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INTRODUCTION

The continual quest of man to improve health care is not new—it is just the technologies that
change. Over 2500 years ago, The Chinese developed substances to fight “infections” reaching
through to quinine for malaria in the 17th century to 1877 when Pasteur and Koch found that an
airborne bacillus had “antibiosis” actions, to Ehrlich’s “antibiotic” for syphilis in 1909. But it was
not until 1928 with Fleming’s discovery of penicillin that the concept of antibiotics was
popularised, ultimately culminating in a Nobel prize shared with Chain and Florey in 1939. The
hallmark of defined antibiotics, coupled with major improvements in general sanitation, hygiene and
nutrition, was the trigger to major improvements in human health and well-being. One of the ironies
accompanying the increased lifespan of the population from approximately 40 years at the turn of
1900 to almost 80 years now is an unprecedented aging population and the onset of many types of
degenerative diseases.

Globally, the aging society is not content with suffering, their impatience driving further expec-
tations of better treatments and even cures. But this is counter balanced by the financially conser-
vative nature of governments and their available input into health improvement. How do they triage
the clinical needs before them? One of the issues is the time (10-20 years) and cost (hundreds of
millions of dollars) involved to make the transition from “bench to bedside”. Current estimates are
that there are over 70 forms of intractable, degenerative conditions affecting hundreds of millions
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of people globally. It is this social and clinical burden that has been the catalyst to a new
breakthrough technology, stem cell based therapies—a new revolution in medicine. Indeed this is
best exemplified by the formation of the Californian Institute for Regenerative Medicine
(http://www.cirm.ca.gov)—a $3 billion enterprise that is leading the world with the funding of stem
cell research and its clinical applications.

The chapters in this book highlight the explosion in this area of research. For the first time, so
many diseases have been covered under the same therapeutic umbrella—that provided by stem cells
as the new foundation to regenerative medicine.

THE EVOLUTION OF REGENERATIVE MEDICINE

William Heseltine, Chairman and CEO of Human Genome Sciences (Rockville, MD), about 10 years
ago described “regenerative medicine” as “the broad range of disciplines . . . working towards a
common goal of replacing or repairing damaged or diseased tissue.” This section discusses the
history and evolution of regenerative medicine and its associated paradigm shifts, as well as the
interplay of factors that shaped the pace and direction of its development.

The earliest concept of tissue regeneration dates as far back as the ancient Greek mythologies.
Hercules cut off the head of the monster Hydra and was shocked to observe two heads growing
back in its place; Prometheus was chained to a rock where daily his liver was eaten by an eagle, but
was renewed every night. In nature, newts are able to regenerate severed limbs and a number of
lower vertebrates can regenerate central nervous system neurons following axotomy. Although
humans are not capable of such dramatic regeneration, however on a daily basis the integrity of all
cells, tissues and organs is homeostatically maintained by continual replacement from residual
pockets of specific stem and progenitor cells. In many forms of tissue injury, adult stem cells both
native to the organ as well as those distal to the site play a role in the repair and regeneration of the
tissue. In the case of the skin, wound healing involves local cutaneous cells to reconstitute the
epidermis as well as distant bone marrow derived cells, and the adjacent uninjured dermal
mesenchyme to reconstitute the dermal fibroblast population [1]. In liver resection, up to two-
thirds of the liver can be removed and remaining hepatocytes undergo replication to restore original
organ size and function; however, under severe and sustained injury, intra-hepatic stem cells from
the Canals of Hering become activated and take on the task of regeneration [2, 3].

While there have been suggestions of bone autografts for centuries and many sporadic attempts
at transplantation surgery occurred up until the 1900s, the modern-day concept of transplantation
as a paradigm for regenerative medicine did not become popularised until December 1967 with the
first successful heart transplant performed by Christiaan Barnard. Interestingly, there were two
main barriers to success—appropriate surgical procedures and immune rejection. The former is
now stunning in its precision, while the latter still poses a major challenge.

