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Effects of bone marrow-derived mesenchymal stem cells
transfected with survivin on pulmonary fibrosis in mice
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Abstract. The aim of the present study was to investigate
the effects of bone marrow-derived mesenchymal stem cells
(BMSCs) transfected with survivin on lung fibrosis in mice.
Mice with bleomycin-induced pulmonary fibrosis were allo-
cated at random to group A, B or C, and injected with 1x10°
survivin gene-expressing BMSCs, 1x10° BMSCs or normal
saline, respectively. A total of 6 mice were sacrificed from each
group on days 7, 14 and 28 after treatment. The extent of alveo-
litis and pulmonary fibrosis was assessed and the apoptotic rates
of the BMSCs and survivin-expressing BMSCs were detected.
The content of surfactant protein A (SP-A) in the lung and
hydroxyproline (Hyp) in the serum was measured. The mRNA
expression levels of transforming growth factor (TGF)-f1 and
matrix metalloproteinase (MMP)-9 in the lung tissue of the
mice was detected. Furthermore, the protein expression levels
of caspase-3 and -9 were detected. The apoptotic rates of the
BMSCs (group B) and survivin-expressing BMSCs (group A)
were 14.466+1.953 and 7.718+0.493%, respectively. The degree
of lung fibrosis in groups A and B was reduced compared
with that in group C. The hydroxyproline content in groups A
and B was reduced compared with that in group C, and the
SP-A content in groups A and B was increased compared with
that in group C. The mRNA expression levels of TGF-p1 in
group A were reduced compared with those in group B, and
the levels in group B were reduced compared with those in
group C. By contrast, the mRNA expression levels of MMP-9
in group A were increased compared with those in groups B
and C, and the levels in group B were increased compared with
those in group A. The expression levels of caspase-3 and -9
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in group A were elevated compared with those in groups B
and C. In conclusion, BMSCs are effective in preventing
bleomycin-induced lung fibrosis, and survivin may enhance
the protective effects of BMSCs.

Introduction

Pulmonary fibrosis is a progressive and fatal disease charac-
terized by pulmonary interstitial fibrosis, which may result
in diffuse alveolar inflammation and structural disorder
with decreasing lung volumes and hypoxemic respira-
tory failure (1,2). Despite intense research efforts, there are
currently no effective therapies to reduce the high fatality rate
of pulmonary fibrosis (3).

Bone marrow-derived mesenchymal stem cells (BMSCs)
are easy to separate, purify and augment in vitro, and are
targeted to and differentiate in damaged tissue. Furthermore,
BMSC:s are able to regulate immune function and promote the
expression of various growth factors locally in the damaged
tissue, thus reducing inflammation and collagen deposition
and potentially exerting a therapeutic effect against lung
fibrosis (4,5).

Survivin is a member of the apoptosis inhibitory protein
family, and exerts an antiapoptotic effect primarily by
inhibiting the activity of cysteine-aspartic acid protease-3
(caspase-3) (6). Lentiviruses are among the most commonly
used vectors of gene therapy, possessing high transfection effi-
ciency and a high level of exogenous gene expression. Green
fluorescent protein (GFP) is characterized by stability, high
efficiency and non-toxicity and is easy to detect. GFP can used
to observe living cells directly and to trace stem cells in vivo.
In the present study, BMSCs containing GFP and the survivin
gene were introduced into a bleomycin-induced mouse model
of pulmonary fibrosis. The effect of BMSCs and survivin on
the pulmonary fibrosis was then assessed.

