(Abcam, UK) and NF-κB p65 antibody (Cell sig-
naling technology, USA) were used in the pres-
ent study. 

Establishment of hyperoxia induced BPD mod-
el in neonatal mice 

2 days old Kunming mice (n=80) were randomly 
divided into hyperoxia group (the oxygen con-
centration was maintained at 60-70%) and air 
group (n=40 per group). In hyperoxia group, 
mice were placed in man-made box with sodi-
um lime on the bottom for the absorbance of 
CO2; the box temperature was maintained at 
22-26°C, humidity at 50-60% and CO2 concen-
tration <0.5%. The neonates were housed with 
mother mice, and mother mice were exchanged 

every day. Mice were exposed to hyperoxia for 
21 days. On day 4, 7 and 14, 6 mice in each 
group were sacrificed, and the lung was col-
lected and then stored at -80°C or fixed in 10% 
paraformaldehyde for further usage. On day 
21, the remaining mice were sacrificed, and 
cells were separated, or lung tissues were 
stored at -80°C or fixed in 4% paraformalde-
hyde for further usage. The whole study was 
approved by the Institutional Animal Care and 
Use Committee of Army General Hospital of 
People’s Liberation Army, and all the proce-
dures were done according to the Animal Care 
and Use guideline. 

H&E staining and immunohistochemistry

The lung tissues were fixed in 4% paraformalde-
hyde, dehydrated in a series of ethanol, then 
embedded in paraffin and sectioned (4 μm). 
Sections were stored at room temperature and 
then H&E staining was performed as follows: 
Sections were treated with xylene and then a 
series of ethanol. After washing in distilled 
water, Hematoxylin was used to stain nucleus 
and eosin to stain cytoplasm. After dehydration 
and mounting, sections were observed under a 
light microscope and representative photo-
graphs were captured. Immunohistochemistry 
was performed as follows: sections were sub-
jected to antigen retrieval, blocking of endoge-
nous peroxidase, blocking in BAS, incubation 
with primary antibody (mouse FGF-10 antibody 
or NF-κB p65 antibody) and then with second-
ary antibody, visualization with DAB, staining of 
nucleus, dehydration, and mounting. Sections 
were then observed under a microscope, and 
representative photographs were captured. 

RT-PCR

The lung tissues were grounded in liquid nitro-
gen. Total RNA was extracted with Trizol reagent 
according to manufacturer’s instruction. Then, 
total RNA was subjected to reverse transcrip-
tion into cDNA (Promega), followed by RT-PCR. 
The mixture for PCR was prepared. The fluores-
cence signal was captured during RT-PCR, and 
the data were automatically calculated by a 
computer. 

Western blotting 

Lung tissues or lung cells were lysed in RIPA 
lysis buffer for 30 min on ice. Then, 2×SDS-
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Figure 1. Lung pathology at different time points in both groups (H&E stain-
ing, 200×). A-D: The alveolar sepata were even and there was no exudation 
in air group; E, F: There was alveolar septum thickening, hemorrhage and 
infiltration of inflammatory cells; G, H: The alveolar structure was irregular, 
the alveolar space was enlarged, some alveoli merged, the number of alveoli 
reduced, and some alveoli showed inflammatory atelectasis. 

PAGE Loading Buffer of equal 
volume was added. Proteins 
were denatured by boiling. Th- 
en, the proteins were subject-
ed to SDS-PAGE and subse-
quently transferred onto PVDF 
membrane. After blocked in 
non-fat milk, the membrane 
was incubated with primary 
antibody (1:1000; mouse FGF-
10 antibody or NF-κB p65 
antibody) at 4°C over night. 
β-actin served as an internal 
reference. Then, the membr- 
ane was treated with horse-
radish peroxidase (HRP) con-
jugated goat anti-rabbit IgG 
for 1 h, followed by visualiza- 
tion. 

