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Abstract
α-defensins are released from granules of leukocytes and are implicated in inflammatory and fibrotic
lung diseases. In the present study, the effects of α-defensins on the proliferation and collagen
synthesis of lung fibroblasts were examined. We found that α-defensin-1 and α-defensin-2 induced
dose-dependent increases in the incorporation of 5-bromo-2′-deoxy-uridine into newly synthesized
DNA in two lines of human lung fibroblasts (HFL-1 and LL-86), suggesting that α-defensin-1 and
α-defensin-2 stimulate the proliferation of lung fibroblasts. α-defensin-1 and α-defensin-2 also
increased collagen-I mRNA (COL1A1) levels and protein contents of collagen-I and active/
dephosphorylated β-catenin without changes in total β-catenin protein content in lung fibroblasts
(HFL-1 and LL-86). Inhibition of the β-catenin signaling pathway using quercetin prevented
increases in cell proliferation and the protein content of collagen-I and active/dephosphorylated β-
catenin in lung fibroblasts, and in COL1A1 mRNA levels and collagen release into culture medium
induced by α-defensin-1 and α-defensin-2. Knocking-down β-catenin using small interfering RNA
technology also prevented α-defensin-induced increases in cell proliferation and the protein content
of collagen-I and active/dephosphorylated β-catenin in lung fibroblasts, and in COL1A1 mRNA
levels. Moreover, increases in the phosphorylation of glycogen synthase kinase 3β, accumulation/
activation of β-catenin, and collagen synthesis induced by α-defensin-1 and α-defensin-2 were
prevented by p38 mitogen-activated protein kinase inhibitor SB203580 and phosphoinositide 3-
kinase inhibitor LY294002. These results indicate that α-defensin-1 and α-defensin-2 stimulate
proliferation and collagen synthesis of lung fibroblasts. The β-catenin signaling pathway mediates
α-defensin-induced increases in cell proliferation and collagen synthesis of lung fibroblasts. α-
defensin-induced activation of β-catenin in lung fibroblasts might be caused by phosphorylation/
inactivation of glycogen synthase kinase 3β as a result of the activation of the p38 mitogen-activated
protein kinase and phosphoinositide 3-kinase/Akt pathways.
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Introduction
Defensins are small cationic peptides with approximately 30–40 amino acids. There are two
isoforms of defensins: α-defensin and β-defensin. α-defensin-1 to -4, also called human
neutrophil peptide (HNP-1 to -4), are mainly presented in granules of neutrophils [1,2]. They
account for 50% of the protein content of neutrophil granules. α-defensins are released from
granules of leukocytes at inflammatory sites [3,4]. Increased α-defensin levels in bronchial
alveolar lavage and/or plasma have been observed in a number of inflammatory lung diseases,
such as diffuse panbronchiolitis, acute respiratory distress syndrome and α1-antitrypsin
deficiency [1,4–6]. The role of α-defensins in these diseases is not clear. Interestingly, it has
been found that α-defensin levels in bronchial alveolar lavage and/or plasma are increased in
fibrotic lung diseases, such as cystic fibrosis and idiopathic pulmonary fibrosis (IPF) [7,8]. A
significant amount of α-defensins can be found outside neutrophils in fibrotic foci in the lungs
of patients with IPF [8]. Moreover, inflammatory lung diseases with neutrophil infiltration are
complicated with fibroproliferative lesions [9]. Thus, α-defensins might play an important role
in the formation of fibroproliferative lesions in inflammatory lung diseases. It has been reported
that α-defensins stimulate the proliferation of airway epithelial cells, NIH 3T3 fibroblasts and
dermal fibroblasts [10,11]. In the present study, we also found that α-defensin-1 and α-
defensin-2 stimulated the proliferation and collagen synthesis of two other cell lines of lung
fibroblasts (HFL-1 and LL86). However, the mechanism responsible for the α-defensin-
induced proliferation of lung fibroblasts is not understood.