Materials and methods

Reagents and kits. BMSCs were obtained from Cyagen
Biosciences, Inc. (Santa Clara, CA, USA). Cell culture medium
and fetal bovine serum (FBS) were purchased from Gibco Life
Technologies (Carlsbad, CA, USA). Bleomycin hydrochloride
for injection was purchased from Nippon Kayaku Co., Ltd.
(Tokyo, Japan). An hydroxyproline ELISA detection kit was
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purchased from Wuhan ColorfulGene Biological Technology
Co., Ltd. (Wuhan, China). Quantitative polymerase chain
reaction (qPCR) reagents were obtained from Takara
Biotechnology Co., Ltd. (Dalian, China), rabbit anti-mouse
surfactant protein A (SP-A) immunohistochemistry kits from
Wuhan Boster Biological Technology, Ltd. (Wuhan, China)
and Beyotime Institute of Biological Technology (Haimen,
China). Secondary antibodies for western blot analysis were
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX,
USA).

Animals. All procedures in this study were approved by the
Animal Studies Committee of Chongqing Medical University
(Chongqing, China) and were conducted in accordance with
the Guide for the Care and Use of Laboratory Animals
published by the National Institutes of Health. Male C57BL/6
mice, 6-8 weeks old and weighing 22 g, were supplied by the
animal center of Chongqing Medical University and were
housed in a specific pathogen-free facility.

BMSC culture. This study was conducted in the Respiratory
Department of the First Affiliated Hospital of Chongqing
Medical University. BMSCs derived from C57BL/6 mice
were cultured in F12-Dulbecco's modified Eagle's medium
(DMEM) medium containing 10% FBS at 37°C in 5% CO,.
The medium was exchanged every two days and the cells were
digested with 0.1% pancreatin for subculture. The cellular
morphology and apoptosis rate of unmodified BMSCs and
BMSCs transfected with the survivin gene were detected
for comparison. Subsequently, the BMSC populations were
collected for injection into the animals.

Establishment of viral vector and transfection into BMScs.
The viral vector (pLV-EX3d-P/hygro-EF1A-IRES-EmGFP,
a GFP-marked vector) was purchased from Saiye
(Guangzhou) Wusheng Technology Co., Ltd. (Guangzhou,
China). The mouse survivin gene was cloned into the
pLV-EX3d-P/hygro-EF1A-IRES-EmGFP viral vector. This
successfully established the pLV-EX3d-P/hygro-EF1 A-mSur-
vivin-IRES-EmGFP viral vector. This viral vector was
transfected into BMSCs cultured in DMEM medium,
followed by screening and amplification in the cells. The blank
pLV-EX3d-P/hygro-EF1A-IRES-EmGFP vector was used to
transfect the cells in the control group.

Pulmonary fibrosis model establishment. Fifty-four C57BL/6
mice with normal breeding were allocated at random into
three groups: BMSC-survivin group (group A), BMSC group
(group B) and the model group (group C). Anesthesia was
induced by an intraperitoneal injection of 10% chloral hydrate
(300 mg/kg). Then, the neck skin was disinfected and incised
and 0.2 ml bleomycin solution (5 mg/kg) was gradually admin-
istered dropwise into the trachea to induce the pulmonary
fibrosis model. After 24 h, mice in group A received 1x10°
survivin gene-expressing BMSCs-in 200 ul normal saline
via the caudal vein, mice in group B received 1x10° BMSCs,
while group C mice were treated with 200 ul normal saline.
A selection of 6 mice from each group were sacrificed on
days 7, 14 and 28, respectively. Following anesthesia, blood
was collected from the vena jugularis externa, allowed to
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settle for 10 min, centrifuged at 10,000 x g for 10 min at 4°C,
then stored at -80°C. The left lung was used for pathological
section, while the right lung was stored in liquid nitrogen for
reverse transcription (RT)-qPCR and western blot analysis.

Analysis of pathology in lung tissue. Lung tissue was fixed
in 4% paraformaldehyde for 24 h, then subjected to dehydra-
tion, paraffin, embedding, sectioning and hematoxylin and
eosin (H&E) staining. Finally, the lung tissue was observed
under a microscope in order to assess the degree of pulmonary
fibrosis. The cells were also observed using a BX53 fluores-
cence microscope (Olympus Corporation, Tokyo, Japan).

