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Abstract

Recent progress in tissue-resident adult stem/progenitor cell research has inspired great interest
because these immature cells from your own body can act as potential, easily accessible cell
sources for cell transplantation in regenerative medicine and cancer therapies. The use of adult
stem/progenitor cells endowed with a high self-renewal ability and multilineage differentiation
potential, which are able to regenerate all the mature cells in the tissues from their origin, offers
great promise in replacing non-functioning or lost cells and regenerating diseased and damaged
tissues. The presence of a small subpopulation of adult stem/progenitor cells in most tissues and
organs provides the possibility of stimulating their in vivo differentiation, or of using their ex vivo
expanded progenies for cell-replacement and gene therapies with multiple applications in humans
without a high-risk of graft rejection and major side effects. Among the diseases that could be
treated by adult stem cell-based therapies are hematopoietic and immune disorders, multiple
degenerative disorders such as Parkinson's and Alzheimer's diseases, types 1 and 2 diabetes
mellitus as well as skin, eye, liver, lung, tooth and cardiovascular disorders. In addition, a
combination of the current cancer treatments with an adjuvant treatment consisting of an
autologous or allogeneic adult stem/progenitor cell transplantation also represents a promising
strategy for treating and even curing diverse aggressive, metastatic, recurrent and lethal cancers. In
this chapter, we reviewed the most recent advancements on the characterization of phenotypic and
functional properties of adult stem/progenitor cell types found in bone marrow, heart, brain and
other tissues and discussed their therapeutic implications in the stem cell-based transplantation
therapy.

INTRODUCTION

Recent advances in the field of the stem cell biology have led to the characterization of
different tissue-resident adult stem/progenitor cells in most mammalian tissues and organs
that constitute potential and easily accessible sources of immature cells with multiple
promising therapeutic applications in stem cell-based transplantation therapies. Among the
tissues harboring a small subpopulation of adult stem/progenitor cells, there are bone
marrow (BM), vascular walls, heart, brain, tooth, skeletal muscles, adipose tissues as well as
the epithelium of the skin, eye, lung, liver, digestive tract, pancreas, breast, ovary, uterus,
prostate and testis (Fig. 1).1-24 Numerous studies have allowed researchers to define the
unique features of each tissue-resident adult stem/progenitor cell type and their specialized
local microenvironment designated as a niche (Fig. 1).14:6-15 The tissue-resident adult stem/
progenitor cells and their early progenies endowed with a high self-renewal and multilineage
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differentiation potential generally provide critical physiological functions in the regenerative
process for tissue homeostatic maintenance, and repair after intense injuries, such as chronic
inflammatory atrophies and fibrosis.14:6-14 Multipotent adult stem/progenitor cells are able
to give rise to different differentiated cell lineages in tissues from which they originate in
physiological conditions, and thereby regenerate the tissues and organs throughout the
lifespan of an individual. Importantly, it has also been shown that certain adult stem/
progenitor cells, including BM-derived stem/progenitor cells, may be attracted at distant
extramedullary peripheral sites after intense injuries, and thereby participate in the tissue
repair through remodeling and regeneration of damaged areas.1:2.9-11.14-17

Of clinical interest, it has been shown that the small pools of endogenous adult stem/
progenitor cells can be successfully used for cell replacement-based therapies in
regenerative medicine and cancer therapy in humans,3:9-11.14.16-36 The yse of autologous
adult stem/progenitor cell transplant may reduce the high-risk of graft rejection and severe
secondary effects observed with allogenic transplant or embryonic stem cell (ESC)-based
transplantation therapies. Particularly, the in vivo stimulation of endogenous tissue-resident
adult stem/progenitor cells or the replacement of nonfunctioning or lost adult stem/
progenitor cells by new ex vivo expanded immature cells or their differentiated progenies
have been recognized as promising therapeutic strategies.3:9-11.14.16-21,23-36 Among the
human diseases that could be treated by stem cell-based transplantation therapies, there are
hematopoietic and immune disorders, type 1 or 2 diabetes mellitus, cardiovascular,
neurodegenerative and musculoskeletal diseases and skin, eye, tooth, liver, lung, and
gastrointestinal disorders and aggressive and recurrent cancers (Figs. 1 and
2).3:9-11,14,16-21,23-36 |y regard with this, we discussed the most recent progress in basic and
clinical research in the adult stem/progenitor cell field in terms of their implications in the
development of novel stem cell-based transplantation therapies. The emphasis is on the
phenotypic and functional properties of adult stem/progenitor cells found in BM, heart and
brain and their potential therapeutic applications to treat diverse severe disorders and
aggressive cancers.

