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siRNA against plasminogen activator inhibitor-1
ameliorates bleomycin-induced lung fibrosis in rats
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Aim: Plasminogen activator inhibitor-1 (PAI-1) is involved in the progression of pulmonary fibrosis. The present study was undertaken
to examine the effects on pulmonary fibrosis of silencing PAI-1 expression with small interfering RNA (siRNA) and to assess the possi-
ble underlying mechanisms.

Methods: Male Wistar rats were subjected to intratracheal injection of bleomycin (BLM, 5 mg/kg, 0.2 mL) to induce pulmonary fibrosis.
Histopathological changes of lung tissue were examined with HE or Masson’s trichrome staining. The expression levels of a-smooth
muscle actin (a-SMA), collagen type-l and type-lll, caspase-3, as well as p-ERK1/2 and PI3K/Akt in the lung tissue were evaluated
using immunohistochemistry and Western blot analysis. The fibroblasts isolated from BLM-induced fibrotic lung tissue were cultured
and transfected with pcDNA-PAI-1 or PAI-1 siRNA. The expression level of PAI-1 in the fibroblasts was measured using real time RT-PCR
and Western blot analysis. The fibroblast proliferation was evaluated using MTT assay.

Results: Intratracheal injection of PAI-1 siRNA (7.5 nmoL/0.2 mL) significantly alleviated alveolitis and collagen deposition, reduced
the expression of PAI-1, a-SMA, collagen type-l and collagen type-lll, and increased the expression of caspase-3 in BLM-induced fibrotic
lung tissue. In consistence with the in vivo results, the proliferation of the cultured fibroblasts from BLM-induced fibrotic lung tissue
was inhibited by transfection with PAI-1 siRNA, and accelerated by overexpression of PAI-1 by transfection with pcDNA-PAI-1. The
expression of caspase-3 was increased as a result of PAI-1 siRNA transfection, and decreased after transfection with pcDNA-PAI-1. In
addition, the levels of p-ERK1/2 and PI3K/Akt in the fibrogenic lung tissue were reduced after treatment with PAI-1 siRNA.

Conclusion: The data demonstrate that PAI-1 siRNA inhibits alveolitis and pulmonary fibrosis in BLM-treated rats via inhibiting the pro-
liferation and promoting the apoptosis of fibroblasts. Suppression ERK and AKT signalling pathways might have at least partly contrib-
uted to this process. Targeting PAI-1 is a promising therapeutic strategy for pulmonary fibrosis.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is characterised by the
transformation of fibroblasts into myofibroblasts and by
the accumulation of excessive extracellular matrix (ECM)!™".
Decreasing the deposition of ECM and enhancing its degrada-
tion might be particularly valuable in the treatment of lung

fibrosis®?

. However, specific knowledge-based approaches for
the prevention and efficacious treatment of lung fibrosis are
lacking. Increasing evidence supports the pivotal role of the

fibrinolysis system, including urokinase-type plasminogen
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activator (uPA) and its receptor, inhibitor of uPA (PAI-1), and
plasminogen in regulating the balance between ECM degrada-

Bl Bueno et al observed that transfection

tion and deposition’
with the uPA gene could induce cirrhosis regression and amel-
iorate hepatic dysfunction'. Hattori et al revealed that the
plasminogen activation system reduces lung fibrosis through a
hepatocyte growth factor-dependent mechanism®.

The fibrin deposits persist in patients with IPF because
normal fibrinolytic activity is suppressed by an increased
expression of PAI-1!, Recent evidence has shown that PAI-1
regulates proliferation and apoptosis in different cell lines
by activating the ERK, AKT, JAK-STAT, and NF-xB signal-
ling pathways. Experimental studies have also revealed the

important role of PAI-1 in the pathogenesis of fibrotic disease.
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For example, Eitzman et al revealed that overexpression of
PAI-1 could lead to more severe bleomycin-induced pulmo-

7]

nary fibrosis'”, whereas mice with a targeted deletion of the

PAI-1 gene (PAI-17~ mice) developed less fibrosis and survive

longer[S].

Interestingly, silencing PAI-1 expression allevi-
ated hepatic fibrosis induced by CCL". However, it remains
unclear whether silencing PAI-1 expression could ameliorate
lung fibrosis. In 2010, Senoo et al reported that PAI-1 siRNA
prevented pulmonary fibrosis by inhibition of the epithelial-
to-mesenchymal transition (EMT)"”. However, whether PAI-1
siRNA inhibits the proliferation of fibroblasts directly and its
effects on the related signalling pathways have not been deter-
mined.

