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Summary

Pulmonary fibrosis is characterized by progressive worsening of pulmonary
function leading to a high incidence of death. Currently, however, there has
been little progress in therapeutic strategies for pulmonary fibrosis. There
have been several reports on cytokines being associated with lung fibrosis,
including interleukin (IL)-6 and transforming growth factor (TGF)-b1. We
reported recently that two substances (ATRA and thalidomide) have preven-
tive effects on pulmonary fibrosis by inhibiting IL-6-dependent proliferation
and TGF-b1-dependent transdifferentiation of lung fibroblasts. Rheumatoid
arthritis is a chronic autoimmune disorder, and its pathogenesis is also
characterized by an association with several cytokines. It has been reported
that calpain, a calcium-dependent intracellular cysteine protease, plays an
important role in the progression of rheumatoid arthritis. In this study,
we examined the preventive effect of Calpeptin, a calpain inhibitor, on
bleomycin-induced pulmonary fibrosis. We performed histological examina-
tions and quantitative measurements of IL-6, TGF-b1, collagen type Ia1 and
angiopoietin-1 in bleomycin-treated mouse lung tissues with or without the
administration of Calpeptin. Calpeptin histologically ameliorated bleomycin-
induced pulmonary fibrosis in mice. Calpeptin decreased the expression of
IL-6, TGF-b1, angiopoietin-1 and collagen type Ia1 mRNA in mouse lung
tissues. In vitro studies disclosed that Calpeptin reduced (i) production of
IL-6, TGF-b1, angiopoietin-1 and collagen synthesis from lung fibroblasts;
and (ii) both IL-6-dependent proliferation and angiopoietin-1-dependent
migration of the cells, which could be the mechanism underlying the preven-
tive effect of Calpeptin on pulmonary fibrosis. These data suggest the clinical
use of Calpeptin for the prevention of pulmonary fibrosis.

Keywords: calpain, cell migration, cell proliferation, cytokines, pulmonary
fibrosis

Accepted for publication 2 August 2010

Correspondence: C. Tabata, Division of

Respiratory Medicine, Department of Internal

Medicine, Hyogo College of Medicine, 1-1

Mukogawa-cho, Nishinomiya, Hyogo, 663-8501

Japan.

E-mail: ctabata@hyo-med.ac.jp

Introduction

Pulmonary fibrosis is a progressive and lethal lung disease
characterized by the proliferation of fibroblasts and the
deposition of extracellular matrix (ECM) materials. It is fre-
quently associated with collagen diseases, rheumatoid arthri-
tis (RA), radiotherapy to the thoracic region, and drugs
including anti-cancer agents. Idiopathic pulmonary fibrosis
(IPF) is the most common type with a prevalence of 16–18
per 100 000 people, leading to a high incidence of death
(>50% 5-year mortality rate) due to eventual respiratory
failure [1]. There are currently few effective therapeutic and
preventive strategies for pulmonary fibrosis [2–4].

Calpain, a calcium-dependent intracellular cysteine pro-
tease, plays an important role in various cellular processes
including cell growth, differentiation and apoptosis [5]. In
RA patients, over-expression of calpains are found in
arthritic synovial fluid and are thought to play important
roles in various cellular processes including cell growth, dif-
ferentiation and apoptosis [5–7]. RA is a chronic autoim-
mune disorder characterized by an association with several
cytokines, including interleukin (IL)-6, IL-1 and tumour
necrosis factor (TNF)-a [8,9]. It has been reported that
calpain-inhibitory compound ameliorates experimental
arthritis via inhibitory effects on cytokine production such
as IL-6 and IL-1b [10]. Such cytokines are also associated
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with pulmonary fibrosis, including transforming growth
factor (TGF)-b1, IL-1, IL-6 and TNF-a [11–16]. We have
also shown the important roles of IL-6 and TGF-b1 in our
previous reports demonstrating the preventive effects of two
substances (ATRA and thalidomide) on pulmonary fibrosis
[17–19]. Moreover, inhibition of calpain has been demon-
strated to prevent myocardial fibrosis [20]. Therefore, we
focused upon the relationship between calpain and pulmo-
nary fibrosis. In this study we investigated whether a calpain
inhibitor, Calpeptin, had preventive or therapeutic effects on
pulmonary fibrosis, and show that Calpeptin prevents
bleomycin-induced pulmonary fibrosis in mice through the
inhibition of the production of proinflammatory and profi-
brotic cytokines and the reduction of collagen synthesis.

