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Metformin ameliorates bleomycin-induced pulmonary
fibrosis in mice by suppressing IGF-1
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Abstract: Idiopathic pulmonary fibrosis (IPF) is a devastating disease, which is characterized by the progressive
deterioration in lung function. In the pathogenesis of IPF, insulin-like growth factor-1 (IGF-1) has been found to be
heavily involved. Metformin, a commonly used oral antidiabetic agent, is known to inhibit IGF-1 by the reversal of
hyperinsulinemia. In this study, we evaluated the effects of metformin in pulmonary fibrosis in C57/BL6J mice, and
further understand the role of IGF-1 signaling pathway involving in this process. Pulmonary fibrosis was induced
experimentally in these mice by the intratracheal injection of bleomycin (BLM). Metformin was given orally the day
before or 14 days after bleomycin injection, while pirfenidone was used as the positive control. Our study showed
that intratracheal injection of bleomycin induced pulmonary fibrosis in mice, with observed elevation in collagen, fi-
bronectin and a-SMA level, characterized by the enhanced IGF-1 and PI3K expression. Metformin was able to inhibit
these effects significantly, and its antifibrotic effect had no marked difference with pirfenidone. Our results show

that metformin attenuates bleomycin-induced pulmonary fibrosis via IGF-1 pathway.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic,
progressive fibrosing interstitial pneumonia,
which is characterized by the worsening dys-
pnea and the irreversible loss of lung function
[1]. IPF is the most common and one of the
most life-threatening interstitial lung diseases
(ILD) among the over 150 recognized types.
The median survival of IPF is only 3 to 5 years,
and its incidence rate is gradually increasing
globally [2]. Currently, the etiology and patho-
genesis of IPF is undetermined. Therefore, the
available therapeutic methods and options are
very limited. At the present, the only known effi-
cient drugs for the treatment of IPF are pirfeni-
done and nintedanib [3, 4]. However, these
drugs only delay the worsening of lung function
in the patient. Innovative treatment strategies
to target against this lethal disease is needed.

The prevailing hypothesis for the pathogenesis
of IPF involves abnormal wound healing in the
lung [5]. Ongoing alveolar epithelial injury in
the multiple, microscopic sites are observed.
This is characterized by severe fibroblast-myo-
fibroblast migration and proliferation, and de-
creased myofibroblast apoptosis, with incre-
ased activity and responses to fibrogenic cy-
tokines.

Insulin-like growth factor-1 (IGF-1) is an impor-
tant factor in controlling the metabolism and
the growth of the body. IGF-1 is also a potent
survival factor, acting by inhibiting the apopto-
sis and inducing the proliferation in various
cells [6-8]. Among a variety of profibrotic cyto-
kines, IGF-1 has been proved to promote the
proliferation, migration and collagen production
of fibroblasts [9]. Moreover, the high expressi-
on of IGF-1 is found in bronchoalveolar lavage
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fluid (BALF) of IPF patients [10]. The blocking
of IGF-1 pathway by a monoclonal antibody
against the IGF-I receptor (IGF-1R), has been
shown to attenuate bleomycin-induced lung
injury in animal models [11]. Among the path-
ways which are activated by IGF-1R mediat-
ed signaling, the phosphatidylinositol-3-kinase
(PI3K)-AKT-mammalian target of rapamycin
(MTOR) pathway is one of the fundamental
pathways for cell proliferation and survival [12].
Hence, the pharmacological suppression of
the IGF-1 signaling and its downstream path-
ways might exhibit crucial therapeutic poten-
tials in the treatment of IPF.

Metformin is one of the most commonly pre-
scribed biguanide oral agents, that is used to
lower blood glucose in type 2 diabetes patients.
Metformin decreases the inflammatory cyto-
kine secretion from the primary cystic fibrosis
airway cells. It also reduces the radiological
and histological signs of fibrosis, inflammatory
infiltration and lower the alterations to the alve-
olar structures in radiation-induced pulmonary
injury murine model [13, 14]. Recent papers
have demonstrated that metformin inhibits
myofibroblast differentiation and attenuates
lung fibrosis through modulating NADPH oxi-
dase 4 (NOX4) signaling [15] or via AMP-
activated protein kinase (AMPK)-dependent
activation of autophagy [16, 17]. Based on
the pharmacological effects, metformin inhib-
its IGF-1 by the reversal of hyperinsulinemia,
resulting in the inhibition of the negative feed-
back of insulin on IGF-binding protein-1 (IGFBP-
1) [18].

