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ABSTRACT

Parkinson’s disease (PD) is a neurodegenerative disorder characterized by the gradual loss of dopaminergic
neurons in the substantia nigra, resulting in both motor and non-motor symptoms. The current treatment
options, including medications and surgical procedures, primarily focus on symptom management without
addressing the underlying progression of the disease. Stem cell therapy has emerged as a promising approach in
regenerative medicine for PD, aiming to replace the damaged neurons, restore dopamine production, and enhance
overall patient outcomes. Furthermore, the review discusses the latest developments in clinical trials, evaluating
the therapeutic potential as well as the limitations of stem cell-based treatments. While preclinical studies have
demonstrated encouraging results, the translation of these findings into effective clinical treatments remains a
complex challenge. The diverse nature of PD, varying patient responses, and long-term safety concerns emphasize
Hospital and Research Institute, the need for ongoing research. This review provides an in-depth analysis of stem cell therapies in PD, addressing
Chennai, Tamil Nadu, India. their therapeutic potential, sources, and reprogramming techniques. It critically examines key challenges such
as graft purity, safety, immunological rejection, and complications like dyskinesia. By exploring advancements
in neural and dental pulp stem cells, the review underlines the role of PD microenvironment in influencing
outcomes and highlights cutting-edge reprogramming approaches such as episomal and polycistronic vectors and
Received: 06 September 2024 helps to gain a comprehensive understanding of current innovations, limitations, and future directions in stem
Accepted: 20 November 2024 cell-based treatments for PD.

Published: 20 February 2025

*Corresponding author:
Devika Sanil Kumar,
Department of Research,
Panimalar Medical College

devikasds2980@gmail.com

Keywords: Stem cell, Regenerative medicine, Parkinson’s disease, Neural stem cells

DOI
10.25259/GJMPBU_42_2024

INTRODUCTION
Quick Response Code:

L-Dopa remains a widely used treatment for managing Parkinsons disease (PD) symptoms,
though its effectiveness tends to decline over time, leading to severe side effects such as dyskinesia.
Prenatal cell transplantation has shown promise in significantly slowing the progression of PD.!"
However, due to ethical and legal concerns, the use of fetal tissue in transplants has decreased,
necessitating the exploration of alternative methods for obtaining dopamine (DA)-producing
neurons.”?! Stem cells are increasingly recognized as a valuable source of biological material
for therapeutic purposes, especially in the context of neurological disorders like PD, which
currently lack long-lasting and effective treatments. Cultured under precise conditions, stem
cells provide a reliable source of living tissue for medical applications. The potential of stem cells
as an innovative treatment strategy is evident in successful transplants for PD.®! For instance,
stem cells could supply viable tissue for cell-based therapies targeting neurological disorders
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such as PD, where existing treatments are inadequate. The
capacity of stem cells to be precisely controlled and cultured
offers nearly limitless possibilities for generating therapeutic
tissue. The creation of induced pluripotent stem cells (iPSCs)
through the introduction of embryogenesis-associated genes
into adult somatic cells, such as skin fibroblasts, represents
a breakthrough. In addition, the identification of iPSCs
and the ability to differentiate various tissue-specific stem
cells from highly specialized cells are significant scientific
achievements. Medical research has explored various types
of stem cells, including neural stem cells (NSCs), adipose-
derived stem cells, bone marrow-derived mesenchymal stem
cells (MSCs), and stem cells isolated from the bloodstream
during sepsis. NSC lines that have been genetically modified
to include oncogenes demonstrate continuous proliferation,
offering valuable insights for basic research on stem cell
replacement, gene therapy, and brain development.