SP-A determination in the lung tissue using immunohisto-
chemistry. Lung tissue slices were dewaxed in xylene, treated
with citric acid for antigen retrieval and then treated for 30 min
with H,0, to inactivate endogenous peroxidase. Slices were
treated for 30 min with normal goat serum and incubated with
a rabbit anti-mouse SP-A primary antibody (1:3,000; sc-7700;
Santa Cruz Biotechnology, Inc.) overnight at 4°C. Samples
were rewarmed for 1 h at 37°C, then incubated with a biotinyl-
ated goat anti-rabbit secondary antibody (1:2,000; sc-45101;
Santa Cruz Biotechnology, Inc.) at 37°C for 30 min. Next,
streptavidin-biotin complex was added at 37°C for 30 min, and
the samples were stained using diaminobenzidine. Next, the
samples were subjected to nuclear staining with hematoxylin,
xylene dehydration, transparency (using Triton-X 100) and fixa-
tion with neutral balata. Images were obtained under a CX22
light microscope (Olympus Corporation) and analyzed using
Image-Pro Plus software, version 2.0 (Media Cybernetics,
Inc., Rockville, MD, USA). The average optical density (OD)
represents the SP-A content.

Hydroxyproline content determination. Following anesthesia,
blood was collected via the vena jugularis externa, allowed
to stand for 10 min, centrifuged for 10 min at a temperature
of 4°C, then kept at -80°C until analysis. The hydroxyproline
content was determined according to the instructions provided
by the manufacturer of the hydroxyproline ELISA kit. OD
values were obtained for each sample at 450 nm. A standard
curve was produced, and the concentration of hydroxyproline
in each sample was determined from the standard curve, where
the volume of the sample (10 pl) was increased to 50 ul with
phosphate buffer solution.

Flow cytometry. Cell viability was evaluated by flow
cytometry using Annexin V-fluorescein isothiocyanate
(FITC) and propidium iodide (PI) double staining (Trevigen,
Minneapolis, MN, USA). Briefly, the lung cells were
suspended in Annexin V-FITC binding buffer and treated with
Annexin V-FITC and PI at room temperature overnight. The
stained cells were observed and analyzed using FACScan flow
cytometry (Becton-Dickinson, Oxford UK).

RT-gPCR analysis. The total RNA of lung tissues was isolated
using an RNAsimple Total RNA kit according to the manufac-
turer's instructions (Tiangen Biotech Co., Ltd., Beijing, China).
RT was performed using the SuperScript™ III First-Strand
Synthesis System (Invitrogen Life Technologies, Carlsbad,
CA, USA) according to the manufacturer's instructions. The
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Figure 1. Representative images of (A1) bone marrow-derived mesenchymal stem cells (BMSCs) transfected with survivin and (A2) normal BMSCs under a
light microscope with no stain. Images of (B1) BMSCs with survivin and (B2) normal BMSCs captured using a fluorescence microscope. The images revealed
green fluorescence due to the expression of green fluorescent protein. Magnification, x200.

procedure and conditions of the RT-qPCR analysis were
as previously reported (4). RT-qPCR was performed using
SYBR Premix Ex Taq II (Takara Biotechnology Co., Ltd.,
Dalian, China) using an ABI7500 Real-time PCR instrument
(Applied Biosystems, Foster City, CA, USA). The products of
the RT reaction were used for qPCR. Matrix metalloprotease
(MMP)-9 and transforming growth factor (TGF)-p1 levels
were detected by qPCR. Primer-BLAST (http:/www.ncbi.
nlm.nih.gov/tools/primer-blast/) was used to design the primer
sequences. The qPCR primer sequences were as follows:
MMP-9, 5'-GCGCCACCACCGCCAACTAT-3" (upstream)
and 5'-CTCGTGCGCTGCCACCAGAA-3' (downstream);
TGF-B1, 5"-TAACCGGCTGCTGACCCC-3' (upstream)
and 5'-ATCCAGGGCTCTCCGGTGCC-3' (downstream);
pl-actin, 5~AGGCTGTGCTGTCCCTGTATG-3' (upstream)
and 5'-GAGGTCTTTACGGATGTCAACG-3' (downstream).
Following qPCR, the products were subjected to 2% agarose
gel electrophoresis and the resulting images were analyzed
using Quantity One software (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA), which calculated the gray area value
of electrophoresis. The gray area ratios MMP-9/B-actin and
TGFp-1/p-actin represent the relative quantities of MMP-9
and TGF-p1, respectively.