We suggest that metformin could treat pulmo-
nary fibrosis by suppressing IGF-1 pathway. We
investigated the anti-fibrotic effect of metfor-
min to illustrate its underlying mechanism. The
efficacy of metformin and pirfenidone was
compared in bleomycin (BLM)-induced pulmo-
nary fibrosis mouse model.

Materials and methods
Mouse model

C57BL/6J mice (Vital River Laboratory Animal
Technology Co., Beijing, China) were obtained
(n = 10 per group, male, 8~9 weeks old, aver-
age weight 23~25 g). They were kept at a con-
trolled temperature of 24+1°C with a 12:12 h
light-dark cycle and being fed with a standard
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diet. A dose of 3.5 mg/kg (for evaluating the
preventive effect of metformin) or 1.5 mg/kg
(for evaluating the reversal effect of metformin)
bleomycin (Nippon Kayaku Co., Tokyo, Japan)
was intratracheally administered to these mice.
The oral dose of metformin (200 mg/kg/day)
was given once a day from the day before
bleomycin injection to day 20 (part 1 of the
experiment) and from day 14 to day 27 (part 2
of the experiment). Pirfenidone was adminis-
tered orally twice a day at a dose of 300 mg/
kg/day, also from day 14 to day 27. On the 21st
day (part 1 of the experiment) and the 28th
day (part 2 of the experiment) the lungs were
removed and prepared for histological stain-
ing and extraction of protein. Meanwhile, the
plasm and BALF of each mouse was obtained
for the ELISA detection.

CT scanning

High-resolution computed tomography (HRCT)
was performed on day 28 by Skyscan 1176
system (Bruker, Germany) with the following
parameters: 90 kV, 150 mA, 80 mm FOV, 1.00-
mm slice thickness over 3.5-cm scan region
(entire lung).

Histologic analysis

The preparation of mouse lungs for histology
analysis was performed as previously describ-
ed [19]. The lungs were dehydrated, paraffin-
embedded, and cut into 4-um sections, then
stained with H&E and Masson’s trichrome
stain. For immunohistochemistry staining, the
sections were deparaffinized and rehydrated as
described above, then heated in a microwave
oven for 20 min in ethylenediaminetetraacetic
acid (EDTA) buffer. The endogenous peroxi-
dase activity was blocked by 0.3% hydrogen
peroxide in methanol for 15 min in dark. After
blocking in 5% goat serum for 20 min, the sec-
tions were incubated with anti-collagen | anti-
body (ab2413, Abcam), anti-fibronectin anti-
body (ab2413, Abcam) and anti-a-SMA anti-
body (ab124964, Abcam), then stored over-
night at 4°C.

Hydroxyproline assay

The level of total lung collagen fiber was deter-
mined by the analysis of hydroxyproline on day
28 after bleomycin injectionn [20]. Briefly, the
right lung was removed and homogenized. Lung
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homogenates in 1.5 ml HCI (2 mol/l) were
incubated at 110°C overnight. Chloramine-T
solution (56 mmol/l chloramine T and 10%
1-propanol in citrate/acetate buffer) was add-
ed < in each sample > at room temperature for
20 min. The mixture was then incubated with
Ehrlich’s solution at 65°C for 20 min. After cool-
ing to room temperature, the absorbance of
the mixture was measured at 550 nm by a
spectrophotometer and L-hydroxyproline con-
tent was determined using a standard curve
method.

Protein extraction and western blot

Protein from lung sections was separated on
a SDS-PAGE gel and then transferred onto po-
lyvinylidene difluoride membranes (Millipore,
USA). After blocking, the membranes were incu-
bated overnight at 4°C with primary antibodies
of anti-mouse fibronectin (ab2413, Abcam),
o-SMA (ab124964, Abcam), and [B-actin (ab-
6267, Abcam). The membranes were then tre-
ated with IRDye™800 (green) or IRDye™700
(red) conjugated affinity purified anti-rabbit or
anti-mouse I1gG (LI-COR, NE, USA) respectively.
The positive western bands were visualized
using a LI-COR Odyssey infrared double-fluo-
rescence imaging system (LI-COR).

ELISA

The levels of IGF-1 in plasma, BALF and lung
tissues were measured by ELISA kit (R&D Sy-
stems, Abingdon, UK). The level of PI3K in lung
tissues was also measured by ELISA kit (BLUE
GENE, Shanghai, China).

