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Summary: Bone marrow mesenchymal stem cells (MSCs) transplantation could repair injury tissue, but 
no study confirms whether MSCs can promote the proliferation of endogenous lung stem cells to repair 
alveolar epithelial cells of mice with chronic obstructive pulmonary disease (COPD). This study was 
designed to investigate the effect of MSCs on the proliferation of endogenous lung stem cells in COPD 
mice to confirm the repair mechanism of MSCs. The mice were divided into control group, COPD 
group, and COPD+MSCs group. The following indexes were detected: HE staining of lung tissue, the 
mean linear intercept (MLI) and alveolar destructive index (DI), the total cell number in bronchoalveo-
lar lavage fluid (BALF), pulmonary function, alveolar wall apoptosis index (AI) and proliferation index 
(PI), the number of CD45-/CD31-/Sca-1+ cells by flow cytometry (FCM), and the number of bronchoal-
veolar stem cells (BASCs) in bronchoalveolar duct junction (BADJ) by immunofluorescence. As com-
pared with control group, the number of inflammatory cells in lung tissue was increased, alveolar septa 
was destroyed and the emphysema-like changes were seen, and the changes of lung function were in 
line with COPD in COPD group; AI of alveolar wall was significantly increased and PI significantly 
decreased in COPD group. There was no significant difference in the number of CD45-/CD31-/Sca-1+ 
cells and BASCs between control group and COPD group. As compared with COPD group, the number 
of inflammatory cells in BALF was decreased, the number of CD45-/CD31-/Sca-1+ cells and BASCs 
was increased, AI of alveolar wall was decreased and PI was increased, and emphysema-like changes 
were relieved in COPD+MSCs group. These findings suggested that MSCs transplantation can relieve 
lung injury by promoting proliferation of endogenous lung stem cells in the cigarette smoke-induced 
COPD mice. 
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 Chronic obstructive pulmonary disease (COPD) 

involves chronic inflammation of the lung, particularly in 
peripheral airways and parenchyma, characterized by 
airflow limitation. COPD is a common chronic respira-
tory disease and currently ranked the sixth cause of mor-
bidity and mortality in the worldwide, and is expected to 
be ranked the third in 2020[1]. COPD is caused by expo-
sure to harmful gases or particles, especially cigarette 
smoke. Pathogenic mechanisms include inflamma-
tion/anti-inflammation, protease/anti-protease, oxidant/a-
ntioxidant and apoptosis/proliferation imbalance. The 
initial treatment for COPD is to stop smoking, but the 
inflammation and oxidative stress persist in lung tissue[2, 

3]. Current major drug therapies of COPD are using 
bronchodilator, corticosteroids, and theophylline to re-
duce airway obstruction, limit acute exacerbations of 
COPD and improve the quality of life[4]. However, the 
current treatment could not prevent the progress of 
COPD and reduce mortality. Therefore it is important to 
establish an alternative for treating COPD[5]. 

Many researches have shown mesenchymal stem 
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cells (MSCs) transplantation could repair tissue injury[6]. 
After MSCs transplantation through the intravenous 
manner or airway, MSCs are deposited more signifi-
cantly in the lung tissue than in other tissues. However, 
the MSCs in the injured tissue are re-differentiated 
poorly, and they functions mainly through the paracrine 
mechanism, immunomodulation and anti-apoptosis[6]. 
Currently, MSCs have been widely used in various tissue 
injuries, such as acute lung injury, bacterial pneumonia, 
asthma, bronchiolitis obliterans, bronchopulmonary dys-
plasia, COPD, pulmonary hypertension, pulmonary 
ischemia-reperfusion injury, obstructive sleep apnea 
syndrome, radiation-induced lung injury, sepsis and 
burns, autoimmune lung injury. The transplantation of 
allograft MSCs in clinical trials is verified to be safe and 
feasible[7–10]. 