The Wnt pathway has been identified as one of the numerous signaling pathways critical for
the precise temporal and spatial control of lung morphogenesis [12]. β-catenin is a key
regulatory protein in the Wnt cascade. In nonstimulated cells, β-catenin is largely associated
with cadherin. There is very little β-catenin in the cytoplasm or nucleus because β-catenin in
the cytoplasm is phosphorylated by glycogen synthase kinase 3β (GSK3β) and is targeted for
ubiquitination and subsequent degradation by the proteasome [13]. When cells are stimulated,
proteasome-mediated degradation of β-catenin is prevented. β-catenin accumulates and
translocates into the nucleus, forms a complex with T cell factor/lymphocyte enhancer factor-1
(TCF/LEF-1) family transcription factors, and regulates Wnt target genes and proliferation
[14]. β-catenin activation has been implicated in fibroproliferative pulmonary disorders,
including IPF and hyperoxic lung injuries [15,16]. It is not clear whether β-catenin activation
plays any role in α-defensin-induced proliferation and collagen synthesis of lung fibroblasts.
In the present study, we found that α-defensin-1 and α-defensin-2 induced increases in the
phosphorylation of GSK3β and β-catenin activation and that inhibition of β-catenin activation
prevented α-defensin-induced proliferation and collagen synthesis of lung fibroblasts,
suggesting that the β-catenin signaling pathway plays a mediating role in these processes.

Results
α-defensin-1 and α-defensin-2 increased proliferation and collagen synthesis in HFL-1 lung
fibroblasts

To study the effects of α-defensin-1 and α-defensin-2 on lung fibroblast proliferation, HFL-1
lung fibroblasts were incubated with α-defensin-1 and α-defensin-2 (0.5–6 μM) for 24 h and
then the incorporation of 5-bromo-2′-deoxy-uridine (BrdU) into the cells was assayed. As
shown in Fig. 1A, incubation of HFL-1 lung fibroblasts with α-defensin-1 induced dose-
dependent increases in BrdU incorporation, suggesting that α-defensin-1 induces an increase
in the proliferation of lung fibroblasts. The maximum effect of α-defensin-1 was observed with
concentrations of 2.5 μM. Similar results were obtained with HFL-1 lung fibroblasts incubated
with α-defensin-2 (Fig. 1B).
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To study whether α-defensin-1 and α-defensin-2 increases collagen synthesis, HFL-1 lung
fibroblasts were incubated with α-defensin-1 and α-defensin-2 (0.5–6 μM) for 24 h and then
collagen protein content and the collagen-I mRNA (COL1A1) level were assayed. We found
that incubation of HFL-1 lung fibroblasts with α-defensin-1 induced a dose-dependent increase
in collagen-I protein content and the COL1A1 mRNA level (Fig. 2A,C). Similar results were
obtained with HFL-1 lung fibroblasts incubated with α-defensin-2 (Fig. 2B,D).

α-defensin-1 and α-defensin-2 also enhanced proliferation and collagen synthesis in LL-86
lung fibroblasts (Figs S1 and S2), suggesting that α-defensin-induced increases in proliferation
and collagen synthesis are a generalized phenomenon among lung fibroblasts.

α-defensin-1 and α-defensin-2 increased active/dephosphorylated β-catenin in lung
fibroblasts

As shown in Fig. 2A,B, incubation of HFL-1 lung fibroblasts with α-defensin-1 and α-
defensin-2 induced dose-dependent increases in active/dephosphorylated β-catenin in HFL-1
lung fibroblasts. However, total β-catenin protein content was not affected. These results
suggest that α-defensins induce the dephosphorylation of β-catenin and cause β-catenin
accumulation in the nuclei of HFL-1 lung fibroblasts. Incubation of LL-86 lung fibroblasts
with α-defensin-1 and α-defensin-2 also caused increases in active/dephosphorylated β-catenin
without a significant alteration in total β-catenin protein content (Figs S1 and S2), suggesting
that α-defensin-induced activation of the β-catenin signaling pathway is a generalized
phenomenon among lung fibroblasts.