BONE MARROW-DERIVED STEM/PROGENITOR CELLS AND THEIR
THERAPEUTIC APPLICATIONS IN TRANSPLANTATION THERAPIES

Hematopoietic Stem/Progenitor Cells and their Clinical Applications

The BM-resident hematopoietic stem cells (HSCs) provide critical functions for the
maintenance of hematopoiesis and the immune system by generating all of the mature
myeloid and lymphoid cell lineages in the peripheral circulation along the lifespan of an
individual.1:9-11 The most immature and quiescent HSCs are colocalized with the osteoblasts
in a specialized niche within a BM region designated as endosteum (Fig. 1).1:2:911.12 These
multipotent HSCs are characterized by the expression of specific biomarkers including
telomerase, high levels of aldehyde dehydrogenase and CD34" or CD34*/CD38/1oW/Thy1*/
CD90*/C-kit!°/Lin"/CD133*/vascular endothelial growth factor receptor 2 (VEGFR2")/
ABCG2 multidrug transporter. Moreover, another HSC subpopulation found in a BM
microvasculature-sinusoidal endothelium niche also can contribute to rapidly supplying new
mature blood cell lineages, which have a short life in the peripheral circulation (Fig. 1).1:11
In regard with this, the results from a recent study have also revealed the presence of
postnatal CD34*/Lin"/CD10*/CD24 hematopoietic progenitor cells co-expressing
recombination activating gene 1, terminal deoxynucleotide transferase, paired box protein 5
(PAXS5), interleukin 7 receptor-a and CD3e in the BM and peripheral blood.3” These
hematopoietic progenitor cells, which exhibited a very low potential along myeloid
commitment, were able to migrate from BM to thymus and generate B-, T-, and natural
killer (NK)-lymphocytes.3” Additionally, the primitive KIT* hematopoietic progenitor cells
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endowed with a long-term self-renewal capacity have also been identified in the adult spleen
in humans.38 The activation of HSCs and their early progenitors implicates the interplay of a
complex signaling network mediated by different growth factors including hedgehog, Wnt/
[B-catenin, Notch, fibroblast growth factor (FGF) and Polycom group proteins, such as
BMI-1 and interactions with the niche components that control their self-renewal ability
versus differentiation capacity.1:2.9:11,12,39

In clinical practice, autologous or allogeneic HSC transplantation is currently used to treat
the patients with diverse hematopoietic disorders to reconstitute the hematopoietic cell
lineages and immune system defense.®-11.18.19 BM-derived HSCs may be collected from
BM aspirate or by aphaeresis after their mobilization in peripheral blood (PB) by using
diverse mobilizing agents such as granulocyte-stimulating factor (G-CSF), granulocyte
colony-stimulating factor (GM-CSF), granulocyte macrophage-colony stimulating factor
(GM-CSF) and/or synthetic chemical compounds-like bicyclam derivative, AMD3100
(Plerixafor).?1140 Hence, BM or mobilized PB HSC-containing samples or isolated HSC
preparations may be retransplanted into the same patients (autografts) or different patients
(allografts) by injection into the bloodstream (Fig. 1). Transplanted HSCs spontaneously
migrate and engraft at the BM compartment where they establish their novel homing, and
thereby contribute to replenish all the mature blood cell types and restore immune system
functions. Moreover, a treatment of patients with a myeloablative conditioning regimen
consisting of high-dose chemotherapy or radiotherapy is generally made prior to allogeneic
HSC transplantation to reduce the immune response and risk of graft rejection and improve
the anti-tumoral efficacy. The HSC transplants, alone or in combination therapies, may be
used to treat HSC aging related-intrinsic functional defects, inherited immunodeficient and
autoimmune diseases such as multiple sclerosis, refractory and severe aplastic anemias,
congenital thrombocytopenia, osteoporosis, cardiovascular disorders, chronic inflammatory
Bowel disorders (IBDs) including Crohn's disease and ulcerative colitis, and diabetes
mellitus.-11.20.21 particularly, HSC transplant may improve the immune response of
patients, and thereby help to repair damaged tissues at distant sites in diverse pathological
conditions and prevent infectious diseases after the transplantation of tissue or organ
grafts.?11.18 Moreover, high-dose or intermittent systemic chemotherapy or ionizing
radiation therapy plus HSC transplantation represents a potential therapeutic option to treat
and even cure the high risk patients with advanced and/or relapsed cancers (Fig. 2). Among
them, there are leukemias, multiple myeloma, Hodgkin's and non- Hodgkin's lymphomas,
melanoma and aggressive and metastatic solid tumors such as sarcomas, retinoblastoma,
kidney, brain, lung, pancreatic, prostate, breast and ovarian cancers.9-11:19.4142 |n fact, HSC
transplant may restore the hematopoietic and immune systems after myeloablative effects
induced by high-dose irradiation or chemotherapy following a treatment of cancer patients
(Fig. 2).1°

