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ABSTRACT

The neurodegenerative disorder is a prolonged persistence curse and effect on economic and physical
challenges in an aging world. Parkinson has come in the second category of disability disorders and associated
with progressive dopaminergic neuronal degeneration with severe motor complications. It is an observation that
gradual disease progression causes 70% degeneration of striatal dopaminergic neurons. Globally there are
around 7-10 million patients with Parkinson's disease, however, there are huge efforts for therapeutic
improvement. According to studies, no single molecular pathway was pointed out as a single etfiology to control
disease progression due to a lack of targeted therapeutic strategies. Previously implemented symptomatic
freatments include L-dopa (L-3,4-dihydroxyphenylalanine), deep brain stimulation, and the surgical insertion of a
medical device. This leads to dyskinesia, dystonia and a higher risk of major surgical complications respectively.
However, not all the above-mentioned therapies can regenerate the dopaminergic neurons in Parkinson’s
disease patients. Recent advances in the field of cellular therapy have shown promising outcomes by
differentiation of multipotent mesenchymal stem cells info dopaminergic neurons under the influence of a
regenerative substance. In this review, we have discussed the differentiation of dopaminergic neurons by using
different cell types that can be used as a cellular therapeutic approach for Parkinson's disease. The information
was collected through a comprehensive search using the keywords, “Parkinson Disease, Dopamine, Brain
derived neurotrophic” factor and neuron from reliable search engines, PubMed, Google Scholar and Medline
reviews from the year 2010 fo 2020.
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INTRODUCTION Other innovative modalities had been introduced

to PD consisting of gene therapy and cellular thera-

Parkinson’s disease (PD) is a neurodegenerative
progressive disorder affecting millions of people
worldwide. It is characterized by typical movement
disorder including rigidity, tremors and bradykine-
sia'. It is identified pathogenically, the Lewy bodies
made up of misfolded forms of the protein a-syn2.

Pharmacological tfreatment can be advantageous
for many years but prolong use of pharmacological
freatment had produced many side effects includ-
ing, on-off fluctuations and wearing-off phenome-
non?®, confusion, hypotension, hallucination, ortho-
static hypotension, fatigue, brain hemorrhage,
infarction, and seizures*.
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py. Gene therapy produces enzymes which are
responsible for non-synaptically, generating L-dopa
(L-3.4-dihydroxyphenylalanine) and dopamine (DA)
but this treatment had not proved to be fruitful
because this therapy works without any feedback
regulation of cellular specificity®.

Another new modality is cell-based therapy that
has attracted the attention of researchers as being
the potentially feasible novel therapies for neurode-
generative diseases. It encompassed the derivation
of specific neuronal subtypes lost in the disease and
consequent transplantation info  exaggerated
areas of the nervous system cell types had been
used for the differentiation of dopaminergic
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neurons for the subsequent fransplantation into the
Parkinson’s patfient®. In this review, we have
discussed the different strategies and cell types
used for the differentfiation of dopaminergic
neurons.

DISCUSSION

Cellular therapy is considered as the elementary
unit of regenerative medicine’ in the upcoming
fields. The goal is to restore the lost function rather
than produce a new organ. The differentiated
mesenchymal stem cells (MSCs) are plentifully used
as a cellular therapy for degeneratfive diseases.
Besides MSCs, other stem cells have also varying
differential potential and can be obtained from
different sources’.

Embryonic Stem Cells (ESCs)

Embryonic stem cells (ESCs) are derived by the
blastocyst. The major characteristics have a high
capability for potency and self-renewal. ESCs are
formed into three germ layers endoderm, meso-
derm and ectoderm and the formation of the
specific organs. Some progenitor cells retained the
organ, can proliferate under injury repair, and can
differentiate. These fissue stem cells are found in
bone, blood, muscle, adipose tissue, liver, brain,
skin, gastrointestinal fract and bone marrow. These
cells have the potential to differenfiate into three
three primary germ layers and also sustain in an
undifferentiated state and also survive in culture
media for a long time!°.