Stem cell therapies in PD

Research has consistently demonstrated the potential
of stem cell therapies, such as cell transplantation, for
treating PD."™ The primary strategies for applying stem
cells in neurodegenerative diseases involve replacing lost
or damaged cells or utilizing their autocrine and paracrine
effects to stimulate the body’s neural progenitors to produce
essential neurotrophic and developmental factors.”!
Typically, endogenous brain progenitor cells show limited
differentiation capabilities. However, introducing stem cells
can enhance their proliferation and maturation, restoring the
necessary conditions for cell viability and activating external
neural progenitor cells more effectively.® Transplanted stem
cells emit a variety of bioactive exosomes, neurotrophic
factors, and cytokines essential for healing injured nerve
tissue. Peripheral nerve cells can produce essential molecules
such as neurotrophin-3, glial-derived neurotrophic factor,
neurotrophic factor from the brain, and glucose development
factor, thanks to these secretions, which can help with nerve
regeneration. These bioactive substances can also facilitate
neurogenesis, reduce cell death, modulate inflammation,
and support the formation of connections between damaged
neurons.!”

Role and potential of NSCs in neurogenesis

The breakthrough in neuroscience involving the
identification of NSCs in adult brains, after their initial
discovery in embryos, is a significant achievement. These
adult NSCs are predominantly located in the hippocampus
and the subventricular zone, which are key regions for
neurogenesis in adults. Moreover, the presence of NSCs has
been observed in certain regions of the spinal cord, which are
generally not associated with the generation of new neurons.
The outcomes of cultured stem cells can be influenced by the

growth factors used during the culture process. For instance,
the introduction of epidermal growth factor (EGF) into
the subventricular zone can enhance cell proliferation and
change their migration from a parallel to a radial direction,
resulting in the differentiation of cells into the glial lineage
rather than neurons.® These NSC populations have been
identified in two specific regions of the brain: The sub
granular zone within the dentate gyrus of the hippocampus
and the subependymal zone along the ventricular walls.”!
These cells continue to divide until they lose their stem cell
characteristics and differentiate into astrocytes, neurons,
and other cell types. NSCs are vital for the regeneration of
injured DA neurons by initiating differentiation processes. In
treating PD, these NSCs, which can be obtained from both
adult and fetal central nervous system (CNS) tissues, hold
significant therapeutic potential.

PD’s microenvironment

Stopping the progression of the disease by treating the
underlying brain damage is the main objective of PD therapy.
Stem cell therapy might not outperform DA replacement
therapy if the transplanted neurons are limited to only
replacing the lost DA neurons. Research indicates that the
microenvironment around the graft can be adversely affected.
In PD patients, disease progression has been observed in
grafted neurons, leading to the formation of Lewy bodies.
It suggests that o-synuclein, a protein associated with PD,
might spread from the host to the grafted neurons, promoting
further aggregation and pathology. The Prion hypothesis
explains that o-synuclein aggregates, like prions, can
propagate through the nervous system. By causing soluble
o-synuclein to aggregate after it adopts a 3-sheet shape,
o-synuclein can cause Lewy illness."™! The dispersion and
disintegration of these mature clumps may initiate a cycle
of neural aggregation. Although grafted DA neurons show
potential in animal models with neurotoxin-induced damage,
their survival in a human brain remains uncertain due to the
persistent adverse environment in PD. It influences the need
to improve the harmful microenvironment, which could be
aided by understanding PD mechanisms through iPSC PD
models. Research has demonstrated that human NSC grafts
can create more astrocytes, which secrete neuroprotective
substances and help regulate the microenvironment.!'?
Considering the different microenvironments in different
patients and the limited efficacy of simply replacing DA
neurons, future directions might involve developing a self-
sufficient DA “unit”"® To help PD patients cope with their
unfavorable surroundings and restore lost DA neurons, this
unit may contain glial cells, growth factors, and DA neurons.
Moreover, ensuring the graft’s autonomy in controlling cell
numbers is crucial, as it would allow for better management
of the graft’s exposure to the microenvironment and enhance
the overall effectiveness of the therapy.
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Sources of pluripotent stem cells