Various types of endogenous lung stem/progenitor 
cells (LSPCs) exist in the airway and lung, and have 
self-renewal capability and can differentiate into mature 
cells of lung tissue under certain conditions. After lung 
injury, endogenous lung stem cells supplement damage 
cells locally, but their proliferative potential is low and 
the repair efficiency is insufficient. Subsequently, ex-
ogenous stem cells go into the lung tissue and further 
repair the injured tissue. For different lung damage by 
different causes at different locations, the repair types 
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and mechanisms by endogenous lung stem cells are dif-
ferent[11–13]. COPD is a chronic inflammation disease of 
the airway and lung parenchyma induced by many 
causes, and alveolar structure is progressively injured. 
Cigarette smoke-induced COPD model has revealed no 
proliferation of endogenous lung stem cells to repair the 
lung injury. Recent study has shown that MSCs trans-
plantation in myocardial injury model can stimulate the 
proliferation of endogenous cardiomyocyte stem cells 
and differentiation into cardiomyocytes, thereby im-
proving cardiac function[14]. The study of bronchopul-
monary dysplasia model also has shown the ability of 
MSCs to promote the proliferation of bronchoalveolar 
stem cells (BASCs)[15]. MSCs have roles in 
anti-inflammation, anti-oxidation, and anti-apoptosis[16] 
in COPD, but no study confirms whether MSCs can 
promote the proliferation of endogenous lung stem cells 
to repair alveolar epithelial cells of COPD. 

There are many endogenous stem cells in the ter-
minal airways, including variation Clara cells distributed 
in the bronchioles, BASCs in bronchoalveolar duct junc-
tion (BADJ), and type 2 alveolar epithelial cells (ATⅡ) 
in alveoli[17]. BASCs are considered pluripotent stem 
cells, and capable of withstanding the damage from bron-
chioles and alveoli and proliferation in the epithelial re-
generation process[18], and differentiating into Clara cells, 
AT Ⅱ  and AT Ⅰ . Kim found that 85% of 
CD45-CD31-/Sca-1+ cells in the lung detected by flow 
cytometry were BASCs, containing small number of AT
Ⅱ and Clara cells at the same time[19]. BASCs express 
Clara cell surface marker CC10 and ATⅡ  surface 
marker SPC, simultaneously. This study measured the 
number of CD45-CD31-/Sca-1+ cells and BASCs in lung 
of COPD mice after MSCs transplantation, to verify 
whether MSCs transplantation can promote the prolifera-
tion of endogenous lung stem cells in a mouse COPD 
model. 

 
1 MATERIALS AND METHODS 
 
1.1 Isolation and Expansion of Mouse Bone Marrow 
MSCs 

C57/B6 mice bone marrow MSCs were isolated by 
the method previously described[20]. MSCs of passage 2 
in a density of 4×106 cells/mL were used in the trans-
plantation experiments. 
1.2 Establishment of COPD Model and Bone Mar-
row MSCs Transplantation 

All animal procedures and protocols were re-
viewed and approved by the Institution Animal Care 
and Use Committee. The COPD model was estab-
lished by cigarette smoke exposure method[21]. Eight-
een 6-week-old female C57/B6 mice (Beijing Vital 
River Laboratory Animal Co., Ltd., China) were ran-
domly divided into three groups: control group, 
COPD group, COPD+MSCs group (n=6 each). The 
animals in COPD group and COPD+MSCs group 
were exposed to cigarette smoke for 12 weeks (ciga-
rette smoke exposure: 5 min/time, 3 times/day, and 6 
days a week). The mice in COPD+MSCs group was 
injected with MSCs 50 μL (total cell number: 4×106) 
via the tail vein from 5 to 12 weeks of cigarette smoke 
exposure at the 7th day every week. The mice in 
COPD group were injected with PBS 50 μL. The mice 

were sacrificed after 14 weeks. 
1.3 BALF Collection and Lung Tissue Treatment 

The mouse thoracic cavity was opened and the right 
lobe was ligated. 0.3 mL 0.9% saline was injected into 
the left lung via the tube, and BALF was gently retracted, 
three times. The cells in BALF were classified and 
counted. The right upper lobe was soaked in 4% para-
formaldehyde solution, fixed for 2 h, embedded in paraf-
fin, and sectioned. The rest right lobe was stored at 
–70°C for later use. 
1.4 Morphologic Analysis of Lungs 