Therefore, the present study was undertaken to observe
whether silencing PAI-1 expression with siRNA against PAI-1
could inhibit lung fibrosis and whether the mechanisms of
ameliorating fibrosis with siRNA against PAI-1 are related to
the regulation of (myo)fibroblasts proliferation and apoptosis
through the modulation of ERK and AKT signalling mol-
ecules, in a rat model of bleomycin (BLM)-induced pulmonary
fibrosis.

Materials and methods

Animals and grouping

In accordance with to a report by Hu et al”, the siRNA
against rat PAI-1 mRNA and non-specific siRNA (Ns-siRNA)
(designed and synthesised by Guangzhou RiboBio Co, LTD)
were selected for evaluating in BLM-induced pulmonary fibro-
sis in rats. The siRNA sequences mentioned above are shown
in Table 1.

Table 1. The sequences of small interfering RNA used for plasminogen
activator inhibitor-1 (PAI-1) silencing.

559 siRNA Sense 5-GGACUUCUCAGAGGUGGAATT-3’
Antisense 5"-UUCCACCUCUGAGAAGUCCTT-3'
Non-specific sSIRNA Sense 5-UUCUCCGAACGUGUCACGUTT-3'
Antisense 5-ACGUGACACGUUCGGAGAATT-3'

A total of 72 male Wistar rats weighing 130-140 g were pro-
vided by the Experimental Animal Center of Hebei Medical
University, China. All rats were housed in the pathogen-free
mosue colony and all experiments were performed accord-
ing to the guidelines for the care and use of medical labora-
tory animals (Ministry of Health, China, 1998). The rats were
divided into 4 treatment groups: sham, BLM, Non-specific
siRNA (Ns-siRNA) and siRNA. The tracheas of the rats were
exposed, and the rats in the BLM group were subjected to
intratracheal injection of BLM (5 mg/kg, 0.2 mL) under chloral
hydrate anaesthesia (10%, ip, 350 mg/kg), whereas the rats in
the sham group received an equal volume of normal saline.
The rats in the siRNA and Non-specific siRNA groups were
first treated with BLM according to the protocol described
above. From the third day after the administration of BLM,

Acta Pharmacologica Sinica

the rats were treated with tracheal administration of PAI-
1-siRNA or non-specific siRNA (7.5 nmoL/0.2 mL per rat),
respectively, once every three days. For all groups, ond 7, 14,
and 28 after the administration of BLM or normal saline, the
rats (n=6 at each time point) were sacrificed and the lower lobe
of the right lung was harvested for histological observation,
immunostaining, real time RT-PCR and Western blot analysis.
Bronchoalveolar lavage (BAL) was performed to determine
the PAI-1 activity using a colorimetric assay (American Diag-
nostica Inc, USA) according to the manufacturer’s instructions.

Histological and immunohistochemical assays
Haematoxylin-Eosin (HE) or Masson’s trichrome staining
were conducted to examine the histopathological changes of
lung tissue. Immunohistochemical examination was carried
out to detect the expression of a-SMA, collagen type-I and
type-1II, and caspase-3 in the lung tissue using the following
primary antibodies: rabbit anti-a-SMA (Epitomics, USA), goat
anti-collagen type-I and type-III (Santa Cruz), and rabbit anti-
caspase-3 (Santa Cruz) antibodies.

Cell isolation and culture

The rat fibroblasts from BLM-induced fibrotic lung tissue
were performed to evaluate the effect of expression of the
siRNA and pcDNA-PAI-1 on proliferation and apoptosis in
vitro. Preshly harvested lung tissues were cut into 1x1x1 mm?®
strips and maintained in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, USA) supplemented with 100 U/mL peni-
cillin, 100 pg/mL streptomycin, and 15% heat-inactivated
foetal calf serum (Gibco, USA). After being cultured for 2-3
passages, purified fibroblasts were obtained and identified
by immunohistochemistry staining with antibodies against
vimentin and a-SMA proteins. Early-passage cells (2-4 pas-
sages) were used in the subsequent experiments.