Although there have been important advances in HSC transplantation procedures, the graft-
versus-host diseases (GVHDSs), toxicity of cytoreductive conditioning regimens, the
presence of residual malignant cells in allograft as well as the lack of appropriate donors for
some patients, represent the major limiting factors for their clinical applications in safe
conditions.*3 Particularly, several secondary effects may be manifested after HSC
transplantation in certain patients and contribute to a poor quality of life.** For example,
acute or GVHD is a common late complication of allogeneic transplantation characterized
by specific clinical and pathologic signs related with the fact that immunocompetent donor
cells may attack to fast proliferating recipient tissues such as the skin, liver and
gastrointestinal tract.*® GVHD may be associated with the occurrence of severe vascular and
fibrotic lesions. In order to reduce the toxicity of myeloablative regimens, non-
myeloablative or reduced-intensity myeloablative conditioning regimens may be used in
certain cases, and more particularly, for old patients or patients with comorbidities that are
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unable to tolerate this immunosuppressor treatment.11:14 Moreover, an autograft after
purging of malignant cells may constitute another alternative treatment in patients with high-
risk leukemic relapse when no stem cell donor is available. For instance, the autologous
transplantation of CD133* selected HSCs may be used for pediatric patients with relapsed
CD34%/CD133" leukemia.*2 The results from a recent investigation have also revealed that
the homing and engraftment of BCR-ABL* leukemic stem cells (LSCs) in the BM of
patients with chronic myelogenous leukemias (CMLs) is highly dependent on CD44
adhesion molecule expression in respect to normal HSCs.*6 Therefore, the targeting of
CDA44 LSC using an anti-CD44 antibody also may constitute an alternative approach for
improving the efficacy of HSC transplantation in CML patients.*6 In addition, bank stored-
umbilical cord (UC) cells, including umbilical cord blood (UCB), placenta cells and fetal
tissue-derived HSC transplants, which generally induce a less intense detrimental
alloreactive response, may also constitute other HSC sources for autograft or allograft in
certain clinical or experimental settings.%-11

Mesenchymal Stem Cells and Endothelial Progenitor Cells and Their Therapeutic

Applications

The BM stroma, PB, skin dermis and placenta as well as the walls of large and small blood
vessels in most tissues and organs, including the brain, spleen, liver, kidney, lung, muscle,
adipose tissues, thymus, uterus and pancreas, also contain the multipotent mesenchymal
stem cells (MSCs) and endothelial progenitor cells (EPCs).2-1147:48 Muych of the work
conducted on adult stem/progenitor cells has focused on MSCs found within the BM stroma.
More particularly, the MSCs expressing CD49a and CD133 markers are localized in a
perivascular niche in BM, and may give rise to the osteoblasts that are colocalized with
HSCs, and which may support the hematopoiesis by producing the growth factors and
cytokines that promote the expansion and/or differentiation of HSCs (Fig. 1).1:2:5.9-1149 |¢
has also been reported that the lung-resident mice CD45 side subpopulation containing
MSCs and expressing a high telomerase level and mesenchymal markers (CD44, CD90,
CD105, CD106, CD73, Sca-1) can differentiate into chondrocytes, adipocytes and
osteocytes.®? The results from differentiation studies have also indicated that CD146*
Notch3* cells sorted from cultured BM-derived MSCs were capable of adipogenic and
osteogenic differentiation, while ITGAL11* cells mainly displayed an osteogenic
differentiation profile with limited adipogenic fate.1> The BM-derived or tissue-resident
MSCs can generate diverse mesodermal cell lineages involved in osteogenesis,
adipogenesis, cartilage and muscle formation, including the osteoblasts, osteocytes,
adipocytes, chondrocytes, myoblasts and myocytes under appropriate culturing conditions
ex vivo and in vivo.>?-11 Moreover, MSCs may also be induced to differentiate into
fibroblasts, neuronal cells, pulmonary cells, pancreatic islet § cells, corneal epithelial cells
and cardiomyocytes ex vivo and/or in vivo using specific growth factors and cytokines,>9:10