Culture of lung cells

Mice were sacrificed by decap-
itation and then sterilized with 
75% ethanol. Under an asep-
tic condition, thoracotomy was 
performed and the lung tis-
sues were harvested. The tra-
cheal and bronchial tissues 
were removed, and the lung 
tissues were washed with PBS 
to remove blood cells. Then, 
the lung tissues were cut into 
blocks (0.3 mm3) and filtered 
through 100-mesh filter to 
prepare single cell suspen-
sion. Then, the cell suspensi- 
on was added to dishes and 
cells were maintained in DM- 
EM containing 10% fetal bo- 
vine serum, 100 U/ml penicil-
lin and 100 mg/ml streptomy-
cin (with or without 100 ng/
mL FGF-10). Cells were divid-

Figure 2. Immunohistochemistry 
for FGF-10 in the lung of hyperoxia 
group and air group (DAB×100). 
The lung was collected at differ-
ent time points and processed for 
immunohistochemistry. On day 4, 
7 and 14, there was no significant 
difference in FGF-10 expression 
between two groups. On day 21, 
the FGF-10 expression in hyper-
oxia group was significantly lower 
than that in air group. 
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ed into air group, air +FGF-10 group, hyperoxia 
group and hyperoxia +FGF-10 group. Cells were 
grown at 37°C in a humidified environment with 
5% CO2. The medium was refreshed after 24 h 
to remove suspended cells. Then, the medium 
was refreshed twice weekly. 

Flow cytometry 

When the cell confluence reached 70-80%, 
cells were digested with trypsin and then har-
vested by centrifugation. After washing in PBS 
once, cells were re-suspended in 10-20 μl of 
PBS with 2.5×105 cells per sample. These cells 
were incubated with CD29+CD90 antibodies or 
CD34+CD105 antibodies in dark for 30 min at 
room temperature. After these cells were 
washed in PBS twice, flow cytometry was 
performed. 

Immunofluorescence staining 

The coverslips were added to 6-wells plates 
and cell suspension was added to the cover-
slips. Then, cells were maintained in DMEM at 
37°C in an environment with 5% CO2. When the 

and TGF-β were detected by ELISA according to 
manufacturer’s instruction. The absorbance 
was measured at 450 nm (OD) and the stan-
dard deviation was delineated. The sample con-
centration was calculated on the basis of stan-
dard deviation and histogram was delineated. 

Statistical analysis 

Statistical analysis was performed with IBM 
SPSS version 22.0. Quantitative data are expr- 
essed as mean ± standard deviation (X±S) and 
comparisons were done with independent t 
test. A value of P<0.05 was considered statisti-
cally significant. 

Results 

Successful establishment of hyperoxia-induced 
BPD in neonatal mice 

No mice died during the establishment of hy- 
peroxia induced BPD. 7 days after birth, the 
health status was comparable between two 
groups. 14 days after birth, mice in hyperoxia 
group showed poor spirit, rough and disheveled 

Figure 3. FGF-10 expression in the lung of hyperoxia group and air group. At 
different time points, the lung was collected for the detection of mRNA and 
protein expression of FGF-10 by RT-PCR and Western blotting after extrac-
tion of total RNA. Results showed, on day 4, 7 and 14, FGF-10 expression 
was comparable between two groups; on day 21, the FGF-10 mRNA expres-
sion in hyperoxia group reduced significantly when compared with air group 
(*P<0.05). Western blotting showed FGF-10 expression in the lung of hyper-
oxia group decreased over time. 

cell confluence reached 70- 
80%, the medium was remov- 
ed, and cells were washed 
with PBS and fixed in 4% para-
formaldehyde for 30 min. After 
washed in PBS thrice, cell 
membrane was permeabiliz- 
ed, and then cells were incu-
bated with primary antibodies 
(SP-C antibody or NF-κB p65 
antibody) at 4°C over night. 
After washing, cells were tre- 
ated with secondary antibody 
in dark at room temperature 
for 50 min. The nucleus was 
stained with DAPI, followed by 
mounting. Cells were observed 
under a fluorescence microsc- 
ope, and representative pho-
tographs were captured. 

ELISA

Cell medium collected 4, 7 
and 10 days after culture was 
thawed and centrifuged at 
2000-3000 rpm/min for 20 
min. The supernatant was col-
lected and the contents of 
IL-1β, IL-6, IL-8, TNF-α, MIP-2, 
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hair without luster, less activity and became 
anxious after discontinuation of hyperoxia ex- 
posure. 21 days after birth, the mice in hyper-
oxia group showed significantly small size, 
rough and disheveled hair and presented anx-
iousness, shortness of breath and cyanosis of 
the lip and toes immediately after discontinua-
tion of hyperoxia exposure. In air exposure 
group, mice showed good growth, lustered hair, 
good response to stimulation and favorable 
activity. At the beginning of the study, there was 
no significant difference in body weight be- 
tween two groups, but the body weight in hyper-
oxia group and air group was 16.7±1.44 g and 
22.2±1.81 g, respectively, showing significa- 

detected the FGF-10 expression by RT-PCR  
and Western blotting. Results showed no sig-
nificant difference in FGF-10 expression 4, 7 
and 14 days after hyperoxia exposure, but it 
was significantly lower than in air group on day 
21 in hyperoxia group (P<0.05). Western blot-
ting showed the FGF-10 expression in hyperoxia 
group reduced over time, but it remained 
unchanged in air group (Figure 3). 