Determination of fibroblast proliferation and apoptosis

The effects of transfection with pcDNA-PAI-1 (provided
by Dr Fang WANG) on the expression levels of PAI-1 were
evaluated by Western blot analysis at 48 h and 72 h, and the
effects on fibroblast proliferation were evaluated using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The cells were transfected with PAI-1 siRNA
or pcDNA-PAI-1 using the Lipofectamine 2000 transfection
reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Briefly, the cells were trypsinised
and diluted in fresh culture medium without antibiotics,
plated at a density of 2x10* cells/well in triplicate wells on a
96-well plate and cultured for 24 h. The number of viable cells
was determined at 570 nm at 24, 48, and 72 h after transfection
with PAI-1 siRNA or pcDNA-PAI-1. Apoptosis was evaluated
by detection of caspase-3 expression in the fibroblasts by real
time RT-PCR at 24 h after transfection with PAI-1 siRNA or
pcDNA-PAI-1.

Real time reverse transcription polymerase chain reaction
Total RNA was extracted from the lung tissues and cultured



Table 2. Primer sequences for real time reverse transcriptase polymerase
chain reaction.

PAI-1 Forward 5'-CCTTCCAGAGTCCCATACA-3’
Reverse 5'-CTGG CTCTTTCCACCTCT-3'
Collagen type- Forward 5-GGTGGTTATGACTTCAGCTTCC-3'
Reverse 5"-CATGTAGGCTACGCTGTTCTTG-3'
Collagen type-llI Forward 5-GTCTTATCAGCCCTGATGGTTC-3’
Reverse 5-GCTCCATTCACCAGTGTGTTTA-3’
Caspase-3 Forward 5-AATTCAAGGGACGGGTCATG-3’
Reverse 5-GCTTGTGCGCGTACAGTTTC-3'
GAPDH Forward 5-CCATGTTTGTGATGGGTGTGAACCA-3’
Reverse 5-ACCAGTGGATGCAGGATGATGTTC-3'

fibroblasts using Trizol reagent (TaKaRa, Japan) according to
the manufacturer’s protocol. The primer sequences are sum-
marised in Table 2. Real time RT-PCR was performed with a
SYBR Green PCR Kit (TaKaRa, Japan), and the reactions were
conducted on a RotorGene 3000A PCR instrument (Corbett,
Australia). The housekeeping gene GAPDH was used as an
internal control, and gene-specific mRNA expression was nor-
malised against GAPDH expression.

Western blot analysis

The samples were homogenised in six volumes of lysis buf-
fer containing 50 mmol/L Tris-HCI (pH 7.5), 150 mmol/L
NaCl, 12 mmol/L CyH,4O,Na, 0.1% SDS, 1 mmol/L EDTA, 1
mmol/L MgCl,, 1 mmol/L phenylmethylsulphonyl fluoride
(PMSF) and 2 pg/mL leupeptin. The protein concentration
of the supernatant was determined using the Coomassie blue
assay. The samples were electrophoresed by SDS-PAGE on
12% gels, transferred to polyvinylidene difluoride (PVDF)
filters (Millipore, USA) and incubated with mouse anti-PAI-1
(BD, USA), rabbit anti-a-SMA (Epitomics, USA), rabbit anti-
AKT and anti-ERK (Bioworld, USA), rabbit anti-p-AKT and
anti-p-ERK (Cell signal, USA), or rabbit anti-p-actin (Santa
Cruz) antibodies. The primary antibodies were detected with
horseradish peroxidase-conjugated second antibodies against
mouse or rabbit IgG and an ECL luminescence system. The
integral optical density (IOD) of each band was measured
using a gel-image analysis system (Alpha Image 2200, Alpha,
USA). The changes in the relative expression levels of PAI-1,
a-SMA p-AKT, and p-ERK were represented by the ratio of
each band’s IOD to that of B-actin.

Assay for the hydroxyproline content of lung tissue

Wet lung samples weighing 30-100 mg were subjected to
hydrolysis to determine the content of hydroxyproline accord-
ing to the protocol of a Hydroxyproline Testing Kit (Jiancheng,
Nanjing, China).

Statistical analysis

Statistical analysis of all reported values was performed with
SAS8.0 software. The data were presented as the mean+SD
and tested using one-way ANOVA for 4 groups on d 7, 14,
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and 28. P values <0.05 were considered significant.

