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Advances and challenges in translating stem cell
therapies for clinical diseases
MICHAEL A. MATTHAY

SAN FRANCISCO, CALIF
I n this special issue of Translational Research, sev-
eral articles consider the potential of harnessing
stem cells for therapy of human diseases. This topic

is large in a field that is evolving rapidly. Several differ-
ent candidate stem cells include embryonic stem cells,
induced pluripotent stem cells, endothelial progenitor
cells, and mesenchymal stem cells. Common themes in-
clude the nature and location of endogenous stem cells,
preclinical evidence supporting the potential therapeu-
tic use of stem cells for acute and chronic diseases,
the challenges in translating the preclinical work to clin-
ical applications, as well as the results of a few random-
ized clinical trials.
CARDIOVASCULAR DISEASES

The article byAlaiti et al considers the potential role of
circulating and bone marrow-derived stem or endothe-
lial progenitor cells for the treatment of cardiovascular
disease.1 The authors discuss a large observational study
indicating that the number of circulating endothelial pro-
genitor cells (CD-341/KDR1) inversely correlated with
death from cardiovascular causes, the occurrence of
a first major cardiovascular event, revascularization,
and hospitalization. Some evidence suggests that statins
may increase the number of circulating CD-341 progen-
itor cells, perhaps through the PI 3-kinase/Akt pathway.
The authors provide a review of preclinical studies,
which have suggested that it might be beneficial for
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the use of bone marrow-derived endothelial progenitor
cells for transdifferentiation into cardiomyocytes. How-
ever, only a very small fraction of transplanted cells are
engrafted in heart tissue. Thus, paracrine mechanisms
are a more likely mechanism for benefit. For example,
one group demonstrated beneficial paracrine effects in
experimental myocardial infarction from bone mar-
row-derived stromal cells.2

A substantial number of clinical trials with bone
marrow-derived cells already have been carried out for
the treatment of patients with acute myocardial infarc-
tion, perhaps without sufficient details in regard to the
nature of the cells that were used in these trials. The au-
thors provide an excellent summary of most of these
clinical studies. In some studies with bone marrow-
derived mononuclear cells, an improvement was noted
in the left-ventricular ejection fraction or a reduction
in the size of the infarction, whereas in other studies,
no benefit was noted. Treatment has been given by the
intravenous route or the intracoronary route. On bal-
ance, the benefits have been modest. For chronic ische-
mic heart disease, the safety and feasibility of treatment
has been favorable, but the benefits in terms of ejection
fraction have been small. In one recent trial of 53 pa-
tients, which was focused primarily on safety, alloge-
neic mesenchymal stem cells given by the intravenous
route were associated with fewer episodes of ventricular
tachycardia and improved left-ventricular ejection frac-
tion.3 Despite evidence of safety and a small improve-
ment in a few clinical endpoints, use of stem cell and
progenitor cell therapy has not yet provided a clearly su-
perior treatment option for the treatment of acute or
chronic cardiovascular disease. Future investigations
are expected to focus more on the biology of progenitor
cells, the potential expanded use of allogeneic mesen-
chymal stem cells, the preferred route for administration
(intravenous vs intracoronary), patient selection, and
further basic science studies.
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In their review article, Lionetti and Recchia4 explain
that no clear evidence indicates that autologous versus
no-autologous stem/progenitor cells are preferred in
the treatment of acute myocardial infarction. One
meta-analysis provided minimal evidence of cardiac
functional improvement in 13 randomized studies that
enrolled 811 patients. It is also possible that the trans-
fection of progenitor cells with specific genes, such as
vascular endothelial growth factor, might have value
in further improving response to therapy in acute or
chronic cardiovascular conditions. More preclinical
work will be needed here to test the value of transfecting
cells with genes that could have benefits for the preser-
vation of acute injured myocardium or regenerating
myocardial cells.
RENAL FAILURE

Pino and Humes5 provide a review of the potential use
of stem cells for the treatment of acute and chronic renal
failure. Some experimental studies suggest that renal
stem cells do exist, although controversy still persists
on this issue. The authors provide a discussion of the rel-
ative potential of embryonic or induced pluripotent stem
cells as therapies for regenerating functional kidney tis-
sue. Considerable preclinical work is needed to test the
potential of either approach for translation to the clinical
setting. The most promising preclinical data have been
generated with the use of mesenchymal stem cells.
These studies have demonstrated beneficial effects on
the recovery from acute renal failure through paracrine
effects that include the secretion of growth factors,
cytokines, and antiapoptotic factors. One study showed
that it was possible to achieve recovery from acute
ischemic renal failure in rodents with the use of micro-
vesicles isolated from the supernatant of cultured mes-
enchymal stem cells.6

