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Nacional Siglo XXI, Instituto Mexicano del Seguro Social, Mexico

Handling Associate Editor: Jesus Avila

Received 21 August 2023
Accepted 4 December 2023
Published 12 January 2024

Abstract. Dementia is a syndrome in which there is deterioration in memory, behavior, and the ability to perform everyday
activities. Alzheimer’s disease and vascular dementia are the most common forms of dementia. There is evidence supporting
the hypothesis that inflammatory and immune mechanisms are involved in dementia. Microglia, the resident macrophage
tissues in the central nervous system, play a significant role in neuroinflammation and play an important role in amyloid-�
clearance in the brain, and impaired microglial clearance of amyloid-� has also been shown to be involved in the pathogenesis
of Alzheimer’s disease. However, there is also abundant evidence that microglia have harmful actions in dementia. Once
activated, they can mediate uptake at neuronal synapses. They can also exacerbate tau pathology and secrete deleterious
inflammatory factors that can directly or indirectly damage neurons. Thus, depending on the stage of the disease, microglia
can act both protectively and detrimentally. Therefore, it is still necessary to continue with studies to better understand the role
of microglia in the pathology of dementia. Currently available drugs can only improve cognitive symptoms, have no impact
on progression and are not curative, so identifying and studying new therapeutic approaches is important. Considering the
role played by microglia in this pathology, it has been pointed out as a possible therapeutic approach. This manuscript aims
to address the relationship between microglia and dementia and how this relationship could be used for therapeutic purposes.
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INTRODUCTION

Dementia is an umbrella term that includes differ-
ent diseases that are almost all progressive, affecting
memory, behavior and other cognitive abilities, and
that also greatly interfere with the ability of people to
carry out their daily activities [1]. In 2015, dementia
affected approximately 5% of the elderly population
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worldwide; this means that 47 million people lived
with dementia, and there are forecasts that indicate
that in 2050 there will be nearly 152 million of people
with this condition [2, 3].

Dementia is one of the leading causes of disabil-
ity and dependency among the elderly worldwide;
it leads to higher costs for government, communi-
ties, families and individuals; moreover it has a great
impact on various areas of the lives of patients [1]. It
is caused by different diseases and injuries that affect
the brain directly or indirectly, such as Alzheimer’s
disease (AD) or stroke, related to vascular dementia
(VaD). Mixed forms are very common, since the lim-
its between the subtypes are not very clear because
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the diagnosis is clinical, considering symptoms and
patterns of onset and course of the disease [4]. With
60–70% of cases, AD is the most common form [4],
the second being VaD, which represents 17–25% of
dementia cases [5].

Being a complex disease, there are various fac-
tors involved in the pathogenesis of dementia, and
although the causes of neurodegeneration remain
unknown, the role of the immune system has been a
rapidly-expanding field of research [6–8]. Although
there are great differences in the neuropathology of
AD and other dementias of vascular origin, they
share certain characteristics, such as neuroinflamma-
tion and mechanisms related to the immune system,
which have been significantly implicated in the patho-
physiology of both AD and of VaD [9]. Immune
system dysfunction has attracted much attention due
to its correlation with the progression of AD. Clin-
ical and genetic evidence has shown that immune
cells can undergo significant dynamic changes and
perform diverse functions at different stages of the
disease [10]. On the other hand, neuroinflammation is
an immunological cascade reaction that is mediated
by glial cells in the central nervous system (CNS)
where innate immunity is found. Inflammatory reac-
tions can be triggered by various damaging events,
such as infection, ischemia, or hypoxia. Ischemia and
hypoxia produced by long-term chronic hypoperfu-
sion can overactivated neuroinflammation, causing
apoptosis, damage to the blood-brain barrier (BBB),
and other pathologic changes, triggering or aggravat-
ing the onset and progression of vascular cognitive
impairment [11].

Given the implications for both health and eco-
nomics, finding effective treatments against dementia
has been a priority issue; however, it has not had the
desired success. The relationship between microglia
and dementia has been pointed out as a new ther-
apeutic target [6–8]. However, further studies are
needed to understand the spatiotemporal pattern of
neuroinflammation modulated by microglia in the
pathogenesis of vascular dementia [12], and also
to clarify the role of microglia in AD pathology
[13]. This manuscript aims to address the relation-
ship between microglia and dementia, and how this
relationship could be used for therapeutic purposes.

