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Abstract

Pulmonary fibrosis is a progressive and fatal fibrotic lung disease and associated with a high mortality rate. In the study, the
prevention and treatment effects of fibroblast growth factor-21 (FGF-21) in bleomycin (BLM)-induced pulmonary fibrosis
were investigated in vivo and vitro. In the prevention of pulmonary fibrosis studies, the results showed that interdict of FGF-21
could reduce the related gene and protein expression levels of pulmonary fibrosis. In addition, FGF-21 significantly reduced
both the aggregation of inflammatory cells and deposition of collagen in the lung by histopathology. In therapy of pulmonary
fibrosis studies, the results indicated that treatment with FGF-21 resulted in an amelioration of the pulmonary fibrosis in mice
with reductions of the pathological score, collagen deposition and transforming growth factor (TGF)-p and a-smooth muscle
actin (a-SMA) expressions in the lung tissues at fibrotic stage, and late administration was also able to reduce the degree of
pulmonary fibrosis and even better than these in the prevention group. Furthermore, BLM-induced THP-1 macrophage model
was verified using FGF-21; the result showed that FGF-21 decreased the related gene expression level of pulmonary fibrosis.
FGF-21 may have preventive and therapeutic effects on BLM-induced pulmonary fibrosis via inhibiting myofibroblast differ-
entiation and inflammatory. Thus, FGF-21 represents a potential drug for the prevention and treatment of pulmonary fibrosis.
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Introduction

Pulmonary fibrosis is a chronic, progressive, and lethal pul-
monary disease, and it is the most common phenomenon
of the interstitial pneumonia. The etiology of pulmonary
fibrosis is characterized with excessive fibroblast prolifera-
tion and extracellular matrix (ECM) remodeling resulting
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in deteriorating lung function (Phan et al. 2021). The inci-
dence and prevalence of pulmonary fibrosis continue rising,
and the median time to death from diagnosis is only 3 to
5 years which is worse than that of many cancers. It had
also a sequela in severe patients with the coronavirus disease
2019 (COVID-19) (Kalluri et al. 2020; Zhang et al. 2021).

The pathogenesis of pulmonary fibrosis is mainly caused
by excessive myofibroblast accumulation in fibroblastic
foci which distorted pulmonary structure. Myofibroblasts
could arrive from the differentiation of resident fibro-
blast, recruitment of circulating fibrocytes, and transition
of epithelial mesenchymal cell (Yang et al. 2019). There-
fore, fibroblasts are important effector cells to differenti-
ate into myofibroblasts and overproduce ECM in pulmo-
nary fibrosis, while myofibroblasts are distinguished by the
collagen deposition and a-smooth muscle actin (a-SMA)
expression (Tao et al. 2017). Collagen type I and type I1I
are the main collagen components involved in pulmonary
fibrosis. And a-SMA is regarded as the marker of fibro-
blasts differentiate into myofibroblasts (Yang et al. 2019).
Transforming growth factor (TGF)-f is a crucial profibrotic
factor in pulmonary fibrosis and plays an important role in
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induction of epithelial-to-mesenchymal transition, inflam-
matory response, myofibroblast differentiation, and ECM
molecule accumulation of pulmonary fibrosis, which has a
high expression level in lung fibrosis in patients (Goodwin
and Jenkins 2009). And it is involved in many fibrogenic
pathways, including myofibroblast differentiation, collagen
synthesis and deposition (Kang 2017). Previous studies
have indicated that fibroblast growth factor-21 (FGF-21) is
a cytokine mainly secreted by the liver and plays a variety
of biological functions such as regulating lipid and sugar
metabolism, anti-oxidative, and anti-inflammatory effects
(Xie and Leung 2017). Recent studies showed that FGF-
21 could inhibit inflammatory response and oxidative stress
in the body which was closed relation to the development
of pulmonary fibrosis (Kseibati et al. 2020). In addition, it
was reported that FGF-21 attenuated hepatic fibrogenesis
and high glucose-induced fibrogenesis in mesangial cells
(Li et al. 2017; Xu et al. 2016). Pirfenidone is an oral anti-
fibrotic and anti-inflammatory agent that was used for the
treatment of pulmonary fibrosis (Cao et al. 2022; Pourg-
holamhossein et al. 2018). Due to the similar anti-fibrotic
and anti-inflammatory effect of pirfenidone and FGF-21,
therefore we hypothesized that FGF-21 could be antifibrotic
and protect against bleomycin (BLM)-induced pulmonary
fibrosis, and the prevention and treatment effects of FGF-21
was evaluated in BLM-induced pulmonary fibrosis in mouse
model and cell model.