Inhibition of the β-catenin signaling pathway using quercetin blocked the α-defensin-
induced increase in lung fibroblast proliferation and collagen synthesis

To investigate the role of β-catenin activation in the defensin-induced increase in lung
fibroblast proliferation, lung fibroblasts (HFL-1) were incubated with or without α-defensin-1
and α-defensin-2 (2.5 μM) in the presence and absence of quercetin (10 μM) for 24 h, after
which the protein contents of active/dephosphorylated β-catenin, total β-catenin and collagen-
I, cell proliferation, and the COL1A1 mRNA level were assayed. We found that quercetin
prevented an increase in the protein content of active/dephosphorylated β-catenin without
changes in total β-catenin (Fig. 3B). Correspondingly, quercetin prevented an increase in cell
proliferation and in collagen-I protein content and the COL1A1 mRNA level induced by α-
defensin-1 and α-defensin-2 (Fig. 3A–C). These results indicate that α-defensin-induced
increases in lung fibroblast proliferation and collagen synthesis involve the β-catenin signaling
pathway.

Inhibition of β-catenin signaling pathway using quercetin blocked the α-defensin-induced
increase in collagen release from lung fibroblasts

To study whether the α-defensin-induced alteration in intracellular collagen-I protein content
in lung fibroblasts results in corresponding changes in collagen release from the cells, the
collagen content in the culture medium of lung fibroblasts (HFL-1) treated without or with α-
defensin-1 and α-defensin-2 (2.5 μM) in the presence and absence of quercetin (10 μM) was
determined. As shown in Fig. 4, incubation of lung fibroblasts with α-defensin-1 and α-
defensin-2 resulted in an increase in collagen content in the culture medium, which corresponds
to changes in intracellular collagen-I protein content. In addition, quercetin prevented an α-
defensin-induced increase in collagen content in the culture medium (Fig. 4).
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Knocking-down β-catenin prevented the α-defensin-induced increase in lung fibroblast
proliferation and collagen synthesis

To clarify whether β-catenin is responsible for defensin-induced increases in lung fibroblast
proliferation and in collagen synthesis, the protein expression of β-catenin in lung fibroblasts
(HFL-1) was knocked down by using its small interfering RNA (siRNA). As shown in Fig.
5A, transfection of HFL-1 lung fibroblasts with siRNA targeting the mRNA of β-catenin
significantly knocked down the protein expression of β-catenin. Knocking-down the protein
expression of β-catenin prevented increases in lung fibroblast proliferation (Fig. 5B,C) and
collagen-I protein content (Fig. 6A,B) as well as the COL1A1 mRNA level (Fig. 6C) caused
by α-defensin-1 and α-defensin-2.

p38 mitogen-activated protein (MAP) kinase inhibitor SB203580 and phosphoinositide 3-
kinase (PI3K) inhibitor LY294002 prevented increases in the phosphorylation of GSK3β,
dephosphorylation/activation of β-catenin, and collagen synthesis induced by α-defensin-1
and α-defensin-2

The signaling molecule upstream of β-catenin is GSK3β. It has been previously reported that
p38 MAP kinase and PI3K/Akt directly phosphorylate GSK3β on Thr390 and Ser9,
respectively, leading to inactivation of GSK3β and accumulation/activation of β-catenin [17,
18]. To determine whether α-defensin-induced collagen synthesis and the accumulation/
activation of β-catenin in lung fibroblasts are caused by activation of p38 MAP kinase and
PI3K/Akt, lung fibroblasts (HFL-1) were incubated with or without α-defensin-1 and α-
defensin-2 (2.5 μM) in the presence and absence of SB203580 (10 μM), a specific selective
inhibitor of p38 MAP kinase, or LY294002 (20 μM), a specific inhibitor of PI3K, for 1–24 h,
after which the protein contents of phosphorylated p38 MAP kinase, total p38 MAP kinase,
phosphorylated Akt, total Akt, phosphorylated GSK3β, total GSK3β, active/dephosphorylated
β-catenin, total β-catenin and collagen-I, and cell proliferation were determined. As shown in
Figs 7A,B and 8A,B, the incubation of lung fibroblasts with α-defensin-1 and α-defensin-2
induced increases in the protein contents of phosphorylated p38 MAP kinase, Ser473-
phosphorylated Akt, Thr390-phosphorylated and Ser9-phosphorylated GSK3β without an
alteration in the protein contents of total p38 MAP kinase, total Akt, and total GSK3β,
suggesting that α-defensin-1 and α-defensin-2 cause the activation of p38 MAP kinase and
PI3K/Akt and increase phosphorylation of GSK3β on Thr390 and Ser9. SB203580 and
LY294002 prevented α-defensin-induced increases in the protein contents of Thr390-
phosphorylated and Ser9-phosphorylated GSK3β, active/dephosphorylated β-catenin, and
collagen-I (Figs 7A–C and 8A–C). Moreover, α-defensin-induced increases in cell
proliferation were prevented by SB203580 and LY294002 (Figs 7D and 8D).