Sections were processed for staining with hema-
toxylin and eosin (HE). The emphysematous extent 
was assessed by the mean linear intercept (MLI) and 
alveolar destructive index (DI). Two slices were se-
lected in each specimen, 5 fields were selected in each 
slice, and bronchia and large vessels were avoided. 
MLI was obtained by dividing the total length of all 
lines in the frames counted by the total number of in-
tercepts encountered in the counted lines, to indicate 
the average inner diameter of the alveoli[22]. The DI 
was calculated according to the method previously 
described[23]. Each counting was performed by two 
independent observers who were blinded to the sub-
jects’ profiles. 
1.5 Pulmonary Function Tests 

The lung function of mice was measured by 
PLY3211 small animal spirometer (Buxco Electronics, 
Inc., USA). Airway resistance (Raw), dynamic lung 
compliance (Cdyn) and peak expiratory flow (PEF) were 
recorded. 
1.6 Measurement of Alveolar Wall Cell Apoptosis 

Paraffin sections were stained with TUNEL 
method for detection of alveolar wall cell apoptosis. 
TUNEL was performed with commercially available kit 
(Roche, USA) following the manufacturer’s instructions. 
The percentage of TUNEL-positive cells was calculated 
by dividing the number of TUNEL-positive cells by the 
total cell number in 10 fields at 400× magnification ran-
domly sampled in 5 sections for each mouse. Apoptosis 
index (AI)=The number of apoptosis cells/The number of 
total cells×100%. 
1.7 Measurement of Alveolar Wall Cell Proliferation   

Paraffin sections were deparaffinized and added 
with PCNA antibody (1:100, Beijing Zhongshan Bio-
technology Co., Ltd., China) at 4°C overnight, then bio-
tin-labeled anti-mouse IgG (1:100 dilution), incubated at 
37°C for 15 min, streptavidin affinity biotin peroxidase 
complex (1:100 dilution) incubated at 37°C for 15 min. 
The slides were immersed in diaminobenzidine (DAB, 
Vector Laboratories, USA) solution and counterstained 
with hematoxylin. PBS instead of primary antibody 
served as control. The cell nuclei were colored by PCNA. 
The proliferation index (PI)=The number of proliferation 
cells/The number of total cells×100%. 
1.8 Flow Cytometry 

The right lung tissue of mice was mixed with 3 mL 
Dispasel, filtrated by 40 μm filter, then cell suspension 
was obtained by washing with DMEM, HEPES (Gib-
coCo., USA) and DNasel (Invitrogen, USA). The cells 
were resuspended and counted after 1600 r/min cen-
trifugation at 4°C, then adjusted to a density of 1×106 
cells/100 μL with buffer. The cell suspension was mixed 
with CD45–PE (1:1000), CD31–PE (1:200) and 
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Sca-1–FITC (1:200, BD, USA) in dark at 4°C for 30 min, 
centrifuged and resuspended, then LSRH flow cytometer 
(BD, USA) was done for cell analysis. 
1.9 Immunofluorescence Staining for BASCs  

The primary antibodies were used with rabbit 
anti-mouse CCSP antibody (1:1000, Abcam, USA), SP-C 
antibody (1:250, sc-7705, Santa Cruz, USA). All fluo-
rescent staining was performed with appropriate secon-
dary antibodies, anti-rabbit 555 (1:200, Abcam, USA), 
anti-goat FITC (for SP-C, JacksonImmunoResearch, 
USA), nuclear staining with DAPI (Invitrogen, USA). 
BASCs are double positive cells which were stained with 
CCSP and SPC. The positive cells of BASCs were 
counted at least in 5 BADJs. 
1.10 Statistical Analysis 

All values were expressed as ±s. Statistical analy-
ses were performed by using analysis of variance 
(ANOVA) with GraphPad Prism 5.0 (GraphPad, USA). 
P<0.05 was considered to be statistically significant. 
 
