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Abstract

Background: As a prevalent type of cryptogenic fibrotic disease with high mortality, idiopathic pulmonary fibrosis
(IPF) still lacks effective therapeutic drugs. The compounds extracted from buds and flowers of Chrysanthemum indi-
cum Linné with supercritical-carbon dioxide fluid (Clsr¢) has been confirmed to have antioxidant, anti-inflammatory,
and lung-protective effects. This paper aimed to clarify whether Cle¢ could treat IPF induced by bleomycin (BLM) and
elucidate the related mechanisms.

Methods: Rats (Sprague-Dawley, male) were separated into the following groups: normal, model, pirfenidone
(50mg/kg), Clsere-L, —M, and -H (240, 360, and 480 mg/kg/d, i.g., respectively, for 4 weeks). Rats were given BLM
(5mg/kg) via intratracheal installation to establish the IPF model. A549 and MRC-5 cells were stimulated by Wnt-1 to
establish a cell model and then treated with Clsr¢. Haematoxylin-eosin (H&E) and Masson staining were employed to
observe lesions in the lung tissues. Quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot (WB)
were performed to observe changes in genes and proteins connected with the Wnt/(3-catenin pathway.

Results: Cls inhibited the proliferation of MRC-5 cells (ICs: 2.723 £0.488 pg/mL) and A549 cells (ICq:
2.2354+0.229ug/mL). In rats, A549 cells, and MRC-5 cells, BLM and Wnt-1 obviously induced the protein expression of
a-smooth muscle actin (a-SMA), vimentin, type | collagen (collagen-I), and Nu-f-catenin. The mRNA levels of matrix
metalloproteinase-3 (MMP-3) and — 9 (MMP-9), two enzymes that degrade and reshape the extracellular matrix (ECM)
were also increased while those of tissue inhibitor of metalloproteinase 1 (TIMP-1) were decreased. However, Clor¢
reversed the effects of BLM and Wnt-1 on the expression pattern of these proteins and genes.

Conclusion: These findings showed that Cls¢ could inhibit IPF development by activating the Wnt/B-catenin path-
way and may serve as a treatment for IPF after further investigation.
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Background

Idiopathic pulmonary fibrosis (IPF), a prevalent fibrotic
disease with high mortality, is a complex pathology of
the lung with unknown aetiology [1, 2]. Previous stud-
ies have reported that inflammation occurs early follow-
ing lung injury [3]. Excess inflammation and abnormal
repair result in epithelial-mesenchymal transition (EMT)
[4] and abnormal growth of lung interstitial cells, result-
ing in changes in the collagens deposed into the extracel-
lular matrix (ECM) [5]. However, as IPF is a pulmonary
disease characterized by progressive interstitial fibrosis,
parenchymal inflammation and accumulation of ECM
protein [6], the detailed cellular and molecular mecha-
nisms of its development remain unknown. Currently,
the main treatment strategies of IPF include glucocorti-
coids, antifibrinolytic agents, and antioxidants. The most
commonly used drug is pirfenidone (PFD). However, PFD
also has inevitable side effects [7, 8]. Thus, new potential
targets and agents to ameliorate IPF urgently need to be
identified and developed.

The Wnt signalling pathway participates in self-renewal
of stem cells, metabolic disease, bone disease, and cancer
[9]. Based on the different types of downstream effectors,
there are two Wnt signalling pathways: the canonical
pathway (Wnt/B-catenin) and the non-canonical path-
way [10]. Emerging evidence has shown that the canoni-
cal pathway plays an active role in IPF development [11].
B-Catenin, as a necessary element of the canonical path-
way, participates in the physiological process of EMT,
which is a major process involved in fibrotic tissue repair
after injury, tumour progression, and embryonic devel-
opment [12]. The Wnt protein is critical in the canoni-
cal pathway. When lung tissue is damaged, Wnt protein
expression can be stimulated, and subsequent down-
stream signal inhibits the phosphorylation of B-catenin
and slows its degradation. Therefore, B-catenin accu-
mulates in the cytoplasm and then translocates to the
nucleus, where it regulates the expression of interrelated
genes, including matrix metalloproteinases (MMPs) [13].
Moreover, it is known that matrix metalloproteinase-3
(MMP-3) and matrix metalloproteinase-9 (MMP-9) can
degrade various ECM closely interrelated with the occur-
rence of IPF [14]. Therefore, the Wnt/B-catenin signalling
pathway may affect the occurrence of IPF by affecting
ECM deposition.

