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ABSTRACT:

Stem cells have remarkable potential to develop
many different cell types in the body. Stem celis the
unspecialized cells capable of renewing themse
through cell division and under certain patholobioa
experimental conditions, they can be induced taimec
tissue or organ-specific cells with special funesio Stem
cell-based approaches have received much hypg
potential treatments for neurodegenerative diserden
chronic cases, there is either a selective losspetific
cell population, such as dopaminergic neurons
Parkinson disease, inflammatory de-myelination
neurons in Multiple sclerosis, degeneration of ma
neurons in ALS, widespread degeneration of manggy
of neuron, such as occurs in Alzheimer disease av
period of several years.
could be used therapeutically to restore functioms
neurodegenerative disorders. Transplantation e s
cells or their derivatives in animal models
neurodegenerative disorders can improve functions
replacing the lost neurons and glial cells, by ragag
remyelination or trophic actions and modulation
inflammation. Endogenous neural stem cells are
potential therapeutic targets because they proc
neurons and glial cells in response to injury aodld be
affected by the degenerative process.
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INTRODUCTION

Stem cells are the precursors of
all cells in the human body. Stem Cells
are the centrepieces of regenerative
medicine-medicine that involves growing
new cells, tissues and organs to replace
or repair those damaged by injury,
disease or aging. They have the ability to
replicate themselves and to repair and
replace other tissues in the human body.
Unlike other cells in the human body,
stem cells are undifferentiated, which
means they do not have a fixed identity
and function. Consequently, they possess
an ability to be manipulated in the
laboratory in ways that may change their
identity and function. This ability to
change and be manipulated makes them
powerful tools for research and therapy.
Different sources of stem cells like:
Embryonic stem cellsThese stem cells
come from embryos that are four to five
days old. At this stage, an embryo is
called a blastocyst and has about 150
cells. These are pluripotent stem cells i.e.
they can divide into more stem cells or
they can specialize and become any type
of body cell. Because of this versatility,
embryonic stem cells have the highest
potential for use to regenerate or repair
diseased tissue and organs in people.
Adult stem cells These stem cells are

found in small numbers in most adult
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tissues such as bone marrow. They are
also found in children and in placentas
and umbilical cords. Until recently, it
was believed that adult stem cells could
only create similar types of cells like
stem cells residing in the bone marrow
could give rise only to blood cells.
However, emerging evidence suggests
that adult stem cells may be more
versatile and able to create unrelated
types of cells like the bone marrow stem
cells may be able to create muscle cells.
Adult cells altered to have properties

of embryonic stem cells (induced
pluripotent stem cells) Regular adult
cells can be transformed into stem cells
by using a technique called nuclear
reprogramming. By altering the genes in
the adult cells, it can be reprogrammed to
act similarly to embryonic stem cells.
This the

controversies of the embryonic stem

new technique avoids

cells, and prevents immune system
rejection of the new stem céllsThe
application of the described stem cells in
neurodegenerative disease is discussed
here.

MULTIPLE SCLEROSIS (MS)

Multiple sclerosis (MS) is widely
believed to be an autoimmune condition.
The body’'s immune system mistakenly

attacks and damages the ‘myelin sheath’
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which protects the nerve cells in the brain
cord. This

induced destruction of the myelin sheath

and spinal inflammation-

surrounding the axons, leads to the
conduction deficits and a variety of
neurological symptoms. This damage
causes messages to and from the brain to
be distorted

altogether. This is what leads to the

slowed, or stopped
symptoms of M$ 3
Treatments in MS
Immunomodulation and remyelination
are the potential treatments for MS
Immunomodulation is preventing the
immune damage to the nervous system
and remyelination repairs the myelin
sheath that has already been damaged.
both

‘neuroprotective’ therapies.

These are considered
There are
several different types of stem cell that
have shown potential benefit.

HSCs (hematopoietic stem cells)rhese
are adult stem cells found in bone
marrow and blood. They are capable of
producing all of the cells that make the
blood and the immune system. HSCs are
being trialled in highly active forms of
MS, where it is thought they may help
prevent damage to myelin by altering
how the immune system functions
(‘immunomodulation’).

MSCs (mesenchymal stem cellsfhese
are adult stem cells, found in several

places in the body including the bone
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skin and fat tissue. They

produce cells which help other stem cells

marrow,

function properly. MSCs are being
trialled for MS. It is thought they may
have a effect

positive through

‘immunomodulation’ and might also
promote the nervous system’s own repair
mechanisms to repair damaged myelin
(‘remyelination’).

