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Abstract. Kisspeptin (KP) is an amidated neurohormone that 
is encoded by the KiSS‑1 metastasis suppressor (KISS1) gene 
and serves as the endogenous ligand for G protein‑coupled 
receptor 54 (GPR54). KP is involved in the regulation of 
several biological functions, such as reproduction, cancer and 
atherogenesis. Recent data suggested that KP may induce 
atherosclerotic plaque progression and instability, which 
may be reversed by the GPR54 antagonist KP‑234. Despite 
the KISS1 gene being previously reported as a downstream 
target of the classic transforming growth factor (TGF)/Smad2 
signaling pathway, its role in fibrosis remains elusive. The 
purpose of the present study was to evaluate the role of KP‑13 
(a product of the KISS1 gene) in a bleomycin (BLM)‑induced 
idiopathic pulmonary fibrosis model. Lung tissue samples were 
evaluated by quantitative PCR analysis, western blotting and 
ELISA. Daily intraperitoneal administration of KP‑13 signifi-
cantly ameliorated body weight loss, histopathological lung 
abnormalities and pulmonary collagen deposition induced 
by BLM. Furthermore, KP‑13 downregulated the expression 
levels of tumor necrosis factor‑α, TGF‑β, collagen type I α1, 
actin α2 and matrix metalloproteinase 2 in BLM‑treated 
lungs compared with BLM group. Notably, the production of 
α‑smooth muscle actin in lung tissues, as well as the pulmonary 
levels of TGF‑β1 and phosphorylated‑Smad2/3, was reduced 
following treatment with KP‑13. The anti‑fibrotic effects of 
KP‑13 were reversed by KP‑234 (an antagonist of GPR54), but 
not by Cetrorelix (an antagonist of the gonadotropin‑releasing 
hormone receptor). Furthermore, apoptosis‑related proteins, 
such as Bax and caspase‑3, were decreased, whereas Bcl‑2 
was markedly increased as determined by western blotting. 

Collectively, these data suggested that the KP/GPR54 signaling 
pathway may be a promising target for the treatment of idio-
pathic pulmonary fibrosis.

Introduction

Idiopathic pulmonary fibrosis (IPF) is an invariably fatal 
disease characterized by the accumulation of excess extracel-
lular matrix components, and it can severely compromise lung 
function, which is characterized by progressive dyspnea and 
coughing (1,2). Despite the progress reported by clinical trials 
on IPF over the last decade, the pathogenesis and progression 
of IPF have not yet been fully elucidated. Although immuno-
suppressive therapy has been effective in slowing down the 
progression of IPF, its deleterious side effects have led to the 
reconsideration of its use in IPF (3,4). Thus far, the currently 
used agents, such as immunosuppressants and steroids, have 
not been found to improve the prognosis. There is an urgent 
need for effective therapeutic agents for IPF.

Kisspeptin (KP), also referred to as metastin, is encoded 
by the KiSS‑1 metastasis suppressor (KISS‑1) gene and serves 
as the ligand for G protein‑coupled receptor 54 (GPR54), 
a Gq/11‑coupled receptor also referred to as AXOR12 or 
hOT7T175. KP is proteolytically cleaved into several active 
polypeptides, including KP‑54, KP‑13 and KP‑10. Tian et al (5) 
reported that the KISS1 gene is a downstream target of the 
classic transforming growth factor‑β (TGF‑β)/Smad2 signaling 
pathway. The KP/GPR54 signaling pathway plays an impor-
tant role in initiating the secretion of gonadotropin‑releasing 
hormone (GnRH) at puberty, and is involved in the regulation 
of the GnRH/GnRH receptor (GnRHR) signaling pathway (6). 
Previous research has provided substantial evidence 
supporting the role of the KISS‑1/GPR54 signaling pathway 
in the regulation of the reproductive axis, including the timing 
of puberty, the sexual differentiation of the brain, the regu-
lation of GnRH at puberty, as well as in diabetes, adiposity, 
atherogenesis (7), gastrointestinal motility (8), learning and 
memory (9), and suppression of metastasis across a range of 
cancer types (10,11).