Western blot assay. The lung tissues were isolated, snap-frozen
in liquid nitrogen and immediately homogenized in ice-cold
RIPA lysis buffer (Sigma-Aldrich, St. Louis, MO, USA)
containing a cocktail of protease inhibitors (Roche, Basel,
Switzerland). Caspase-3 and caspase-9 proteins were then
detected using a western blot assay. Extracted total proteins
(25 g) from lung tissue were resolved by SDS-PAGE, then
transferred to a polyvinylidene difluoride membrane, which
was blocked with 5% skimmed milk powder solution for 1.5 h.
The membranes were treated with rabbit anti-mouse caspase-3

monoclonal antibody (1:3,000; Santa Cruz Biotechnology, Inc.)
and rabbit anti-mouse caspase-9 antibody (1:4,000; Santa Cruz
Biotechnology, Inc.) overnight at 4°C. The membranes were
washed, treated with goat anti-rabbit polyclonal secondary anti-
body (1:2,000; Santa Cruz Biotechnology, Inc.) for 2 h at room
temperature, and then developed using an enhanced chemilu-
minescent (ECL) reagent (Thermo Scientific Pierce, Rockford,
IL, USA). Analysis of the average OD value of images was
performed using Quantity One software. The OD ratios of
caspase-3/B-actin and caspase-9/B-actin represent the protein
expression levels of caspase-3 and caspase-9, respectively.

Statistical analysis. Experimental data were analyzed
using SPSS statistical software, version 17.0 (SPSS, Inc.,
Chicago, IL, USA). Measurement values are expressed as the
mean + standard error of the mean. Inter-group comparisons
were performed using one-way analysis of variance. P<0.05
was considered to indicate a statistically significant difference.

Results

Morphology of BMSCs. BMSC distribution showed significant
aggregation. Although the cells were predominantly single,
2-3-cell clusters of small cells were also present (Fig. 1).
The BMSCs appeared ovular or cuboid in shape, some with
a spindle shape on one side with a large nucleus which was
circular or elliptic (Fig. 1). Cells with normal and uniform
distribution presented with visible green fluorescence when
observed under a fluorescence inverted microscope.

Survivin decreases the rate of apoptosis of BMSCs. The apop-
tosis rate of the BMSCs was detected using a flow cytometry
assay with Annexin V-FITC and PI double staining. The results
were that the apoptosis rate of BMSCs carrying the survivin
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Figure 2. Apoptosis was detected in survivin-expressing and normal BMSCs. (A) Annexin V/PI double staining assays of cells transfected with survivin and
untransfected cells. The y-axis indicates the number of PI-stained cells and the x-axis indicates the number of Annexin V-FITC-stained cells. (B) Quantitative
analysis. The apoptosis rate of each preparation was evaluated from three independent experiments and represented as the mean + standard deviation. "P<0.05
vs. the BMSC group. BMSC, bone marrow derived mesenchymal stem cell; PI, propidium iodide.

Figure 3. Hematoxylin and eosin staining of lung tissue in group A on (Al) day 7, (A2) day 14 and (A3) day 28; group B on (B1) day 7, (B2) day 14 and
(B3) day 28; and group C on (C1) day 7, (C2) day 14 and (C3) day 28 (magnification, x200).

gene was 7.718+0.493%, which was significantly reduced
compared with that of the BMSC group (14.466+1.953%,
P<0.05; Fig. 2), indicating that the survivin gene reduces the
apoptosis rate of BMSCs and prolongs the survival time of
these cells in vitro.

