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ABSTRACT

Introduction and aim: Neurodegenerative diseases, including Alzheimer’s, Parkinson’s, multiple sclerosis and
amyotrophic lateral sclerosis, remain highly challenging due to their progressive course and lack of disease-modifying
therapies. Stem cell-based strategies are increasingly investigated for their potential in neuroregeneration,
immunomodulation and functional recovery. This study aims to summarize current evidence on stem cell applications in
neurodegenerative diseases based on recent systematic reviews and meta-analyses.

Material and methods: A structured literature search was performed in PubMed, Medline and Google Scholar using the
terms “stem cells,” “neurodegenerative diseases,” “clinical trials,” “systematic review,” and “meta-analysis.” Eligible
publications included English-language systematic reviews and human studies from 2015-2025. Over 30 relevant sources
were analyzed by disease type and stem cell modality.

Results: Most studies report a favorable safety profile, particularly with mesenchymal (MSC), neural (NSC) and induced
pluripotent stem cells (iPSC). Clinical trials in Parkinson’s disease demonstrated measurable motor improvements, while
applications in multiple sclerosis and spinal cord injuries showed immunomodulatory and functional benefits. Evidence in
Alzheimer’s disease and ALS remains limited and preliminary. Across conditions, heterogeneity of methods and small
sample sizes reduce generalizability.

Conclusions: Stem cell therapy shows promise as an innovative approach in neurodegenerative disorders, though it remains
experimental. Encouraging early outcomes highlight the need for large-scale, standardized and long-term trials to confirm
efficacy, optimize protocols and ensure safety. Stem cells may become central to neuroregenerative medicine, but they are
not yet ready for routine clinical use.
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Stem Cells, Neurodegenerative Diseases, Clinical Trials, Neuroregeneration, Systematic Review, Mesenchymal Stem
Cells
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1. Introduction

Neurodegenerative diseases represent a group of chronic, progressive conditions characterized by the
selective loss of structure or function of neurons. Among the most common are Alzheimer’s disease (AD),
Parkinson’s disease (PD), multiple sclerosis (MS), amyotrophic lateral sclerosis (ALS) and Huntington’s
disease (HD). These disorders are associated with substantial morbidity, impaired quality of life and significant
socioeconomic burden. Despite advances in symptomatic treatment, there remains a critical lack of disease-
modifying therapies that can halt or reverse the underlying neuronal degeneration.

Over the past two decades, stem cell-based therapies have gained considerable attention as a potential
strategy to address the limitations of conventional treatments. Stem cells, defined by their self-renewal capacity
and ability to differentiate into specialized cell types, offer hope for restoring damaged neural tissues,
modulating immune responses and promoting endogenous repair mechanisms. Various types of stem cells—
including mesenchymal stem cells (MSCs), neural stem cells (NSCs), embryonic stem cells (ESCs), and
induced pluripotent stem cells (iPSCs)—have been investigated in preclinical and clinical settings for their
regenerative potential in neurodegenerative conditions.

Emerging evidence from systematic reviews and meta-analyses suggests that some stem cell modalities
may offer therapeutic benefits in select neurodegenerative diseases, particularly in PD and MS. However, the
clinical application of these therapies remains at an early stage, with challenges related to standardization,
long-term safety, ethical considerations and regulatory approval.
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The aim of this review is to synthesize the current evidence on the use of stem cell therapies in the
treatment of neurodegenerative diseases, focusing on the latest high-quality meta-analyses and systematic
reviews. We present findings across major disease categories, evaluate the effectiveness and safety of various
stem cell types, and discuss current clinical perspectives and future research directions.

2. Methodology

This review is based on a structured search of the scientific literature, focusing on systematic reviews
and meta-analyses addressing the use of stem cell therapy in neurodegenerative diseases. The search was
conducted between June and July 2025 in the PubMed, Medline, and Google Scholar databases using a
combination of the following keywords:”stem cells”, neurodegenerative diseases”, ’’Parkinson’s
disease”, ”Alzheimer’s disease”, “multiple sclerosis”, clinical trials”, ’systematic review”, "meta-analysis”.

The inclusion criteria were:

Atrticles published between 2015 and 2025

Systematic reviews and/or meta-analyses involving human subjects
Studies published in English

Reviews focused on one or more neurodegenerative diseases

Availability of full-text articles

Exclusion criteria included:
e Studies involving only animal or in vitro models
°
e Narrative reviews, expert opinions, or editorials without systematic methodology
°
e Duplicate or outdated reviews superseded by more recent analyses
°
Articles were categorized according to the specific neurodegenerative condition addressed (e.g., Parkinson’s
disease, Alzheimer’s disease, multiple sclerosis, ALS, spinal cord injury). Data extraction focused on:
e Types of stem cells used (MSC, NSC, iPSC, ESC, etc.)
Routes and methods of administration
Reported clinical outcomes (motor function, cognition, immune markers)

Adverse events and safety profiles

Study design and level of evidence

The selection and synthesis of literature followed the PRISMA guidelines for scoping reviews to ensure
transparency and reproducibility.

3. Results

3.1 Alzheimer’s Disease (AD)

3.1.1 Preclinical Evidence

A 2025 meta-analysis of 14 studies assessing the therapeutic effects of intranasally administered stem
cell derivatives in animal models of Alzheimer’s disease (AD) revealed a significant reduction in B-amyloid
deposition, decreased neuroinflammation and reduced neuronal cell death. Additionally, inflammatory
markers such as IL-1p and IBA-1 were significantly decreased [3].

Another systematic review focused on extracellular vesicles (EVs) derived from mesenchymal stem
cells (MSCs), demonstrating improved cognitive performance in animal models, reduced B-amyloid
accumulation and attenuated expression of inflammatory markers such as GFAP and pro-inflammatory
cytokines. No significant changes in phosphorylated tau (p-Tau) levels were reported [1,2].
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3.1.2 Systematic Reviews and Narrative Syntheses

Recent reviews highlight the potential of neural stem cells (NSCs) in replacing lost neurons, promoting
synaptic plasticity and stimulating neurotrophic factors in preclinical models. However, their clinical
application remains constrained by technical, ethical and immunological barriers [4].