Stem cell based therapies and their clinical applications to regenerative medicine have as their
origins the world’s first successful bone marrow transplant (BMT) in 1968, wherein whole bone
marrow was transplanted into a patient and the stem cells contained within the graft successfully



Stem Cells and Regenerative Medicine—The Evolving Story 3

replaced all haematopoietic cells [4]. While today’s BMT benefits from extensive human leukocyte
antigen (HLA)-typing, earlier unsuccessful attempts at BMT for the treatment of aplastic anaemia
by Osgood in 1939 [5] preceded our understanding of the immunological factors involved in
functional engraftment and graft-versus-host disease (GVHD). Early theories on the mechanisms
of rejection were proposed by Ehrlich in 1906 and Carrel in 1910 [6, 7], who suggested that this
rejection was due to malnutrition and physiological disturbances in donor tissues. As the ABO blood
group system and immunological nature of allograft rejection in humans were discovered, more
light was shed on the restrictions of transplantation, and hence the strategies required improving
successful engraftment and long-term acceptance. However, despite the fact that it is now over 80
years since the first definition of major histocompatibility complex (MHC) antigens [8], the
immunological barriers to successful, non-self transplants, including those of stem cells, remain a
major challenge.

TISSUE ENGINEERING

Bioengineering is increasingly being recognised as an important component in the field of
regenerative medicine. In the later part of the century, scientists faced yet another paradigm shift as
tissue engineering was born from collaborative efforts by four independent laboratories at the
Massachusetts Institute of Technology (MIT), which resulted in a number of products that are still
available today [9]. Concurrent research at the Harvard Medical School to develop a bio-artificial
pancreas [10, 11] led to a variety of biohybrid organ projects including Amcyte’s and Novocell’s
Phase I/II trials of microencapsulated allogeneic islets cells. In 1993, Science published the first
major review on tissue engineering [12] and by 1998, the US FDA approved the world’s first
allogeneic bioengineered product, Apligraf ®, which was marketed as a living skin equivalent.

As was the case for monoclonal antibodies and genetic engineering, initial claims for
bioengineering were over-simplified and over-played. Suggestions that human organs could be
grown in a petri dish resulted in unrealistic public expectations and media hype. The peak of this
was perhaps in 2000 when Time magazine named tissue engineers as “The Hottest Job” for the
future. There is, however, a re-incarnation of tissue engineering and its integration into creating
artificial niches for stem cell growth.

NANOTECHNOLOGY

The concepts of nanotechnology were first introduced by Richard Feynman in 1959 [13] and
further defined by Taniguchi in 1974 [14]. Today’s interest in nanomedicine is based on the
application of nanotechnology tools to the development of structures at the molecular level, which
then allows for the improvement of interactions between synthetic materials and biological entities.
Within the genre of regenerative medicine, nanoparticle research has mainly addressed the
development of entrapment and delivery systems for genetic material, therapeutic agents,
biomolecules and as a reinforcing- or bioactivity-enhancement phase for polymeric matrices in 3D
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scaffolds. The advances in nanotechnology facilitate the synthesis of an extracellular matrix (ECM)
that can promote and influence cell growth, cell mobility and adhesion—much more than
mimicking a cell’s natural environment. Micro- and nano-topography have been shown to be crucial
cues for cell behaviour including differentiation [15, 16]. In the case of tissues such as tendons,
nerves, corneal stroma and intervertebral disc regeneration, cell orientation using contact guidance
afforded by nanoscaffolds is essential to achieve functional tissue [17, 18]. The capability of
nanomedicine to produce nanostructures, which can mimic natural tissues, as well as nanoparticles
in delivery systems has elicited research interest in this field. One of the challenges scientists are
facing today is developing artificial nanocarriers that can pass tight junctions, blood—brain barriers
and capillaries but with the efficiency and specificity similar to that of viruses [19].