Materials and methods
Protein and reagents

Recombinant FGF-21 protein was produced by the Biophar-
maceutical Laboratory of Northeast Agricultural University.
TRIzol® reagents (CAS: 9108) were obtained from Takara,
Japan. Fetal bovine serum (FBS, CAS: 10,099-141) and
RMPI-1640 (CAS: C11875500BT) were purchased from
Gibco, USA. Phorbol-12-myristate13-acetate (PMA, CAS:
16,561-29-8) was purchased from Sigma, USA.

Mouse model of BLM-induced pulmonary fibrosis

One hundred and twenty 8-week-old male C57BL/6 (SPF)
were purchased from the Experimental Animal Center of
Changchun YiSi Company. The mice were acclimated and
housed individually in standardized cages with enough nest-
ing material-sawdust in a temperature and humidity-con-
trolled pathogen-free room (temperature: 24 + 1 °C; relative
humidity: 50 +5%), on a 12-h light cycle with free access
to food and water. After 1 week of pre-feeding, these mice
were randomly divided into 6 groups, including normal con-
trol group (normal), model control group (PBS), low-dose
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FGF-21 prevention group (FL), medium-dose FGF-21 pre-
vention group (FM), high-dose FGF-21 prevention group
(FH), and high-dose FGF-21 treatment group (FT). To
induce pulmonary fibrosis, the mice were administered
intratracheally with BLM in 50 pL of saline at a dose of
3 mg/kg under nembutal anesthesia. The mice were received
intratracheally with 50 pL of saline in the same way in nor-
mal group. In prevention of pulmonary fibrosis studies, the
mice were administered with the low-dose, medium-dose
and high-dose of FGF21 (1, 5, and 10 mg/kg) by intraperito-
neal injection after intratracheal instillation, respectively. In
therapy of pulmonary fibrosis studies, the mice were admin-
istered with FGF21 at a dose of 10 mg/kg by intraperito-
neal injection on 7 days after received BLM. The mice were
administered with PBS by intraperitoneal injection in PBS
group. Five mice were euthanized on 7, 14, 21, and 28 days
after injection of FGF21, and the lungs were collected for
histopathology, immunohistochemistry, real-time PCR, col-
lagen assay, and western blot analysis.

Lung fibrosis and Ashcroft Score

Lung tissue was fixed in 4% paraformaldehyde, embedded
in paraffin and cut into 5-pm sections. The sections were
stained with H&E or Masson’s trichrome (CAS: G1340,
Solarbio, China) and estimated the score (0-8 scale) of fibro-
sis severity using the grading system described by Ashcroft
et al. (1988). Collagen content in the lung tissue was deter-
mined using Hydroxyproline Detection Kit (CAS: A030-2,
Nanjing Jiancheng Bioengineering Institute, China).

Immunohistochemistry

The sections of lung tissue were processed with antigen
retrieval in 0.01 mol/L citrate buffer (pH=6.0) and then
placed in 3% H,0,. The sections were incubated with rabbit
anti-a-SMA antibody (1:100, CAT: ab5694, Abcam, USA)
or rabbit anti-TGF-B1 antibody (1:100, CAT: ab92486,
Abcam, USA) at 37 °C for 1 h, followed using the HRP-
labeled goat anti-rabbit secondary antibody (1:200, CAT:
ab6721, Abcam, USA). The reaction was visualized with
DAB solution (CAT: P0203, Beyotime, China). After coun-
terstaining with hematoxylin, the sections were captured
with an inverted microscope (Olympus, Japan) and analyzed
using ImageJ analysis software.