NSCs (neural stem cells)These are the
cells responsible for repairing myelin in
the brain, but when someone has MS,
their NSCs don't seem to function
properly as they don’t ‘turn on’ to repair
the damage that has occurred. NSCs
occur naturally in the brain, but because
of the difficulty in harvesting cells from
the brain, fetal stem cells are used in
clinical trials.

ESCs (embryonic stem cells) and
IPSCs (induced pluripotent stem cells)
ESCs can naturally produce every type of
cell in the body. iIPSCs are engineered to
do the same. This is still a controversial
and uncertain area of research as both
ESCs and iPSCs have the potential to
develop into tumors. However, it is
widely accepted that ESCs and iPSCs
will be extremely useful in the laboratory
to identify and test potential drugs before
they are tested in clinical tridls
Oligodendrocyte is responsible for
producing the myelin sheath around the

axon in the adult CNS. Thus myelin-
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producing oligodendrocyte progenitor
cells (OPCs) which are abundant in the
adult human brain can be used for the
MS.

remyelination occurs to varying degrees

treatment of Spontaneous
in the early stages of MS, and OPCs are
also present in chronic demyelinated MS
lesions. An important area of research is
focused on finding ways to enhance
remyelination from these cells and
identifying the factors that lead to a
failure of cells to produce myefin It is
recently showed that astrocyte-derived
hyaluronan accumulated in demyelinated
lesions from MS patients and prevented
the maturation of endogenous OPCs
The transplantation of remyelinating
cells represents another approach for
treating myelin loss in MS. However, the
inflammatory environment could destroy
the grafted OPCs and inhibit their
maturation. So, immunosuppressive and
anti-inflammatory treatments might be
necessary. Another problem is that the
demyelinated MS lesions are distributed
across multiple locations throughout the
CNS. An effective therapy will require
the implanted OPCs to migrate to these
sites. Interestingly, after systemic
administration in mice, NS cells migrated
to inflammatory demyelinating lesions,
OPCs

remyelinated axonsMost cells remained

where some became and

undifferentiated and suppressed pro-
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inflammatory mechanisfié.  Amnion

epithelial cells (AECS) - a novel stem cell
source and are gaining attention in the
MS. The

membrane is the innermost membrane

treatment  of amniotic

that surrounds the fetus. It provides
structural support from external insult
and is made up of two distinct layers, the
amniotic epithelium and the amniotic
mesoderm, separated by a basement
membrane. Two stem-like cells are

located in the amniotic membrane;
amniotic epithelial cells are found in the
amniotic  epithelium and amniotic

mesenchymal cells are located in the
amniotic mesoderm. At day 8 during
embryo formation, differentiation of

AECs takes place. At this point the cells
are pluripotent and will develop into all

the tissues of the body. AECs cause
reduction in pro-inflammatory cytokines
such as tumor necrosis factor alpha
(TNFa), monocyte chemotactic protein-1
(MCP-1) and interleukin 6 (IL-6),

resulting in a decrease in inflammatory
cells infiltration and an increase in the
anti-inflammatory cytokine, interleukin

10 (IL-10). In a study, it was found that
intraperitoneal injection of 1 million

AECs on day 8 can significantly reduce
clinical symptoms and decrease CNS
inflammation, demyelination and axonal
degeneration, in stained sections of the

spinal cord and brain. This suggests a
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possible immunomodulatory mechanism
by which AECs can suppress the
development of M%

PARKINSON'’S DISEASE (PD)

The pathological hallmark of Parkinson’s
disease (PD)

nigrostriatal

is a gradual loss of

dopamine-containing

neurons. The main symptoms are
rigidity, movement disorder
(bradykinesia), tremor and postural

instability. Current therapies centre on
the oral administration of I|-dopa and
dopamine These

receptor agonists.

treatments are effective for some
symptoms, but are associated with side
effects and do not stop the progression of
the disease. To be clinically competitive,
a stem-cell-based therapy must lead to
long-lasting, significant improvement in

mobility  or counteract disease

progressiof °.

Treatment in PD

Stem cell-based approaches could be
used to provide therapeutic benefits in
two ways: first, by implanting stem cells

modified to release growth factors, which

would protect existing neurons and/or
neurons derived from other stem cell

treatments. Second, by transplanting
DA

precursors/neuroblasts into the putamen,

stem cell derived neuron

where they would generate new neurons
to ameliorate disease-induced motor
trials  with

impairments.  Clinical
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intrastriatal transplantation of human
embryonic mesencephalic tissue, which
is rich in postmitotic DA neuroblasts,
have provided proof that neuronal
replacement can work in PD patiefits®

The DA neurons that form from the
reinnervate the

transplanted tissue

denervated striatum and become
functionally integrated, restoring striatal
DA release and giving rise to clear
symptomatic relief in some patients.

