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ABSTRACT 
 
Stem cells have a multitude of clinical implications in the lung. This article is a critical review that includes clinical 
and experimental studies of MedLine and SciElo database in the last 10 years, where we highlight the effects of stem 
cell therapy in acute respiratory distress syndrome or more chronic disorders such as lung fibrosis and emphysema. 
Although, many studies have shown the beneficial effects of stem cells in lung development, repair and remodeling; 
some important questions need to be answered to better understand the mechanisms that control cell division and 
differentiation, therefore enabling the use of cell therapy in human respiratory diseases. 
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INTRODUCTION 
 
Stem cells are generally defined as clonogenic 
cells capable of both self-renewal and multilineage 
differentiation (Weissman, 2000; Weiss et al., 
2008). Whereas embryonic stem cells are derived 
from mammalian embryos in the blastocyst stage 
and have the ability to generate any terminally 
differentiated cell in the body, adult stem cells are 
part of tissue-specific cells of the postnatal 
organism into which they are committed to 
differentiate.  
Adult stem cells are classically limited to 
differentiating into cell types of their tissue origin 
(Table 1).  In this line, some studies (Kotton et al., 
2001; Krause et al., 2001; Bonnet, 2003; Ortiz et 
al., 2003; Anjos-Afonso et al., 2004; Hashimoto et 
al., 2004; Ishizawa et al., 2004; Yamada et al., 
2004; Macpherson et al., 2005; Rojas et al., 2005) 
have demonstrated a degree of plasticity of adult 
bone marrow stem cells, with an apparent ability 

to cross lineage barriers, adopting functional 
phenotypes of other tissues. This has led to 
research assessing the potential of adult stem cells 
in the treatment of various respiratory disorders. A 
potential advantage of using adult stem cells is that 
the patient’s own cells could be expanded in 
culture and then reintroduced into the patient. The 
use of autologous cells would help avoiding some 
of the problems related to immunologic rejection. 
The alveolar-capillary membrane is difficult to 
study, and cell turnover of the alveolar epithelium 
is poorly understood. However, engraftment by 
circulating pluripotent cells seems to occur more 
frequently in the lung than in other organs (Krause 
et al., 2001). The ability to supplement and 
potentially manipulate lung repair has important 
therapeutic implications for currently untreatable 
lung diseases. The present article critically reviews 
experimental and clinical biology as well as 
highlights the effects of cell therapy in some 
respiratory diseases, such as acute respiratory 
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distress syndrome (ARDS), pulmonary fibrosis 
and emphysema. 

 

 
Table 1 - Classification of stem cells according to their developmental potential. 

Terms Definition Example 
Totipotents Ability to form the embryo and fertilized 

trophoblast of the placenta 
Ocyte or zygote 
 

Pluripotents Ability to differentiate into almost all cells of the 
three germ layers 

Embryonic stem cells. 

Multipotents Ability to differentiate into a limited range of cell 
lineages appropriate to the location 

Adult, somatic, or tissue-based stem cells 

Unipotents Ability to generate one cell type Type II pneumocytes 
 
 
Embryonic Stem Cells 
Embryonic stem cells (ESCs), isolated from the 
inner cell mass of a blastocyst cells, are easier to 
propagate and manipulate in vitro than adult or 
somatic stem cells. ESCs have been described as 
potential therapy for some incurable diseases such 
as: Parkinson’s diseases, neurodegenerative 
diseases, and myocardial infarction (Wu et al., 
2007). Many studies have demonstrated success in 
obtaining several cell types from ESCs, including: 
cardiomyocytes (Passier et al., 2006), hepatocytes 
(Cai et al., 2007), pancreatic beta-cells, red blood 
cells, and airways (Samadikuchaksaraei et al., 
2006) and alveolar epithelial cells (Ali et al., 2002; 
Wang et al., 2007). Several advantages have been 
associated with ESCs: (1) better integration of 
cells with receptor tissue, (2) division capacity 
after deployment, minimizing the number of cells 
to be transplanted, and (3) the ability to generate 
one or more somatic adults cell types (Rippon et 
al., 2006). Despite their great therapeutic potential, 
ESC therapy presents some limitations: (1) ethical 
questions surrounding the use of human ESC and 
(2) the high incidence of tumor formation, 
depending on the way that immature ESCs are 
cultured. Additionally, since the risk of rejection is 
high with ESC, immunosuppressive therapy is 
necessary yielding potential adverse effects.  
 
