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Background: Tissues such as the lung, liver, and pancreas that have a low steady-state cell turnover yet can respond 
robustly after injury to replace damaged cells. The airway epithelium is exposed to inhaled particles and pathogens 
that may lead to the development of a many infectious and inflammatory respiratory diseases. Lung transplantation 
is an accepted modality of treatment for end-stage lung diseases. Since the early 1990 s, more than 26,000 lung trans-
plants have been performed at centers worldwide. However, the availability of donor tissues and organs is limited, 
which presents a serious limitation for widespread transplantation surgery. The appearance of bioengineered lung and 
tracheal tissue transplants is considered a promising alternative to the classical transplantation of donor organ/tissue. 
Stem cells therapy arises as a new therapeutic approach, with a wide application potential.
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Introduction 

  Daar and Greenwood (2007) stated that “regenerative 
medicine aims at repair, replacement of cells or organs to 
recover the impaired function’ (1). It helps the body to 
form new functional tissue. It includes cell therapies, tis-
sue engineering, gene therapy and biomedical engineering 
techniques” (2). 
  So, cell therapy and tissue engineering are parts of the 
field of regenerative medicine, whose aim is production 
of safe and effective therapies. Stem cells present in almost 
every type of tissues and represent an endogenous system 
of regeneration and repair. Therefore, stem cells represent 
great hope for the future of translational medicine (3). 

Lung Development and progenitor cells

  The epithelium of the whole respiratory system devel-
oped from a region of anterior ventral foregut endoderm, 
marked by the transcription factor Nkx2-1. After lung ma-
turation, the epithelium differs along the proximaldistal 
axis, both in cellular structure and structural organization 
and, related to this, in stem cell composition and strat-
egies for repair (4). 

Proximal-Distal pattern of the Epithelium
  The process of branching morphogenesis is the best- 
studied phase in lung development, by which the two pri-
mary lung buds that develop around 4∼5 weeks gestation 
in the human give rise to the airway tree. The buds are 
composed of a simple endodermal epithelium surrounded 
by mesoderm and a vascular plexus. These tissues are sur-
rounded by a thin layer of mesothelium that makes a tran-
sient early contribution to mesenchymal lineages (5). All 
endodermal cells in lung express Nkx2-1 and this marker 
persists into the adult. Then, as the primary buds branch, 
specific patterns of gene expression appear in the endo-
derm of the stalks versus the buds. This proximal-distal 
difference is represented by the expression of Sox2 and 
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Sox9, two transcription factors required for early lung 
development. Sox2 expression is confined to the proximal 
stalks, while Sox9 is dynamically expressed in the more 
highly proliferative cuboidal cells of the distal buds (6). 
Many other genes are differentially expressed in the tips, 
including Id2, which encodes a bHLH transcription factor 
(4, 7). Several studies suggested that the Id2＋ tip cells 
are a population of multipotent progenitors. Early in de-
velopment the tip cells generate daughters that translocate 
into the stalks and give rise to Sox2＋ precursors of all 
the cell types in the intrapulmonary bronchi and bron-
chioles. These progeny include neuroendocrine cells, mul-
ticiliated cells, and dome-shaped secretory cells (originally 
called Clara cells but now known as Club cells) (4). 

Applying Developmental Pathways to Derive Lung 
Progenitors from peripheral stem cells
  Several researches have demonstrated that application 
of signaling factors in a way that mimics the sequence of 
events during early anterior foregut and lung development 
is important for deriving lung endoderm progenitors from 
PSCs. Key pathways include those downstream of Activin/ 
Nodal, Wnts, Bmps, and Fgfs (4, 8). PSC-derived lung en-
doderm can be used for basic studies of diseases such as 
cystic fibrosis and potentially for cell-based therapies. 

Progenitor Cell and Adult Lung Regeneration

  Different regions of the lung contain different pop-
ulations of epithelial cells that function as adult stem 
cells, as defined by their ability to self-renewal and differ-
entiation during lung injury (4). 

Mechanisms of Lung Regeneration

  One approach is the interactions between epithelial and 
mesenchymal cells in the reparative niche because cross-
talk between these populations is known to be an essential 
process for proper development of the lung. Other signal-
ing pathways, such as Wnt and Notch, known to play im-
portant roles in stem cell self-renewal and differentiation 
also play key roles in lung repair and regeneration. Wnt 
signaling is an essential regulator of early lung endoderm 
specification and development and has been implicated in 
regulating regenerative responses. Using Wnt reporter 
lines, several groups have demonstrated activation of can-
onical Wnt signaling in various compartments in the lung 
undergoing active regrowth and regeneration. In the air-
way epithelium, Wnt signaling is activated upon secretory 
cell depletion by naphthalene treatment. Activation of 

Wnt signaling through loss of the critical transcription 
factor Gata6 leads to expansion of the putative BASC pop-
ulation after naphthalene injury (9). 