Discussion
The plasma concentrations of α-defensins are approximately 0.03 μM in normal volunteers,
but rise to 1.5–2.0 μM in patients with IPF and acute respiratory distress syndrome [6,8]. The
concentrations of α-defensins in the lower respiratory tract epithelial lining fluid in patients
with α1-antitrypsin deficiency could reach as high as 2.0 μM [19]. Significant amounts of α-
defensins can also be found outside neutrophils in the fibrotic foci in the lungs of IPF patients
[5,8]. In addition to potential antimicrobial effects, α-defensins in the lung tissue may be
responsible for the formation of fibroproliferative lesions or remodeling in inflammatory lung
diseases. Proliferation and collagen synthesis of lung fibroblasts plays a pivotal role in these
processes. In the present study, we have demonstrated that α-defensin-1 and α-defensin-2
stimulate lung fibroblast proliferation and collagen synthesis in two lines of lung fibroblasts,
suggesting that α-defensins may be implicated in the formation of fibroproliferative lesions or
remodeling in neutrophil-infiltrated lung tissue. The effects of α-defensin-1 and α-defensin-2
on lung fibroblast proliferation are concentration-dependent. α-defensins in concentrations
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similar to those in inflammatory lung diseases promote proliferation and collagen synthesis of
lung fibroblasts. The stimulatory effects of α-defensins on collagen synthesis reach a plateau
at higher concentrations, whereas the proliferative effects are reduced. The results obtained in
the present study are consistent with the mitogenic effects of α-defensins previously reported
for airway epithelial cells, NIH 3T3 fibroblasts and dermal fibroblasts [10,11].

The mechanism for α-defensin-induced increase in the proliferation and collagen synthesis of
lung fibroblasts has not been clarified. Yoshioka et al. [20] indicated that α-defensin activated
the MAP kinase signaling pathway. Aarbiou et al. [21] also reported that MAP kinase kinase
inhibitor U0126 inhibited α-defensin-induced proliferation of A549 lung epithelial cells,
suggesting that α-defensins mediate cell proliferation through the MAP kinase signaling
pathway. In the present study, we found that α-defensin-1 and α-defensin-2 caused increases
in the protein content of active/dephosphorylated β-catenin without changes in total β-catenin,
suggesting that α-defensins activate the β-catenin signaling pathway. We then studied the role
of the β-catenin signaling pathway in α-defensin-induced increases in the proliferation and
collagen synthesis of lung fibroblasts using quercetin. Quercetin, which inhibits the Wnt/β-
catenin signaling pathway through its upstream kinases, blocks β-catenin/Tcf transcriptional
activity by decreasing active/dephosphorylated β-catenin and Tcf-4 proteins [22–24]. The
results obtained in the present study show that inhibition of the β-catenin signaling pathway
by quercetin prevented increases in lung fibroblast proliferation and collagen synthesis induced
by α-defensin-1 and α-defensin-2. Furthermore, by using a different method (i.e. siRNA
technology), we have demonstrated that knocking-down the protein expression of β-catenin
inhibited increases in lung fibroblast proliferation and collagen synthesis caused by α-
defensin-1 and α-defensin-2. Taken together, these results indicate that the β-catenin signaling
pathway mediates α-defensin-induced increases in cell proliferation and collagen synthesis of
lung fibroblasts.