Exogenous FGF-10 is able to reduce the secre-
tion of pro-inflammatory cytokines in lung cells

In the hyperoxia induced BPD mice, results 
showed FGF-10 expression reduced in the lung, 

Figure 4. Contents of pro-inflammatory cytokines in the medium of lung 
cells (ELISA). When compared with air group, the contents of IL-1β, IL-
6, IL-8, TNF-α, MIP-2 and TGF-β increased significantly in hyperoxia group 
(*P<0.05). When compared with air group, IL-6 content reduced markedly 
(*P<0.05) and TGF-β content increased significantly (*P<0.05) in hyperoxia 
+FGF-10 group, but there were no significant differences in the contents of 
IL-1β, IL-8, MIP-2 or TNF-α between air group and hyperoxia +FGF-10 group. 

nt difference (t=-11.187, P< 
0.001). H&E staining showed 
the alveolar septa were even 
in air group (Figure 1A-D). In 
hyperoxia group, the lung str- 
ucture showed typical featur- 
es of BPD: alveolar septa were 
thickened and there were he- 
morrhage and infiltration of 
inflammatory cells in early 
phase; the number of alveoli 
reduced, some alveoli merged, 
and some alveoli showed in- 
flammatory atelectasis (Figure 
1E-H). These findings sugge- 
sted that hyperoxia-induced 
BPD was successfully establi- 
shed.

Decreased FGF-10 expres-
sion in neonatal mice with 
hyperoxia-induced BPD

To investigate the role of FGF-
10 in BPD, the FGF-10 expres-
sion was firstly detected in the 
lung of mice with hyperoxia-
induced BPD. 4, 7, 14 and 21 
days after hyperoxia exposure, 
immunohistochemistry was 
done for FGF-10 in the lung. 
Results showed no significant 
difference in FGF-10 expres-
sion 4, 7 and 14 days after hy- 
peroxia exposure between two 
groups. However, on day 21, 
the FGF-10 expression in hy- 
peroxia group was significant-
ly lower than in air group 
(Figure 2). Furthermore, we 
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Figure 5. Detection of lung cell marker (Flow cytometry). The proportion of CD29+CD90+ cells in air group, air +FGF-
10 group, hyperoxia group and hyperoxia +FGF-10 group was 30.3%, 55.9%, 20.8% and 56.4%, respectively, and 
that of CD34-CD105+ cells was 98.5%, 98.3%, 98.0% and 88.8%, respectively. 

which was consistent with the findings that 
FGF-10 expression reduced in BPD neonates in 
clinical practice. Thus, it was speculate that 
exogenous FGF-10 might improve BPD to a cer-

tain extent. In the following experiment, lung 
cells were divided into air group, air +FGF-10 
group, hyperoxia group, and hyperoxia +FGF-10 
group. 4, 7 and 10 days after culture, the medi-
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um was harvested for the detection of IL-1β, 
IL-6, IL-8, TNF-α, MIP-2, and TGF-β by ELISA. 
Detection was done thrice, and mean values 
were calculated. Results showed the contents 
of these pro-inflammatory cytokines were com-
parable between air group and air +FGF-10 
group. However, in hyperoxia group, the con-
tents of these cytokines increased significantly 
when compared with air group (P<0.05). When 
compared with air group, IL-6 content reduced 
significantly (P<0.05) and TGF-β content 
increased significantly (P<0.05) in hyperoxia 
+FGF-10 group, but there were no significant 
differences in the contents of IL-1β, IL-8, MIP-2, 
and TNF-α between air group and hyperoxia 
+FGF-10 group (Figure 4).