The following transcriptional factors of ESCs e.g.,
Nanog and Oct4 maintain an undifferentfiated
state of the stem cells and self-regeneration ability.
It was observed that no genetic aberrations are
proliferated in the ESC line. Embryonic stem cells are
cultured in a media containing the anti-differentia-
fion cytokine in leukemia inhibitory factors (LIF).
Withdrawal of the embryonic stem cells from the
feeder film consequently caused the development
of “embryoid bodies”, having all three germs layer'™
however; their use is restricted due to ethical issues
and high risk of teratoma formation after fransplan-
tation'©,

Induced Pluripotent Stem Cells (IPSCs)

Adult somatic stem cells can convert induced
pluripotent stem cells because these cells are
geneftically reprogrammed and convert into
embryonic stem cells (ESC). Now iPSCs are a very
important tool for drug development, regenerative
medicine and modeling diseases. Further research
also showed other numerous benefits, a cell source
for Parkinson's disease (PD) replacement as well as
the capability to use patient’s peculiar cells and
consequently reduced the necessity for immu-
no-suppression. Furthermore, a clinical trial was
initiated in Japan, Takahashi's lab, where PD
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patients have received human leukocyte antigen
(HLA) matched iPSCs derived dopamine neurons.
All these researches can be used as assistance for
future approach?; however, it has limitations due to
the high risk of teratoma formation after transplan-
tation?.

Differentiation of IPSCS

Bone marrow mesenchymal stem cells (BMSCs)
have great potential to differentiate into
neuron-like cell by the presence of the following
factor such as hepatocyte growth factors (HGF),
vascular endothelial growth factors (VEGF), epider-
mal growth factors (EGF). These differentiated cells
were identified through immunocytochemistry;
phase contrast inverted microscopy, immunocyto-
chemistry and transcriptase-polymerase chain
reactions to identify the neuronal specific markers'!.

Sympathetic neurons can also be derived from
induced pluripotent stem cells and embryonic
stem cells. Scientists used the helix-loop-helix,
Achaete-scute homolog 1 (ASCL1), Paired-like
homeobox (PHOX2B), homeodomain franscription
factor as important factors for sympathetic neuro-
nal development. However, they also showed the
activation of Wingless-related integration site (WNT)
signaling pathway'?. Neural differentiation derived
from iPSCs by the induction of brain derived growth
factors and neuronal cells production with better
dendritic, axonal growth and infracellular connec-
tivity can be visible within seven days's.

According to Cheng et al. rat bone marrow mesen-
chymal stem cells differentiate into dopamine
neuron like cells by the induction of liver X receptor,
causes well differentiation of BMSCs intfo dopamine
neurons'. This research also showed that when
carbonized substrate cultured on human neuronal
stem cells, they could be differentiated into
matured and specialized neuron cells. Literature
also showed that carbon material like graphene
oxide promotes the mouse embryonic stem cells
differentiation into the dopaminergic neuron, with
neuronal gene expression markers'>. Another scien-
fist Velasco et al. differentiated hESCs and iPSCs into
mature neurons under the influence of franscription
factor either NeuroD1 or Neurogenin 2 within two
weeks'é.

Adult Stem Cells

Application of adult stem cell therapy is better com-
pared to the utilization of aborted human embryo’s
ventral MDA'” because of immune reactions causes
dysfunction of transplanted DA neurons'®. Adult
stem cells are obtained from all tissues of the three
germ layers and also from the placenta for exam-
ple, MSCs can be derived from human amnion
epithelial cells. These stem cells had various proper-
ties such as anfi-inflammatory, no rejection issue,
and limited differentiation ability. In vitro they are
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differentiated into different germ cell layers. Numer-
ous researches had proved in vivo fransplantation
of adult stem cell repairs of the injured organs, like
bone tissue repair and new specialized cell genera-
fion. Revascularization of the ischemic cardiac
fissue also proved that adult stem cells could
release many molecular mediators, with immuno-
modulatory, angiogenic and anfi-apoptotfic
chemoattractant properties, that stimulate the
healing process in culture media’. The usage of
hMSCs in cell based therapy had involved wide
inferest in the applications of numerous incurable
diseases and had revealed several superior charac-
teristics for therapeutic usage compared to other
types of stem cells which are discussed below.

Mesenchymal Stem Cell (MSCs)

Mesenchymal stem cells have prodigious potential
with a big source for cellular therapy for neuronal
disorders. MSCs are the best example of adult multi-
potent progenitor cells, derivative from several
adult tissues and in vitro they have the ability of
self-renewal. The discovery of MSCs from both
human and mouse origins can be differentiated
info functional neurons and encouraged as a
replacement of impaired neurons'’.