Materials and methods

Cell culture

WI38VA-13, a human lung fibroblastic cell line transformed
by SV40, IMR-90, a primary human fetal lung fibroblast line
and A549, a human alveolar type II epithelial cell line, were
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
(Sigma Chemical Co., St Louis, MO, USA) supplemented
with 10% heat-inactivated fetal calf serum. Cells were cul-
tured with antibiotics in a humidified incubator with 5%
CO2 at 37°C. In some experiments, the cells were stimulated
with recombinant human IL-6 and recombinant human
angiopoietin-1 (Ang-1) (R&D Systems, Oxford, UK).
Calpeptin (Calbiochem, San Diego, CA, USA) was diluted in
dimethylsulphoxide (DMSO) and added to the growth
medium to yield the final DMSO solvent concentration
<0·01% (v/v). As a control, cells were treated with the same
concentration of DMSO and all cultures in this study con-
tained the same final concentration of DMSO. In prelimi-
nary experiments, this final concentration of DMSO had no
gross effect on WI38VA13, IMR90 and A549 cells.

Animal studies

C57BL/6 female mice were purchased from Clea Japan
(Tokyo, Japan) and maintained in our specific pathogen-free
animal facility. All animals were kept according to the
Animal Protection Guidelines of Hyogo College of Medicine.
All protocols for animal use and euthanasia were reviewed
and approved by the Institute of Laboratory Animals, Hyogo
College of Medicine, Japan. Eight-week-old mice were
injected intraperitoneally with bleomycin sulphate (Bleo)
[2 mg/mouse (0·1 mg/g body weight)/day; Nippon Kayaku,
Tokyo, Japan] on days 1, 8 and 15. In some experiments, the
mice were injected intraperitoneally with 0·04 mg of Calpep-
tin (diluted in DMSO) in 0·2 ml of distilled water or 0·2 ml
of distilled water alone (controls). The injections were
repeated three times weekly [1] throughout the course (days
1–28) [2] for the first 14 days (days 1–14) or [3] for the last

14 days (days 15–28). All mice with or without Bleo and/or
Calpeptin were injected in the same final concentration of
DMSO.

Histological studies

Histological examination was performed by staining with
haematoxylin and eosin (H&E) or Azan using an aniline blue
method, as described previously [17–19]. For quantitative
analysis of the severity of fibrosis, the level of fibrosis was
measured using the number of pixels stained blue by Azan
staining using the Analytical Digital Photomicroscopy tech-
nique and Adobe® Photoshop® (Adobe Systems Inc., San
Jose, CA, USA) (magnification ¥200) [18,19]. Sections were
immunostained using mouse anti-human calpain mono-
clonal antibody (1:100; Abnova, Taipei, Taiwan) followed by
biotin-conjugated goat anti-mouse antibody (1:250; Dako,
Glostrup, Denmark). The tyramide signal amplification
(TSA) biotin system (Perkin-Elmer, Boston, MA, USA) was
used to enhance staining, and peroxidase activity was envi-
sioned with the diaminobenzidine kit (Dako).

Quantitative real-time reverse
transcription–polymerase chain reaction (RT–PCR)

Quantitative real-time RT–PCR was performed using
TaqMan Gene expression products as described previously
[17–19,21]. The levels of mRNA are represented as the ratio
to 18SrRNA (Applied Biosystems), an endogenous control.

