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Embryonic Stem Cells
and Repair of Lung Injury
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ell therapy approaches for lung dis-
Ceases continue to evolve at a rapid
pace. Early studies suggested that stem or
progenitor cells derived from adult bone
marrow or other adult tissues might engraft
as lung epithelium in numbers sufficient to
effect structural lung repair or replacement
of defective or damaged airway or alveolar
epithelial cells in cystic fibrosis, emphy-
sema, and other conditions.! However, it is
now recognized that structural engraftment
is generally a rare occurrence of uncertain
significance, although recent studies sug-
gest that engraftment of adult or placental
origin cells might be induced to occur at
higher levels.>* In this issue of Molecular
Therapy, a study by Wang and colleagues*
shows that intratracheal instillation of hu-
man embryonic stem cells (hESCs), pre-
viously differentiated in culture into cells
with phenotypic markers of type II alveolar
epithelial cells—the surfactant-producing
cells of the lungs—improved survival and
ameliorated lung inflammation and fibro-
sis in mice with experimentally induced
lung injury. This is the first available infor-
mation demonstrating that cells derived
from ESCs can have beneficial effects in
lung injury, and it provides a platform for
potential therapeutic use of ESCs in a vari-
ety of lung diseases.

With adult stem cells, the focus has shift-
ed primarily to analysis of paracrine and
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immunomodulatory effects in the absence
of significant engraftment, notably with
mesenchymal stromal (stem) cells (MSCs)
and endothelial progenitor cells (EPCs).
Studies in animal models demonstrate that
administration of bone marrow-derived
EPCs can stimulate angiogenesis in experi-
mental models of destructive pulmonary
vascular diseases such as pulmonary hyper-
tension.> Although the mechanisms for the
EPC effects are not yet completely under-
stood, the results of two recent clinical trials
in China suggested both safety and efficacy
of autologous bone marrow-derived EPC
administration in both adult and pediatric
patients with pulmonary hypertension.®
A comparable trial of autologous EPC ad-
ministration in adults with pulmonary hy-
pertension is under way in Canada.” MSCs
have potent immunomodulatory effects as
well as limited expression of MHCs and
other immunostimulatory markers, al-
lowing allogeneic administration.® Both
intratracheal and systemic administration
of MSCs can ameliorate inflammatory and
fibrotic lung injuries in mouse models, and
recently MSC administration has been
demonstrated to ameliorate inflammatory
injury in isolated perfused human lungs.*"!
Anti-inflammatory and antifibrotic me-
diators released by the MSCs have been
implicated, but the mechanisms are not yet
fully defined. A trial to assess the effect of
systemic allogeneic MSC administration
on decreasing pulmonary and systemic in-
flammation in patients with moderate to
severe chronic obstructive pulmonary dis-
ease is under way in the United States.'> A
recent 6-month interim analysis of this trial
demonstrated safety of MSC administra-
tion and yielded promising results indicat-
ing both decreased systemic inflammation
and a trend toward improved quality of life
in treated patients.
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However, progress utilizing ESCs for
lung regeneration or repair has been slower.
Type II alveolar epithelial cells—which,
in addition to producing surfactants, are
the precursors of the type I alveolar-type
epithelial cells responsible for gas exchange
in the lung—are attractive targets for
regeneration using ESCs. In studies over
approximately the past 5 years, several labor-
atories have demonstrated that both mouse
and human ESCs can be induced in culture
to acquire phenotypic markers of type II
alveolar epithelial cells, including expres-
sion of surfactant proteins.”*'* However,
this occurred, in general, at a low level un-
less the ESCs were transduced to select for
surfactant protein—expressing cells.”” More
recent protocols and manipulation of cell
signaling pathways guiding embryological
lung development have yielded more robust
in vitro derivation of cells with phenotypic
characteristics of type II alveolar epithelial
cells from murine ESCs (Figure 1).7
Derivation of airway epithelial cells from
ESCshas proven even more elusive, although
development of cells with phenotypic mark-
ers of airway epithelial cells has been dem-
onstrated following culture of the ESCs
under air-liquid interface conditions.?"?
Moreover, studies of ESC engraftment or
paracrine effects in lung are sorely lack-
ing. Endotracheal administration of mouse
ESC-derived type II alveolar epithelial cells
to fetal mice resulted in survival of the cells
in the lungs and maintenance of surfactant
expression over a 24-hour period.”” How-
ever, whether the cells truly engrafted or
had functional significance was not deter-
mined. Furthermore, the long-term fate of
the ESCs in lung and comparable observa-
tions following administration of ESCs to
adult lungs have not been explored.