ESCs and lung epithelial differentiation 
The potential to derive lung epithelium from ESC 
in culture has also raised the exciting possibility of 
future cell-based therapies designed to reconstitute 
injured lung epithelium. Fewer studies have 
successfully derived endodermal lineages, such as 
lung epithelium, from ESC in vitro. Ali and 
colleagues (2002) demonstrated that the 
expression of SPC mRNA and protein could be 
detected after mouse ESC had differentiated into 

embryonic bodies followed by prolonged culture 
periods in proprietary “small airway growth 
medium”. These investigators also applied their 
protocol to generate surfactant protein C (SPC) 
expression from human ESCs 
(Samadikuchaksaraei et al., 2006). Subsequent 
differentiation of mouse ESCs into cells 
expressing the type I alveolar epithelial marker, 
aquaporin 5, was also reported (Qin et al., 2005). 
Additionally, Coraux and colleagues (2005) 
reported that when ESCs were raised to an air-
liquid interface, they then gave rise to a fully 
differentiated airway epithelium containing Clara 
cells, ciliated cells, and basal cells arranged in a 
structure strikingly reminiscent of murine airway 
epithelium in vivo. Taking into account the 
important patterning signals secreted by 
developing lung mesenchyma, investigators have 
also successfully derived SPC+ cells by co-
culturing ESCs with suspensions of digested fetal 
lung mesenchyma (Van Vranken et al., 2005; 
Denham et al., 2006). Kubo et al. have 
significantly advanced the study of ES-derived 
endoderm by demonstrating that activin A can 
stimulate nodal signaling in ESCs, thereby 
enabling, for the first time, the efficient and robust 
derivation of a definitive endoderm (Kubo et al., 
2004). Subsequent reports by this and other groups 
have confirmed that several endodermal lineages, 
including liver, lung, intestine, and pancreatic 
epithelia, can be derived both in vitro and in vivo 
from ESCs cultured by using this approach 
(Yasunaga et al., 2005; Rippon et al., 2006). The 
signaling pathways responsible for this 
differentiation appear to involve: 
activin/nodal/transforming growth factor-β 
signaling, canonical WNT signaling activated by 
wingless-type MMTV integration site family, 
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member 3A (WNT3a), and the presence of bone 
morphogenetic protein 4 (Gadue et al., 2006).  
Recently, a pure population of cells resembling 
type II alveolar epithelium has been isolated from 
human ESCs engineered to express an antibiotic-
resistance cassette under regulatory control of the 
SPC promoter (Wang et al., 2007). Under 
relatively simple culture conditions with serum 
and puromycin antibiotic, ESCs differentiate, and 
antibiotic-resistant cells can be selected until a 
highly pure (>99%) population of cells expressing 
a variety of type II alveolar epithelial markers is 
obtained.  
 
Adult Stem Cells 
After transplantation of the cells into animals that 
had undergone a conditioning treatment, there was 
evidence that the cells formed 
nonlymphohematopoietic tissue, such as muscle 
fibers, hepatocytes, microglia and astroglia, and 
neuronal tissue (Krause et al., 2001; Hennessy et 
al., 2004). In order to prove that stem cells from 
bone marrow are capable of forming solid-organ 
tissue cells, purified stem cells with a specific 
marker had to be transplanted and shown to 
generate specific functional tissue cells (Anderson 
et al., 2001). Since progenitor cells derived from 
bone marrow can reach the target solid organ 
through the peripheral blood (Wright et al., 2001), 
determining whether peripheral blood stem cells 
follow a differentiation pathway specific to solid 
organs, similar to that seen for stem cells derived 
from bone marrow, was the logical next step.  
 