MSCs derived from umbilical cord blood, adipose tissue or placenta have demonstrated a favorable
safety and immunomodulatory profile. Systematic reviews report limited but promising early-phase clinical
evidence, although significant variability exists in stem cell types, administration protocols and outcome
measures [2,14].

3.1.3 Clinical Trials

A phase 2a randomized controlled trial investigating allogeneic MSCs in patients with mild AD showed
that four monthly infusions were well tolerated and associated with trends toward reduced neurodegeneration,
slower clinical decline and decreased levels of neuroinflammatory markers [5].

Other phase I trials using umbilical or adipose-derived MSCs confirmed safety and feasibility but
reported limited cognitive improvement in short-term follow-ups. Larger trials with standardized
methodologies are needed to validate these findings [15].

3.1.4 Summary of Evidence

e Preclinical models support the therapeutic potential of MSCs and NSCs in reducing hallmark AD
pathology (amyloid burden, neuroinflammation) and enhancing cognitive outcomes [1-4].

e C(linical trials suggest that stem cell therapies are generally safe and well tolerated in early-stage AD,
though efficacy remains inconclusive [5, 15].

e Key limitations include small sample sizes, short follow-up periods and methodological
heterogeneity across studies [5, 14, 15].

3.2 Parkinson’s Disease (PD)

3.2.1 Preclinical Evidence

Animal studies have demonstrated the neuroprotective and neurorestorative properties of various stem
cell types in models of Parkinson’s disease (PD). Systematic reviews of rodent models show that mesenchymal
stem cells (MSCs) and neural stem cells (NSCs) improve dopaminergic neuron survival, increase striatal
dopamine levels, and ameliorate motor deficits [6,7].

A 2023 meta-analysis of 22 preclinical studies found that transplanted stem cells led to significant
improvements in behavioral performance, increased tyrosine hydroxylase-positive neurons and reduced
neuroinflammation and oxidative stress markers [7].

Induced pluripotent stem cell (iPSC)-derived dopaminergic neurons have also shown promise in restoring
function in MPTP-induced models of PD with some evidence of integration into host neural circuits [9,10].

3.2.2 Systematic Reviews and Evidence Synthesis

Recent systematic reviews emphasize the variability in cell sources, delivery routes (e.g., intracerebral,
intrathecal, intravenous) and outcome measures used across studies, which complicates direct comparison [8].

A comprehensive 2024 umbrella review concluded that MSC-based therapies offer moderate preclinical
evidence for efficacy and strong evidence for safety with the best outcomes observed when cells are delivered
intracerebrally [8].

iPSC technology allows for autologous cell-based therapies and modeling of patient-specific pathology.
However, concerns remain regarding tumorigenic potential, ethical challenges, and scalability for clinical use [9,11].

3.2.3 Clinical Trials

Several early-phase clinical trials have explored the safety and feasibility of stem cell therapy in PD. A
phase I trial using autologous iPSC-derived dopaminergic progenitor cells transplanted into the putamen of
patients with advanced PD reported favorable safety outcomes and sustained improvements in motor function
over 12 months, as measured by the Unified Parkinson’s Disease Rating Scale [11].

An open-label study of MSCs administered intravenously demonstrated significant improvement in
UPDRS Part III scores over a six-month follow-up, though placebo-controlled data are lacking [7].
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A 2024 meta-analysis of clinical trials concluded that stem cell therapy is associated with moderate
improvements in motor symptoms and quality of life but the overall level of evidence remains low due to small
sample sizes and short follow-up durations [8].

3.2.4 Summary of Evidence

e Preclinical data strongly support the efficacy of MSCs, NSCs and iPSC-derived dopaminergic
neurons in restoring dopaminergic function and improving motor symptoms in PD [6-10].

e Early-phase clinical trials demonstrate safety and feasibility with modest efficacy in symptom relief
[7, 11].

e Methodological variability, limited long-term data and absence of large randomized trials remain key
barriers to widespread clinical implementation [8, 11].

3.3 Multiple Sclerosis (MS)

3.3.1 Preclinical Evidence

Experimental autoimmune encephalomyelitis (EAE), the most widely used animal model of MS, has
provided substantial insight into stem cell mechanisms. Mesenchymal stem cells (MSCs) have demonstrated
immunomodulatory effects by shifting T helper cell polarization, inhibiting pro-inflammatory cytokine
production, and promoting neuroregeneration [12]. A 2020 meta-analysis of MSC therapy in EAE models
reported significant improvements in neurological scores, decreased inflammation, and enhanced
remyelination [12].

Studies also show that neural stem cells (NSCs) and induced pluripotent stem cells (iPSCs) can
differentiate into oligodendrocyte precursors, contributing to remyelination and neuroprotection. Human
neural precursor cells have promoted axonal preservation and reduced demyelination in viral and toxin-
induced MS models [13].

3.3.2 Systematic Reviews and Evidence Synthesis

Systematic reviews highlight the favorable safety profile of MSCs and their role in reducing
inflammatory lesions in preclinical and early-phase clinical settings [14,17]. The regenerative and
immunomodulatory potential of stem cells, particularly when administered intrathecally or intravenously,
suggests a disease-modifying effect. Challenges include the heterogeneity of MSC sources, variability in
administration protocols and differences in MS subtypes targeted across studies [14].

NSC-based therapies are under investigation for their ability to promote remyelination and restore functional
synapses, although concerns regarding differentiation consistency and tumorigenic risk remain [13,15].

3.3.3 Clinical Trials

A Phase I trial using intrathecal administration of MSC-derived neural progenitors in progressive MS
demonstrated feasibility with no serious adverse events and mild-to-moderate clinical improvement in some
patients [16]. Another study involving intravenous MSCs showed reductions in gadolinium-enhancing lesions
on MRI and improved EDSS scores, though placebo-controlled data remain limited [17].