Researchers are looking into various cell sources to
reprogram cells into iPSCs. The use of peripheral blood cells
is particularly promising due to the minimal invasiveness
and low risk associated with drawing blood. Drawing blood
is a routine procedure with established safety protocols,
making it an appealing choice for generating iPSCs. During
the procedure, a small amount of blood must be drawn to
separate particular cell types transformed into immature
pluripotent stem cells (iPSCs). This method simplifies
the procedure and reduces the discomfort and potential
complications associated with more invasive cell collection
techniques, thus enhancing the feasibility and appeal of
using peripheral blood cells for research and therapeutic
applications. Another notable advancement in the field is
reprogramming keratinocytes, cells found in hair follicles,
into iPSCs." However, this method requires plucking a
substantial amount of hair, which may need to be more
convenient for donors. Looking toward the future, there is
significant potential to improve accessibility by developing
techniques to generate iPSCs from a simple mouth swab.
This approach simplifies the collection process, making it
easier for individuals to participate in stem cell research and
therapy.

Embryonic stem cells (ESCs)

ESCs are characterized by their ability to self-renew and
differentiate into any of the three primary germ layers:
Ectoderm, mesoderm, and endoderm. These cells are
extracted from the inner cell mass of a blastocyst during
early development. Human ESCs (hESCs), derived from
pre- or peri-implantation embryos, are distinct from their
murine counterparts as they can differentiate into cells from
all three germ layers even after being cultured for extended
periods.™™ This potential makes hESCs a valuable option
for therapeutic use in PD, particularly in generating reliable
DA progenitors and neurons. Scientists employ various
methods to steer ESCs toward specific brain cell types, such
as administering morphogens like retinoic acid and sonic
hedgehog, co-culturing with feeder cells, and applying
genetic alterations. These techniques have proven effective in
producing DA neurons that can address functional deficits in
PD animal models. Advances in differentiating midbrain DA
neurons from ESCs may involve using specific transcription
factors like nuclear receptor related 1 protein (NURR1) and
LIM homeobox transcription factor 1 alpha (LMXla) or
combining different differentiation strategies.'! Recently,
more efficient and streamlined protocols have been developed
for differentiating ESCs into DA neurons, relying exclusively
on chemically defined additives such as sonic hedgehog
(SHH), fibroblast growth factor (FGF)8, recombinant
human noggin, and dibutyryl-cAMP."”" These methods

remove the need for feeder cells and genetic modifications.
The differentiation process is guided by a combination of
transcription factors (such as orthodenticle homeobox 2,
LMX1a, and NURR1) and signaling molecules (such as SHH,
WNT, and FGF8), which together direct the formation of
midbrain DA neurons. A recent study demonstrated the more
efficient generation of tyrosine hydroxylase positive (TH+)
neurons with the A9 phenotype in a reduced timeframe.
The use of signaling molecules with precise regulation of
factors, and sometimes feeder cells, can further enhance
the induction of DA neurons from ESCs. Barker et al.
developed a technique to produce a high yield of DA neurons
from mouse ESCs in vitro. They expanded undifferentiated
stem cells and selected CNS stem cells using FGEF-2.
Differentiation into TH-positive DA neurons was achieved
by withdrawing the mitogen, although no transplantation
was carried out. Overexpressing the transcription factor
Nurr-1 in mouse ESCs significantly improved the yield of DA
neurons. These neurons expressed DA markers, released DA,
and exhibited typical electrophysiological characteristics.
When transplanted into the rat striatum, these cells survived,
extended processes, and alleviated PD-like symptoms
[Figure 1].081

MSCs

MSCs are multifunctional cells usually present in the bone
marrow, although they can also be found in the dermis, fatty
tissue, blood from the peripheral organs, and the umbilical
cord. These cells can differentiate into many lineages, such
as osteocytes, chondrocytes, and adipocytes. MSCs can
undergo trans differentiation into neurogenic cells like
nestin-positive neurospheres when exposed to factors such
as EGF and basic FGF (bFGF)." MSCs from peripheral
blood with neurogenic potential are being explored for
autologous transplantation in treating neurodegenerative
diseases. Given that PD results in the death of DA neurons,
MSCs may provide a promising cell replacement therapy.
MSCs can be categorized into naive and induced types, both
showing promise for PD treatment. Studies have investigated
MSCs from various tissues in PD models, demonstrating
their ability to promote functional recovery and, in some
cases, develop neuronal characteristics. Neurally-induced
bone MSCs (BMSCs) have shown improved survival, TH
expression, and behavioral benefits in PD models, with
neurally-induced BMSCs showing particularly strong
effects.?”) In addition, in models of Parkinson’s illness, MSCs
generated from adipose tissue and the umbilical cord have
demonstrated promising outcomes.

