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EMBRYONIC STEM CELLS FOR LUNG FIBROSIS
Is 1T THE PROMETHEUS MYTH OR THE PANDORA’s Box?
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Three thousand years ago the Greek epic narra-
tive poet Hesiod introduced to humanity his earliest
work called “Theggony” where he narrates the myth
of “Prometheus” who provoked Zeus’ wrath by steal-
ing fire from the Gods and delivering it to humans.
Zeus punished Prometheus by chaining him to
mountain Caucasus and sent an eagle to eat his im-
mortal liver, which constantly replenished itself, in-
dicating human’s immortal hidden nature and ulti-
mate mission. In an alternative version of the myth,
included in the poet “Works and Days”, Hesiod re-
lates Zeus vengeance to Prometheus and humanity
with the creation of the woman Pandora who was
sent down to Epimetheus who, though warned by
Prometheus, married her. Pandora took the great lid
off the jar she carried, and evils, hard work, and dis-
ease flew out to plague humanity. Hope alone re-
mained within.

In a relative manner with the liver, human lung
is characterized by a tremendous repairing capacity
allowing a complete renewal of the entire pulmonary
parenchyma almost 300 times till the age of 75 years.
The latter process constitutes a miraculous defensive
mechanism against constant exogenous and endoge-
nous injuries and is mainly based on niches of mul-
tipotent resident stem cells (1) as well as bone mar-
row derived progenitors (2). Unfortunately, genetic
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predisposition and age related epigenetic modifica-
tions and risk factors including smoking, infections
and environmental or other toxic pollutants signifi-
cantly affect in a cumulative way lung’s regenerative
properties. As a major consequence a significant
proportion of patients develop an aberrant wound
healing response leading to abnormal reepitheliza-
tion, fibroblast proliferation, extracellular matrix de-
position and progressive lung scarring, pathogenetic
events characteristic of idiopathic pulmonary fibro-
sis (IPF) (3). The latter represents a worryingly in-
creasing cause of morbidity and mortality worldwide
with a considerable human, societal and financial
burden (4). Despite extensive research efforts, IPF
still symbolizes a disease paradigm with pathogene-
sis elusive (5) and treatment ineffective (6). There-
fore, there is an urgent need for alternative more
beneficial therapeutic applications with regenerative
medicine and stem cell-based therapies being such
promising options.

The past 10 years we witnessed an explosion of
experimental data relating to safety and efficacy of
stem cell application in different models of lung in-
flammation and fibrosis (2,7,8). While safety evi-
dence seems reassuring, at present there is no avail-
able pre-clinical data reporting complete recovery of
established fibrotic lung disease. So far published da-
ta suggests that early administration of stem cells in
patients with IPF may exert optimal therapeutic ef-
fects (9,10). A phase I clinical trial estimating safe-
ty profile of endobronchially infused autologous adi-
pose derived stem cells in patients with IPF has been
recently published and preliminary safety results in-
dicate reassurance (11,12). Unfortunately, substan-
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tial safety concerns and dilemmas whether stem cell
intervention could attenuate or accelerate fibrotic
cascade still remain unanswered.

In this issue of “Sarcoidosis Vasculitis and Diffuse
Lung Diseases” journal, Spitalieri and colleagues, fol-
lowing already established protocols by their re-
search group (13), demonstrate through a series of
elegant experiments the beneficial effects of the in-
tratracheal administration of human embryonic stem
cells pre-differentiated into alveolar type II epithelial
cells (HUES-ATTI) in the bleomycin-model of lung
fibrosis. Bearing in mind that pre-clinical studies of
lung fibrosis are problematic given limitations of
currently available models authors applied a more
representative to human IPF experimental model
consisting of daily (repetitive) administered doses of
bleomycin over a period of 14 days. At the end of
bleomycin administration period 2.5 x10° (6) HUES
were firstly cultured into small airway growth medi-
um to direct their in-vitro differentiation towards
alveolar epithelial cell lineage and then intratra-
cheally instilled. Intriguingly, a pure population of
ATTI epithelial progenitors was derived resulting in-
to a significant reduction of collagen deposition and
inflammatory cytokine milieu within cell-treated an-
imal lungs indicating potential anti-fibrotic and an-
ti-inflammatory properties. Further extending the
above series of experiments a thorough histological
and molecular analysis was followed and revealed in-
dices of human cells’ presence, ie. coexpression of
surfactant protein C and human nuclear antigen,
within murine lung tissue for up to 10 weeks after
stem cell treatment. The latter observation is of ma-
jor significance since it provides us with the first
hints of long-term stem cell engraftment within the
injured airway epithelium suggesting the scenario
that therapeutic outcome may have arised not only
via paracrine immunomodulatory activity but may
also reflect increased differentiative capacity and
structural replenishment. At the same time, gradual
consumption of bleomycin-induced increased CX-
CL12 concentrations within murine lung after
HUES-ATII delivery strengthens the notion of
stem cell homing in response to repeated injurious
stimuli. Finally, cell-treated mice exhibited a signifi-
cant improvement of oxygen saturation percentage
accompanied by survival benefit, evidence that fur-
ther extends efficacious outcomes of stem cell thera-
py from histological and molecular to functional and

clinical phenotype. The above data seems quite
promising especially considering the fact that it was
combined with encouraging safety results revealing
the absence of teratogenicity on a longitudinal basis
(one year follow-up).

