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Lung diseases are estimated to be the third leading cause of death by 2020. For many patients the only available clinical treatment is 
transplantation, but the number of available organs is far surpassed by the demand. The possibility of an alternative means of lung 
regeneration and repair would be of enormous clinical impact. Embryonic stem cells (ESCs) are a potential source for cell therapy and 
tissue engineering strategies and, for respiratory disease, distal, gas exchange epithelium is an obvious target. The present study 
investigates the potential of murine ESCs to provide an unlimited source of distal lung progenitor cells and evaluates for the first time their 
in vivo role in lung regeneration and repair. Murine ESC cultures were enriched for mature distal airway epithelial cells and their 
progenitors using a well-established protocol. This population was labelled using fluorescent markers and delivered to healthy and lung 
injured mice via tail vein injection. Mice were culled at various time points and implanted cells were traced. Labelled cells were present in 
the lungs of both healthy and injured mice up to 5 days after implantation. Overall, the presented studies provide evidence for the potential 
of ESC-derived lung progenitors to home to the lung in what is an important first step towards stem cell-based lung therapies. 
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Introduction 
 
Lung is the vital organ that ensures, in animals, the ability to 
breathe. Breathing is essential to life and lung damage equals, in 
most cases, severe illness or death.  Although the lung is exposed 
to several types of external aggressions, it has slow turnover rates. 
Therefore, an efficient way to repair, regenerate or even create 
lung would have an enormous clinical impact and would be 
lifesaving in many cases. 
Respiratory diseases are estimated to become the third leading 
cause of death in the world by 2020 1. In fact, in the United 
Kingdom (UK), one in every five deaths is related to lung damage 
and every year the National Health Service (NHS) spends over £6 
billion on respiratory diseases 2. In the United States, the costs 
associated with Chronic Obstructive Lung Disease (COPD) for the 
next 20 years are estimated to be over $800 billion 3. At present, 
for many lung diseases the only available clinical treatment is 
transplantation. However, the number of available organs is far 
surpassed by the demand.       
Tissue engineering aspires to fill this gap by aiming to restore 
normal cellular architecture and function where tissues have been 
compromised by injury or disease. Unfortunately, lung is a 
particularly difficult target as it combines structural complexity, 
cellular diversity and slow turnover rates. Nonetheless, recent 
advances are taking us closer to achieving targeted lung 
regeneration. These advances include the clarification of the 
events that take place during lung embryonic development and the 
discovery of regenerative pathways in adult lung, which were 
previously unknown. In particular, stem cell research has moved to 
the forefront of medical research in the last decade, with some of 
the most crucial discoveries in this area 6.  
Stem cells are the first line of intrinsic pathways for tissue 
regeneration and repair representing a pivotal target to mediate in 
vivo repair. The selective activation of stem cell pools could allow 
the manipulation and enhancement of the body’s innate 
regenerative capability. On the other hand, implantation of ex-vivo 
created pulmonary epithelium, derived from stem cells, could 
represent the treatment for more extensive lung damage.         
The alveoli are responsible for the gas exchange between blood 
and air being the central unit of the lung. These extremities of a 
long branching tree are lined by alveolar type I and II pneumocytes 
(ATI and ATII, respectively). The first are responsible for the gas 
exchange itself, whilst the second produce the surfactant proteins 
that allow maintaining alveolar structure and lowering surface 
tension. ATII are also able to differentiate into ATI thus 
representing a stem cell niche in the alveoli. This capability means 
that delivering ATII to lungs would allow replacing the two cell 
types that line the alveoli, which could represent an effective 
mechanism to reverse lung damage 5. In the lung, other subsets of 
stem cells have been identified and characterized. These subsets 
have been studied as local stem cell niches that are able to react 
locally to injury and restore the normal physiology of the lungs.  

Recent descriptions have changed the perception of organ 
regeneration, as tissues have been shown to be regenerated by 
circulating stem cells. These cells appear to detect tissue injury 
signals being mobilized towards injury areas where they engraft 
and promote regeneration (reviewed in 6). Lung injury has been 
shown to trigger the mobilization of bone marrow (BM)-derived 
mesenchymal stem cells (MSCs). The mechanism of recruitment 
of BM stem cells to repair a certain tissue is unknown, although 
engraftment seems to be dependent or at least enhanced by injury 
7- 13. After promising initial results recruitment and engraftment of 
BM-derived cells to lung was doubted. In fact, there is a 
considerable controversy about whether or not BM-derived cells 
are able to migrate and engraft in tissues and the effect of 
variables such as starting cell population or the degree of injury, if 
any, are unclear. Most of the studies regarding homing and 
engraftment of BM-derived cells to lungs rely on co-localization of 
BM specific markers with those of the lungs by microscopy. 
However, recent studies have shown, by confocal microscopy, that 
these findings are in fact a consequence of separate overlapping 
cells or autofluorescence, and thus not genuine co-localization of 
markers 16,17. 
Despite the controversy, one new role was recently suggested to 
exogenous cells in the lung. Recent reports propose that the 
actual role of stem cells in regeneration is not the repopulation of 
tissue itself, but a modulation of the inflammatory response of 
tissue to aggressions 23,24. Following the observation that 
implanted MSCs ameliorate lung injury after exposure to 
bleomycin, but only if administrated at the time of injury, Ortiz and 
colleagues 23 studied the eventual production of soluble factors 
that would modulate inflammation. They showed that the 
administered MSCs secrete high levels of the Interleukin-1 
receptor antagonist (IL1RN). This protein is responsible, both in 
vitro and in vivo, for the protection of injured tissue after bleomycin 
injury by blocking the production and/or the activity of Tumour 
Necrosis factor (TNF) α and IL-1 α (predominant proinflammatory 
cytokines in lung tissue). In what seems to be a paradox, the 
authors reported that endogenous IL1RN produced in the inflamed 
lung was not as effective as MSCs in modulating the inflammatory 
response, a fact that could be explained by the different secretion 
times: while exogenous MSCs secrete IL1RN from the beginning 
of the inflammation response, endogenous ones start secreting 
later in the process.  
ATII were first derived from murine ESCs by a supplemented 
medium approach 26,27. Since then, the protocol has evolved to a 
three-step strategy that allows obtaining distal lung epithelial 
progenitors, thought to be representative of those present at early 
branching at approximately embryonic day 10-11 of murine foetal 
development 4. The present work adopted a modification of the 
most recent protocol where a new endodermic differentiation 
factor, noggin, is added in combination with activin A. Activin A is 
known to induce the formation of both mesoderm and endoderm, 
by the activation of the nodal signalling pathway, crucial for the 
formation of definitive endoderm in the embryo 4. 
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Recently, it was demonstrated that ATII have the ability to reduce 
collagen deposition and the severity of lung fibrosis, hence 
demonstrating the potential role of ATII in lung regeneration and 
repair 22. The authors of this study investigated the role of ATII in 
the fibrosis process by intratracheal transplantation of isolated ATII 
in an experimental model of bleomycin-induced lung fibrosis in 
rats. The confirmation of the potential of ATII to promote lung 
regeneration enhances the necessity of an unlimited source of 
these cells and the evaluation of their in vivo potential as this study 
aims to. 
Epithelial cell damage and cell death leads to the formation of 
gaps in the epithelial basement membrane. Normal repair of the 
epithelial layer occurs through the proliferation of ATII and their 
subsequent differentiation into the ATI needed for normal lung 
function. However, the presence of lung injury alters significantly 
this regeneration process. The number of ATII decreases 
markedly in areas of severe inflammation and extensive injury. In 
fact, in injury, ATI and ATII die and are replaced by a large number 
of fibroblasts and smooth muscle cells in a process that may lead 
to lung fibrosis. The availability of an exogenous source of ATII to 
restore its pool, might promote lung regeneration and repair.  
ATII have a number of important physiological functions such as 
the production, secretion and turnover of pulmonary surfactant. 
Surfactant maintains a low surface tension at the air-liquid 
interface of the alveoli, necessary for a proper respiratory function, 
thus the presence of exogenous ATII would improve the 
maintenance of normal lung function and promote normal epithelial 
repair. Although the effect of the administration of an exogenous 
source of ATII in lung repair is not clear yet, a recent report 
suggests that these cells prevent lung fibrosis 22. ATII are also a 
rich source of chemokines, including inhibition factors for fibroblast 
proliferation and the secretion of collagen 28. The presence of 
these compounds in the injured lung, from an exogenous source, 
might induce degradation of the new collagen deposition and halt 
the fibrotic process 28. Moreover, the secretion of these 
compounds by a cell could constitute a local factory that allows the 
production to be controlled endogenously in response to injury 
stimulus.  
The pivotal role played by ATII in alveolar physiology and normal 
lung regeneration enhances the importance of the present study. 
The evaluation of the potential of an ex-vivo derived source of ATII 
to home and engraft to injured lungs is a first step toward tissue 
engineering and cell therapy strategies for the lung. In vivo studies 
using mouse models is the most appropriate approach for the first 
evaluation of ESC-based therapies in a process that will culminate 
in the differentiation of ATII from human ESCs and their 
administration.   
  