The mesenchymal stem cells are spindle-shaped
morphologically. They can adhere to tissue culture
plastic and grow in culture media and can expand
and maintain the multipotent characteristics'”. They
are easy to separate, more multilineal differentia-
tion integration into a strong functional shape® and
are unrestricted from ethical problems but they
have restricted replicative life span’. MSCs release
the soluble factors that are significant for cell
existence and proliferation, confrol immune
responses and migration to the particular site of
injury?',

MSCs are obtained from many fissues: adipose
fissues, bone, bone marrow, peripheral blood,
Wharton's jelly, dental pulp, decidua basalis, amni-
ofic fluid, umbilical cord, placenta, and amniotic
membrane, chorionic villi from human placenta,
menstrual blood, breast milk, and urine etc?. MSCs
with their novel therapeutic properties are the most
significant cell type in the era of tissue engineering
and cell based therapy?. Besides their wide avail-
ability of proliferative capacity and multipotency,
they are the most clinically practiced cell source?.
They aid in the release of neurotrophic and angio-
genic factors that stimulate neuronal growth-en-
hancing synaptic connections, promote angiogen-
esis, neurogenesis, differentiation and axonal remy-
elination?,

MSCs is the best source for cell-based therapy
hence it is safely used for autologous transplanta-
fion and showed high differentiation potential?®, no
fumorigenicity due fo paracrine secretion of these
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cells, their property exhibits wide clinical potential
by regulating apoptosis, angiogenesis, cell differen-
fiation, immunomodulation and extracellular matrix
composition”. The importance of mesenchymal
cells, their differentiation ability, potential regenera-
fion of the desire cells, all these unique properties
are discussed in this review.

Mesenchymal Stem Cells Based Therapies for
Neurologlogical Diseases

Mesenchymal Stem Cells (MSCs) have unique
features as compare to other stem cells. These cells
have been used in different clinical trials including,
Parkinson's disease, Spinal cord injury, Huntington's
disease, multiple sclerosis and brain ischemia?.

The human mesenchymal stem cells (hUMSCs) is a
high source of progenitor and stem cells containing
mesenchymal stem cells. hUMSCs are achieved
either from cord blood or the cord tissue. hUMSCs
have numerous benefits as compared to other
sources of stem cells. MSCs show (Figure 1) various
cell surface antigens including CD 105, CD 73,
CD?0, CD146, and various integrins and adhesion
molecules. They can easily be harvested with no
harm to the baby and mother. They exhibit high
proliferative property and low immunogenicity?.
Due to the abundant availability of the umbilical
cord, its compatible and effective clinical applica-
fion can be considered as one of the most plentiful
sources of non-embryonic stem cell?.
Differentiation of HUMSCS
Neurons like Cells
Differentiation of dopaminergic neurons can be
achieved by the exposure of exirinsic factors®,
including Wnt family members, soluble proteins,
growth factors (FGF, GDNF, BDNF, TGFR2 and EGFR)
and chemical inducers (dbcAMP, AA and BHA)3'.
When hUMSCs were cultured in neural containing
medium, they produced neural morphologies and
expressed neural markers such as nestin, NeuN and
glial fibrillary acidic protein?. The Wharton'’s jelly of
the MSCs transdifferentiated info neuron-like cells
and they expressed Nestin and Neuro-D1 as neuro-
nal markers by using Valproic acid?®.

infto Dopaminergic

Previously MSCs from human Wharton jelly was
successfully induced by using a glial cell-derived
neurotrophic factor and brain derived neurotrophic
factors info neurons and auditory hair cells during in
vitro experiment®. Human umbilical cord ftissues
differentiated into neuron like cells by using nestin,
GFAP and synaptic markers: SYN, PSD95, and
GAP43%. Mallis et al.** observed WJ-MSCs differenti-
ated into neural-like cells by using basic fibroblast
growth factor and Forskolin, thus differentiating cells
intfo neuron-like cells and astrocytes by cAMP-ele-
vating agents such as Forskolin and 3-isobu-
tyl-1-methylxanthine, and also without the presence
of growth factors®¢.
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Figure 1: Human umbilical cord mesenchymal cells
(huMSCs)  differentiation into  dopaminergic
neurons.

