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Abstract: Pulmonary fibrosis is a progressive and lethal disorder. Although the precise mechanisms of pulmonary
fibrosis are not fully understood, oxidant/antioxidant may play an important role in many of the processes of inflam-
mation and fibrosis. Keap1-Nrf2-ARE pathway represents one of the most important cellular defense mechanisms
against oxidative stress. Mesenchymal stem cells (MSC) are in clinical trials for widespread indications including
musculoskeletal, neurological, cardiac and haematological disorders. One emerging concept is that MSCs may have
paracrine, rather than a functional, roles in lung injury repair and regeneration. In the present study, we investigated
bone marrow mesenchymal stem cells (BMSCs) for the treatment of bleomycin-induced pulmonary fibrosis. Our
results showed that BMSCs administration significantly ameliorated the bleomycin mediated histological alterations
and blocked collagen deposition with parallel reduction in the hydroxyproline level. The gene expression levels of
NAD(P)H: quinine oxidoreductase 1 (NQO1), gama-glutamylcysteine synthetase (y-GCS), heme oxygenase-1 (HO-1)
and nuclear factor erythroid 2-related factor 2 (Nrf2), attenuated by bleomycin, were increased up to basal lev-
els after BMSCs transplantation. BMSCs significantly increased superoxide dismutase (SOD) activity and inhibited
malondialdehyde (MDA) production in the injured lung. The present study provides evidence that BMSCs may be a
potential therapeutic reagent for the treatment of lung fibrosis.
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Introduction aging cellular macromolecules such as DNAs,

lipids, and proteins via oxidative stress-induced

Pulmonary fibrosis is a chronic progressive
disorder characterized by the excessive prolif-
eration of fibroblasts and deposition of extra-
cellular matrix, which destroy the architecture
and function of normal lung tissue [1, 2]. The
precise pathologic mechanisms of pulmonary
fibrosis are not fully understood, and the cur-
rent managements for it are not satisfactory
[3-5]. Therefore, it is crucial to find new thera-
peutic strategies for pulmonary fibrosis.

Oxidative stress is an important molecular
mechanism underlying fibrosis in a variety of
organs, including the lungs [6-8]. Oxidative
takes part into the process of fibrosis by dam-

tissue injury which is caused by excessive
levels of reactive oxygen species (ROS) [4, 5].
Nrf2-ARE (Nuclear factor E2-related factor 2-
Antioxidant response element) pathway plays
an important role in the defense against oxida-
tive stress. Nrf2 belongs to the cap’n’collar
(CNC) family of basic leucine zipper proteins,
and Nrf2 regulates the expression of phase Il
detoxifying and antioxidant genes by binding to
the ARE sequence. Under unstimulated condi-
tions, Nrf2 is sequestered in cytosol, where it is
associated with Kelch-like ECH-associated pro-
tein 1 (Keapl). When under oxidative stress,
Nrf2 escapes from Keapl and then translo-
cates to the nucleus where it binds to ARE and
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induces the phase Il antioxidant genes. Recent-
ly, the functions of Nrf2 and its downstream
genes have been shown to be important for
protection against oxidative stress and chemi-
cal-induced cellular damage in various type
cells, tissues and organs. Therefore, we hypo-
thesized that the Nrf2-ARE pathway may be
involved in the mechanism of cytoprotection in
bleomycin-mediated oxidative stress of pulmo-
nary fibrosis, and the activation of Nrf2 can
decrease the sensitivity of bleomycin-induced
oxidative damage in pulmonary fibrosis.

Bone marrow mesenchymal stem cells (BMSCs)
are multipotent stem cells which are capable of
self-renewal and can differentiate into a variety
of lineages under suitable conditions. BMSCs
are now extensively applied in the fields of
regenerative medicine, gene therapy and tissue
repair. Therefore, BMSCs are thought to be an
ideal candidate seeding cells for cell therapy
and represent an excellent clinical implication
prospect. In the present study, we used in vivo
bleomycin-induced lung fibrosis model to inves-
tigate the protective role of Nrf2 against the
development of bleomycin-induced pulmonary
inflammation and fibrosis and assess the
potential therapeutic effect of BMSCs.