Chrysanthemum indicum Linné, a medicinal and edible
plant, is mostly used in pharmaceutical products and in
health products, beverages, and food additives. Clinically,
it has been used to treat coronary heart disease, hyper-
tension, and respiratory diseases such as pneumonia and
bronchitis [15]. Many experimental data have confirmed
that the extract of Chrysanthemum indicum Linné has
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antitumour [16], antioxidant [17], antimicrobial [18],
anti-inflammatory, and immunomodulatory effects [19,
20]. The supercritical carbon dioxide extraction is widely
used to extract chemical constituents from Chrysanthe-
mum indicum Linné, not only because the supercritical
carbon dioxide extraction is efficient and environmen-
tally friendly, but also because it can obtain more bio-
logically active compounds and ensure the structural
integrity of volatile compounds. Specifically, the extract
from buds and flowers of Chrysanthemum indicum Linné
in supercritical carbon dioxide fluid (Clgcpg) has been
widely used in cosmetics, functional foods, and toiletries
[21]. Moreover, our previous study showed that it could
enhance the antitumour effect and reduce pulmonary
damage of bleomycin (BLM) [22]. In addition, Clgcp has
been demonstrated to protect against UV-induced skin
injury and lipopolysaccharide (LPS)-induced lung injury
[23, 24] We previously observed that Clg-p can signifi-
cantly inhibit inflammatory cytokines induced by LPS
and produced by alveolar epithelial cells, thereby allevi-
ating LPS-mediated lung injury [24]. When Clgcpp and
BLM were administered together to treat tumours, we
found that BLM combined with Clgpp could remarkably
attenuate collagen deposition and inflammatory damage
in lung tissues. Based on the above findings, we hypoth-
esized that Clgcpe has a lung protective effect. How-
ever, whether Clgqpp could be used to treat IPF remains
unknown.

In this study, to determine whether Clgqpp could relieve
or treat pulmonary fibrosis, we used a BLM-induced
IPF model and Wnt-1-induced cell model to verify this
hypothesis.

Methods

Antibodies and reagents

DMEM, RPMI 1640 medium, foetal bovine serum (FBS)
and phosphate-buffered solution (PBS) was provided by
Gibco (Grand Island, NY, USA). Hydroxyproline (HYP)
assay kits were obtained from Shanghai Kejian Biology
Science and Technology Co., Ltd. (Shanghai, China). Pen-
icillin-streptomycin was provided by HyClone (Logan,
UT, USA). Poly-clonal antibodies targeting GAPDH
(AF7021), Histone H3 (AF0863), a-smooth muscle
actin (a-SMA, AF1032), vimentin (AF7013), B-catenin
(AF6266), and type I collagen (collagen-1, AF7001) as
well as HRP-labelled Goat Anti-Rabbit lgG antibodies
(E030120-01) were obtained from Affinity Biosciences
(OH, USA).

Drugs
We dissolved BLM (Zhejiang Hai Zheng Pharmaceuti-
cals, China. purity>99%) in 0.9% normal saline. Clgcpe
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(Lot. 20,121,104) was manufactured by the Mathemati-
cal Engineering Academy of Chinese Medicine at the
Guangzhou University of Chinese Medicine. We ana-
lysed the Clgcpp composition using high-performance
liquid chromatography with a photodiode array detec-
tor (HPLC-PAD) and gas chromatography-mass spec-
trometry (GC-MS) [24]. GC-MS detected thirty unique
compounds, and HPLC-PAD identified five compounds
(Supplementary Materials 1). Clgopp was suspended in
0.9% normal saline containing 3% Tween 80 as a cosol-
vent. Pirfenidone was provided by Dalian Meilun Bio-
logical Technology Co., Ltd. (lot number: A0730A;
Dalian, China). Normal saline (0.9%) was used to dissolve
pirfenidone.