However, there is a strong need for other

sources of DA neurons, because
availability of human embryonic
mesencephalic tissue is limited and

variability of functional outcome after

transplantation is high. Poor
standardization of the transplanted cell
material contributes to the high

variability. But above problems could be

solved if large numbers of standardized
DA neuroblasts were generated from
stem cells. After transplantation of stem
cell-derived DA neuron precursors or
neuroblasts and subsequent maturation,
the resultant cells must exhibit the
properties of substantia nigra neurons in
order to induce substantial benefit in
PD'?*3 DA neuroblasts for preclinical

transplantation have been generated in
vitro from stem cells from several

different sources and species, including
humans. For example, they have been

derived from ES cells, therapeutically
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cloned ES cells, NSCs and progenitors of
embryonic ventral mesencephalon, adult
NSCs from the subventricular zone
(SVZ), bone marrow stem cells and

fibroblast-derived iPS ceff4 Human

stem cell-derived DA neuron
precursors/neuroblasts, which will be
required for patient application, can

survive in animal models of PD and,
after maturation, exert functional effects.
But, it has not been shown that they can
substantially reinnervate striatum, restore
DA

improve

and markedly
the

release in vivo,

deficits  resembling
symptoms experienced by patients with
PD. A major concern when transplanting
ES cell-derived DA neuroblasts is the
risk for tumor formation, which has been
observed in animal modéfs The use of

patient-specific DA neuroblasts made
from iPS cells for transplantation would
eliminate ethical concerns associated
with ES cells and their progeny and
avoid immune  reactions.
PD is

disorder, and symptoms that are caused

would
Importantly, a multisystem
by pathology in nondopaminergic
be

intrastriatal DA graft®. Finally, for

systems will not improved by
long-term functional restoration in PD
patients, DA cell replacement has to be
combined with a neuroprotective therapy
to hinder disease progressian One

possible strategy could be concomitant
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transplantation of stem cells genetically
modified to secrete a trophic factor such
as glial cell line—derived neurotrophic
factor (GDNF) into the striatum and
substantia nigra.

iPS cell derivation methods is used for
generating cell populations for cell

replacement therapy, disease modeling
iIPS cell-based
therapies may be particularly important

PD.

and drug discovery.
for iPS cell-derived dopamine
neurons functionally integrated into adult
brain in a rat model of PD, leading to an
improvement of the phenotype. The
concept of utilizing iPS cells to model a
disease in a culture dish is based on the
these cells to
their

unique capacity of
continuously  self-renew and
potential to give rise to all cell types in
the human body. Thus, pluripotent iPS
cells could provide a limitless reservoir
of cell types. Indeed, it was found in a
study that differentiated dopaminergic
neurons from iPS cells generated from
individuals diagnosed with sporadic PD
equally as efficiently as from those
generated from healthy individuals and
did

differences. However, although it takes

not report any phenotypic

many years for the pathological features
of this disease to become evident, it is
possible that analysis of iPS cell-derived

dopaminergic neurons might identify
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more subtle early phenotypic changes
PD".

AMYOTROPHIC
SCLEROSIS (ALS)
ALS or Lou Gehrig’'s disease

LATERAL

Is a
progressive fatal neurodegenerative
disease affecting mainly motor neurons
in the spinal cord, brain stem and cortex.
The most common clinical features of
ALS are degeneration of motor neurons
producing fasciculation, muscle wasting
and hyperreflexia. Respiratory
complications usually develop in patients
with advanced disease and the cause of
death is generally paralysis of the
respiratory muscles and diaphragm. ALS
is considered one of the most common
motor neuron diseases. Although the
exact pathophysiological mechanisms
underlying neurodegeneration in ALS
remain uncertain, the presence of a
reaction

the

persistent inflammatory

prompted researchers to study
involvement of a non-cell-autonomous
component in motor neuron de&th
Treatment in ALS

ALS is dominantly inherited in 5-10% of
patients (referred to as familial ALS,
fALS), but in 90-95% of patients there is
no apparent genetic linkage (referred to
as sporadic ALS). Approximately 15—
20% of fALS cases have been linked to
mutations of superoxide dismutase 1