Materials and methods
Animal and maintenance

Forty healthy Sprague-Dawley rats (180-250 g)
were obtained from the Experimental Animal
Center of Wenzhou Medical University, and
were housed in separate cages under standard
temperature (25 + 2°C) and 12 h light/dark
photoperiod. The rats were acclimatized for
three days before the start of the experiment
and provided food and water ad libitum. The
experiments were designed and conducted
according to the guidelines for the Care and
Use of Laboratory Animals issued by the
Chinese Council on Animal Research and the
Guidelines of Animal Care [9]. All animal experi-
mentation protocols were approved by the
Ethical Committee of Wenzhou Medical Uni-
versity.

Experimental protocol

An animal model of bleomycin induced pulmo-
nary fibrosis as reported earlier, was used in
this study [10]. Briefly, after recording the body
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weights, the rats were anesthetized via an
intraperitoneal injection of sodium pentobarbi-
tal (40 mg/kg). The skin and subcutaneous tis-
sue overlying the proximal portion of the tra-
chea were exposed by blunt dissection. A single
intratracheal instillation of 5 mg/kg of bleomy-
cin (Takasaki plant, NIPPON KAYAKU CO. LTD,
JAPAN) in sterile 0.9% NaCl was administered
to the rats to develop the model for pulmonary
fibrosis. The rats in the control group and the
BMSCs (bone marrow mesenchymal stem cells)
group were given a single intratracheal dose of
sterile saline alone.

Forty rats were randomly divided into four
groups with ten animals in each. The control
group animals received an intratracheal injec-
tion of normal saline alone. The bleomycin
group animals were subjected to a single intra-
tracheal instillation of bleomycin as previously
mentioned. The bleomycin plus BMSCs group
of animals received the same dosage of bleo-
mycin as that of bleomycin group animal and
were treated with the suspension of BMSCs
(2x108/1.5 ml) via the tail vein for 3 days. The
BMSCs alone group received an intratracheal
injection of normal saline and were then treat-
ed with BMSCs (2x10%/1.5 ml) via the tail vein
for 3 days. Twenty-one days after the bleomycin
treatment, the animals were sacrificed, and
their body weights and lung weights were
recorded. The lung tissues were sliced into
pieces, one part was immersed in 10% formalin
solution for histopathological examination, one
part was immersed in liquid nitrogen for
Western blot analysis, and the remaining part
was immersed in 0.9% saline to obtain the tis-
sue homogenate. The lung tissue homogenates
were prepared in appropriate homogenizing
buffer and stored at -80°C as aliquots for fur-
ther assay.

Wet/dry weight ratio assay

The wet/dry (W/D) method was used to mea-
sure pulmonary edema. After a thoracotomy,
the lungs were collected and weighed before
and after drying in the incubator at 60°C for 72
h.

Histological examination and Masson'’s tri-
chrome staining

After sacrificing the animals, one part of the
lungs was carefully excised and fixed for one
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Figure 1. Effect of BMSCs on Wet/Dry ratio of bleo-
mycin-induced pulmonary fibrosis rats. Values are
given as mean + SD for groups of ten rats each. "P <
0.05 vs. the control group, respectively; *P < 0.05 vs.
the BLM group, respectively.

week in 10% PBS-buffered formaldehyde solu-
tion at room temperature, dehydrated using
graded ethanol and embedded in paraffin. The
paraffin-embedded tissues were cut to 5 um
thicknesses with a microtome (RM-2135, Leica
Microsystems, Bensheim, Germany). To evalu-
ate the histopathological changes, the sections
were subjected to haematoxylin and eosin
staining. To indentify the density of the accu-
mulated collagen fibers, Masson’s trichrome
staining was performed.

Hydroxyproline assay

The collagen content in the lung homogenates
was examined by a hydroxyproline (HYP) assay
(HYP kit from Nanjing Jiancheng Bioengineering
Company, China). All steps of the HYP assay
were performed according to the manufactur-
er’'s instructions. The absorbance of each sam-
ple at 550 nm wavelength was read by a micro-
plate reader (Thermo Fisher Scientific, USA).

