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Abstract

Alzheimer’s disease (AD) is a growing social, economic, and medical crisis, affecting
millions and contributing significantly to healthcare costs globally. As the most common
form of dementia, AD is characterized by progressive neurodegeneration. The neuron
and synaptic loss that occurs in the diseased brain leads to several adversities such as
cognitive decline, memory loss, learning disabilities, and mood disturbances. Given the
irreversible nature of neural death in AD, therapeutic strategies focusing on neurogenesis
and synaptogenesis offer very promising avenues for intervention, as they can replace rather
than repair neurons and synapses. More specifically, these strategies facilitate the formation
of new neurons in the brain and the creation of new synaptic connections between neurons.
In particular, stem cell therapy presents itself as a prospective solution by promoting the
regeneration of depleted neuronal circuitry, addressing the root cause of neurodegeneration.
It is vital to understand the mechanisms underlying AD progression and explore innovative
treatment options based upon them in order to mitigate the devastating impact of this
disease. This report will highlight the budding potential of stem cell therapy mechanisms as
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a practical approach to treating the catastrophic affliction that is AD.
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Introduction

AD is one of the most concerning ailments of our time, as it
has continuously been ranked as one of the top 10 causes of death
worldwide,' emphasizing the pressing nature of a solution. There are
currently over 55 million people worldwide living with Alzheimer’s,?
accounting for a grand global cost of care of $1.3 trillion per year.?
This further amplifies the malignant effects of this fatal clinical
disorder. However, before exploring potential treatments, it is crucial
first to understand the underlying causes of AD. Researchers have
hypothesized many risk factors that are believed to play a role in
causing Alzheimer’s. These include genetics, aging, environmental
factors, and behaviors or habits.* Although some risk factors are
set in their influence, there is room for improvement for others. It
is essential to be aware of possible lifestyle changes that can help
prevent the onset of the disease as much as possible, however, this
cannot always be done.

Genetic factors

Familial Alzheimer’s is a result of a genetic mutation passed down
through one’s family. It is a small portion of overall Alzheimer’s
cases, estimated to be less than 5%.° In these cases, symptoms begin
to appear as early as 30-40 years old, otherwise known as “Early-
onset familial Alzheimer’s disease (EOFAD)”. Three genes have been
associated with EOFAD:

1. Presenilin 1 (PS1) on chromosome 14
2. Presenilin 2 (PS2) on chromosome 1

3. Amyloid precursor protein: APP on chromosome 21

If a mutation occurs in any of these three genes, it follows an
autosomal dominant pattern of inheritance. This results in each
offspring having a 50% chance of inheriting the mutation.’

Degeneration of anatomical pathways

Nearly all Alzheimer’s cases involve the degeneration of an
anatomical pathway, specifically the progressive breakdown of the
brain’s neuron network. Protein accumulation and misfolding are
major contributors to this (Figures 1- 3).
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Figure | Visualization of amyloid beta (AB) peptide accumulation by
comparing a healthy brain, containing no AB plaques, and an Alzheimer’s Brain
containing A plaques.®

J Stem Cell Res Ther. 2025;10(1):72-77.

Submit Manuscript | http://medcraveonline.com

[/////]

72

©2025 Shenouda et al. This is an open access article distributed under the terms of the Creative Commons Attribution License,
\= By

which permits unrestricted use, distribution, and build upon your work non-commercially.


https://crossmark.crossref.org/dialog/?doi=10.15406/jsrt.2025.10.00186&domain=pdf

Stem cell therapy as a method of treatment for Alzheimer’s disease

Normal Tau protein cross- Tau protein tangle
section
Aggregation of Tau
protein tangles

Microtubule stabilized with Tau

proteins

Created in BioRender.com bio

Figure 2 Aggregation of Tau Protein. Personal creation with the use of
BioRender. lllustration depicts the physical appearance of normal Tau function
when stabilizing microtubules, compared with Tau tangles and aggregates.”
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Figure 3 Visualization of the consequence of hyper phosphorylation of the
Tau protein. As Tau protein aggregates, microtubules disassemble and disrupt
cellular function, contributing to neurodegeneration associated with AD.®

AP peptide accumulation: The abnormal cleavage of the amyloid
precursor protein by enzymes [- and y-secretase leads to an
accumulation of AP fragments, which cluster into plaques. These
plaques disrupt cell communication and may trigger inflammation.
This inflammation triggers a flow of events that damage neurons and
impair their function.®’

a) Tau tangles: Tau is a microtubule-associated protein mainly
expressed in neurons. This protein polymerizes microtubules
and maintains microtubule stability under physiological
conditions. Hyperphosphorylation of tau causes detachment from
microtubules, which forms neurofibrillary tangles inside cells.
These tangles cause microtubules to collapse, hindering nutrient
transport. This ultimately leads to neuronal damage and death,
key indicators of AD.®

Neuroinflammation

Microglial cells, the brain’s resident immune cells, undergo an
initial activation that serves a protective function by attempting to
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clear AP plaques. This protective function is anti-inflammatory;
however, when its activity fails or is prolonged, it can further damage
the neurons and exacerbate inflammation. This releases cytokines,
such as TNF-a and IL-1p, which harm neurons and further contribute
to the progression of Alzheimer’s.’