Procedure for supercritical-carbon dioxide fluid extraction
Chrysanthemum indicum Linné was purchased from
Guangzhou Qingping medicinal materials market
(Guangzhou, China), authenticated based on its micro-
scopic and macroscopic characteristics. Chrysanthe-
mum indicum Linné was placed in the extraction kettle
(5L-SFE, Guangzhou Institute of Light Industry), and
then reflux extraction for 3h under the condition of
25MPa, 45°C and the flow rate of CO, was 30kg/h.

Cells

The Cell Bank of the Chinese Academy of Science pro-
vided the MRC-5 cells (human lung fibroblasts cell line)
and A549 cells (adenocarcinoma of human alveolar epi-
thelial cell line). Cells were cultured in DMEM/RPMI
1640 medium, which included 1% penicillin-streptomy-
cin and 10% FBS, at 37°C and 5% CO,,.

Cytotoxicity assay

A549 cells (1 x 10* cells/well) and MRC-5 cells (0.75 x 10*
cells/well) were seeded in 96-well plates for MTS detec-
tion. Then, the medium was replaced with medium
containing Clgrg (20, 40, 60, 80, 100, 200, 400, 800, or
1000ng/mL). MTS (20uL) was employed after cells were
cultured for 24/48 h. Four hours later, cell viabilities were
measured at 492 nm using a multimode plate reader. The
IC50 of Clg¢pg in the two cell lines was calculated using
GraphPad Prism software (version 6).

The effects of different doses of Wnt-1 (5, 10, 15, 20, 30,
40, 60, and 100ng/mL) on A549 and MRC-5 cells were
also studied using MTS. Cells were seeded into 96-well
plates determine cell viability. Serum-free medium was
added when the cells adhered. Then, the cells were stimu-
lated with 20ng/mL Wnt-1 for 24h after serum starva-
tion for 6h. Then, the cells were treated with medium
containing 400ng/mL Clgcpp. Cells were assessed after
24 h of treatment.
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Experimental animal procedures and pulmonary fibrosis
model establishment

The Experimental Animal Centre of Guangzhou Uni-
versity of Chinese Medicine (Certificate number
44005800005378, Guangzhou, China) provided male
adult Sprague-Dawley (SD) rats. The procedures were
conducted under the guidance of the Animal Care and
Welfare Committee of Guangzhou University of Chi-
nese Medicine. Rats were placed in an SPF environment
(temperature 24-26°C, humidity 70-75%). Rats were
provided free access to food and water. The animal exper-
iments were conducted according to the guidelines estab-
lished by the National Institutes of Health (NIH) Guide
for the Care and Use of Laboratory Animals.

Sixty rats were randomly assigned to the follow-
ing six groups (n=10; group by random number table
method): normal, model, PFD, Clgcpe-L, —M, and -H.
Except for rats in the control group, all the rats were
given BLM (5mg/kg) via intratracheal installation to
establish a pulmonary fibrosis model. Three days after
BLM injection, intragastric administration was started.
Normal saline was administered to rats in the normal
and model groups. PFD (50 mg/kg) was given to rats in
the PFD group, and rats in the Clg-pe-L, —M, and -H
groups were treated with Clgcpp (240, 360, and 480 mg/
kg, respectively). All drugs were intragastrically admin-
istered once per day. During the experiment, none of
the rats died.

After 28days, all rats were weighed and administered
1% pentobarbital sodium (40mg/kg) via intraperitoneal
injection. Then, the rats were sacrificed by bleeding from
the abdominal aorta, and the lung tissues were rapidly
collected and washed with ice-cold normal saline. The
lung tissues were weighed, and the left lung tissues (0.1g)
of all rats were fixed with 4% paraformaldehyde. The
remaining lung tissue was stored at —80°C.

Relative lung weight and body weight changes
The relative lung weight was calculated as follows: lung
coefficient =lung weight (g)/body weight (kg) x 100%.