Real-time PCR analysis

Total RNA was isolated using Trizol reagent and reverse-
transcribed into cDNA using M-MLV reverse transcriptase
(CAT: M1705, Promega, USA). Itaq SYBR Green Super-
mix was used for real-time PCR with a Bio-Rad Hercules
CA machine. Primers for e-SMA, COL-1, COL-3, TNF-a,
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Fig.1 Morphopathological change in the lung tissues of mice. A The croft score (n=3), respectively. Data were expressed as the means +SD.
histopathological of lungs in mice were measured by H&E staining at *p<0.05, ¥¥p<0.01, ¥**p <0.001 vs the PBS group; bar=100 pm
7,14, 21, and 28 days after molding. B Quantitative assessment of H&E

staining at 14 and 28 days after molding was performed using the Ash-
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Fig. 2 The collagen change in the lung tissues of mice. A Detec-
tion of the collagen change by Masson’s trichrome staining at 7,
14, 21, and 28 days after molding. B Quantitative assess the col-
lagen content of Masson’s trichrome staining at 14 and 28 days
after molding (n =3), respectively. C Measurement of the mRNA

TGF-B, IL-1p, and B-actin were shown as follows: ma-SMA
forward: CCGAGATCTCAC CGAC reverse: TCCAGA
GCTACATGACACAG; mCol-1 forward: GACTGGAAG
AGCGGAG AGTACTG reverse: CCTTGATGGCGTCCA
GGTT; mCol-3 forward: CTGTAACATGGAAAC TGG
GGAAA reverse: CCATAGCTGAACTGAAAACCACCG;
mTNF-a forward: CCCTCACAC TCAGATCATCTTCT
reverse: GCTACGACGTGGGCTACAG; mTGF- forward:
ATGCTAAA GAGGTCACCCGC reverse: TGCTTCCCG
AATGTCTGACG; mIL-1p forward: GCAACTGTT CCT
GAACTCAACT reverse: ATCTTTTGGGGTCCGTCA
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expression level of Col-1 and Col-3 by real-time PCR at 14
and 28 days after molding. D Detection of hydroxyproline lev-
els by Hydroxyproline Detection Kit. Data were expressed as
the means +SD. *p <0.05, **p <0.01, ***p <0.001 vs the PBS
group; bar=100 pm

ACT; mp-klotho forward: ACATCT GCTGGAAGGTGG
AC reverse: GGTACCACCATGTACCCAGG; ha-SMA
forward: TTCCAG CCATCCTTCATC reverse: ATTGTT
AGCATAGAGGTCCTT; hCol-1 forward: GTGCGATGA
CGTGATCTGTGA reverse: CGGTGGTTTCTTGGTCGG
T; hCol-3 forward: GCCAAATATGT GTCTGTGACTCA
reverse: GGGCGAGTAGGAGCAGTTG; hTNF-a for-
ward: GAGGCCAAG CCCTGGTATG reverse: CGGGCC
GATTGATCTCAGC; hTGF-f forward: CTAATGGTGGA
AACCCACAACG reverse: TATCGCCAGGAATTGTTG
CTG:; hIL-8 forward: ACTGAGAGTG ATTGAGAGTGGA
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Fig.3 Measurement of the expression level of TGF-f in the lung tissues of
mice. A Detection of the expression level of TGF-f by immunohistochemi-
cal staining (7=6) at 14 and 28 days after molding. B Quantitative assess
the TGF-f content of immunohistochemical staining at 14 and 28 days after
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molding. C Detection of the mRNA expression level of TGF-f by real-time
PCR. D Measurement of the protein expression level of TGF-p by western
blot (n=3). Data were expressed as the means+SD. *p<0.05, **p<0.01,
**%¥p <0.001 vs the PBS group; bar=100 pm
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Fig.3 (continued)

Creverse: AACCCTCTGCACCCAGTTTTC; hp-klotho for-
ward: CATGTA CGTTGCTATCCAGGC reverse: CTCCTT
AATGTCACGCACGAT.