In the case of EPCs, which are derived-like HSCs from the embryonic hemangioblasts, they
may be distinguished by the expression of different biomarkers, including CD34* or CD34-,
CD133, VEGFR2* also designated as Flk-1 (fetal liver kinase-1), KIT and CXC chemokine
receptor 4 (CXCR4).14 EPCs may contribute in a significant manner to give rise to mature
endothelial cells that form new vascular walls of vessels after intense injury and vascular
diseases as well as the new vessel formation in tumors.%11 The critical role of circulating
EPCs in endothelial cell maintenance after tissue injury is notably supported by the
observation that their number and function is inversely associated with the progression of
atherosclerosis and an enhanced risk of cardiovascular diseases. For instance, it has been
proposed that the number of circulating EPCs may be increased by down-regulating EPC
senescence through plasma high-density lipoprotein (HDL)-induced nitride oxide (NO)
production and telomerase activity via the phosphatidylinositol 3" kinase (PI3K)/Akt
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signaling pathway.?2 These molecular events may promote the angiogenic process, and
thereby decrease the incidence of atherosclerosis-related ischemic diseases.22 Moreover, the
CXCR4 gene transfer in EPCs has been observed to promote their migration and adhesion to
the endothelial cell layer and vascular re-endothelization in nude mice subjected to carotid
artery injury as compared to non-transduced EPCs, while a treatment with neutralizing
antibodies against CXCR4 or/and JAK-2 inhibitor AG490 attenuated these beneficial
effects.1’ In the same way, the transplantation of CXCR4-expressing EPCs also resulted in
their migration to ischemic brain regions and promoted neurovascular repair, and improved
long-term neurobehavioral outcomes in an animal model.23 It has been noticed that an up-
regulated expression of stromal-derived factor-1 (SDF-1) level in ischemic heart or brain
can contribute in part to the recruitment of CXCR4-expressing EPC cells at injured
tissues.16:23

All of the aforementioned functional properties of MSCs and EPCs made them the
promising sources of immature cells for treating numerous degenerative and vascular
disorders in human. The autologous or allogeneic transplantation of a BM or PB sample can
lead to the homing and engraftment of functional HSCs, MSCs and EPCs and/or their
differentiated progenies at the BM and distant damaged tissues. Thus, this supports the
feasibility of this strategy for improving the tissue remodeling and healing processes after
severe injury as well as in the treatment of diverse human disorders, including osteogenesis
imperfecta, atherosclerotic lesions, visual loss associated with choroidal neovascularization,
ischemic cardiovascular and muscular diseases.?11:24.25 |t has been reported that MSCs,
EPCs and their progenies can contribute to the vasculogenesis and regenerative process of
several tissues, including bone, cartilage, tendon, muscle, adipose, brain, heart, lung, skin,
pancreas, kidney and eye.1924.25 |mportantly, adult BM-derived and tissue-resident MSCs
are a little immunogenic and display immunomodulatory and anti-inflammatory effects in
host in vivo.1? In this regard, the results from a clinical trial consisting of a transplantation
of autologous BM-derived MSCs to 41 patients between January 1998 and November 2008
have revealed that neither tumors nor infections were observed between 5 and 137 months
of follow-up after transplantation.2> Therefore, these therapeutic properties of MSCs also
support their potential clinical applications to prevent the tissue or organ allograft rejection
and severe acute and chronic GVHDs as well as to treat the autoimmune disorders such as
inflammatory bowel diseases and inflammation of the heart muscle walls associated with
autoimmune myocarditis, in which immunomodulation and tissue repair are required.1?
Indeed, MSCs can prolong skin allograft survival and reverse severe acute GVHDs in vivo
supporting their use in treating skin diseases as well as in the maxillofacial surgery.51:52 In
counterpart, the migration and proliferation of vascular smooth muscle cells (SMCs) derived
from BM cells, including HSCs and MSCs, in the vascular injured area leading to an
excessive cell accumulation, may contribute to the development of vascular pathologies
such as intimal hyperplasia and atherosclerotic lesions.1023 Therefore, future investigations
are necessary to optimize the BM-derived cell transplantation strategies and establish the
specific mechanism(s) of action and physiological effects of HSCs, MSCs and EPCs in the
long term. This should allow for improvement of their therapeutic and curative benefits and
prevent their detrimental clinical effects in treated patients.