Survivin enhances the anti-fibrotic effect of BMSCs. Fibrosis
in group A was significantly inhibited compared with that in
groups B and C at days 14 and 28 following treatment (Fig. 3).
However, no significant differences were detected among the
three groups at day 7.

Survivin mitigates the inflammatory response in the alveoli. In
group C, numerous inflammatory cells had infiltrated around the
alveoli by day 7; on day 14, the alveolar interval had thickened,

inflammatory cell infiltration was extensive, and the alveolar
structure was observed to have collapsed; and on day 28 the
alveolar structure was collapsed and degraded more seriously,
and the alveolar spaces and intervals were occupied by collagen
and fibrin. The alveolar inflammation in group B was less severe
on day 7 compared with that in group C. The amount of fibrin
was also relatively less in group B than in group C. In group A,
the inflammatory reaction was lighter than that in group B,
and a small amount of fibrosis was distributed in the alveolar
interval on the day 7. On day 28, some of the alveolar structure
had collapsed, there was a little collagen in the alveolar interval,
and alveolar damage was rare (Fig. 4 and Table I).

Survivin decreases hydroxyproline levels in BMSCs. The
ELISA results indicated statistically significant differences
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Figure 4. Immunohistochemical detection of surfactant protein A in the lung tissue in group A on (A1) day 7, (A2) day 14 and (A3) day 28; group B on
(B1) day 7, (B2) day 14 and (B3) day 28; and group C on (C1) day 7, (C2) day 14 and (C3) day 28 (magnification, x200).

Table I. Comparison of mean optical density of surfactant
protein A expression among the groups (mean =+ standard
deviation).

Group Day 7 Day 14 Day 28

A 0.718+£0.008**  0.643+0.013**  0.433x0.012*°
B 0.669+0.013¢ 0.550+0.024¢ 0.372+0.009¢
C 0.581+0.007 0.362+0.011 0.277+0.013

*P<0.05 vs. Group B; °P<0.05 vs. Group C; °P<0.05 vs. Group C.

Table II. Comparison of hydroxyproline content (xg/ml)
among the groups (mean =+ standard deviation) as determined
by ELISA.

Group Day 7 Day 14 Day 28

A 0.106+0.002*°  0.328+0.004**  0.457+0.006*°
B 0.245+0.009¢ 0.472+0.012¢ 0.752+0.012¢
C 0.324+0.002 0.794+0.007 1.372+0.035

1P<0.05 vs. Group B; °P<0.05 vs. Group C; °P<0.05 vs. Group C.

among the groups in the levels of hydroxyproline. At each
time point the hydroxyproline levels in group A were reduced
compared with those in group B, while group B hydroxy-
proline levels were reduced compared with those in group C
(Table II).

Survivin suppresses the expression levels of TGF-f1 and
increases those of MMP-9. The expression levels of TGF-f31
and MMP-9 mRNA were detected using an RT-qPCR assay.
The expression levels of TGF-p1 were significantly decreased
in group A compared with groups B and C (Fig. 5; P<0.05).
Furthermore, the TGF-f1 expression levels in group B were
significantly decreased compared with those in group C (Fig. 5,
P<0.05). The mRNA expression levels of MMP-9 in group A
were significantly increased compared with those in groups B
and C (Fig. 5; P<0.05). Furthermore, the MMP-9 expression
levels in group B were significantly increased compared with
those in group C (P<0.05).

Survivin increases the expression of caspase-3 and caspase-9.
The expression levels of caspase-3 and caspase-9 were detected
using a western blot assay. The results indicate that survivin
significantly elevated caspase-3 and caspase-9 expression in
group A compared with that in groups B and C (Fig. 6; P<0.05).
Furthermore, the levels of caspase-3 and caspase-9 in group B
were significantly elevated compared with those in group C
(Fig. 6; P<0.05).