It is in this context that the current
work of Wang and colleagues represents
a significant advance in the potential
utility of ESCs for lung repair.* Utilizing
one of the approved human ESC lines
developed at the University of Wiscon-
sin (line H9.2), these investigators had
previously utilized surfactant protein C
promoter—driven neomycin expression to
develop a >99% pure population of ESC-
derived cells with phenotypic character-
istics of type II alveolar epithelial cells
(hES-ATII)." For the current studies, the
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Figure 1 Schematic of protocol utilized to differentiate embryonic stem cells into
cells with phenotypic characteristics of type Il alveolar epithelial cells. FGF-2, fibroblast
growth factor 2; Pro-SPC, pro-surfactant protein C. From ref. 20.

investigators developed two additional
H9.2 hESC-derived cell lines expressing
the transcriptional promoters for the typel
alveolar epithelial cell markers aquaporin
5 (AQP5) and T10, each upstream of the
LacZ gene. Type II alveolar epithelial cells
in culture can differentiate into type I al-
veolar epithelial cells, and the appearance
of B-galactosidase expression was ob-
served in hES-ATII cells derived from the
AQP5 and T1o hESC lines. This suggests
that type I alveolar epithelial cells can be
derived from the cultured hES-ATII cells.
However, the novelty and significance
of these studies center on observations
made following intratracheal adminis-
tration of the hES-ATII cells 1 or 2 days
following induction of acute lung injury
resulting from intratracheal bleomycin
administration to immunocompromised
severe combined immunodeficient mice.
Bleomycin administration causes acute
lung inflammation and apoptotic death of
alveolar epithelial cells, and it provides a
potential opportunity for engraftment of
exogenously administered cells. Accord-
ingly, a substantial number of hES-ATII
cells appeared to have engrafted in lung
and could be found as long as 9 days later.
Notably, up to 20% of the total surfactant
protein C-expressing cells appeared to be
of hES-ATII origin. A few hES-ATII cells
also appeared to have differentiated into
type I cells in vivo. No apparent engraft-
ment was observed when hES-ATII cells
were administered to naive uninjured
mice or when a control cell population
was administered. In parallel, bleomycin-
induced lung injury was significantly re-
duced in mice receiving hES-ATII cells
but not vehicle or cell controls. Reduced
injury was measured by both qualitative
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and quantitative measures, including,

importantly, functional physiological
measurements of lung capacity and gas
exchange.

To our knowledge, these findings are
the first to demonstrate amelioration of
lung injury by ESC administration. Wheth-
er the observed amelioration resulted from
structural engraftment of the administered
cells or reflect a heretofore unsuspected
paracrine effect of the hES-derived cells is
not yet clear. Future studies will help answer
these and other questions. Nonetheless, the
results of Wang and colleagues open a new
window on the use of ESCs for repair of
lung injury. This has several ramifications,
including the study and potential use of
ESC:s in genetic lung diseases. For example,
hESC lines derived from embryos with cys-
tic fibrosis have been established in England
and Belgium.?*** These cells exhibit normal
morphology and protein expression com-
pared with other hESC lines but have not
been studied in detail. With the new loosen-
ing of restrictions on study of hESCs in the
United States, it is anticipated that there will
be additional rapid advances in research on
ESCs in lung injury and repair.
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