Histological analysis

After fixation for 24h, the fixed lung tissue was dehy-
drated with different concentrations of alcohol, and dif-
ferent xylenes were used for transparency. Then, lung
tissues were embedded in paraffin. After the paraffin was
cooled, 5pum sections were cut to observe inflammatory
infiltration and collagen deposition with haematoxylin-
eosin (H&E) and Masson’s trichrome staining, respec-
tively. Then, the stained sections were observed under
a microscope. The grades of pathologic changes that
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indicated lung injury were evaluated referencing oth-
ers’ reports [25, 26]. Lung injury includes oedema, con-
gestion, inflammatory cell infiltration, and interstitial
inflammation, each of which was graded from 0 to 4. The
scores of each category per individuals were added to the
final score of lung injury.

HYP analysis

Lung tissues (0.1 g) were homogenized in HYP Assay Kit
hydrolysate using a tissue homogenizer. After halting
the hydrolysate reaction according to the manufactur-
er’s instructions, the absorbance of the supernatant was
measured at 550 nm on a spectrophotometer.

Cell transfection and treatment

MRC-5 (1 x 10° cells/mL) and A549 (1.25 x 10° cells/mL)
cells were seeded into 6-well plates. Then, the cells were
stimulated with Wnt-1 (20ng/mL) when they reached
70-80% confluence. After incubation for 24h, cells were
treated with medium containing Clg-pp (400ng/mL).
RNA and protein were extracted after 24 h.

The small interfering RNA (siRNA) targeting B-catenin
and the negative control were provided by RiboBio
(Guangzhou, China). Lipofectamine 2000 (Invitrogen)
was adopted to transfect P-catenin siRNA (40nM) or
negative control siRNA into the cells according to the
manufacturer’s instructions. Then, the cells were treated
as described above.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

We extracted total RNA from two kinds of cells and lung
tissues with TRIzol reagent (Invitrogen) according to
the manufacturer’s instructions. Ultra-micro spectro-
photometer (Thermo Fisher Scientific, USA) was used
to measure the purity and concentration of extracted
RNA. When the OD260/0D280 value was in the range
of 1.8~2.1, the RNA purity is considered to meet the
experimental requirements. A reverse transcription kit
(Vazyme Biotech Co., Ltd., China) was applied to reverse

Table 1 Primers sequences employed for quantitative PCR
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transcribe total RNA. The ¢cDNA of two cells and lung
tissues were stored at —20°C. Then, qRT-PCR ampli-
fication was accomplished using a ChamQ'™ Universal
SYBR qPCR Master Mix Kit (Vazyme Biotech Co., Ltd.,
China) under the following cycling conditions: 95°C for
30s followed by 40cycles of 95°C for 10s, 60°C for 30s,
and 72°C for 60s. The respective primers are listed in
Table 1. GAPDH served as the reference gene. This study
employed the 222t method to calculate gene expression
based on the following formula: Fold change=2%4C,
AACt=(Ctsampie - Ctaarpn) - (Cteontrol - Ctaappm)-

Western blotting

Total proteins were extracted from two kinds of cells
and lung tissues with radio-immunoprecipitation assay
(RIPA) buffer, and the proteins from the nuclear and
cytoplasmic fractions of two cells and lung tissues were
obtained with a Nuclear and Cytoplasmic Protein Extrac-
tion Kit (Keygen Biotech, Jiangsu, China). The protein
concentrations of all the samples were estimated using
the Bicinchoninic Acid Protein Kit (Best Bio, Shanghai,
China). Fifty micrograms of two cells and lung tissues
proteins were resolved using SDS-PAGE on 12% or 8%
gels and were transferred onto PVDF membranes (Mil-
lipore, Billerica, USA). The membranes were blocked
with 5% non-fat milk for 1h. The membranes were incu-
bated with anti-GAPDH (1:1000), anti-H3 (1:1500), anti-
a-SMA (1:500), anti-vimentin (1:500), anti-B-catenin
(1:500) and anti-collagen-I (1:500) antibodies overnight
at 4°C. Then, the membranes were treated with second-
ary antibodies (1:2000) for 2h. Protein expression of two
cells and lung tissues were measured by a chemilumines-
cence system (Tanon). The band densities of GAPDH and
H3 were used as a reference.