A narrative review of ongoing trials indicates that MSCs are among the most studied cell types in MS
with early evidence supporting their anti-inflammatory and neuroprotective effects [14,38]. However, rigorous
phase II/I1I trials are still needed to confirm efficacy and define optimal protocols.

3.3.4 Summary of Evidence

e Preclinical studies strongly support MSCs’ role in immunomodulation, neuroprotection and
remyelination in EAE and viral models [12, 13].

e Clinical trials demonstrate safety and potential efficacy, particularly in progressive MS but lack
large-scale, long-term data [16, 17].

e Key limitations include variability in stem cell sources, delivery methods and outcome assessment
[14, 38].
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3.4 Amyotrophic Lateral Sclerosis (ALS)

3.4.1 Preclinical Evidence

Preclinical studies using rodent models of ALS have shown that stem cell-based therapies may promote
neuroprotection, delay disease progression and improve motor function. Mesenchymal stem cells (MSCs) have
been shown to reduce neuroinflammation, support motor neuron survival and extend lifespan in SOD1-mutant
mouse models [18,19]. Muse cells, a subtype of pluripotent-like stem cells, have demonstrated superior
neuroprotective potential by suppressing glial activation and preserving motor neurons in ALS mouse models [18].

Human neural stem cells (NSCs) and induced pluripotent stem cells (iPSCs) have also shown promise in
replacing degenerated motor neurons and integrating into host neural circuits. However, the differentiation potential,
immunogenicity and tumorigenicity of pluripotent-derived cells remain active areas of investigation [20].

3.4.2 Systematic Reviews and Evidence Synthesis

Recent systematic reviews and comparative studies of stem cell therapies in ALS models suggest that
MSCs and NSCs offer the most consistent neuroprotective effects [21]. Meta-analyses highlight variability in
efficacy depending on cell type, delivery route and disease stage at intervention. MSCs are favored for their
immunomodulatory and trophic properties, while iPSCs are increasingly explored for their capacity to generate
patient-specific motor neurons [21,22].

Safety concerns regarding uncontrolled proliferation and tumor formation persist, particularly with
pluripotent-derived products. NSCs and MSCs have demonstrated favorable safety profiles in preclinical
settings, though standardization in protocols is lacking [17].

3.4.3 Clinical Trials

Clinical trials involving intrathecal or intracerebroventricular administration of MSCs and NSCs have
generally shown good tolerability and safety [17,23]. A Phase I trial using lumbar intraspinal injection of NSCs
in 12 ALS patients demonstrated no serious adverse events and modest functional stabilization in a subset of
participants [16].

Recent reviews highlight promising trends toward improved motor scores and prolonged survival but
emphasize the need for larger, controlled trials with longer follow-up to establish clinical efficacy [21,23].

3.4.4 Summary of Evidence

e Preclinical models support the efficacy of MSCs, NSCs and Muse cells in promoting
neuroprotection, preserving motor function and reducing neuroinflammation in ALS [18-20].

e Early-phase clinical trials confirm safety and feasibility but therapeutic benefit remains
inconclusive [16, 17, 23].

e Challenges include limited trial sizes, short observation periods and lack of standardization in cell
preparation and delivery [17, 21, 22].

3.5 Spinal Cord Injury (SCI)

3.5.1 Preclinical Evidence

Stem cell therapies have shown significant regenerative potential in preclinical models of spinal cord
injury (SCI), mainly through mechanisms such as reduction of inflammation, promotion of axonal regeneration,
remyelination and functional synapse formation [28-30].

A 2023 meta-analysis of 27 animal studies demonstrated that mesenchymal stem cell (MSC)
transplantation leads to significant improvements in locomotor recovery , especially when administered during
the subacute phase post-injury [31].

Neural stem cells (NSCs) and oligodendrocyte precursor cells (OPCs) have also been shown to integrate
into the host spinal cord tissue, promote remyelination and support synaptic plasticity [32,33].

Induced pluripotent stem cells (iPSCs) have been used to generate transplantable neuronal populations
that facilitate axonal regrowth and restore neural circuit function in SCI models [34,35].

3.5.2 Systematic Reviews and Evidence Synthesis
Systematic reviews emphasize that MSCs exert strong immunomodulatory and trophic effects in SCI,
their administration can reduce glial scarring and secondary injury cascades [30,36].
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A 2024 systematic review noted that cell origin (autologous vs. allogeneic), dosage and delivery method
significantly influence outcomes with intrathecal and intralesional administration generally offering more
pronounced benefits than intravenous injection [37].

Umbrella reviews of regenerative strategies also highlight the potential synergy between stem cells and
biomaterials (e.g., hydrogels, scaffolds) to enhance cell survival, localization and neural regeneration [38].

3.5.3 Clinical Trials

Several early-phase clinical trials have evaluated the safety and preliminary efficacy of stem cell therapy
in SCI patients. A 2023 open-label trial using autologous bone marrow-derived MSCs administered
intrathecally in patients with chronic thoracic SCI showed improvement in motor and sensory scores in 40%
of participants over a 12-month period [39].

A phase I/II study using iPSC-derived neural progenitor cells (NPCs) implanted into the lesion site
demonstrated no major safety concerns and suggested possible motor function gains in some participants [35].

A systematic review published in 2024, encompassing 14 trials, concluded that stem cell therapies are
generally safe and show moderate functional improvements in motor and sensory outcomes, particularly in
subacute injury stages [40].

3.5.4 Summary of Evidence

e Strong preclinical support exists for the regenerative potential of MSCs, NSCs and iPSC-derived
cells in SCI models [28-35].

e C(linical studies confirm safety and suggest meaningful motor recovery in a subset of patients,
especially when treatment is initiated in the subacute phase [39, 40].

e Future directions include optimization of delivery techniques, cell combinations and integration with
scaffolding biomaterials [38, 41].