A number of neuroendocrine factors, including hypo-
thalamic‑pituitary‑adrenal/hypothalamic‑pituitary‑gonadal 
(HPA/HPG) axis‑related hormones and GnRH, regulate the 
homeostasis between cell proliferation and apoptosis (12,13). 
Disruption of this homeostasis leads to inflammatory changes 
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or fibrosis. For example, Kyritsi et al (14) reported that inhibi-
tion of the hepatic expression of the GnRH/GnRHR1 axis by 
Cetrorelix reduced biliary duct proliferation and liver fibrosis. 
McMillin et al (15) reported that infusion of melatonin reduced 
cholangiocyte proliferation, hepatic injury and fibrosis during 
bile duct ligation‑induced liver injury. These previous studies 
provided novel insight into the use of the KISS1/GPR54/GnRH 
axis as a potential target for the treatment of fibrosis or  
inflammation.

To the best of our knowledge, at present, no data have been 
published regarding the role of KP‑13 in pulmonary fibrosis. 
The aim of the present study was to determine whether KP‑13 
is able to attenuate bleomycin (BLM)‑induced pulmonary 
fibrosis in mice, and investigate the underlying mechanisms.

Materials and methods

Animals. Male C57BL/6 mice (weighing 20‑22  g, 
8‑10  weeks‑old) were purchased from the Experimental 
Animal Center of Lanzhou University. All mice were housed 
in cages (humidity 45‑50%, sizes 20x30 cm2, bedding‑wood 
shavings, 6 animals/cage) with free access to tap water and 
food in a room, which was maintained at 22±2˚C in a 12‑h 
light (8:00 a.m.)/dark (8:00 p.m.) cycle. All animal protocols 
in the present study were approved by the Ethics Committee 
of Lanzhou University (approval no. SYXK Gan 2009‑0005).

Establishment of the pulmonary fibrosis model. The animal 
model of pulmonary fibrosis in the present study was estab-
lished according to the protocols previously described by 
Tian et al (16), Luque et al (17) and Wei et al (18). Briefly, 
mice were anesthetized by an intraperitoneal (i.p.) injection 
of 70 mg/kg pentobarbital sodium (Sigma‑Aldrich; Merck 
KGaA), and were intratracheally administered 4 mg/kg BLM 
(Sigma‑Aldrich; Merck KGaA) to induce fibrosis. A total 
of 54 mice were randomly assigned to six groups of 9 mice 
each as follows: i) Control group, instilled with saline alone; 
ii) BLM group, instilled with BLM alone; iii) BLM+KP‑13 
group, instilled with BLM and treated with KP‑13 [1 mg/kg, 
i.p.]; iv)  BLM+KP‑234+KP‑13 group, instilled with BLM 
and treated with KP‑234 (1 mg/kg, i.p.) and KP‑13 (i.p.); and 
v)  BLM+Cetrorelix+KP‑13group, instilled with BLM and 
treated with Cetrorelix and KP‑13 (i.p.). vi) KP‑13 group were 
only treated with KP‑13 (i.p.). After intratracheal instillation 
of BLM, the mice received all the injections daily from the 
third day up to 28 days. KP‑13 and KP‑234 were provided by 
Dr Min Chang (Lanzhou University). KP‑13 and KP‑234 were 
first dissolved in 2% DMSO and diluted in saline immediately 
prior to injection, as previously described  (9). Cetrorelix 
(Sigma‑Aldrich; Merck KGaA) was dissolved in saline and 
injected i.p. (1 mg/kg/10 ml) 30 min prior to KP‑13 injection. 
The mice were sacrificed on day 28 after injection of BLM. All 
experiments were performed between 9:00 a.m. and 6:00 p.m. 
In addition, the dose selection was based on previous studies 
by Jiang et al (8,9).

Histological analysis. The histopathological assay was 
performed, according to previous studies. Briefly, whole left 
lungs were fixed in 4% paraformaldehyde at 4˚C overnight and 
embedded in paraffin. The 8‑µm sections were stained with 

hematoxylin and eosin (H&E), Masson's trichrome stain and 
Picro‑Sirius Red (PSR), using standard methods. The images 
were performed by an ordinary optical microscope (H&E and 
Masson) and polarized light microscope (PSR; Zeiss AG).