Environmental & lifestyle factors

Numerous environmental and lifestyle factors have been linked to
the development of AD. Addressing these factors can reduce the risk
of developing the disease, so it is essential to recognize them and take
preventive measures accordingly.

I. Physical activity

Research has shown that regular physical activity enhances blood
flow to the brain, promotes neuroplasticity, and may reduce the
accumulation of amyloid plaques and tau tangles.'’

II. Education level

a) The cognitive reserve theory posits that education facilitates the
development of a network of alternative neural pathways, thereby
enhancing cognitive function. Individuals with higher educational
levels tend to exhibit greater neuronal connectivity and synaptic
density. Higher education also contributes to lifelong learning,
enhances neuroplasticity, and may postpone the onset of AD.!!

b) Education does not prevent AD development; rather, it delays the
onset of symptoms, as the patient’s enhanced cognitive reserve
enables them to maintain normal functioning for a more extended
period."

Cardiovascular diseases

a. Cardiovascular diseases such as hypertension, diabetes, and
high cholesterol all impair blood flow to the brain. This causes
vascular damage and inflammation, which in turn contribute to
neuronal damage and, subsequently, dementia.'

b. The Framingham Heart Study, a long-term and ongoing
cardiovascular cohort study, has indicated that individuals with
heart disease have a 50% increased risk of developing AD.'*

c. A study published in The Lancet Neurology highlighted that
controlling vascular risk factors (like hypertension and diabetes)
could reduce dementia incidence by up to 35%."

IV. Psychological risk factors

Stress and depression can contribute to AD. This is because
many biological changes occur in the brain, including the release
of hormones such as cortisol, which can damage brain cells in
the hippocampus. This results in a significant cognitive decline,
accelerating the development of AD pathology.'®

V. Diet
a. Unhealthy dietary patterns can increase the risk of AD.

i. Highly saturated and trans fats can raise low-density lipoprotein
(LDL) cholesterol levels, which may promote the accumulation
of AP plaques."”

ii. High Sugar Intake: Over-consumption of sugar-sweetened food
and beverages increases the risk of insulin resistance and type 2
diabetes, both of which are linked to Alzheimer’s."”

b. Research has indicated that people who reported sticking to
the Mediterranean diet showed less evidence of Alzheimer’s
pathologies in their brain autopsies.'®
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c. Key ingredients affecting AD
i. Omega-3 fatty acids
Found in fatty fish and flax seeds
Help reduce neuroinflammation and improve neuroplasticity.'”
i. Antioxidants: Vitamin C and E, Polyphenols

Protect neurons from oxidative stress, a significant contributor to
AD progression.

Found in berries, dark chocolate, green tea, and vegetables.”

These things considered, it is certain that AD is very complex
and can arise from an array of risk factors. Knowing such factors
is essential when studying possible cures for this incurable disease.
Stem cell therapy offers a promising treatment for these factors that
are challenging to combat, as it has the ability to target the underlying
biochemical pathways that lead to AD. By aiming to replace damage
that results from the previously discussed risk factors, stem cell
therapy has the potential to provide beneficial treatment for AD
patients and change the lives of many who are suffering.

Discussion

Stem cell therapy techniques rely on the understanding of how cells
develop into new neurons and how these neurons integrate into the
brain. There are two different ways stem cells undergo regeneration.
The first of which is endogenous regeneration, the body’s natural ability
to regenerate and repair damaged tissue. This category of regeneration
is a natural restoration of function. The hippocampus, a critical brain
region responsible for learning, memory, spatial navigation, and
emotional regulation, illustrates this process. Approximately 1 million
neurons are lost in the dentate gyrus and 5 million in the CA1 region
of the hippocampus.”® Neuronal loss in this brain region results in
significant challenges and early signs of Alzheimer’s, including short-
term memory loss and disorientation. Yet, endogenous regeneration
occurs to combat this loss of neurons, and around 700 new neurons
are developed each day.?! This demonstrates the effectiveness of
endogenous regeneration in replacing damaged tissue. However, it
does have its limitations. One of these limitations is that the number of
neurons developed daily declines with age, contributing to the memory
loss associated with old age. The second classification of regeneration
is engrafted regeneration, also known as exogenous regeneration.
This involves the transplantation of stem cells into damaged tissue
to stimulate the regeneration, repair, and functional restoration of the
tissue. This can be done through several major groups of stem cells,
as described in the Table 1 below.