Discussion

As the incidence of pulmonary fibrosis is increasing, a number
of recent studies have indicated a range of factors that may
cause damage to alveolar epithelial and endothelial cells. The
abnormal repair response to this damage may lead to fibroblast
activation and excessive accumulation of extracellular matrix
(ECM) in the lung parenchyma (7,8), which may ultimately
lead to the occurrence of pulmonary fibrosis. At present,
glucocorticoids are the preferred drug treatment for pulmo-
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nary fibrosis; however, the curative effect of glucocorticoids
is not sufficient to reverse or retard the course of pulmonary
fibrosis. Furthermore, the long-term use of glucocorticoids
may result in a series of complications, such as bacterial or
fungal lung infection and metabolic disorders. A number of
previous studies have investigated the use of agents targeting
cytokines (9), such as pirfenidone, imatinib and interferon
(IFN) (10), particularly IFN-a, as a treatment for pulmonary
fibrosis. Liu ef al (11) reported that IFN-a may inhibit the
expression of TGF-f1 and connective tissue growth factor, and
thus reduce the generation of ECM in a bleomycin-induced
model of pulmonary fibrosis. However, IFN-a. is an expensive
treatment, which limits its potential for widespread use. In
addition, IFN-a exhibits a number of potential side-reactions.

N-acetyl cysteine is able to notably increase glutathione levels
in the lung tissue and exhibits strong resistance to oxidation
and cell detoxification. Hence, N-acetyl cysteine may improve
the lung function of patients with idiopathic pulmonary fibrosis
and is well tolerated, but is not able to reduce mortality (12).
Lung transplantation is the primary method for treating
end-stage pulmonary fibrosis and can markedly improve the
lung function of patients (13); however, lung transplantation
is not applicable to a wide range of clinics. Certain traditional
Chinese medicines may exert curative effects against lung
fibrosis (14), but the underlying mechanisms of these treat-
ments require further study. Thus, the treatment of pulmonary
fibrosis remains challenging, and a safer and more effective
therapy for pulmonary fibrosis is urgently required.
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A number of studies have demonstrated that BMSCs are
able to grow and participate in the development of lung tissue.
The administration of BMSCs has been shown to ameliorate
fibrotic injuries, suggesting the possibility that stem cell-based
therapies may be developed as an effective intervention against
pulmonary fibrosis (15-18). BMSCs exist in numerous types of
human tissue, possess multidirectional differentiation potential
and may be obtained from a variety of tissues. Currently, the
studies investigating BMSC separation, differentiation, expan-
sion, immune phenotype, features and mechanism, including
immune regulation and anti-inflammatory function, have
increased significantly (19). Previous studies have confirmed
that exogenous BMSCs may be transplanted into impaired lung
tissue, and are able to differentiate into alveolar type II epithe-
lial cells, which possess a higher migration rate in the early
stages of lung injury (1,18,20). Furthermore, a previous animal
study confirmed that BMSCs are able to develop in lung tissue
afflicted with bleomycin-induced pulmonary fibrosis, and to
reduce the extent of the pulmonary fibrosis (21).

The primary function of the survivin gene is to inhibit cell
division and apoptosis. Survivin is the regulatory gene of the cell
cycle in the G2/M phase, causing cells to exit the G2/M phase
checkpoint and accelerate conversion to the S phase, in addi-
tion to inhibiting stationary G phase. Furthermore, survivin
participates in the regulation of cellular mitosis by binding
with the microtubule proteins of the mitotic spindle (22),
promoting the abnormal proliferation of transformed cells and
mitigating the occurrence of apoptosis. Furthermore, previous
studies have reported that survivin is associated with tumor
angiogenesis and multiple drug resistance (23,24). Therefore,
it may be speculated that survivin enhances the antifibrotic
effect of BMSCs by inhibiting the occurrence of apoptosis.