Statistical analysis

SPSS 23.0 software was used to analyse the results, and
the data are expressed as the means £ SD. Duncan’s test
and one-way ANOVA were used to analyse the statistical
significance among different groups. P<0.05 was consid-
ered statistically significant.

Species Gene ID Forward (5’ - 3) Reverse (3’ - 5)

Human GAPDH 2597 GGCACCGTCAAGGCTGAGAAC CAGGTACGGTAGTGACGGTGG
MMP-3 4314 CGGTTCCGCCTGTCTCAAGATG GAGAAGGAAGTCCGCACCTACG
MMP-9 4318 GAATGGCATCCGGCACCTCTATG GGAAGGAATAGCGGCTGTTCACC
TIMP-1 7076 TGGCTTCTGGCATCCTGTTGTTG CCTCTCACAGACGCCTATGAAGGT

Rat GAPDH 24,383 GTCCATGCCATCACTGCCACTC GTTCTTCCACCACTTCGTCCGC
MMP-3 171,045 GGGAAGCTGGACTCGAACACT GGATAAGGACCAACGACGAGT
MMP-9 81,687 CAAACCCTGCGT ATTTCCATT CGTTGAGCCGTCCTCTCTACA
TIMP-1 116,510 TTTGCATCTCTGGCCTCTG CGCAATACTCTAGTTCTAC
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Fig. 1 Effects of Wnt-1 and Clge on A549 and MRC-5 cells. Effects of treatment with Wnt-1 (5, 10, 15, 20, 30, 40, 60, or 100 ng/mL) on A549 (A) and
MRC-5 cells (B). Effects of treatment with Clg (20, 40, 60, 80, 100, 200, 400, 800, and 1000 ng/mL) on A549 (C) and MRC-5 cells (D). The viability of
A549 cells (E) and MRC-5 cells (F) was measured after stimulation with Wnt-1 (20ng/mL) for 24 h followed by administration of Cls (20, 40, 60, 80,
100, 200, and 400 ng/mL). Cell viability is presented as the mean = SD. (1=6).2, P<0.05; %, P<0.01 vs the control group. ®, P<0.05 ®°, P<0.01 and
bb p<(0.001 vs the Wnt-1 group

Results

Effects of Wnt-1 and Clgcge on MRC-5 and A549 cells
Figure 1 shows that the growth rates of A549 (1A) and
MRC-5 cells (1B) were obviously faster after cells were

treated with Wnt-1 (5, 10, 15, 20, 30, 40, 60, and 100ng/mL)
for 24h or 48h. However, Clgcp significantly inhibited the
proliferation of A549 cells (ICs: 2.723+0.488 ug/mL) (1C)
and MRC-5 cells (IC: 2.236£0.230 ug/mL) (1D).
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Figure 1E, F shows that compared with the Wnt-1
alone group, the Clgqp (80, 100, 200, 400 ng/mL) groups
showed significantly reduced cell viability (P<0.05).
The data illustrated that Clg-pp can significantly sup-
press Wnt-1-mediated proliferation of A549 cells and
MRC-5 cells. Based on these results, Wnt-1 (20ng/mL)
and Clgepp (400ng/mL) were utilized for subsequent
experiments.

Effect of Clgcge on relative lung weight and level of HYP

in BLM-treated rats

We analysed the effect of Clgp; on the experimental rat
lung coefficient. BLM upregulated the lung coefficient
(P<0.05) (Fig. 2A). However, after Clgcpp treatment, the
lung coefficient value of rats significantly decreased.

HYP is the principal constituent of collagen. The degree
of IPF can be reflected by the content of HYP. Figure 2B
shows that Clgpe-M and -H treatment can reduce the
HYP level.

Effect of Clgcpe on IPF in BLM-treated rats

The model group showed significant inflammation, colla-
gen deposition and severely damaged lung tissue structure
(Fig. 3A, B). The Clgpp-M and -H groups showed that the
above situation was relieved after treatment compared
with the model group. Figure 3C shows that BLM can
obviously induce lung injury in rats. However, Clgcpe-M
and Clgpe-H alleviated the lung injury caused by BLM in
rats (P<0.05). These results indicated that Clgcpy can alle-
viate IPF caused by BLM to a certain extent.

