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Introduction

Stem cells have the remarkable potential to develop into many
different cell types in the body during early life and growth. All stem
cells regardless of their source have three general properties: capable of
dividing and renewing themselves for long periods, unspecialized and can
give rise to specialized cell types (Galvin and Jones, 2002).The two
broad types of mammalian stem cells are: embryonic and adult stem cells
(Tuch, 20006).

Just a decade ago, neuroscience textbooks held that neurons in the
adult human brain and spinal cord could not regenerate. Once dead, it was
thought, central nervous system (CNS) neurons were gone for good.
Because rebuilding nervous tissue seemed out of the question, research
focused almost entirely on therapeutic approaches to limiting further
damage (Bjorklund and Lindvall, 2000).

Recent research into the regeneration mechanisms of the central
nervous system, including the discovery of stem cells in the adult brain
that can give rise to new neurons and neural support cells, has raised
hopes that researchers can find ways to actually repair central nervous
system damage. Research on stem cells in nervous system disorders is
one of the few areas in which there is evidence that cell-replacement
therapy can restore lost function (Cao et al., 2009).

The tiny number of stem cells in the adult spinal cord proliferates
slowly or rarely, and fails to promote regeneration on their own. But
recent experiments show that these same cells, grown in the lab and
returned to the injury site, can restore some function in paralyzed rodents
and primates (Meletis et al., 2008).

Neural stem cells can be cultured from the CNS of different
mammalian species at many stages of development. Neural stem cells are
multipotent since their differentiating progeny will give rise to the
principal cellular phenotypes comprising the mature CNS: neurons,
astrocytes and oligodendrocytes. Neural stem cells can also be derived
from more primitive embryonic stem (ES) cells cultured from the
blastocyst. ES cells are considered to be pluripotent since they can give
rise to the full cellular spectrum and will contribute to all three of the
embryonic germ layers: endoderm, mesoderm and ectoderm. Their
progeny may also give rise to the multiple cellular phenotypes
contributing to the CNS (Ostenfeld and Svendsen, 2003).



Although the hard bones of the spinal column protect the soft tissues
of the spinal cord, vertebrae can still be broken or dislocated in a variety
of ways and cause traumatic injury to the spinal cord at any level. The
segment of the cord that is injured, and the severity of the injury, will
determine which body functions are compromised or lost (National
Institutes of Health, 2009).

Spinal cord trauma destroys numerous cell types, including the
neurons that carry messages between the brain and the rest of the body.
Even, the surviving axons no longer carry messages because
oligodendrocytes, which make the axons’ insulating myelin sheath, are
lost (Liu et al., 2000).

In fact, it appears that neural stem cells move to create new cells in
the event of injury, but only to create astrocytes. This is not enough to
restore functioning because it is the death of oligodendrocytes that results
in loss of myelin, which then halts communication between the brain and
the rest of the body (Steindler, 2007).

The challenge has been to understand the signalling that would
prompt neural stem cells (precursor cells) to differentiate into neurons
and glial cells, and especially into the myelin-producing glial cells that
can restore the protective sheath around the fibers and re-establish the
connection to the brain (Jones and Galvin, 2001).Researchers have
recently made progress to replenish these lost myelin-producing cells
(Liu et al., 2000).

Aim of the work:

This essay aims at reviewing the possible sources of stem cells
available for regeneration of the spinal cord in case of injury and the
obstacles facing the regeneration process.
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Introduction and Aim of The Work,

Introduction

Few survivable injuries are comparable with the
devastating physical and psychological consequences of the
paralysis that result from trauma to the spinal cord. Each year,
over 10,000 North Americans, most below the age of thirty,
sustain SCI (Nobunaga et al., 1999).

Thirty years ago, patients with such injury and their
families were told "nothing can be done". Once the acute
phase of SCI is over, the focus of care shifts to rehabilitation
and development of strategies to cope with the residual
function of the patient. However few options exist to improve
a patient's neurological status, as cells in the CNS had a
limited ability to regenerate and glial scar formation occurs.
This produces a barrier to axonal growth. In addition, local
myelin proteins, such as myelin associated glycoprotein, are
released and inhibit axonal growth (Campos et al., 2004).