CARDIAC STEM/PROGENITOR CELLS AND THEIR THERAPEUTIC
APPLICATIONS

The myocardial regeneration and cardiac function recovery in physiological and
pathological conditions may occur via the activation of a small pool of interstitial cardiac
stem/progenitor cells (CSCs or CPCs) found within the specialized niches localized at the
apex and atria of the heart (Fig. 1).349-11 Mammalian heart-resident adult CSCs or their
early progenies expressing different stem cell-like markers, including telomerase, nestin,
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KIT (also designhated CD117), multidrug resistance-1 (MDR-1) and ABCG2 multidrug
transporters, Isletl transcription factor and/or Sca-1 (in mice), are endowed with a high self-
renewal capacity and multilineage differentiation potential.349-11 These immature cells are
able to give rise to three major cell types constituting the myocardium, including
cardiomyocytes, smooth muscles and vascular endothelial cells in homeostatic conditions
and after myocardial injuries.34:%-11 Therefore, the in vivo stimulation of CSCs and early
progenies by administration of diverse exogenous growth factors or the intravascular,
intramyocardial or catheter-based delivery of ex vivo expanded CSCs or their differentiated
progenies may represent the potential therapeutic strategies to treat and even cure diverse
heart diseases (Fig. 1).3:%10 Moreover, the transplantation of genetically-modified adult
stem/progenitor cells also offers great promise by permitting delivery of a specific
therapeutic gene product such as an angiogenic agent or cardioprotective factor in the
ischemic or non-ischemic heart disease areas (Fig. 1).1026 These treatment types, alone or in
combination with the conventional clinical therapies by using pharmacological agents such
as angiotensin-converting enzyme (ACE) inhibitors, p-adrenergic blockers, and
nitroglycerin, represent promising strategies to improve the long-term survival of patients
diagnosed with heart failures resulting from ischemic heart disease, hypertension and
myocardial infarction.3:9-11.26,54

In addition, the use of other stem/progenitor cell types such as ESCs, UCB-derived stem
cells (CD133* cells, HSCs or MSCs), alveolar epithelial stem cells (AECs), BM-derived
stem cells (CD133* cells, HSCs, MSCs or EPCs), adipose-derived stem cells (ADSCs),
muscle-derived stem cells (MDSCs), pancreatic stem cells (PSCs) and adult testicular stem
cells or their progenies, which can differentiate into functional and contractile
cardiomyocytes and/or vascular endothelial cells in vitro and/or in vivo also represent
potential therapeutic stem/progenitor cell sources.310:16.17.26,27.55 Consistent with this, the
results from numerous investigations carried out on animal injury models in vivo have
revealed the potential benefit of using these stem/progenitor cell types or their differentiated
progenies with the cardiomyogenic properties to repair the damaged myocardium and
improving the coronary revascularisation and cardiac function.10-11.21,26.27.55 For jnstance,
the data from small clinical trials consisting of the transplantation of human BM-derived
stem cells, mobilized PB cells or purified CD133* BM-derived stem cells into patients with
advanced ischemic heart diseases have also indicated that this treatment generally improves
the vascularization process and/or myocardial function.%6-58 Importantly, the results from a
recent study have indicated that transendocardial injections of BM-derived MSCs also can
improve the cardiac function by stimulating host heart-resident KIT* CSCs proliferation in
an animal model of myocardial infraction.2’

An optimization of cell delivery methods and cell-replacement therapies are required to
establish the beneficial effects of these treatments on the ischemic and non-ischemic cardiac
disorders versus their potential risk before they deemed safe to use in the clinical setting.

NEURAL STEM/PROGENITOR CELLS AND THEIR THERAPEUTIC
APPLICATIONS

Phenotypic and Functional Properties of Neural Stem/Progenitor Cells

Adult neurogenesis and tissue repair in central and peripheral nervous tissues may occur
through the activation of adult neural stem and progenitor cells (NSCs and NPCs).1059 The
neural stem/progenitor cells have been identified within two specific germinal regions of the
brain, the subventricular zone bordering lateral ventricle in the forebrain and dentate gyrus
in hippocampus (Fig. 1).6-11 Multipotent NSCs localized in the germinal subraventricular
zone, which express different stem cell-like markers, such as CD133 and nestin and possess
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a high self-renewal potential, can give rise to three principal cell lineages, including mature
neurons and glial cells, astrocytes and oligodentrocytes.8-11 NSCs can generate the
progenitor cells that migrate along the blood vessels at distant damaged areas of the brain
and participate to regenerate and repair the injured tissues by generating further
differentiated and functional progenies.f® Moreover, NPCs found in the subgranular cell
layer of hippocampus, which are also designated neural precursor cells, can generate the
granule cell projection neurons that integrate into existing neuronal circuitry.6-911 |n
addition, multipotent adult stem/progenitor cells expressing the glial markers that are able to
give rise to the dopaminergic glomus cells have also been identified in the peripheral
nervous system within a germinal center termed carotid body.61 Importantly, recent
accumulating lines of experimental evidence have also indicated the possibility of using
these different immature neural stem/progenitor cells in transplantation therapies for treating
diverse neurological disorders.