Western blot analysis

The lung tissues were homogenised in RIPA
lysis buffer (Beyotime Biotech, Haimen, China)
containing 1 mM phenylmethylsulphony! fluo-
ride. The lysates were then centrifuged at
12,000 rpm for 15 min at 4°C, and the super-
natants, which contained the tissue protein
extracts, were collected and stored at -80°C.
The total protein concentrations were deter-
mined using the Bicinchoninic acid protein
assay kit (Beyotime Biotech, Haimen, China).
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The samples (30 ig) were mixed with sample
buffer, denaturated by heating at 95°C for 5
min, resolved via SDS-PAGE and transferred to
nitrocellulose membranes. The membranes
were blocked with 5% non-fat dried milk in Tris-
buffered saline with Tween (TTBS) for 1 h and
probed with primary antibodies against NRF2
(1:400 dilution, Boster, Wuhan, China), KEAP1
(1:400 dilution, Boster, Wuhan, China), y-GCS
(1:400 dilution; Boster, Wuhan, China), HO-1
(1:400 dilution; Bioss Biotech, Beijing, China),
and NQOZ1 (1:1000 dilution; Proteintech, Wu-
han, China) overnight at 4°C. Then, they were
washed with TTBS and incubated with horse-
radish peroxidase-conjugated secondary anti-
bodies (1:5000; Cowin Biotech, Beijing, China)
for 1 h. Finally, the blots were developed with
ECL-Plus reagent (Millipore, Bedford, MA, USA)
and the graphs were analyzed by the Gel-Pro
Analyzer (Media Cybernetics, Bethesda, MD,
USA).

Measurements of malondialdehyde (MDA) and
superoxide dismutase (SOD) level

SOD activity was measured using superoxide
dismutase (SOD) typed assay kit (Hydroxyla-
mine method) (Jiancheng Bioengineering Insti-
tute, Nanjing, China) according to the manufac-
turer’s instructions. The absorbance was deter-
mined at 550 nm on a microplate reader (Ther-
mo Fisher Scientific, USA). The MDA content in
the serum was measured using, Malondialde-
hyde (MDA) assay kit (TBA method) (Jiancheng
Bioengineering Institute, Nanjing, China), based
on the formation of a red complex when MDA
reacts with thiobarbituric acid. The absorbance
was measured spectrophotometrically at 532
nm.

Cell line

Rat mesenchymal stem cells (H4320-1) were
obtained from CHI Scientific, Inc. (Jiangyin,
China). The cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco) sup-
plemented with 2 mM L-glutamine (Sigma, USA)
and 10% fetal bovine serum (FBS) (Gibco).

Statistical analysis

The data are presented as the means + SD
(standard deviation), and n indicates the num-
ber of animals studied. The statistical analysis
was performed using Student’s test or a one-
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Figure 2. Histology of BMSCs on bleomycin-induced lung in rats. A. Lung tissue sections of control animals showing
normal lung morphologies: thin lined interalveolar septa with well-organized alveolar space; B. Lung tissue sections
of bleomycin-induced animals showing distorted lung morphologies: collapsed alveolar spaces with inflammatory
exudates, wider and thickened interalveolar septa; C. Lung tissue sections of BMSCs treated animals: lower in-
flammatory infiltrates with lessened alveolar thickening; and D. Lung tissue section of BMSCs alone administered
animals showing similar morphology with that of control animals. Representative histological sections were stained

by hematoxylin and eosin (x400).

way analysis of variance, followed by the Tukey
post hoc test for multiple comparisons. All the
statistical analyses used SPSS software (SPSS,
Chicago, XXII, USA). P < 0.05 was considered
significant.

Results

Protective effects of BMSCs against bleomycin
modulated wet/dry ratio (W/D)

A significant increment in the W/D was observ-
ed in the bleomycin-treated animals, compared
to saline-treated control animals (P < 0.05).
BMSCs administration decreased the W/D in
animalstreated with bleomycin. Simultaneously,
the increased W/D of the bleomycin-treated
animals were prominently reduced when treat-
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ed with BMSCs (P < 0.05). Moreover, no adverse
effect was observed in animals administered
BMSCs alone, similar to the profiles of control
animals (Figure 1).

BMSCs attenuated bleomycin mediated histo-
logical changes

The lung tissue sections of bleomycin-treated
animals showed markedly histopathological
abnormalities, including disturbed alveolar
structure, extensive thickening of the interalve-
olar septa, and dense interstitial infiltration
by lymphocytes, neutrophils, and fibroblasts
(Figure 2B). No such pathological changes were
observed in the control group and the group
treated with BMSCs alone (Figure 2A, 2D). In
contrast, the BMSCs treatments provided pro-
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Figure 3. Effects of BMSCs on histopathological changes of bleomycin-induced lung with Masson’s trichrome stain
(x400). A, D. Lung tissue sections of control and BMSCs-alone administrated animals with normal lung morpholo-
gies: scarcely deposited collagen in the lung parenchyma; B. Lung tissue sections of bleomycin-induced animals
showing dense collagen accumulations: collagen accumulations between alveoli; and C. Lung sections of BMSCs
treated animals showing reduced collagen depositions: reduced alveolar thickening with meager collagen.