The authors also discuss potential adjunctive ap-
proaches to the treatment of renal failure, which involve
the use of cell implants in various devices that could be
used for the treatment of renal failure. Most methods
have relied on the expansion of primary kidney cells
in culture, although more primitive cells are being
tested. One obstacle to the widespread use of renal
cell therapy has been the lack of a cryopreservable sys-
tem that would facilitate distribution, storage, and ther-
apeutic use in a variety of facilities. However, recent
technological advances indicate that progress has been
made in creating an artificial renal epithelial cell sys-
tem, which might overcome these challenges. For
chronic renal failure, autologous cell sources would by-
pass issues with immunorejection, although autologous
sources might not be as economically feasible as nonau-
tologous sources.
NEUROLOGIC DISORDERS

Schwartz and Schwarz discuss the progress and chal-
lenges in developing cell-based therapy for neurologic
disorders.7 Considerable hope has grown for several
years that stem cell therapy could be useful in reversing
the progressive downhill course that characterizes sev-
eral neurodegenerative diseases. A few clinical trials
have been carried out in Parkinson’s disease. The results
indicate that transplantation of dopaminergic neurons
recovered from human fetuses can replace endogenous
degenerating dopamine neurons and provide some im-
provement in symptoms. However, the availability of
tissues, ethical issues, and concerns in regard to safety
and quality control have limited progress. It is well
known that bone marrow-derived stem cells have been
used in patients with hematologic disorders for many
years, but a major challenge in this field is whether
bone marrow-derived cells can transdifferentiate into
functional neurons or whether they can provide trophic
support for injured neurons in patients with chronic de-
generative diseases. The authors discuss the potential
advantages and disadvantages of both embryonic stem
cells as well as induced pluripotent stem cells. Recent
work suggests that it might be possible to reprogram
adult somatic cells into mature neurons without the in-
termediate step of induced pluripotent stem cells. Some
work has been done with autologous bone marrow-
derived stem cells with the expectation that these cells
would minimize immune reactions; however, a direct
demonstration of functional neurons derived from
the stem cells has not been provided. Early clinical
work is proceeding with pilot trials in patients with
Parkinson’s disease.
GASTROINTESTINAL DISEASES

Shaker and Rubin review the progress that has been
made in the studies of gastrointestinal stem cells and
the potential for using mesenchymal stem cells for the
treatment of intestinal diseases.8 First, good evidence
suggests that probably at least two populations of
stem cells are present in the intestinal epithelium. One
population seems to be a long-term quiescent cell pop-
ulation, whereas the other is a more active cycling stem
cell. According to this theory, baseline regeneration is
accomplished by the population of active stem cells,
whereas the quiescent stem cells function as a reserve
subpopulation that may respond to injury. Lineage trac-
ing has demonstrated that these two stem cell popula-
tions exist in the crypt-base of intestinal epithelium. It
has been possible to culture some of these stem cells
in vitro. Some investigators have found that mesenchy-
mal-derived cells are required for longer term culture of
intestinal stem cells. Some evidence also indicates that
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the intestinal niche of stem cells may include mesenchy-
mal stem cells.
Both preclinical and early clinical trials have been

carried out with allogeneic bone marrow-derived mes-
enchymal stem cells with the objective of treating ste-
roid refractory acute and chronic inflammatory bowel
diseases, particularly Crohn’s disease. Preclinical stud-
ies suggest that enhanced repair may occur through
activated myofibroblasts and epithelial cells, which pro-
mote neovascularization and improved epithelial muco-
sal repair. The severity of colitis has been associated
with down-regulation of Th-1 immune responses sec-
ondary to the administration of bone marrow-derived
mesenchymal stem cells.

PULMONARY DISEASES

The potential value of cell-based therapy for acute
and chronic lung diseases is reviewed by Sueblinvong
and Weiss.9 Although initially some preclinical studies
suggested that exogenously administered mesenchymal
stem cells could engraft and perhaps regenerate pulmo-
nary epithelium, subsequent studies have indicated that
beneficial effects seem to be explained more by para-
crine effects rather than by direct cell engraftment in
the lung. When mesenchymal stem cells are adminis-
tered by the intravenous route, most cells localize ini-
tially in the lung in part because this is the first major
capillary bed that the cells encounter. Conceivably, the
cells might be induced to acquire the phenotype of a pul-
monary epithelial cell or an endothelial cell, but most
work has focused on paracrine factors. Interestingly,
as mentioned for the preclinical studies of renal failure,
evidence suggests that mesenchymal stem cells release
membrane-derived microvesicles, which results in the
transfer of mRNA and proteins between cells. Preclini-
cal studies have established that mesenchymal stem cell
therapy may be effective for acute lung injury based on
studies with endotoxin administered directly into the
lungs of rodents or into the perfused human lung.10