All of these major groups of stem cells have beneficial effects
on Alzheimer’s patients and can be utilized for various purposes.
However, it could be inferred that NSCs would be best for directly
replacing lost hippocampal neurons and rebuilding neural circuits.
Additionally, iPSCs are also a promising option, as they significantly
reduce the risk of immune rejection. Combining these two stem cell
types would be the optimal approach for neuron regeneration in the
brain. The next beneficial quality of stem cell therapy in the context of
AD is its ability to promote neuroprotection. Reducing inflammation
is crucial for promoting the survival of newly generated neurons and
enhancing synaptic plasticity. The stem cell type most suited for the
protective role is MSCs, which reduce inflammation and support
neuronal survival through the secretion of growth factors. All in all, a
combination therapy of iPSCs, NSCs, and MSCs would be the most
effective treatment for regenerating neurons and protecting the brain.?
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Table I Summary of major stem cell types, their developmental potency, and

defining characteristics®

Stem cell Key
Source Potency o
type characteristics
Pluripotent: can
differentiate ESCs have an
) Inner cell mass into cells from infinite ability for
Embryonic K .
of a developing the ectodermal, self-renewal, high
stem cells . L
(ESCs) blastocyst (5-6-  mesodermal, differentiation
day embryo) and potential for
endodermal various cell types.
germ layers.
NSCs are
. responsible
Multipotent: P
for neural
can
) ) development,
Neural stem . differentiate )
Brain . . allowing for
cells (NSCs) into various .
neurogenesis and
neural cell AT
repair within the
types.
central nervous
system.
iPSCSs are
derived from
Induced o,
. Reprogrammed patient’s own
pluripotent . . .
adult somatic Pluripotent cells, which
stem cells
] cells reduces the
(iPSCs) ) >
risk of immune
rejection.
MSCs promote
healing through
Various tissue secretion of
Mesenchymal
types (bone . growth factors,
stem cells ) Multipotent .
marrow, adipose modulate immune
(MSCs)

tissue, placenta) response, and
migrates to injury

sites.

As previously mentioned, using these stem cells can alter key
biochemical pathways that ultimately lead to AD. Again, these crucial
pathways are the production of Af plaques and abnormal tau protein
levels.

A plaque reduction using stem cells

Mesenchymal stem cells (MSCs) can lower the rate of production
of AP by reducing the expression of enzymes involved in A} synthesis.
Stem cells can activate the brain’s immune cells, microglia, which
can remove AP plaques through phagocytosis, a process where cells
engulf and digest waste, in this case, A plaques.?

Preventing tau tangles using stem cells

MSCs are also effective stem cells for preventing tau tangles.
As previously mentioned as an AD risk factor, this increase in tau
phosphorylation is detrimental because it causes neurofibrillary
tangles, a key characteristic of an Alzheimer’s-affected brain. MSCs
can inhibit tau protein aggregation by secreting proteins, such as
Galectin-3, which plays a vital role in regulating inflammation, and
thereby reduce tau phosphorylation.?*

Previous studies

Previous studies have been conducted to assess the efficacy of
stem cell therapy for AD patients.
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Animal studies

1. Researchers investigated whether monocytes derived from
human umbilical cord blood (HUCBCs) could enhance cognitive
function and reduce Alzheimer’s-related pathology in PSAPP
mice, a model of AD. Mice received monthly intravenous
infusions of these monocytes over 2-4 months. The treated mice
exhibited improved memory, learning, and motor function. This
was also accompanied by significantly reduced levels of AP in
the brain. The study found that soluble amyloid precursor protein
alpha (sAPPa) binds to AP, forming complexes that are more
easily recognized and cleared by monocytes. These findings
suggest that HUCBC-derived monocytes, particularly when
complemented with sAPPa, may offer a promising approach for
treating AD.>

2. Researchers at the Waisman Center transformed ESCs into
cholinergic neurons, which act as neurotransmitters, and
transplanted them into the hippocampus of mice. The transplanted
neurons integrated into existing neural circuits, restoring memory
function in the mice.?