DA neuron stem cells

Mesencephalic tissue from human embryos has been
traditionally used in cell replacement therapies for PD.
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Figure 1: Embryonic Stem Cells (Under usage license Creative Commons Attribution 4.0

International).

Although this approach has shown limited clinical efficacy,
it faces significant ethical and logistical issues, including
the need for tissue from multiple fetuses per patient. Recent
research indicates that achieving therapeutic benefits requires a
substantial quantity of dissociated DA cells. Studies using non-
dissociated mesencephalic tissue without immunosuppressive
treatments and with fewer DA neurons have not demonstrated
significant therapeutic effects.?! An alternative strategy
involves grafting tissues that include various catecholamine-
producing cells, such as chromaffin or carotid body cells,
rather than directly attempting to replace lost cells. While
chromaffin cells have been largely abandoned due to poor
long-term outcomes, carotid body glomus cells show promise
for treating preclinical models of PD.? Numerous methods
have been devised to generate L-DOPA and DA, such as
utilizing neural progenitor cells or multipotent stem cells
to attain a functioning DA phenotype in the midbrain. DA
phenotyping NSCs is a practical tactic. For instance, NSCs
derived from non-ventral mesencephalon that has been
genetically or epigenetically modified to become immortalized
have shown potential.?® Similar techniques have generated a
DA phenotype in human NSCs from the embryonic forebrain
at 5-11 weeks of gestation.”! These cells, when grown in a
medium supplemented with heparin, leukemia inhibitory
factor, bFGE, and EGE formed neurospheres in suspension
culture. A few DA neurons were produced when plated on
polyornithine-coated surfaces and cultured with interleukin
(IL)-1b, either alone or with IL-11, GDNE and IL-11. However,
these neurons’ extent, properties, and grafting efficacy have not
been thoroughly investigated. While iPSCs offer the potential
for PD cell-based therapy, their complex generation and

differentiation procedures and the risk of tumor formation
from undifferentiated cells limit their clinical application. As an
alternative, directly generating DA neurons from somatic cells,
such as fibroblasts, presents significant promise. Recent studies
have successfully reprogrammed fibroblasts from PD patients
into DA neurons (induced DA [iDA] neurons) using various
combinations of transcription factors. Smidt ef al. used eight
factors to determine that Acsll and Pitx3 are essential for this
process, demonstrating that these neurons function in a PD
mouse model.!

Graft purity

The composition of grafts is critical in PD transplantation.
However, it remains uncertain whether grafts combining
glial cells and pure DA neurons provide superior symptom
relief. Evidence suggests that astrocytes play a role in brain
development, indicating that glial cells may influence the
behavior of precursor cells after they are implanted.?
Consequently, mesencephalic tissues containing glial cells
are commonly used in transplants.”” Among these, A9
Substantia Nigra neurons, which project to the striatum,
are considered more beneficial compared to A10 Ventral
Tegmental Area neurons.® The subtype of DA neurons is
also significant. When human embryonic or fetal ventral
mesencephalic tissues were transplanted into Parkinson’s
patients in the late 1980s, the outcomes were not entirely
satisfactory. While some open-label trials, such as those
by Madrazo and Lindvall, reported improvements in the
Unified PD Rating Scale, the overall use of transplants for PD
has been debated due to ethical concerns and mixed findings
from National Institutes of Health-funded double-blind
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trials in the 1990s, which revealed adverse effects and limited
clinical benefits.”?")