Statistics analysis

SPSS 16.0 (SPSS, Chicago, IL, USA) software
was used for the analyses. Statistical analyses
were carried out using the unpaired, two-tailed
Student’s t test. The comparison of the differ-
ence among the multiple groups was analyzed
using two-way analysis of variance (ANOVA)
test. P value <0.05 was considered statisti-
cally significant. Kaplan-Meier survival analysis
with log-rank test was used to compare survival
rates. The data was reported as mean * stan-
dard error of the mean (SEM). Statistical tests
and graphs were done with GraphPad Prism
5.0 (GraphPad Inc., San Diego, USA). IHC stain-
ing statistics was analysed by Image-Pro Plus
6.0 (Media Cybernetics Inc., Rockville, USA).
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Patient and public involvement statement

Patients and the public were not involved in the
design, conduct and reporting of this research.

Results

Part one: metformin attenuated bleomycin-
induced mouse pulmonary fibrosis

We monitored the survival condition of mice
during the course of 21 days. When metformin
was administered to the mice the day before
the injection of bleomycin, the survival rate of
the bleomycin-treated mice at day 21 was sig-
nificantly lower than that of the control mice
and the metformin-treated mice (Figure 1A).
The median survival time of bleomycin-treated
mice was 11 days. For the metformin-treated
mice, the median survival time had increased
to 20.5 days. Therefore, the administration of
metformin was determined to improve the
declined trend of the survival rate of bleomycin-
induced pulmonary fibrosis mice.

As indicated by H&E staining of lung sections,
the intratracheal injection of bleomycin led to
the destruction of normal pulmonary architec-
ture, the prominently thickening of alveolar sep-
tum and the mass filling of fibrous tissue. As
illustrated by Masson’s trichrome staining,
the deposition of collagen fibers was largely
increased in bleomycin-induced lung injury.
Apparently, metformin could remarkably allevi-
ate these pathological changes and decrease
the production of collagen. Under the Ashcroft
scoring system for the degree of fibrosis, the
mice in the metformin-treated group showed a
lower score than the mice in the bleomycin-
treated group (Figure 1B).

Part two: Metformin reversed bleomycin-in-
duced mouse lung fibrosis by the inhibition of
IGF-1

Metformin attenuated bleomycin damage ex-
pressed in bodyweight, imaging and pathology:
To determine whether metformin has a positive
effect on pulmonary fibrosis, we gave metfor-
min, pirfenidone and these two drugs’ combi-
nation to mice 14 days after bleomycin admin-
istered, and continued intervening until 28
days. As illustrated in the weight curve, the
bodyweight of bleomycin treated mice show-
ed a significant trend of decline compared with
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Figure 1. A. Kaplan-Meier curve shows the survival condition of mice during the course of 21 days. 50% of the
metformin treated mice still survived at day 21, but only 10% of the bleomycin treated mice survived for the same
period. *P<0.05. B. Photomicrographs (original magnification 200x) of H&E staining (upper panel) and Masson’s
trichrome staining (lower panel) of mouse lungs at day 21. The first column is normal control group which shows nor-
mal alveoli with intact lung tissue architecture and small amount of collagen fibers (stained blue) in the bronchiolar
wall. The second column is bleomycin-treated group which shows alveolar damage with thickened alveolar septum,
fibroblast proliferation and replacement by fibrosis tissue, like severe collagen deposition. The third column is met-
formin-treated group which shows marked reduction in alveolar damage, fibrosis and the content of collagen fiber.

the control mice. Metformin remarkably inhibit-
ed this trend, which had the same effect as pir-
fenidone and combination therapy (Figure 2A).
Chest CT photographing and H&E staining of
lung sections were performed in each group of
mice at day 28. The results of chest CT indicat-
ed that bleomycin reduced lung volume and
transmittance. Concurrently, severe fibrotic ch-
anges had taken place in the lung after bleo-
mycin injury. Impressively, these imaging and
pathological damages prominently improved
after metformin, pirfenidone or combination
therapy (Figure 2B).

Metformin inhibited the production of type |
collagen and fibronectin in mouse lungs: As
demonstrated by Masson trichrome staining
and the IHC staining of type | collagen, the
deposition of collagen fiber was substantially
increased in bleomycin-induced lung fibrosis
at day 28. The administration of metformin, pir-
fenidone or the two in combination significantly
reduced the deposition of collagen fiber (Figure
3A, 3C).