STEM CELLS IN REGENERATIVE MEDICINE
Embryonic Stem Cell Therapy

Recently, human embryonic stem cells (hESCs) have been touted as heralding the dawn of a
revolutionary age of regenerative medicine [20, 21]. Following the “discovery” of hESCs in 1998
[22], and their capacity for diverse differentiation [23], our understanding of the biology of these
cells, their physiological requirements and the parameters of their potential has increased
enormously. Protocols have been developed to maintain hESCs in their undifferentiated state, and
panels of primitive markers related to “stemness” have been described to identify, sort and isolate
the cells. The main characteristic that separates hESCs from all other types of cells is that they are
truly pluripotent, that is, they can potentially give rise to virtually all cell types in the human body
and, therefore, can provide exciting new therapies for tissue regeneration. Unlike haematopoietic
and other adult stem cells that cannot undergo long-term self-renewal in vitro [24], hESCs appear
to be capable of infinite self-renewal and can, therefore, expand to very large numbers [25].

Some of society’s most devastating diseases, such as diabetes, kidney failure, lung disorders,
spinal injury, stroke, neurodegenerative disorders, haematological disorders and heart failure, for
example, may potentially be treated with defined cell populations able to repair or replace the
damaged tissue. Whilst generating specific cell types from ESCs in vitro poses many challenges,
the activation or inhibition of specific factors required to induce the differentiation of ESCs through
the many developmental stages towards lineage-specific progenitors and mature cells, are slowly
being unravelled [26]. Despite the enormous potential of ESCs, and the fact that many ethical issues
have been overcome, their clinical utility has been tempered by safety concerns. These have arisen
directly from their characteristic propensity for teratoma formation (tumours derived from all three
germ layers) and whether therapeutic ES products do indeed faithfully recapitulate the normal cells
and tissues they are designed to repair or replace. This does not preclude the value of ESCs for
generating invaluable cell lines as diagnostics for drug testing. The issue of immune rejection will be
a challenge with traditional ESCs.
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Tolerance to Stem Cell Therapeutics

The immunogenicity of ESC transplants has been the topic of much debate. The discovery that
ESCs expressed only low levels of MHC proteins—few MHC Class I and virtually no MHC Class II
[27]—led to the possibility that ESCs might be “immune privileged”, that is, they can elude the host
immune system. However, compelling evidence of immune rejection has conclusively shown recently
that this is not the case. Using a sophisticated non-invasive molecular imaging technique, Swijnenburg
and colleagues [28] unequivocally demonstrated immune rejection of hESC within 10 days of
transplantation into immune competent mice. Furthermore, upon re-injection of hESC, the already
primed immune system rejected them within 2—4 days. This study suggests that patients will reject
allogeneic hESC transplants, as they would for any other allogeneic solid organ transplant.

It was initially perceived that the environment in which ESCs would be transplanted into may
induce the differentiation of these cells into the surrounding tissue type, with the caveat that aged
niches may have reduced capacity to stimulate stem cell regeneration [29]. In this respect,
Nussbaum and colleagues [30] confirmed that adult tissues may lack the cues to induce ESCs to
form mature cell types. In carefully controlled experiments, syngeneic undifferentiated mouse
ESCs were transplanted into normal and infarcted adult hearts. The damaged cardiac tissue lacked
the required inductive cues for ESC differentiation into cardiomyocytes and teratomas formed.
Furthermore, while the grafts were accepted in immunocompromised and syngeneic hosts, they
were eventually rejected in allogeneic hosts [30].

Inducing ESCs to differentiate in vitro into the appropriate cell types prior to transplantation
would avoid the issue of teratoma formation, provided there were no lingering undifferentiated
cells. However, it is highly probable that the differentiated progeny of ESCs will have increased
expression of MHC proteins (referred to as HLA), even more so in inflammatory environments,
which stimulate the production of cytokines such as IFNg. This would increase their likelihood of
immune rejection in an allogeneic setting. Clearly efficient tolerance strategies will need to be
addressed to avoid life-long administration of immunosuppressive treatments, which are associated
with high morbidity and loss of quality of life, with rejection ultimately inevitable.

