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Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by the accumulation of amyloid-3 and
Tau protein in brain tissue. AD represents 80% of the cases of dementia worldwide, affecting more than 729 million people
with an increase in incidence of 14795% in the past 30 years. At present, conventional treatments for this condition remain
limited, which has led to a significant increase in its incidence and prevalence. In this paper, we address general aspects
regarding AD, from its pathophysiology, diagnostic methods, and its association with insulin resistance; as well as present
treatments and new alternatives, specifically hypoglycemic agents, such as metformin, liraglutide and insulin; and neural stem
cells. It is concluded that stem cell and antidiabetic treatments had positive results in preclinical studies, so more future
studies are required to consider them safe in humans.
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Enfoques integrales en la enfermedad de Alzheimer: desde aspectos generales hasta
la terapia con células madre y el uso de antidiabéticos

Resumen

La AD es una enfermedad neurodegenerativa progresiva caracterizada por la acumulacion de placas de AB y de proteina
Tau en el tejido cerebral. La AD representa el 80% de las etiologias de demencia afectando a mds de 729 millones de
personas con un incremento del 147.95% en su incidencia. Actualmente los tratamientos convencionales para esta condicidn
siguen siendo limitados, lo que ha conllevado al aumento en su incidencia y prevalencia. En este texto abordamos genera-
lidades de AD, desde su fisiopatologia, métodos diagndsticos y su relacion con la resistencia a la insulina; asi como trata-
mientos actuales y nuevas alternativas, especificamente hipoglucemiantes como la metformina, liraglutida y la insulina, y
células madre neurales. Se concluye que los tratamientos con células madre y antidiabéticos tuvieron resultados positivos
en estudios preclinicos, por lo que se requieren mds estudios futuros para poder considerarlos seguros en humanos.

Palabras clave: Enfermedad de Alzheimer. Terapia con células madre. Factores genéticos y resistencia a la insulina.
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Introduction

Alzheimer’s disease (AD) is defined as a type of
dementia characterized by gradual and progressive
neurodegeneration secondary to neuronal death'.
Among the etiologies of dementia, approximately 80%
are attributed to AD, making it the most prevalent type
worldwide?3. Trends in AD show a 147.95% increase in
its incidence from 1990 to 2019, with 7.29 million cases
worldwide in 2019%. This makes it one of the most sig-
nificant chronic pathologies in terms of mortality, quality
of life, and public health over the past century®.

AD is a multifactorial condition, with age being the
most significant risk factor for its development. The
prevalence of AD tends to double every 5 years after
the age of 65°. According to the Global Burden of Dis-
eases, patients aged 70-74 show the highest incidence
of AD. The aging population and increased life expec-
tancy are the main contributors to the rise in the inci-
dence of this pathology in recent years. It is estimated
that by 2050, 152 million people will be living with AD
worldwide*. The pathophysiology of AD involves envi-
ronmental, genetic, and lifestyle factors?. While age is
the most significant risk factor for AD, other identified
risk factors include hypertension, obesity, diabetes mel-
litus (DM), physical inactivity, hearing loss, smoking,
low educational attainment, social isolation, high alco-
hol consumption, traumatic brain injury, and environ-
mental pollution’.

Despite currently available treatments, AD remains a
progressive condition for which there is no prevention
or cure. So far, no treatment has advanced from being
symptomatic to having an effect on the prognosis of the
disease®. This work aims to provide a comprehensive
review of the present knowledge on AD, diagnostic
methods, treatments, and potential tools under study
that show promising results for patients with this
disease.

Generalities of AD

Pathophysiology

AD is a progressive neurodegenerative condition
mainly affecting older adults, characterized by a decline
in cognitive and functional abilities, along with behav-
ioral changes. The disease progresses over 15-25 years,
during which patients transition from normal cognitive
function to dementia. During the early stages, patients
may remain asymptomatic or experience mild to mod-
erate neurocognitive impairment®.

The pathophysiology of AD involves multiple biolog-
ical processes, with the amyloid-B (AB) cascade
hypothesis being widely accepted®. Abnormal process-
ing of amyloid precursor protein (APP) leads to the
formation of AR plaques, which accumulate in the brain,
causing synaptic dysfunction and neurodegeneration®.
In addition, tau protein abnormalities and neurofibrillary
tangles are also key pathological features that disrupt
neuronal function and further exacerbate disease
progression®?,

GENETIC FACTORS

Genetic factors significantly influence both early and
late-onset AD™. Mutations in the APP, presenilin 1
(PSENT), and presenilin 2 (PSEN2) genes contribute to
abnormal AB plaque production, leading to inflamma-
tion, neuronal toxicity and death®%%°, These muta-
tions, following an autosomal dominant pattern, are
responsible for familial AD, a rare form affecting 0.5%
of cases, with symptoms typically appearing between
ages 30 and 50. However, not all variants of these gene
mutations result in familial AD, some may act as dis-
ease modifiers®®. Among the genes associated with
this disease, PSENT mutations on chromosome 14 are
the most prevalent (71.24%), followed by APP (46.97%),
and PSEN2 (20.63%)".