2 RESULTS 
 
2.1 Effects of MSCs Transplantation on Emphysema-

tous Changes in COPD Mice 
HE staining of lung tissue in control group showed 

integrated airway and alveolar epithelium, and alveolar 
morphology was uniform. Some bronchial epithelial cells 
were shed in COPD group, accompanied with inflam-
matory cell infiltration in the bronchial and lung tissues, 
alveolar wall thinning, alveolar septum fracture and em-
physematous changes. As compared with COPD group, 
inflammatory cell infiltration and emphysematous 
changes were significantly ameliorated in COPD+MSCs 
group (fig. 1A–1F). The MLI and DI were significantly 
higher in  COPD group and COPD+MSCs group than 
in control group with the difference being statistically 
significant (P<0.01). However, the MLI and DI were 
significantly reduced in COPD+MSCs group when 
compared with COPD group with the difference being 
statistically significant (P<0.01, fig. 1A–1E). As com-
pared with control group, the total cell number of BALF 
in COPD group and COPD+MSCs group was signifi-
cantly increased (P<0.01). The total cell number of 
BALF in COPD+MSCs group was less than in COPD 
group (P<0.01, fig. 1F). 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Fig. 1 MSCs transplantation ameliorated emphysematous changes in COPD mice  

Lung sections were stained with hematoxylin and eosin (×100). A: control group; B: In COPD group induced by cigarette 
smoke, lung section exhibited emphysematous changes; C: In COPD+MSCs group treated with cigarette smoke plus MSCs, 
emphysematous changes were ameliorated; D: The MLI in COPD group and COPD+MSCs group was significantly higher 
than that in control group. The MLI in COPD+MSCs group was lower than in COPD group; E: The DI in COPD group and 
COPD+MSCs group was significantly higher than that in control group. The DI in COPD+MSCs group was lower than that in 
COPD group; F: As compared with control group, the total cell number of the BALF in COPD group and COPD+MSCs group 
was significantly increased. The total cell number of BALF in COPD+MSCs group was less than that in COPD group. 
Data are expressed as ±s for six mice in each group. *P<0.01 vs. control group, #P<0.01 vs. COPD group 

 
2.2 Measurement of Lung Function 

Raw (cmH2O/mL/min) in COPD group and 
COPD+MSCs group was increased as compared with 
that in control group (P<0.01). There was no significant 
difference in Raw between COPD+MSCs group and 
COPD group (P>0.05). Cdyn (mL/cmH2O) and PEF 
(mL/s) in COPD group and COPD+MSCs group were 
reduced as compared with those in control group, but 
there were no significant differences in Cdyn and PEF 
between COPD+MSCs group COPD group (P>0.05). 
The changes of Raw, Cdyn and PEF in COPD group and 
COPD+MSCs group were consistent with the patho-

physiologic changes of COPD. The change of lung func-
tion in COPD+MSCs group was ameliorated but there 
was no significant difference from COPD group (P>0.05, 
fig. 2A–2C). 
2.3 Effects of MSCs Transplantation on Alveolar 
Epithelial Cell Apoptosis and Proliferation in COPD 
Mice 

To observe the changes of alveolar epithelial cell 
injury and repair, we measured apoptosis of alveolar 
epithelium by TUNEL and the proliferation by PCNA. 
The AI in alveolar walls of COPD group and 
COPD+MSCs group was significantly higher than that of 
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control group (P<0.01), but the AI in COPD+MSCs 
group was significantly lower than that of COPD group 
(P<0.01, fig. 3A–3C, 3G). As compared with control 
group, the PI of alveolar wall cells in COPD group was 
slightly elevated but the difference was not statistically 
significant (P>0.05). The PI of COPD+MSCs group was 

significantly increased as compared with COPD group 
and control group (P<0.01, fig. 3D–3F, 3H). The result 
suggests the apoptosis of alveolar epithelium is more 
than proliferation and there was repair deficiency in 
COPD mice, but alveolar epithelial repair can be pro-
moted by MSCs. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2 The measure of Raw (A), Cdyn (B) and PEF (C) 
The changes of Raw, Cdyn, and PEF in COPD group and COPD+MSCs group were consistent with the pathophysiologic 
changes of COPD. There were no significant differences in the changes of these lung functions between COPD+MSCs group 
and COPD group. 
Data are expressed as ±s for six mice in each group. *P<0.01 vs. control group 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Effects of MSCs transplantation on alveolar epithelial cell apoptosis and cell proliferation in COPD mice  