Mechanisms for engraftment of bone marrow-
derived cells 
There are multiple potential mechanisms by which 
bone marrow–derived cells could engraft as lung 
epithelial cells, including transdifferentiation, cell 
fusion, and paracrine effect. Transdifferentiation is 
the conversion of one differentiated cell type to 
another, with or without an intervening cell 
division. Transdifferentiation belongs to a group of 
cell type conversions referred to as metaplasias. 
Stem cells of one tissue type can switch to become 
those of another metaplasia of stem cells, 
characteristic of one embryonic germ layer giving 
rise to cells from another germ layer, and also 
transdifferentiation between fully differentiated 
cell types (Tosh and Slack, 2002). However, the 
transdifferentiation capacity has been questioned 
and other phenomena are considered responsible 

for greater adult stem cell proliferative capacity, 
for example, the cell fusion (Terada et al., 2002).   
Cell fusion between mesenchymal stem cells and 
heat-shocked pulmonary epithelial cells in culture 
is considered to be very rare (Spees et al., 2003). 
In this line, Harris and coworkers examined the 
role of cell fusion in the appearance of marrow-
derived epithelial cells in the lungs of mice that 
had undergone bone marrow transplantation after 
lethal irradiation (Harris et al., 2004). They 
observed that cell fusion was not required for the 
appearance of marrow derived epithelial cells. 
However, recently Krause and colleagues 
described cell fusion in bone marrow–derived type 
II pneumocytes (Krause, 2008). Therefore, fusion 
could be a novel mechanism of cell repair, but the 
functional implications are currently unclear. 
Despite the controversy regarding bone marrow 
plasticity, most investigators agree that cells 
derived from the bone marrow appear to play 
some role during lung repair after injury. Although 
direct structural contributions to lung epithelial 
cells may not readily occur, some form of 
significant supportive or paracrine function 
probably arises from circulating cells originating 
from the bone marrow (De Palma et al., 2005). In 
this line, bone-marrow-derived mesenchymal stem 
cells (MSC) expanded in culture possess a number 
of immunomodulatory properties. In a model of 
bleomycin induced lung injury, intravenous 
infusions of MSCs demonstrated amelioration of 
pulmonary fibrosis (Ortiz et al., 2003; Rojas et al., 
2005). Potential mechanisms accounting for the 
immunomodulatory effects of MSCs have been 
studied ex vivo (Aggarwal and Pittenger, 2005). 
During co-culturing with a variety of leukocyte 
subpopulations, for example, MSCs have been 
shown to secrete factors that modulate TH1 and 
TH2 phenotypes toward tolerance. In addition, 
MSCs decrease the secretion of inflammatory 
cytokines by co-cultured leukocytes and promote 
the formation of T regulatory cells. Functional 
rescue of lung injury has also been demonstrated 
after infusion of heterogeneous populations of 
bulk bone marrow or cells derived from cultured 
fat cells (Shigemura et al., 2006a). These cell-
based therapies have been tested in a mouse model 
of emphysema induced by intratracheal elastase. 
The mechanism for this protective effect is not 
known but has been suggested by the authors to 
involve paracrine effects (such as the secretion of 
hepatocyte growth factor) rather than direct 
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structural repair in view of the rarity of engrafted 
cells detected (Shigemura et al., 2006b). 
 