Another mutation associated with the development of
AD is that of apolipoprotein E (ApoE), located on chro-
mosome 19, with three isoforms identified: €2, €3, and
€4'2. The mutation of the ¢4 allele of the ApoE gene
has been identified as the most significant genetic risk
factor for both early and late-onset AD, occurring in
approximately 65% of cases''2. Carriers of one or two
copies of the ¢4 allele have a higher risk of developing
the disease'°.

INFLAMMATORY PROCESSES IN AD

Inflammatory processes are key in AD development,
involving astrocytes, microglial cells, cytokines, and
chemokines that trigger neuroinflammation™. This
inflammatory response damages the neuronal environ-
ment, contributing to oxidative stress and cellular apop-
tosis, leading to the onset of characteristic AD
symptoms'®. Neuroinflammation is a specific and
enhanced immunological, biochemical, and hematolog-
ical response that can be triggered locally or systemi-
cally. This process is a reaction to tissue or organ
damage, designed to neutralize harmful factors and
stimulate repair processes’®.
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The most important substances exerting a pro-in-
flammatory effect in the brain and the body include
cytokines (Interleukin-1 [IL-183], IL-6, IL-18, Tumor necro-
sis factor-a, Interferon-y), chemokines (CCL2, CCLS3,
CXCL8), complement components (C1q, C5), transcrip-
tion factors (NF-xB), peptides (bradykinin), enzymes
(COX-2, iINOS, LOX), and coagulation factors platelet
activating factor. Conversely, anti-inflammatory effects
are exerted by lipoxins (LXA4, RvE1) and some cyto-
kines (IL-10, IL-37, transforming growth factor-B)™. In
classical inflammation, the process is characterized by
an increased secretion of pro-inflammatory mediators
and a reduction of anti-inflammatory substances. To
resolve the inflammatory response, the opposite
occurs, pro-inflammatory substances decrease, and
anti-inflammatory substances increase. Neuroinflam-
mation in AD differs from peripheral inflammation. In
the brain, neuroinflammatory factors, such as cytokines
and chemokines can persist longer and display differ-
ent dynamics compared to those in systemic
inflammation’®.

Diagnostic methods

The diagnosis of AD is a complex process, requiring
the evaluation of the patient’s medical history, physical
and neurological examinations, neuropsychological
tests, and imaging studies. There is no single test that
can definitively diagnose AD, therefore, the diagnosis
is based on a combination of these different
approaches'®. Regarding medical history, the physician
will review the patient’s medical background, including
any memory, behavior, or language problems, as well
as family history. Neuropsychological tests are used to
assess the patient’s cognitive abilities, such as mem-
ory, attention, language, and problem-solving. These
tests can help identify specific areas of cognitive
impairment that may be associated with AD"". Imaging
tests, such as positron emission tomography and mag-
netic resonance imaging, can help visualize the brain
and detect changes that may be associated with the
disease. These tests can help rule out other causes of
dementia and determine the severity of the disease'®.

Conventional treatment

The treatment approach for AD is symptomatic, as
there are currently no curative or prognosis modifier
treatments®. Conventional pharmacological treatment
focuses on cognitive improvement and the regulation
of neuropsychiatric symptoms?®. At present, there are

two groups of drugs approved for use in AD: Acetylcho-
linesterase inhibitors and N-methyl-D-aspartate recep-
tor antagonists®.

Relationship between insulin resistance
and AD

The global increase in DM and AD has posed a major
challenge for people, healthcare systems, and govern-
ments worldwide. Conventionally, studied separately
due to the peripheral implications of DM and the central
implications of AD, the growing prevalence of these
conditions has led to a deeper exploration of their inter-
connected pathophysiology, particularly their shared
pro-inflammatory underpinnings®. DM is a systemic,
chronic-degenerative disease that is closely related to
lifestyle and profoundly affects the quality of life of mil-
lions of people worldwide. Expected to reach a preva-
lence of 10.9% by 2045, DM manifests itself in three
main types: Type 1, type 2, and type 3. Type 1 DM
(DM1) results from the destruction of pancreatic p-cells,
while type 2 DM (DM2) is due to impaired insulin resis-
tance and secretion?°. Type 3 DM (DM3) is a relatively
new concept characterized by brain insulin resistance
caused by the presence of metabolic syndrome and
microglial inflammation induced by reactive oxygen
species and neurotoxins, leading to neuronal stress
and neurodegeneration?'.