Types of Stem Cells

  In humans, stem cells can be subdivided into two main 
categories: intrinsic and extrinsic stem cells (10). A large 
variety of cell types has been used for regenerative medi-
cine, including adult cells, resident tissue specific stem 
cells, bone marrow stem cells, Umbilical cord blood stem 
cells, embryonic stem cells and the recent breakthrough 
discovery of induced pluripotent stem cells from mature/ 
adult cells (iPS) (called reprogramming, induced a pluri-
potent state in a previously differentiated cell type) (11).

Endogenous tissue stem cells 
  are undifferentiated cells that have been identified in 
nearly all tissues and are believed to contribute to tissue 
maintenance and repair. In the lung, current evidence sug-
gests that these cells may participate in tissue regeneration 
after injury and originate from within the lung itself, nest-
ing in protected niches in the distal airways, called resi-
dent progenitor cells (alveolar, endothelial and inter-
stitial). At least three distinct regions have been described 
that support populations of lung tissue stem cells: inter 
cartilaginous regions of tracheobronchial airways, neuro-
epithelial bodies (NEB) in bronchioles, and the bron-
choalveolar duct junction. Progenitor cells such as tox-
in-resistant cells, Clara cells, basal cells, etc (10). 
  The airway epithelium is exposed to inhaled particles 
and pathogens that may lead to the development of a 
many infectious and inflammatory respiratory diseases 
such as chronic bronchitis, asthma, chronic obstructive 
pulmonary disease, and cystic fibrosis. These diseases are 
associated with changes in the architecture of the airway 
walls, which could vary from the epithelial structure re-
modeling to complete rawness of the basement membrane. 
To restore its functions, the airway epithelium has to rap-
idly repair the injuries and regenerate its structure and 
integrity (12).
  Endothelial Progenitor Cells (EPCs) represent micro-
vascular endothelial cells originating from circulating 
bone marrow-derived vascular progenitor cells and ex-
pressing specific surface antigens. They are divided into 
two cell subsets, namely early and late outgrowth EPCs, 
respectively, based on their morphology, timing of appear-
ance in colony assays and immunophenotypic and func-
tional profile (13).
  Endothelial Progenitor Cells (EPCs) may be involved in 
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vascular remodeling (muscularization of blood vessels, in-
temal hyperplasia and vasoconstriction) by differentiation 
into smooth muscle cells (14). The actual mechanism of 
circulating EPCs differentiation into either mature endo-
thelial cells or smooth muscle cells are still a controversy, 
and many studies suggest that the source of EPCs (BM, 
peripheral blood or umbilical cord), the microenviron-
ment of engraftment, growth factors and cytokines are per-
haps the main regulators of the final decision on the fate 
of EPCs. Aging, cardiovascular risk factors and cigarette 
smoke exposure decrease the number of circulating EPCs 
(15).
  Endothelial Progenitor Cells (EPCs) can also preferen-
tially localize to areas of injured lung following systemic 
administration and may also have paracrine effects to de-
crease inflammation. As such, systemic administration of 
autologous EPCs in both adult and pediatric patients with 
primary pulmonary hypertension resulted in improved 
cardiopulmonary and symptomatic outcomes (16). 

Embryonic stem cells
  Previous studies show derivation of lung specific cells 
from embryonic stem cells using small airway growth 
medium. Then another medium developed for differ-
entiation of ES into alveolar epithelium. Many of the genes 
expressed in embryonic progenitors are not expressed by 
endogenous lung stem cells or in adult lung (10). 