A–C: detection of cell apoptosis by TUNEL in alveolar wall cells (×400). A: control group; B: COPD group; C: COPD+MSCs 
group. D–F: detection of cell proliferation by PCNA in alveolar wall cells (×400). D: control group; E: COPD group; F: 
COPD+MSCs group; G: the AI in different groups; H: the PI in different groups; H: the PI in different groups  
Data are expressed as ±s for six mice in each group. *P<0.01 vs. control group, #P<0.01 vs. COPD group 

 
2.4 Effects of MSCs Transplantation on Proliferation 
of Endogenous Lung Stem Cells and the Number of 
BASCs in COPD Mice 

The number of CD45–/CD31–/Sca-1+ population 
was measured by flow cytometry to assess the role of 
MSCs transplantation in endogenous lung stem cells in 
COPD mice. As compared with control group, the num-
ber and the ratio of CD45–/CD31–/Sca-1+ population in 
lung tissue of COPD group were slightly increased, but 

the difference was not statistically significant (P>0.05). 
The number and the ratio of CD45–/CD31–/Sca-1+ popu-
lation of COPD+MSCs group were significantly in-
creased as compared with those of COPD group and con-
trol group, and the difference was statistically significant 
(P<0.01, fig. 4A and 4B). 

BASCs located in BADJ are endogenous stem 
cells of bronchial and alveolar epithelial cells and can 
differentiate into Clara cells and alveolar epithelial cells, 
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express Clara cell marker CCSP+ and type 2 alveolar 
epithelial cell marker SPC+. There was no significant 
difference in the number of BASCs located in BADJ 
between COPD group and control group (P>0.05), sug-
gesting there was no proliferation of endogenous lung 
stem cells in COPD mice induced by cigarette smoke. 

The number of BASCs in COPD+MSCs group was 
greater than that of COPD group (P<0.01). The result 
indicates MSCs transplantation can contribute to the pro-
liferation of BASCs in COPD mice induced by cigarette 
smoke (P<0.01, fig. 4C and 4D). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Effects of MSCs transplantation on the proliferation of endogenous lung stem cells and the number of BASCs in COPD mice 
A: the ratio of CD45–/CD31–/Sca-1+population in lung tissue in different groups; B: the number of CD45–/CD31–/Sca-1+ popu-
lation in lung tissue in different groups; C: immunofluorescence for BASCs in lung tissue of COPD+MSCs group (×1000). 
CCSP+ (red color), SPC+ (green color), nuclei stained with DAPI (blue color) for BASCs. D: the number of BASCs located in 
BADJ in different groups 
Data are expressed as ±s for six mice in each group. *P<0.01 vs. control group  
 

3 DISCUSSION 
 

There are various types of endogenous lung 
stem/progenitor cells in airways and lung and can 
self-renew and differentiate into mature cells in lung 
tissue. After lung injury, endogenous lung stem cells can 
supplement damaged cells locally, but their proliferation 
potential is low. Then the exogenous stem cells such as 
MSCs repair the lung tissue further[11–13, 24]. COPD is a 
chronic inflammation disease of airways and lung pa-
renchyma, accelerates aging of mesenchymal precursor 
cells, accompanied with reduction of extracellular matrix 
and increased apoptosis of alveolar components, and 
damages regenerative capacity, leading to alveolar struc-
ture damage and emphysematous formation[25–27]. Studies 
have shown there was no proliferation of endogenous 
lung stem/progenitor cells in the lung in cigarette 
smoke-induced COPD models. Bone marrow MSCs have 
the ability of repairing lung injury and have the ability of 
anti-inflammation, immunomodulation and anti-apoptos-
is mediated by paracrine mechanism. The clinical appli-
cation of MSCs in ALI, asthma and other diseases also 
achieves certain effect. Recent study has suggested that 
MSCs in myocardial injury model could stimulate the 
proliferation of endogenous cardiomyocyte stem cells 
and differentiation into cardiomyocytes, thereby further 
improving cardiac function[14]. The research of bron-

chopulmonary dysplasia model also indicated that MSC 
transplantation promoted BASC proliferation in lung 
injury[15]. MSC transplantation has the roles of 
anti-inflammation, anti-oxidation and anti-apoptosis in 
COPD[16], but no studies reported about whether MSCs 
can promote the proliferation of endogenous lung stem 
cells in COPD. 