FGF-10 is able to promote the growth of pul-
monary mesenchymal stem cells and alveolar 
epithelial cells type II

Results showed exogenous FGF-10 was able to 
reduce the contents of pro-inflammatory cyto-
kines in the supernatant of lung cells after 
hyperoxia exposure, which suggested that FGF-
10 was able to attenuate hyperoxia induced 

inflammation. In the following experiment, the 
effects of FGF-10 on the growth of pulmonary 
mesenchymal stem cells and alveolar epithelial 
cells type II were further investigated. Cells 
were divided into air group, air +FGF-10 group, 
hyperoxia group, and hyperoxia +FGF-10 group. 
Flow cytometry and immunofluorescence stain-
ing were performed. Pulmonary mesenchymal 
stem cells are CD34-CD29+CD90+CD105+. Th- 
us, CD29+CD90+ cells and CD34-CD105+ cells 
were detected in 4 groups. Results showed the 
proportion of CD29+CD90+ cells was the lowest 
in hyperoxia group, but addition of FGF-10 dur-
ing hyperoxia (hyperoxia +FGF-10 group) signifi-
cantly increased the proportion of CD29+CD90+ 
cells which was even higher than that in air 
group. The proportion of CD34-CD105+ cells 
remained unchanged in 4 groups (Figure 5). 
This suggested that FGF-10 was able to pro-
mote the growth of CD29+CD90+ pulmonary 
mesenchymal stem cells. Furthermore, immu-
nohistochemistry staining was done for SP-C, a 
marker of alveolar epithelial cells type II. Re- 
sults showed the SP-C expression was compa-
rable between air group and air +FGF-10 group, 

Figure 6. Immunofluorescence staining of SP-C in lung cells (200×). SP-C expression was comparable between air 
group and air +FGF-10 group, but SP-C expression reduced in hyperoxia group, and addition of FGF-10 significantly 
increased SP-C expression in hyperoxia +FGF-10 group. 



Therapeutic effects of fibroblast growth factor

3535 Am J Transl Res 2017;9(8):3528-3540

but SP-C expression reduced significantly in 
hyperoxia group as compared with air group, 
and addition of FGF-10 could significantly in- 
crease SP-C expression in hyperoxia +FGF-10 
group (Figure 6), indicating that FGF-10 was 
able to enhance the growth of alveolar epithe-
lial cells type II. 

NF-κB signaling pathway is an important path-
way in the inflammation, and NF-κB is able to 
suppress FGF-10 expression. In this study, ab- 
ove results showed FGF-10 was able to reduce 

10, and NF-κB p65 expression was detected 2 
weeks later. Addition of FGF-10 did not affect 
the NF-κB p65 expression in air group. In hyper-
oxia group, NF-κB p65 expression increased 
significantly when compared with air group, but 
the addition of FGF-10 significantly reduced 
NF-κB p65 expression in hyeperoxia +FGF-10 
group as compared with hyperoxia group. 

Immunofluorescence staining was done to 
detect NF-κB p65 expression in lung cells with 
or without FGF-10 treatment after air or hyper-

Figure 7. NF-κB p65 expression in the lung cells exposured to air and hy-
peroxia (Imunohistochemistry; DAB×100). When compared with air group, 
the NF-κB p65 expression in hyperoxia group remained unchanged on day 
4 and 7. However, on day 14 and 21, the NF-κB p65 expression increased 
significantly in hyperoxia group when compared with air group. 

the expression of pro-inflama-
mtory cytokines. Thus, it was 
speculated that FGF-10 wass 
able to inhibit NF-κB expres-
sion in a feedback manner. 
p65 is a key component of 
NF-κB. To confirm this hypo- 
thesis, immunohsitocehmsitry 
was done to detect p65 expr- 
ession in the lung of mice 4, 7, 
14 and 21 days after hyperox-
ia exposure, and Western blot-
ting was done to detect NF-κB 
p65 expression in lung cells 
with or without FGF-10 treat-
ment. Immunnohistochemistry 
showed, the NF-κB p65 expre-
ssion on day 4 and 7 were 
similar between air group and 
hyperoxia group. However, on 
day 14 and 21, the NF-κB p65 
expression increased signifi-
cantly in hyperoxia group as 
compared with air group (Fig- 
ure 7). Western blotting indi-
cated addition of FGF-10 had 
no significant influence on the 
NF-κB p65 expression in lung 
cells exposed to air. However, 
addition of FGF-10 in cells 
experiencing hyperoxia expo-
sure significantly reduced the 
NF-κB p65 expression as com-
pared with hyperoxic cells wi- 
thout FGF-10 treatment, and 
the NF-κB p65 expression in 
hyperoxia +FGF-10 group was 
comparable to that in air group 
(Figure 8).