Several alternatives to generalised immune suppression have been proposed in order to overcome
immune rejection [26, 31, 32]. These include the accessibility of enough ESC lines to provide
histocompatibility matching to the genetically diverse population, to engineered ESCs that suppress
HLA expression or secrete immunosuppressive molecules. Each has its associated difficulties and
risks. It was estimated that 150 different cell lines will be required to provide a full match at HLA-
A, -B and -DR types for 20% of recipients, a beneficial match for 38% with one HLA-A or one
HLA-B mismatch only, and one HLA-DR match for 84% [33]; immunosuppressive treatment will,
therefore, be required even after that.

Another approach—using the same rules that establish and maintain self-tolerance, and has many
examples of proof of concept—is to re-educate the immune system to accept donor tissue by
creating haematopoietic chimeras. Patients receiving a bone marrow, or haematopoietic stem cell
(HSC), transplant prior to solid organ transplants from the same donor were taken off
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immunosuppressive treatments once donor engraftment was achieved (for example, [34-39]).
Whilst successes in this approach have been described for over a decade, it is surprising that it has
not been incorporated more often in clinical transplantation therapy, at least in young recipients who
have a more robust immune regenerative potential. Thus, by deriving HSCs from the same hESC
line that was used to develop the cell therapeutic, central tolerance could be established, provided
the hESC-derived HSCs readily engraft into the bone marrow and then migrate as appropriate
progenitors to the thymus. Here they convert to not only T-cells but also dendritic cells, which can
deliver tolerogenic signals to the developing thymocytes, eliminating or silencing any that may be
donor (or self-) reactive.

One limiting factor to such tolerance-inducing approach is the age of the recipient. This is of
paramount importance as the vast majority of people requiring regenerative medicine-based
therapies will be adults through to the elderly. However, the thymus—the function of which is
critical for central tolerance—atrophies with age such that by mid-life it has less than 10% of its
maximal functional tissue [40]. The bone marrow niche may also be altered with age, although this
phenomenon is not as clear-cut as that evident in the thymus, with the possibility of both intrinsic
and extrinsic effects altering HSC and B-cell developmental potential with age [41-47]. The
realisation that damage from pre-conditioning regimes required for HSC transplants may further
compromise the function of the thymus and bone marrow in the elderly has led to increased
attention towards developing strategies to enhance T-cell reconstitution. Such strategies include
regenerating the bone marrow [48] and thymic niches [49, 50], adoptive transfer of T-cell
precursors [51] and induction of regulatory T-cells (Treg) [52-54). Changes in the immune-
endocrine axis with age have provided some insight into the mechanisms of thymic involution and
these are currently being investigated as potential therapeutics for thymic regeneration. Blocking
the suppressive effects of sex steroids by administering a luteinising hormone releasing hormone
(LHRH) agonist has had dramatic results in regenerating lymphopoiesis and immune reconstitution
in aged animal models and following chemotherapy-induced damage [55-60] and is currently
showing positive results in clinical trials [61]. Growth factors, such as growth hormone,
keratinocyte growth factor, interleukin-7 and Fms-like tyrosine kinase 3, have also shown potential
as regenerative agents [62].

Strategies to produce patient-specific “embryonic” stem cells are being developed to avoid
rejection, such as induced pluripotential stem (iPS) cell lines, generated by the dedifferentiation or
reprogramming of patient somatic cells [63—66]. The reprogramming requires integration of
retroviruses encoding specific transcription factors. The risks in using viral vectors are presently
too great for clinical application; however, developing technologies for transient gene transfer or
the transfection of proteins rather than genes may overcome this and the possibility of immune
rejection, if viral antigens are present.

ADULT STEM CELLS

Although BMT has now been a very successful therapy for many decades, recently, in part
instigated by the ethical and safety issues with ESCs, adult stem cells have become a major focus of
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interest. It is now clear that every tissue and organ in this body has its own reservoir of stem cells
that provide the “engine room” for homeostatic maintenance of the body. The aging process no
doubt reflects a numerical or functional degradation in these stem cells—hence major efforts being
made to identify and target adult stem cells for regenerative medicine.