The canonical Wnt/β-catenin signaling pathway is initiated when Wnts bind to frizzed receptor
and lipoprotein receptor-related protein 5/6, which leads to dephosphorylation/accumulation
of β-catenin and subsequent transcription of its target genes [25]. It is unlikely that α-defensin-
induced activation of the β-catenin signaling pathway and the increase in collagen synthesis
of lung fibroblasts are Wnt-dependent because the soluble Wnt-antagonist secreted frizzled-
related-protein-1 (sFRP-1) did not affect the α-defensin-induced increase in collagen synthesis
(Fig. S3). It has been well defined that β-catenin is phosphorylated by GSK-3β and
subsequently ubiquitinized and degraded by proteasome in the Wnt/β-catenin signaling
pathway [26]. Thornton et al. [17] reported that p38 MAP kinase directly phosphorylated
GSK3β on Thr390, leading to inactivation of GSK3β and accumulation/activation of β-catenin.
The inactivation of GSK3β can also be caused by phophorylation of its N-terminus at Ser9 by
Akt [18]. Syeda et al. [27] reported that a mixture of HNP, predominantly consisting of α-
defensins-1 and -2, induced activation of the p38 MAP kinase and PI3K/Akt pathways in
human monocytes (U937). The mixture of HNP activated only the PI3K/Akt pathway in human
lung epithelial cells (A549) [27]. Our data indicate that inhibition of p38 MAP kinase and PI3K
prevents the phosphorylation of GSK3β on Thr390 and Ser9 and an increase in active/
dephosphorylated β-catenin induced by α-defensins in lung fibroblasts, suggesting that α-
defensin-induced activation of β-catenin in lung fibroblasts is caused by phosphorylation/
inactivation of GSK3β as a result of the activation of p38 MAP kinase and PI3K/Akt.

The Wnt/β-catenin signaling pathway is required for proper lung mesenchymal growth and
vascular development [12,28]. Up-regulation of the Wnt/β-catenin pathway was observed in
the lungs of neonatal rats with hyperoxic lung remodeling [29]. Extensive nuclear accumulation
of β-catenin was found in bronchiolar proliferative lesions, damaged alveolar structures and
fibrotic foci in the lungs of IPF patients [30]. Collagen-I expression and cell proliferation in
human skin fibroblasts in response to irradiation both depend on activation of the Wnt/β-catenin
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pathway [31]. The results obtained in the present study indicate that activation of the β-catenin
signaling pathway mediates α-defensin-induced increases in cell proliferation and collagen-I
synthesis of lung fibroblasts. Cell proliferation mediated by the β-catenin signaling pathway
is attributed to the direct target genes of β-catenin-TCF/LEF-1, such as the genes for cyclin D,
fibroblast growth factor, fibronectin, endothelin, surviving, etc. We have obtained data
indicating that α-defensin-1 and α-defensins-2 induce an increase in the protein content of
cyclin D and that quercetin inhibits the α-defensin-induced increase in cyclin D protein content
in HFL-1 lung fibroblasts (Fig. S4), suggesting that cyclin D might be related to the α-defensin-
induced increase in lung fibroblast proliferation. Collagen-I is the major component of the
extracellular matrix in the fibrotic lesions of lung fibrosis. Although there is no direct evidence
showing that collagen-I is a direct transcriptional target of TCF/LEF-1, there is compelling
evidence to suggest that the β-catenin signaling pathway leads to up-regulation of collagen-I
synthesis in fibroblasts [30–32]. Another important feature of fibroblasts in the pathogenesis
of fibrotic lesion concerns cell motility. Our data (W. Han and Y. Su, unpublished data) show
that α-defensin-1 and α-defensin-2 enhance the cell migration of HFL-1 lung fibroblasts in a
Boyden chamber assay, providing evidence to support the role of α-defensins in the formation
of inflammatory fibroproliferative lesions.