Measurement of IL-6 and TGF-b1

The concentrations of IL-6 and TGF-b1 in the culture super-
natants with or without Calpeptin (100 nM) for 24 h were
measured using an enzyme-linked immunosorbent assay
(ELISA) kit (BioSource, Camarillo, CA, USA), as described
previously [17,18].

Cell proliferation assay

A cell proliferation assay was performed as described previ-
ously [17]. Cell Counting Kit-8 (Dojindo, Tokyo, Japan) was
used to characterize the growth of the cells.

Cell apoptosis assay

Cytoplasmic histone-associated DNA fragments (mono- and
oligonucleosomes) were determined by Cell Death Detec-
tion ELISAPLUS (Roche, Mannheim, Germany).

Cell migration assay

In vitro migration assays were performed as described pre-
viously [21]. Briefly, WI38 VA13 cells were precultured
overnight with or without Calpeptin (100 nM), and then
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suspended at a density of 1 ¥ 106 cells/ml in DMEM and
placed in the upper half of a Boyden chamber. The lower half
of the Boyden chamber was filled with DMEM containing
100 ng/ml recombinant human Ang-1 or DMEM alone.

Collagen protein measurement

Collagen protein was measured using the Sircol soluble col-
lagen assay Kit (Biocolor, Belfast, UK), as described previ-
ously [18].

Statistical analysis

Results are given as the mean � standard deviation (s.d.)
of values. Statistical analysis was performed using the
Bonferroni/Dunn multiple comparisons test.

Results

Prevention of bleomycin-induced pulmonary fibrosis
by Calpeptin

In the lung tissues from the bleomycin-treated mice without
Calpeptin (Bleo + DMSO), the pulmonary interalveolar
septa thickened and had been infiltrated by inflammatory
cells, with collagen depositions and increased calpain expres-
sion in the interstitium disclosed by Azan and calpain
staining. Intraperitoneal administration of Calpeptin three
times a week (Bleo + Calpeptin) inhibited the collagen depo-

sition and increase of calpain activity in the bleomycin-
treated mouse lung tissues (Fig. 1a). Mice treated with
Calpeptin but without bleomycin showed no changes,
including body weight and other organs (data not shown).
Moreover, the mRNA levels of Calpain1 and Calpain2 from
mouse lung tissues at 28 days after the first injection of
bleomycin (Bleo + DMSO) were elevated approximately 1·7-
fold and 1·5-fold compared to those of the control mice
(DMSO), which were suppressed significantly by the admin-
istration of Calpeptin (Bleo + Calpeptin) (P = 0·0007 and
P = 0·0002, respectively) (Fig. 1b and c).

Inhibitory effect of Calpeptin on the proliferation of
lung fibroblasts

We first investigated the in vitro effect of Calpeptin on the
growth of human lung fibroblasts. The addition of Calpeptin
had a suppressive effect on the proliferation of both WI38
VA13 and IMR90 cells in a dose-dependent manner. The
maximum inhibitory effect was observed at a concentration
of 100 nM Calpeptin [8% decrease (P < 0·0001) and 10%
decrease (P < 0·0001), respectively, Fig. 2a]; whereas lower
concentrations (1 nM or 10 nM) of Calpeptin had a minor
effect compared to 100 nM. The final concentration of
DMSO [<0·01% (v/v)] had no gross effect on any cells (data
not shown). The concentration of 100 nM Calpeptin had
no effect on the cell viability of WI38 VA13 and IMR90
cells (with DMSO only: 94·7% and 93·7%, with 100 nM
Calpeptin: 93·7% and 93·0%, respectively).

Fig. 1. Effect of calpain inhibitor Calpeptin

on bleomycin-induced pulmonary fibrosis.