Indeed pre-clinical studies are already being translated into the clinic. In particular, bone marrow
derived stem/progenitor cells may also migrate to distant extramedullary peripheral sites after
severe tissue damage and participate in repair, remodelling and the regeneration process [67-70].
This unique feature makes them a relevant source of immature cells for tissue repair based on the
body’s own regenerative capabilities [71]. The tissue regeneration mediated via adult stem/
progenitor cells is usually accompanied by changes in the local environment orchestrated by
growth factor and cytokine-initiated cascades including EGF-EGFR, Wnt/B-catenin, Notch, BMP,
SDF-1-CXCR4 signalling pathways [72-74]. Additionally, adult stem cells are being studied as a
novel means to deliver gene therapy, for example anti-angiogenic or cytotoxic agents can be
directed to specific tumoural sites as a treatment for aggressive and metastatic tumours, which are
unamenable to traditional therapy [75-78].

Two adult stem cells, namely the mesenchymal stem cell (MSC) and the amnion epithelial stem
cell, have emerged recently in the literature as cells with marked potential in the realm of
immunomodulatory and regenerative medicine. MSCs (also referred to as mesenchymal stromal
cells) were originally isolated from the bone marrow but are now found in numerous tissues,
including adipose, skin, umbilical cord and placental membranes. Isolated from their milieu on the
basis of adherence to plastic and negative expression of haematopoietic markers, MSCs
demonstrate clear multipotency for differentiation into cells of mesenchymal lineage such as
adipocytes, chondrocytes and osteoclasts and are currently being used clinically for the treatment
of genetic bone disorders such as Osteogenesis imperfecta, as well as mechanical bone and
cartilage injuries (refer to Table 1.1). More controversially, MSCs have also reported trans-
differentiation into cells of both endodermal [79, 80] and ectodermal germ layers [79, 81],
indicating potential for the treatment of neurological conditions such as stroke as well as
therapeutic applications in both pancreatic, renal and liver function [82]. An ir vive study has
recently reported improved neurological function in a cohort of patients injected with autologous
MSC for the treatment of multiple system atrophy [83]. In addition, multiple clinical trials are
underway to assess the effect of site-specific injection of MSC in patients with end-stage liver
disease as well as a broad range of cardiac myopathies (refer Table 1.1).

MSCs also function as potent regulators of the immune system, suppressing immune responses
both in vitro and in vivo [84]. This remarkable property has, most notably, led to its clinical use in
patients undergoing myeloablation for HSC transplant. Numerous studies have now demonstrated
the powerful effect of MSC infusion in reducing the incidence and/or severity of GVHD in patients
receiving allogeneic HSC transplantation, as well as improvement in donor stem cell engraftment
and function [85-92]. The immunosuppressive properties of MSC are currently being evaluated as
potential therapy for other immune disorders including Crohn’s disease, systemic lupus
erythematosus and Type 1 diabetes (refer to Table 1.1).
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Amnion epithelial cells (AECs) are isolated from the amnionic membrane of discarded placental
tissues. Placental amnion has been widely used in medical history for its pro-epithelial and anti-
inflammatory properties, in particular for the treatment of both chemical and thermal burmns and
corneal defects [93]. In more recent times, AECs have been isolated as single cells from the
epithelial layer of the amniotic membrane and have been shown to retain pluripotent properties
similar to ESCs. Unlike ESCs, however, human AECs do not form teratomas when injected into
SCID mice and thus represent a safer therapeutic option for the treatment of a wide range of tissue-
related disorders [94, 95]. Ongoing research indicates that AECs retain the ability to differentiate
into tissue cell types from all three germ layers. Currently, most of the work pertaining to AEC has
occurred in pre-clinical animal models and demonstrates promising outcomes in a wide range of
disorders including liver disease [95-97] and neural disorders [98—101]. A clinical trial is now
underway to assess the effect of transplanted, culture-derived AEC in repairing damaged ocular
surfaces (Clinicaltrials.gov identifier NCT00344708). Recent studies have also indicated
immunosuppressive properties of AEC, similar to that observed for MSC [102]. Importantly, both
MSC and AEC appear to be immune privileged and thus are not encumbered by the problems of
immune recognition, allowing clinical MSC transplants of both autologous and “off-the-shelf”
allogeneic therapeutic products. The ease of isolation and harvest of these cells types, such as bone
marrow or adipose biopsies for MSC isolation and discarded, full-term placental tissue for AEC
extraction, are both relatively non-invasive and herald minor ethical considerations. Both AEC and
MSC represent a viable and promising source of cell therapy for regenerative medicine.

