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Abstract: Human neurological disorders such as Alzheimer's disease (AD), are caused by neuron loss in the central
nervous system, affecting memory, learning, and is the most common cause of dementia in the elderly. Currently, the
use of mesenchymal stem cell (MSC)-based technologies and therapies have become the focus of research and
investigations to treat AD, due to the diverse benefits on various cellular mechanisms such as neural cell replacement
and cell modulations performed in clinical trials on animal subjects, thus MSC cell therapy becomes a promising and
efficient alternative therapy for the development of a reliable therapeutic tool for AD in humans. We describe through
review the potential use of mesenchymal stem cells for AD treatment. This is a review, following PRISMA rules for
systematic reviews. MSCs therapy has been presented as a strategy for the replacement or regeneration of neural cells
for AD patients. The pre-clinical results observed are recent in MSC-based therapies, therefore, few human clinical trials
are in progress, recommending more clinical human trials with MSCs for the discovery and revolution of AD, since, there
is still no cure and the number of people with AD has increased in recent years.
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1. INTRODUCTION

Alzheimer's is an incurable neurodegenerative
disease; over time, it exhibits slow and progressive
cognitive deterioration and synaptic damage, leading to
deteriorated mental function. It affects mainly the
elderly, with dementia in 50 to 70% of cases [1]. Due to
the disease's significant impact on the elderly, this
pathology has been one of the biggest health problems
in medical practice [2].

Alzheimer's disease (AD) clinical manifestations are
impaired learning, language, cognition, short-term
memory, progressing to forgetfulness of past events,
confusion, behavioral disorders, and body function
deterioration [3]. It is noted that the early damage of AD
occurs primarily in the entorhinal cortex, hippocampus,
basal prosencephalon, and especially the cholinergic
neuron degeneration [4].

Studies evidence that the main responsible for AD
in the Central Nervous System (CNS) are accumulation
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and aggregation of B-amyloid plaques composed of
peptides and neurofibrillary tangles (NFTs), leading to
neuronal loss, vascular damage, and dementia [5].
NFTs are intraneural filament deposits composed
mainly of hyper phosphorylated Tau protein, a
microtubule-stabilizing protein that maintains neuronal
cell structure and axonal transport. The disruption of
neuronal circuitry and synaptic loss in the human
cortex and hippocampus contribute to the decline of
cognitive development in AD [6].

Regarding the treatment, it is observed several
clinical trials, research, immunotherapies and drugs
used for treatment, but they could not find a cure [7,8].
However, discovered symptomatic treatments currently
used, such as cholinesterase and N-Methyl-D-
aspartate (NMDA) receptor antagonists [9]. Noteworthy
is memantine, an antagonist used in dementia in the
moderate to severe stages of AD. The drug is a non-
competitive  voltage-dependent NMDA  receptor
antagonist that acts by reducing glutaminergic
excitotoxicity [10]. It is worth mentioning memantine's
adverse reactions in phase 2 studies by Jarvis and
Figgitt [11]. The authors report side effects in patients
with  diarrhea, dizziness, headache, insomnia,
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restlessness and fatigue. For Zemek [12], memantine
use combined with acetylcholinesterase inhibitors is an
excellent prognostic for slowing the dementia
progression. Still, even though the drug treatment
effects are quite critical, it should be added that AD
patients' daily care is considered costly in emotional
and economic aspects. The drugs available to treat AD
are expensive and focus only on symptom relief [13].

Due to these circumstances, the scientific literature
suggests the use of cell therapy for AD. It is
emphasized that pluripotent stem cells (PSCs) and
gene-modified cells started to be used in the search for
innovative and effective treatment since they can
continuously form, renovate or differentiate into many
cell types of the body. The continuous new cell
generation ensures physiological conditions and repair
mechanisms after injuries or diseases in some
circumstances. In the case of the CNS, it does not
recover quickly after extensive degenerative events.
Brain transplant therapies by stem cells have
significantly been investigated. Different lines have
been explored, such as embryonic stem cells, neural
stem cells, and mesenchymal stem cells [14].