Eight-week-old mice were injected

intraperitoneally with or without

[dimethylsulphoxide (DMSO) only]

Bleo on days 1, 8 and 15. Calpeptin

(0·04 mg/mouse/day) (Bleo+ Calpeptin) or

distilled water alone (Bleo + DMSO) was

administered intraperitoneally three times a

week during the time–course. On day 28, the

mice (n = 5 in each experiments) were killed.

Histological changes were demonstrated by

haematoxylin and eosin (H&E), Azan and

calpain staining (original magnification: ¥200)

(a). Real-time reverse transcription–polymerase

chain reaction was performed to determine the

changes in the lung tissues of mice in the

mRNA levels of Calpain1 (b) and Calpain2 (c).

All results are indicated as the mean � standard

deviation of three separate experiments.
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Effect of Calpeptin on the IL-6/IL-6R-mediated
proliferation of lung fibroblasts

As demonstrated previously [17,22], human lung fibroblasts
secreted IL-6 and IL-6 stimulated the proliferation of the
cells in an autocrine manner. Here, we examined the effect of
Calpeptin on IL-6 production, IL-6/IL-6R expression in lung
fibroblasts, and IL-6-mediated cell proliferation. The
concentration of IL-6 in the culture supernatant was de-
creased by the addition of Calpeptin (P < 0·0001) (Fig. 2b).
We next investigated the effect of Calpeptin on the ex-
pression of IL-6 and IL-6R mRNA by real-time RT–PCR
analysis. Figure 2c and d shows that IL-6mRNA : 18SrRNA
and IL-6RmRNA : 18SrRNA ratios were decreased in
WI38VA-13 cells by Calpeptin at 7 h (P < 0·0001). According
to our previous study, in which the addition of IL-6 stimu-
lated fibroblast growth in a dose-dependent manner and
reached a plateau at the concentration of 1000 pg/ml [17],
we examined the effect of Calpeptin on 1000 pg/ml of IL-6-
mediated cell proliferation and found that Calpeptin inhib-
ited IL-6-induced cell proliferation of lung fibroblasts
(P < 0·0001) (Fig. 2e). Moreover, the mRNA levels of IL-6
from mouse lung tissues at 28 days after the first injection of
bleomycin (Bleo + DMSO) were analysed by real-time
RT–PCR and shown to be elevated approximately 2·3-fold
compared to those of the control mice (DMSO), which were
suppressed significantly by the administration of Calpeptin
(Bleo+ Calpeptin) (P < 0·0001) (Fig. 2f).

Inhibitory effect of Calpeptin on the Ang-1-induced
migration of lung fibroblasts

We next examined the impact of Calpeptin on Ang-1 and
Tie-2 mRNA expression in lung fibroblasts. As shown in
Fig. 3a and b, Calpeptin decreased the expression of both
Ang-1 and Tie-2 mRNA by 45 and 52% in WI38 VA13 cells,
respectively (P < 0·0001). Fibroblast migration plays an
important role in pulmonary fibrosis. We therefore examined
whether Ang-1 plays a role in the migration of lung fibroblasts
and whether Calpeptin has an effect on Ang-1 induced fibro-
blasts migration. We revealed that WI38 VA13 cell migration
was induced (1·3-fold increase, P = 0·0007) by Ang-1, which
was inhibited in the presence of Calpeptin (13% decrease,
P = 0·0117, Fig. 3c). Moreover, the mRNA levels of Ang-1 and
Tie-2 from mouse lung tissues at 28 days after the first injec-
tion of bleomycin (Bleo + DMSO) were both elevated
approximately 1·7-fold compared to those of the control
mice (DMSO), which were suppressed significantly by the
administration of Calpeptin (Bleo + Calpeptin), respectively
(P < 0·0001, P = 0·0008) (Fig. 3d and e).