Materials and Methods 
Cell Culture 
 
Maintenance of Murine ESCs 
 
The murine ESC line E14-Tg2α (male cells, a gift from Prof. Austin Smith, 
University of Edinburgh, UK) stably transfected with SPC/eGFP (Doctor 
Helen Rippon, Imperial College of London, UK) was routinely cultured in an 
undifferentiated state on gelatine (0.1% v/v, Sigma-Aldrich, Dorset, UK) 
coated cell culture flasks in the presence of 1000 U/mL of leukaemia 
inhibitory factor (LIF, Chemicon, USA). Cells were maintained in complete 
medium consisting of Dulbecco’s Modified Eagle’s Medium (DMEM, 
Invitrogen, Paisley, UK) supplemented with 10% (v/v) batch tested foetal 
bovine serum (FBS) (PAA Laboratories, Austria), 0.1 mM 2-
mercaptoethanol (Sigma-Aldrich) and 2 mM L-Glutamine (Invitrogen, 
Paisley, UK).  Cells were cultured in an incubator at 37 ºC under a 
humidified atmosphere of 5% CO2 and medium was changed every other 
day.   
 
Differentiation of Murine ESCs into Lung Cell Progenitors 
 
Undifferentiated murine ESCs cultured as described previously were 
harvested by trypsin treatment (0.05%, 10 minutes at 37ºC, Invitrogen) and 
cultured in suspension in non-tissue specific Petri dishes in complete 
medium without LIF (day 0 (d0)) to allow the formation of embryoid bodies 
(EBs). Cells were cultured in suspension from d0 till d10 when EBs were 
plated into gelatine-coated flasks. On d3 EBs were transferred to serum-free 
medium (DMEM supplemented with 10% KnockOut Serum Replacement 
(KOSR) and 2mM L-Glutamine containing 100 ng/mL of activin A (R&D 
systems, MN, USA) and 50 ng/mL of noggin (R&D systems, Abingdon, UK) 
and medium was replaced on d5. On d7, cells were removed from the 

differentiation medium and culture was continued in serum-free medium 
(DMEM supplemented with 10% KOSR and 2mM L-Glutamine). EBs were 
plated on d10, medium was changed on d15 and, from then, every 3 days 
until a maximum of 35 days.  
 
Cell Culture Characterization  
 
Flow Cytometry 
 
Differentiated cells were harvested for cell sorting once SPC-eGFP 
expression was detected (d21-d35). Cell clumps were dissociated by 
treatment with 0.05% trypsin containing 2% (v/v) chicken serum (15 
minutes, 37ºC, Invitrogen) and cells were resuspended in DMEM with 0.1 
mM EDTA to reduce cell clumping. The mixture was sieved through a 
100µm mesh to remove any existent clumps. Viable cells were counted by 
trypan blue exclusion and cell density was adjusted to 7-10×106 cells/mL. 
Cells were sorted by fluorescence-activated cell sorting (FACS, St. Mary’s 
Campus, ICL) based on eGFP fluorescence measured in the FL1 channel. 
Autofluorescence was detected in the FL2 channel (orange fluorescence). 
Both eGFP positive and negative cells were retrieved for further 
characterization. 

  
Reverse Transcription-Polymerase Chain Reaction 
 
RNA was extracted from differentiated ESCs using TRIzol reagent 
(Invitrogen) and quantified by spectrophotometry. RNA was DNase I-treated 
using RQ1 RNase-free DNaseI (Promega, Madison, US), and then 3 µg of 
RNA was reverse-transcribed into cDNA using the Superscipt III reverse 
transcription-polymerase chain reaction (RT-PCR) system (Invitrogen) and a 
random hexamer primer.  
Real-time PCR was performed using a GeneAmp SDS 5700 thermal cycler 
and the Kit (both Applied Biosystems, Foster City, CA, USA). PCR reaction 
mixtures contained cDNA template, primers, 1×SYBR Green PCR buffer, 3 
mM MgCl2, 200 nM each of dATP, dCTP, dGTP, and 400 nM dUTP, 0.75 U 
of AmpliTaq Gold, and 0.25 U of AmpErase UNG in a final volume of 25 µl. 
Each PCR reaction was performed in triplicate, and positive controls and 
non-template negative controls were also included in each PCR run. 
Primers were designed using Primer-Express software (Applied Biosystems) 
and primer concentrations were optimized for each primer pair according to 
the PCR kit protocol. Primer sequences, reaction concentrations, and 
amplicon length are shown in (Table 1). Thermal cycling parameters were 
50°C, 2 minutes; 95°C, 10 minutes; followed by 40 cycles of 95°C, 15 
seconds; and 60°C, 1 minute.  
PCR products were separated on 2% agarose gel and visualised by 
ethidium bromide fluorescence. All gels were run for 20 minutes at 77V (Bio-
Rad Model 200/2.0 power supply, Richmond, USA). Gels were visualised 
using Gene Flash Gel Documentation System with GelVue UV 
transilluminator at 245 nm and images were captured with a prefitted Pulnix 
High Performance CCD camera (Syngene Bio Imaging, Cambridge, UK). 
 