THE GLIAL CELLS IN THE BRAIN

While neurons are the highly specialized cells in
the brain, they are completely dependent on glial

cells. These non-neuronal cells, such as oligoden-
drocytes, astrocytes, and microglia, support essential
brain functions, such as maintaining neurotrans-
mitter communication, metabolism, trophic support,
myelin sheath formation, wound healing and immune
surveillance [14].

Oligodendrocytes are myelinating brain cells that
keep neurons healthy [15]. In addition to providing
insulation to the axons, they provide trophic support,
affect the structure of the axons, and modify their
electrical properties by controlling their diameter and
the grouping of specific ion channels in the nodal
and paranodal region. They are responsible for the
propagation of information at high speed in the axons
of vertebrates [14].

Astrocytes, which constitute about 20–40% of
the brain cells, are the main secretory cells, they
release gliotransmitters, including neurotransmitters.
In an activated state, activated microglia and reac-
tive astrocytes release soluble factors (glutamate,
reactive oxygen species (ROS) and cytokines) that
adversely influence neurons and trigger neuroin-
flammatory signals in them [15, 16]. Due to their
important neuroinflammatory activity, astrocytes are
generally considered another important response to
neurodegeneration [17].

Astrocytic factors help neurons maintain normal
physiological functioning and the maintenance of
cerebral vasculature. Furthermore, astrocytes play an
important role in synaptic pruning due to their phago-
cytic property [18]. Recent evidence suggests that
astrocytes may aid the development of neurodegen-
erative diseases due to their primary role in neuronal
function and metabolism [17].

Microglia act as the first line of defense; is
they are the main brain neuroimmune soldiers, con-
tinually identifying changes in their environment
and responding to toxins, invading pathogens, and
cellular debris [19]. In response to a pathogen,
microglia act rapidly, acquiring different pheno-
types to defend neurons. During neuroinflammation,
reactive microglia and astrocytes secrete soluble
mediators that negatively affect neuronal health and
promote neurodegeneration [15].

Microglia represent 0.5% to 16% of all glial
cells in humans, depending on the region stud-
ied [20, 21]. The microglia have great functional
diversity; some of their characteristics and func-
tions are listed in Table 1. In addition to defending
against infectious pathogens, traumatic brain injury,
and neurodegenerative diseases, microglia contribute
to brain homeostasis. In recent times, there has
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Table 1
Characteristics and functions of microglia

Characteristic Description

Morphological Classified into three types: branched at rest (quiescent),
activated, and amoeboid (phagocytic) [20].

Main function Maintaining homeostasis by removing cellular debris, dying
cells, or misfolded proteins [89].

Other functions It participate in the establishment of normal neuronal
connectivity and critical regulatory processes for CNS
development, such as synaptic pruning [90].
In the developing brain, microglia sculpt neuronal synapses
[88].
In the adult brain, microglia are involved in monitoring
changes in neuronal activity, modulating higher cognitive
functions such as learning and memory, and acting as local
phagocytes and damage sensors in the brain parenchyma
[88, 89].

CNS, central nervous system.

been an increase in research to try to elucidate
the role of microglia in the healthy and diseased
brain, and in aging [19]. Microglial phagocytosis
removes damaged neurons that disrupt the brain,
dying neurons before they become necrotic and
release debris, and dead neurons and their debris,
which are pro-inflammatory and cause brain disrup-
tion [22, 23], and they also have an important role
after a stroke. They have a central role in neuroinflam-
mation and in amyloid-� (A�) clearance in the brain
[24, 25].

One of the main questions regarding the role of
microglia is whether their function is protective or
detrimental against neurodegenerative diseases. With
the existing evidence, it has been concluded that this
depends on the characteristics of the disease, the spe-
cific microglial pathway and the stage of the disease
[26].

Likewise, scientific advances in genetics have
made it possible to identify many genes asso-
ciated with neurodegenerative diseases, allowing
a better understanding of pathological processes
from another perspective. Particularly for AD,
genome-wide association studies (GWAS) and gene
expression studies have pointed to the pathogenic
contributions of microglial cells and prompted stud-
ies of microglial function/dysfunction [26].

ROLE OF MICROGLIA IN AGING

Aging leads to abnormal neuronal activity,
impaired biological function, decreased synaptic
plasticity, deregulation of neuronal Ca2+ home-
ostasis, and inflammation in brain cells; these

characteristics impair mental and physical functions
and contribute to neurodegenerative diseases [27].
Specifically, cellular senescence and chronic inflam-
mation in response to aging are considered indicators
of brain aging and important factors in neurodegener-
ation. Cellular senescence is defined as an irreversible
arrest of the cell cycle caused by various internal and
external factors [28]. Meanwhile, although inflam-
mation is a protective mechanism, inflammation as
a response to cellular senescence and aging turns
out to be harmful since it promotes the aging of the
organism.