Effect of Calpeptin on collagen synthesis and the
production of TGF-b1 of lung fibroblasts

In a Sircol assay, as shown in Fig. 4a, collagen synthesis of
WI38 VA13 cells was suppressed by Calpeptin (28%
decrease, P < 0·0001). TGF-b1 is known to promote collagen
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Fig. 2. Effect of calpain inhibitor Calpeptin on the interleukin (IL)-6/IL-6R system. WI38VA-13 and IMR90 cells were cultured with or without

Calpeptin (1–100 nM) for 48 h and cell proliferation was assayed (a). IL-6 concentration in the culture supernatants for 24 h (b), and the changes

in mRNA levels for 7 h for IL-6 (c) and IL-6R (d) of WI38VA-13 cells in the presence or absence of 100 nM Calpeptin were measured by

enzyme-linked immunosorbent assay and real-time reverse transcription–polymerase chain reaction (RT–PCR), respectively. WI38VA-13 cells were

cultured in the presence or absence of IL-6 (1000 pg/ml) with or without Calpeptin (100 nM) for 96 h and cell proliferation was assayed (e).

Real-time RT–PCR was performed to determine the changes in mRNA levels of IL-6 in the lung tissues of mice (f). All results are indicated as the

mean � standard deviation of three separate experiments.
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synthesis by fibroblasts [12,13]. We performed experiments
to study the effect of Calpeptin on TGF-b1 production of
lung fibroblasts. The concentration of TGF-b1 in the culture
supernatant was decreased by 25% by the addition of
Calpeptin (P < 0·0001) (Fig. 4b), and Calpeptin decreased
the COL1A1 and TGF-b1 mRNA expression levels by 27
and 16% in WI38 VA13 cells, respectively (P < 0·0001,
P = 0·0043) (Fig. 4c and d). Moreover, the mRNA levels of
COL1A1 and TGF-b1 from mouse lung tissues at 28 days
after the first injection of bleomycin (Bleo + DMSO) were
elevated approximately 2·5-fold and 1·6-fold compared to
those of the control mice (DMSO), which were sup-
pressed significantly by the administration of Calpeptin
(Bleo + Calpeptin) (P < 0·0001) (Fig. 4e and f).

Both early and late preventive effects of Calpeptin on
bleomycin-induced lung fibrosis

To study the ‘preventive’ and ‘therapeutic’ effects of Calpep-
tin on lung fibrosis, we examined the early (inflammatory
responses were probably mainly demonstrated) and late
(post-inflammatory fibrotic changes were probably mainly
observed) effects of Calpeptin by transient administration to
bleomycin-treated mice. The administration of Calpeptin
for the first 14 days (days 0–14) or the last 14 days (days
14–28) prevented bleomycin-induced pulmonary fibrosis
equally (35·4% decrease, 31·3% decrease) (P < 0·0001).
Although the administration of Calpeptin throughout the

course (days 0–28) of the experiment demonstrated more
effective preventive effect (38·6% decrease) (P < 0·0001)
than that for the first or last 14 days, there was no statistical
significance.

Discussion

In this study, we demonstrated the relationship between
calpain and pulmonary fibrosis. We treated mice with bleo-
mycin by intraperitoneal administration instead of intratra-
cheal administration, as usually carried out in many reports,
because we wished to study the effect of the drug when
added to the whole body as this administration resembled
more clearly the use of the drug in human cancer therapy.
Here, we showed that calpain expression was increased in the
thickened pulmonary interalveolar septa in bleomycin-
treated mouse lung tissues. We also showed that a calpain
inhibitor, Calpeptin, prevented bleomycin-induced pulmo-
nary fibrosis in mice and that the markedly increased mRNA
levels of IL-6, Ang-1, TGF-b1 and COL1A1 (a gene for col-
lagen synthesis) in the bleomycin-treated mouse lung tissues
were decreased by the addition of Calpeptin.