In summary, we have demonstrated that α-defensin-1 and α-defensin-2 stimulate the
proliferation and collagen synthesis of lung fibroblasts. Our novel findings on the role of the
β-catenin signaling pathway in α-defensin-induced increases in proliferation and collagen
synthesis of lung fibroblasts open the door to the possibility that manipulation of the α-
defensins/β-catenin signaling pathway will provide a new avenue for preventing or reversing
the formation of fibroproliferative lesions in inflammation-related pulmonary diseases, such
as diffuse panbronchiolitis, acute respiratory distress syndrome, chronic obstructive pulmonary
disease and hyperoxic lung injuries, as well as other inflammatory diseases associated with
fibroproliferative lesions.

Experimental procedures
Materials

α-defensin-1 and α-defensin-2 were obtained from Bachem (Torrance, CA, USA). Anti-
collagen-I antibody was obtained from Novus Biologicals (Littleton, CO, USA). Antibodies
against active/dephosphorylated β-catenin, total β-catenin and cyclin D were obtained from
Millipore (Billerica, MA, USA). Antibodies against Thr180/Tyr182-phosphorylated p38 MAP
kinase and total p38 MAP kinase were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Antibodies against Thr390-phosphorylated GSK3β, Ser9-phosphorylated
GSK3β, total GSK3β, Ser473-phosphorylated Akt, total Akt and GAPDH were obtained from
Cell Signaling Technology (Danvers, MA, USA). sFRP-1 was obtained from R&D Systems
(Minneapolis, MN, USA). SB203580 and LY294002 were obtained from Calbiochem (San
Diego, CA, USA).

Cell culture
Two lines of human lung fibroblasts (HFL-1 and LL-86) were obtained from the American
Type Culture Collection (Rockville, MD, USA). Cells were cultured in accordance with the
manufacturer’s instructions. Third-to-tenth passage cells that were equilibrated in serum-free
medium for 24 h were used for all experiments.

siRNA knock-down of β-catenin
The expression of β-catenin was silenced using siRNA technology. The target sequences for
the mRNA of β-catenin were 5′-AAAGCTGATATTGATGGACAG-3′. The siRNA against
luciferase mRNA was used as a control siRNA. The target sequence for luciferase mRNA was
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5′-AACGTACGCGGAATACTTCGA-3′. The siRNAs were custom-synthesized by Qiagen
(Valencia, CA, USA) and were transfected into lung fibroblasts using Qiagen RNAiFest
transfection reagent in accordance with the manufacturer’s instructions. Two days after
transfection, the medium was changed to serum free medium. After 24 h, the protein content
of β-catenin, cell proliferation, and collagen protein and mRNA were evaluated.

Cell proliferation assay
Proliferation of lung fibroblasts was assayed with a kit from Roche (Indianapolis, IN, USA)
that monitors the incorporation of BrdU into newly synthesized DNA. The BrdU was detected
using anti-BrdU-peroxidase conjugate in accordance with the manufacturer’s instructions.
After reactions were stopped, A450 was measured with a BioTek F600 microplate reader
(BioTek Inc., Winooski, VT, USA).

Immunoblot analysis
Three days after siRNA transfection, cells were harvested. Samples (20–30 μg of protein) were
denatured and electrophoresed on 7.5% SDS-PAGE. Separated proteins were
electrotransferred to nitrocellulose membranes, incubated with 5% fat-free milk for 2 h, and
then incubated with monoclonal antibodies against collagen-I, active/dephosphorylated β-
catenin, total β-catenin, Thr180/Tyr182-phosphorylated p38 MAP kinase, total p38 MAP
kinase, Ser473-phosphorylated Akt, total Akt, Thr390-phosphorylated GSK3β, Ser9-
phosphorylated GSK3β, total GSK3β and GAPDH overnight at 4 °C and then washed with 50
mL of 0.1% Tween-20, 20 mM Tris-HCl (pH 7.5) and 150 mM NaCl (TTBS) three times for
10 min. Secondary goat anti-mouse IgG conjugated to alkaline phosphatase (Bio-Rad,
Hercules, CA, USA) was diluted in TTBS plus 5% nonfat milk and incubated with the
membranes at room temperature for 1–2 h. After the membranes were washed with TTBS,
enhanced chemiluminescence (ImmunStar; Bio-Rad) was used to visualize the reactive
proteins followed by densitometric quantification using IMAGE J (NIH, Bethesda, MD, USA).