Table 1.1 Clinical Use of Mesenchymal Stem Cells—Published and Ongoing Clinical Trials

Disease/condition  Intervention Patient number/  Reference/clinical trial
clinical phase identifier
(Clinicaltrials.gov)
Graft versus host MSC infusion (I.V.), HLA-identical 1 patient Le Blanc et al., 2004 [89]
disease MSC infusion (I.V.), HLA-identical, 8 patients Ringden et al., 2006 [92]
haploidentical, HLA-mismatched
MSC infusion, HLA-mismatched 2 children Fang et al., 2007 [103]
MSC infusion (L.V.), HLA-identical, Phase II Le Blanc et al., 2008 [88]
haploidentical, HLA-mismatched B
MSC infusion, HLA-mismatched 1 child Ball et al., 2008 [104]
MSC infusion (I.V.), allogeneic Phase I ‘ NCT00361049
MSC infusion (I.V.), allogeneic Phase I/11 NCT00314483
MSC infusion (I.V.), allogeneic Phase I/11 NCT00447460
MSC infusion (LV.), Umbilical Phase I/11 NCT00749164
cord-derived
MSC infusion (1.V.), OTI-010 Phase II NCT00081055

(Contd.)
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Table 1.1 (Contd.)

Haemopoietic
engraftment

Breast cancer

Acute myelogenous

leukaemia

Hematologic
malignancy

Leukaemia,

aplastic anaemia,
severe combined
immunodeficiency

(SCID)

Cardiac myopathy

(total 7)

Myocardial infarction

Congestive heart

failure

Myocardial infarction

Chronic myocardial

ischemia

Acute myocardial

infarction
Heart failure

Heart failure

Osteogenesis Imperfecta

Chrohn’s disease

MSC infusion (I.V.), ProchymalTM
MSC infusion (L.V.), Prochymal™
MSC infusion (I.V.), I—"rochymalTM
MSC infusion (1.V.), l"'rochymalTM
MSC infusion (L.V.), Prochymal™
MSC infusion (I.V.), ProchymalTM

MSC infusion (1.V.), autologous

MSC infusion (I.V.), HLA-
mismatched

MSC infusion (1.V.), HLA-identical

HLA identical, haploidentical

MSC infusion, Provacel™
Intramyocardial MSC injection,
autologous

Intramyocardial MSC injection,
autologous

Intramyocardial MSC injection,
autologous

Transendocardial injection, allogeneic

Transendocardial injection, allogeneic

Intramyocardial MSC injection,
autologous

MSC infusion (I.V.), allogeneic
In-uterine transplantation of
allogeneic MSC

Bone marrow cell infusion

(CD3 depleted), allogeneic

MSC infusion (I.V.), Prochymal™
MSC infusion (I.V.), Proc:hymalTM
MSC infusion (I.V.), ProchymalTM
MSC infusion (I.V.), ProchymalTM