iPSCs generated by non-integrating viral vectors

Generating iPSCs from human and mouse somatic
cells often involves using viruses to deliver essential
transcription factors. However, since viral DNA can be
incorporated into the host genome, potentially disrupting
genetic processes and increasing the risk of cancer, there
are concerns. Replication-defective adenoviruses and other
non-integrating viral vectors were developed in response
to these concerns. These adenoviruses can genetically
alter fibroblasts to produce transient expression of
reprogramming genes and the development of pluripotent
cells that do not incorporate into the host DNA. The
Forschungsbericht von Stadtfeld and Zhou show how iPSCs
from humans and mice can successfully develop into all
three germ layers, including DA neurons, without including
viral DNA.B% The removable Sendai Virus (SeV), which does
not incorporate into the host genome, has also been used to
create transgene-free iPSC lines. Developing a temperature-
sensitive, non-integrating SeV Vector (SeV TS7) has further
advanced this field by enabling the production of iPSCs
without the need for feeder cells and addressing safety
issues associated with xenogenic or allogeneic materials.!!
Moreover, a temperature-sensitive SeV vector has facilitated
reprogramming human terminally differentiated T cells
into iPSCs, reducing both transgene expression and
residual SeV.*? These advancements highlight the potential
of non-integrating viruses, such as adenovirus and SeV,
for generating iPSCs without exogenous gene integration,
emphasizing the shift towards epigenetic reprogramming
and non-viral methods.

Plasmid-based reprogramming

Plasmids were among the first non-viral vectors explored
as alternatives to viral vectors for generating transgene-
free iPSCs. This process resulted in iPSCs without plasmid
integration, which, although less effective in reprogramming
than viral vectors, still could form teratomas and contribute
to adult chimeras. Recent studies have shown that transient
transfection with standard plasmids can generate iPSCs
without insertional mutagenesis, offering a simpler approach
for further refinement.” Although plasmid-based iPSC
methods are less efficient than other techniques, further
development is needed before these methods can be
considered for clinical applications in treating PD.

Episomal vector

The novel non-viral technique known as episomal iPSC
reprogramming, which leverages the Epstein-Barr virus

(EBV), is designed to create iPSCs devoid of transgenes
and viruses within a feeder-free environment. This method
uses an oriP/EBNAl-based vector system consisting
of three plasmids and facilitates transfection without
requiring viral packaging.®* Initially, this technique
to reprogram human foreskin fibroblasts yielded fewer
iPSCs compared to viral vector approaches.®! The vector
was successfully utilized to reprogram fibroblasts and
EBV-immortalized B cell lines from individuals with
various diseases; however, challenges were encountered
in including all reprogramming-related transgenes.?*
Subsequent improvements, such as omitting c-Myc and
reducing the number of reprogramming factors, have
enhanced the method’s efficiency. These developments
indicate the potential for using iPSCs in therapeutic
applications for PD, as they can be generated without
continuous reprogramming agents or genomic integration.

Polycistronic vectors in the Cre-loxP system

A new non-viral strategy has been developed to generate
iPSCs without integrating transgenes. This approach
involves using polycistronic vectors to introduce multiple
transcription factors and removing the reprogramming
cassette through Cre recombinase-mediated site-specific
excision.’” This method has effectively produced iPSCs
from human and mouse fibroblasts without relying on
external reprogramming factors. The study reported that
Cre recombinase messenger RNA (mRNA) can remove
the reprogramming cassette.**! Furthermore, iPSCs free
from viral reprogramming factors have been generated in
patients with idiopathic PD using Cre-recombinase excisable
constructs.”! These iPSCs are capable of differentiating into
DA neurons. However, there are ongoing concerns about
potential insertional mutations from any remaining vector
sequences.