3. Studies in mice also suggest repeated MSC infusions lead to
sustained cognitive improvements and reduced AP deposits.
This indicates that multiple administrations may be necessary
for humans to maintain the regenerative effects of stem cells and
counteract ongoing neurodegeneration.?’

Human studies

1. Regeneration Biomedical, a company specializing in the
utilization of stem cell therapy, initiated the first human Phase
1 clinical trial to assess the safety of RB-ADSC, an autologous,
Wnht-activated adipose-derived stem cell therapy for the treatment
of neurodegenerative diseases. The treatment involves using stem
cells from the patient’s adipose tissue, activating them with Wnt
signaling, and delivering them directly into the brain’s lateral
ventricles. The trial aims to enroll nine patients aged 45-80 with
mild-to-moderate AD. The first patient was dosed in March 2024.
No adverse effects have been reported.?

2. In 2025, UTHealth Houston initiated a clinical trial to assess the
efficacy of autologous adipose-derived stem cells in mitigating
neuroinflammation in presymptomatic AD patients. The objective
is to determine whether stem cell therapy can prevent the onset
of Alzheimer’s symptoms by targeting early neuroinflammatory
processes. If successful, the prevention and reduction of
neuroinflammation can halt AD before any symptoms appear.
The trial is currently enrolling participants.?

3. A 2024 case report detailed the treatment of a 61-year-old
woman with severe AD using intravenous administration of ex
vivo-expanded bone marrow-derived MSCs. After treatment, the
patient exhibited notable improvements in cognitive function and
daily activities, suggesting potential benefits of MSC therapy in
advanced Alzheimer’s cases, such as hers.*°

4. Longeveron, a clinical-stage regenerative medicine biotechnology
company, has recently achieved success with its human clinical
trials using its newly developed product, Laromestrocel. This
product, also known as Lomecel-B ™, is derived from MSCs
sourced from the bone marrow of healthy adult donors, making
it allogeneic. It is made by first identifying healthy adult donors,
aged 18-45, who must undergo a screening process. MSCs are
then isolated from the donor’s bone marrow aspirate, where they
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can be culture-expanded into billions of cells. Finally, the stem
cells are administered to the patient through IV infusion for 40
minutes. Laromestrocel has been delivered across five clinical
trials, including a group of patients with mild Alzheimer’s, with
whom positive initial results were obtained.

As of March 2025, Longeveron announced significant success
with the results of its Phase 2a clinical trial, which evaluated the effect
of Laromestrocel in AD patients. The results demonstrated improved
cognitive function, quality of life, and brain volume in patients treated
with the product. This clinical trial data supports the safety and
efficacy of stem cell therapy as a treatment for AD.3!

Although numerous preclinical studies in mouse models have
demonstrated the therapeutic potential of stem cells for reducing
cognitive decline and neuropathology in AD, human research
remains in its early stages. Yet, initial clinical trials and case reports
suggest stem cell therapies may offer promising benefits and have the
potential to be valuable to the lives of those suffering from AD. To
fully evaluate the method’s safety, efficacy, and long-term outcomes
in human patients, further large-scale studies are necessary.

Several key factors regarding stem cell therapy are essential to
understand when considering treatment for AD patients, including the
method of administration, timing of therapy, and the parameters by
which success is measured. These are crucial in addressing both the
safety and efficacy of using stem cells as a treatment for AD.

Stem cell administration

The method of administering stem cells for stem cell therapy varies
case by case, but follows the following general protocol (Figure 4):

1. Stem cells are obtained from AD patients, healthy donors, or
blastocysts.

2. Prior to transplantation, the cells undergo different processes.
These include differentiation, genetic modification, or utilization
for drug screening in animals.

3. Large-scale production of these cells is conducted to prepare for
patient delivery.

4. The cells can now be used for therapeutic applications in AD
patients.

a. Delivery methods include:
i. Arterial or intravenous injection
ii. Intrathecal injection
iii. Surgical transplantation directly into the hippocampus®
Timing of stem cell administration