Western blot
The lung tissue or THP-1 macrophages were lysed for

total protein extraction in RIPA buffer (CAT: W062-
1-1, Nanjing Jiancheng Bioengineering Institute, China)
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following the manufacturer’s protocols. The protein con-
centration was measured using the BCA protein Assay Kit
(CAT: P0010S, Beyotime, China). These protein samples
were separated using SDS-PAGE and transferred onto
nitrocellulose membranes. The membrane was blocked
with the 5% skim milk in PBS at 37 °C for 2 h. The mem-
brane was then incubated with the primary antibody
against TGF-p (1:1000, CAT: ab92486, Abcam, USA),
a-SMA (1:1000, CAT: ab5694, Abcam, USA), or p-actin
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4Fig.4 Detection of the expression level of a-SMA in the lung tissues of
mice. A Measurement of the expression level of a-SMA by immuno-
histochemical staining (n=6) at 7, 14, 21, and 28 days after molding. B
Quantitative assess the a-SMA content of immunohistochemical staining
at 14 and 21 days. C Detection of the mRNA expression level of a-SMA
by real-time PCR. D Measurement of the protein expression level of
a-SMA by western blot (n=3). Data were expressed as the means+ SD.
*p<0.05, **p<0.01, ***p <0.001 vs the PBS group; bar=100 pm

(1:1000, CAT: 8H10D10, CST, USA) overnight at 4 C.
The membrane was then incubated with HRP-conjugated
rabbit or mouse IgG (1:7500) as secondary antibody at 37
°C for 1 h. The finalized membrane was detected screened
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Fig.4 (continued)

by an ECL detection system. f-actin was used as the load-
ing control.

Cell culture and treatment

The human monocytic THP-1 cells were cultured in RMPI-
1640 containing 10% FBS in a 6-well plate and incubated
with 100 ng/mL PMA for 3 days to differentiate into mac-
rophages. Then, the THP-1 macrophages were treated with
BLM with 50 mU/mL of the RPMI-1640 with 10% FBS
for 6, 12, 24, and 48 h with or without FGF-21 (high dose:
1 mM) for real-time PCR and Western blotting analysis.
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Statistical analysis

All data were presented as the mean + SEM. Significance
(p <0.05) of the differences were assessed by one-way
ANOVA on GraphPad Prism 5.0 software. A P-value of
less than 0.05 was considered to be statistically significant.

Results

Effect of FGF21 on the morphopathological
and collagen changes in mice

The BLM-induced animal model is a useful tool to inves-
tigate treatment options for pulmonary fibrosis. The effect
of FGF21 on pulmonary inflammation and collagen fib-
ers was examined by H&E staining, Masson’s trichrome
staining, real-time PCR, and the hydroxyproline (HYP)
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analysis in mice with BLM-induced pulmonary fibrosis.
H&E staining and Masson’s trichrome staining were used
to assess the typical morphopathological changes in the
lung tissue. The results of H&E staining showed that the
fibrogenic response started at 7 days and achieved to the
peak at 14 days after BLM intratracheal instillation (mold-
ing), and severe distortion of structure and large fibrous
areas were placed in the total lung tissue in PBS group.
Mice in prevention groups received FGF21 at O day after
molding and which in treatment group received FGF21 at
7 days after molding. The result demonstrated that FGF21
significantly reduced the infiltration of inflammatory cells
and the severity of pulmonary fibrosis around the airways
in prevention and treatment groups (Fig. 1A). FGF21
also reduced fibrosis in the lung parenchyma as quanti-
fied with the Ashcroft grading system using a predeter-
mined O to 8 scale of severity. Interestingly, the results
showed that FGF21 significantly reduced the severity of
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fibrosis around the airways and the total lung at 14 and
28 days after molding in prevention and treatment groups
(***p <0.001 or **p <0.01 or *p <0.05), and the preven-
tion effect of FGF21 in mice was in a dose dependent in
prevention groups, and the treatment effect of FGF21 in
mice was better than its prevention effect. (Fig. 1B). The
result of Masson’s staining showed that the collagen seri-
ously deposed around trachea and vessels of the lungs of
mice at 14 days after molding in PBS group; after mice
were injected FGF-21 in prevention groups, collagen depo-
sition obviously reduced at 14 and 28 days after molding
and it was in dose dependent (***p <0.001 or **p <0.01 or
*p <0.05). And the collagen of pulmonary interstitial and
around trachea of lungs of mice in treatment group signifi-
cantly reduced compared with that in PBS group at 14 and
28 days after molding, while the lung structure was similar
to the normal lung at 28 days after molding in treatment
group (***p <0.001 or **p <0.01) (Fig. 2A, B).