80—

. Inhibition effects of BMISCs on collagen depo-
sitions and hydroxyproline content

Masson’s trichrome staining showed that the
bleomycin-treated animals had abnormal colla-
gen deposition and distorted lung morpholo-
gies compared with those of control animals
(Figure 3B). The BMSCs treatment strongly
inhibited the extent and intensity of collagen,
compared to the bleomycin treatment (Figure

Hydroxyproline{ug/g)

Control

Figure 4. Effects of BMSCs on the hydroxyproline 3C). No such abnormalities were apparent in
content in the lungs of bleomycin-induced pulmo- the control animals and the animals treated
nary fibrosis rats. Values aEe given as mean + SD with BMSCs alone (Figure 3A, 3D). We analyzed
for groups of ten rats each. "P < 0.05 vs. the control . .
group: *P < 0.05 vs. the BLM group. the hydroxyproline content of lung tissues,
which is considered to be a fibrotic marker of
deposited collagen. As summarized in Figure 4,
tection against bleomycin-induced lung tissue the pulmonary hydroxyproline levels in the bleo-
distortion. Significant amelioration in the cellu- mycin group were drastically increased, com-
lar infiltrates and thin-lined alveolar septa were pared to those in the control animals. The
observed in the lung tissue sections of the BMSCs treatment reduced the level of hydroxy-
BMSCs-treated group compared to those of the proline, which was consistent with the changes
bleomycin-treated animals (Figure 2C). in Masson’s trichrome staining. There was no
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Figure 5. Western blot analysis of Nrf2 levels in the
lungs of bleomycin-induced pulmonary fibrosis rats.
The decreased levels of Nrf2 protein expression were
significantly increased by administration of BMSCs.
A. Representative blots are shown and protein size is
expressed in kDa; and B. Densitometry showed the
intensity ratio of target proteins to GAPDH protein
(mean +SD, n = 10). “P < 0.05 and “"P < 0.01 vs. the
control group, respectively; *P < 0.05 and #**P < 0.01
vs. the BLM group, respectively.

significant difference in the hydroxyproline con-
tent of animals administered BMSCs alone
compared to that in control animals.

Down-regulation of Nrf2, NQO-1, y-GCS and
HO-1 expression by BMSCs treatment

Several recent studies underscore the impor-
tance of Nrf2 in regulating pulmonary fibrosis
[11-13]. Nrf2 is a transcription factor which is
considered as the “master regulator” of the
antioxidant response. It regulates the expres-
sion of phase Il detoxifying and antioxidant
genes. To determine whether BMSCs promote
phase Il detoxifying and antioxidant genes pro-
duction via the increase of Nrf2 expression,
Nrf2 protein levels were measured using west-
ern blot analysis. Compared to the control
group and BMSCs group, there was a signifi-
cant decrease in Nrf2 protein levels in the bleo-
mycin group. The BMSCs treatment significant-
ly promoted the increase of Nrf2 protein in the
lung tissue of the bleomycin-treated animals
(Figure 5A). The results suggested that BMSCs
promotes Nrf2 production in rats with bleomy-
cin-induced pulmonary fibrosis. The quantita-
tive analysis of Western blots for Nrf2 expres-
sion is depicted in Figure 5B.

Nrf2 is an essential transcription factor that
regulates antioxidant response element (ARE)-
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Figure 6. Western blot analysis of NQO1, y-GCS,
and HO-1 levels in the lungs of bleomycin-induced
pulmonary fibrosis rats. The decreased levels of
NQO1, y-GCS, and HO-1 protein expression were sig-
nificantly increased by administration of BMSCs. A.
Representative blots are shown and protein size is
expressed in kDa; and B. Densitometric quantifica-
tion data showed the intensity ratio of target proteins
to GAPDH (mean + SD, n = 10). "P < 0.05 and P
< 0.01 vs. the control group, respectively; *P < 0.05
and #P < 0.01 vs. the BLM group, respectively.