Reverse transcription‑quantitative PCR (RT‑qPCR). RT‑qPCR 
was conducted according to the manufacturer's protocol 
(Takara Bio, Inc.). Total RNA was extracted using TRIzol® 
reagent (Thermo Fisher Scientific, Inc.) following the manufac-
turer's protocol and 1 µg RNA sample was reverse transcribed 
into cDNA with the 5X PrimeScript RT Master Mix (Takara 
Bio, Inc.), the following conditions: 37˚C for 15 min, 85˚C for 
5 sec, 4˚C for 3 min. Amplification was conducted in a 25 µl 
reaction compound composed of 12.5 µl 2X SYBR Premis 
Ex TaqII (Takara Bio, Inc.), 8.5 µl ddH2O, 2 µl cDNA, 1 µl 
forward primer and 1 µl reverse primer, and was carried out 
under the following conditions: 95˚C for 30 sec, followed by 
40 cycles at 95˚C for 5 sec, 60˚C for 30 sec and 72˚C for 30 sec. 
Gene expression was evaluated using the 2‑∆∆Cq method (19) 
where ∆Cq=Cqtarget gene‑CqGAPDH and ∆∆Cq=CqDrug‑CqControl. 
The primers are presented in Table I and GAPDH was used as 
the reference gene.

Western blotting. Western blotting was performed following 
the manufacturer's protocol (Bio‑Rad Laboratories, Inc). 
Protein was extracted with RIPA buffer containing protease 
inhibitor (Gibco; Thermo Fisher Scientific, Inc.). The protein 
concentration was determined using a BCA protein assay 
kit (Pierce; Thermo Fisher Scientific, Inc.). The protein 
samples (40 µg per lane) were separated by SDS‑PAGE on 

Table I. Primers used in the reverse transcription‑quantitative 
PCR in the present study.

Gene	 Prime	 Sequence (5'‑3')

IL‑1β	 Sense	CA GCTTCAAATCTCGCAGCA
	A nti‑sense	C TCATGTCCTCATCCTGGAAGG
TNF‑α	 Sense	AC TCCCAGGTTCTCTTCAAGG
	A nti‑sense	 GGCAGAGAGGAGGTTGACTTTC
TGF‑β	 Sense	 TTGCTTCAGCTCCACAGAGA
	A nti‑sense	 TGGTTGTAGAGGGCAAGGAC
Colla1	 Sense	 GAGCGGAGAGTACTGGATCG
	A nti‑sense	 GCTTCTTTTCCTTGGGGTTC
Timp1	 Sense	C TTCTGGCATCCTGTTGT
	A nti‑sense	AC TGCAGGTAGTGATGTG
Acta2	 Sense	C TGACAGAGGCACCACTGAA
	A nti‑sense	CA TCTCCAGAGTCCAGCACA
MMP2	 Sense	 TCAAGTTCCCCGGCGATG
	A nti‑sense	A GTTGGCCACATCTGGGTTG
GAPDH	 Sense	 GCCACAGACGTCACTTTCCTAC
	A nti‑sense	C GGGAACACAGTCACATACCA

IL‑1β, interleukin‑1β; TNF‑α, tumor necrosis factor‑α; TGF‑β, trans-
forming growth factor‑β; Colla1, collagen type I α1; Timp1, tissue 
inhibitor of metalloproteinase 1; Acta2, actin α2; MMP2, matrix 
metalloproteinase 2.
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10% gels and then transferred onto PVDF membranes. The 
membranes were blocked in 5% fat‑free milk in TBST (0.1% 
Tween-20) at room temperature for 2 h, and incubated with 
specific antibodies overnight at 4˚C as follows: Anti‑α‑smooth 
muscle actin (α‑SMA; cat. no. 19245; 1:1,000; Cell Signaling 
Technology, Inc.), anti‑TGF‑β (cat. no. 3711; 1:1,000; Cell 
Signaling Technology, Inc.), anti‑phosphorylated (p)‑Smad2/3 
(cat. no. 8828; 1:1,000; Cell Signaling Technology, Inc.) or 
anti‑total (t)‑Smad2/3 (cat. no. 3102; 1:1,000; Cell Signaling 
Technology, Inc.), anti‑Bcl‑2 (cat. no. D198628‑0100; 1:500; 
BBI Life Sciences), anti‑Bax (cat. no. D190756‑0100; 1:500; BBI 
Life Sciences), anti‑active caspase‑3 (cat. no. D195315‑0100; 
1:500; BBI Life Sciences) and anti‑GAPDH (cat. no. 5174; 
1:2,000; Cell Signaling Technology, Inc.). After washing 
three times with PBS, the membranes were incubated with 
horseradish peroxidase‑conjugated secondary antibodies 
(cat. no. A0208, 1:5,000; Beyotime Institute of Biotechnology) 
at room temperature for 1 h. The result was visualized with 
chemiluminescence reagents using an ECL kit (Thermo Fisher 
Scientific, Inc.) and exposed to a film. The intensity of the blots 
was quantified with densitometry (Image J 1.49v; National 
Institutes of Health).