Table 1 - Reverse transcription-polymerase chain reaction primers 

Gene   Primer sequence (5'-3') 
SPC F: CTCCACTGGCATCGTTGTGT 
 R: GGTTCCTGGAGCTGGCTTATAG 
TTF-1 F: CGTACCAGGACACCATGAGGAAC
 R: TTGCTTGAAGCGTCGCTCC 
 F: TAACAGCAATGAGGCTGACG 
 R: AGTTTTCCCTTCCGATGCTT 
CCSP F: GCCTCCAACCTCTACCATGA 
 R: GGGCAGTGACAAGGCTTTAG 
eGFP F: CTGACCCTGAAGTTCATCTGCA 
 R: AGTTGTACTCCAGCTTGTGCCC 
Sox17 F: GTCTGCCACTTGAACAGTTGAAG 
 R: AGTGGGATCAAGACTTTTGGAA 
GATA4 F: TGCTCTAAGCTGTCCCCACAAG 
 R: AACCCGGAACACCCATATCCT 
CD31/PECAM1 F: ACTCACGCTGGTGCTCTATGC 
 R: GAGCCTGAGGAATGACGTAGCT 
Flk1/KDR F: AGCCGGCCAGTGAGTGTAAAA 
 R: GGACAAGTCCCTTGCAGTCTGA 
CD133 F: GAAAAGTTGCTCTGCGAACC 
 R: CTTGTTGCTTGTTTGCTGGA 
Oct4 F: CTGCTGAAGCAGAAGAGGATC 
 R: TGGTTCCTGTAAACCGGCGCCAG 
Abcg2/Bcrp1 F: CGCAGAAGGAGATGTGTTGA 
 R: CATCCAGGAAGAGGATGGAA 
Sca1 F: CCCTTCTCTGAGGATGGACA 
 R: AAGGTCTGCAGGAGGACTGA 
Brachyury T F: CCTATGCGGACAATTCATCTGC 
 R: ATCGGAGAACCAGAAGACGAGG 
AQP5 F: AGATCTCTCTGCTCCGAGCCAT 
 R: AACAGCCGGTGAAGTAGAT 
18s F: AAGCATTTGCCAAGAATGTTTT 
  R: AAATCGCTCCACCAACTAAGAA 
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Immunocytochemical Characterization of the Murine ESC-Derived Lung Cell 
Progenitors   
 
Immunocytochemical (ICC) characterization was carried out both in EB 
culture samples (days 7 and 21) and on cytospun sorted cells. 
EBs samples were fixed, frozen and cryosectioned (6 µm) as described for 
tissue samples (Section 2.3.3 below). The sections were then fixed in 
blocking buffer for 30 minutes (phosphate buffered saline (PBS), 20% 
normal serum (serum from the animal in which the secondary antibody was 
raised), 0.1% Triton X-100) incubated overnight with the primary antibody 
(Table 2), washed three times in PBS and incubated at room temperature 
for 1 hour with the secondary antibody (Table 2). Cell were coverslipped 
with an anti-fade mounting medium (Vectashield with 4’,6 diamidino-2-
phenylindole (DAPI), Vector laboratories, Burlingame, UK). Appropriate 
positive and negative controls were included in each ICC experiment. 
Cytospins were prepared by resuspending sorted cells in serum-containing 
medium (DMEM + 10% FBS) at a density of 25×103 cells/mL for the 
negative sorted cells and 12.5×103 cells/mL for the SPCeGFP positive cells. 
Cells were spun onto Polylysine slides (VWR) for 5 minutes at 1500 rpm 
(200 µL of cell suspension per cuvette) in a Shandon Cytospin centrifuge. 
Since cell density was low, the centrifuge was pre-run with 50 µL of 
serum-containing medium (20%), to wet the filter cartridges and reduce cell 
adherence to the filter. Cytospins were fixed in 4% paraformaldehyde for 5 
minutes and slides were stored at 4ºC in PBS. ICC was carried out as 
previosuly described. 
 
Table 2 – Antibodies used in ICC. 

    Source Dilution Supplier Refrence 
Primary antibidies    

 Sox17 Goat 1:100 S.C.Biotech. sc-17355 
 foxa2 Goat 1:100 S.C.Biotech. sc-9187 
 SPC Rabbit 1:2000 Whittset - 
 AQP5 Rabbit 1:100 Chemicon AB3069 

Secondary antibodies    
 anti-goat Rabbit 1:100 Chemicon AP106F 
  anti-rabbit Goat 1:100 Chemicon AP307R 

 
Microscopy 
 
All microscopic observations were performed using an Olympus LG-60 
epifluorescence microscope and pictures captured using a Zeiss Axiocam 
digital camera and analysed using KS-300 3.0 software (Imaging 
Associates, Thames, UK). 
 
Cell Implantation 
 
Labelling of Differentiated Cells 
 
The mixed population of murine ESC-derived lung cell progenitors was 
labelled using the Vybrant CFDA-SE (CFDA-SE once inside the cells is 
cleaved by intercellular esterases to become carboxyfluorescein succininidyl 
ester (CFSE), which is fluorescent.)  Cell Tracer kit (Invitrogen) and/or with 
paramagnetic dextran-coated iron oxide nanoparticles (provided by Doctor 
Kishore Bhakoo, Stem Cell Imaging Group, ICL). These iron oxide particles 
include a Fluorescein Isothiocyanate (FITC) label. This double label strategy 
was employed to allow cell tracking by fluorescent microscopy and electron 
microscopy. The first will be employed for the initial screening of tissue 
sections by fluorescent microscopy; the second will allow engraftment 
confirmation and the clear assessment of cell phenotype. 
Briefly, cells were harvested (by trypsin treatment) into single cell 
suspensions and resuspended in the label solution at a density of 1×106 

cells/mL of probe (the solution was prepared by diluting the stock in 90 µL of 
DMSO). Cells were incubated for 10 minutes at 37ºC and resuspended in 
pre-warmed medium (DMEM + 10% KOSR). The solution was then 
incubated for 30 minutes after which the reaction was stopped (cells were 
spun and ressuspended in PBS) and cells washed 3 times in PBS and 
resuspended at a density of 5×106 cells/mL. Notice that CFDA-SE 
fluorescence intensity will half at each subsequent cellular division, since the 
dye is inherited equally by both daughter cells. 
For the iron oxide staining, cells were incubated overnight in culture with the 
nanoparticles (dilution 1:200) and the particles taken into the cell in small 
vesicles. The harvesting procedure was carried out as described for the 
CFDA-SE labelling.   
 