mediated expression of phase Il antioxidant
enzymes, including NAD(P)H: quinine oxidore-
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Figure 7. Effects of BMSCs on the (A) malondialde-
hyde (MDA) and (B) superoxide dismutase (SOD) lev-
els in the lungs of bleomycin-induced pulmonary fi-
brosis rats. Values are given as mean + SD for groups
of 10 rats each. *P < 0.05 vs. the control group; “P
< 0.05 vs. the BMSC group; #P < 0.05 vs. the BLM

group.

ductase 1 (NQO1), Gama-glutamylcysteine syn-
thetase (y-GCS), and heme oxygenase-1 (HO-1).
To analyze the anti-fibrotic efficacy of BMSCs
and to confirm the role of phase Il antioxidant
enzymes, Western blot analysis for NQO1,
y-GCS, and HO-1 were performed. The Western
blot analysis of the lung tissue of the bleomy-
cin-treated animals showed decreased expres-
sion profiles of NQO1, y-GCS, and HO-1 com-
pared to the control animals. A significant up-
regulation of NQOZ1, y-GCS, and HO-1 were
observed after the BMSCs treatments com-
pared to those of the bleomycin-treated ani-
mals (Figure 6A). The quantitative analysis of
the Western blots for NQO1, y-GCS, and HO-1
are shown in Figure 6B. No significant change
was observed between the control animals and
the animals treated with BMSCs alone.

Suppressive effects of BMSCs on oxidative
stress markers

To evaluate the oxidative injury of lung, the

malondialdehyde (MDA) and superoxide dis-
mutase (SOD) concentrations were measured

7758

in the experimental group of animals. As
expected, the MDA levels were considerably
increased in the lung tissue of bleomycin-
exposed animals compared to those of the con-
trol animals. Conversely, the SOD levels were
significantly suppressed in the bleomycin-treat-
ed animals, compared to those of the control
animals. Treatment with BMSCs reduced the
levels of MDA and increased SOD, compared to
those of the bleomycin treatment. There was
no significant difference between the control
animals and the animals treated with BMSCs
alone (Figure 7).

Discussion

Pulmonary fibrosis is a progressive and fatal
lung disease with histopathological character-
istics including excessive extracellular matrix
(ECM) deposition, patchy chronic interstitial
inflammation, fibroblast proliferation, and col-
lapse of alveoli, leading to progressive fibrosis
and loss of lung functions [14]. Despite exten-
sive research efforts in experimental and clini-
cal studies, pulmonary fibrosis responds poorly
to available therapy [5]. The development of
efficient therapeutic interventions to amelio-
rate the pathogenic events in pulmonary fibro-
sis seems to gain significance. The present
study showed that BMSCs attenuates the histo-
logical abnormal changes and reduces the lev-
els of hydroxyproline in pulmonary fibrosis
induced by bleomycin in rats, significantly
increases the activities of antioxidant enzymes
(SOD) and decreases MDA levels in lung tis-
sues. Furthermore, BMSCs significantly pro-
motes the expression and nuclear transloca-
tion of Nrf2 that regulated the expression of
many antioxidant enzymes.

Bleomycin, a glycopeptide antibiotic, has been
used clinically for a variety of cancers [15]. As a
side effect of its therapeutic use, bleomycin
causes destruction of the lung architecture,
leading to pulmonary fibrosis that is character-
ized by an increase in hydroxyproline levels and
collagen deposition in the lungs [16]. Bleomycin-
induced lung fibrosis is a widely used to devel-
op animal model of human idiopathic pulmo-
nary fibrosis [17, 18]. The route of intratracheal
instillation generally causes an inflammatory
response and increased epithelial apoptosis
for the first seven days, closely resembling
acute lung injury. These effects are followed by
three days of transition, in which the inflamma-
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tion resolves and followed by three days of tran-
sition, in which the inflammation resolves and
fibrosis is detected. The fibrotic stage persists
until three to four weeks after the bleomycin
instillation, and is characterized by the exces-
sive deposition of extracellular matrix, causing
areas of fibrosis [19, 20]. The present study
showed a substantially increased intensity of
collagen in the bleomycin-treated animals,
which reflected the detrimental alterations
associated with fibrosis. The amplified hydroxy-
proline levels correlates with the accumulated
collagen in the alveolar space. Our data also
indicated that the BMSCs-exposed rats exhib-
ited significantly lower W/D ratio (wet/dry). The
ameliorating effects of BMSCs on histological
changes might be due to their radical scaveng-
ing activities, which prevent the accumulation
of hydroxyproline in bleomycini-induced lung
tissues.