The purpose of this study is to find out the effect of  
MSCs transplantation on endogenous lung stem cells in 
the COPD mice induced by cigarette smoke. The data 
suggested that in the lung tissue of COPD mice, the in-
flammation cells increased, alveolar septa damaged, 
emphysema-like changes formed and lung function de-
clined. Meanwhile, apoptosis of alveolar epithelial cells 
was increased and proliferation was insufficient, indicat-
ing that lung tissue was damaged by cigarette smoke. 
The proliferation of alveolar epithelial cells was induced 
by endogenous lung stem cells mainly by BASCs in 
BADJ and AT Ⅱ  in the alveoli. The 
CD45–/CD31–/Sca-1+ cells measured by flow cytometry 
are lung epithelial stem cells/progenitor cells that can 
promote lung tissue repair. 85% of this group is BASCs, 
and also contains a small number of ATⅡand Clara cells. 
The population of CD45–/CD31–/Sca-1+ cells was 
slightly increased in the COPD mice, showing no sig-
nificant difference from control group. BASCs are 
pluripotent stem cells and can differentiate into Clara 



J Huazhong Univ Sci Technol［Med Sci］ 35(6):2015                                                                                833 

cells, ATⅡ and ATⅠ, and promote bronchial and al-
veolar epithelial regeneration. The data indicated that 
BASCs in COPD mice were increased slightly, showing 
insignificant difference from control group. These results 
suggested that the proliferation of endogenous lung stem 
cells was damaged by cigarette smoke, then the increased 
apoptosis of alveolar wall cells and inadequate prolifera-
tion of alveolar wall cells resulted in the alveolar wall 
spoil. After bone marrow MSCs transplantation, there 
were less inflammation cells and apoptosis of alveolar 
wall cells, more CD45-/CD31-/Sca-1+cells, BASCs and 
cell proliferation in the lung than COPD group, which 
relieved emphysematous changes and improved lung 
function. 

In summary, MSCs transplantation can repair lung 
damage by promoting the proliferation of endogenous 
lung stem cells in COPD mice induced by cigarette 
smoke. This study also suggests that in chronic diseases, 
MSCs transplantation can play a role in injured tissue by 
promoting proliferation and differentiation of endoge-
nous stem cells, but further researches are needed to find 
out the mechanism and signalling pathways of endoge-
nous lung stem cell proliferation after MSCs transplanta-
tion. 
 
Conflict of Interest Statement 

The authors declare that there are no competing interests 
and financial relationship with the commercial identities men-
tioned in this paper. 
 
REFERENCES 
1 Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for 

the diagnosis, management, and prevention of chronic 
obstructive pulmonary disease: GOLD executive summary. 
Am J Respir Crit Care Med, 2013,187(4):347-365 

2 Quanjer PH. Correctly defining criteria for diagnosing 
chronic obstructive pulmonary disease matters. Am J 
Respir Crit Care Med, 2014,189(2):230 

3 Culver B. Defining airflow limitation and chronic 
obstructive pulmonary disease: the role of outcome studies. 
Eur Respir J, 2015,46(1):8-10 

4 Hawkins PE, Alam J, McDonnell TJ, et al. Defining 
exacerbations in chronic obstructive pulmonary disease. 
Expert Rev Respir Med, 2015,9(3):277-286 

5 Aaron SD. Management and prevention of exacerbations 
of COPD. BMJ, 2014,349:g5237 

6 Goodwin M, Sueblinvong V, Eisenhauer P, et al. Bone 
marrow-derived mesenchymal stromal cells inhibit 
Th2-mediated allergic airways inflammation in mice. 
Stem Cells, 2011,29(7):1137-1148 

7 O'Reilly M, Thebaud B. Cell-based strategies to 
reconstitute lung function in infants with severe 
bronchopulmonary dysplasia. Clin Perinatol, 2012,39(3): 
703-725 

8 Matthay MA, Thompson BT, Read EJ, et al. Therapeutic 
potential of mesenchymal stem cells for severe acute lung 
injury. Chest, 2010,138(4):965-972 