Therapies to enhance neurological function after SCI are
urgently needed. This need has sparked great interest in the
neuroscience community, and many exciting experimental
strategies have emerged (Stripling, 1990).

Despite advances in medical and surgical care, current
clinical therapies for SCI are limited. During the last two
decades, the search for new therapies has been revolutionized
by the discovery of stem cells, inspiring scientists and
clinicians to search for stem cell-based reparative approaches
for many disorders, including neurotrauma. Cell-based
therapies using embryonic and adult stem cells in animal
models of these disorders have provided positive outcome
results (Salewski et al., 2010).
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Aim of The Work

This essay aims at reviewing the possible sources of stem
cells available for regeneration of the spinal cord in case of
injury and the obstacles facing the regeneration process.




Chapter One Stem Cells

Stem cells

The stem cell is the origin of life. As stated first by the
great pathologist Rudolph Virchow “All cells come from
cells” .The ultimate stem cell, the fertilized ovum, is formed
from fusion of the haploid progeny of germinal stem cells
(Sell, 2004).

Stem cells have the remarkable potential to develop into
many different cell types in the body during early life and
growth. All stem cells regardless of their source, have general
properties: they are capable of, dividing and renewing
themselves for long periods, are unspecialized and give rise to
specialized cell types such as those of the brain, heart, kidney
and muscle (National Institutes of Health, 2009).

Unlike muscle cells, blood cells, or nerve cells which do
not normally replicate themselves, stem cells may replicate
many times, or proliferate. One of the fundamental properties
of a stem cell is that it does not have any tissue-specific
structure that allows it to perform specialized functions. When
unspecialized stem cells give rise to specialized cells, the
process is called differentiation (National Institutes of
Health, 2009).

In a broad sense, stem cells are a population of cells
capable of indefinite self-renewal that give rise to “daughter”
cells committed to specific differentiation lineages through
asymmetrical cell division. Their ability to control
proliferation, differentiation, and apoptosis distinguishes them
from neoplastic cells (Yu and Silva, 2008).

To ensure self-renewal, stem cells undergo two types of
cell division. Symmetric division gives rise to two identical
daughter cells. Asymmetric division, on the other hand,
produces only one stem cell and a progenitor cell with limited
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self-renewal potential. Progenitors can go through several
rounds of cell division before terminally differentiating into a
mature cell (Beckmann et al., 2007).

The normal function of stem cells includes the
maintenance of homeostasis mediated by providing trophic
support, as well as serving as a reservoir for replacing
dysfunctional and senescent cells throughout the lifetime of
the organism (Yu and Silva, 2008).

Classification of stem cells according to their
differentiation potential:

Stem cells could be classified into totipotent,
pluripotent, multipotent, oligopotent and unipotent stem cells
based on their differentiation potential (Wagers and
Weissman, 2004).

Totipotent stem cells are found in early embryos (2 cell
stage). Each cell could differentiate into embryonic and
extraembryonic cell types. Such cells could form a complete
organism (e.g., identical twins) (Scholer, 2007).

Pluripotent stem cells are the descendants of totipotent
cells and can differentiate into nearly all cell types found in the
body. Such cells exist in the differentiated inner cell mass of
the blastocysts (Passier and Mummery, 2003).

Induced pluripotent stem cells (iPSCs) are a type of
pluripotent stem cell artificially derived from a non-pluripotent
cell, typically an adult somatic cell, by inducing a "forced"
expression of certain genes. Mouse iPSCs were first reported
by Takahashi and Yamanaka (2006), and human iPSCs were
first reported by Takahashi et al. (2007) and Yu et al.(2007).
These are not adult stem cells, but rather reprogrammed cells
(e.g. epithelial cells) given pluripotent capabilities. Using
genetic reprogramming with protein transcription factors,