3.6 Other Neurodegenerative Disorders

3.6.1 Huntington’s Disease (HD)

Huntington’s disease (HD) is an autosomal dominant neurodegenerative disorder caused by a CAG
trinucleotide repeat expansion in the H7T gene, resulting in progressive neuronal loss in the striatum and cortex
[24]. There is currently no cure for HD and treatment remains symptomatic [24].

Stem cell-based approaches have emerged as promising strategies to replace lost neurons, modulate the
disease microenvironment and promote neuroprotection. Preclinical studies using mesenchymal stem cells
(MSCs) and neural stem cells (NSCs) have shown improvements in motor coordination, decreased
inflammation and delayed neuronal degeneration [25,26].

A 2023 systematic review of 15 preclinical studies confirmed that stem cell transplantation leads to
significant improvement in motor performance and histological outcomes in HD animal models [25]. However,
clinical evidence remains limited [24,27].

A pilot clinical trial using fetal striatal grafts (NEST-UK project) showed long-term graft survival and
potential functional benefit but the ethical and logistical challenges of fetal tissue transplantation limit its
widespread applicability [27].

Induced pluripotent stem cells (iPSCs) derived from HD patients have enabled disease modeling and
screening of potential therapeutic agents. In the future, autologous gene-corrected iPSC-derived cell
transplantation may become a viable strategy [26].

3.6.2 Spinocerebellar Ataxias (SCA)

Spinocerebellar ataxias (SCAs) are a group of inherited neurodegenerative disorders primarily affecting
the cerebellum and brainstem. Current therapies are palliative[28].

Several studies have explored the neuroprotective effects of stem cell therapy, especially MSCs in SCA
animal models. These studies suggest improvements in motor coordination, reduced neuronal loss and
decreased oxidative stress [28,29].

A 2022 systematic review emphasized that intrathecal administration of MSCs showed promise in
reducing Purkinje cell degeneration and improving balance as well as gait in preclinical settings [29].

Although clinical data are scarce, early-phase trials in cerebellar ataxias (e.g., SCA3) using allogenic
MSCs reported mild functional improvements and no major safety concerns [30].
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3.6.3 Prion Diseases

Prion diseases such as Creutzfeldt-Jakob disease (CJD) are rapidly progressive and currently incurable.
Stem cell-based therapies remain largely experimental owing to the aggressive disease course [31].

Preclinical studies suggest that stem cells may modulate microglial activation and secrete neurotrophic
factors that delay neuronal loss [32]. However, no clinical trials have yet been conducted due to ethical and
biosafety concerns related to transmissibility [31].

3.6.4 Frontotemporal Dementia (FTD)

FTD is characterized by progressive degeneration of the frontal and temporal lobes. Stem cell approaches
focus on neuroprotection, modulation of neuroinflammation and modeling the disease using iPSCs [33].

Recent studies using patient-derived iPSCs have revealed cellular mechanisms underlying FTD (e.g., TDP-
43 pathology), enabling targeted drug screening. Therapeutic transplantation remains hypothetical at this stage [33].

3.6.5 Summary of Evidence

e Stem cell therapies show preclinical promise in rare neurodegenerative disorders such as HD and
SCA, particularly in slowing progression as well as improving motor symptoms [24-30].

e C(linical trials are limited but ongoing in selected conditions (e.g., HD, SCA3) [27, 30].

e Disease modeling using iPSCs has revolutionized understanding of monogenic disorders like HD
and FTD [26, 34].

e Ethical, technical and disease-specific challenges must be addressed before translation to routine
clinical use [27, 31, 33].

4. Discussion

The translation of stem cell therapies from preclinical models to clinical practice in the treatment of
neurodegenerative diseases remains a significant scientific and ethical challenge. Although preclinical
evidence has demonstrated considerable potential for neuroprotection, neuroregeneration and functional
improvement, clinical application is still in its infancy [3,6,7,12-14,18,24].

4.1 Current Clinical Trials and Therapeutic Applications

To date, most clinical applications of stem cells in neurodegenerative diseases have focused on safety
and feasibility [5,11,15,16,23,26]. Early-phase trials using mesenchymal stem cells (MSCs), neural stem cells
(NSCs) and induced pluripotent stem cells (iPSCs) have been initiated for several conditions including
Parkinson’s disease, amyotrophic lateral sclerosis (ALS), spinal cord injury (SCI) and Huntington’s disease
[6-11,18-21, 24-26, 28].

In Parkinson’s disease, open-label phase I/Il trials have demonstrated that transplantation of
dopaminergic neurons derived from fetal tissue or pluripotent stem cells can be safe and may improve motor
function [9-11,30,34]. Similarly, intrathecal administration of autologous bone marrow-derived MSCs in ALS
has shown favorable safety profiles and potential slowing of disease progression [18-23].

For spinal cord injury, several trials using MSCs or NSCs have reported partial functional recovery in
sensory and motor domains, particularly in patients with incomplete injury. However, variability in outcome
measures and small sample sizes limit the strength of conclusions [24-28].

4.2 Efficacy and Safety Considerations

While safety data from early trials are encouraging, long-term efficacy remains uncertain [5,8,15-
17,22,26,29]. Many studies report modest clinical improvements without clear evidence of structural
regeneration. Furthermore, functional benefits are often temporary or limited in scope [24,26-28].

Potential risks associated with stem cell therapies include:

e Tumorigenicity: particularly with pluripotent cells (e.g., iPSCs, ESCs) owing to the risk of teratoma
formation [10, 11, 33, 35].

e Immune rejection: despite the relatively low immunogenicity of MSCs, allogeneic transplantation
may elicit immune responses [5, 18, 21].

e Aberrant differentiation: improperly controlled cell fate may result in unintended tissue formation
or ectopic growth [11, 35].

e Delivery challenges: accurate targeting and engraftment into the CNS remain technically demanding
[24-27, 32].
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4.3 Regulatory and Ethical Challenges

Ethical concerns persist regarding the use of embryonic or fetal tissue, particularly in jurisdictions with
strict bioethical frameworks. Additionally, global discrepancies in regulatory standards have led to the
proliferation of unregulated”stem cell clinics” offering unproven therapies [36, 41].