In an in vitro study, we found that Calpeptin inhibited
lung fibroblast proliferation in a dose-dependent manner. As
reported previously [17,22], human lung fibroblasts were
induced to proliferate by IL-6 in a dose-dependent manner.
In this report, Calpeptin inhibited both IL-6/IL-6R expres-
sion and IL-6-induced cell proliferation of lung fibroblasts,

Fig. 3. Inhibitory effect of calpain inhibitor

Calpeptin on the Ang-1/Tie-2 system. WI38

VA13 cells were cultured in the presence or

absence of 100 nM Calpeptin for 7 h and

real-time reverse transcription–polymerase

chain reaction (RT–PCR) was performed to

determine the changes in mRNA levels for

Ang-1 (a) and Tie-2 (b). WI38 VA13 cells were

precultured overnight with or without

Calpeptin (100 nM) and cultured further in the

presence or absence of Ang-1 (100 ng/ml) and a

cell migration assay was performed (c).

Real-time RT–PCR was performed to determine

the changes in the lung tissues of mice in the

mRNA levels of Ang-1 (d) and Tie-2 (e). All

results are indicated as the mean � standard

deviation of three separate experiments.
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indicating an autocrine/paracrine loop involving IL-6 and
IL-6R. TNF-a and IL-1b, both of which are reported to
stimulate IL-6 production [23,24], were not detected in the
WI38 VA13 cell culture supernatants (data not shown). The
IL-6/IL-6R system is a possible mechanism for the inhibitory
effect of Calpeptin on pulmonary fibrosis, which involves
decreased lung fibroblast proliferation.

CCAAT/enhancer-binding protein b (C/EBPb), also
known as nuclear factor-IL-6 (NF-IL-6), is a transcription
factor that plays an important role in the regulation of cell
growth and differentiation. C/EBPb has been reported to
play an essential role in bleomycin-induced pulmonary
fibrosis [25]. We demonstrated that the C/EBPb : 18SrRNA
ratio was decreased in WI38VA-13 cells by Calpeptin at 7 h
(23·7% decrease, P < 0·0001). Moreover, the mRNA levels of
C/EBPb from mouse lung tissues at 28 days after the first
injection of bleomycin was shown to be elevated approxi-
mately 2·2-fold compared to those of the control mice, which
were suppressed significantly by the administration of
Calpeptin (52% decrease, P < 0·0001).

Although the effect of Calpeptin on expression of C/EBPb
is controversial [26,27], here we observed the inhibitory
effect of Calpeptin on C/EBPb mRNA expression, suggesting
that inhibition of C/EBPb is also one possible mechanism for

the inhibitory effect of Calpeptin on pulmonary fibrosis,
which is compatible with the previous report [25].

Ang-1 and Ang-2 are counteracting ligands for the endot-
helial specific receptor, tyrosine kinase Tie-2, and important
regulators of blood vessel growth, maturation and function.
Ang-1 promotes angiogenesis, induces vascular maturation
and decreases vascular permeability. Conversely, Ang-2 has
the ability to destabilize blood vessels, enhance vascular
leaking and antagonize Ang-1 [28–30]. Fibroblast migration
plays an important role in pulmonary fibrosis, and a recent
report showed that Ang-1 induced endothelial cell migration
[31]. On the other hand, we found that Ang-1 induced
malignant pleural mesothelioma cell migration, which has a
mesenchymal origin similar to lung fibroblasts [21]. There-
fore, we examined whether Calpeptin had an effect on Ang-
1/Tie2 expression and Ang-1-dependent migration of lung
fibroblasts and showed that Calpeptin decreased both the
Ang-1 and Tie-2 mRNA expression of cultured lung fibro-
blasts as well as the Ang-1-induced migration of these cells.
Conversely, no Ang-2 production was detected in the super-
natant of these cells (data not shown). Furthermore, the
association between pulmonary fibrosis and neovasculariza-
tion has been demonstrated recently in the lung tissues of
patients with IPF [32] and in a rat bleomycin-treated model

Fig. 4. Effect of calpain inhibitor Calpeptin

on collagen synthesis and production of

transforming growth factor (TGF)-b1. WI38

VA13 cells were cultured in the presence or

absence of 100 nM of Calpeptin for 24 h, and

the supernatants of the cells were collected and

examined for the amount of collagen (a) using

a Sircol soluble collagen assay and TGF-b1
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[33]. In addition to its inhibitory effect on cell migration, the
suppression of angiogenesis might be another mechanism
behind the preventive effect of Calpeptin on pulmonary
fibrosis via the Ang-1/Tie-2 systems.