Results

PAI-1 expression increased in BLM-induced rat lung fibrosis and
PAI-1 siRNA inhibited PAI-1 expression efficiently

First, we examined whether the PAI-1 expression was
increased in BLM-induced rat lung fibrosis. Real time RT-PCR
and Western blot analysis (Figure 1A, 1B) showed that the
PAI-1 mRNA and protein levels in the lung were significantly
increased in the BLM group compared with the sham group,
and PAI-1 activity was significantly increased on d 7, 14, and
28 in the BAL fluid (Figure 1C).

Second, the inhibition efficiency of PAI-1 expression was
determined by intratracheal injection of PAI-1 siRNA into
BLM-induced fibrotic lung tissue. Figure 1A and 1B show that
compared with the BLM group, the expression levels of PAI-1
mRNA and protein were reduced significantly after intratra-
cheal injection of the PAI-1 siRNA on d 7, 14, and 28, whereas
non-specific siRNA had no significant effect on PAI-1 mRNA
and protein expression compared with the BLM group. In
addition, the inhibitory effect gradually increased after the
administration of the siRNA, corresponding to reductions of
29%%9%, 58 %+9%, and 67%=%7% in the PAI-1 mRNA level and
46%+11%, 51.9%+5.3%, and 65.5%+4% in the PAI-1 protein
level at days 7, 14, and 28, respectively, compared with the
BLM group. Figure 1C shows that administration of PAI-1
siRNA significantly decreased the level of PAI-1 in the BAL
fluid compared with the BLM group, while the non-specific
siRNA had no effect. The results indicated that the PAI-1
siRNA administered by intratracheal injection was delivered
to the fibrotic area and silenced the expression of PAI-1 in
BLM-induced lung fibrosis.

PAI-1 siRNA ameliorated BLM-induced lung fibrosis in rats
Changes in lung histological structure and collagen deposition
To determine the effect of PAI-1 siRNA on lung fibrosis, we
observed the histopathological changes and investigated the
expression of pro-fibrogenic molecules. HE staining (Figure
2A) showed that the structure of the alveoli was greatly dis-
torted in the BLM group. There was clear alveolitis repre-
sented by the infiltration of the pulmonary mesenchyme by
neutrophils, fibroblasts, and macrophages on d 7. The infiltra-
tion of the cells gradually decreased on d 14 and 28. Masson’s
trichrome staining (Figure 2B and 2C) showed that there were
small-sized collagen depositions on d 14, and large-scale of
collagen accumulations were observed on d 28. In contrast,
administration of PAI-1 siRNA alleviated the alveolitis sig-
nificantly on d 7 and suppressed the collagen deposition on d
14 and 28. The administration of non-specific siRNA had no
effect compared with the BLM group.

Changes in hydroxyproline content

The content of hydroxyproline was measured to indicate
collagen accumulation within the fibrotic lung tissues. The
hydroxyproline content in lungs from rats with BLM-induced
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lung fibrosis began to increase after 7 d and then increased
rapidly thereafter. In the PAI-1 siRNA group, the hydroxy-
proline content was significantly decreased compared with
that in the BLM group on d 14 and 28, while the non-specific
siRNA had no effect on the hydroxyproline content compared
with the BLM group (Figure 2D).

Changes in a-SMA expression

Immunohistochemistry staining (Figure 3A) showed that
pro-fibrogenic molecules in a-SMA-positive cells in the BLM
model rats were mainly located in the endochylema and
cytomembrane of myofibroblasts around the fibrotic areas,
and their levels were significantly increased compared with
the sham group. After treatment with the PAI-1 siRNA, the
levels were significantly decreased on d 7, 14, and 28. West-
ern blot analysis (Figure 3B) showed that the protein level of
a-SMA was significantly upregulated in the group with BLM-
induced lung fibrosis compared with the sham group and that
the upregulation was significantly inhibited on d 7, 14, and
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Figure 1. The inhibitory effect of PAI-1 siRNA on PAI-1 levels in fibrotic
lung tissue by real time RT-PCR (A), Western blot analysis (B) and broncho-
alveolar lavage fluid (BALF) (C) from intratracheally bleomycin (BLM)-treated
rats. Mean+SD. n=6. "P<0.05 vs sham group. °P<0.05 vs BLM group.

28 after treatment with PAI-1-targeted siRNA. Non-specific
siRNA had no significant effect on the expression of a-SMA
compared with the BLM group.