In vivo Studies 
 
In vivo sex-mismatched animal studies were carried out in collaboration with 
Doctor Masao Takata (Department of Anaesthetics, ICL). C57BI/6 female 
mice (originally derived from the 129/Ola strain) were treated with LPS intra-
tracheally (50 ng) to induce lung injury via inflammation (6 or 24 hours 
before implantation). Healthy and LPS injured mice were injected into the 
tail vein with a dose of 1×106 cells in 200 µL saline solution or with 200μl 
saline alone as controls. Mice were sacrificed at different time points post-

implantation (1, 2, 5 and 7 days) and organs harvested for histological 
analysis.  
Tissue Recovery and Histological Analysis  
 
Harvesting Tissues from Implanted Mice 
 
At cull organs were recovered (lungs, liver, spleen, heart, gut, ovary, kidney 
and brain), fixed overnight in 4% paraformaldehyde and cryoprotected in 
30% (w/v) sucrose. 
 
Tissue Freezing 
 
Organs were mounted in OCT mounting medium (Bright Instruments, UK) in 
foil molds of approximately 1 centimetre in diameter and left resting for half 
an hour at least (this resting time ensures that all the sucrose solution is 
replaced by OCT). The preparations were snap frozen in isopentane 
previously cooled down in liquid nitrogen, wrapped in tin-foil, labelled and 
stored at -80ºC. 
 
Cryostat Sectioning  
 
Frozen organs were sectioned using a cryostat (Bright Instrument 
Company) at approximately -20ºC. Section thickness was adjusted to 7 µm 
for lung and 30 µm for the remaining organs. Sections were collected onto 
charged slides (Polysine glass slides, VWR International, WitterWhorth, 
UK), wrapped in tinfoil and stored at -20ºC.   
 
Microscopy 
 
All microscopy observations were made using as Olympus BX-60 
epifluorescence microscope and pictures captured using a Zeiss Axiocam 
digital camera and analysed using KS-300 3.0 software (Imaging 
Associates, Thames, UK).  
 
Fluorescent in situ hybridization (FISH) for Y chromosome  
 
Fluorescent in situ hybridization (FISH) assays of frozen tissue sections 
were used to identify the Y-chromosomes in any engrafted, male cells. 
Briefly, frozen sections of 7 µm were thawed and incubated in saline sodium 
citrate (4xSSC (sodium chloride-sodium citrate in distilled/deionised water) 
buffer, pH 7.0) for 30 minutes. Slides were incubated in pepsin for 5 min and 
washed twice in PBS for 5 minutes, washed once with formaldehyde 
PBS/MgCl2 for 1.5 minutes and with PBS for other 1.5 minutes, then 
followed by serial ethanol dehydration steps (3 min each). Sections were 
denatured at 65 ºC for 2 minutes in preheated 70 % formamide and 2× SSC 
buffer, pH 7.0, and subsequently ‘quenched’ with ice-cold 70 % ethanol for 
1.5 min. Serial ethanol dehydration was performed again. The mouse Y 
chromosome probe is conjugated with a Cy3 tag (STAR*FISH; Cambio, 
Cambridge, England) was denatured at 65 ºC for 10 minutes and applied to 
the sections at 45 ºC. The sections were coverslipped and sealed with 
rubber cement for incubation overnight in a hydrated slide box at 42 ºC. The 
next day, coverslips were carefully removed in preheated 2×SSC buffer, pH 
7.0, at 45 ºC. Sections were placed in preheated 50% formamide in 2×SSC 
buffer for 5 minutes each at 45 ºC and gently washed twice in preheated 
0.1×SSC buffer for 5 minutes each at 45 ºC. Appropriate positive and 
negative controls were included in each Y-FISH experiment.  

 
Results  
 
Differentiation and Characterization of Murine ESCs 
 
Murine ESC-derived lung cell progenitors were derived following a 
modification of the Rippon protocol 4. Culture was carried out in 
three steps according to Material and Methods description.  
Endoderm differentiation was induced in embryoid bodies (EBs) 
suspension cultures by the addition of a combination of activin A 
and noggin. Lung cells, derived from the endoderm layer of the 
embryo, and endoderm markers could be detectable from day 7 of 
culture 4. 
Cultures were characterised at various time points. The presence 
of the endodermal markers Foxa2 (Figure 1) and Sox17 (Figure 3) 
was evaluated by ICC. As it can be observed, foxa2 and Sox17 
expression was detected mostly in peripheral regions of the EBs. 
By day 21, green fluorescence appeared indicating the presence 
of SPC-expressing cells (Figure 4). SCPeGFP fluorescence will be 
present in culture on average between days 21 and 35, being at 
maximum around day 25 4. SPC is an ATII specific marker, 
meaning that the presence of eGFP-positive cells indicates 
differentiation of murine ESCs to ATII. The observed SPCeGFP 
expression followed the special pattern shown by the endoderm 
markers, being mostly detected in the periphery of the EBs, 
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suggesting that SPCeGFP cells are derived from those identified 
at day 7 as positive for endoderm markers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 
To further characterize the cultured cells and to quantify the ESCs 
expressing distal lung lineage markers, cells were sorted by FACS 
at day 25, based on eGFP expression. This time point 
corresponds to SPCeGFP maximum expression. The sorted 
population was characterized by mRNA expression analysed by 
RT-PCR (Figure 2). The population was studied for lung specific 
markers (SPC, TTF-1 and CCSP), endoderm markers (Sox17, 
GATA4, and foxa2), mesoderm markers (Brachyury T), adult 
progenitor cell markers (Sca1 and Abcg2/Bcrp1), endothelial 
markers (CD133, flk1/KDR and CD31) and pluripotency markers 
(Oct4). The expression of lung specific markers was observed only 
in SPCeGFP positive cells indicating their commitment to a distal 
lung lineage. Pluripotency was assessed by the expression of 
Oct4. Neither eGFP positive nor eGFP negative cells expressed 
Oct4 indicating the differentiated status of the population. 
The expression of endoderm markers was found in eGFP-positive 
and negative cells, as was expected following activin A induction 4. 
The same expression pattern was found for the endothelial 
markers. It should be noticed that some eGFP expression was 
detected in cells of the supposedly eGFP-negative population, 
which could be due to contaminating positive cells in the negative 
cell fraction resulting from the sorting procedure itself. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In parallel to mRNA analysis, both positive and negative sorted 
cells were cytospun onto slides for ICC characterization. These 
results are presented in Figure 5 and  Figure 6.  
In fact, and most importantly, the presence of the SPCeGFP 
construct was evaluated by confirming the expression of SPC in 
SPCeGFP-positive sorted cells (Figure 5) and the potential for 
differentiation of ATII into ATI evaluated by the presence of 
Aquaporin 5 (a ATI specific marker) in SPCeGFP positive cells 
(Figure 6). Unfortunately, SPCeGFP fluorescence was lost during 
cell sorting. 
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Figure 1 – Foxa2 expression in day 7 EBs. ESCs committed to an
endoderm lineage at day 7 were detected by fluorescent ICC for foxa2. 
Foxa2 expression was detected mostly in the peripheral area of the EB.  A –
Foxa2 (x20). B – Merging of Foxa2 (green) and DAPI (blue, x20). C –Foxa2 
(x40). D – Merging of Foxa2 (green) and DAPI (blue, x40). 