We also measured the amount of hydroxypro-
line (Hyp) in lung tissues. Hyp is a specific type
of collagen protein marker, which can represent
the content of collagen fiber. Both metformin,
pirfenidone and the combination therapy re-
duced the raised level of Hyp induced by bleo-
mycin (Figure 3B). Fibronectin is another pro-
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fibrotic marker and was detectable by IHC stain-
ing and western blotting. The results showed
that the content of fibronectin was increased
after bleomycin injury. Markedly, this phenom-
enon was also improved after metformin, pir-
fenidone, or the combination therapy (Figure
3A, 3D-F).

The anti-fibrotic effect of metformin associated
with suppressing IGF-1 pathway: To explore the
participation of IGF-1 signaling pathway in the
bleomycin-induced pulmonary fibrosis in mice
and in amelioration of fibrosis by metformin,
the level of IGF-1 and its main downstream
cytokine PI3K were measured by ELISA. Com-
pared with the control group, bleomycin admin-
istered significantly increased the level of IGF-1
in both plasma and BALF as well as that of PI3K
in lung samples. Meanwhile, metformin treat-
ment clearly and significantly suppressed IGF-1
expression level in BALF and PI3K expression
level in lung tissues contrast with bleomycin
group. However, we did not see the same effect
of metformin acting on the level of IGF-1 in
mouse plasma. There was no statistical differ-
ence in the IGF-1 expression level in lung tis-
sues among the metformin-treated group, the
pirfenidone-treated group, or the combination
therapy group (Figure 4A, 4B).

We then measured the pulmonary a-SMA con-
tent of mice by IHC staining and western blot-
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Figure 2. A. The average body weight of the control group, BLM group, BLM + metformin group, BLM + pirfenidone
group, BLM + metformin + pirfenidone group from day O to day 28. There is little difference between BLM group and
BLM + drugs groups from day O to day 7. After metformin and pirfenidone applied, the loss of body weight in BLM
+ metformin group, BLM + pirfenidone group and BLM + metformin + pirfenidone group is significantly reduced.
B. Computed Tomography of Chest scan (upper panel) and photomicrographs (original magnification 200x) of H&E
staining (lower panel) of lung sections of mice at day 28. The five columns are the control group, BLM group, BLM +
metformin group, BLM + pirfenidone group, BLM + metformin + pirfenidone group, respectively.

ting to observe the level of myofibroblasts.
a-SMA is a major marker of myofibroblasts.
Through these two detection methods, we
could see that bleomycin induced high levels
of a-SMA, while metformin decreased a-SMA
level significantly. Therefore, metformin inhibit-
ed the process of fibroblasts differentiated into
myofibroblasts (Figure 4C-F).

Discussion

In the present study, we established a mouse
model of pulmonary fibrosis by intratracheal
injection of bleomycin, and demonstrated that
the preventive administration of metformin the
day before bleomycin injection had improved
the survival rate and median survival time of
mice.

The recommendations for pharmacotherapy in
IPF patients was in clinical practice guidelin-
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es 2015, and pirfenidone were recommended
conditionally for treatment as antifibrotic thera-
py [3]. The evidence that supported the use of
pirfenidone was based on prospective, ran-
domized clinical trials. Pirfenidone reduced the
disease progression, as reflected by lung func-
tion, exercise tolerance, and progression-free
survival, in patients with idiopathic pulmonary
fibrosis [21]. In order to further explore the ther-
apeutic effect of metformin, we administered
metformin, pirfenidone or both of the two drugs
from 14 days after the induction of bleomycin.
Lung fibrosis is generally considered to have
already formed stable after acute inflammatory
reaction on day 14. The results showed that
after two weeks of drugs intervention, metfor-
min significantly ameliorated the pulmonary
fibrosis of mice in terms of body weight, CT pat-
terns, pathomorphological changes, collagen
deposition and fibronectin production. Further-
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Figure 3. A. Photomicrographs (original magnification 200x%) of Masson’s trichrome staining (upper panel) and Mas-
son’s trichrome staining (lower panel) of mouse lungs at day 21. Photomicrographs (original magnification 200x)
of Masson'’s trichrome staining (upper panel) and immunohistochemical staining of type | collagen (middle panel)
and fibronectin (lower panel) in mouse lungs at day 28. The five columns are the normal control group, BLM group,
BLM + metformin group, BLM + pirfenidone group, BLM + metformin + pirfenidone group, respectively. B. Hydroxy-
proline content in mouse lung tissues of each group on day 28, results are expressed as mean + SEM, n = 4-6 mice
per group, **P<0.01. C, D. Statistical results of immunohistochemistry staining of type | collagen and fibronectin
were shown as positive area ratio total area, and results are expressed as mean + SEM, n = 4-6 mice per group,
**%p<0.001 ****P<0.0001. E, F. Whole lung tissues western blotting of fibronectin at day 28 and the statistical
chart of it, results are expressed as mean + SEM, n = 4-6 mice per group, **P<0.01.

more, there was no marked difference in the
effect of metformin and pirfenidone or the com-
bination therapy.

