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EDITORIAL

The repair of injured neuronal tissue in the central nervous
system (CNS) has been considered to be impossible. Stem cell
transplantation, however, has provided hope that the damaged
neurons may be repaired. Expectations for the regenerative
capacity represented by human induced pluripotent stem (iPS)
cells have increased, not only for clinical application but also as
potential tools to develop new pharmaceutical agents. In this
chapter, the potential stem cell sources for neurological disorders
and future issues will be described.

Embryonic stem cells and iPS cells

Embryonic stem (ES) cells are pluripotent stem cells and
can be isolated from the blastocyst, an early-stage embryo. In
1998, researchers at the University of Wisconsin were the first
to successfully isolate and cultivate human ES cells [1]. ES cells
represented a promising source for cell transplantation because
of their ability to differentiate into all somatic cell lineages, but
the clinical applications for these cells has remained somewhat
hampered by the ethical implications of using human embryos.
However, use of human iPS cells rather than stem cells from
human embryos begun to help overcome these issues. iPS cells
were developed by Dr. Shinya Yamanaka, a professor at Kyoto
University who was awarded the Nobel Prize in Physiology or
Medicine in 2012 [2]. In Japan, the world’s first clinical research
using human iPS cells will soon begin and will test their effect
in treating age-related macular degeneration. The competition
between researchers to approach clinical applications for iPS
cells is increasing. Despite the genetic analysis of iPS cells that
has been conducted, the mechanisms of cellular reprogramming
have yet to be fully elucidated [3]. Recent reports reveal that the
genomes of iPS cell lines exhibit chromosome abnormalities,
residual epigenetic markers from the parent somatic cell type,
and a higher than normal number of coding sequence mutations
[4]. In addition, the tumorigenic potential of iPS cells remains a
great concern; these cells have been shown to form teratomas.
Although new approaches to improve the safety and efficiency of
iPS cells have been suggested, patients and their families need to
be informed of the potential risks.

Neural stem cells

Neural stem cells (NSCs) are thought to an optimal cell source
for the treatment of neurological disorders because of their
potential to differentiate into cells of glial and neuronal lineage.
Intraparenchymal transplantation of NSCs into the injured brain
region induced functional improvement in the animal models
of stroke [5]. NSC transplantation is also shown to be highly
effective for treating spinal cord injury in primates [6]. The
host microenvironment is an important element in defining the
success of NSC grafting, and as such, some scaffolds have been
developed to provide an appropriate cellular microenvironment
that promotes neuritic regeneration and synaptic reconstruction
in the host brain [7]. However, there are ethical problems
surrounding the use of fetal tissues associated with abortion,
but these issues do not exist for autologous NSCs obtained from
patient brain biopsies. Additionally, NSCs are relatively difficult
to isolate and prepare. These points represent major obstacles to
the advancement of NSC clinical applications.

Mesenchymal stem cells

Mesenchymal stem cells (MSCs) are non-hematopoietic
stem cells that are found in the bone marrow and contribute
to hematopoietic stem cells’ niche homeostasis. MSCs have
many advantages for cell transplantation therapy because they
are easily available and pluripotent, but they don’t have any
associated ethical issues. Currently, MSC-based clinical trials
are being conducted for CNS disease throughout the world.
In stroke patients, Honmou et al. reported the feasibility and
safety of autologous transplantation of human MSCs that had
been expanded in autologous human serum [8]. Mean lesion
volume was reduced by 20% at 1 week after MSC infusion. The
excellent ability of MSCs to reduce the size of stroke lesions is a
result of trophic factor secretion that promotes neural survival,
angiogenesis, anti-inflammation and neurogenesis [9]. However,
isolated MSCs are a heterogeneous population that frequently
contains contaminating cells. The biological properties of MSCs
cultured in vitro are significantly different from those in vivo [10].
Concerns over the MSC'’s safety and quality have been debated.
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Umbilical cord blood cells

Human umbilical cord blood (HUCB) serves as a source of
nutrients and oxygen between a mother and fetus, and can be
collected at birth using non-invasive procedures. It has been
recently reported that the use of HUCB may not be limited
to the treatment of hematological disorders, and that HUCB
transplantation could induce regeneration in CNS disorders
[11]. HUCB cells, unlike embryonic stem cells, avoid ethical
issues, can be collected easily, and have a history of clinical use
in patients with cancer, sickle-cell anemia, immunodeficiency,
marrow failure and genetic diseases [12]. Recently, HUCB
transplantation for neurological diseases has been performed.
Dr. Kurtzberg, director of the Carolinas Cord Blood Bank at Duke
University, has initiated studies of autologous cord blood in
children with neonatal brain injury and cerebral palsy [13]. We
are also proceeding with a project that aims to develop HUCB for
use in treating patients with cerebral palsy and other refractive
disorders through clinical and basic research [14]. Since several
private and public cord blood banks exist throughout the world,
an application for treating a variety of human disorders would be
relatively simple. HUCB transplantation doesn’t require a perfect
match. The HUCB therapeutic mechanisms might occur mostly via
trophic factor secretion in the local environment. Moreover, the
population of pluripotent stem cells in HUCB is being identified,
and some studies demonstrated that HUCB has the potential to
differentiate into neuronal cells [15,16]. It is important to assess
the properties of HUCB that are suitable for such an application.

CONCLUSIONS

An increasing number of hospitals and universities around
the world are offering stem cell therapy to treat neurological
disorders. However, it is necessary to remain cautious when
using stem cells and where possible to anticipate unexpected and
adverse results. Even so, stem cell therapy still has the potential
to revolutionize the treatment of intractable disorders in the near
future.
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