This is the first preclinical study in the thera-
peutic field of lung fibrosis emphasizing not only on
stem cell paracrine activity but also on their repara-
tive properties through differentiation into alveolar
progenitor cells. The selected time point of stem cell
administration at the interim between inflammatory
and fibrotic phase of the modeled disease was also
crucial since it was neither too early to study only an-
ti-inflammatory effects of cellular treatment nor too
late to minimize therapeutic potential during irre-
versible fibrotic phases, as it happens in clinical prac-
tice. Furthermore, several previous investigations
starkly reported that mesenchymal stem cells
(MSCs) of different cellular origin (umbilical cord or
bone marrow) may attenuate bleomycin-induced
lung injury mainly through their pleiotropic anti-in-
flammatory, anti-apoptotic and anti-fibrotic proper-
ties (9,10,14). Nevertheless, none of them reported
truly phenotypic differentiation into precursors of
alveolar epithelial cells.

Moodley et al. (9) identified migration of intra-
venously delivered umbilical cord MSCs into sites of
fibroblast proliferation 14 days after bleomycin ad-
ministration but cells disappeared two weeks later.
Additionally, no evidence of differentiation towards
alveolar epithelial cell lineage was documented. So
far, the only study demonstrating derivation of lung
epithelium from ex vivo differentiated MSCs was
published by Sueblinvong et al. (15). Nevertheless,
only a minority of these cells engrafted to intact
murine airway epithelium indicating that most of
the cells only temporarily lodged in the capillary
beds of pulmonary vasculature and then either
cleared or migrated to other sites. However, authors
have utilized, so far, adult stem cells that are inferior
in terms of potency compared to HUES. In the light
of these elegant studies it seems provocative, but al-
so rationale, to speculate that ex vivo manipulation
of HUES within a specific culture microenviron-
ment that will safely direct their selective differenti-
ation towards either epithelial or endothelial cell lin-
eage may facilitate their structural engraftment thus
improving their regenerative capacity. The latter
premise presents with crucial translational implica-
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tions since optimized cell bioprocessing protocols
may enhance the efficacy of stem cell therapeutics
overcoming (16), so far, disappointing results arising
from large multicentre clinical trials including pa-
tients with chronic lung diseases, such as chronic ob-
structive lung disease (17).

Nonetheless, despite relative enthusiasm arising
from these important features there is a number of
safety concerns that should be treated cautiously be-
fore extrapolating the above observations into every-
day clinical practice. Authors administered an exces-
sive amount of HUES (2.5x10°) relative to the ani-
mal body weight (20gr approximately) i.e., 125x10°
per kgr of body weight. Such stem cell numbers may
harbor potential risks, including faulty or aberrant
engraftment and lethal pulmonary emboli that
should not be underestimated. So far, pilot phase I
safety studies overcome this barrier by applying a
more conservative therapeutic regimen of one till up
to four infusions of 1.5 x10° per kg of body weight.
On the other hand, there is significant lack of
knowledge regarding the exact mechanisms of ac-
tions of these cells and their fate within chronically
injured lung. The possibility that stem cells could be
differentiated into fibroblasts given their common
mesodermal origin or even promote tumorigenesis
within a pro-fibrotic and potential dysplastic mi-
croenvironment of a patient with IPF represent two
of the greatest concerns of the respiratory scientific
community. Moreover, although embryonic or adult
stem cells themselves appear to escape immune
recognition, those cultured in medium containing
excipients, such as bovine serum, can produce im-
mune reactions in patients receiving repeated ad-
ministrations of these cells. Finally, Spitalieri et al.
corroborated earlier findings (9,10) by reporting at-
tenuation and not complete recovery of established
fibrotic changes.

In conclusion, Promethean effect of reinforcing
tissue replenishment may alternatively lead to the
opening of the “Pandora’s box”, leading to detrimen-
tal side effects of carcinogenesis and immunogenici-
ty. It is in the hands of clinicians to carefully apply
and not overestimate cell based therapies in order for

hope only to be unleashed.
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