Clinical-grade stem cell products must meet Good Manufacturing Practice (GMP) standards and trials
must comply with rigorous protocols to ensure safety, reproducibility and transparency [37].

4.4 Future Directions in Clinical Translation

To advance stem cell therapies toward routine clinical application, future research must address:

e Optimization of cell types and sources, including standardized protocols for differentiation and
quality control [30-33, 35].

e Improved delivery systems such as biomaterials, scaffolds or targeted microinjection [25, 26, 28, 32].

e Combination therapies, integrating stem cells with gene editing (e.g., CRISPR) or pharmacological
agents [34, 40].

e Large-scale randomized controlled trials (RCTs) to generate high-quality evidence for safety and
efficacy [6, 11, 17, 27].

A personalized approach—tailoring cell type, delivery method and dosing to individual patient
characteristics—may enhance therapeutic outcomes [11,30,34]. Moreover, regulatory harmonization and
international collaboration will be critical to ensure responsible and ethical progress [37,39].

The landscape of stem cell research in the context of neurodegenerative diseases is rapidly evolving.
Although clinical application remains limited, technological and conceptual advances are expanding the
therapeutic horizon. Future progress will depend on the integration of stem cell science with genetics,
bioengineering and personalized medicine [37,39].

4.5 Emerging Technologies

Gene editing technologies such as CRISPR-Cas9, open new avenues for correcting genetic mutations
in patient-derived iPSCs prior to transplantation. This approach may be particularly beneficial in monogenic
neurodegenerative disorders like Huntington’s disease or certain hereditary ataxias [33,34,40].

Organoids and 3D bioprinting enable the creation of complex neural tissue architectures for disease
modeling, drug screening and potentially for reconstructive transplantation. Brain and spinal cord organoids
derived from stem cells can simulate patient-specific pathophysiology and facilitate personalized drug testing
[10,32,34].

Biomaterial scaffolds and hydrogel matrices are also being developed to improve stem cell survival,
engraftment and guided differentiation after transplantation. These platforms might serve as supportive
microenvironments mimicking the extracellular matrix (ECM) of the central nervous system [25,27,32].

4.6 Toward Personalized Stem Cell Therapy

Personalized medicine aims to tailor stem cell therapies based on individual genetic, epigenetic and
immunological profiles [11,30,33]. Patient-derived iPSCs offer immunocompatibility and the possibility of
autologous transplantation, minimizing the risk of immune rejection [9-11,34].

Integration with omics technologies—genomics, transcriptomics, proteomics—will allow deeper
stratification of patients and identification of responders to specific cell therapies. Machine learning
approaches are also being explored to predict optimal treatment strategies and outcomes [34,40].

4.7 Overcoming Clinical and Regulatory Barriers

Long-term success of stem cell therapies will require:

e Standardization of clinical protocols including unified criteria for patient selection, dosing,
delivery routes and outcome assessment [5, 16, 17, 27, 37].

e Multicenter randomized controlled trials with extended follow-up to establish durable efficacy
and safety [6, 11, 26, 27].

e International regulatory harmonization, especially in ethical oversight, product approval and
manufacturing practices [36, 37, 39].
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Additionally, public and scientific education is essential to counteract misinformation and unethical
commercialization of unproven treatments [36,41].

4.8 Ethical and Socioeconomic Considerations

Equitable access to stem cell therapies is a growing concern. High development costs and individualized
production processes may limit availability to high-income settings [36,40]. Public funding and healthcare
system integration will be necessary to ensure broader accessibility [36,39].

Ethical debates concerning embryonic stem cells, donor consent and data privacy in personalized
applications must be addressed with transparency and adherence to international guidelines [36,38,39].

4.9 Clinical Perspectives

In the next decade, stem cell therapies might become adjunctive or even frontline treatments for selected
neurodegenerative diseases [5,6,11,15,27,34]. A combined approach, integrating cell therapy with
neuroprotective drugs, neuromodulation or gene therapy, may provide synergistic benefits [5,33,34,40].

Clinical translation will depend on continuous collaboration between neuroscientists, stem cell
biologists, clinicians and bioethicists [36,37,39]. The ultimate goal remains the restoration of neural function
and improvement of quality of life for patients suffering from currently incurable conditions [5,6,11,15].

5. Conclusions

Stem cell-based therapies represent one of the most promising frontiers in the treatment of
neurodegenerative diseases. Over the past two decades, remarkable progress has been made in understanding
stem cell biology, developing differentiation protocols and exploring clinical applications. Multiple stem cell
types including embryonic stem cells, mesenchymal stem cells and induced pluripotent stem cells have
demonstrated therapeutic potential in preclinical models of Alzheimer’s disease, Parkinson’s disease,
amyotrophic lateral sclerosis, multiple sclerosis, spinal cord injury and other neurodegenerative conditions.

In spite of significant advances, the translation of stem cell therapies from bench to bedside remains
challenging. Safety concerns such as tumorigenesis, immune rejection and improper differentiation must be
addressed through rigorous quality control and also long-term clinical monitoring. Ethical considerations and
regulatory heterogeneity across countries further complicate clinical implementation.

Ongoing and future clinical trials are critical for validating efficacy and safety, identifying patient
subgroups most likely to benefit and optimizing treatment protocols. Emerging technologies like gene editing,
organoids as well as personalized cell therapy are expected to accelerate clinical translation and improve
therapeutic outcomes. Interdisciplinary collaboration and standardization of research methodologies will be
key to ensuring reproducibility and progress.

To sum up, while stem cell therapy is not yet a routine clinical option for neurodegenerative diseases, it
holds substantial promise. Continued investment in research, ethical governance and international cooperation
will be essential to unlock the full therapeutic potential of stem cells and ultimately improve the quality of life
for patients affected by these debilitating disorders.