It is generally believed that IPF originates from
the abnormal repair of alveolar epithelial injury
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[5]. Repeated and unexplained stimulations
result in the sustained damages to the alveolar
epithelial cells and the release of massive cyto-
kines, which enable the fibroblast to proliferate
and differentiate into myofibroblasts, promot-
ing the formation of the fibroblast foci [22, 23].
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Figure 4. A, B. The level of IGF-1 in mouse plasma, BALF and lung tissues as well as its main downstream cytokine
PI3K content in mouse lungs were measured by ELISA, results are expressed as mean + SEM, n = 4-6 mice per
group, *P<0.05 **P<0.01 ***P<0.001 ****P<0.0001. C. Immunohistochemical staining of a-SMA in mouse
lungs at day 28, original magnification 200x. The three columns are the control group, BLM group, BLM + metformin
group, respectively. D. Statistical results of a-SMA staining were shown as positive area ratio total area, and results
are expressed as mean + SEM, n = 4-6 mice per group, **P<0.01. E, F. Whole lung tissues western blotting of a-SMA
at day 28 and the statistical chart of it, results are expressed as mean + SEM, n = 4-6 mice per group, **P<0.01.

Myofibroblasts produce extracellular matrix
(ECM) such as collagen, and the deposition of a
large amount of ECM leads to the thickening of
alveolar septum, which eventually causes the
loss of normal structure and function of the
lung tissue [5]. A large number of studies have
shown that IGF-1, as a cytokine regulating cell
proliferation and apoptosis and tissue damage
repair, is closely related to the occurrence and
the development of IPF. It has been implicated
as a mediator that can promote the prolifera-
tion, migration and differentiation of fibro-
blasts, enhance the fibroblasts’ ability of syn-
thesizing fibronectin, a-SMA, type | and type llI
collagen, consequently increase the deposition
of ECM [9, 24-27]. In this study, we found that
metformin significantly decreased the level of
IGF-1 in BALF and a-SMA expression in lung tis-
sues. Based on the pathogenesis of IPF, a-SMA
produced by myofibroblasts which was differen-
tiated by fibroblasts, in turn, the content of
a-SMA reflects the level of activated fibroblasts
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[28]. In vivo, IGF-1 functions by binding to insu-
lin receptor (IR) and/or IGF-1R and then acti-
vates multiple downstream signaling pathways,
and the PI3K pathway is the most important
one among them [12, 29]. It has been reported
that metformin inhibits the proliferation of
tumor cells by reducing the expression of IGF-
1R, and various factors in the PI3K signaling
pathway in some cancer models [30]. We dem-
onstrated that metformin significantly reduced
the content of PI3K in lung tissues, as well as
the level of activated fibroblasts, suggesting
that metformin may directly or indirectly block
PI3K pathway by suppressing IGF-1, and then
inhibit the activation of fibroblasts, and eventu-
ally achieve the effect of attenuating pulmo-
nary fibrosis.

Pirfenidone has pleiotropic antifibrotic, anti-
inflammatory, and antioxidant effects in animal
and cell-based models [31-33]. The mecha-
nism of pirfenidone has been shown to de-
creased the production of profibrotic cytokines,
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chemokines, and growth factors, including TGF-
B, basic fibroblast growth factor, tumor necros-
is factor-a, IL-1B, IL-6, CXCL12, and CCL2, as
well as markers of oxidative stress [34-37]. In
studies in vitro, pirfenidone has been demon-
strated to inhibit multiple profibrotic behaviors
of fibroblasts, including their abilities of prolif-
eration, differentiation to myofibroblasts, and
synthesis of collagen [32, 34, 37-39]. In this
study, the combination treatment with metfor-
min and pirfenidone did not show any more
benefit than the single treatment, or reduction
in efficacy, suggesting that the mechanism of
metformin in pulmonary fibrosis may be similar
to that of pirfenidone.

Common side effects of pirfenidone include
nausea and gastrointestinal upset as well as
skin rash and photosensitivity [21], which af-
fects the patient’s compliance with medication
to a certain extent. Metformin, as a classical
drug for lowering blood glucose in clinic, has
fewer adverse effects, which is of great signifi-
cance in the future application as a potential
anti-fibrotic drug.
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