A B 

D C Figure 2 – RT-PCR results. The day 25 mixed population of ESCs-derived lung cell 
progenitors sorted by FACS was analysed for the expression of lung specific, 
endoderm, mesoderm, ectoderm, hematopoietic and pluripotency markers by PCR.
Lung specific markers SPC, CCSP and TTF-1 are restricted to SPCeGFP positive cells. 
(Data generously provided by Doctor Helen Rippon) 

Figure 3 – Sox17 expression in day 7 EBs. ESCs committed to an
endoderm lineage at day 7 EBs were detected by fluorescent ICC for Sox17.
Sox17 expression was detected mostly in the peripheral area of the EB.  A –
Sox17 (x20). B – Merged Sox17 (green) and DAPI (blue) (x20). C –Sox17 
(x40). D – Merged Sox17 (green) and DAPI (blue) (x40).  

A B 

D C 

A B 

D C 

Figure 4 – SPCeGFP expression in adherent EBs at day 21. ESCs 
committed to a distal lung lineage were detected by eGFP expression at 
day 21. The images represent the overlapping of transmitted light and 
fluorescent images. SPCeGFP expression occurs mostly at peripheral 
areas of the attached EBs (x40).   

4 

 

Figure 5 - The expression of SPC in SPCeGFP positive cells was confirmed 
by ICC. SPC is a surfactant protein assembled in the cytoplasm. SPC (red) 
and nuclei (DAPI blue). A,C – SPC positive cells. B,D – overlapping of blue 
light, green light and UV fluorescence. (A and B x20, C and D x40). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Implantation of Murine ESC-Derived Lung Cell Progenitors 
 
The potential of murine ESCs-derived distal lung progenitors to 
home and engraft to lung was evaluated in vivo in C57BI/6 mice. 
The mixed population of cells was injected into the tail vein of both 
healthy and LPS injured mice. Mice were administered unsorted 
populations of cells (harvested between days 25 and 30 of culture) 
and were sacrificed at different times post-implantation (Figure 8).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In vivo Studies 
 
Sex-mismatched in vivo studies were carried out using female 
black C57BI/6 mice. The studies were run in parallel in healthy and 
LPS injured mice. LPS injury is a well establish model of ARDS. 
Injury was induced by intratracheal instillation of LPS toxin 6 or 24 
hours prior to murine ESCs implantation to evaluate the potential 
of the implanted cells at different time points of injury evolution. 
Mice received 1×106 cells in 200 µL saline solution by tail vein 
injection according to Materials and Methods description. Both 
health and injured mouse controls received saline solution only. 

Mice were sacrificed at 1, 2, 5 and 7 days post-implantation and 
organs harvested for analysis. 
Weight gain is an indicator of the degree of mouse injury and 
recovery.  Animal weights were registered throughout these in vitro 
studies and were analysed in terms of percentage of body weight 
to allow data comparison. Unfortunately, some time points lack 
duplicates, which limits the possible conclusions of the weight 
variation study. This factor is clear when mice culled at 1 and 5 
days are included (Figure 9). For these time points, there seems to 
be a decrease in body weight that is out of the global tendency. If 
one ignores these time points, the results would be comparable for 
healthy and injured mice and weight gains would be similar to the 
controls. For the correct assessment of weight gains, more 
replicas of time points would be needed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Healthy mice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Implanted distal lung progenitor cells were found in lungs of 
healthy mice at 1 (Figure 7), 2 (Figure 7) and 5 (Figure 10) days 
post-implantation. By day 7, no fluorescently labelled cells were 
found in the lungs. The quantity of cells decreases with time post-
implantation, with the maximum of cells found in mice culled after 
just 1 day (Figure 7). Interestingly and contrarily to the descriptions 
of experiments implanting BM-derived cells 10-14, injury does not 
seem to be necessary for the detection of cells in the lungs. Cells 
were detected only in the distal lung and not in proximal airways or 
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Figure 7 – Lung sections of healthy mice culled 1 day after cell 
implantation. The presence of murine ESCs-derived lung cell 
progenitors in lungs of healthy mice 1 day after implantation was 
assessed by fluorescence microscopy. Sections were observed 
under blue light fluorescence for the presence of the labelled cells 
(A, B , C, D and G), this presence was confirmed by green light 
fluorescence (E and H) and both images and UV fluorescence 
(nuclei, DAPI) were overlapped (F and I). A, B and C x4. D, E and 
F x 10. G,H and I x20.   

Figure 6 - The expression of AQP5 in SPCeGFP positive cells was 
confirmed by ICC. AQP5 is a membrane transporter present in ATI. AQP5
(red) and nuclei (DAPI blue). A,C – AQP5 positive cells. B,D – overlapping of
blue light, green light and UV fluorescence. (A and B x20, C and D x40). 
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Figure 9 – Representation of the changes in body weight of mice between 
implantation and cull. Comparison of healthy and LPS injured mice. Control 
mice received only saline solution. Error bars represent standard deviation 
from the average value. 

Figure 8 – Experimental layout of the implantation of murine ESC-Derived Lung 
Cell Progenitors. ESCs were driven toward a distal lung cell lineage by culture
with a combination of activin A and noggin. The population of cells was labelled
then injected into both healthy and LPS injured mice.  Mice were sacrificed at
different times post-implantation and organs harvested for analysis. 
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near large blood vessels. Sections were analysed under blue  
fluorescence for the presence of the CFSE labelled cells, green 
fluorescence to confirm that presence (unspecific fluorescence 
would be detectable using all fluorescence filters) and under UV 
light for detection of nuclei (DAPI). The three images were 
overlapped and the presence of labelled cells is confirmed by the 
maintenance of the green colour in the overlapped image.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LPS injured mice 
 
Labelled cells were found in lungs of mice LPS-injured 6 hours 
before implantation at 1 (Figure 12), 2 (Figure 13) and 5 (Figure 
14) days post-implantation. The apparent number of cells found in 
LPS injured mice seems to be lower than in healthy mice at the 
same time points, though the same decreasing trend of cell 
number for later days post-implantation was observed. Once more, 
the presence of cells was detected only in the distal lung and not 
in proximal airways. The lower level of cells detected in this case 
could be explained by the administration method. Cells were 
delivered intravenously and LPS injury is known to affect lung 
vasculature, which might have destroyed the delivery channels.  