The Regenerative Role of Stem Cells

  Many studies have provided strong evidence that stem 
cells (and mainly mesenchymal stem cells, MSC) can medi-
ate tissue repair through the modulation of the local envi-
ronment, affecting the immune/inflammatory response, 
sustaining angiogenesis and establishing co-operative ef-
fects with the resident cells, overall resulting in a sig-
nificant cytoprotective and pro-survival beneficial influence. 
The mechanism through which this regenerative result is 
achieved seems to depend more on the secretion of specific 
bioactive factors, rather than the direct differentiation of 
the transplanted stem cells in the host tissue, given the 
low incidence and poor efficiency of their survival and ther-
apeutically relevant level of engraftment. This hypothesis 
is defined as paracrine effect and the composite set of the 
cytokines, chemokines and growth factors regulate many 
biological activities and secreted from stem cells (or shed 
from their membranes) is defined as secretome (17).
  Some reports have demonstrated that the administra-
tion of stem cell-conditioned medium, which contains all 
the bioactive factors released by the cells in culture, can 

exert the same regenerative effect obtained with cell trans-
plantation (17). 
  Microvesicles have been described as key regulators of 
the stem cell paracrine activity. The term of extracellular 
microvesicles (MVs) was first introduced to indicate 
nano-sized bodies released as shedding vesicles by various 
cell types into the extracellular environment (17). 

Stem cell therapy limitation

Tumor formation
  Stem cell characters like some of the features of cancer 
cells, such as long life span, relative apoptosis resistance 
and ability to replicate for extended periods of time. 
Therefore stem cells may be considered potential candi-
dates for malignant transformation. Moreover, similar 
growth regulators and control mechanisms are involved in 
both cancer and stem cell maintenance (18).

Immune responses
  The injected stem cells may directly induce an immune 
response or may have a modifying effect on the immune 
system. Both ESC-derived cells (19) and especially MSCs 
(20) have been reported to be immune-privileged and have 
a low immunogenic potential. Consequently allogenic ad-
ministration may require reduced or even no immune 
suppression. However, upon differentiation these cells 
may become more immunogenic due to e.g. upregulation 
of a normal set of major histocompitability complex 
(MHC) molecules. Especially in case of cells that are not 
intended to be used for the same essential function or 
functions in the recipient as in the donor (non-homolo-
gous use) or when administered at non-physiological sites, 
immunogenicity of the cells may alter and thus remains 
unpredictable. 

Unwanted (de)differentiation
  It is unknown if dedifferentiation of stem cells can oc-
cur in vitro or in vivo. Dedifferentiation of somatic cells 
or redifferentiation into another cell type has been de-
scribed (21).

Donor and recipient clinical characteristics
  Evidently, if allogenic stem cells are used there is a risk 
of stem cell-tissue rejection which may be (partially) over-
come by donor-patient matching, by immunological se-
questration or by the use of immune suppressants, which 
all have their own drawbacks. Numerous other factors can 
be identified which may or may not contribute to a risk 
associated with the clinical application of a stem cell 
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based medicinal product. These may be specific intrinsic 
characteristics of the stem cell based medicinal product or 
more extrinsic risk factors related to e.g. the manufactur-
ing or type of application of the product. For example, 
when used in an autologous setting, the underlying dis-
ease, or medication may have an impact on the number 
and functionality of the stem cells, which can induce un-
wanted side effect of stem cell therapy. Another example 
may be the (unknown or unidentified) secretion of trophic 
factors and/or a variety of growth factors by the stem cells 
(22).

Effects of Stem Cell Engraftment in the Lung

  Stem cells have many clinical implications in the lung. 
Treatment by cell therapy could be envisaged for acute 
disorders such as ARDS, or more chronic disorders such 
as emphysema and lung fibrosis. Nevertheless, the con-
sensus is now that respiratory epithelial engraftment is a 
very rare event, and as such cellular repair is not thought 
to be realistic at present. Engraftment of stem cells can 
also be used for genetic therapy. In a mouse model, bone 
marrow stem cells were genetically altered with a viral 
vector to express GFP. These transplanted cells then en-
grafted in the recipient lung, differentiating into lung epi-
thelium while maintaining long-term transgene expression. 
Stem cells may therefore act as genetic vectors in certain 
diseases needing replacement of a protein or DNA. Within 
respiratory medicine, cystic fibrosis (CF) is a devastating 
illness that may similarly benefit from such an approach. 
As well as cellular and genetic therapy for lung diseases, 
an appreciation of stem cells may improve the under-
standing and treatment of certain malignancies. There is 
an increasing belief that cancers contain a small number 
of cancer stem cells and that the majority of cells within 
the tumor are not capable of tumor initiation. Further-
more, these cancer stem cells are often relatively quies-
cent, suggesting that conventional anti proliferative che-
motherapy agents may spare these cells, leading to tumor 
recurrence. A greater understanding of the role of cancer 
stem cells may help to develop specific therapies targeting 
them and not the rapidly proliferating daughter cells. In 
this instance, the detection of cancer stem cells pecific sur-
face markers or unique molecular targets would allow di-
rected molecular therapy (23).
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