Lung cells exposed to air or 
hyperoxia were maintained in 
medium with or without FGF-

Figure 8. NF-κB p65 expression in lung cells with or without FGF-10 treat-
ment after air or hyperoxia exposure (Western blotting).
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oxia exposure. Immunofluorescence staining 
showed the NF-κB p65 expression was at a low 
level in air group and addition of FGF-10 had no 
significant influence on NF-κB p65 expression. 
In hyperoxia group, NF-κB p65 expression incr- 
eased significant when compared with air 
group, but addition of FGF-10 in hyperoxia 
group markedly reduced NF-κB p65 expression 
and it in hyperoxia +FGF-10 group was similar 
to that in air group (Figure 9). 

Discussion 

BPD is a lung disease with high morbidity in 
preterm neonates. Classical BPD was firstly 
reported and defined by Northway et al in 1967 
[15]. In recent years, a new type of BPD, also 
known as mild BPD, is proposed, but BPD is still 
the most common complication of premature 
delivery. Neonates with BPD often develop se- 
quelae of respiratory system [16-19] and ner-
vous system [20, 21]. Thus, to deeply investi-
gate the pathogenesis of BPD and to explore 
the effective therapies for BPD have been hot 

topics in recent studies. Of note, a good animal 
model is indispensable for the investigations 
on BPD. To date, several animal models have 
been developed for the investigations of BPD, 
and the hyperoxia-induced BPD animal model 
is the most common one. Simple hyperoxia 
exposure may induce the classic pathology of 
BPD [22]. In practice, exposure to 60-70% oxy-
gen will cost a long time to induce BPD, but the 
mortality is low, which is more clinically practi-
cal. Thus, in the present study, neonatal mice 
were exposed to 60-70% oxygen. In the avail-
able studies, several types of animals such as 
baboons, sheep, pigs, rabbits and rodents have 
been employed for establishment of the BPD 
animal model. In the present study, the BPD 
model was established in neonatal mice based 
on the requirement of subsequent experiment. 
The lung development of neonatal mice is simi-
lar to that in humans, and the time from birth to 
28 days after birth is a key stage in the lung 
development of neonatal mice. The lung devel-
opment at this stage is similar to that from ges-

Figure 9. Influence of FGF-10 on the NF-κB p65 expression in lung cells with or without FGF-10 treatment after 
exposure to air or hyperoxia (Immunofluorescence staining; 200×). NF-κB p65 expression was at a low level in air 
group and air +FGF-10 group and there was no significant difference between them. In hyperoxia group, NF-κB p65 
expression increased significantly, and addition of FGF-10 markedly reduced NF-κB p65 expression in hyperoxia 
+FGF-10 group.
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tational age of 28 weeks to 36 months after 
birth in humans [23]. In this study, 2 days old 
Kunming mice were exposed to hyperoxia, 
which can effectively mimic the clinical charac-
teristics of new type of BPD. The clinical fea-
tures and pathological findings from H&E stain-
ing in neonatal mice after hyperoxia suggested 
that the BPD animal model was successfully 
established in neonatal mice. 

FGF-10 is an interstitial marker expressed at 
terminal interstitium. FGF-10 can act on adja-
cent epithelial cells expressing fibroblast grow- 
th factor receptor 2-IIIb (FGFR2b) to maintain 
the progenitor cell-like state of epithelial cells 
and induce the branch formation [24-27]. In the 
embryonic lung development, when soluble 
dominantly inactive FGFR2 is over-expressed, 
branching morphogenesis is inhibited [28], indi-
cating that FGF-10 plays an important role in 
the lung development. Some investigators fo- 
und FGF-10 positive cells reduced in BPD chil-
dren when compared with controls [29], indi-
cating that FGF-10 expression reduced in BPD 
patients. This is also consistent with findings of 
this study that FGF-10 expression in the lung 
reduced in neonatal mice with hyperoxia in- 
duced BPD. RT-PCR further confirmed the FGF-
10 mRNA expression reduced in the lung of 
mice after hyperoxia exposure. These findings 
implied that FGF-10 was closely related to the 
pathogenesis of BPD. Thus, it was speculate 
that exogenous FGF-10 might protect the lung 
against hyperoxia-induced BPD. In recent years, 
studies have shown that FGF-10 is able to pre-
vent lung injuries caused by several factors 
(including bleomycin induced pulmonary fibro-
sis [30], high altitude pulmonary edema [31], 
LPS induced lung injury [32], mechanical venti-
lation induced lung injury [33], and ischemia/
reperfusion induced lung injury [34]). In addi-
tion, there was evidence showing that FGF-10 
was able to mobilize lung-resident mesenchy-
mal stem cells (LR-MSCs) to protect against 
acute lung injury [35]. We investigated the rela-
tionship between FGF-10 and mesenchymal 
stem cells in hyperoxia induced lung injury, and 
results showed FGF-10 was able to increase 
the proportion of CD29 and CD90 double posi-
tive mesenchymal stem cells in lung cells after 
hyperoxia exposure, indicating that FGF-10 may 
promote the growth of mesenchymal stem 
cells, which may contribute to the repair of lung 
injury after hyperoxia exposure. 