Effect of Clgcge On the expressions of a-SMA, Vimentin,
collagen-l, nu-B-catenin in A549 cells, MRC-5 cells

and BLM-treated rats

In this study, BLM obviously increased a-SMA, vimen-
tin, collagen-I and Nu-p-catenin protein expression in
A549 cells (Fig. 4A) and MRC-5 cells (Fig. 4B) (P <0.05).
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The expression of these proteins was downregulated
in A549 and MRC-5 cells treated with Clgcpg. In addi-
tion, Fig. 4C shows that the expression of the above
proteins in BLM-treated rat lung tissues was decreased
in the Clg-pe-M and -H groups (P<0.05). Thus, Clgepe
relieved the abnormal deposition of ECM proteins in
BLM-treated rats.

Effect of Clgcpe on MMP-3, MMP-9 and TIMP-1 mRNA levels
in A549 cells, MRC-5 cells and BLM-treated rats

A549 cells and MRC-5 cells treated with Clgcp showed
downregulation of MMP-3 (Fig. 5A), MMP-9 (Fig. 5B),
and TIMP-1(Fig. 5C) mRNA levels (P<0.05), when
compared with Wnt-1 group. After treatment with
Clgee-M or Clgepe-H, MMP-3 (Fig. 5D) and MMP-9
(Fig. 5E), and TIMP-1(Fig. 5F) mRNA levels were
decreased (P<0.05) in BLM-treated rats, compared
with model group. The data showed that IPF induced
by BLM can be relieved by Clgp; by affecting the gene
expression associated with abnormal deposition of col-
lagen in the ECM.

Effect of Clgcpe on the Wnt/B-catenin Signalling pathway

in A549 and MRC-5 cells following B-catenin siRNA
knockdown

Figure 6 shows that a-SMA, vimentin, collagen-I, and
Nu-f-catenin protein expression were unchanged fol-
lowing B-catenin siRNA knockdown in A549 cells
(Fig. 6A) and MRC-5 cells (Fig. 6B) when cells were
treated with Wnt-1 (20 ng/mL) for 24 h. After treatment
with Clgcpg, the expression of the above proteins was
also unchanged in both cell lines when p-catenin was
knocked down compared with the wnt-1 group. The
data illustrated that Clgqpr adjusted the Wnt/B-catenin
signalling pathway to alleviate the process of IPF.
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Discussion

IPF is a pulmonary interstitial disease with a high mor-
tality rate. Currently, both the morbidity and mortality
of IPF has increased year after year. Even the mortality
rate is higher than that of most tumours. However, owing
to the poorly understood potential pathogenesis of IPF,
there is still a lack of drugs that can completely cure IPF.
Our previous study illustrated that Clgqp can improve
the antitumour effect of BLM while simultaneously atten-
uating its toxicity effects and Clgpp could inhibit acute
lung injury induced by LPS [22, 24, 27]. This current
study clarified that Clgcpp can inhibit IPF development by
affecting the balance of the Wnt/[3-catenin pathway.