Cell Therapy in Respiratory Diseases 
Pulmonary fibrosis, ARDS and emphysema differ 
substantially in their time course and 
pathophysiology. One common feature is that the 
outcome of each seems to be influenced, at least 
partly, by the ability of the alveolar epithelium to 
recover after injury. Efficient alveolar epithelial 
repair may reduce the development of fibrosis. 
Although pulmonary fibrosis rarely causes long-
term sequelae after acute respiratory distress 
syndrome, the fibrotic process is active when 
patients need endotracheal intubation, and the 
extent of subsequent fibrosis is associated with 
ventilator dependence and mortality (Martin et al., 
1995; Rocco and Pelosi, 2008). The injury is more 
insidious in emphysema (Saetta et al., 1985) and 
covert in most cases of fibrotic lung disease; the 
pathogenesis of fibrotic lung disease is now 
thought to be primarily an aberrant wound-healing 
response of the lung parenchyma rather than being 
the result of uncontrolled chronic inflammation 
(Gross and Hunninghake, 2001). 
 
Stem cells and fibrotic lung disease 
Pulmonary fibrosis, a devastating disease 
associated to many etiologies, remains without an 
effective therapy to reverse or delay the natural 
course of disease. Kotton et al. (2001) evaluated 
the effects of bone marrow-derived cells (BMCs) 
in an experimental model of lung fibrosis induced 
by bleomycin and observed that BMCs migrated to 
the injured lungs and presented morphologic and 
functional characteristics of pneumocytes type I 
(Kotton et al., 2001; Tosh and Slack, 2002). 
Transplantation of mesenchymal stem cells 
(MSCs) derived from male BALBc donor mice by 
adhesion to plastic and subsequent 
immunodepletion into female C57BL/6 mice was 
protective against lung fibrosis assayed by total 
lung hydroxyproline content and inflammation 
when given immediately after intratracheal 
bleomycin (Ortiz et al., 2003), suggesting that the 
use of exogenous cells to repair lung parenchyma 
might be possible. After bleomycin injury to mice 
that had received bone-marrow transplantation of 
eGFP-expressing cells, 80% of fibroblasts 
producing type-1 collagen found at sites of lung 
fibrosis were of donor origin (Hashimoto et al., 
2004). Similarly, after bleomycin administration, 
human fibrocytes homed to mouse lung in 

response to CXCL12 chemokine, while bone-
marrow derived fibrocytes proliferated (Phillips et 
al., 2004). In a different model, bone-marrow-
derived myofibroblasts accumulated in mice 
subjected to injurious irradiation at sites of 
alveolitis and pulmonary fibrosis (Epperly et al., 
2003). The functional importance of these 
observations was confirmed when systemic 
administration of antibody to CXCL12 reduced the 
accumulation of lung fibrocytes and protected 
against bleomycin-induced lung fibrosis (Phyllips 
et al., 2004). Aggregates of MSCs were observed 
in the lung as early as 1 day after bone-marrow 
transplantation. In many cases, donor-derived cells 
persisted and were associated with local 
inflammation and fibrosis leading to impaired 
organ function (Anjos-Afonso et al., 2004). Spees 
et al. (2007) showed that BMCs migrated into 
developing fibrogenic lesions, differentiated into 
multiple cell types, and persisted for at least 2.5 
weeks after chrysotile asbestos fibers aerolization. 
However, the optimism of using BMCs to treat 
pulmonary fibrosis has declined, because of the 
recent controversial results. Contrary to previous 
studies, Hashimoto et al. (2004) observed that 
BMCs differentiated into fibroblasts, the main 
interstitial collagen source, and Epperly et al. 
(2003) reported that BMCs originated 
myofibroblasts, contributing to fibrogenesis.  
 
