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Neurodegenerative diseases resulting from the progressive loss of structure and/or function of neurons contribute to
different paralysis degrees and loss of cognition and sensation. The lack of successful curative therapies for
neurodegenerative disorders leads to a considerable burden on society and a high economic impact. Over the past 20
years, regenerative cell therapy, also known as stem cell therapy, has provided an excellent opportunity to investigate
potentially powerful innovative strategies for treating neurodegenerative diseases.
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| 1. Introduction

Neurodegenerative disorders, such as Parkinson’s disease (PD), Alzheimer’s disease (AD), Huntington's disease (HD),
amyotrophic lateral sclerosis (ALS), and frontotemporal dementia (FTD), are characterized by a progressive loss of
structure, function, or number of neurons in the brain or spinal cord. Unfortunately, the currently available treatment
options are insufficient in arresting the neurodegenerative processes . The complexity of the mechanisms associated
with neuronal loss and the contradicting physiological causes of these diseases significantly hinder our understanding of
the pathogenic processes and the consequential development of effective treatments [&. Moreover, difficulty in targeting
the widespread neuronal cell death, coupled with the lack of robust regenerative capacity of the central nervous system
(CNS) and the enormous limitations for the vast majority of drugs (98% of small-molecule drugs and 100% of large-
molecule drugs) regarding crossing the blood-brain barrier (BBB) further adds to the difficulty of treating these diseases [3
[N, The loss of quality of life, the cost of care, and the lack of effective therapies are an enormous burden for over 7
million people in the USA living with these neurodegenerative diseases (&,

Stem cell therapy, also known as regenerative therapy, improves the repair response of dysfunctional and damaged tissue
using stem cells or their derivatives. The objectives of stem cell therapies typically focus either on cellular replacement or
on providing environmental enrichment. Stem cell therapy has revolutionized medicine over the years since its therapeutic
applications have provided invaluable and attractive options for treating numerous disorders, including neurodegenerative
diseases [@. The potential of stem cell therapy in neurodegenerative diseases was first examined in the 1980s when
patients suffering from PD were treated with fetal mesencephalic tissue transplantation 19, Nowadays, stem cell therapy
offers promising strategies for treating almost all forms of neurodegenerative disorders. These strategies involve the
regeneration of neural tissue, stabilizing the neuronal networks, providing neurotrophic support, and alleviating
neurodegeneration at different neuronal circuitry levels [, Scientists are continually trying to find sturdy, safe, and readily
available stem cell sources while refining and/or developing new delivery methods to improve the treatment's efficiency
and effectiveness and reduce the side effects 14,

| 2. Stem Cell Classifications

Stem cells are characterized by the capacity to proliferate, self-renew, and differentiate into various mature cell lineages.
There are different classifications of stem cells, including embryonic stem cells (ESCs), induced pluripotent stem cells
(iPSCs), mesenchymal stem cells (MSCs), and neural stem cells (NSCs). The classification is based on the range of
possible cell type production and derivation methods. Therefore, it is essential to understand the characteristics of the
various available stem cell types and the potential effect of cellular therapies on disease mechanisms (see Figure 1). The
rationale for utilizing each type of stem cell depends on the desired applications and outcomes since each type possesses
individual qualities and advantages. In the following paragraphs, we summarized the various types and general aspects of
stem cells used in basic research and clinical trials (see Table 1).



Figure 1. Classification of stem cells: ESCs—embryonic stem cells, hiPSCs—human induced pluripotent stem cells,

NSCs—neural stem cells, HSCs—hematopoietic stem cells, MSCs—mesenchymal stem cells, ISCs—intestinal stem

cells.

Table 1. Comparison between the various types of stem cells. This side-by-side comparison includes their origin and the

inherent clinical advantages and disadvantages of using these cells.

Stem Cell Type

ESCs

(pluripotent)

IPSCs

(pluripotent)

MSCs

(multipotent)

Origin

Embryo (blastocyst)

Reprogrammed adult
cells: fibroblasts,
hepatocytes, circulating
T cells, and
keratinocytes

Adult tissues (bone
marrow, skin, blood,
umbilical cord, etc.)

i

Advantages

Unlimited proliferation

U No ethical problems
U Low risk of immune
rejection

U High accessibility

U No ethical problems

U0 High accessibility

U Easy isolation methods
0 Autologous cells
generation

U Self-renewal capacity

i

Low risk of immune

rejection

Disadvantages

c:

Ethical problems
U Risk of immune rejection
U Unpredictable differentiation

U High risk of tumor formation

U High risk of tumor formation

U Risk of susceptibility to the
original pathology of the patient

U Genetic and epigenetic
abnormalities

U Risk of tumor formation



U Ethical problems
U Risk of immune rejection

U Limited differentiation

Embryo, human fetal U Low risk of tumor
e brain and brain tissue of  formation U Low self-renewal capacity
(Multipotent) adults (SVZ and SGZ of

. U Limited proliferation and
hippocampus)

expansion
U Limited availability

U Difficult isolating methods

SGZ: subgranular zone, SVZ: subventricular zone.
2.1. Embryonic Stem Cells

ESCs are a class of pluripotent stem cells derived from the inner cell mass of blastocysts (an embryo that has been left to
develop for 5 to 6 days and presents a relatively complex cellular structure formed of approximately 100-200 cells; see
Figure 2). ESCs offer promising avenues for research due to their ability to self-renew indefinitely and differentiate into
almost all cell types of the central nervous system. These cells are currently being used as an invaluable cell source of
human neuronal progenitors in large quantities and high purity in various research areas related to neurodegenerative
diseases 12,

Researchers are currently focusing heavily on the therapeutic potential of ESCs. Although ESCs offer new means of
treatment, it still raises some thorny ethical and religious restrictions since it involves destroying human embryos I3,
Additionally, there are several medical concerns associated with all novel ESC therapies in translational medicine, such as
the significant risk of immunorejection in the host patient, as well as tumor formation and cancer as a result of the
persistence of nondifferentiated cells undergoing malignant transformation and genetic instability following a prolonged
time in culture 14,
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Figure 2. Representative diagram depicting the main types of stem cells and their potential to differentiate into various
lineages.