Growing evidence indicates the essential role
of oxidative stress in the pathophysiology of
many diseases, including lung fibrosis [7, 21].
Reactive oxygen species (ROS) were reported
to increase in bleomycin-induced pulmonary
fibrosis in animals [22]. In this study, we found
that bleomycin induced a marked increase of
lipid peroxidation as indicated by the MDA level,
and this level was significantly decreased upon
BMSCs supplementations. In addition, BMSCs
treatments significantly attenuated the bleomy-
cin-mediated oxidative stress. Nrf2 is a tran-
scription factor considered the “master regula-
tor” of the antioxidant response [23]. The up-
regulation of many antioxidant enzymes or the
inhibition of lipid peroxidation in the lung is
mediated by Nrf2. Upon exposure to oxidative
or electrophilic stress, Nrf2 dissociates from
Keapl and translocates to the nucleus, at
where it binds to the ARE and leads to an array
of transcriptional regulatory proteins [24, 25],
including HO-1, NQO1, SOD, and y-GCS [26-30].
The deficiency of Nrf2 enhances the suscepti-
bility to experimental acute lung injury and
impairs the resolution of lung inflammation in
mice. In this study, we found that bleomycin
induced a marked increase in lipid peroxidation
as indicated by the MDA level. In addition, the
Western blot analysis showed that the attenu-
ated expression of Nrf2 in the nuclear trans-
plantation by bleomycin is consistent with the
decreased activities of antioxidant enzymes by
bleomycin. Our findings suggest that Nrf2 play
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critical roles during bleomycin-induced pulmo-
nary fibrosis, and therefore, Nrf2 can be applied
as biological markers and potential therapeutic
target in treatments.

The optimal therapy for pulmonary fibrosis
remains controversial. No agent has been rigor-
ously shown to improve the survival or quality of
life for patients with pulmonary fibrosis [31].
Lung transplantation is presently the only effec-
tive therapy for pulmonary fibrosis [32]. How-
ever, lung transplantation has many limitations
attributable to organ shortages and complica-
tions associated with long-term immunosup-
pression [33]. Therefore, the development of
effective therapies to reduce or reverse pulmo-
nary fibrosis is important for reducing the mor-
bidity and mortality associated with pulmonary
fibrosis and the need for lung transplantation.
Recent studies have also shown that cells
derived from marrow, especially MSCs, may
also repopulate the lung and repair the injured
lung tissue. Mesenchymal stem cell-based
therapy is currently a promising and novel treat-
ment for lung injury [34, 35]. The ability of
MSCs to engraft in organs remotely from bone
marrow suggests that exogenously adminis-
tered MSCs contribute to the repair of the
injured alveolar epithelium after lung injury.
These findings are potentially of significant clin-
ical benefit for the regeneration of injured lung
tissue. In this study, we found that BMSCs-
exposed rats exhibited significantly lower ratio
of W/D and improved histological changes.
BMSCs prevented the accumulation of hydroxy-
proline in bleomycin-induced lung tissues. In
addition, BMSCs treatment significantly attenu-
ated the bleomycin-mediated oxidative stress,
as indicated by the decreased levels of MDA.
The Western blot analysis showed that BMSCs
treatment strikingly increased the level of Nrf2
protein as well as phase Il enzymes such as
NQO, HO-1 and y-GCS in the lung tissue of the
bleomycin-treated animals. These results indi-
cated that BMSCs could attenuate oxidative
stress via promote Nrf2 expression in bleomy-
cin-induced pulmonary fibrosis, Nrf2 pathway
is an endogenous compensatory adaptation
against pulmonary fibrosis induced by bleomy-
cin.

In the present study, we demonstrated the anti-
fibrotic efficacy of BMSCs against bleomycin-
induced pulmonary fibrosis. We found BMSCs
attenuated bleomycin-induced oxidative stress,
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histological alterations and collagen deposi-
tions via the activation of NQO1, y-GCS, and
HO-1 expression and the Nrf2 pathway. Our
results suggest that BMSCs is a promising
treatment in protecting early lung tissue dam-
age induced by bleomycin exposure or might be
utilized in combination therapy for pulmonary
fibrosis in clinics.
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