During this aging process, damage occurs to the
innate and acquired immune system. An increase in
the expression of proinflammatory cytokines (includ-
ing tumor necrosis factor alpha (TNF-�), interleukin
(IL)-1�, IL-6, IL-8, ROS, C-C motif chemokine
ligands (CCL-2, and CCL-5)), which promote an
inflammatory response [29]. This response chroni-
cally induces neuroinflammation, causing neuronal
damage, which leads to age-related neurodegenera-
tion.

This process is very complex since a vicious cir-
cle is generated, in which the chronic inflammatory
response limits the beneficial functions of microglia
and exerts neurotoxic effects by increasing the release
of inflammatory cytokines and inhibiting neuronal
regeneration. In aging misfolded proteins, cellular
debris and other inflammatory stimuli accumulate in
the brain, which induces continuous stimulation of
microglia and a decrease in the phagocytic potential
and surveillance capacity, triggering an increase in
production of harmful inflammatory substances and
thus promoting aging [27].
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ROLE OF MICROGLIA IN
NEURODEGENERATIVE DISEASES

Microglia-mediated neurotoxic neuroinflamma-
tion is a common feature of several neurodegenerative
diseases, such as AD, Huntington’s disease (HD), and
Parkinson’s disease (PD) [27, 30, 31].

During the initial phases of the diseases, microglia
have a neuroprotective effect by releasing anti-
inflammatory mediators and relieving inflammatory
effects induced by neurotoxicants; however, as the
abnormal accumulation of proteins such as A�,
tau oligomers, �-synuclein, mutant Huntingtin con-
tinues, microglia exhibit neurotoxic effects, where
neuronal apoptosis and neuroinflammation are exac-
erbated, thereby promoting disease progression [27].

Furthermore, microglia in their neurotoxic state
amplify BBB damage by releasing proinflammatory
cytokines and chemokines, such as TNF-�, inducible
NOS and CCL-5, these chemokines induce the infil-
tration of peripheral circulating immune cells into
the brain, which further amplifies the inflammatory
response and causes tissue damage and apoptosis [32,
33].

Therefore, it has been proposed that the regulation
of microglial states in different pathological states can
improve neuroinflammation, thereby slowing disease
progression.

ALZHEIMER’S DISEASE AND
MICROGLIA

As mentioned, AD is the most common type of
dementia; it is a neurodegenerative and genetically
complex disease characterized by progressive mem-
ory loss [34]. AD patients show loss of neurons
and synapses, A� plaques, and intracellular aggre-
gation of hyperphosphorylated tau neurofibrillary
tangles in neurons [35]. A� plaques are generated
by aggregation on A� peptide, synthesized from
amyloid-� protein precursor (A�PP) [36, 37]. On
the other hand, neurofibrillary tangles are the intra-
neuronal accumulation of insoluble aggregates of
tau. Although AD-associated cognitive impairment
is strongly related to A� accumulation and the sever-
ity of tau pathology, the precise relationship between
these two pathological features is still controversial
[38].

It is important to keep in mind that AD is a hetero-
geneous neurodegenerative condition with respect to
the clinical presentation and progression of the AD

pathology. Therefore, it should be considered how the
heterogeneity of the disease and the temporal order
of the neuropathological characteristics of AD impact
on the identification of the objective, the moment of
treatment and the development of therapies to reduce
AD pathologies and address the cognitive symptoms
[34].

In the pathogenesis of AD there are various
etiological and pathogenic factors that have been
described, such as altered calcium homeostasis,
genetic, hormonal, inflammatory or immunological
factors, vascular dysfunction and deregulation of the
cell cycle, which lead to a dysfunction of the neu-
rotransmitter system and consequently to a decline
cognitive [35]. It should also be noted that from the
genetic point of view, AD is a multigenic disorder,
including a range of genetic effect sizes. These vari-
ants range from high penetrance mutations causing
familial AD (such as gene variants in APP, PSEN1,
and PSEN2) and the common APOE �4 allele that
has more impact on sporadic AD risk to variants
with relatively small effects, which have been iden-
tified in GWAS studies, pointing to many genes
related to immune systems, such as SORL1 [39],
CLU /ApoJ [40], ABCA7 [41], CD33 [34], MS4A6A
[42], IL1RAP [43], PLCG2 [44, 45], and ABI3 [42].