Stem cells and ARDS 
ARDS, the most severe manifestation of acute 
lung injury (ALI), is typically described as a 
stereotyped response to lung injury with transition 
from alveolar capillary damage to a 
fibroproliferative phase, independent of initial 
etiology (Snyder et al., 1990). Most ARDS 
patients survive the acute initial phase of lung 
injury and progress to reparation of the lesion, 
where outcomes may vary from complete recovery 
to death. Despite recent advances in the 
management of ALI/ARDS, the mortality remains 
high (40%) and for those patients who die, at 
autopsy, extended pulmonary fibrosis is seen in 
55%, suggesting that deregulated repair may 
contribute to the mortality in these patients 
(Artigas et al., 1998; Brun-Buisson et al., 2004; 
Dos Santos, 2008). 
It is believed that an effective therapy for the 
treatment of ALI/ARDS should promote both 
attenuation of inflammatory response and 
appropriate repair of lung tissue. In this context, 
cell therapy emerges as a possible tool for the 
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treatment of the pathological events of the disease, 
or at least for the attenuation of the symptoms. In 
the past few years, several studies have evaluated 
the effect of stem cells in ALI/ARDS. These 
models showed the presence of donor stem cells in 
the lungs, including epithelial cells types I and II, 
endothelial cells, fibroblasts and interstitial 
monocytes (Krause et al., 2001). Stem cells are 
recruited to the lung due to the inflammatory 
process triggered by lung injury. In this context, 
the study of Yamada and colleagues (2004) 
showed that the inflammatory stimulus promotes 
the recruitment of progenitor cells from bone 
marrow into the systemic circulation, with further 
differentiation in epithelial and endothelial cells.  
Stem cells recruitment from bone marrow has been 
experimentally and clinically studied by the 
administration of several cytokines, chemokines 
and chemotherapeutic agents, such as granulocyte-
monocyte colony-stimulating factor (GM-CSF). 
GM-CSF has been shown to promote improved 
gas exchange in patients with severe sepsis, and to 
restore lung function (Presneill et al., 2002).  
However, the administration of GM-CSF in 
healthy subjects in order to recruit stem cells is 
associated with adverse effects in about 30% of 
cases, such as bone pain, headache, general 
fatigue, and pulmonary complications, including, 
more frequently ARDS and interstitial pneumonia. 
GM-CSF, vascular endothelial growth factor 
(VEGF) and, more effectively, stromal cell-
derived factor (SDF)-1, appear to be correlated 
with the recruitment of endothelial progenitor 
cells, and consequent increase in their number 
(American Thoracic Society, 2000).  
Rojas and colleagues (2005) demonstrated the 
beneficial effect of BMC administration in a 
murine model of lung injury induced by 
bleomycin. Almost the entire lesion was resolved, 
suggesting that both exogenous and endogenous 
stem cells play an important role in the repair of 
lung injury (Rojas et al., 2005). The administration 
of MSCs also minimized pulmonary inflammation, 
by reducing the levels of various cytokines, and 
promoted the release of soluble factors, which 
recruited stem cells to the site of injury. Other 
experimental studies have also shown that the use 
of MSCs in models of lung injury induced by 
endotoxin, administered intrapulmonary, results in 
a decrease in mortality (Gupta et al., 2007). The 
same group showed that the administration of 
MSCs in ALI induced by lipopolysaccharide 
(LPS) prevented lung injury and reduced the 

systemic inflammatory response, by suppressing 
the production of pro-inflammatory cytokines and 
stimulating the release of anti-inflammatory 
cytokines (Xu et al., 2007). Mei and colleagues 
(2007) observed that, when administered alone, 
MSCs minimized pulmonary inflammation in a 
model of ALI induced by LPS. However, the 
administration of MSCs transfected with 
angiopoietin-1 resulted in an improvement of the 
inflammatory process, reducing the levels of 
various cytokines and chemokines in the 
bronchoalveolar lavage fluid, leading to a 
reduction of permeability and consequent leakage 
of plasma. Moreover, the increased production of 
angiopoietin-1 by MSCs genetically modified, 
reduced the production of molecules of adhesion, 
minimizing the influx of inflammatory cells into 
the alveolar space and reducing therefore the tissue 
injury (Mei et al., 2007). Certainly, more studies 
are necessary to determine which cells are the 
source of the soluble factors and the effects of the 
interaction between lung injury and the consequent 
recruitment of stem cells, with subsequent 
differentiation into lung cells. 
In summary, endogenous and exogenous stem 
cells have reduced lung injury and its consequent 
fibrotic process, diminishing systemic and 
pulmonary inflammation and producing a more 
appropriate tissue repair through its differentiation 
in various lung cells. Therefore, cell therapy may 
be a potential therapeutic tool for treating 
ALI/ARDS; however, more studies are necessary. 
 