ELISA. Total protein from the lungs of mice in each group 
were extracted with RIPA lysis buffer containing protease 
inhibitor (Gibco; Thermo Fisher Scientific, Inc.). Total 
proteins were determined using a bicinchoninic acid protein 
assay kit (Sangon Biotech Co., Ltd.). Interleukin (IL)‑1β, IL‑6 
and tumor necrosis factor‑α (TNF‑α) in the lung tissue were 
measured using ELISA kits (cat. no. E‑EL‑M0049 for TNF‑α, 
cat.no. E‑EL‑M0044 forIL‑6, cat. no. E‑EL‑M0037 forIL‑1β, 
Elabscience), according to the manufacturer's protocol.

Statistical analysis. All data are presented as the mean ± SEM 
for two repeats twice of each experiment. Overall survival was 
defined as the time period from the first day of BLM‑induced 
pulmonary fibrosis to the date of succumbing, or until the 
28th day of BLM‑induced pulmonary fibrosis. Comparisons 
of mortality were made by analyzing Kaplan‑Meier survival 
curves, and then log‑rank tests to assess for differences in 
survival. The statistical analysis was conducted by two‑way 
ANOVA followed by Dunnett's post‑hoc test using SPSS 19.0 
(IBM Corp.). P<0.05 was considered to indicate a statistically 
significant difference.

Results

KP‑13 attenuates the pulmonary damage and fibrosis 
induced by BLM in mice. A comparison of 28‑day survival 
curves among the four groups of mice with pulmonary 
fibrosis revealed that KP‑13 improved the survival of mice 
with BLM‑induced (4 mg/kg) pulmonary fibrosis (Fig. 1A). 
Additionally, mice in the BLM group had lost an amount 
of body weight between days 2 and 28 compared with the 
control mice, and it reached a significant difference at 28 days 
(P<0.001; Fig. 1B). Treatment with KP‑13markedly inhibited 
these changes compared with the BLM group. The increased 
spleen/body weight ratio reflected the progression of inflam-
mation. As shown in Fig. 1C, BLM treatment increased this 
ratio, while KP‑13 treatment inhibited the increase in the ratio 
(P<0.05; BLM group compared with BLM+KP‑13 group), 
suggesting that KP‑13 suppresses inflammation.

Pulmonary injury and fibrosis induced by BLM in mice 
were evaluated by histopathological examination. The findings 
included severe edema, alveolar collapse, alveolar membrane 
thickening and inflammatory cell infiltration (Fig. 2). H&E, 
Masson's trichrome and PSR staining revealed severe collagen 
deposition induced by BLM in the lungs of the mice. However, 
treatment with KP‑13 markedly reversed these changes and 
alleviated collagen deposition.

KP‑13 ameliorates BLM‑induced inflammatory injury in the 
lungs of mice. It was recently demonstrated that BLM‑induced 
pulmonary fibrosis is correlated with alterations in inflamma-
tory cytokines (TNF‑α, IL‑1β and TGF‑β) and fibrosis‑related 
factors [collagen type I α 1 (Colla1), actin α 2 (Acta2), tissue 
inhibitor of metalloproteinase 1 (Timp1) and matrix metal-
loproteinase 2 (MMP2)] (16). In the present study, the levels 
of these factors were increased in response to intratracheal 
BLM instillation compared with control mice. However, these 
increases were markedly inhibited by KP‑13 application.