Once again, sections were analysed under blue light fluorescence 
for the presence of green labelled cells, green light fluorescence to 
confirm that presence, and UV light fluorescence for the presence 
of the nuclei (DAPI).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mice LPS injured 24 hours pre-implantation were culled at 2 and 7 
days post-implantation. As for the studies with mice injured 6 
hours pre-implantation, by day 7, no green labelled cells were 
found in the lungs; however, positive cells were present at day 2 
(Figure 15). In fact, the results for this particular time point are 
comparable to those for 6 hours LPS injury (Figure 13) and the 
same reduction in the numbers of cells detected, when compared 
to healthy mice, was observed (Figure 10). 
 
Homing of ESC-Derived Lung Cell Progenitors 
 
Specific homing of implanted distal lung progenitors to the lung 
was confirmed by analysing the major organs: intestine, liver, 
spleen, kidney, heart, ovary and brain. Both intestine and liver 
have the same embryonic origin as lung, the endoderm. The 

Figure 11 - Lung sections of healthy mice culled 5 days after cell
implantation. The presence of murine ESCs-derived lung cell
progenitors in lungs of healthy mice 5 days after implantation was
assessed by fluorescence microscopy. Sections were observed
under blue light fluorescence for the presence of the cells (A, D
and G; white arrows indicate green fluorescent cells), this
presence was confirmed by green light fluorescence (B, E and H)
and both images and UV fluorescence (nuclei DAPI) were
overlapped (C, F and I). A, B and C x4. D, E and F x 10. G,H and I
x20. 

Figure 10 – Lung sections of healthy mice culled 2 days after cell
implantation. The presence of murine ESCs-derived lung cell
progenitors in lungs of healthy mice 2 days after implantation was
assessed by fluorescence microscopy. Sections were observed 
under blue light fluorescence for the presence of the cells (A, B, C,
D and G; white arrows indicate green fluorescent cells), this
presence was confirmed by green light fluorescence (E and H)
and both images and UV fluorescence (nuclei DAPI) were
overlapped (F and I). A, B and C x4. D, E and F x 10. G,H and I
x20. 
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Figure 12 – Lung sections of LPS injured (6 hours pre-
implantation) mice culled 1 day after cell implantation. The 
presence of labelled murine ESCs-derived lung cell progenitors in 
lungs of LPS injured (6 hours before implantation) mice 1 day 
after implantation was assessed by fluorescence microscopy. 
Sections were observed under blue light fluorescence for the 
presence of the cells (A, B , C, D and G; white arrows indicate 
green fluorescent cells), this presence was confirmed by green 
light fluorescence (E and H) and both images and UV 
fluorescence (nuclei DAPI) were overlapped (F and I). A, B and C 
x4. D, E and F x 10 G,H and I x20. 
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Figure 13 – Lung sections of LPS injured (6 hours pre-
implantation) mice culled 2 days after cell implantation. The 
presence of murine ESCs-derived lung cell progenitors in lungs of 
LPS injured (6 hours before implantation) mice 2 days after 
implantation was assessed by fluorescence microscopy. Sections 
were observed under blue light fluorescence for the presence of 
these cells (A, B , C, D and G; white arrows indicate green 
fluorescent cells), this presence was confirmed by green light 
fluorescence (E and H) and both images and UV fluorescence 
(nuclei DAPI) were overlapped (F and I). A, B and C x4. D, E and 
F x 10. G,H and I x20. 
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activin A and noggin combination induces the formation of this 
germ layer and BM-derived cells are known to engraft in these 
organs following injury 15. In the present study, no labelled cells 
were found in the intestine or liver of the sacrificed animals.  
In addition, no labelled cells were found in the spleen  or kidneys. 
Their presence in the spleen would indicate the triggering of an 
acute inflammatory response. Labelled cells were likewise not 
detected in the heart, ovaries or brain.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion  
 
Murine ESCs were driven to a distal lung progenitor cell lineage 
following a modification of Rippon three step protocol 4 in which 
mESCs were cultured in the presence of activin A and noggin at 
the initial stages of suspension culture. As previously described, 
this combination allows the induction of endoderm and mesoderm 
and the inhibition of ectoderm formation. Activin A has been shown 
to induce endoderm formation by the activation of nodal signalling, 
necessary for the formation of definitive endoderm in the embryo 4. 
Moreover, the cell line used has a SPCeGFP construction, 

meaning that when SPC (an ATII specific marker) is being 
expressed, eGFP is also produced.  
The detection of the desired markers was achieved by PCR and 
ICC studies at different time points. The first evidence of 
differentiation appears around day 7 of culture when the first 
endoderm markers are express (Figure 1 and Figure 3). By day 
21, the first evidence of a distal lung lineage commitment rises as 
eGFP expression starts to be noticeable (Figure 4). The 
differentiation yields of ATII are very low, between 1 and 5%, with 
variation between differentiation rounds, and are comparable to 
those in the literature 4, -18 21.   
SPCeGFP-positive and negative cells were sorted, and then 
analysed by PCR for the presence of several markers (Figure 2). 
Some cells were cytospun and the expression of SPC confirmed 
by ICC (Figure 5). The confirmation of SPC expression allowed 
evaluation of the SPCeGFP construct used to detect initial 
commitment to a distal lung cell lineage, thus validating 
simultaneous expression of SPC and GFP. However, it should be 
noted that eGFP fluorescence was lost during the sorting process, 
probably by the destruction of the protein by the shear forces 
present in the process. The presence of ATI cells was also 
evaluated by ICC (Figure 6). This present can probably be 
explained by the differentiation of ATII cells that were derived from 
the mESCs, indicating that the derived ATII have the potential to 
differentiate into ATI as occurs in vivo. 
The analysis of mRNA expression allowed the confirmation of 
activin A and noggin induction of endoderm, following what was 
previously reported within our research group 4. Cells expressed 
both late (foxa2 and Sox17) and early (gata4) endoderm markers; 
the expression of mesoderm, as previously described 4 was also 
observed (Brachyury T). As expected, expression of SPC, TTF-1 
and CCSP was observed only in SPCeGFP positive cells, 
although expression of CCSP (a Clara cell marker and thus a 
mature lung cell marker) appears to be lower than early 
differentiation markers for lung (SPC and TTF-1). The confirmation 
of the commitment to a distal lung cell progenitor lineage was 
obtained by the simultaneous expression of early differentiation 
lung markers (TTF-1 and SPC) and adult progenitor cell markers 
(Abcg2/Bcrp1 and Sca1). Moreover, no Oct4 expression was 
found, indicating the loss of pluripotency of the injected population 
of cells. The loss of pluripotency reduces the tumour-induction risk 
associated with the administration of exogenous cells, making 
them more suitable for clinical use. Finally, the expression of 
endothelial markers suggests the potential of the implanted 
population of cells to participate in endothelial regeneration. 