Furthermore, the collagen content was detected by real-
time PCR and the HYP analysis. The results demonstrated
that BLM-induced mice significantly increased the mRNA
expression level of Col-1 and Col-3 in the lungs by real-
time PCR and the HYP content of the lungs compared
with those in normal group, which indicated that BLM
stimulated collagen synthesis. The mRNA expression
level of Col-1 and Col-3 and the HYP content in the lungs
observably reduced in prevention and treatment group, and
the therapy effect of mice in treatment group was better
than those in prevention groups at 14 days and 28 days
after molding (***p <0.001 or **p <0.01 or *p <0.05)
(Fig. 2C, D). These results clearly implied that FGF-21
ameliorated and reversed BLM-induced pulmonary fibro-
sis by directly inhibiting the pulmonary extracellular
matrix deposition in prevention and treatment groups,
while the therapy effect of mice in treatment group was
superior to that in prevention groups.
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FGF-21 regulated the expression of TGF-8
on the established BLM-induced pulmonary fibrosis
in mice

TGF-p is a vital profibrotic cytokine that mediates the
development of BLM-induced pulmonary fibrosis. Thus,
the expression level of TGF-f was investigated in the lung
tissue by the immunohistochemical examination. The
results showed that TGF-f was restricted to the vessel
walls and the interstitium of lung in mice, and the expres-
sion level of TGF-f dramatically increased at 14 days and
slightly decreased at 28 days after molding in PBS group.
The expression level of TGF-f in the lung of mice reduced
at 14 and 28 days after molding in prevention and treatment
groups, and the effect of FGF21 was in a dose-dependent
manner in prevention groups (***p <0.001 or **p <0.01
or *p <0.05). Especially, the expression level of TGF-f
was not obviously visible in mice at 28 days after mold-
ing in the FM and FH groups (Fig. 3A, B). Furthermore,
the expression level of TGF-p was measured by real-time
PCR and western blot analysis. The results also revealed
that the expression level of TGF-f of lung in mice sig-
nificantly upregulated in PBS group compared with that
in normal group and which observably reduced at 14 and
28 days after molding in prevention and treatment groups
(*¥**p <0.001 or **p <0.01 or *p <0.05). The mRNA
expression level of TGF-p of lung in mice in FT group
was the lowest than that in other groups at 14 and 28 days
after molding, and the protein expression level of which
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in FT group was the lowest than that in other groups at
28 days after molding (Fig. 3C, D). The results indicated
that the alleviation of FGF-21 in BLM-induced pulmonary
fibrosis was associated with the expression level of TGF-
B. As seen by immunohistochemistry, real-time PCR, and
western blot, FGF-21 significantly reduced fibrosis in the
lung parenchyma, and even the treatment effect was better
than the prevention effect.

FGF-21 regulated the expression of a-SMA
on the established BLM-induced pulmonary fibrosis
in mice

a-SMA has been suggested to be a specific marker of myofi-
broblasts; it may convert fibroblasts into myofibroblasts that
secrete a large amount of ECM to further aggravate pulmo-
nary fibrosis. The expression level of a-SMA in the lungs
of mice was detected by immunohistochemical. The result
demonstrated that the expression level of a-SMA increased
in the interstitium of lungs of mice at 14 days, and a-SMA
staining is widely expressed around the trachea of lung
in mice at 21 days after modeling in PBS group, which
significantly reduced at 14 and 28 days after molding in
prevention and treatment groups; especially, it reduced or
even disappeared at 28 days after molding in FH group,
and the effect of FGF21 was in a dose-dependent manner
in prevention groups (***p <0.001 or **p <0.01) (Fig. 4A,
B). Furthermore, the expression level of a-SMA of the lung
in mice was identified by real-time PCR and western blot



Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:3299-3313

3311

analysis. The result showed that the mRNA expression level
of a-SMA of the lung in mice observably reduced at 14 and
28 days after molding in prevention and treatment groups
(***p <0.001 or **p <0.01 or *p <0.05), and in the FH
group, it was the lowest than that in other groups at 14 days
after molding, while in FH and FT groups, it was similar
and lower than that in other groups at 28 days after molding
(Fig. 4C). The protein expression level of a-SMA signifi-
cantly reduced at 14 and 28 days after molding in prevention
and treatment groups (***p <0.001 or **p <(0.01), and in
the FH group, it was the lowest than that in other groups
at 14 days after molding, while in the FT group, it was the
lowest than that in other groups at 28 days after molding
(Fig. 4D). These results indicated that FGF-21 inhibited
the expression of a-SMA in mice with BLM-induced pul-
monary fibrosis, and the treatment effect was better than
the prevention effect in the late stage of pulmonary fibrosis.