There are two mechanisms by which DM2 increases
the risk of damage to neurons, neuroglia, and the neu-
rovascular unit of the brain: (1) neuronal senescence
(complications in patients older than 65 years) and
(2) metabolism (hyperglycemia and hyperinsulinemia,
increased AR toxicity, Tau hyperphosphorylation, oxi-
dative stress, and neuroinflammation'®2!. This meta-
bolic state may lead to impaired neuronal function and
cognitive impairment. This metabolic dysregulation fur-
ther contributes to the formation of neuritic plaques,
hippocampal atrophy, and lower cerebrocortical glu-
cose metabolism, which is closely related to memory
decline?®'®, Kapogiannis et al. have demonstrated that
at elevated levels of p-Ser312IRS1 (a kinase involved
in autophagy) in patients with prodromal AD, suggest-
ing that insulin resistance may develop years before
clinical symptoms appear??.

In addition, neuronal-derived exosomes have shown
promise as potential biomarkers for early diagnosis of
AD?3, Defective insulin signaling in the brain in AD and
DM2 may result from several factors, including insulin
resistance, negative regulation of insulin receptors (IR),
reduced binding affinity, or faulty activation of the
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downstream signaling cascade?®*. Ultimately, this leads
to a decrease in neuronal glucose uptake, manifesting
as a decline in neuroplasticity, neurotransmitter defi-
ciencies, bioenergetic collapse, and the onset of a det-
rimental inflammatory cascade. The disruption of insulin
signaling alters brain metabolism, potentially paving the
way for neurodegeneration and providing a compelling
explanation for the link between DM, obesity, and
AD23,24.

Insulin and insulin-like growth factors (IGF-1) exert
their effects by binding to specific tyrosine (Tyr) kinase
receptors, such as the IR and the IGF-1 receptor. While
the highest expression of IRs is observed in the olfac-
tory bulb, cerebral cortex, and hippocampus, they are
also present in the endothelial cells of the blood-brain
barrier (BBB). This specific localization of IRs plays a
crucial role in mediating the transport of insulin and
IGF-1 across the BBB, thereby influencing the function
of the central nervous system (CNS)?°.

Pancreatic f cells within the islets of Langerhans
produce insulin, its effect by binding to transmembrane
glycoprotein receptors composed of o. and § subunits.
These bindings are facilitated by disulfide bonds within
the insulin molecule?®. The initial step in insulin signal-
ing involves the binding of the ligand and insulin to the
extracellular o subunits of the IR, a transmembrane
glycoprotein receptor complex composed of two o sub-
units and two B subunits. This binding event triggers
conformational changes within the receptor, leading to
the activation and autophosphorylation of specific Tyr
residues located in the cytosolic region of the f§ sub-
unit?”. These phosphorylated residues then serve as
binding sites for the substrates of the IR, particularly
Insulin receptor substrate 1 (IRS-1) and IRS-2, which
act as crucial intermediaries in the propagation of the
insulin signal®®. The assembly of these IRS-containing
complexes orchestrates the initiation of multiple intra-
cellular signaling cascades®®. The hyperinsulinemia
pathway (a state of excessive circulating insulin) is
linked to AD due to the saturation of insulin-degrading
enzymes, which hampers their ability to eliminate both
insulin and AR peptides, the latter being a hallmark of
AD pathology. The higher incidence of AD in individuals
with type DM2 and obesity further strengthens the
notion of shared mechanisms?®. Notably, although neu-
ronal glucose uptake may not be entirely reliant on
insulin, the notion of “brain insulin resistance” under-
scores the disruption of insulin signaling pathways. This
disruption is increasingly recognized as a key factor in
the pathogenic pathway between AD and DM223,

New treatments

Antidiabetic pharmacological agents
for Alzheimer

Oral hypoglycemic agents that target insulin resis-
tance in the brain by promoting proper incretin and
insulin signaling are currently a promising option for the
treatment of AD and other neurodegenerative diseases.
Glucagon-like peptide-1 (GLP-1) receptor agonists have
demonstrated neuroprotective and anti-inflammatory
properties, with expression observed in neurons and
glial cells®. GLP-1 receptors activate a series of
anti-inflammatory pathways by stimulating adenylyl
cyclase, which increases cAMP concentrations. This acti-
vates other cofactors that have an anti-apoptotic effect.
In addition, various genes, such as Bcl-2, are activated,
which are neuroprotective and inhibit the activation of
pro-apoptotic proteins, such as caspases and p533%3'.