Mesenchymal stem cells (MSCs), reported as the
study's subject, are cells capable of engrafting into the
brain and can differentiate after in situ transplantation
into neurons and neuroglia [15]. The neural
differentiation of MSCs is identified by their ability to
stimulate neural progenitor neurogenesis and neural
cell survival by expressing neurotrophic factors [16].
Besides, transplantation of MSCs into the CNS inhibits
apoptosis and supports neural cells' neurogenesis [17].
Thus, MSCs are suggested for the treatment of
neurodegenerative disease [18,19].

Given the circumstance of AD improper treatments
and recent cell therapy breakthroughs, the study aimed
to describe the potential use of MSCs to treat AD
through a systematic review.

2. METHODS

2.1. Study Design

A systematic review methodology was chosen for
the MSCs scientific investigation related to the
treatment of AD. MeSH adopted the research strategy
through the keywords: Mesenchymal Stem Cells;
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Figure 1: Flowchart.
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Alzheimer Disease; Clinical Trials; Infusion; Dementia.
This research was performed from January 2020 to
February 2021. A total of 557 studies were then
compared and submitted to eligibility analysis. In the
end, 78 studies were selected according to PRISMA
rules for systematic reviews (Figure 1) (Transparent
reports of systematic reviews and meta-analyses -
HTTP: //www.prisma-statement.org/).

2.2. Databases and Research Methodology

The PubMed, VHL and Cochrane Library databases
were investigated for the literature review. Also, a
keyword combination using Boolean operators "AND"
and "OR" was used. The papers and abstracts were
examined. After searching for the terms in MeSH,
clinical trial information of patients treated with MSCs
was obtained from Clinical Trials Gov
(https://clinicaltrials.gov/).

2.3. Study Selection and Bias Risk Assessment

Full-text articles were selected, studies wrote in
English, titles and abstracts containing the topic
"mesenchymal stem cells used in neurodegenerative or
Alzheimer’s disease treatment" were considered. Ten
independent reviewers performed the research. Data
extraction was performed by reviewers 1, 2, 8 and 9
and thoroughly reviewed by reviewers 3, 4, 5 and 6.
The researchers (7 and 10) decided upon some issues,
made the final decision on selecting the papers, and
conducted the final review of the study. The Cochrane
instrument was adopted to assess the quality of such
studies [20].

3. LITERATURE REVIEW AND DISCUSSION

3.1. Alzheimer's Disease Pathogenesis

AD has mutations in the 3-amyloid precursor protein
genes, PSEN1 and PSEN2, each encoding their
respective proteins [21,22]. The distinguishing
characteristic of AD is the extracellular B-amyloid (AB)
protein accretion in senile plaques, followed by
intracellular  neurofibrillary ~ tangle clustering of
abnormally hyperphosphorylated Tau proteins [23-25],
causing severe cellular burden resulting in neuronal
damage [26]. It is highlighted that Tau is an intracellular
microtubule-associated protein within neurons and is
vital for structural support and axonal transportation.
When hyperphosphorylated, it causes microtubule
collapse and clumping in NFTs. The other significant
issue is the amyloid precursor protein cleavage by -
secretase and y-secretase, which leads to extracellular

buildup and agglomeration of AB fragments, visible as
amyloid plaques in the AD brain [27,28]. Importantly,
amyloid plaques first appear in the cerebral frontal
cortex and then spread throughout the CNS cortical
region, ultimately causing neuronal dysfunction [29].
Bonda et al. [26] report that oxidative distress is also a
prominent factor for AD, and amyloid plaques and
NFTs may adapt to high oxidative distress.
Furthermore, it is notable that in addition to the plaques
and NFTs involvement, age and genetics are also risk
factors for AD development [5]. For Wyse et al. [30],
the decreased levels of acetylcholine,
acetylcholinesterase and acetyltransferase in the
hippocampus and neocortex and reduced levels of
neurons in the cholinergic nuclei of the basal
prosencephalon are the reasons for the cholinergic
hypothesis of the disease.