IPF is caused by a variety of factors. The idea that
abnormal ECM deposition is a cardinal feature of pul-
monary fibrosis has been generally accepted. The ECM,
which comprises collagens, proteoglycans, elastin,
and other molecules, is involved in proper lung func-
tion. Myofibroblasts have been confirmed to contribute
to ECM accumulation in vivo and in vitro [28]. Studies
have found that both epithelial cells and fibroblasts in the
lungs can transform into myofibroblasts through EMT,
which is the process by which epithelial cells transform
into mesenchymal cells. According to molecular and
functional characterization, EMT is divided into three
categories: type I EMT related to embryogenesis, type
II EMT linked to fibrosis and wound healing and type
III EMT involved in cancer metastasis [29]. It is gener-
ally accepted that type II EMT has a substantial effect
on the development of IPF [30, 31]. In addition, studies
have shown that the occurrence of EMT is accompa-
nied by an increase in the expression of a mesenchymal
phenotype marker (vimentin) and abnormal deposition
of ECM proteins, such as a-SMA and collagen-I [32,
33]. MRC-5 cells, a cell line that retains the biochemical
characteristics of lung fibroblasts, are commonly utilized
as lung fibroblast cells in pulmonary fibrosis research
[34, 35]. Although the A549 cell line is a human-derived
lung adenocarcinoma cell line, it is widely used to estab-
lish an EMT model by stimulating the cells with Wnt-1
or other cytokines [36, 37] because its morphology and
basic cell functions are similar to those of human alveolar
type II epithelial cells. Therefore, to investigate whether
Clgepg could affect the transformation of epithelial cells
and fibroblasts to myofibroblasts in vitro, we used A549
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cells and MRC-5 cells to establish a cell model. MRC-5
cells were treated with Wnt-1 to establish a cell transdif-
ferentiation model, and A549 cells were stimulated by
Wnt-1 to establish an EMT model. Our experimental
results indicated that Clgcpp could significantly decrease
vimentin, a-SMA and collagen-I expression in A549
cells, MRC-5 cells, and lung tissues of BLM-induced IPF
rats. The data illustrated that BLM-induced IPF could be
inhibited by Clgpg via suppression of EMT and abnor-
mal ECM deposition.

MMPs and tissue inhibitors of metalloproteinases
(TIMPs) have been reported to participate in the for-
mation and degradation of the ECM. MMPs are multi-
domain enzymes that have outstanding roles during the
cleavage of constituents of the ECM. Twenty-four MMP
genes have been identified in humans, and 8 MMPs
have been implicated in IPF development. Not only
did in vitro studies indicate that there was high expres-
sion of MMP-3 in the alveolar epithelial cells and lungs
of IPF patients, but in vivo studies have also confirmed
this phenomenon. Researchers observed high expres-
sion of MMP-9 in the lung tissues of IPF patients. Addi-
tionally, TIMPs are endogenous inhibitors that control
the catalytic activity of MMPs. Usually, under normal
physiological conditions, the ratio of MMPs to TIMPs
is approximately 1:1, but under pathological conditions,
this balance may be destroyed, leading to excessive depo-
sition of ECM components [38]. Therefore, an imbalance
of MMPs/TIMPs is associated with IPF. Studies have
shown that not only MMP-3 levels but also MMP-9 levels
were increased in IPF lungs [39]. TIMP-1 levels were also
upregulated in IPF lungs but to a lesser extent than those
of MMP-3 [40]. Y. Wang et al. [41] found that artesunate
could inhibit the occurrence of IPF by decreasing MMP-
3, MMP-9 and TIMP-1 levels. Hai-Tao Zhang et al. [42]
confirmed that the balance of MMP-9/TIMP-1 expres-
sion in IPF patients was disrupted, and this ratio was
obviously higher than that in normal patients. After glu-
cocorticoid intervention, the MMP-9/TIMP-1 ratio in
IPF patients was restored closer to homeostatic levels,
and the MMP-9 and TIMP-1 levels were reduced. The
experimental data indicated that Clgepp could signifi-
cantly decrease MMP-3 and MMP-9 mRNA levels in the
lung tissues of BLM-induced IPF rats and in A549 and
MRC-5 cells. At the same time, the level of TIMP-1 gene

(See figure on next page.)

Fig. 4 Effect of Cler on a-SMA, Vimentin, Collagen-I, Nu-B-catenin expression in A549, MRC-5 cells and BLM-treated rats. A Effect of Clse on

the expression of a-SMA, Vimentin, Collagen-I, Nu-B-catenin in A549 cells. B Effect of Clsr on the expression of a-SMA, Vimentin, Collagen-I, and
Nu-B-catenin in MRC-5 cells. C Effect of Cly on the expression of a-SMA, Vimentin, Collagen-, and Nu-B-catenin in BLM-treated rat lung tissues.
The relative expression of Nu-B-catenin is shown as the ratio relative to H3 expression. The results are presented as the mean £ SD. (h=3). To fitinto
the manuscript properly, the gel was reasonably trimmed. 2, P<0.01 vs the control group; ®, P<0.05, B> p<0.01 vs the Wnt-1 group. *, P<0.01 vs