(SOD1).HESC (human embryonic stem
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cells) have been used for modeling both

the autonomous and the non-cell-

autonomous effects of ALS in vitro by
using a gene (SOD1) that is mutated in
20% of the familial casefecent studies
in animal models as well as primary and
embryonic stem cell models of ALS,
utilizing overexpression of mutated
forms of Cu/ Zn superoxide dismutase 1,
have shown that motor neuron
degeneration in these models is in part a
non cell-autonomous event and thus by
providing genetically non-compromised
supporting cells such as microglia or
growth factor-excreting cells, onset can
be delayed and survival increased. SOD1
is not required for development or
survival of motor neurons, but is
necessary for the maintenance of normal
neuromuscular junctions (NMJs). Motor
neuron death in ALS appears to involve
non-cell autonomous as well as cell-
autonomous  events.  Consequently,
replacement of mutant SOD1-expressing
cells with wild-type non-neuronal cells
can substantially increase the life span in
animal models of ALS. Initiation of
disease appears to be dependent on over-
expression of mutant SOD1 within motor
neuron$’.

Motor neurons have also been generated

in vitro from stem cells from various
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sources, including mouse and human ES
cells, NSCs derived from fetal rat spinal
cord and human forebrdinStem cell-
derived motor neuron precursors and
neuroblasts establish functional synapses
with muscle fibers in vitro; extend axons
to ventral roots after transplantation into
the spinal cord of adult rats with motor
neuron injury. They form neuromuscular
junctions with host muscle, and give rise
to partial recovery from paraly$fs®>

Stem cells releasing neurotrophic
molecules: Transplantation of stem cells
to counteract motor neuron loss by
releasing neurotrophic molecules or
modifying the inflammatory
environment, which probably plays a
major role in disease progression, is a
more realistic clinical goal for ALS. It is
hoped they will exert a neuroprotective
effect. First, derivatives of human
embryonic germ cells (pluripotent cells
derived from primordial germ cells in the
gonadal ridge) delivered into the
cerebrospinal fluid of rats with motor
neuron injury have been found to migrate
into the parenchyma and induce motor
recovery through neuroprotection as a
result of growth factor producti6h
Second, human fetal NSCs transplanted
into the spinal cord in a rat model of ALS
have been found to protect motor
neurons and delay disease offset

probably as a result of their neuronal
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progeny (i.e., GABAergic interneurons

synapsing on host motor neurons)
releasing GDNF and brain-derived
neurotrophic factor (BDNF), dampening
excitotoxicity, or botf®. However, when
human mesenchymal stem cells (MSCs)
engineered to secrete GDNF were
transplanted into the muscles of rats with
an ALS-like disease, motor function
improved and disease progression was
delayed®. Compared with direct gene
transfer, an advantage of cell-based gene
delivery is that production of the trophic
factor continues even if the disease
process destroys the endogenous cells.
ALZHEIMER DISEASE (AD)

As one of the most common causes of
dementia. AD, known for its hallmarks
of amyloidf peptide (4) plaques and
neurofibrilary tangles, results in the death
of several types of neuronal lineage cells
within multiple regions of the brain,
specifically cholinergic neurons. Both of
these hallmarks lead to cognitive
impairment and loss of memdéfy
Treatment in AD

the
treatment of AD are purely for symptoms

the

Currently available drugs for

and among these drugs are
cholinesterase inhibitors and N-methyl-
D-aspartate (NMDA) receptor antagonist
named memantine. Since the current
treatments have only marginal effects

and greatly vary in their effectiveness in

www.arpb.info

Page 29



STUTI et al., ARPB, 2012; Vol 2 (1)
(Review Article)

patients, the need for new treatments is
great. Recently, in a study published in
which NSCs is the

hippocampal regions of the brain of both

injected into
a transgenic AD mouse model and an

age-matched  non-transgenic  mouse
model. Interestingly, the mice improved
in cognitive function and there was no
change to the existing fA plagues or

Instead, the

neurofibrilary  tangles.

authors discovered brain-derived
neurotrophic factor, which is important
for neuron outgrowth, and synapse
formation increased, leading to improved
cognition through increased synaptic
density. This demonstrated cognition
could be improved without the need for
modifying the existing pathological
conditiong®. Neurons Directly from
Human Skin: Researchers have come up
with a recipe for making functional
neurons directly from human skin cells,
including those taken from patients with
Alzheimer's disease. The new method
short cut for

may offer a critical

generating neurons for

the

replacement

therapies of future. In earlier
approaches to generate neurons from skin

cells, adult cells first had to be returned
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