FGF-10 is an effective mitogen for alveolar epi-
thelial cells and play crucial roles in the organ 
morphogenesis and epithelial differentiation. 
Pre-clinical and clinical studies have shown 
that FGF-10 has the promise to become a new 
alternative for the treatment of alveolar epithe-
lial injury in ALI/ARDS [36]. Thus, we detected 
the effects of FGF-10 on hyperoxia induced 
injury to lung epithelial cells. SP-C is an impor-
tant marker of alveolar epithelial cells type II. 
Thus, we detected SP-C expression to indirectly 
reflect the repair of alveolar epithelial cells type 
II after hyperoxia exposure. Immunofluoresc- 
ence staining showed hyperoxia could signifi-
cantly reduce SP-C expression, but addition of 
FGF-10 significantly increased the SP-C expres-
sion in lung cells after hyperoxia exposure indi-
cating that FGF-10 may promote the growth of 
alveolar epithelial cells type II, which contrib-
utes to the repair of alveolar epithelial cells 
after hyperoxia exposure. 

Inflammation and host immune response play 
a pivotal role in the pathology of BPD. Chorio- 
amnionitis induced prenatal inflammation is 
closely related to the increased risk for BPD in 
infants [37]. Thus, it was speculated that 
whether FGF-10 was able to attenuate inflam-
mation. In this study, ELISA was performed to 
detect the content of pro-inflammatory cyto-
kines (IL-1β, IL-6, IL-8, TNF-α, MIP-2 and TGF-β) 
in the medium. Results showed hyperoxia cou- 
ld significantly increase the pro-inflammatory 
cytokines after lung injury, but addition of FGF-
10 reversed the hyperoxia induced increase in 
pro-inflammatory cytokines, implying that FGF-
10 may attenuate inflammation to repair lung 
injury after hyperoxia exposure. NF-κB is a cen-
tral participant in the inflammation related sig-
naling pathway and has been found to be 
involved in the inflammation, immune response, 
and regulation of cell differentiation and apop-
tosis [38]. NF-κB is indispensable for the patho-
genesis of inflammation related lung injury. 
Thus, we further investigated the relationship 
between FGF-10 and NF-κB. Studies have 
shown that NF-κB p65 (a key component of 
NF-κB) expression increased significantly in the 
lung of BPD animals, but FGF-10 expression 
decreased significantly [29, 39]. Further inves-
tigation revealed that the interaction between 
NF-κB p65 and PS3 was able to inhibit SP1 
mediated FGF-10 expression [40]. Immunohi- 
stochemistry in this study showed NF-κB p65 
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expression was increased significantly in the 
lung of mice with hyperoxia-induced BPD, which 
was consistent with above findings. In addition, 
addition of FGF-10 in lung cells after hyperoxia 
exposure reduced NF-κB p65 expression, indi-
cating that FGF-10 might inhibit NF-κB p65 in a 
feedback manner, which attenuated inflamma-
tion and then promoted the lung repair in neo-
natal mice after hyperoxia-induced BPD. How- 
ever, the specific mechanism is warranted to be 
studied in depth. 

Taken together, a hyperoxia-induced BPD mod- 
el was successfully established in the present 
study, and the FGF-10 expression in the lung 
was detected in neonatal mice with BPD. In 
addition, the relationship of FGF-10 with lung 
mesenchymal stem cells, alveolar epithelial 
cells type II and pro-inflammatory cytokines 
was investigated, and the correlation between 
FGF-10 and NF-κB was also explored. These 
findings will provide evidence for the further 
investigations about the pathogenesis and 
treatment of BPD. 

Conclusion

BPD is still an important disease threatening 
the health of preterm neonates significantly, 
and has been a determinant of lung diseases in 
children and adults. BPD may cause lifelong 
lung diseases and confer adverse effects on 
economic and quality of life of patients. Thus, 
more attention should be paid to the preven-
tion of these lung diseases. This study provides 
new evidence for the lung repair following BPD, 
and also presents experimental basis for the 
therapy of BPD and the prevention of its long-
term sequelae. 
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