Author Contributions:

Conceptualization: Jarostaw Baran

Methodology: Elzbieta Bebrysz, Karolina Dgbek-Kalinowska
Software: Mateusz Biszewski, Jan Palmi

Formal analysis: Aleksandra Drabik, Magdalena Koss
Investigation: Magdalena Koss, Ida Dunder

Resources: Magdalena Koss, Jan Palmi, Weronika Ziomek
Check: Ida Dunder, Weronika Ziomek

Writing - rough preparation: Aleksandra Drabik, Elzbieta Bebrysz, Karolina Debek-Kalinowska
Writing - review and editing: Jarostaw Baran, Piotr Bartnik
Supervision: Jarostaw Baran

Visualization: Piotr Bartnik, Mateusz Biszewski

e-ISSN: 2544-9435 10



3(47) (2025): International Journal of Innovative Technologies in Social Science

Declaration of the use of generative AI and Al-assisted technologies in the writing process:
While preparing this work, the author(s) utilized OpenAl's Chat Generative Pre-trained Transformer to

assist with correcting spelling, punctuation, grammar, and stylistic issues. Following the use of this tool, the
author(s) reviewed and revised the content as necessary and take full responsibility for the final substance of
the publication.

10.

1.

12.

13.

14.

15.

REFERENCES

Deng, H., Zhao, J., Li, J., Chen, C., Hu, Z., Wu, X., & Ge, L. (2024). Therapeutic efficacy of extracellular vesicles
derived from stem cells for Alzheimer’s disease: A meta-analysis study. Frontiers in Bioscience (Landmark Edition),
29(9), 340. https://doi.org/10.31083/j.fb12909340

Cone, A. S., Yuan, X., Sun, L., Duke, L. C., Vreones, M. P., Carrier, A. N., Kenyon, S. M., Carver, S. R., Benthem,
S. D., Stimmell, A. C., Moseley, S. C., Hike, D., Grant, S. C., Wilber, A. A., Olcese, J. M., & Meckes, D. G. Jr.
(2021). Mesenchymal stem cell-derived extracellular vesicles ameliorate Alzheimer’s disease-like phenotypes in a
preclinical mouse model. Theranostics, 11(17), 8129-8142. https://doi.org/10.7150/thno.62069

Wang, Z., Peng, W., Zhang, C., Sheng, C., Huang, W., Wang, Y., & Fan, R. (2015). Effects of stem cell
transplantation on cognitive decline in animal models of Alzheimer’s disease: A systematic review and meta-
analysis. Scientific Reports, 5, 12134. https://doi.org/10.1038/srep12134

Zhou, Z., Shi, B., Xu, Y., Zhang, J., Liu, X., Zhou, X., Feng, B., Ma, J., & Cui, H. (2023). Neural stem/progenitor
cell therapy for Alzheimer’s disease in preclinical rodent models: A systematic review and meta-analysis. Stem Cell
Research & Therapy, 14(1), 3. https://doi.org/10.1186/s13287-022-03231-1

Rash, B. G., Ramdas, K. N., Agafonova, N., Naioti, E., McClain-Moss, L., Zainul, Z., Varnado, B., Peterson, K.,
Brown, M., Leal, T., Kopcho, S., Carballosa, R., Patel, P., Brody, M., Herskowitz, B., Fuquay, A., Rodriguez, S.,
Jacobson, A. F., Leon, R., ... Hare, J. M. (2025). Allogeneic mesenchymal stem cell therapy with laromestrocel in
mild Alzheimer’s disease: A randomized controlled phase 2a trial. Nature Medicine, 31(4), 1257-1266.
https://doi.org/10.1038/s41591-025-03559-0

Zheng, Y., Zhou, J., Wang, Y., Fan, F., Liu, S., & Wang, Y. (2022). Neural stem/progenitor cell transplantation in
Parkinson’s rodent animals: A meta-analysis and systematic review. Stem Cells Translational Medicine, 11(4), 383—
393. https://doi.org/10.1093/stcltm/szac006

Park, J. M., Rahmati, M., Lee, S. C., Shin, J. 1., & Kim, Y. W. (2024). Effects of mesenchymal stem cells on
dopaminergic neurons, motor and memory functions in animal models of Parkinson’s disease: A systematic review
and meta-analysis. Neural Regeneration Research, 19(7), 1584—1592. https://doi.org/10.4103/1673-5374.387976
Zhang, Z., Wang, Y., Zhang, Z., & Qi, Z. (2025). Network meta-analysis of stem cell therapies for Parkinson’s
disease: Exploring the optimal strategy based on animal models. Stem Cells and Development, 34(11-12), 227-239.
https://doi.org/10.1089/5¢d.2025.0056

Hills, R., Mossman, J. A., Bratt-Leal, A. M., Tran, H., Williams, R. M., Stouffer, D. G., Sokolova, I. V., Sanna, P.
P., Loring, J. F., & Lelos, M. J. (2023). Neurite outgrowth and gene expression profile correlate with efficacy of
human induced pluripotent stem cell-derived dopamine neuron grafts. Stem Cells and Development, 32(13—14),
387-397. https://doi.org/10.1089/s¢d.2023.0043

Fu, C. L., Dong, B. C,, Jiang, X., Li, D., & Yao, J. (2024). A cell therapy approach based on iPSC-derived midbrain
organoids for the restoration of motor function in a Parkinson’s disease mouse model. Heliyon, 10(2), e24234.
https://doi.org/10.1016/j.heliyon.2024.¢24234

Jeon, J., Cha, Y., Hong, Y. J., Lee, . H., Jang, H., Ko, S., Naumenko, S., Kim, M., Ryu, H. L., Shrestha, Z., Lee,
N., Park, T. Y., Park, H., Kim, S. H., Yoon, K. J., Song, B., Schweitzer, J., Herrington, T. M., Kong, S. W., ... Kim,
K. S. (2025). Pre-clinical safety and efficacy of human induced pluripotent stem cell-derived products for autologous
cell therapy in Parkinson’s disease. Cell Stem Cell, 32(3), 343-360.¢7. https://doi.org/10.1016/j.stem.2025.01.006
Yanwu, Y., Meiling, G., Yunxia, Z., & Qiukui, H. (2020). Mesenchymal stem cells in experimental autoimmune
encephalomyelitis model of multiple sclerosis: A systematic review and meta-analysis. Multiple Sclerosis and
Related Disorders, 44, 102200. https://doi.org/10.1016/j.msard.2020.102200