Within the immune system, microglia play a
very important role; during the progression of AD,
microglia have a complex role, due to their diverse
phenotypes and the variety of activation pathways
[46]. When damage is perceived, microglia can
rapidly proliferate and change morphology to engulf
foreign substances and dead cells. Also, activated
microglia secrete Il-1�, TNF�, and C1q. These
cytokines induce the activation of A1 astrocytes [32],
a type of astrocytes that has been classified as harm-
ful, since they lose most of the normal functions of
astrocytes, do not have the ability to promote neuronal
survival, growth, synaptogenesis, and phagocytosis,
and have the capacity to produce the death of neurons
and oligodendrocytes [47]. This type of astrocytes is
very present in human neurodegenerative diseases,
such as AD, HD, PD, and multiple sclerosis [32].

Therefore, in the early stages, microglia are bene-
ficial, eliminating A� plaques and secreting trophic
factors to promote tissue repair and protect dam-
aged neurons [20]. However, in later stages, the
excessive accumulation of abnormal proteins and
increased senescence cause changes in the brain
microenvironment, microglia become more sensi-
tive to inflammatory stimuli, there is a secretion of
large amounts of cytokines and further promoted
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the production of A� and the activation of many
inflammatory pathways, such as NOD-type recep-
tor family and pyrin structural domain 3-containing
(NLRP3) inflammatory vesicles, again favoring the
release of proinflammatory cytokines and accelerat-
ing neurodegeneration [48, 49].

As the phagocytic activity of microglia is affected,
an abnormal accumulation of A� also occurs, which
accelerates the processing of A�PP, thereby exac-
erbating neuronal damage and promoting disease
progression [50].

On the other hand, the presence of tau pro-
motes the senescence of microglia, which also
causes a reduction in their phagocytic function and
after phagocytosing neurons carrying tau aggregates,
microglia begin to release insoluble tau aggregates.
And begins to damage neighboring microglia [51,
52]. A unique innate and adaptive immune response
has also been reported in mice with tauopathy [53]; a
notable increase in T cells, especially cytotoxic ones,
was observed in areas with tau pathology, correlat-
ing with the degree of neuronal loss. Depletion of
microglia or T cells blocks tau-mediated neurode-
generation.

As the condition worsens, the inflammatory
response persists and overexposure to oxidation cre-
ates a neurotoxic environment, excess A� and tau
proteins cause redox imbalance, neuroinflammation,
iron overload, oxidative stress, and reduce the release
of neurotrophic factors, which accelerates the reduc-
tion of neuronal cells and increases the aggregation of
A� and tau proteins and accelerate the pathological
progression of AD, forming a vicious circle [54, 55].

VASCULAR DEMENTIA AND
MICROGLIA

VaD is the result of general and local effects of vas-
cular disease, which cause a direct alteration in the
flow of blood vessels in the brain [56]. VaD includes
a wide range of clinical symptoms, depending on the
causes and location of the damage [57]. The etiol-
ogy of VaD includes large and small vessel damage,
small vessel disease of the brain being the most com-
mon cause [5]. Based on imaging and pathologic
changes, vascular dementia is classified into several
subtypes, including multi-infarct dementia, strategic
infarct dementia, small vessel dementia, hypoper-
fusion dementia, hemorrhagic dementia, hereditary
vascular dementia, and AD with vascular disease
[12].

Some of the risk factors for cerebrovascular
disease, and therefore VaD as well, are circu-
lating factors such as plasma total cholesterol,
low-density lipoprotein cholesterol, or diseases such
as diabetes mellitus, hypertension, atrial fibrillation,
hypercholesterolemia, atherosclerosis, and smoking.
Genetic factors may influence the degree to which
these risk factors contribute to cognitive decline [5,
56, 57].

Various factors are involved in the pathogenesis of
dementia, and although the causes of neurodegenera-
tion have not yet been fully elucidated, the role of the
immune system has been a rapidly expanding field
of research [58]. During the early phase of vascu-
lar injury, chemokines generated by endothelial cells
attract microglia into the vessels, thus performing a
beneficial function, maintaining the integrity of the
BBB. However, sustained inflammation causes the
microglia to change from a protective to a deleteri-
ous phenotype. The alteration of the BBB is increased
by generating proinflammatory cytokines and phago-
cytosing axons and astrocytic ends [59].

Undoubtedly, microglia play a significant role
within the brain microenvironment, perform several
functions, have highly dynamic motility, and interact
with various cell types in response to environmental
stimuli. However, the spatiotemporal pattern of neu-
roinflammation modulated by microglia within the
pathogenesis of vascular dementia is still not clear.