As shown in Fig. 3, the mRNA levels of Colla1, Acta2 and 
MMP2 were significantly increased following intratracheal 
BLM treatment (P<0.01 for Colla1; P<0.001 for MMP2 and 
Acta2; Fig. 3). Administration of KP‑13 to the mice inhibited 
the expression of these genes induced by BLM administration 
(P<0.01 for Colla1; P<0.05 for MMP2 and Acta2; Fig. 3). 
TIMP1 is a collagenase inhibitory protein in pulmonary 
fibrosis. Thus, its expression level is inversely related to 

Figure 1. KP‑13 alleviates BLM‑induced pulmonary fibrosis in mice. (A) Survival of mice after inhalation exposure to BLM, BLM+KP‑13, BLM+KP‑234+KP‑13 
or BLM+Cetrorelix+KP‑13. Data are presented as a Kaplan‑Meier survival curve. (B) BLM administration caused a significant loss in body weight, whereas 
treatment with KP‑13 attenuated body weight loss. **P<0.01, ***P<0.001 vs. control; #P<0.05, ## P<0.01. (C) Effects of KP‑13 on the spleen/body weight ratio in 
mice. *P<0.05; #P<0.05. KP, kisspeptin; BLM, bleomycin.
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the level of fibrosis (20). Fig. 3C showed that BLM treated 
decreased the expression of TIMP1, whereas the decrease was 
markedly changed by KP‑13 application (P<0.05, Fig. 3C). 
These results reflect the induction of fibrosis by BLM and the 
beneficial effect of KP‑13 on IPF. As IPF is associated with 

inflammation, the expression levels of related inflammatory 
cytokines were also evaluated. The protein levels of IL‑1β, 
TNF‑α and IL‑6, and the mRNA level of TGF‑β were statisti-
cally significantly increased in the lung following intratracheal 
BLM treatment (P<0.001 for IL‑1β and TGF‑β; P<0.01 for 

Figure 3. Effects of KP‑13 on the expression of fibrosis‑related factors in mice with pulmonary fibrosis. The mRNA levels of (A) Colla1, (B) Acta2, (C) Timp1 
and (D) MMP2 in the lungs were measured by quantitative PCR analysis. The data are presented as the mean ± SEM. n=6/group. **P<0.01 and ***P<0.001; 
#P<0.05, ##P<0.01. Colla1, collagen type I α1; Timp1, tissue inhibitor of metalloproteinase 1; Acta2, actin α2; MMP2, matrix metalloproteinase 2; KP, 
kisspeptin; BLM, bleomycin.

Figure 2. Representative images of pathological lung abnormalities with H&E, Masson's trichrome and Sirius Red staining in mice. Scale bar, 100 µm. H&E, 
hematoxylin and eosin.
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TNF‑α and IL‑6; Fig. 4), while KP‑13 injection significantly 
decreased the expression of those factors (P<0.05).

KP‑13 reduces the protein expression of α‑SMA in lung 
tissues. A main characteristic of pulmonary fibrosis is the 
over‑proliferation of α‑SMA‑positive fibroblasts in the whole 
lung (21,22). Therefore, the ability of KP‑13 to modulate the 
expression of α‑SMA, which is a key marker of myofibro-
blasts, was further evaluated. The western blotting results 
demonstrated that BLM treatment upregulated the expression 
of α‑SMA in lung tissues compared with the control group 
(P<0.001; Fig. 5), whereas the levels of α‑SMA were reduced 
following KP‑13 treatment compared with the BLM group 
(P<0.01; Fig. 5).

Mechanism underlying the inhibitory effect of KP‑13 on 
BLM‑induced pulmonary fibrosis. A number of previous 
studies have demonstrated the physiological and pathological 
roles of the KP/GPR54 signaling pathway in the regulation 
of the reproductive system, diabetes, adiposity, inhibition of 
cancer metastasis, and atherosclerotic plaque progression 
and instability (11,23‑25). Recent studies have also reported 
that KP is a potent stimulator of GnRH secretion, and 
GnRH was reported to be associated with inflammation and 
fibrosis (14,15).

Therefore, KP‑234, an antagonist of GPR54, and 
Cetrorelix, an antagonist of GnRHR, were used to deter-
mine whether they could block the anti‑fibrotic effects of 
KP‑13. The results revealed that KP‑234, but not Cetrorelix, 
significantly attenuated the effects of KP‑13 on BLM‑induced 
pulmonary injury and fibrosis (P<0.05 for BLM+KP‑13 group 
and BLM+KP‑234+KP‑13 group; Figs. 1, 2 and 5).