Phase 11
Phase II
Phase II
Phase II
Phase II
Phase III

28 patients
1 patient

phase I

7 patients

Phase I
Phase 1/11

Phase I/1I

Phase I/11

Phase I/11

Phase II
Phase 11

6 children
1 patient

Pilot

Phase 11
Phase III
Phase III
Phase III

NCT00504803
NCT00603330
NCT00476762
NCT00136903
NCT00284986
NCT00366145

Koc et al., 2000 [86]
Lee et al., 2002 [91]

Lazarus et al., 2005 [87]

Le Blanc, 2007 [90]

NCT00114452
NCT00644410

NCT00587990

NCT00260338

NCT00555828

NCT00721045
NCT00418418

Horwitz et al., 2002 [105]
Le Blanc et al., 2005 [106]

NCT00187018

NCT00294112
NCT00543374
NCT00482092
NCT00609232

(Contd.)
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Table 1.1 (Contd.)

Diabetes (typel) -Cotransplantation of islet (allograft) Phase I/11 NCT00646724
and MSC infusion-autologous
-MSC infusion (I.V.) in recently Phase II NCT00690066
diagnosed type I diabetics,
Prochymal™
Chronic obstructive MSC infusion (LV.), ProehymalTM Phase II NCT00683722
pulmonary disease
Multiple sclerosis MSC infusion, autologous Phase I/II NCT00395200
End stage liver disease  MSC (differentiated into progenitor Phase /11 NCT00420134
hepatocytes) infusion (portal vein),
autologous
Systemic Lupis MSC infusion (L.V.), autologous Phase I/1I NCT00659217
Erythematosus MSC infusion (I.V.), allogeneic Phase I/11 NCT00698191
Decompensated cirrhosis MSC infusion (L.V.), autologous Phase II NCT00476060
Tibial fracture Local MSC implantation, autologous Phase I/II NCT00250302
Partial medinl Intra-articular MSC injection, Phase [/1I NCT00702741
meniscectomy autologous
Adult periodontitis Implant of scaffold including MSC Phase I/11 NCT00221130

and ostoclasts

Multiple system MSC infusion (intra-arterial and 1.V.),

atrophy autologous 18 patients Lee et al., 2007 [83]

Note: 1.V., intravenous.

CONCLUDING

From the earliest applications of regenerative medicine in BMT nearly five decades ago, this
dynamic area of research has grown to include both adult and embryonic stem cells, fusing the
continually evolving molecular biology with cutting edge sciences such as nanotechnology and
tissue engineering. Thus regenerative medicine in this day and age incorporates both the
transplantation of cells or synthesised material into the body, as well as aiding the body’s natural
regenerative capacity. It is not surprising that this field of science has expanded exponentially with
our evolving understanding of signalling pathways vital to the differentiation of stem cells and better
grasp of nanotechnology in order to build more complex scaffolds to include growth factors, ECM
and other proteins. The prospect of ex vivo cell, tissue and organ genesis is conceivable.

Our ability to create better animal models for studying regeneration and graft acceptance has also
played a vital role in the evolution of regenerative medicine. Tail amputations performed on the
zebrafish model shed light on the role of Wnt/B-catenin in limb regeneration, and the production of
“humanised” mice allows the testing of potential therapeutics in a system that mimics the human
haematopoietic-lymphoid system, and although this does not exclude the need for large animal
studies, they are vital in the speeding up of preclinical evaluation of novel agents.
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While the potential for hESCs and adult stem cells in regenerative medicine is obvious, it is
important to keep in mind the challenges that need to be overcome:

(i)

(i)

(iii)

allogenic transplantation of adult stem cells, hRESCs and hESC-derived progenitors will still
require donor tolerance induction by its recipient;

hESCs can form teratomas, for which grafts must be free of all undifferentiated cells prior
to transplantation; and

the microenvironment of the grafted tissue must be conducive to the survival of the graft
because the graft will be exposed to all the host factors that cause tissue damage in the first
place.

Indeed the new revolution in regenerative medicine that the age of stem cells has instigated is
tantalisingly close. It will be fascinating to revisit the contents of this excellent book in 5 and 10
years time—how accurate it was and what amazing discoveries are still in store!
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