Chen, L., Coleman, R., Leang, R., Tran, H., Kopf, A., Walsh, C. M., Sears-Kraxberger, I., Steward, O., Macklin, W.
B., Loring, J. F., & Lane, T. E. (2014). Human neural precursor cells promote neurologic recovery in a viral model
of multiple sclerosis. Stem Cell Reports, 2(6), 825-837. https://doi.org/10.1016/j.stemcr.2014.04.005

Amin, M. N., Hashish, R., Agha Tabari, K., Swami, S. S., Kasagga, A., Assefa, A. K., & Yu, A. K. (2025).
Immunomodulatory role of mesenchymal stem cell therapy in multiple sclerosis: A systematic review. Cureus, 17(6),
¢86988. https://doi.org/10.7759/cureus.86988

Dulamea, A. (2015). Mesenchymal stem cells in multiple sclerosis: Translation to clinical trials. Journal of Medicine
and Life, 8(1), 24-27. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4397514/

e-ISSN: 2544-9435 11



3(47) (2025): International Journal of Innovative Technologies in Social Science

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Harris, V. K., Stark, J., Vyshkina, T., Blackshear, L., Joo, G., Stefanova, V., Sara, G., & Sadiq, S. A. (2018). Phase
I trial of intrathecal mesenchymal stem cell-derived neural progenitors in progressive multiple sclerosis.
EBioMedicine, 29, 23-30. https://doi.org/10.1016/j.ebiom.2018.02.002

Cohen, J. A. (2013). Mesenchymal stem cell transplantation in multiple sclerosis. Journal of the Neurological
Sciences, 333(1-2), 43—49. https://doi.org/10.1016/j.jns.2012.12.009

Yamashita, T., Kushida, Y., Wakao, S., Tadokoro, K., Nomura, E., Omote, Y., Takemoto, M., Hishikawa, N., Ohta,
Y., Dezawa, M., & Abe, K. (2020). Therapeutic benefit of Muse cells in a mouse model of amyotrophic lateral
sclerosis. Scientific Reports, 10(1), 17102. https://doi.org/10.1038/s41598-020-74216-4

Vercelli, A., Mereuta, O. M., Garbossa, D., Muraca, G., Mareschi, K., Rustichelli, D., Ferrero, I., Mazzini, L., Madon,
E., & Fagioli, F. (2008). Human mesenchymal stem cell transplantation extends survival, improves motor
performance and decreases neuroinflammation in mouse model of amyotrophic lateral sclerosis. Neurobiology of
Disease, 31(3), 395-405. https://doi.org/10.1016/j.nbd.2008.05.016

Lombardi, I., Ferrero, C., Vulcano, E., Rasa, D. M., Gelati, M., Pastor, D., Carletti, R. M., de la Morena, S., Profico,
D. C., Longobardi, S., Lazzarino, E., Perciballi, E., Rosati, J. D., Martinez, S., Vercelli, A., Vescovi, A. L., Boido,
M., & Ferrari, D. (2025). Safety and efficacy evaluation of intracerebroventricular human neural stem cell
transplantation in SOD1 mice as a novel approach for ALS. Journal of Translational Medicine, 23(1), 529.
https://doi.org/10.1186/512967-025-06529-9

Frawley, L., Taylor, N. T., Sivills, O., McPhillamy, E., To, T. D., Wu, Y., Chin, B. Y., & Wong, C. Y. (2024). Stem
cell therapy for the treatment of amyotrophic lateral sclerosis: Comparison of the efficacy of mesenchymal stem
cells, mneural stem «cells, and induced pluripotent stem cells. Biomedicines, 13(1), 35.
https://doi.org/10.3390/biomedicines13010035

Moura, M. C., Novaes, M. R., Zago, Y. S., Eduardo, E. J., & Casulari, L. A. (2016). Efficacy of stem cell therapy
in amyotrophic lateral sclerosis: A systematic review and meta-analysis. Journal of Clinical Medicine Research,
8(4), 317-324. https://doi.org/10.14740/jocmr2495w

Glass, J. D., Boulis, N. M., Johe, K., Rutkove, S. B., Federici, T., Polak, M., Kelly, C., & Feldman, E. L. (2012).
Lumbear intraspinal injection of neural stem cells in patients with amyotrophic lateral sclerosis: Results of a phase I
trial in 12 patients. Stem Cells, 30(6), 1144—1151. https://doi.org/10.1002/stem.1079

Gong, Z., Xia, K., Xu, A., Yu, C., Wang, C., Zhu, J., Huang, X., Chen, Q., Li, F., & Liang, C. (2020). Stem cell
transplantation: A promising therapy for spinal cord injury. Current Stem Cell Research & Therapy, 15(4),321-331.
https://doi.org/10.2174/1574888X14666190823144424

Zheng, Y., Gallegos, C. M., Xue, H., Li, S., Kim, D. H., Zhou, H., Xia, X., Liu, Y., & Cao, Q. (2022). Transplantation
of human induced pluripotent stem cell-derived neural progenitor cells promotes forelimb functional recovery after
cervical spinal cord injury. Cells, 11(17),2765. https://doi.org/10.3390/cells11172765

Silvestro, S., Bramanti, P., Trubiani, O., & Mazzon, E. (2020). Stem cells therapy for spinal cord injury: An overview
of clinical trials. International Journal of Molecular Sciences, 21(2), 659. https://doi.org/10.3390/ijms21020659
Lee, S., Nam, H., Joo, K. M., & Lee, S. H. (2022). Advances in neural stem cell therapy for spinal cord injury:
Safety, efficacy, and future perspectives. Neurospine, 19(4), 946-960. https://doi.org/10.14245/ns.2244658.329
Curtis, E., Martin, J. R., Gabel, B., Sidhu, N., Rzesiewicz, T. K., Mandeville, R., Van Gorp, S., Leerink, M.,
Tadokoro, T., Marsala, S., Jamieson, C., Marsala, M., & Ciacci, J. D. (2018). A first-in-human, phase I study of
neural stem cell transplantation for chronic spinal cord injury. Cell Stem Cell, 22(6), 941-950.¢6.
https://doi.org/10.1016/j.stem.2018.05.014