FGF-21 inhibited inflammation in BLM-induced
pulmonary fibrosis in cell models

To further verify the effect of FGF-21 in alleviating pulmo-
nary fibrosis, the cell model was established with BLM in
THP-1 macrophages. The results showed that the mRNA
expression level of inflammatory cytokines reached the peak
at 24 h after molding, and that of collagen genes reached
the peak at 48 h after molding. Compared with the THP-1
macrophages in normal group, the mRNA expression lev-
els of a-SMA, Col-1, and Col-3 were 9.5, 10.5, and 198.5-
fold higher than those at 48 h, and those of IL-8, TGF-f,
and TNF-a were the highest at 24 h after molding in BLM
group (Fig. 5A). The result showed that the mRNA expres-
sion levels of inflammatory cytokines and collagen genes
dramatically reduced, and it was dose dependent at 48 h after
molding in THP-1 macrophages in FGF21 groups (Fig. 5B).
The result showed that the protein expression level of TGF-f3
significantly reduced, and it was in a dose dependent at 24 h
after molding in THP-1 macrophages in FGF21 groups,
while that of a-SMA dramatically reduced in FGF21 groups
and was the lowest in FH group at 48 h after molding in
THP-1 macrophages (Fig. 5C). These results suggested that
FGF-21 inhibited the expression of inflammatory cytokines
and collagen genes in pulmonary fibrosis cell models.

Discussion

Pulmonary fibrosis is a common stage of many chronic
lung disease and the main pathological basis of respiratory
failure. It is characterized by inflammatory cell infiltration,
fibrous hyperplasia, ECM reconstruction, and excessive
deposition, eventually leading to the destruction of lung

architecture and dysfunction (Tao et al. 2021). Recent years,
the incidence of pulmonary fibrosis has been increasing and
is more common in the elderly. The disease has a median
survival of only 3 to 5 years, and the 5-year survival rate is
less than 30% which is called “the cancer that’s not cancer”
(Raghu et al. 2006). Pirfenidone exerted anti-inflammatory
and anti-oxidative activities and had the therapeutic effect on
multiple organ fibrosis including liver fibrosis, myocardial
fibrosis, renal fibrosis, and pulmonary fibrosis (Cao et al.
2022; Aimo et al. 2020; Cho and Kopp 2010; Rockey 2008).
However, FGF-21 had also important effects on anti-oxi-
dative and anti-inflammatory and attenuated liver fibrosis.
Therefore, we proposed that FGF-21 had the possibility to
treat pulmonary fibrosis; then, the preventive and therapeutic
effects of FGF-21 were verified in pulmonary fibrosis both
in vivo and vitro.

Despite some limitations with regard to recapitulation
of human disease, currently, the BLM-induced lung injury
is the best model used to investigate potential pathways
involved in the pathogenesis of pulmonary fibrosis and
to explore therapeutic approaches (Kolb et al. 2020). As
is reported, BLM-induced lung injury in mice involves
two phases, including the early inflammatory response
stage and later pulmonary fibrosis stage (Wilson and
Wynn 2009), which is evident at 14 days and follows
maximal responses between 21 and 28 days. The results
under light microscope showed that there were a large
number of inflammatory cell infiltration and fibroblast
hyperplasia at 14 days and significant honeycomb lung
structures at 21 days in BLM-induced pulmonary fibro-
sis, which indicated that fibrosis had developed. After
the pretreatment of FGF-21, the degree of inflammation
significantly reduced at 14 days, and alveolar morphol-
ogy begun to recover at 28 days with the dose increased;
in addition, recovery of mice in the treatment group was
equally significant and even better than those in the pre-
vention groups, suggesting that FGF-21 has a protective
and therapy effect on BLM-induced pulmonary fibrosis
in mice.