Insulin, a hormone that regulates peripheral glucose
homeostasis, also has significant implications for the ner-
vous system. It swiftly crosses the BBB and can be syn-
thesized by glial cells®. Although cerebral glucose
metabolism is not dependent on insulin, this hormone can
influence glucose concentrations through neuronal glucose
transporter 4 in cognitive circuits and enhance glycogen
absorption in astrocytes. In addition, insulin modulates neu-
rotransmitter levels, such as dopamine, provides protection
against the synaptotoxic effects of AR, and plays a crucial
role in vascular function due to its involvement in lipid
metabolism and inflammation®?2%, These attributes sug-
gest that insulin may offer a therapeutic alternative for
diabetic patients with cognitive impairment or AD.

HYPOGLYCEMIC AGENTS IN THE TREATMENT oF AD

The research on specific drugs for AD treatment
remains in its early stages, offering promising potential
for reducing the degenerative damage caused by AD.
Among the hypoglycemic agents studied are Metformin,
the most commonly prescribed antidiabetic drug, and
liraglutide®. Zheng et al. carried out a Mendelian ran-
domization study on 527,139 Europeans from the gen-
eral population, of whom 71,880 were either diagnosed
with or at risk of developing AD. The study identified 22
metformin-related genes across 5 targets associated
with the glycemic marker hemoglobin A1C, with brain
connections confirmed through 6,601 brain donors,
showing that 20 of the 22 genes were linked to the
cerebral cortex and cognitive function. Results indicated
that metformin use reduces the risk of AD by 15% in
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Table 1. Mechanisms of action of antidiabetic agents with potential neuroprotective effects in Alzheimer's disease

Metformin ~ Reduces AR levels and amyloid plaque formation, decreasing neuronal degeneration and cognitive decline 35
Liraglutide ~ Promotes the activity of the insulin signaling pathway Akt, preventing tau phosphorylation. GLP-1 30,31,37
receptors activate a series of anti-inflammatory pathways with anti-apoptotic effects. Various genes, such

as Bcl-2, which are neuroprotective, are activated, and pro-apoptotic proteins are inhibited
Insulin Modulates neurotransmitter levels such as dopamine, providing protection against the synaptotoxic effects 32,33

of amyloid-beta protein

GLP-1: glucagon-like peptide-1; AB: amyloid-R.

Metformin, liraglutide, and insulin have demonstrated promising effects in preclinical models of Alzheimer’s disease. These include reduction of amyloid-beta
accumulation, anti-inflammatory activity, and modulation of neurotransmitter systems relevant to cognitive function.

diabetic individuals and by 4% in healthy individuals®*.
In a mouse model, metformin was found to promote
chaperone-mediated autophagy, a process related to
the pathophysiology of neurodegenerative diseases. AD
is marked by progressive neuronal loss and AR peptide
oligomerization, resulting in amyloid plaque formation.
Metformin has been shown to reduce AR levels, leading
to decreased cognitive impairment, delayed aging, and
alleviation of age-related diseases®#35. Another antidia-
betic drug that has shown evidence in reducing neuro-
degeneration is liraglutide, a GLP-1 inhibitor®*. This
medication may promote the development of stem cell
stimulants, potentially leading to the proliferation of new
neurons. In mouse models, it has been associated with
calorie restriction, which decreases the amount of AR
plaques and neurofibrillary tangles. The use of GLP-1
reduces food intake and hunger. A mouse model study
used liraglutide treatment for 2 months and found
improvements in spatial memory and a 30%-50%
reduction in inflammation®®. Peripheral intravenous lira-
glutide demonstrated stimulation of the insulin Akt sig-
naling pathway, preventing tau phosphorylation and
reducing GSK3R activity in mice®” (Table 1).

Stem cell therapy in AD

The pharmacological treatments currently used for
AD have certain limitations in managing the disease,
as they show poor response in altering its progression.
This has led to the ongoing search for new therapies
to improve the quality of life for patients. Since there is
currently no cure for AD, only disease-modifying treat-
ments, the use of stem cells has recently been pro-
moted as a therapeutic approach. Specifically, neural
stem cells (NSCs), induced pluripotent stem cells
(iPSC), and mesenchymal stromal cells (MSC) have
shown promise in this area®®%,