3.2. Main MSCs Mechanisms Used in AD

MSCs therapy is more advantageous and less
invasive when administered intravenously; moreover, it
reaches the CNS after crossing the blood-brain barrier,
has low tumorigenicity, and alters the immune
response profile [31,32]. Thus, MSCs have attracted
particular attention in the AD treatment due to their
excellent accessibility, simple handling, extensively
studied properties and wide range of differentiation
potential [33,34].

The beneficial MSCs effects seem to be mediated
by their secreting factors, which stimulate proliferation,
differentiation, and neurogenic niche survival [32,35-
41]. Studies suggest that anti-inflammatory and
immunomodulatory properties contribute to recovery,
which involves many cytokines [37-39,42,43].

Bone marrow-derived MSCs (BMMSCs) are also
important to mention. BMMSCs have been investigated
further [44] and earn their immunomodulatory capacity
through the soluble release factors, including IL-6, IL-
10, TGF-B, and PGE2 [45-47]. They are known to
inhibit the function of monocyte-derived dendritic cells
and alter the natural killer cell [48,49]. Besides this
therapy, adipose tissue is a good MSCs source.
Adipose-derived mesenchymal stem cells (AdMSCs)
can differentiate into neuron-like cells and astrocytes
[50]. They appear to share a common Stemness
transcriptional profile with BMMSCs [51,52] and
secrete neurotrophic agents [53-58]. MSCs, also can
be umbilical cord-derived (UCMSCs) and differentiate
into neuron-like cells. UCMSCs are investigated in an
AD mice model [59], and a suggested action
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mechanism is the activation of M2-like microglia
[42,60]. Due to these characteristics, MSCs have stood
out in the scientific community. Furthermore, they
exhibit a great proliferative potential to migrate,
integrate and differentiate into neural cells [61-63].

Bali ef al. [64] reported the therapeutic effects of
MSCs, pointing out neuroprotection by secreted
agents, neuron regeneration, immunomodulatory
effects on the cells responsible for the disease
development, as well as the proliferation of
endogenous cells.

In the research by Cui et al. [65], administration of
MSCs was observed in APP/PS1 AD mice. The
authors report that there was the secretion of miR-21-
enriched exosomes, increasing the mice's memory
capacity and decreased AR plaque depositions.
Furthermore, another paper has shown activin A
released from MSCs in coculture of human MSCs with
neural cells derived from the subventricular area of
5XFAD mice. The therapy caused the neural cells to
develop and grow [66].

Another relevant data is that the MSCs manipulation
produces promising results increasing the MSCs
effects on the neural tissue, and the MSCs increase
neurogenesis and the neural progenitor cells
differentiation into mature neurons, augmenting the
Wnt pathway [32]. The authors describe that
neurogenesis occurred in the subgranular zone of the
hippocampus dentate gyrus, acting as an endogenous
repair mechanism in AD. Exosomes and microvesicles
released from modified MSCs are enhanced in agents
of interest to boost treatment effects. Overexpression
of AB-degrading enzymes and/or negative regulation of
secretive enzymes relating to AP formation with
transfection of different RNAs may help improve
disease symptoms [67]. Furthermore, Brn-4 protein in
MSCs can inhibit AR build-up in the brain, but the
presence of miR-937 prevents the mRNA translation of
Brn-4 into protein [68,69].

According to Delbeuck et al. [4], there is synapse
reduction in the CNS and consequently, neuronal loss;
thus, one of the main mechanisms through which the
strength and number of synapses are regulated is
through the release of neurotrophin activity, reduced
early in the disease progression, influencing learning
and memory capacity. Therefore, MSCs can produce
various neurotrophins, capable of enhancing brain
plasticity and improving neuronal survival. According to
Terry et al. [70], human mesenchymal stem cell

transplantation (hMSCs) may be a valid option to
alleviate AD symptoms.