Stem cells and Emphysema  
So far, there is no specific and effective therapy 
for emphysema (Asia Pacific COPD Roundtable 
Group, 2005). Stem cells are seen as a possible 
treatment due to the increasing understanding of 
their biology and mechanisms. Some studies have 
assessed the levels of vascular precursor cells in 
emphysema, and observed the presence of these 
cells attached to the endothelial surface and within 
the intimate layer of the pulmonary arteries of 
patients with pulmonary emphysema. The 
presence of these cells next to areas of injured 
endothelium, combined with its relationship with 
the hypoxic stimulus, suggests that the vascular 
precursor cells can contribute to the process of 
repairing the endothelium, as well as to the process 
of vascular remodeling characteristic of 
emphysema (Peinado et al., 2006). 
The effect of cell therapy in emphysema has not 
been not been well studied. It is important to have 
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a better understanding of cell dynamics of the 
airways and lung parenchyma, to develop 
pharmacotherapies and/or effective cell therapies 
for this respiratory disease. 
 
 
CONCLUSION 
 
There is evidence that bone marrow-derived stem 
cells are able to target areas of the body 
undergoing injury and contribute to repair. The 
exact mechanisms are not wholly understood, and 
different cell species may have different roles in 
certain situations. Nevertheless, this basic science 
research is likely to open up new and exciting 
avenues of pharmacologic, cellular, and genetic 
therapy for respiratory diseases. Despite recent 
advances in cell therapy, there are more questions 
than answers, due to the limited techniques, such 
as the analysis of recruitment and differentiation of 
stem cells. Therefore, some questions still need to 
be answered for the use of cell therapy in 
respiratory diseases, for example: which cells 
engraft, since the ideal bone marrow stem cell has 
not yet been defined? Is the engraftment real or 
related to artifact? Which factors stimulate or 
allow the recruitment of these cells into the lung 
tissue? Where the administration of stem cells 
should be performed? What are the possible 
complications or adverse effects triggered by such 
treatment? Will cells form tumors? Could cells 
induce damage? It is possible that the answers for 
those questions may vary depending on the disease 
studied. Therefore, it is necessary to understand 
the biology and technology of stem cells, 
providing a better purification and characterization 
of bone marrow derived stem cells, determining 
the mechanisms of recruitment and long-term 
security of their use. In conclusion, bone marrow 
derived stem cell therapy may be an effective and 
safe option in treating respiratory diseases, such as 
pulmonary fibrosis, ALI/ARDS, and emphysema. 
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RESUMO 
 
As células-tronco têm uma infinidade de 
implicações clínicas no pulmão. Este artigo é uma 
revisão crítica que inclui estudos clínicos e 
experimentais advindos do banco de dados do 
MEDLINE e SciElo nos últimos 10 anos, onde 
foram destacados os efeitos da terapia celular na 
síndrome do desconforto respiratório agudo ou 
doenças mais crônicas, como fibrose pulmonar e 
enfisema. Apesar de muitos estudos demonstrarem 
os efeitos benéficos das células-tronco no 
desenvolvimento, reparo e remodelamento 
pulmonar; algumas questões ainda precisam ser 
respondidas para um melhor entendimento dos 
mecanismos que controlam a divisão celular e 
diferenciação, permitindo o uso da terapia celular 
nas doenças respiratórias. 
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