Dopaminergic Neuron Differentiation from Other
Sources

Many sources were identified from which dopaminer-
gic neuron differentiation from stem cells was initiated
for future applications in regenerative medicine. One
of the promising sources is Human olfactory ectomes-
enchymal stem cells (OE-MSCs) which can differenti-
ate into dopaminergic (DA) neurons by maintaining
their plasticity. OE-MSCs were potentiated to differen-
fiate info DA neuron-like cells in vitro by the induction
of sonic hedgehog (SHH) signaling pathway, basic
fibroblast growth factor (bFGF), fibroblast growth
factor 8, Glial cell line-derived neurotrophic factor
(GDNF) and brain derived neurotrophic factor (BDN-
F)¥. Human dental pulp stem cell (hDPSCs) differentia-
fion to dopaminergic neurons has been proved a
high source. The hDPSCs are obtained noninvasively
by deciduous teeth and sustain their multipotency
with neuron-like cells and self-renewal properties.
Knockout-embryonic stem cell (KO-ES) medium with
leukemia inhibitory factor (LIF) was used in which the
human pulp cells were expanded. Within 4 days, the
neurosphere was formed and further tfransferred into
ITS (human insulin transferrin sodium) and fibronectin
media, which further confimed the selection for
Nestin-positive cells. In conclusion, the cells were
moved info N-2/ascorbic acid media fo promote
dopaminergic neurons by the differentiation process
and observing the expressions of mesenchymal stem
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cell markers and early neuronal markers at different
stages¥.

According fo Lairson et al, fluoxetine stimulates neuro-
genesis in neural stem cells within the hippocampus.
This result showed that there is a link between the
regeneration of neurons and their role in reducing the
symptoms of depression®. Another research showed
that MSCs can be differentiated into osteogenic cells
and expressed the bone markers under the induction
of osteogenic differentiation medium. In the stage of
proliferation, MSCs release laminin, fibronectin and
collagen type | in the matrix maturation stage. They
secrete alkaline phosphate and during matrix, miner-
dlization expressed the bone genes such as osteo-
pontin proteins and sialoprotein®.

It was also observed that statin molecules are effec-
five in both neuronal differentiation and midbrain
neuron specification. Other statin molecules are less
potent in neuronal differentiation as compared to
mevastatin such as simvastatin®. Neural progenitor
cells upon differentfiation into dopaminergic
neurons by mevastatin had shown high expression
of dopamine specific genes including TH, Nurrl and
LMX1a compared to other statin molecules. Statin
had shown noteworthy effects in both promoting
the midbrain neuron specification and neuronal
lineage differentiation. Moreover, its efficient mech-
anism of apoptosis induction in the undifferentiated
cells eliminates the chances of brain tumor cancer
stem cells*'. Gonzalez et al. reported that neural
stem cell differentiation info dopamine neurons in
the presence of guggulsterone would be a new
approach for the treatment of Parkinson’s disease*2.
According to Osborn in the area of transplantation,
immune compatibility is very significant and these
strategies have fewer advantages to the patients
rather than an autologous approach.

Advantages of Autologous Transplantation for
Parkinson’s Disease

a) In Parkinson’s patients, no immune suppression
by autologous transplantation.

b) These are serious immunological reactions of
allogeneic transplantation.

c) Neural cell autologous approach potentially is
greater incorporated the axonal functional®.

d) This therapy is effective for neurodegenerative
diseases such as Parkinson diseases as shown in
Table 1.
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Table 1: Overview of advantages and disadvantages of different types of stem cell for cellular therapy of

Parkinson’s disease®.

Stem Cells Advantages Disadvantages
ESCs High proliferative capacity High risk of teratoma formation
High potential to differentiate ant cell types High risk of immune rejection
Ethical issues
NSCs Limited differentiation potential Restricted proliferative capacity
Decrease the risk of tumor formation Low neuronal differentiation capacity
Ethical issues
Risk of immune rejection
MSCs High proliferative capacity Differentiated into DA
No ethical issues
iPSCs High proliferative capacity Risk of teratoma formation
No ethical issues Differentiation of DA
No immune rejection

CONCLUSION

Therapeutic strategies for neurodegenerative disor-
ders have been found mandatory requirement and
have proven to be a major promising achievement
for neurological diseases like Parkinson's disease.
Damage to the dopaminergic neurons in the
Substantia Nigra being the sole cause of movement
disorders in PD patients has led to many innovative
therapies like drug therapies acting on receptors
but then wearing off side effects prevail. Deep brain
stimulation also facing different limitations in the
regeneration of dopaminergic neurons has led tone
modalities to be investigated gradually. Emerging
opfions of dopaminergic neuron regeneration by
Human Mesenchymal Stem Cells differentiation has
been proved the best source of cell-based thera-
pies for neurological diseases. The source of MSC
has been exhibited through other sources like
Human Dental Pulp cells, Human Olfactory
Ectomesenchymal stem cells and hUMSCs, stafin
through gene expression of dopamine. These
examples are a high source of dopaminergic
neuron differentiation, which were initiated for
future application in regenerative medicine.
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