 
Implantation of Murine ESC-Derived Lung Cell Progenitors 
 
The population of distal lung progenitor cells was delivered 
intravenously to healthy and LPS injured mice in order to evaluate 
their potential for homing and engraftment. LPS injury is a well 
established model of ARDS, a lung disorder 25. One of the most 
important ARDS consequences is inflammation a common 
symptom to the major lung disorders. LPS injury is induced by 
intratracheal instillation of toxin and cell administration was 
intravenous, both reducing animal suffering.  
Since weight gain is a well-established method of assessing 
mouse injury, these were registered at implantation and at cull. 
The pilot data collected (Figure 9) does not allow a precise 
evaluation of mouse health, as the lack of duplicates for some time 
points enhances the mouse to mouse variability. However, it is 
clear from the analysis of the evolution of weight gains that the 
results for mice culled at 1 and 5 days after implantation are out of 
the global and expected tendency (Figure 9).  Interanimal 
variability probably plays an important role in the observed 
discrepancies.  
Healthy mouse weight increases in a similar way to the respective 
control. Although the need for more duplicates is clear, these pilot 
results suggest that implanted cells do not affect the normal 
development of the mice  
The evaluation of lung injury is also possible by evaluating tissue 
structure. In normal lung, the airspaces occupy the majority of the 
lung’s section area (Figure 7 G). In injured lungs, the fibrotic 
process leads to the reduction of airspace and fibrotic tissue starts 
to be predominant (Figure 12 G). If one compares the appearance 

Figure 15 - Lung sections of mice LPS injured 24 hours pre-
implantation culled 2 days after cell implantation. The presence of
murine ESCs-derived lung cell progenitors in lungs of LPS injured
mice 2 days after implantation was assessed by fluorescence
microscopy. Sections were observed under blue light fluorescence
for the presence of these cells (A, D and G; white arrows indicate
green fluorescent cells), this presence was confirmed by green
light fluorescence (B, E and H) and both images and UV
fluorescence (nuclei DAPI) were overlapped (C, F and I). A, B and
C x4. D, E and F x 10 . G,H and I x20. 

Figure 14 - Lung sections of LPS injured (6 hours pre-
implantation) mice culled 5 days after cell implantation. The
presence of murine ESCs-derived lung cell progenitors in lungs of
LPS injured (6 hours prior to implantation) mice 5 days after
implantation was assessed by fluorescence microscopy. Sections
were observed under blue light fluorescence for the presence of
these cells (A, D and G; white arrows indicate green fluorescent
cells), this presence was confirmed by green light fluorescence (B,
E and H) and both images and UV fluorescence (nuclei DAPI)
were overlapped (C, F and I). A, B and C x4. D, E and F x 10. G,H
and I x20. 
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of injured lungs 1 day (Figure 12 G) and 5 days (Figure 14 G) after 
implantation, the reduction of fibrotic tissue is clear. Indeed, by day 
5, airspace has recovered the predominance over the section area 
and the structure of the injured lungs, as observed under the light 
microscope, are comparable to those of healthy mice (Figure 7 G). 
Any role of administered cells in this process is unclear, however 
ATII are known to play a major role in lung regeneration and the 
presence of injury is known to disrupt the normal activity of 
endogenous ATII. The presence of a fresh source of these cells 
could prevent the fibrotic process as the disruption of lung 
epithelium could be repaired with fresh ATI cells generated from 
the ATII.   
From the tissue engineering point of view, the implantation of 
progenitor cells has several advantages. First, the implantation of 
proliferative progenitor cells instead of fully differentiated cells 
should facilitate their integration in the host tissue: the 
differentiation potential allows these cells to integrate into any of 
the lung niches. Moreover, proliferative cells are more likely than 
mature cells to continue to proliferate within the host tissue, thus 
reducing the initial cell number of implanted cells needed. Third, 
early distal lung progenitor cells are capable of differentiating into 
several types of mature lung cells: ATI, ATII and Clara cells. Their 
implantation would allow the cells to mature and integrate into 
lungs where they are most needed, facilitating lung regeneration 
and repair. Their differentiation into the several lung cell types 
could be induced in vivo by tissue specific signals and the lung 
microenvironment, allowing the initial population to adapt to the 
host tissue’s needs and further promoting exogenous cell 
integration.  
The implantation of ATII cells or distal lung progenitor cells could 
also have a significant advantage over the recruitment of 
circulating cells. In fact, recent evidence suggests that BM cells 
migrate to wound-healing sites and serve as sources of fibroblasts 
14. In the lung, this could represent an addition to the undesired 
fibrotic process in response to injury. Thus, the implantation of ATII 
cells has been shown to prevent this process 14 and so an 
exogenous source of these cells could be clearly a more effective 
means of repairing damaged lungs than the recruitment of BM-
derived cells.    
 
Homing of Murine ESC-Derived Lung Cell Progenitors 
 
Homing of murine ESC-derived lung cell progenitors was 
assessed by fluorescence microscopy of thin sections. All of the 
major organs were screened to fully evaluate the potential of distal 
lung progenitors to home specifically to damaged lungs. All 
sections were observed under blue light fluorescence for green 
labelled cells, green light fluorescence to confirm the specificity of 
the observed fluorescence (since unspecific fluorescence would 
be present in both) and under UV fluorescence for DAPI stained 
nuclei. 
The presence of green fluorescent cells was confirmed in the 
lungs of both healthy and LPS injured mice. The majority of 
observed cells were found in the distal lung and not in the proximal 
lung or upper airways. In all other screened organs, no labelled 
cells were found.  
The presence of cells only in the lungs could be a result of one of 
two major factors. One, the cells were administered to the mice via 
the tail vein. This vein conducts the cells directly into the lungs and 
no signal dependant/specific homing mechanism is present in the 
observed result. Two, a homing mechanism, probably a tissue 
specific signal, promotes the homing of the implanted progenitor 
cells to the lungs. The last hypothesis is particularly interesting if 
one relates the possible homing signal with the cell type 
administered.  
Lung progenitor cells may be considered as niche specific stem 
cells for the lung. Therefore, it might be reasonable to assume that 
their natural habitat, the distal lung, may affect the ability of these 
cells to home specifically to lungs. Once in the lung, these cells 
would recognise their niche specific signals and would not be 
mobilised to other organs.  
One very important issue must be raised within this discussion: 
homing of murine ESC-derived distal lung progenitors was 
assessed by fluorescent microscopy only. At present, this 
evaluation method is subject of a wide debate concerning its 

accuracy. Several reports have been published were the validity of 
homing and engraftment of BM-derived cells to lungs assessed by 
co-localization of markers was questioned 16,17. In fact, the 
scientific community was able to reach an agreement and methods 
that are more accurate are needed to be used to confirm the co-
localization of markers, such as confocal and electron microscopy.  
In this context, the implanted distal lung progenitor cells were also 
labelled with iron oxide nanoparticles with a FITC tag, traceable by 
both fluorescence and electron microscopy. EM results would 
allow the confirmation of the presence of exogenous cells in the 
lungs of experimental mice. Moreover, electron microscopy would 
be an accurate way to confirm the phenotype of the implanted 
cells and would allow confirmation of the engraftment of 
exogenous cells in the host tissue and facilitating the 
characterization process usually done by co-localization of 
markers.  
 