Based on mouse studies, bone marrow-derived mesen-
chymal stem cells may be beneficial in sepsis.11,12

The bone marrow-derived mesenchymal stem cells
seem to have comparable benefit whether they are given
directly into the airspaces of the lung or by an intravenous
route.Another potential target is patientswho suffer from
idiopathic pulmonary fibrosis, a condition for which no
effective therapy exists. Preclinical studies have focused
on the potential value of bone marrow-derived mesen-
chymal stem cells when given for bleomycin-induced
pulmonary fibrotic lung injury. In one of these studies,
the interleukin-1 receptor antagonist seemed to be
a keymediator of the beneficial effects.13 Some evidence
also indicates that mesenchymal stem cells might protect
against the progression of emphysema secondary to para-
crine effects that might decrease alveolar endothelial and
epithelial cell apoptosis. A small double-blind, placebo-
controlled trial of allogeneic human mesenchymal stem
cells has been carried out recently because of some evi-
dence from a trial of mesenchymal stem cells in patients
with acute myocardial infarction that revealed an
improvement in pulmonary mechanics in treated
patients.3 This trial demonstrated apparent safety, and
a secondary goal was to estimate the potential for mesen-
chymal stem cell therapy to improve lung function and
quality of life. Severe asthma is another potentially at-
tractive clinical target, particularly in patients who are
resistant to maximal medical therapy. Preclinical studies
now have demonstrated that mesenchymal stem cells can
reduce allergic airway inflammation inmice. Severe pul-
monary hypertension has been an area of considerable
interest in pulmonary research in large part because the
current treatment is supportive, with no ability to reverse
the primary process. Preclinical studies indicated that
mesenchymal stem cells can promote neovascularization
in the lung. In addition, endothelial progenitor cells can
be transduced to express proangiogenic factors including
endothelial nitric oxide synthase which was beneficial in
animal models. Currently, an ongoing pilot trial is under-
way to test autologous endothelial progenitor cells for
primary pulmonary hypertension.
Thus, more preclinical work is needed to identify the

paracrine mechanisms by which mesenchymal and pro-
genitor endothelial cells may be beneficial in acute and
chronic lung diseases. Also, selected clinical trials seem
to be warranted to understand further the safety and
potential efficacy of this therapy in acute and chronic
pulmonary diseases.

NEOPLASTIC DISEASES

The article by Dudek discusses recent evidence that
endothelial progenitor cells may be useful in treating
primary and metastatic tumors.14 The author explains
that in tumorigenesis, new vasculature is formed pri-
marily through the growth of existing blood vessels,
a process known as angiogenesis. In contrast, vasculo-
genesis is defined as a process in which new vessel for-
mation occurs from circulating stem cells or endothelial
cell progenitor cells. Controversy exists in regard to
whether bone marrow-derived endothelial progenitor
cells make a significant contribution to the vascular net-
work of tumors, though some believe they constitute up
to 30% to 40% of all tumor vessel cells. Another issue
relates to the degree of tumor tissue selectivity of endo-
thelial progenitor cells. Some work has indicated that
homing of endothelial progenitor cells to areas of neo-
vascularization in tumors is dependent on signaling
through the insulin-like growth factor-2/insulin-like
growth factor receptor-2/phospholipase-C pathway.
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Thus, tumors with higher expression of insulin-like
growth factor as well as perhaps vascular endothelial
growth factor might attract endothelial progenitor cells
more effectively than tumors that express lower levels
of these growth factors. Endothelial progenitor cells
can be used to deliver specific genes to tumors that
may be effective in reducing tumor growth. Endothelial
lineage cells are potentially attractive as cellular vehi-
cles for systemic tumor gene delivery therapy. Gene
transfer efficiency is variable but reportedly can be as
high as 80%.
In summary, targeted cancer gene therapy using endo-

thelial lineage cells to target tumor sites and produce
a therapeutic protein is feasible, thoughmore preclinical
work is needed. The idea of systemic delivery of gene
therapy to distant metastases remains a major objective
of this field. As of yet, no clear evidence indicates that
this approach has achieved major success based on pre-
clinical work. However, further refinements in method-
ology may make eventual clinical application a reality.
Knorr and Kaufman discuss evidence to support the