Changes in collagen type-l and type-Iil

Immunohistochemistry staining revealed that levels of col-
lagen type-I (Figure 4A) and type-III (Figure 5A) were mainly
located in the fibroblasts, myofibroblasts and mesenchyma of
the fibrotic areas, and their expression levels increased sig-
nificantly in the BLM group. After administration of siRNA,
the levels significantly decreased. Real time RT-PCR analysis
showed that the expression of collagen type-I and type-III
expression were significantly increased in the lungs of BLM-
treated rat, and the upregulation was significantly inhibited
by the administration of PAI-1 siRNA on d 7 and 14 for col-
lagen type-I (Figure 4B) and on d 14 and 28 for collagen type-
I (Figure 5B) compared with the BLM groups. Non-specific
siRNA had no significant effects on the expression of collagen
compared with the BLM group.
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Figure 2. The effect of PAI-1 siRNA on intratracheally BLM-induced lung fibrosis. HE staining (A) and Masson’ trichrome staining (B) shows the histologi-
cal changes after intratracheal administration of PAI-1 siRNA. Scale bar in the upper-left microphotograph represents 100 um, and this scale was used
for all microphotographs. The bar graph in panel C is a quantitative representation of the changes in collagen based on the integral optical density (10D).
Mean+SD. n=6. °"P<0.05 vs sham group. °P<0.05 vs BLM group. The line graph in panel D shows that the administration PAI-1 siRNA significantly
inhibited the increase of hydroxyproline content in the fibrotic lung tissue induced by BLM treatment at the observed time points, whereas non-specific

siRNA had no effect.
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Figure 3. The expression of alpha-smooth muscle actin (a-SMA) in fibrotic

lung tissue from intratracheally bleomycin (BLM)-treated rats assayed by im-

munohistochemical staining (A) and Western blot analysis (B). The scale bar in the first microphotograph represents 100 um and applies to microphoto-
graphs of 1-12. The scale bar in 13 represents 10 pm and applies to images 13-15, which are enlargements of the region shown in the black box in
microphotographs 2, 6 and 10, respectively. Mean+SD. n=6. "P<0.05 vs sham group. *P<0.05 vs BLM group.

Promoting apoptosis and inhibiting proliferation of pulmonary
fibroblasts through the ERK and AKT pathways contributed to the
anti-fibrosis effect of PAI-1 siRNA

Changes in apoptosis and proliferation of fibroblasts

To confirm the mechanism by which PAI-1 siRNA prevents
lung fibrosis, we investigated whether down- or upregula-
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tion PAI-1 expression could affect proliferation and apoptosis
in cultured rat fibroblasts. Figure 6A showed that the cells
in which vimentin was positively expressed and a-SMA was
negatively expressed were verified to be fibroblasts. Figure
6B showed that the plasmid pcDNA-PAI-1 upregulated PAI-1
expression in fibroblasts by 277% and 204% at 48 h and 72 h,
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Figure 4. The expression of collagen type-l in the fibrotic lung tissue of the intratracheally bleomycin (BLM)-treated rats as assayed by immunohisto-
chemical staining (A) and real time RT-PCR (B). Scale bar in the upper-left microphotograph represents 100 uym and applies to all microphotographs.

Mean+SD. n=6. °P<0.05 vs sham group. °P<0.05 vs BLM group.

respectively. Figure 6C showed that the proliferation of fibro-
blasts in the siRNA group was significantly inhibited, and the
inhibitory effect peaked at 48 h and descended 72 h after the
transfection of PAI-1 siRNA. However, the proliferation of
fibroblasts was significantly stimulated until 72 h after trans-
fection of pcDNA-PAI-1, according to the results of the MTT
assay.

Apoptosis was evaluated by detecting the levels of cas-
pase-3. Real time RT-PCR analysis (Figure 6D) shows that cas-
pase-3 expression was upregulated after transfection of PAI-1
siRNA, whereas the expression was downregulated after
transfection of pcDNA-PAI-1 into fibroblasts. In vivo (Figure
6E), immunohistochemistry staining showed that levels of cas-
pase-3 increased after intratracheal treatment of BLM-induced
lung tissue with PAI-1 siRNA. These results indicated that
PAI-1 siRNA ameliorated lung fibrosis directly by inhibiting
the proliferation and promoting the apoptosis of fibroblasts.