Yoon, S. H., Shim, Y. S., Park, Y. H., Chung, J. K., Nam, J. H., Kim, M. O., Park, H. C., Park, S. R., Min, B. H.,
Kim, E. Y., Choi, B. H., Park, H., & Ha, Y. (2007). Complete spinal cord injury treatment using autologous bone
marrow cell transplantation and bone marrow stimulation with granulocyte macrophage-colony stimulating factor:
Phase I/II clinical trial. Stem Cells, 25(8), 2066—-2073. https://doi.org/10.1634/stemcells.2006-0807

Hills, R., Mossman, J. A., Bratt-Leal, A. M., Tran, H., Williams, R. M., Stouffer, D. G., Sokolova, I. V., Sanna, P.
P., Loring, J. F., & Lelos, M. J. (2023). Neurite outgrowth and gene expression profile correlate with efficacy of
human induced pluripotent stem cell-derived dopamine neuron grafts. Stem Cells and Development, 32(13—14),
387-397. https://doi.org/10.1089/s¢d.2023.0043

Morizane, A., Kikuchi, T., Hayashi, T., Mizuma, H., Takara, S., Doi, H., Mawatari, A., Glasser, M. F., Shiina, T.,
Ishigaki, H., Itoh, Y., Okita, K., Yamasaki, E., Doi, D., Onoe, H., Ogasawara, K., Yamanaka, S., & Takahashi, J.
(2017). MHC matching improves engraftment of iPSC-derived neurons in non-human primates. Nature
Communications, 8(1), 385. https://doi.org/10.1038/s41467-017-00926-5

Yoon, S. J., Elahi, L. S., Pasca, A. M., Marton, R. M., Gordon, A., Revah, O., Miura, Y., Walczak, E. M., Holdgate,
G. M., Fan, H. C., Huguenard, J. R., Geschwind, D. H., & Pasca, S. P. (2019). Reliability of human cortical organoid
generation. Nature Methods, 16(1), 75-78. https://doi.org/10.1038/s41592-018-0255-0

Takahashi, J. (2020). iPS cell-based therapy for Parkinson’s disease: A Kyoto trial. Regenerative Therapy, 13, 18—
22. https://doi.org/10.1016/j.reth.2020.06.002

e-ISSN: 2544-9435 12



3(47) (2025): International Journal of Innovative Technologies in Social Science

34.

35.

36.

37.

38.

39.

40.

41.

Song, B., Cha, Y., Ko, S., Jeon, J., Lee, N., Seo, H., Park, K. J., Lee, L. H., Lopes, C., Feitosa, M., Luna, M. J., Jung,
J. H., Kim, J., Hwang, D., Cohen, B. M., Teicher, M. H., Leblanc, P., Carter, B. S., Kordower, J. H., ... Kim, K. S.
(2020). Human autologous iPSC-derived dopaminergic progenitors restore motor function in Parkinson’s disease
models. Journal of Clinical Investigation, 130(2), 904-920. https://doi.org/10.1172/JCI130767

Itakura, G., Kobayashi, Y., Nishimura, S., Iwai, H., Takano, M., Iwanami, A., Toyama, Y., Okano, H., & Nakamura,
M. (2015). Controlling immune rejection is a fail-safe system against potential tumorigenicity after human iPSC-
derived neural stem cell transplantation. PLOS ONE, 10(2), e0116413.
https://doi.org/10.1371/journal.pone.0116413

Volarevic, V., Markovic, B. S., Gazdic, M., Volarevic, A., Jovicic, N., Arsenijevic, N., Armstrong, L., Djonov, V.,
Lako, M., & Stojkovic, M. (2018). Ethical and safety issues of stem cell-based therapy. International Journal of
Medical Sciences, 15(1), 36—45. https://doi.org/10.7150/ijms.21666

Heslop, J. A., Hammond, T. G., Santeramo, 1., Tort Piella, A., Hopp, 1., Zhou, J., Baty, R., Graziano, E. I., Proto
Marco, B., Caron, A., Skdld, P., Andrews, P. W., Baxter, M. A., Hay, D. C., Hamdam, J., Sharpe, M. E., Patel, S.,
Jones, D. R., Reinhardt, J., ... Park, B. K. (2015). Concise review: Workshop review: Understanding and assessing
the risks of stem cell-based therapies. Stem Cells Translational Medicine, 4(4), 389—400.
https://doi.org/10.5966/sctm.2014-0110

Hmadcha, A., Dominguez-Bendala, J., Wakeman, J., Arredouani, M., & Soria, B. (2009). The immune boundaries
for stem cell-based therapies: Problems and prospective solutions. Journal of Cellular and Molecular Medicine,

13(8A), 1464-1475. https://doi.org/10.1111/j.1582-4934.2009.00837.x

Alomar, R., & Erbas, O. (2024). Stem cells and ethics. JEB Medical Sciences, 5(1), 164-169.
https://doi.org/10.5606/jebms.2024.1086

Hussen, B. M., Taheri, M., Yashooa, R. K., Abdullah, G. H., Abdullah, S. R., Kheder, R. K., & Mustafa, S. A.
(2024). Revolutionizing medicine: Recent developments and future prospects in stem-cell therapy. International
Journal of Surgery, 110(12), 8002—8024. https://doi.org/10.1097/JS9.0000000000002109

Lyons, S., Salgaonkar, S., & Flaherty, G. T. (2022). International stem cell tourism: A critical literature review and
evidence-based recommendations. International Health, 14(2), 132—141. https://doi.org/10.1093/inthealth/ihab050

e-ISSN: 2544-9435 13