NSCs

NSCs are a type of multipotent stem cell, considered
primitive cells with the ability to differentiate into various
specialized cell types, give rise to other cells, and self-re-
new. These cells can generate different cell types in the
CNS such as glia, neurons, and oligodendrocytes®4C,
Due to these properties, NSCs have been investigated
for their potential benefits in AD. NSCs are essential for
CNS recovery in neurodegenerative diseases associ-
ated with oxidative damage, as seen in AD. The mech-
anism of action of these cells involves identifying the
injury site and differentiating into astrocytes, neurons,
and oligodendrocytes to adapt and promote cellular
plasticity. In addition, they can reduce inflammation*.
Endogenous activation or exogenous infusion of NSCs
restores neural networks in the brains of AD patients,
regenerates damaged areas, and plays a crucial role in
cognition and memory. The transplantation of NSCs
aims to enhance neural connections, improve the inflam-
matory environment of the brain secondary to AD, and
regenerate the neural network that undergoes degener-
ation through the secretion of chemokines*'. The use of
NSCs in vitro has been shown to generate cholinergic
neurons that improve memory performance, enhance
cognitive function, reduce neuroinflammation, and
increase neurogenesis in rodent models of AD*°. In addi-
tion, the administration of these cells improves the
migration, survival, and differentiation of neuronal cells,
thereby enhancing memory“. Further clinical studies are
needed to assess their efficacy in AD patients.

iPSC

iPSC have been significant since their first mention in
2007*, particularly in the analysis of the pathogenesis
of diseases influenced by genetic and environmental
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Figure 1. Pathological changes in the brain affected by Alzheimer’s disease and the potential reparative effects of stem
cell therapy. Panel A illustrates the hallmark neurodegenerative features of Alzheimer’s disease, including progressive
cerebral atrophy, the accumulation of B-amyloid plaques, and widespread neuronal degeneration, all of which contribute
to cognitive decline. These pathological changes are closely linked to elevated levels of neuroinflammatory cytokines
and synaptic dysfunction. Panel B shows the potential therapeutic effects of stem cell-based interventions, including
the administration of mesenchymal stromal cells (MSCs), induced pluripotent stem cells (iPSCs), and neural stem cells
(NSCs). Following treatment, the AD brain demonstrates significantimprovements: reduced cortical atrophy, decreased
B-amyloid plaque load, and signs of neuronal regeneration. The stem cell therapy may mediate their neuroprotective
effects through several mechanisms: (i) differentiation into neural cell types, (ii) modulation of the neuroinflammatory
environment, and (iii) enhancement of synaptic plasticity and tissue repair. Collectively, these actions support the
structural and functional recovery of the AD-affected brain.

predispositions, such as age. Their application in neu-
rodegenerative diseases is primarily focused on patho-
logical research and the development of new drugs®.
Their continuous differentiation potential into the three
germ layers makes iPSCs a valuable source for man-
aging various diseases**. Derived from the somatic cells
of patients or healthy individuals, iPSCs have been
demonstrated to be reprogrammed and differentiated
into brain-specific cells, such as neurons, astrocytes,
microglia, oligodendrocytes, pericytes, and vascular
endothelial cells*. This capability facilitates the replace-
ment of lost cells, the release of trophic factors and

extracellular matrix, and the improvement of the aging
environment through neuroprotection and inflammation
suppression, ultimately leading to enhancements in
neurodegenerative diseases*®. This new technology
continues to advance not only in the field of AD but also
in Parkinson’s disease, Amyotrophic Lateral Sclerosis,
and Fibrodysplasia Ossificans Progressiva*3. Although
iPSC models have not yet reached the gold standard,
they offer numerous advantages over other models in
understanding the pathological mechanisms of AD*. In
the case of these diseases, conducting precise analy-
ses in animal models is challenging due to the



R. Murguiondo-Pérez et al. Comprehensive approaches in AD

complexity of recreating pathological phenotypes that
accurately mimic neurodegenerative diseases*:.