During the early stages of pulmonary fibrosis, mac-
rophages serve as a central contributor to this process
via the production of cytokines such as TNF-a, IL-8, and
TGF-p, creating a fibrotic microenvironment and induc-
ing the accumulation of ECM (Frangogiannis 2020). The
high expression of these inflammatory factors are the
characteristics in the formation of pulmonary fibrosis;
thereby, the expression of TNF-«, IL-8, and TGF-f was
determined in the lung tissue in mice. The result indicated
that FGF-21 decreased the expression of these inflamma-
tory mediators by BLM-induced and ultimately allevi-
ated pulmonary fibrosis. Among these fibrogenic factors,
TGF-p is the most pivotal profibrotic molecule. Several
studies show that TGF-p has long been regarded as a
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central mediator of tissue fibrosis that involves multiple
organs including the skin, liver, kidney, and lung. And
TGF-p also plays an important role in the development or
progression of pulmonary fibrosis, which involved multi-
ple stages of fibrosis, such as the secretion of extracellu-
lar matrix and inflammatory cytokines and the differenti-
ation of fibroblasts (Adam et al. 2000). Differentiation of
lung fibroblasts to myofibroblasts induced is a key event
in the pathogenesis of pulmonary fibrosis, which are char-
acterized by a-SMA expression and increased generation
and secretion of ECM proteins, including collagen I and
collagen III, which then aggravate the development of
pulmonary fibrosis (Frangogiannis 2020). Both in gene
and protein levels, the results clearly demonstrated that
FGF21 treatment reduced the TGF-f expression level
in vivo and in vitro. As well as the myofibroblast-asso-
ciated gene a-SMA, the results distinctly indicated that
FGF-21 injection was able to inhibit the a-SMA expres-
sion around the trachea, which was a hallmark of myofi-
broblast differentiation. The results indicated that the
inhibitory effects of FGF-21 on pulmonary fibrosis might
relate to prevent the fibroblast differentiation. After fibro-
blasts differentiate into myofibroblasts, myofibroblasts
secrete a large amount of ECM which mostly constitute
of collagen I and collagen III. HYP is considered as an
important component of collagen reaction. The level of
HYP in the lung tissue of mice decreased appreciably
through FGF-21 intervention. In addition, the expression
of a-SMA, collagen I, and collagen III showed the con-
sistent results. These results confirmed the anti-fibrosis
effect of FGF-21 once again.

In this study, an in vitro model of pulmonary profibro-
sis was established by BLM in THP-1 macrophages and
evaluated the effects of FGF-21 on pulmonary fibrosis
containing the inflammation and collagen accumulation.
THP-1 macrophages as macrophage was often used to the
model of inflammation (Kollarova et al. 2018); however,
inflammation and collagen accumulation were found in
BLM-induced THP-1 macrophages. BLM stimulated dif-
ferentiated THP-1 cells to secrete inflammatory factors
and collagen which reached peak at 24 and 48 h after
molding. These results demonstrated that the THP-1
macrophages were useful as a model for the study of
pulmonary fibrosis which was composed of inflamma-
tory response in the early stage and collagen accumula-
tion in the late stage. At the same time, FGF-21 reduced
the mRNA and protein expression levels of TGF-p and
a-SMA in THP-1 macrophages. The mRNA expression
levels of IL-8, TNF-a, Col-1, and Col-3 decreased gradu-
ally as the dose of FGF-21 increased in vitro models. In
conclusion, this study demonstrated that FGF-21 could
antagonize the BLM-induced, macrophage-mediated pul-
monary fibrosis.
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Conclusion

In summary, FGF-21 effectively alleviated BLM-induced pul-
monary fibrosis in mouse and cell models. FGF-21 inhibited
the expression TGF- and a-SMA, inhibited the prophase
inflammatory response and anaphase ECM deposition, and in
turn, inhibited the occurrence and development of pulmonary
fibrosis. Therefore, FGF-21 had both preventive and thera-
peutic effects on BLM-induced pulmonary fibrosis by inhibit-
ing inflammatory response and collagen synthesis in vitro and
in vivo. In addition, FGF-21 may be a candidate for further
drug development for treatment of pulmonary fibrosis.
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