Determination of COL1A1 mRNA
After treatment, total RNA of lung fibroblasts was extracted by using an RNeasy Mini kit from
Qiagen. COL1A1 mRNA content was determined by quantitative real time RT-PCR. RNAs in
200 ng of each sample were reverse-transcripted. Real-time PCR was performed using ABI
7500 Sequence Detector (Perkin-Elmer Applied Biosystem, Foster City, CA, USA) with the
conditions: 95 °C for 10 min, 40 cycles of 95 °C for 15 s and 60 °C for 1 min. All the primers
and probes were purchased from Applied Biosystems. The results were expressed as 2−ΔΔC

T
using 18s rRNA as a reference.

Quantitation of collagen release
Collagen release from lung fibroblasts was quantitated by measuring collagen content in the
culture medium using a Sircol collagen assay kit from Biocolor Ltd (Carrickfergus, UK),
expressed as μg·h−1·mg−1 cellular protein.

Statistical analysis
In each experiment, experimental and control lung fibroblasts were matched for age, seeding
density and number of passages to avoid variation in tissue culture factors that can influence
measurements of cell proliferation, collagen and β-catenin. Results are shown as the mean ±
SE for n experiments. Student’s paired t-test was used to determine the significance of
differences between the means of experimental and control cells. P < 0.05 was considered
statistically significant.
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Abbreviations