MSC

MSC exhibits typical stem cell characteristics, such
as the ability to differentiate into various cell lineages®*.
They have played a significant role in correcting neu-
rodegenerative disorders due to their active migration
to damaged sites (homing), immunomodulatory and
neuroprotective effects, as well as their roles in cellular
repair and angiogenesis*®". The ability of MSC to pro-
mote tissue repair through paracrine factors such as
growth factors and cytokines allows modulation of the
pro-inflammatory response, creating a conducive envi-
ronment for neurogenesis and improving neurological
deficits. Therefore, they are recognized as an innova-
tive therapeutic option for inflammatory and chronic
degenerative diseases*®. MSC are attracted to sites of
inflammation and can be obtained from various tissues
such as bone marrow, adipose tissue, umbilical cord,
amniotic fluid, placenta, and peripheral blood. When
administered systemically, they cross the BBB, facilitat-
ing the elimination of A3 plaques, promoting neurogen-
esis, and reducing apoptosis. They also have the
capacity to provide a healthy supply of mitochondria to
the CNS, thereby mitigating the effects of aging and
mitochondrial dysfunction related to AD. These actions
can improve neuronal morphology and enhance spatial
behavioral memory*84°. Studies in animal models of AD
have confirmed the therapeutic potential of MSC. When
administered to the brains of mice with AD, MSC
secrete cytotropic factors—proteins capable of influenc-
ing cell growth and survival-rather than differentiating
into neurons and glial cells, which can address multiple
pathogenic mechanisms of AD%. In a study by Cone
et al. MSC treatment significantly improved mouse
memory and decreased the number of AB plaques in
the hippocampus®'. In clinical studies, the primary
focus is on evaluating the safety and toxicity of treatment
doses. While some studies have observed elevated
serum levels of biomarkers in control groups, such as
vascular endothelial cells, IL-12, IL-10, IL-4, IL-6, and IL-2,
which collectively promote an anti-inflammatory environ-
ment, transient fever has also been reported after each
administration® (Fig. 1).

Conclusion

AD is a multifactorial disease with a complex patho-
physiology. While there are many pharmacological

treatments available, these drugs are limited to only
improving symptoms and slowing disease progression
and curative treatment for this disease is still lacking.
Scientific information is constantly evolving, and in our
article, we discuss the conventional treatment of AD
and the present and future perspectives on the use of
antidiabetics and stem cell therapy as promising ther-
apeutic options in humans.

Funding

The authors declare that this work was carried out
with the authors’ own resources.

Conflicts of interest

The authors declare that they have no conflicts of
interest.

Ethical disclosures

Protection of humans and animals. The authors
declare that no experiments on humans or animals
were performed for this research.

Confidentiality of data. The authors declare that
they have followed their center’s protocols on the pub-
lication of patient data.

Right to privacy and informed consent. The
authors have obtained the informed consent of the
patients and/or subjects referred to in the article. This
document is in the possession of the corresponding
author.

References

1. Twarowski B, Herbet M. Inflammatory processes in Alzheimer's disea-
se-pathomechanism, diagnosis and treatment: a review. Int J Mol Sci.
2023;24:6518.

2. Eratne D, Loi SM, Farrand S, Kelso W, Velakoulis D, Looi JC, et al.
Alzheimer’s disease: clinical update on epidemiology, pathophysiology
and diagnosis. Australas Psychiatry. 2018;26: 347-57.

3. Weller J, Budson A. Current understanding of Alzheimer's disease diag-
nosis and treatment. F1000Res. 2018;7:1161.

4. Li X, Feng X, Sun X, Hou N, Han F, Liu Y, et al. Global, regional, and
national burden of Alzheimer’s disease and other dementias, 1990-2019.
Front Aging Neurosci. 2022;14:937486.

5. Scheltens P, De Strooper B, Kivipelto M, Holstege H, Chételat G, Teu-
nissen CE, et al. Alzheimer's disease. Lancet. 2021;397:
1577-90.

6. Kumar A, Sidhu J, Lui F, Tsao JW. Alzheimer disease. In: StatPearls.
Treasure Island, FL: StatPearls Publishing; 2024.

7. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S,
et al. Dementia prevention, intervention, and care: 2020 report of the
lancet commission. Lancet. 2020;396:413-46.

8. Karran E, De Strooper B. The amyloid cascade hypothesis: are we poised
for success or failure? J Neurochem. 2020;152:157-70.

9. Lane CA, Hardy J, Schott JM. Alzheimer's disease. Eur J Neurol.
2018;25:59-70.

10. Hou Y, Dan X, Babbar M, Wei Y, Hasselbalch SG, Croteau DL, et al.
Ageing as a risk factor for neurodegenerative disease. Nat Rev Neurol.
2019;15:565-81.

101



102

Rev Mex Neuroci. 2025;26(3)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

32.

Xiao X, Liu H, Liu X, Zhang W, Zhang S, Jiao B. APP, PSEN1, and
PSEN2 variants in Alzheimer’s disease: systematic re-evaluation accor-
ding to ACMG guidelines. Front Aging Neurosci. 2021;13:695808.
Breijyeh Z, Karaman R. Comprehensive review on Alzheimer’s disease:
causes and treatment. Molecules. 2020;25:5789.

Hampel H, Caraci F, Cuello AC, Garaci F, Leszek J, Ritchie C, et al.
A path toward precision medicine for neuroinflammatory mechanisms in
Alzheimer’s disease. Front Immunol. 2020;11:456.

Edwards FA. A unifying hypothesis for Alzheimer’s disease: from plaques
to neurodegeneration. Trends Neurosci. 2019;42:310-22.