Changes in expression of p-ERK1/2 and p-AKT
To investigate the role of the ERK and AKT signaling path-

ways in the amelioration of lung fibrosis by PAI-1 siRNA, we
analysed the protein expression of phosphorylated-AKT and
phosphorylated-ERK1/2 in fibrotic lung tissue because the
level of phosphorylation represents the activation of these
signalling pathways. As shown in Figure 7, the expression of
p-AKT and p-ERK significantly increased in BLM-treated rat
lung tissues on d 7, 14, and 28, and the expression levels were
downregulated at the observed time points after intratracheal
treatment with PAI-1 siRNA compared with the BLM group.
The ERK and AKT signaling pathways contributed to the anti-
pulmonary fibrosis effect of PAI-1 siRNA.

Discussion

Local delivery of siRNA to the lungs, for example, through
inhalation or intranasal administration, offers a unique oppor-
tunity to treat respiratory diseases, including inflammation,
cystic fibrosis, infectious diseases, and cancerl™. The effec-
tiveness of in vivo gene knockdown has been a major question
among many investigators''?. In the present study, to improve

the effectiveness of siRNA, repeat intratracheal injection twice

Acta Pharmacologica Sinica
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Figure 5. The expression of collagen type-Ill in the fibrotic lung tissue of the intratracheally bleomycin (BLM)-treated rats as assayed by
immunohistochemical staining (A) and real time RT-PCR (B). Mean+SD. n=6. "P<0.05 vs sham group. °P<0.05 vs BLM group.

a week beginning during the alveolitis phase and extending
through the fibrotic phase was performed in a BLM-induced
model of rat lung injury. Intriguingly, the repeated adminis-
tration of PAI-1 siRNA markedly downregulated PAI-1 gene
and protein expression as well as the PAI-1 level in the BAL
fluid. These findings indicate that repeated intratracheal
injection is a highly effective approach for siRNA delivery to
reduce PAI-1 levels.

Our study demonstrated that the expression of PAI-1 was
increased in rats with BLM-induced lung fibrosis, and the
PAI-1 activity in the BAL fluid increased gradually along with
the exacerbation of lung fibrosis. Intriguingly, several studies
have confirmed that PAI-1 was an important factor during the
transformation of fibroblasts to myofibroblasts, which ampli-
fied the inflammatory response and resulted in the progression
of fibrosis™ . Offersen et al observed that myofibroblasts
were the predominant PAI-1-expressing cell in breast carci-
nomas based on immunohistochemistry double staining!®.
Another study showed that the crucial step was the cleavage
of the uPA receptor to D2D3 after binding of PAI-1 to uPA and
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the uPA receptor during fibroblast-to-myofibroblast differen-
tiation™. Hu et al observed that hepatic fibrosis in rats could
be ameliorated by downregulating the expression of PAI-1",
Furthermore, Senoo et al reported that intranasal administra-
tion of PAI-1 siRNA attenuated the progression of pulmonary
fibrosis"” and therefore suggested that PAI-1 might be an
important factor capable of accelerating lung fibrosis. The
present study provided additional direct evidence to support
this assumption by observing the expression of PAI-1 in the
fibrotic pulmonary tissue of BLM-treated rats. We found that
intratracheal injection of PAI-1 siRNA significantly reduced
the level of PAI-1 in the fibrotic pulmonary tissue of BLM-
treated rats, and this suppression was accompanied by the
amelioration of alveolitis, the inhibition of the transformation
of fibroblasts through downregulation of the expression of
a-SMA, and a reduction in the synthesis of collagen in fibrotic
lung. These findings convincingly indicated that PAI-1 played
an important role in the pathogenesis of BLM-induced lung
fibrosis and that inhibition of PAI-1 expression with siRNA
might be a potential therapeutic target for treatment of lung
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Figure 6. The effects of regulating PAI-1 expression on the proliferation and apoptosis of rat fibroblasts. Immunohistochemistry (A) shows that Vimen-
tin was positively expressed, confirming that these cells are fibroblasts. The scale bar represents 50 ym. Western blot analysis (B) shows the effect of
plasmid pcDNA-PAI-1 on the expression of PAI-1 in fibroblasts. The line graph in panel (C) shows the effect on proliferation after down- or up-regulation
of PAI-1 expression based on the MTT assay. Real time RT-PCR analysis (D) shows the caspase-3 expression after transfection with PAI-1 siRNA and
pcDNA-PAI-1. Immunohistochemistry (E) shows the caspase-3 expression after intratracheal introduction of PAI-1 siRNA into BLM-induced lung tissue.
The scale bar represents 100 um. Mean+SD. n=6. °P<0.05 vs pcDNA3.1. °P<0.05 vs Ns-siRNA.
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fibrosis in a clinical setting.