Potential Stem Cell-Based Therapies for Neurological Disorders

The discovery that the adult neural stem/progenitor cells can actively contribute to
neurogenesis, astrogliogenesis and tissue repair in central and peripheral nervous systems in
the postnatal developing brain and throughout adult life has given new avenues to develop
novel stem cell-based therapies for treating diverse neurodegenerative disorders,
cerebrovascular dysfunctions and primary brain tumors.10:59.62 More specifically, the
transplantation of neural stem/progenitor cells and/or oligodentrocyte precursor cells (OPCs)
or other adult stem/progenitor cell types may constitute a potential cell-replacement strategy
for treating diverse severe brain injuries and devastating neurodegenerative diseases that are
associated with a partial or substantial loss of functional neurons and/or glial cells. These
neurological disorders include traumatic brain injury, Parkinson's and Alzheimer's, Lou
Gehrig's and Huntington's diseases, temporal lobe epilepsy, stroke/cerebral ischemia,
cerebellar ataxia, multiple sclerosis and amyotrophic lateral sclerosis.”9-11:59.62-69 |t has
been shown that ex vivo expanded neural stem/progenitor cells may be transplanted in
specific brain regions where they can proliferate, survive, migrate at damaged areas and
differentiate into functional neuronal and glial cells in vivo.”-3-11.59.62-69 For instance, the
intracerebral transplantation of neural stem/progenitor cells has been observed to improve
neuronal survival under conditions of focal cerebral ischemia via the hypoxia-inducible
factor-1a. (HIF-1a)-induced VEGF expression.? Interestingly, it has also been observed
that the neural progenitor cells from the olfactory organ of patients with Parkinson's disease
were able to generate dopaminergic cells in vitro and reduce the behavioral asymmetry
resulting from the dopaminergic neuron loss in the rat model of Parkinson's disease.®” In
regard with this, the intrastriatal transplantation of CB-stem/progenitor cells or their
progenies also might constitute a potential cell source for anti-Parkinsonian therapy.®1 In the
same way, the intravenous injection of human NSCs also resulted in their migration to the
striatal lesion, where they attenuated the striatal atrophy and induced a long-term functional
improvement in an animal model mimicking the striatal degeneration observed in
Huntington's disease.53

In addition, ESCs, fetal stem/progenitor cells, umbilical cord-derived stem cells and other
adult stem cell types, such as AECs, BM-derived MSCs, ADSCs and skin-, tooth- and
endometrium-derived stem cells, may also be induced to differentiate or trans-differentiate
into functional neurons, astrocytes or oligodendrocytes in vitro and/or in vivo.10:28-30 For
example, it has been observed that the transplantation of embryonic medial ganglionic
eminence (MGE) cells into the striatum ameliorated motor symptoms in a rodent model of
Parkinson's disease.28 Moreover, the data from a small clinical trial with seven patients with
Parkinson's disease treated with a single-dose of unilateral autologous BM-MSCs
transplanted into the sublateral ventricular zone have indicated that three patients exhibited a
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steady improvement of the symptoms.10-2% Importantly, it has also been reported that the
hippocampal NSC transplantation rescued the cognitive decline in the learning and memory
observed in aged animal model of Alzheimer disease by increasing hippocampal synaptic
density induced by brain-derived neurothrophic factor.30 In this matter, recent studies have
also underlined the importance of considering the intrinsic and extrinsic factors that
modulate neural stem/progenitor cell behavior as well as the influence of their local
microenvironment to design more effective stem cell-based transplantation therapies for
treating the brain disorders.

Stem Cell Transplant Plus Modulators of Neural Stem/Progenitor Cell Behavior

The ex vivo treatment or in vivo administration of trophic factors that can modulate the
functional integration, proliferation, long-term survival, fate specification and/or migration
of neural stem/progenitor cells and/or their local microenvironment, alone or in combination
with stem cell transplant, might represent potential therapeutic strategies for treating specific
neurological diseases.1%:31-36 |n this regard, it has been reported that the stimulation of sonic
hedgehog (SHH) cascade using exogenous SHH ligand or chemically-synthesized agonist
(SAG) of smoothened (SMO) hedgehog coreceptor induced the proliferation of neuronal and
glial precursors in vitro.34 Moreover, the intracerebroventricular administration of SHH or
SAG to adult rats promoted the survival of newly generated neural cells in adult rat
models.34 Importantly, it has also been reported that the transplantation of neural stem/
progenitor cells, chondroitinas ABC and growth factors, EGF, basic FGF and platelet-
derived growth factor-AA (PDGF-AA) principally resulted in their differentiation in
oligodentrocytes and synergistically promoted the functional repair of chronically injured
spinal cord in an animal model.3® In the same way, the MSCs transplanted into the
neurogenic areas of the hippocampus of the young rodent brain also were able to survive,
migrate at distinct sites of graft and generate new mature neurons synthesizing
neurotransmitters.3® In contrast, the implantation of MSCs into non-neurogenic areas of
striatum was associated with a massive cell degeneration and no migration of cells was seen
under these conditions.38 These results suggest then that the MSC behavior may be
influenced by the local microenvironment prevalent within the site of implantation.
Consistently, the induction of neuronal differentiation of MSCs by increasing cyclic
adenosine monophosphate in the culture medium before cell implantation has been observed
to promote their differentiation in vivo.3% In addition, another promising strategy to treat
neurological disorders and primary brain cancers also includes the transplantation of
genetically-engineered adult stem/progenitor cells.