KP‑13 inhibits the expression of TGF‑β and phosphoryla‑
tion of Smad2/3 in BLM‑induced pulmonary fibrosis. 
TGF‑β is a key mediator of pulmonary fibrosis, as it regu-
lates the synthesis of extracellular matrix proteins via the 

TGF‑β/Smad2/3 signaling pathway  (26). To elucidate the 
possible mechanisms through which KP‑13 ameliorates 
BLM‑induced pulmonary injury and fibrosis, the effects 
of KP‑13 on the TGF‑β/Smad2/3 signaling pathway were 
examined. As demonstrated by the western blot analysis 
results (Fig. 6A‑C), the expression of TGF‑β1, as well as the 

Figure 4. Effects of KP‑13 on the expression of inflammatory cytokines in mice with pulmonary fibrosis. The mRNA levels of (A) IL‑1β, (B) TGF‑β and 
(C) TNF‑α were measured by quantitative PCR analysis. The expression levels of (D) IL‑1β, (E) IL‑6 and (F) TNF‑α were measured by ELISA. The data are 
presented as the mean ± SEM. n=5‑6/group. **P<0.01 and ***P<0.001; #P<0.05, ##P<0.01. TNF‑α, tumor necrosis factor‑α; TGF‑β, transforming growth factor‑β; 
IL, interleukin; KP, kisspetin; BLM, bleomycin.

Figure 5. Effects of KP‑13 on the expression of α‑SMA in mice with pulmo-
nary fibrosis. (A) Western blot analysis of α‑SMA in the indicated samples. 
(B) Densitometry values normalized to GAPDH for α‑SMA protein. The 
data are presented as the mean ± SEM. n=5/group. ***P<0.001; ##P<0.01; 
&P<0.05. KP, kisspeptin; α‑SMA, α‑smooth muscle actin; BLM, bleomycin.
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phosphorylation of Smad2/3, were significantly increased 
after treatment with BLM (P<0.01 for TGF‑β1 and Smad2/3), 
which was downregulated following KP‑13 application 
(P<0.05 for TGF‑β1; P<0.001 for Smad2/3). Furthermore, 
the levels of pro‑apoptosis related proteins, such as Bax and 
caspase‑3 (P<0.05 for between Bax and caspase‑3, Fig. 6A, 
D‑F), were increased in the BLM group compared with 
the control. However, these pro‑apoptosis proteins were 
significantly downregulated after KP‑13 application (P<0.05, 
Fig. 6A, E and F). Meanwhile, anti‑apoptosis related protein 

(Bcl‑2) was markedly decreased by BLM, whereas KP‑13 
upregulated its expression level (Fig. 6A).

Discussion

To the best of our knowledge, the present study is the first to 
provide evidence demonstrating that KP‑13 reduces pulmo-
nary injury and fibrosis induced by BLM, particularly the 
inflammatory response and massive infiltration of inflamma-
tory cells, and the increased collagen/α‑SMA deposition in the 

Figure 6. Effects of KP‑13 on the expression of TGF‑β, p‑Smad2/3, t‑Smad2/3, Bcl‑2, Bax and caspase‑3 were assessed by western blot analysis in mice with 
pulmonary fibrosis. (A) Western blot analysis and subsequent densitometry determined the relative protein expression level of (B) TGF‑β, (C) p‑Smad2/3/
t‑Smad2/3 and (D) Bcl‑2/Bax. (E) Western blot analysis and (F) subsequent densitometry determined the expression of caspase‑3, normalized to GAPDH. 
The data are presented as the mean ± SEM. n=5/group. *P<0.05, **P<0.01 vs. control; #P<0.05, ###P<0.001 vs. BLM group. KP, kisspeptin; TGF‑β, transforming 
growth factor‑β; BLM, bleomycin; p, phosphorylated; t, total.
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lung. In addition, it was demonstrated that a GPR54 antagonist, 
but not a GnRHR antagonist, was able to block the effects of 
KP‑13 in an animal model of pulmonary fibrosis.