PAI-1 regulates a variety of cellular processes, including
adhesion, migration, detachment, angiogenesis, proliferation
and apoptosis, in vitro and in vivo . PAI-1 is a paradoxical
protein that exerts different effects in various cell lines™" ",
Previous studies have shown that PAI-1 could protect fibro-
sarcoma cells from etoposide-induced apoptosis® and aug-
ment the proliferation of vascular smooth muscle cells®. To
explore the mechanisms by which PAI-1 siRNA prevents lung
fibrosis, we observed the effects of transfection of PAI-1 siRNA
and pcDNA-PAI-1 on the proliferation and apoptosis of lung
fibroblasts. In vitro, we found that downregulation of PAI-1
expression by PAI-1 siRNA could inhibit proliferation and
promote the expression of caspase-3 of fibroblasts, whereas
upregulation of PAI-1 expression by pcDNA-PAI-1 could
promote fibroblast proliferation and inhibit the expression of
caspase-3. These results revealed that PAI-1 siRNA inhibited
lung fibrosis by promoting apoptosis by determining cas-
pase-3 and suppressing the proliferation of fibroblasts. These
findings represent new insights into the mechanisms underly-
ing the anti-fibrotic effects of PAI-1 siRNA in the lungs. In
a previous study, Senoo et al revealed that PAI-1 siRNA can
inhibit lung fibrosis by inhibiting EMT induced by TGF-p in
LA-4 cells™. Bauman et al observed that plasminogen activa-
tion promoted the release of hepatocyte growth factor to pro-
mote prostaglandin E, (PGE,) synthesis and fibroblast apopto-
sis™.
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It is generally accepted that PAI-1 binding to uPA and the
uPA receptor induces internalisation of the complex, thereby
facilitating extracellular proteolysis as well as activation of
growth factors and anti-apoptosis proteins® . Furthermore,
these intermediates activate several signalling pathways. For
example, the uPA-uPAR-PAI-1 complex interacts with inte-
grins to induce focal adhesion kinase (FAK) and ERK activa-
tion®” via low-density lipoprotein receptor-related protein
(LRP-1). This complex also regulates ras-related C3 botulinum
toxin substrate 1 (Rac1) and ERK activation®, the JAK-STAT
signalling pathway, the ERK/MAPK and PI3K/AKT path-
ways™, and it modulates the AKT pathway in wild-type and
PAI-1-deficient endothelial cells®™. Therefore, it is possible
that the ERK and AKT signalling pathways play an important
role in IPF. Zhong et al demonstrated that selective inhibition
of ERK1 by AdshERK1 could significantly attenuate the depo-
sition of the extracellular matrix in fibrotic liver models™. In
the present study, we report that the expression of p-AKT
and p-ERK was significantly increased in a BLM-induced
model of lung fibrosis, whereas the expression of p-AKT and
p-ERK was significantly decreased after downregulation of the
expression of PAI-1 by siRNA. These results suggested that
inhibition of the p-AKT and p-ERK protein levels may partici-
pate in the inhibition of proliferation and the stimulation of
apoptosis observed in fibroblasts treated with PAI-1 siRNA.
These results also suggested that the PI3K/AKT signaling
pathway and the ERK-signalling pathway were involved in



IPF progression. This is another novel finding of the present
study that has not been previously reported. Further investi-
gation should be carried out regarding whether downregula-
tion of the expression of ERK and AKT proteins ameliorates
lung fibrosis.

In summary, our results indicate the existence of a signifi-
cant functional role of PAI-1 in the development of lung fibro-
sis and suggest that PAI-1 is a potential target that is worth
exploiting in the treatment of IPF by using PAI-1-targeted
siRNA. In addition, we provide the first strong evidence that
suppression of the levels of p-AKT and p-ERK in fibrotic lung
tissue by PAI-1-targeted siRNA is associated with the suppres-
sion of fibroblast proliferation.
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