9 Lee JW, Krasnodembskaya A, McKenna DH, et al. 
Therapeutic effects of human mesenchymal stem cells in 
ex vivo human lungs injured with live bacteria. Am J 
Respir Crit Care Med, 2013,187(7):751-760 

10 Weiss DJ. Concise review: current status of stem cells and 
regenerative medicine in lung biology and diseases. Stem 

Cells, 2014,32(1):16-25 
11 Rock JR, Hogan BL. Epithelial progenitor cells in lung 

development, maintenance, repair, and disease. Annu Rev 
Cell Dev Biol, 2011,27:493-512 

12 McQualter JL, Bertoncello I. Concise review: Deconstruc-
ting the lung to reveal its regenerative potential. Stem 
Cells, 2012,30(5):811-816 

13 Weiss DJ. Stem cells, cell therapies, and bioengineering in 
lung biology and diseases. Comprehensive review of the 
recent literature 2010-2012. Ann Am Thorac Soc, 
2013,10(5):S45-97 

14 Hatzistergos KE, Quevedo H, Oskouei BN, et al. Bone 
marrow mesenchymal stem cells stimulate cardiac stem 
cell proliferation and differentiation. Circ Res, 
2010,107(7):913-922 

15 Tropea KA, Leder E, Aslam M, et al. Bronchioalveolar 
stem cells increase after mesenchymal stromal cell 
treatment in a mouse model of bronchopulmonary 
dysplasia. Am J Physiol Lung Cell Mol Physiol, 
2012,302(9):L829-837 

16 Jin Z, Pan X, Zhou K, et al. Biological effects and 
mechanisms of action of mesenchymal stem cell therapy 
in chronic obstructive pulmonary disease. J Int Med Res, 
2015,43(3):303-310 

17 Kumar PA, Hu Y, Yamamoto Y, et al. Distal airway stem 
cells yield alveoli in vitro and during lung regeneration 
following H1N1 influenza infection. Cell, 2011,147(3): 
525-538 

18 Nolen-Walston RD, Kim CF, Mazan MR, et al. Cellular 
kinetics and modeling of bronchioalveolar stem cell 
response during lung regeneration. Am J Physiol Lung 
Cell Mol Physiol, 2008,294(6):L1158-1165 

19 Kim CF, Jackson EL, Woolfenden AE, et al. Identification 
of bronchioalveolar stem cells in normal lung and lung 
cancer. Cell, 2005,121(6):823-835 

20 Zhen G, Liu H, Gu N, et al. Mesenchymal stem cells 
transplantation protects against rat pulmonary emphysema. 
Front Biosci, 2008,13:3415-3422 

21 Adenuga D, Yao H, March TH, et al. Histone deacetylase 
2 is phosphorylated,  ubiquitinated, and degraded by 
cigarette smoke. Am J Respir Cell Mol Biol, 2009,40(4): 
464-473 

22 Huh JW, Kim SY, Lee JH, et al. Bone marrow cells repair 
cigarette smoke-induced emphysema in rats. Am J Physiol 
Lung Cell Mol Physiol, 2011,301(3):L255-266 

23 Chen Y, Hanaoka M, Chen P, et al. Protective effect of 
beraprost sodium, a stable prostacyclin analog, in the 
development of cigarette smoke extract-induced 
emphysema. Am J Physiol Lung Cell Mol Physiol, 
2009,296(4):L648-656 

24 Kajstura J, Rota M, Hall SR, et al. Evidence for human 
lung stem cells. N Engl J Med, 2011,364(19):1795-1806 

25 Chilosi M, Poletti V, Rossi A. The pathogenesis of COPD 
and IPF: distinct horns of the same devil? Respir Res, 
2012,13:3 

26 Crystal RG, Randell SH, Engelhardt JF, et al. Airway 
epithelial cells: current concepts and challenges. Proc Am 
Thorac Soc, 2008,5(7):772-777 

27 Tzouvelekis A, Laurent G, Bouros D. Stem cell therapy in 
chronic obstructive pulmonary disease. Seeking the 
Prometheus effect. Curr Drug Targets, 2013,14(2):246-252 

(Received Sep. 10, 2015; revised Oct. 26, 2015) 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