Molinuevo JL, Ayton S, Batrla R. Current state of Alzheimer’s fluid bio-
markers. Acta Neuropathol. 2018;136:821-53.

Dubois B, Villain N, Frisoni GB. Clinical diagnosis of Alzheimer’s disease:
recommendations of the International Working Group. Lancet Neurol.
2021;20:484-96.

Kerwin D, Abdelnour C, Caramelli P, Ogunniyi A, Shi J, Zetterberg H,
et al. Alzheimer’s disease diagnosis and management: perspectives from
around the world. Alzheimers Dement (Amst). 2022;14:¢12334.
Arvanitakis Z, Shah RC, Bennett DA. Diagnosis and management of
dementia: review. JAMA. 2019;322:1589-99.

Janoutova J, Machaczka O, Zatloukalova A, Janout V. Is Alzheimer’s
disease a type 3 diabetes? A review. Cent Eur J Public Health. 2022;30:
139-43.

Michailidis M, Moraitou D, Tata DA, Kalinderi K, Papamitsou T, Papalia-
gkas V. Alzheimer’s disease as type 3 diabetes: common pathophysio-
logical mechanisms between Alzheimer’s disease and type 2 diabetes.
Int J Mol Sci. 2022;23:2687.

Nguyen M, He T, An L, Alexander DC, Feng J, Yeo BT, et al. Predicting
Alzheimer’s disease progression using deep recurrent neural networks.
Neuroimage. 2020;222:117203.

Kapogiannis D, Boxer A, Schwartz JB, Abner EL, Biragyn A, Masharani U,
et al. Dysfunctionally phosphorylated type 1 insulin receptor substrate in
neural-derived blood exosomes of preclinical Alzheimer's disease.
FASEB J. 2015;29:589-96.

Gabbouj S, Ryhénen S, Marttinen M, Wittrahm R, Takalo M, Kemppainen S,
et al. Altered insulin signaling in Alzheimer’s disease brain-special empha-
sis on PI3K-Akt pathway. Front Neurosci. 2019;13:629.

Kellar D, Craft S. Brain insulin resistance in Alzheimer's disease and
related disorders: mechanisms and therapeutic approaches. Lancet Neu-
rol. 2020;19:758-66.

Weinstein G, Davis-Plourde KL, Conner S, Himali JJ, Beiser AS, Lee A,
et al. Association of metformin, sulfonylurea and insulin use with brain
structure and function and risk of dementia and Alzheimer's disease:
pooled analysis from 5 cohorts. PLoS One. 2019;14:20212293.
Bohlken J, Jacob L, Kostev K. Association between the use of antihyper-
glycemic drugs and dementia risk: a case-control study. J Alzheimers
Dis. 2018;66:725-32.

Lee AK, Rawlings AM, Lee CJ, Gross AL, Huang ES, Sharrett AR, et al.
Severe hypoglycaemia, mild cognitive impairment, dementia and brain
volumes in older adults with type 2 diabetes: the atherosclerosis risk in
communities (ARIC) cohort study. Diabetologia. 2018;61:1956-1965.
AnY, Varma VR, Varma S, Casanova R, Dammer E, Pletnikova O, et al.
Evidence for brain glucose dysregulation in Alzheimer’s disease. Alzhei-
mers Dement. 2018;14:318-29.

De la Monte SM. The full spectrum of Alzheimer’s disease is rooted in
metabolic derangements that drive type 3 diabetes. Adv Exp Med Biol.
2019;1128:45-83.

Kopp KO, Glotfelty EJ, Li Y, Greig NH. Glucagon-like peptide-1 (GLP-1)
receptor agonists and neuroinflammation: implications for neurodegene-
rative disease treatment. Pharmacol Res. 2022 Dec;186:106550.
Glotfelty EJ, Ryals J, Luedke L, Weissman N, Smith L, Krock B, et al.
Incretin mimetics as rational candidates for the treatment of traumatic
brain injury. ACS Pharmacol Transl Sci. 2019;2:66-91.

Craft S, Reger MA, Watson GS, Green PS, Money N, Cholerton B, et al.
Safety, efficacy, and feasibility of intranasal insulin for the treatment of
mild cognitive impairment and Alzheimer disease dementia: a randomi-
zed clinical trial. JAMA Neurol. 2020;77:1099-109.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Franklin W, Davis KL, McCabe S, Wong S, Hall S, Mark R, et al. Chronic
synaptic insulin resistance after traumatic brain injury abolishes insulin
protection from amyloid beta and tau oligomer-induced synaptic dysfunc-
tion. Sci Rep. 2019;9:8228.