The next facet that must be addressed is the importance of
the timing of the stem cell administration. Research suggests that
earlier intervention, when dementia symptoms are first recognized,
may lead to better outcomes. This is because neuronal loss and
synaptic degeneration are progressive processes that occur over time.
Therefore, earlier treatment would help slow these adverse effects.
More recently, studies have made significant advancements in the
ability to detect AD in its early stages. Researchers from the German
Center for Neurodegenerative Diseases have found that there is a
specific biomarker of AD that is exhibited as early as 11 years before
hallmark AD symptoms arise. This biomarker is characterized by an
increase in beta-synuclein levels in the blood, a protein associated
with neuronal damage and dysfunction. The protein is primarily found
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in synapses in the brain, and an increase in its presence is indicative of
synaptic degeneration, a key contributor to AD. Studies have shown
that beta-synuclein levels are elevated in AD patients from quite early
on, even in the preclinical stages. Detecting beta-synuclein can lead to
an earlier diagnosis of AD, which enables earlier intervention. In this
context, it could help identify patients who would benefit from stem
cell therapy and, hopefully, improve their health outcomes. This new
finding is groundbreaking, as it plays a crucial role in determining
the timing of stem cell administration, allowing for treatment to be
provided much earlier when there is less neuronal degeneration. The
timing of therapy in AD patients is an essential factor in the success
of the treatment process.
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Figure 4 An illustration of the general stem cell administration procedure for
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neurodegenerative diseases.*?

Furthermore, studying levels of beta-synuclein can help monitor
the progression of the disease, even after therapeutic interventions
have been implemented. For instance, if levels of beta-synuclein
decrease after treatment, that could be a sign of a positive treatment
response. Before this finding, AD has been difficult to diagnose,
requiring procedures such as PET scans or lumbar punctures.
However, a blood test measuring beta-synuclein levels serves as a
much less invasive alternative. The discovery of beta-synuclein as a
blood-based biomarker for AD offers a promising step towards earlier,
easier, and more precise diagnosis of this disease.?

Parameters of success following stem cell therapy

Key factors in determining whether stem cell treatment is
successful in AD patients include:

1. Cognitive improvement: memory retention, problem-solving
abilities
. Reduction of amyloid plaques and tau tangles

. Enhanced neurogenesis and synaptogenesis

. Reduced neuroinflammation

wm A W

. Long-term survival and integration of transplanted cells*
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Clinical trials must track these metrics to assess efficacy and safety
over extended periods of time.

Summary:endogenous vs.exogenous cell regeneration

Both endogenous and exogenous regeneration prove useful in
treating AD, each for in its own distinct reasons and ways. The Table
2 below provides a comprehensive overview of endogenous and
exogenous regeneration.

Table 2 An organized comparison of endogenous and exogenous methods
of cell regeneration?'

Endogenous .
Factor . Exogenous regeneration
regeneration
Stimulation of
hippocampus brain Introduces new cells (MSCs,
Mechanism region with the use of iPSCs, NSCs) to replace lost
patient’s own neural or damaged neurons.
stem cells (NSCs)
) Pharmacologicall L . .
delivery ologically Injection via the brain or
or genetic . .
method & R X intravenous delivery, More
. R stimulation, Less . .
invasiveness S invasive
invasive

Immune Minimal as it uses the Higher risk of immune
response body’s own cells rejection
May not be powerful Cost, integration, diseased
enough to combat ) L
. environment of a brain with
Challenges the rapid age- related _
. AD may impair transplanted
decline neuron -
. cells from functioning.
regeneration
s Early stages of AD Advanced stages of AD (severe
Applications ) ) .
(mild degeneration) degeneration)
Conclusion

AD remains a significant challenge worldwide to this day. It is
an incurable disease that affects millions of individuals and their
families, imposing both societal and economic burdens. However, it
does not need to remain this way; although there is no current cure
that does not mean there is no hope. The use of stem cell therapy
presents a favorable opportunity to slow the progression of the disease
and improve the quality of life for those affected by it. As previously
discussed, this can be achieved through endogenous and exogenous
neuronal regeneration strategies. The endogenous approach aims to
stimulate the brain’s natural repair mechanisms. However, limitations
exist, including the decline in neurogenesis with increased age and
widespread neuronal loss. Exogenous therapies, on the other hand,
utilize transplanted stem cells, such as MSCs, iPSCs, ESCs, and NSCs,
to replace lost neurons, regulate inflammation, and restore cognitive
function. Yet, challenges remain, including immune rejection, the
high cost of treatment, and the scarcity of human clinical studies.

Again, despite these challenges, hope persists. Recent discoveries
in the field include the newfound ability to derive cholinergic neurons,
which degenerate and die when sick with Alzheimer’s, from umbilical
cord-derived MSCs. Scientists have discovered a method to achieve
this using efficient and cost-effective approaches, underscoring the
potential of stem cell therapy in treating Alzheimer’s.?

As research progresses, it is essential to consider neuronal
regeneration strategies, specifically the promising avenue of stem
cell therapy, while addressing their limitations. This is crucial for
developing the most effective treatments possible and gradually
alleviating the burden and stress that many suffer from. By continuing
to explore the potential of stem cell therapy as a method of treatment for
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Alzheimer’s patients, we are one step closer to making breakthroughs
in combating this incurable disease.
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