concept that human embryonic stem cells (hESCs)
and induced pluripotent stem cells (iPSCs) can provide
platforms for new cell-based therapies to treat malig-
nant diseases.15 Their review considers how hESCs or
iPSCs could be engineered to express chimeric antigen
receptors that could direct cytotoxic lymphocytes to tu-
mor sites. The safety of this approach needs to be tested
carefully because of some serious adverse events that
have been reported, as the authors discuss. One alterna-
tive is to engineer hESC- or iPSC-derived natural killer
cells to express tumor-specific cell receptors. The po-
tential value as well as challenges with this approach
are discussed in considerable detail. More preclinical
and phase I trials will be required to test these innovative
approaches in a variety of malignancies.

TYPE I DIABETES MELLITUS

Wagner et al consider a variety of potential stem cell
approaches to the treatment of type I diabetes melli-
tus.16 An excellent discussion is provided of a variety
of approaches that have been used to produce new
b cells, including the selection of non-b cell populations
based on either in vivo or in vitro methods. The authors
provide a thorough discussion of the potential of using
either embryonic stem cells or induced pluripotent
stem cells to generate functional islet cells. The major
challenge here is to establish differentiation conditions
that will be optimal for deriving specific cell types.
The discussion of embryonic stem cells and their
strengths and weaknesses is well presented. A major
concern still exists in regard to the neoplastic potential
of embryonic stem cells as well as the potential for
the immune rejection of host cells in the recipient. For
induced pluripotent stem cells, it is possible that they
would be superior to embryonic stem cells for clinical
applications. At least 3 reasons explain why induced
pluripotent stem cells likely would be favored over
embryonic stem cells. These cells are patient-specific
(essentially autologous), and therefore, the likelihood
of immune rejection is minimized. Second, the proce-
dure should be relatively quick, might become increas-
ingly efficient, and may have fewer limitations than
other methods. Third, the procedure does not require
the destruction of an embryo; thus, ethical issues are
not an obstacle. However, several challenges exist that
must be overcome for these cells to be used in a clinical
regimen. Concern still persists in regard to the neoplas-
tic potential of these cells. The review also considers
progress that has been made in differentiating embry-
onic stem cells into functional pancreatic endocrine
cells. More preclinical work is needed before the cli-
nical application for the treatment of type I diabetes
mellitus.
In summary, the review articles in this issue provide

a perspective on stem cells in basic research, preclinical
models, and clinical trials. In considering the potential
for clinical applications, some common challenges
and questions persist. First, will the use of any stem
cell population increase the risk of neoplasm in the re-
cipient? Clinical experience to date with use of bone
marrow-derived mononuclear cells or mesenchymal
stem cells has not revealed a risk of developing neo-
plasm from these therapies, but clinical experience is
limited. Neoplastic transformaton may be a particular
concern for embryonic and induced pluripotent stem
cells. Second, is the goal of stem cell therapy to deliver
cells that can function as organ-specific cells, engrafting
in the recipient organ and functioning like the targeted
cell they are intended to replace? This is clearly the
goal for type I diabetes mellitus in which engraftment
of functional pancreatic endocrine cells is needed or
in patients with neurologic disorders in which replace-
ment of neuronal cells is needed. However, in other clin-
ical disorders such as acute lung injury or acute renal
failure, it is possible that the paracrine properties of
mesenchymal stem cells might be sufficient to limit in-
jury and enhance repair without the need for engraft-
ment in the target organ. These acute disorders may
be themost ideal current candidates for the proof of con-
cept clinical trials. For neoplastic diseases, stem cells
may be used as vehicles for delivering genes that have
antitumor properties to the primary or metastatic tumor
sites providing conditions can be achieved that maxi-
mize delivery to the tumor sites. It is also possible that
embryonic stem cells or induced pluripotent stem cells
can be engineered to express chimeric antigen receptors
that might home cytotoxic lymphocytes to tumor sites.
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The progress that has been achieved in the last 30 years
in using allogeneic and autologous hematopoietic stem
cells for the effective treatment of hematologic malig-
nancies should serve as a model of how clinical applica-
tions may yet be achieved with embryonic stem cells,
induced pluripotent stem cells, endothelial progenitor
cells, and mesenchymal stem cells. Although several
challenges exist in translating stem cell therapy to pro-
vide effective new treatments for acute and chronic hu-
man diseases, the potential for developing effective new
cell-based therapies is high.

I appreciate the assistance of Andrew Manies in the preparation of

this manuscript.
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