In the present study, BMSCs transfected with survivin were
transferred into the lung tissue of mice modeling pulmonary
fibrosis as a result of treatment with bleomycin 24 h previ-
ously. This was conducted to evaluated the hypothesis that the
apoptosis of such BMSCs may be inhibited and the repair of
damaged lung tissue promoted, thus mitigating the progres-
sion of pulmonary fibrosis.

The results of the present experiments indicate that the
BMSCs containing GFP and survivin were successfully trans-
planted into the mice modeling bleomycin-induced pulmonary
fibrosis. Green fluorescence was detected in the lung tissue,
demonstrating that the BMSCs targeted damaged lung tissue.
The degree of pulmonary fibrosis in group B was evidently
reduced compared with that in group C, while the damage
in group A was lessened compared with that in group B.
Immunohistochemical detection showed that SP-A expression
in group B was increased compared with that in group C, while
SP-A expression in group A was higher compared with that in
group B. Collectively, these results indicate that BMSCs may
differentiate into epithelial cells and alveolar type II epithelial
cells in damaged lung tissue, participate in the repair of lung
injury and reduce pulmonary fibrosis, which is consistent with
the previous results of Chen et al (25). In vitro, the results
of flow cytometry indicate that the apoptosis rate of BMSCs
transfected with survivin was significantly lower compared
with that of BMSCs that were not transfected with survivin.
Fluorescence intensity in the lung tissue of group A was mark-
edly increased compared with that in group B. Western blot
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analysis results indicate that the protein expression levels of
caspase-3 and caspase-9, which are effectors in the functional
pathway of the survivin gene, were increased in group A
compared with the levels in the other two groups, indicating
that the expression of survivin gene was increased in group A.
Hence, the survivin gene may delay BMSC apoptosis in vivo
and in vitro, and sequentially block the process of pulmonary
fibrosis in the initial stages.

The RT-qPCR results suggest that the mRNA expression
levels of MMP-9 were increased and those of TGF-f1 were
reduced in group A compared with those in group B. Since
MMP-9 and TGF-f1 are crucial factors associated with
pulmonary fibrosis (3,26), these results demonstrate that
BMSCs, particularly when transfected with survivin, may
be able to reduce bleomycin-induced pulmonary fibrosis in
mice, which is consistent a previous report (21). Furthermore,
previous studies have indicated that BMSCs secrete a variety
of cell factors that participate in vascular regeneration and
endothelial cell remodeling in lung tissue, and these factors
may induce BMSCs to differentiate (6,27). In addition, it has
been reported that BMSCs are able to promote the expression
of growth factors in local damaged tissue, inhibiting cell apop-
tosis, reinforcing cell repair and promoting cell proliferation
and differentiation (28). However, further studies are required
to confirm the present and previous findings.

BMSCs possess multidirectional differentiation poten-
tial; a previous study suggested that stem cells contain gene
sequences that resemble those of cancer cells (29). Human
mesenchymal stem cells may transform spontaneously and
exhibit long-term proliferation and differentiation in vivo (30).
These observations suggest that ensuring the safety assess-
ment of BMSC-based treatment is crucial (31). Survivin is
expressed in the majority of tumor tissues, in which it is able
to inhibit tumor cell apoptosis and induce cancer cells to
proliferate and differentiate constantly, thus enhancing tumor
growth. In addition, survivin may cause loss of the normal
cell cycle checkpoint, leading to disorders of the normal cell
cycle (32).

In summary, the results of the present study indicate
that BMSCs are effective in preventing bleomycin-induced
lung fibrosis, and that survivin is able to enhance the protec-
tive effects of BMSCs. However, further safety assessments
are required to evaluate the potential clinical value of this
intervention, including further investigation into cancerous
characteristics of the survivin gene.
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