Challenges in reprogramming efficiency

Effective reprogramming of iPSCs using non-viral vectors
remains problematic due to low-efficiency rates. While RNA
and protein-based approaches offer innovative alternatives,
they are less effective. Currently, the most effective method
involves viral vectors, such as lentiviral vectors, which,
although more efficient, carry the risk of insertional
mutagenesis.”) Future research should focus on optimizing
reprogramming techniques to enhance iPSC generation.
Factors such as delivery vectors, culture conditions, and the
type of somatic cells used significantly impact the yield of
viable iPSCs. Further reprogramming and differentiation
methods refinement is necessary before iPSCs can be
clinically applied to treat PD. Moreover, carefully considering
administration routes and ensuring graft purity is critical for
successful outcomes [Figure 2].
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Figure 2: Influential factors for induced pluripotent stem cell. iPSC: Induced pluripotent stem cells.

Figure 2 details influential factors in iPSC regeneration,
emphasizing epigenetic reprogramming and non-
genetic modifications for safe cellular transformation.
Key methods include DNA reprogramming tools,
plasmid-based techniques, and non-viral approaches,
alongside viral delivery systems like replication-defective
adenovirus and SeV. It highlights Good Manufacturing
Practice (GMP) standards ensuring clinical-grade
quality and addresses challenges such as maintaining
undifferentiated iPSCs, animal source contamination,
and minimizing integration risks. Together, these factors
advance the safety, efficiency, and applicability of iPSC-
based regenerative therapies.

Dental pulp stem cells (DPSCs) therapy for PD

In 2000, Gronthos and colleagues identified DPSCs while
studying dental pulp cells. DPSCs are unique compared
to bone marrow MSCs due to their ability to form in vitro
colonies and fibroblast-like morphology.l!! While DPSCs
express surface markers such as CD73, CD90, and CD105,
they do not have markers like CD14, CD34, and CD45.
DPSCs are more proficient in generating mineralized tissue
than BMSCs, and they exhibit higher cell proliferation
rates and frequent formation of cell clusters. In addition,
DPSCs can express ESC markers such as octamer-binding
transcription factor 4 (OCT4), SRY-box transcription factor
2 (SOX2), and myelocytomatosis viral oncogene (MYC),
which are rarely seen in MSCs."?! Under the right conditions,
these cells can differentiate into various cell types, including
neural cells, adipocytes, hepatocytes, and osteoblasts,
and show potential for immune system modulation and
unexpected differentiation sites within organisms.*¥ DPSCs
originate from the outer embryonic layer and are derived
from adaptable neural crest cells.[*!! They can exhibit basic
nerve lineage markers such as glial fibrillary acidic protein,

intermediate filament nestin, low-affinity nerve growth
factor receptor p75, and more complex markers such as
nuclear antigen and B-III tubulin."* DPSCs can also mature
into neurons, assist in axon guidance, and produce and
release neurotrophic factors, underscoring their potential
as a promising approach for PD cell transplantation
therapy.*® Research on DPSCs has demonstrated their
capacity for neuronal differentiation in vitro based on cell
morphology and early neuronal markers."”! In vivo studies
support these findings, showing that DPSCs can survive
and express neuronal markers following brain injection.
Their intrinsic ability to differentiate independently strongly
indicates their potential for nerve regeneration therapies
[Figure 3].

Neural grafts leading to dyskinesia in PD

Severe dyskinesias during “off” periods were observed in 15%
of patients following brain transplants, with a notable increase
in these jerky and uncontrolled movements after surgery as
the effectiveness of medication diminished."! Dyskinesia was
first documented post-transplant approximately 1 year after
the procedure, and it was observed in 56% of cases.®™ Clinical
trials using surgical techniques might have involved fewer
transplanted cells than earlier, more successful research.®!!
Further studies have indicated that dyskinesia typically did
not emerge until after the cessation of immunosuppressive
treatment, suggesting that immunosuppression could
significantly influence its development."? Another concern
is the presence of diverse grafts, including serotonergic
neurons, in the ventral putamen.®® These grafts have
been associated with the formation of nerve regeneration
clusters and improper DA production." Consequently, it is
recommended to transplant a sufficient number of cells that
consist of a homogeneous group of DA neurons in the basal
ganglia, alongside the use of immunosuppression, to prevent
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Dental-related stem cells
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Sources of stem cells in adult dental tissues. Stem cells can be found and isolated from dental
tissues including dental pulp stem cells (DPSCs), gingiva stem cells (GSCs), periodontal ligament stem cells
(PDLSCs) and stem cells from apical pulp (SCAPs)