Genetically-Engineered Stem Cell-Based Transplantation Therapies

The transplantation of genetically-engineered ex vivo expanded NSCs or other adult stem/
progenitor cell types, including BM-derived stem cells, alone or in combination therapies,
has been shown to effectively restore diverse neurological deregulations or suppress the
brain tumor growth.”%-77 In fact, NSCs and adult progenitor stem cells such as MSCs
possess an inherent tropic property and typically migrate throughout the brain to reach the
injured areas or primary brain tumor sites, and more specifically in the tumor hypoxia
region. Hence, human NSCs may be used as a delivery vehicle for a specific release of
therapeutic gene products at damaged brain regions or primary brain tumors, including
medulloblastomas and GBMs. For instance, it has been shown that the transplantation of
NSCs expressing HIF-1a, which can act, in part, by promoting angiogenesis, improved
behavioral recovery in a rat stroke model.” The transplantation of fetal-derived NSCs
engineered to express interleukin-12 or tumor necrosis factor-a (TNF-a) related apoptosis
inducing ligand (TRAIL), has also been observed to result in their specific recruitment
within intracranial glioma, and the release of therapeutic gene product concomitant with an
inhibition of tumor growth.”879 Similarly, the co-injection of neural stem/progenitor cells
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expressing cyclophosphamide (CPA)-activating enzyme cytochrome p450 2B6 (CYP2B6),
which catalyzes CPA prodrug transformation into membrane diffusible DNA-alkylating
metabolites with GMB cells followed by a CPA administration, markedly impaired brain
tumor growth.80 It has also been noted that the intracerebally transplantation of CPA gene-
engineered neural stem/progenitor cells resulted in their migration through the brain
parenchyma to the neoplastic site concomitant with a tumor growth inhibition through the
activation of CPA.80

Overall, these observations support the therapeutic interest of using adult stem/progenitor
cells, which are able to integrate and migrate through the brain and reach the damaged brain
regions, alone or in combination with other therapeutic agents, for developing effective
transplantation therapies to rescue damaged areas of the brain or specifically target the brain
tumor cells.

OTHER TISSUE-RESIDENT ADULT STEM/PROGENITOR CELL TYPES AND
THEIR THERAPEUTIC IMPLICATIONS

Among the other tissues and organs harboring an adult stem/progenitor cell subpopulation,
there are skin, liver, intestinal crypts and gastric glands, adipose tissues, muscles, eye and
pancreas (Fig. 1).2:10:14 |t has been shown that the in vivo stimulation of these adult stem/
progenitor cells and/or the replacement of their dysfunctional counterparts and/or their
further differentiated progenies by functional cells, also may constitute potential therapeutic
strategies for the treatment of numerous pathological disorders in humans.®-10.14
Particularly, the adult stem/progenitor cell-based transplantation therapies could result in the
restoration of the regeneration program in these tissues, and thereby prevent the progressive
loss of functions of these adult stem/progenitor cells with aging and lead to the treatment of
diverse human disorders. Among the disorders that could be treated by adult stem/progenitor
cell transplantations, there are skin disorders (chronic nonhealing wounds and ulcers,
ectodermal dysplasia congenital disorders); lung disorders (interstitial lung diseases, cystic
fibrosis, asthma, chronic bronchitis and emphysema); chronic liver injuries (hepatitis and
liver cirrhosis); gastrointestinal disorders (chronic inflammatory bowel diseases and ulcers);
bone and cartilage disorders (osteoporosis, osteogenesis imperfecta); musculoskeletal
disorders (Duchenne and Becker dystrophies and amyotrophic lateral sclerosis); eye diseases
(partial or total limbal and/or conjunctival stem cell deficiency, bullous keratopathy,
glaucoma and retinal damages) and pancreatic disorders (types 1 and 2 diabetes mellitus)
(Fig. 1).910 More particularly, the stimulation of PSCs in vivo or transplantation of ex vivo
expanded pancreatic B cells in the host disease recipient may constitute a therapeutic
strategy for restoring the B cell mass lost over time in diabetic patients.1913.14 Consistently,
it has also been reported that the transplantation of purified pancreatic duct cells from islet-
depleted human pancreatic tissue plus stromal cell preparation generated the insulin-
producing cells in normoglycemic non-obese diabetes/severe combined immunodeficient
(NOD/SCID) mice model in vivo.81 Importantly, the gene therapy using insulin-producing
cells, such as human adipose tissue-derived MSCs with unfractionated cultured BM, has
also beerz3 gbserved to be effective for treating insulinopenic patients with type 1 diabetes
mellitus.