2.2. Induced Pluripotent Stem Cells

iPSCs are a type of pluripotent stem cells that are artificially derived from non-pluripotent, adult somatic cells, including
fibroblasts, hepatocytes, circulating T cells, and keratinocytes, by forcing the expression of genes and transcription factors
that maintain embryonic stem cells @5, These reprogrammed cells now provide a promising strategy for producing
unlimited autologous neurons for transplantation in neurodegenerative patients [&. iPSCs can be converted into mature
functional neural lineages using an optimized differentiation method, which widens the scope of its potential applications
in the studies of the mechanisms underlying various neurodegenerative disorders and the screening of novel therapeutic
targets L8IL71 For example, in a patient with a neurodegenerative disease, a pluripotent cell can be taken from the skin or
blood (see Figure 2). The resulting iPSCs can become a reliable source for generating those neural cells affected by
degenerative brain disease (18],

One of the main distinct advantages of iPSCs is the lack of ethical and religious implications because cells can be
produced without oocytes or embryos. Another significant merit of iPSCs is that they can be generated from the patients
themselves, thus providing a valuable avenue for autologous cell transplantation with no risk of immune rejection and no



need for immunosuppressive agents 820 ipPSCs offer potential clinical advantages due to more straightforward
harvesting methods and fewer possible side effects, with better specific terminally differentiated cell phenotypes. However,
the differentiation of IPSCs into mature neurons is more complicated than for ESCs. Like ESCs, there is still the risk of
tumor formation due to unwanted viral integration, causing chromosomal disruptions and mutations and low
reprogramming efficiency during these cells' production 2421 Hence, the clinical application of IPSCs in
neurodegenerative diseases is still not feasible yet, owing to the lack of in-depth research evaluating its therapeutic safety
among human subjects.

2.3. Mesenchymal Stem Cells

MSCs, which are traditionally found in the bone marrow, umbilical cord, adipose tissue, and spleen, are adult, self-
renewing, multipotent stem cells that can differentiate into various cell types, including bone, cartilage, fat, and muscle 22,
MSCs have enormous therapeutic potential and could be an ideal source for cell transplantation in neurodegenerative
diseases due to their excellent self-renewal capacity while maintaining multipotency 23, MSC-derived functional neurons
appear to be more promising regarding neurodegenerative diseases than ESCs due to the relatively easy collecting
methods and fewer related ethical, religious, and immunorejection concerns 24 Furthermore, MSCs do not organize
tumors like other primitive stem cells, such as ESCs 22, Thus, the promising abilites of MSCs present them as an
attractive platform for research into neurodegenerative disorders. Several studies have also indicated that MSCs might
possess the ability to cross the BBB, which is crucial for the proper delivery of neurotherapeutic agents into the CNS (28]
(27, |t has been shown that MSCs can cross the BBB through paracellular pathways, despite the presence of tight
junctions that would normally block such passages [28. There are preclinical studies and ongoing clinical trials currently
assessing the therapeutic effectiveness of MSCs in various neurodegenerative diseases. MSCs are delivered via either
intracerebral or intrathecal injections. Following transplantation, MSCs initiate their neuroregenerative function, including
promoting neuronal growth, producing neurotrophic factors, stimulating endogenous neurogenesis, activating microglia,
suppressing inflammation, and decreasing apoptosis and free radicals X8, MSCs can also secrete angiopoietin-1,
angiogenic cytokines, and extracellular matrix components, thus improving angiogenesis and promoting the recruitment of
neural progenitor cells (NPCs) 29,

2.4. Neural Stem Cells

NSCs are multipotent stem cells in brain tissue that are more specialized than ESCs. NSCs have a decreased potential
for self-renewal and usually differentiate into only limited cell lineage of the brain tissue, including oligodendrocytes,
neurons, and astrocytes L2300 (see Figure 2). NSCs can be derived from various regions of both the embryonic and the
human fetal brain or the brain tissue of patients undergoing surgical therapies BBLIE233],

The transplantation of NSCs to other brain regions is considered a possible therapeutic avenue for the treatment of many
neurodegenerative diseases W24, For example, NSCs can play a role in gliogenesis by releasing bioactive molecules that
regulate neuronal excitability, synaptic activity, and plasticity 22, NSCs can also generate and release synergistic and
antagonistic molecules, triggering intracellular NSC regulatory mechanisms, such as transcription factors, epigenetic
responses, and metabolism B8, Furthermore, NSCs can establish synaptic connections with surrounding neurons,
integrate into existing circuitry, and repair the impaired network B4, Of note, unlike ESCs, NSCs are considered
genetically stable and less tumorigenic. The low self-renewal potential of NSCs can be resolved via the genetic
modification of these cells to produce immortalized NSCs with enhanced proliferative potential 8. However, there are still
significant obstacles for the therapeutic application of NSCs due to the inevitable possibility of immunological
incompatibility in allogeneic transplantation, limited sources, difficulties in isolating these cells, limited proliferation and
expansion, and ethical and religious issues .
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