Figure 3: Stem cells can be isolated from adult dental tissues such
as dental pulp stem cells, gingiva stem cells, periodontal ligament
stem cells, and stem cells from apical pulps, excluding developing
teeth.

the occurrence of graft-induced dyskinesia.*® Despite
this, severe dyskinesias were a significant issue for only a
small number of patients undergoing clinical treatment.
There was no clear correlation between the severity of
dyskinesias and the extent of DA reinnervation from the
graft or the improvement of symptoms. Therefore, severe
dyskinesias should not be seen as an inevitable consequence
of replacing DA neurons and should not hinder the progress
of developing cell-based treatments for PD. A deeper
understanding of the underlying mechanisms of DA neuron
transplantation is crucial to prevent “off”-phase dyskinesias
following brain transplantation. Recent studies indicate
that dyskinesias may be more influenced by the host brain’s
response to the graft and the integration of new neurons
rather than the extent of DA reinnervation itself.*® Factors
such as the precise placement of the graft, the type of DA
neurons used, and the interaction between grafted neurons
and the host environment are critical to the clinical outcome.
Advanced imaging techniques and electrophysiological
studies are essential in tracking the functional integration
of grafted neurons, allowing for real-time monitoring of
neuronal activity and synaptic connections. These methods
provide insights into the dynamics of neuronal circuitry
post-transplantation. Moreover, molecular and genetic
profiling of both donor and host tissues can identify
biomarkers predictive of favorable outcomes, enabling the
optimization of cell preparation protocols and grafting
techniques. Innovative strategies, including stem cell-
derived DA neurons and gene-editing technologies, are being
explored to enhance the efficacy and safety of cell-based
therapies for PD.”!

Immunological rejection

Despite the brain being an immune-privileged site, grafts
can still provoke an adverse immune response from

the host. The interaction between the innate immune
system and the implanted cells plays a critical role in
determining the survival of the transplant.®® Insufficient
immunosuppression during transplantation, as observed
in various clinical trials, has been linked to unfavorable
outcomes. The surgical procedure can compromise
the blood-brain barrier, reducing the brain’s immune-
privileged status and potentially allowing immune cells
to infiltrate. Therefore, immunosuppressive therapies are
crucial to prevent graft rejection and ensure the viability
and integration of the transplanted cells. One effective
strategy to minimize immunological rejection involves
generating hiPSC lines from a donor with matched
human leukocyte antigen genes in both copies. While
this approach shows promise in reducing immune-
mediated rejection in allogeneic transplantation,
challenges may arise, particularly in individuals with
diverse ethnic backgrounds. Studies have shown that
immunosuppressive medications such as azathioprine,
cyclosporine, and prednisolone are associated with
improved transplant outcomes.”” However, patient
conditions can deteriorate when immunosuppressive
treatment is discontinued.® Post-mortem examinations
have revealed evidence of immune responses, with
transplanted tissues surrounded by active microglia.l®
These findings underscore the importance of maintaining
immunosuppressive therapy alongside grafting, as
immune responses can significantly impact the success of
transplantation. Further research is needed to determine
the most effective immunosuppressant and treatment
regimen.