In addition, it has been reported that the human endometrial gland-derived mesenchymal
cells (EMCs) and menstrual blood-derived mesenchymal cells (MMCs) expressing CD29
and CD105 were more proliferative than MSCs from umbilical cord.83:84 These pluripotent
immature cells were able to differentiate into cardiomyocytic, respiratory epithelial,
neurocytic, myocytic, endothelial, pancreatic, hepatic, adipocytic, and osteogenic cells in
vitro as well as trans-differentiate into cardiac tissue-layer in vivo.83:84 This suggests then
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that EMCs and MMCs may constitute new potential pluripotent stem cell sources, easily
accessible for cell replacement-based therapy.83

On the other hand, the adult stem/progenitor cells engineered to express cytotoxic agents or
antibodies targeting their malignant counterparts, cancer stem/progenitor cells and their local
microenvironment also offer great promises for the development of new therapeutic
approaches for treating aggressive, metastatic and recurrent cancers derived from these
different tissue-resident adult stem/progenitor cells (Fig. 2).10:14.8586 Ag a matter of fact, it
has been shown that the use of BM-derived EPCs engineered to express a soluble truncated
form of VEGFR-2 impaired tumor growth in vivo.8” MSCs engineered to produce and
deliver tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) into tumor sites
also caused the apoptotic death of lung (A549), breast (MDAMB231), squamous (H357)
and cervical (Hela) cancer cells in coculture experiments in vitro as well as a significant
reduction of xenografted tumor growth and lung metastatic tumor burden in vivo.8

CONCLUSION AND PERSPECTIVES

Together, these recent advancements in the field of the tissue-resident adult stem cell
biology have led to the development of potential transplantation therapies for treating
patients with diverse devastating diseases, including hematopoietic, cardiovascular and
neurodegenerative diseases and aggressive and recurrent cancers.

Although important progress has been made, future studies are necessary to optimize the
transplantation procedures in order to promote the functional integration, proliferation,
differentiation and migration of transplanted adult stem stem/progenitor cells to damaged
tissues and their long-term survival after implantation. Especially, the optimization of
administration modes of tissue-resident adult stem/progenitor cell transplants and the
identification of the specific intrinsic and extrinsic factors that regulate their behavior in
physiological and pathological conditions is necessary for the design of new therapeutic
strategies for improving the cell recovery and delivery in the specific damaged tissue areas
after transplantation. These future studies should lead to more effective and safe
transplantation therapies that could be translated in clinical settings for treating and even
curing diverse human diseases which remain incurable in the clinics with the current
conventional therapies.
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Figure 1.

Scheme showing the anatomic localizations of tissue-resident adult stem/progenitor cells
and their niches and adult stem cell-based transplantation therapies for treating diverse
human disorders. The clinical treatments consisting of an injection of autologous or
allogeneic adult stem/progenitor cell transplant, including bone marrow (BM)-derived stem
cells (HSC, EPC, MSC), peripheral blood (PB) or genetically-modified adult stem/
progenitor cells into peripheral circulation or diseased areas in the same patient or a host
patient is illustrated. The tissue-specific degenerating disorders and diseases which might be
treated by the autologous or allogeneic transplantation of adult stem/progenitor cells are also
indicated.
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ADULT STEM/PROGENITOR CELL TRANSPLANTATION THERAPIES
AGAINST AGRESSIVE AND RECURRENT CANCERS
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Figure 2.

Scheme showing potential combination therapies against locally invasive and metastatic
epithelial cancers. The therapeutic strategies consisting of targeted therapy of tumor-
initiating cells and their local microenvironment, including stromal components, high-dose
radiation or chemotherapy plus adult stem/progenitor cell transplantation and selective
delivery of anti-tumoral drugs by using genetically-modified stem cells, are also illustrated.
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