3.3. Clinical Trials

In 2019 [71], human allogeneic umbilical cord
hMSCs were used in phase 1 of a clinical trial in six
patients suffering from mild to moderate AD, in order to
assess its safety, potential side effects, and efficacy of
intravenous hMSC infusions in patients suffering from
AD (Clinicaltrials.gov, NCT04040348). It is believed
that the stem cell infusion method might be safe.
However, the clinical effect of the method on the
pathogenesis of AD needs to be further verified. Thus,
this research advocates a secondary outcome
measure, observing cognitive function over time by the
Alzheimer's Disease-Cognitive Assessment Scale, the
Folstein test that includes the Mini-Mental State
Examination. In addition, serum levels of biomarkers
and inflammatory within 65 weeks such as interleukin-
6, neurofilament light, B-amyloid 40 and 42 in pg/mL.
Serum apolipoprotein E levels assessed in mg/dL; PRA
values, verifying plasma renin activity in serum blood in
ng/mL per hour; serum Tau protein level in blood in
ng/L and cerebrospinal fluid biomarker levels, and also
assessing the change in hippocampal volume by MRI
brain volumetric studies.

Another study with allogeneic hMSCs was observed
on 40 patients suffering from AD [72]. The study is in
phase 2, aiming to evaluate the safety and tolerability
of hMSCs manufactured by Stemedica versus placebo,
administered intravenously in individuals suffering from
mild to moderate dementia due to AD, and to observe
the efficacy of hMSCs as evidenced by neurological,
functioning, and psychiatric parameters
(Clinicaltrials.gov NCT02833792). The study provides
primary result measurements, referring to the
administration safety and adverse patient effects, as
well as the efficacy guided by secondary result
measurements. Thus, hMSCs are an alternative source
of multipotent self-renewing cells, and several previous
studies show that they have both paracrine and
autocrine activity in damaged tissues, including the
brain. Indeed, they secrete a variety of cytokines and
growth factors having anti-inflammatory agents, as well
as immunomodulatory property such as vascular
endothelial growth factor, hepatocyte growth factor,
among others, that are involved in angiogenesis,
healing, and repair processes [73].

In the Kim et al. [74] study, the authors
stereotactically transplanted human umbilical cord-
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derived MSCs into the hippocampus and the
precuneus. The authors report that the patients had no
severe adverse events, and no significant clinical effect
on the cognitive decline was observed. Another
relevant aspect is that cell therapy using induced MSCs
and PSCs shows great treatment potential for various
neurodegenerative diseases, such as Parkinson's and
AD. Results have shown favorable effects regarding
inflammation modulation. Moreover, they may promote
other beneficial effects, such as neuronal growth.

Several clinical trials with MSCs are in progress on
AD patients (Table 1); however, phase 1 and 2 results
have not yet been published. Preclinical ftrials of
BMMSCs in animals suffering from AD have achieved
good results and are adequate to start clinical trials on
humans suffering from AD. Intravenous infusion is the
optimal procedure to implant stem cells. Moreover,
umbilical cord stem cells are the most commonly used
cell source in AD treatment [75]. For Shruster et al.
[76], stem cell therapy has been suggested as a
strategy to replace damaged circuits and is able to
restore learning and memory abilities by reconstructing
damaged cholinergic neurons in AD patients. Thus,
neural transplantation may provide an alternative
treatment for AD towards a permanent cure.

It has been observed several studies on various
stem cell sources and manipulation methods that can
be used to safely generate functional cells, so MSC-
based therapy may be one of the most favorable and
efficient solutions for AD.

3.4. Future Perspectives

Approved drug therapies for Alzheimer's disease
are intended to prevent the disease progression and
have effects to alleviate symptoms [30,77]. However,
stem cells may have a significant impact on future
strategies for the treatment of AD, due to studies
indicating MSCs as an appropriate strategy to promote
endogenous neurogenesis in the AD subjects' brains
[32,78].

4. CONCLUSION

MSCs therapy, a growing area of research, is very
important for clinical medicine and has the potential to
expand our understanding of neurodegenerative
diseases, especially AD. The MSCs infusion and
transplantation method may be a safe and effective
approach for treating AD, bringing valuable
improvements in disability and psychological behaviors.
However, more clinical trials with MSCs in AD patients

are expected, in addition to deciphering the genetic
differences that predispose an individual to develop this
dysfunction.
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