Zheng J, Xu M, Walker V, Yuan J, Korologou-Linden R, Robinson J, et al.
Evaluating the efficacy and mechanism of metformin targets on reducing
Alzheimer’s disease risk in the general population: a Mendelian rando-
misation study. Diabetologia. 2022;65:1664-75.

Xu X, Sun Y, Cen X, Shan B, Zhao Q, Xie T, et al. Metformin activates
chaperone-mediated autophagy and improves disease pathologies in an
Alzheimer disease mouse model. Protein Cell. 2021;12:769-87.
Wicinski M, Socha M, Malinowski B, Wédkiewicz E, Walczak M, Gérski K,
et al. Liraglutide and its neuroprotective properties-focus on possible
biochemical mechanisms in Alzheimer's disease and cerebral ischemic
events. Int J Mol Sci. 2019;20:1050.

Wang Y, Hu H, Liu X, Guo X. Hypoglycemic medicines in the treatment
of Alzheimer’s disease: pathophysiological links between AD and glucose
metabolism. Front Pharmacol. 2023;14:1138499.

Wong RSY, Cheong SK. Therapeutic potentials of neural stem cells in
Alzheimer’s disease. Malays J Pathol. 2020;42:157-70.

Duncan T, Valenzuela M. Alzheimer’s disease, dementia, and stem cell
therapy. Stem Cell Res Ther. 2017;8:111.

Tincer G, Mashkaryan V, Bhattarai P, Kizil C. Neural stem/progenitor cells
in Alzheimer’s disease. Yale J Biol Med. 2016;89:23-35.

Bhatti JS, Khullar N, Mishra J, Kaur S, Sehrawat A, Sharma E, et al.
Stem cells in the treatment of Alzheimer’s disease - promises and pitfalls.
Biochim Biophys Acta Mol Basis Dis. 2023;1869:166712.

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda K, et al.
Induction of pluripotent stem cells from adult human fibroblasts by defined
factors. Cell. 2007;131:861-72.

Okano H, Morimoto S. iPSC-based disease modeling and drug discovery
in cardinal neurodegenerative disorders. Cell Stem Cell. 2022;29:
189-208.

Aboul-Soud MA, Alzahrani AJ, Mahmoud A. Induced pluripotent stem
cells (iPSCs)-roles in regenerative therapies, disease modelling and drug
screening. Cells. 2021;10:2319.

Penney J, Ralvenius WT, Tsai LH. Modeling Alzheimer’s disease with
iPSC-derived brain cells. Mol Psychiatry. 2020;25:148-67.
Reza-Zaldivar EE, Hernandez-Sapiéns MA, Minjarez B,
Gutiérrez-Mercado YK, Marquez-Aguirre AL, Canales-Aguirre AA.
Potential effects of MSC-derived exosomes in neuroplasticity in Alzhei-
mer’s disease. Front Cell Neurosci. 2018;12:317.

Guo M, Yin Z, Chen F, Lei P. Mesenchymal stem cell-derived exosome:
a promising alternative in the therapy of Alzheimer's disease. Alzheimers
Res Ther. 2020;12:109.

Ge M, Zhang Y, Hao Q, Zhao Y, Dong B. Effects of mesenchymal stem
cells transplantation on cognitive deficits in animal models of Alzheimer’s
disease: a systematic review and meta-analysis. Brain Behav.
2018;8:€00982.

Qin C, Lu 'Y, Wang K, Bai L, Shi G, Huang Y, et al. Transplantation of
bone marrow mesenchymal stem cells improves cognitive deficits and
alleviates neuropathology in animal models of Alzheimer’s disease: a
meta-analytic review on potential mechanisms. Transl Neurodegener.
2020;9:20.

Lee J, Kwon SJ, Kim JH, Jang H, Lee NK, Hwang JW, et al. Cerebros-
pinal fluid from Alzheimer’s disease patients as an optimal formulation
for therapeutic application of mesenchymal stem cells in Alzheimer’s
disease. Sci Rep. 2019;9:564.

Cone AS, Yuan X, Sun L, Duke LC, Vreones MP, Carrier AN, et al.
Mesenchymal stem cell-derived extracellular vesicles ameliorate Alzhei-
mer’s disease-like phenotypes in a preclinical mouse model. Theranos-
tics. 2021;11:8129-42.

Kim HJ, Cho KR, Jang H, Lee NK, Jung YH, Kim JP, et al. Intracerebro-
ventricular injection of human umbilical cord blood mesenchymal stem
cells in patients with Alzheimer's disease dementia: a phase | clinical
trial. Alzheimers Res Ther. 2021;13:154.