In the present study, severe pulmonary fibrosis was induced 
in mice 28 days after intratracheal instillation of BLM, which 
was indicated by body weight loss, increased lung coefficient 
(data not shown), decreased survival rate and exacerbated 
histopathological abnormalities, with extensive collagen 
deposition. By comparing the BLM‑induced pulmonary 
fibrosis between mice with and without KP‑13 treatment, it 
was demonstrated that BLM‑induced pulmonary fibrosis was 
markedly attenuated by KP‑13.

The main characteristics of pulmonary fibrosis are 
over‑proliferation of α‑SMA‑positive fibroblasts and collagen 
deposition in the whole lung; therefore, targeted inhibition of 
α‑SMA expression in the lung has been found to be an effective 
therapeutic strategy for pulmonary fibrosis (27). Notably, KP‑13 
significantly ameliorated pulmonary fibrosis by exerting an 
inhibitory regulatory effect on the expression of Colla1, Acta2 
and MMP2. Furthermore, the expression levels of TNF‑α and 
TGF‑β were also markedly decreased in the lung in response to 
BLM+KP‑13 treatment compared with the BLM alone‑treated 
mice. Finally, the western blotting results further illustrated that 
KP‑13 downregulated the expression of α‑SMA at the protein 
level in lung tissues. To summarize, these results demonstrated 
that KP‑13 mitigated BLM‑induced pulmonary fibrosis.

A previous study reported that the KP/GPR54 signaling 
pathway is extensively involved in the regulation of endo-
thelial cells, macrophages, monocytes, cardiomyocytes, and 
cells of the hypothalamus and extravillous trophoblast (17). 
Sato et al (28) demonstrated that the KP/GPR54 signaling 
cascade may serve as a potential therapeutic target for 
atherosclerotic diseases. Additionally, previous experimental 
and clinical studies have demonstrated the ability of GnRH 
agonists to prevent postoperative adhesions, inflammation 
and fibrosis. McMillin et al (15) reported that GnRH played 
a key role in activated hepatic stellate cells during cholestatic 
liver disease. Kyritsi et al (14) demonstrated that targeting 
the GnRH/GnRHR1 signaling pathway may be a key to the 
management of hepatic fibrosis during the progression of 
primary sclerosing cholangitis. Therefore, the present study 
investigated whether the KP/GRP54 and GnRH/GnRHR 
signaling pathways were involved in the regulation of IPF 
progression by KP‑13 by using KP‑234 and Cetrorelix, the 
respective antagonists of the mentioned signaling pathways. 
The findings demonstrated that KP‑234, but not Cetrorelix, 
was able to inhibit the anti‑fibrotic effects of KP‑13, specifi-
cally in terms of body weight loss, decreased survival rate, 
increased lung coefficient (data not shown), massive infiltration 
by inflammatory cells and increased collagen/α‑SMA deposi-
tion in the lungs. Therefore, it was identified that the GPR54 
axis, but not the GnRH axis, was involved in the regulation of 
BLM‑induced IPF in mice by KP‑13.

Suppression of TGF‑β/Smad signaling has been demon-
strated to ameliorate experimentally induced fibrosis  (29). 
Previous studies have reported that BLM‑induced pulmo-
nary fibrosis may be associated with TGF‑β/Smad2/3 
signaling (26,30). In the present study, it was observed that 
the expression of TGF‑β and the phosphorylation of Smad2/3 
in the lung were markedly upregulated in mice treated with 

BLM alone, whereas administration of KP‑13 significantly 
inhibited the expression of TGF‑β and the phosphorylation 
of Smad2/3. In addition, treatment with KP‑13 markedly 
upregulated the expression of the anti‑apoptotic factor Bcl‑2, 
and downregulated the expression of the pro‑apoptotic factor 
Bax, compared with the BLM group. These data indicated 
that KP‑13 inhibited the enhanced TGF‑β signaling in 
BLM‑induced pulmonary fibrosis.

To summarize, the results of the present study indicated 
that KP‑13 exerted antifibrotic effects via inhibition of the 
inflammatory response and collagen/α‑SMA deposition in 
the lung. Therefore, the KP‑13/GPR54 axis may represent a 
promising therapeutic target for preventing the progression of 
pulmonary fibrosis. However, whether the GPR54/KP systems 
can be used as targets for pulmonary fibrosis in the clinic 
remains to be further studied.
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