Concern of tumourigenesis

The risk of tumor formation has been a longstanding
concern among researchers, particularly about iPSCs. The
oncogenes Myc and Klf4, commonly employed in iPSC
reprogramming, are at the core of this problem. Several
genes, such as Nanog, Sox2, and Oct4, integral to iPSC
generation, have also been linked to tumor growth.? A
significant connection exists between iPSC production
and the tumor suppressor gene p53, which has garnered
considerable attention.®) Another mechanism that can
lead to tumorigenesis in iPSCs is the disruption of genomic
integrity, which may occur due to somatic mutations or
viral integration. Several methods have been devised to
produce insertion-free iPSCs, guaranteeing the maintenance
of genomic integrity during reprogramming to avoid such
problems. These methods include SeV vectors, episomal
vectors, and synthetic modified mRNA. Maintaining
genome integrity remains a critical challenge, particularly
in cases where retroviral insertion has not visibly damaged
the genome. Various reprogramming methods, including
non-integrating approaches, have revealed mutations in
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iPSCs, often in cancer-associated genes. These mutations
tend to be non-synonymous, nonsense, or splice variants.
Consequently, strict screening protocols are necessary
when using iPSC-derived neurons in therapeutic research,
even with extensive measures to mitigate tumor risks.
This screening includes in vivo testing, where neuron
grafts are implanted in monkey models to identify any
novel mutations that might arise during reprogramming,
alongside comprehensive genetic analysis.

Safety and purity stem cells

To enable the effective use of DA neurons or iPSC-
derived NSCs in PD treatment, it is critical to ensure
that the remaining percentage of undifferentiated
iPSCs in the sample is kept under 1% [Figure 3]. This
precaution is necessary to prevent teratoma formation
after transplantation.®! Techniques such as fluorescence-
activated cell sorting and other non-invasive magnetic
selection methods have been developed to categorize
iPSC-derived cells. Moreover, to eliminate the risk of
contamination from animal sources, it is essential to
maintain cell cultures in a feeder-free environment.!*"!
Traditionally, many feeder cells used for the cultivation
of human iPSCs (hiPSCs) and hESCs are derived from
mice and are typically grown in media containing fetal
bovine serum. This practice can lead to contamination
of iPSC-derived cells with allogeneic cells. However,
recent findings indicate that feeder cells are not required
to generate hiPSCs or hESCs when using StemFit™
medium.”! This development marks significant progress

in producing therapeutic-grade cells that meet GMP
standards [Figure 4].

Genetic abnormalities

The persistence of epigenetic memory in iPSCs and iDAs
neurons remains uncertain, particularly due to their origins
and the possible retention of reprogramming signatures
post-differentiation. To express reprogramming genes,
it is advisable to use non-integrating vectors rather than
lentivirus or retrovirus-based methods.[® These vectors
can also be used with small-molecule drugs to generate
iPSCs with therapeutic potential. Some iPSCs derived
from PD patients may exhibit genetic anomalies, including
point mutations, chromosomal structural changes, gene
duplications, and deletions in genes such as SNCA, Parkin,
LRRK2, and GBA.®! Due to the disruption of key biological
functions caused by these genetic abnormalities, iPSC-
derived cells may not be ideal for direct transplantation.
Several methods have been devised to correct mutations
in pluripotent stem cells sourced from individuals with
PD. Results imply that a zinc-finger nuclease-mediated
strategy may be used to correct the SNCA mutation
(A53T) in iPSCs. Patient-derived iPSCs are still able to
develop into DA neurons despite this modification. The
correctness of the patient-derived corrected iPSC lines
has been verified by PCR genotyping and sequencing
analysis.”!] Furthermore, a recent study has shown that
LRRK2 G2019S mutant correction in iPSCs effectively
restored normal properties to neurons previously impacted
by the mutation.

Factors

Non-invasive magnetic . g
selection techniques |nfluencmg Epstein-Barr Virus (EBV):
(Cell sorting methods) Purity of stem Episomal vector origin

cells

Figure 4: Factors influencing the purity of stem cells.
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CONCLUSION
Advancements in stem cell research provide new therapeutic
possibilities for individuals who resist conventional

treatment methods. It is achieved by creating patient-specific
pluripotent stem cells that can develop into many kinds
of cells both ex vivo and in vivo. It is critical to continue
fundamental and applied research to have a thorough
knowledge of the causes of PD. Using these findings, we can
develop innovative and sophisticated treatments that target
both the physical and non-physical symptoms of PD.
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