BrdU 5-bromo-2′-deoxy-uridine

GAPDH glyceraldehyde-3-phosphate dehydrogenase

GSK3β glycogen synthase kinase 3β

HNP human neutrophil peptide

IPF idiopathic pulmonary fibrosis

MAP mitogen-activated protein

PI3K phosphoinositide 3-kinase

sFRP-1 secreted frizzled-related-protein-1

siRNA small interfering RNA

TCF/LEF-1 T cell factor/lymphocyte enhancer factor-1
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Fig. 1.
Effect of α-defensin-1 and α-defensin-2 on cell proliferation of lung fibroblasts HFL-1. Lung
fibroblasts HFL1 were incubated with or without α-defensin-1 (A: 0.5–6 μM) and α-defensin-2
(B: 0.5–6 μM) for 24 h, after which cell proliferation was assayed as described in the
Experimental procedures; n = 4, *P < 0.05 versus control (concentration 0).
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Fig. 2.
Effect of α-defensin-1 and α-defensin-2 on protein contents of active/dephosphrylated β-
catenin, total β-catenin and collagen-I and COL1A1 mRNA levels of in lung fibroblasts HFL-1.
Lung fibroblasts HFL1 were incubated with α-defensin-1 (A, C: 0.5–6 μM) and α-defensin-2
(B, D: 0.5–6 μM) for 24 h, after which protein contents of active/dephosphrylated β-catenin,
total β-catenin and collagen-I were measured using western blot analysis and COL1A1 mRNA
levels were assayed using quantitative real-time RT-PCR as described in the Experimental
procedures. (A, B) Showing representative blots of three separate experiments. (C, D) Bar
graphs depicting changes in COL1A1 mRNA levels; n = 3, *P < 0.05 versus control
(concentration 0). GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Fig. 3.
Effect of quercetin on α-defensin-induced alterations in cell proliferation, intracellular protein
contents of active/dephosphorylated β-catenin, total β-catenin and collagen-I in lung
fibroblasts. Lung fibroblasts HFL1 were incubated with or without α-defensin-1 and α-
defensin-2 (2.5 μM) in the presence and absence of quercetin (10 μM) for 24 h, after which
cell proliferation (A), protein contents of active/dephosphrylated β-catenin, total β-catenin and
collagen-I (B) and COL1A1 mRNA levels (C) were measured as described in the Experimental
procedures. The images in (B) are representative blots of three separate experiments. Con,
control; D1, α-defensin-1; D2, α-defensin-2. (A, C) n = 3, *P < 0.05 versus control vehicle
group without defensins and quercetin.
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Fig. 4.
Effect of quercetin on α-defensin-induced alterations in collagen release from lung fibroblasts.
Lung fibroblasts HFL1 were incubated with or without α-defensin-1 and α-defensin-2 (2.5
μM) in the presence and absence of quercetin (10 μM) for 24 h, after which collagen release
was measured by determining collagen contents in the culture medium as described in the
Experimental procedures; n = 3, *P < 0.05 versus control (Vehicle).
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Fig. 5.
Effect of knocking down β-catenin on cell proliferation of lung fibroblasts. Lung fibroblasts
HFL1 were transfected with siRNAs targeted to β-catenin and luciferase (control sequence).
After 72 h, the cells were incubated with or without α-defensin-1 (B: 1.25–2.5 μM) and α-
defensin-2 (C: 1.25–2.5 μM) for 24 h, after which cell proliferation was assayed as described
in the Experimental procedures; n = 4, *P < 0.05 versus control (concentration 0). (A) Showing
a representative image of immunoblot against active/dephosphorylated β-catenin from three
experiments.
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Fig. 6.
Effect of knocking down β-catenin on collagen synthesis of lung fibroblasts. Lung fibroblasts
HFL1 were transfected with siRNAs targeted to β-catenin and luciferase (control sequence).
After 72 h, the cells were incubated with or without α-defensin-1 (2.5 μM) and α-defensin-2
(2.5 μM) for 24 h after which collagen-I protein contents (A, B), and COL1A1 mRNA levels
(C) were measured as described in the Experimental procedures. The images in (A) are
representative blots of three separate experiments. (B) Bar graph depicting changes in densities
of the blots in (A); n = 3, *P < 0.05 versus control group. Con, control; D1, α-defensin-1; D2,
α-defensin-2.
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Fig. 7.
Effect of MAP kinase inhibitor SB203580 on α-defensin-induced alterations in intracellular
protein contents of phosphorylated p38 MAP kinase, total p38 MAP kinase, Thr390-
phosphorylated GSK3β (GSK3β-P-T390), total GSK3β, active/dephosphorylated β-catenin,
total β-catenin and collagen-I and cell proliferation in lung fibroblasts. Lung fibroblasts HFL1
were incubated with or without α-defensin-1 and α-defensin-2 (2.5 μM) in the presence and
absence of SB203580 (10 μM) for 1–24 h, after which protein contents of phosphorylated p38
MAP kinase, total p38 MAP kinase, GSK3β-P-T390, total GSK3β, active/dephosphorylated
β-catenin, total β-catenin and collagen-I (A–C) and cell proliferation (D) were measured as
described in the Experimental procedures. The images in (A) are representative blots of three
separate experiments. (B, C) Bar graphs depicting changes in densities of the blots in (A); n =
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3, *P < 0.05 versus control vehicle group without defensins and SB203580. Con, control; D1,
α-defensin-1; D2, α-defensin-2.
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Fig. 8.
Effect of PI3K inhibitor LY294002 on α-defensin-induced alterations in intracellular protein
contents of phosphorylated Akt, total Akt, Ser9-phosphorylated GSK3β (GSK3β-P-S9), total
GSK3β, active/dephosphorylated β-catenin, total β-catenin and collagen-I and cell
proliferation in lung fibroblasts. Lung fibroblasts HFL1 were incubated with or without α-
defensin-1 and α-defensin-2 (2.5 μM) in the presence and absence of LY294002 (20 μM) for
1–24 h, after which protein contents of phosphorylated Akt, total Akt, GSK3β-P-S9, total
GSK3β, active/dephosphorylated β-catenin, total β-catenin and collagen-I (A–C) and cell
proliferation (D) were measured as described in the Experimental procedures. The images in
(A) are representative blots of three separate experiments. (B, C) Bar graphs depicting changes
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in densities of the blots in (A); n = 3, *P < 0.05 versus control vehicle group without defensins
and LY294002. Con, control; D1, α-defensin-1; D2, α-defensin-2.
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