Overtime Maintenance of Murine ESC-Derived Lung Cell 
Progenitors 
 
Murine ESC-derived lung cell progenitors were found in lungs of 
both healthy and LPS injured mice 1, 2 and 5 days after 
implantation. Initial studies and ongoing experiments suggest that 
they are not present after 7 days. Although no quantification was 
performed, the number of cells present in the lung seems to 
reduce over time post-implantation, until their complete absence at 
the latest time point analysed, 7 days. In fact, recently, other 
groups have realized that the mouse strain used in the present 
study show an unusual and unexpected rejection response to 
exogenous cells (personal communication). This might suggest 
that the observed results are a function of the mouse immune 
response. Therefore, it will be necessary to compare the 
presented results with future similar studies using different strains 
of mice eliminating specific strain constrictions. 
Another possibility to assess eventual strain specific immune 
responses is to change the administration method. A recent study 
showed that adult ATII transplanted intratrachealy have a pivotal 
role in preventing and reversing the fibrotic process developed in 
response to bleomycin injury 22. Nevertheless, it is important to 
emphasise that intravenous administration would be the simplest 
way to administer cells in clinical practice.  
Although the rejection of the cells by the lungs is a valid 
explanation for the observed results, one could hypothesise that 
cells are retained in the lungs only for the period that they are 
needed. Recent reports suggest that the presence of exogenous 
cells in injured lungs may result in a modulation of the 
inflammatory response 23,24. Assuming that distal lung progenitor 
cells could have the same modulator role as implanted MSCs in 
the above-cited studies, their presence in the lung may be 
necessary only for the initial response to lung damage. Therefore, 
it is reasonable to assume that after having an important role in the 
initial response and having lost injury signals, exogenous cells 
could be expelled.  In this context, it is necessary to assess the 
potential role of distal lung progenitor cells in the modulation of 
lung inflammatory response to be able to ensure that the reduction 
observed in implanted distal lung progenitor cells is a 
consequence of the decreasing level of injury with time. 

 
Homing of Murine ESC-Derived Lung Cell Progenitors and 
Injury  
 
Distal lung progenitor cells were found in lungs of both healthy and 
LPS injured mice. The level of injury assessed by the 
administration of LPS 6 and 24 hours prior to implantation seems 
to indicate no difference in terms of cell engraftment. Although 
cells were found in both healthy and injured lungs, one difference 
is clear: the number of distal lung progenitors found in the lungs of 
injured mice should be much lower than in healthy mice. One 
explanation for the observed difference is the administration route. 
As previously described, cells were administered intravenously 
and LPS toxin is known to have a disruptive effect on vasculature. 
This disruptive effect may destroy the capillary network of the lung 
and diminish the administration route efficiency. This diminishment 
of the administration route would also be promoted by the 
undesired triggering of the fibrosis process, which results in a 
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general thickening of the endothelium, thus making it more difficult 
for the cell to cross the endothelial barrier between circulation and 
alveolar environment. 
Another possible explanation for the differences observed is the 
loss of the cell tracer green fluorescence with cell proliferation. In 
the presence of injury, ATII are known to proliferate and replace 
their own pool as the existent ATII would differentiate into ATI, 
which have been destroyed by injury. This active proliferation in 
response to injury could induce the loss of the CFSE staining. At 
each division, the quantity of CFSE dye in each cell is reduced by 
half in each of its daughter cells. This CFSE halving could have 
resulted in an apparent lower number of exogenous cells in injured 
mice compared to healthy ones. 
The presence of distal lung progenitor cells in healthy and injured 
mice is a rather surprising result. Several reports suggested the 
existence of a threshold value of injury for the recruitment of 
BM-derived cells to injured lungs and no cells were found in 
healthy lungs 10, ,14 15. For the recruitment of BM cells, it seems 
reasonable to assume that a threshold of injury is needed. The 
same assumption is not straight when one explores the 
administration of ex-vivo lung lineage committed cells. Moreover, 
when the population of cells administered is composed of distal 
lung progenitor cells, which can be considered niche specific stem 
cells for the lung, it is reasonable to assume that those cells would 
be able to integrate both healthy and injured lungs. In fact, a 
recent report using adult ATII shows that these cells are present in 
both healthy and injured mice 22 . 
Although no threshold of injury seems to be needed, the study of 
other types of injury, like elastase-induced emphysema or 
bleomycin-induced fibrosis could be of particular interest to 
evaluate the real relation between the administration of distal lung 
progenitor cells and injury.   

 
This study provides the first evidence of homing of mESC-derived 
distal lung progenitor cells to lungs of healthy and LPS injured 
mice. Although further confirmation of engraftment and homing is 
needed, the presented results constitute a preliminary evidence of 
the capability a mixed population of murine ESC-derived distal 
lung progenitor cells to home and participate in lung regeneration 
and repair. This might be regarded as the first step towards the 
evaluation of the possible role of ESCs in lung regeneration and 
repair, aiming to reach human lung regenerative medicine in the 
future. 
For tissue engineering and regenerative medicine of the lung, the 
possibility of administrating an exogenous population of distal lung 
cell progenitor intravenously has several clear clinical advantages. 
First, intravenous administration is a common clinical practice 
procedure. Second, a rather immature, but also lineage-committed 
population of cells, instead of an undifferentiated ESCs cell 
population with tumourogenic potential, would allow cell 
differentiation only in the host microenvironment, thus contributing 
for a more specific response to injury and allowing the exogenous 
pool of cells to differentiate towards the different mature cells 
existent in the lung. This differentiation could be promoted by 
signals present in the host microenvironment. Finally, an active 
population of progenitor cells, rather than fully differentiated cells, 
could proliferate in the injured microenvironment, thus reducing the 
initial cell number administrated to the patient. 
The possibility of an exogenous unlimited source of cells that are 
able to promote lung injury and repair would be of doubtless 
clinical impact and would represent in the majority of severe lung 
injuries, an alternative means of cure allowing to save millions of 
lives per year, as lung diseases are estimated to be the third 
leading cause of death by 2020.  
The potential of the population of cells studied is not restricted only 
to lung regeneration. A population of distal lung progenitor cells 
could provide the means for the development of lung toxicity 
assays or ex-vivo drug testing. At present, the first artificial lungs, 
based on membrane technology, are in clinical use in Germany 
(NovaLung ®). The replacement of membranes by a stem cell-
derived lung epithelium would clearly represent a major 
breakthrough. Moreover, the mixed population of cells expresses 
several endoderm markers suggesting that they may have 
potential to participate in regeneration and repair of other 
endoderm-derived organs, such as gut or pancreas.  
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