the normal group; ", P<0.05 and ™, P<0.01 vs the model group
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Even though we know that EMT and the ECM are
closely related to IPF development, we still have a
poor understanding of the clear mechanism by which
EMT and the ECM influences IPF. Recently, compel-
ling evidence has revealed that Wnt/p-catenin reactiva-
tion is connected with EMT and the ECM [43, 44]. The

expression could also be downregulated by Clgcpg. The
MMP/TIMP ratio was also decreased after Clgcpp treat-
ment. These data illustrated that Clgcp; could inhibit the
progression of BLM-induced IPF by regulating the imbal-
ance of MMPs/TIMPs, which facilitates the elimination
of abnormal ECM deposition.
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Wnt/B-catenin pathway participates in adult stem cell
maintenance, embryonic development and homeosta-
sis [45, 46]. However, its abnormal activation leads to
the progression of carcinomas of the liver, colon, lung
and other organs [47-49]. Recently, some studies have
shown that its abnormal activation is also involved in
fibrotic diseases, such as IPF and renal fibrosis [13, 50,
51]. Therefore, Wnt/B-catenin signalling is considered
a promising new target in the treatment of fibrotic dis-
ease [52]. In addition, the Wnt/B-catenin pathway was
shown to be involved in the process of ECM deposi-
tion and EMT induction. Therefore, we speculated that
Clgcpg could inhibit the progression of BLM-induced
IPF by downregulating the balance of the Wnt/B-catenin

pathway. Studies have confirmed that 3-catenin is a criti-
cal element of the Wnt/B-catenin pathway [53]. When
external factors stimulate the tissue, f-catenin translo-
cates to and accumulates in the nucleus, thereby acti-
vating the entire Wnt/B-catenin pathway. Van et al. [54]
confirmed that B-catenin accumulated in the cell nucleus
of lung tissues from IPF patients. Liang [55] also con-
firmed that during myofibroblast proliferation, f-catenin
levels would increase in the nuclei of lung tissue cells.
Our results showed that in the cell nuclei of lung tissues,
B-catenin expression can be improved by BLM. How-
ever, Clgcpp could inhibit this phenomenon. Based on the
above results, we hypothesize that Clg.p; affects IPF by
regulating the balance of Wnt/p-catenin pathway activity.
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To confirm the hypothesis that Clgp could inhibit
the progression of BLM-induced IPF by downregulating
Wnt/B-catenin pathway activation, we used MRC-5 cells
and A549 cells to investigate whether Clgcpp could affect
BLM-induced IPF after knockdown of the p-catenin
gene. The P-catenin gene is a key gene in the Wnt/p-
catenin pathway which will only be activated when
[-catenin transferred into the cell nucleus. Therefore, we
knockdown single gene B-catenin to block the activation
of Wnt/B-catenin pathway. Human B-catenin siRNA was
transfected into MRC-5 and A549 cells. The study results
illustrated that Clg-pp could suppress vimentin, a-SMA,
[B-catenin and collagen-I expression in Wnt-1-treated
MRC-5 and A549 cells. By contrast, in MRC-5 and A549
cells transfected with p-catenin siRNA, Clg-pp did not
affect vimentin, a-SMA, B-catenin or collagen-I expres-
sion levels. The results revealed that Clg.p; could inhibit
the progression of BLM-induced IPF by influencing the
balance of the Wnt/[B-catenin pathway.

Our study still has some limitations. The pathogenesis
of IPF is quite complicated. In this study, we investigated
whether Clgcpp inhibited IPF by downregulating Wnt/[3-
catenin pathway activity. However, we have not studied
whether the attenuating effect of Clg.p; is related to other
signalling pathways. In addition, we have not studied the
specific components in Clg.p that elicited these changes.
Therefore, further research regarding these issues is neces-
sary, and we will continue to study the issues related to the
attenuating effect of Clg.pr on IPE.

Conclusions

Clgcpg could alleviate IPF induced by BLM. The stud-
ies demonstrated that Clgcpy could alleviate EMT by
adjusting the balance of the Wnt/p-catenin pathway and
ultimately attenuate BLM-induced IPE. These results
illustrated that after further research, Clgcpy could
become a potential drug for IPFE.
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