Pulmonary fibrosis is characterized by the deposition of
ECM materials such as type I collagen. TGF-b1 is a key
cytokine in human pulmonary fibrogenesis [12–14]. In this
study, we demonstrated that Calpeptin decreased collagen
synthesis from lung fibroblasts using a Sircol assay and by
measuring the COL1A1 mRNA expression of these cells. We
also found that the addition of Calpeptin decreased TGF-b1
production from cultured fibroblasts. In addition, in in vivo
studies, bleomycin treatment increased the levels of COL1A1
and TGF-b1 mRNA in mouse lung tissues, which were
decreased by the addition of Calpeptin.

Although some other cells may contribute to fibrogenesis
in the lung, such as alveolar epithelial cells, the concentration
of IL-6 or TGF-b1 in culture supernatants of A549 cells was
not affected by addition of Calpeptin (data not shown), sug-
gesting specific effects of Calpeptin to fibroblasts.

Hepatocyte growth factor (HGF) is a potent mitogenic
factor for alveolar epithelial cells. It has been reported that
HGF increases alveolar epithelial repair and improves pul-
monary fibrosis, and TGF-b1 is involved in HGF-induced
reduction of lung fibrosis [34]. However, Calpeptin had no
effect on the expression of HGF or its receptor (data not
shown).

It seems that the inhibitory effects of Calpeptin on many
factors, including IL-6 and TGF-b1, are not derived from its
toxic effect, because Calpeptin had no influence on the
viability of both WI38 VA cells and IMR90 cells by trypan
blue staining or their cell apoptotic rate (data not shown).
Calpeptin also had no effect on the expression of HGF or its
receptor, suggesting its specific effects on such factors.

It is worth noting that in this report we showed the ‘late’,
i.e. ‘therapeutic’, effect of Calpeptin in bleomycin-induced
lung fibrosis models in addition to the ‘early’, i.e. ‘preventive’,
effect because in clinical use the ‘therapeutic’ effect is often
more important when clinicians find that the fibrotic
changes of various aetiologies are already apparent in their
patients. The histopathological fibrosis in our animal studies
was entirely interstitial and without the significant consoli-
dation or architectural remodelling found in even the earliest
examples of human IPF. Whether the changes we have docu-
mented for bleomycin-induced injury after 28 days translate
to potential benefits in patients with IPF remains to be
shown in clinical trials.

In summary, we report that Calpeptin histologically ame-
liorated bleomycin-induced pulmonary fibrosis in mice and
that Calpeptin decreased the expression of IL-6, TGF-b1,
Ang-1 and COL1A1 mRNA in mouse lung tissues. Using
in vitro studies, we demonstrated the preventive effect of
Calpeptin on bleomycin-induced pulmonary fibrosis in mice
through the following possible mechanisms: [1] inhibition
of lung fibroblast proliferation via the IL-6/IL-6R system [2],

inhibition of lung fibroblast migration and neovasculariza-
tion via the Ang-1/Tie-2 system and [3] inhibition of col-
lagen synthesis and TGF-b1 production. Although the
precise cellular suppressive mechanism of Calpeptin in pul-
monary fibrosis has not been investigated fully and needs to
be studied further to aid its clinical use, our data may lead to
the development of novel strategies incorporating Calpeptin
for the prevention and treatment of various types of lung
fibrosis.
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