PHARMACOTHERAPY

Until the past decade, there were only two classes
of drugs approved for dementia, specifically for AD:
cholinesterase inhibitors and N-methyl-D-aspartate
receptor antagonists (Table 2) [60, 61]. Although
they do not provide a cure, their purpose is to sta-
bilize cognitive and functional status, providing the
secondary benefit of potentially reducing behavioral
problems associated with dementia [61]. Although
some of these drugs are used off-label for other types
of dementia, the mainstay of treatment for vascular
cognitive impairment is reducing the risk of systemic
vascular disease and the use of neuro-drugs such as
cholinesterase inhibitors [62]. Reducing the risk of
stroke at the population level provides a promising
opportunity to also reduce the rate of dementia, given
that stroke doubles the risk of developing dementia
[63] and 90% of strokes are considered preventable
[64–66].
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Table 2
Currently approved drugs and drugs in the approval process for Alzheimer’s disease

Drug Type of drug and target therapeutic Regulatory status

Donepezil Acetylcholinesterase inhibitor. It increases the
availability of acetylcholine in the synapse [91].

It is approved for use in mild, moderate, and severe
AD.

Off-label indications: LBD, traumatic brain injury,
VaD and dementia associated with PD [91].

Galantamine Acetylcholinesterase inhibitor and it is an allosteric
potentiator of �4�2 and presynaptic �-7 nicotinic
acetylcholine receptors [92].

It was approved by the FDA in 2001 for the
treatment of mild to moderately severe AD.

Iff-label uses: VaD, dementia associated with PD,
FTD, dementia associated with multiple sclerosis,
among others [92].

Rivastigmine Acetylcholinesterase inhibitors [93]. It was approved by the FDA in 1997, and it is
indicated to treat mild to moderate dementia of the
AD type.

Other indications: mild to moderate dementia that is
associated with PD [94].

Memantine Memantine exerts its therapeutic effect by being a
low to moderate affinity non-competitive NMDA
receptor antagonist.

It was approved in 2002 in Europe and in 2003 In
the USA to treat moderate-to-severe AD [95].

Aducanumab It is a monoclonal antibody that attaches to A�
which forms plaques in the brains of people with
AD, and therefore it is intended remove the A�
plaques [72, 73].

The FDA approved it through the Accelerated
Approval pathway on June 7, 2021 [70, 71]

The EMA refused the marketing authorization in
December, 2021; the company withdrew the
marketing authorization application on April 20,
2022 [73].

Lecanemab It is a humanized immunoglobulin gamma 1
monoclonal antibody directed against aggregated
soluble and insoluble forms of A� [75].

The FDA approved it on Jan 6, 2023 through the
Accelerated Approval Program, it is expected to get
conventional approval from the FDA and is under
review by the EMA [74–76], from the NMPA from
China in December, 2022 and by Health Canada
[96]. In Japan, it is in priority review by the PMDA
[97].

A�, amyloid-beta; AD, Alzheimer’s disease; EMA, European Medicines Agency; FDA, Food and Drug Administration; FTD, frontotemporal
dementia; LBD, Lewy body dementia; NMDA, N-methyl-D-aspartate; NMPA, National Medical Products Administration; PD, Parkinson
disease; PMDA, Pharmaceuticals and Medical Devices Agency; VaD, vascular dementia.

Therefore, the search for new treatments and ther-
apeutic strategies with the aim of stopping the course
of the disease continues with some urgency; these
new treatments have been developed considering the
neuropathological complexity, and some are directed
at multiple targets and with the intention of being
administered in the initial phases of the disease.
Thus, it is also important to develop new diagnostic
techniques to identify the disease in its early stages
[67]. Most of the research has focused on therapies
directed against A�, mainly immunotherapies, others
directed at decreasing the production of A�, through
the inhibition of �- and �-secretase, and also therapies
directed at the tau protein [68].

Although many challenges remain to be resolved,
immunotherapy has emerged as a very promising
treatment option, as it includes disease-modifying
drugs by targeting A� [69], which has been con-
sidered the main hallmark of AD and, although
controversially, the cause of cognitive decline. Efforts
to develop new drugs against the disease appeared to

pay off on June 7, 2021, when the Food and Drug
Administration (FDA) approved aducanumab (mar-
keted as Aduhelm) through the Accelerated Approval
pathway [70, 71]. aducanumab is a type of human
monoclonal antibody that can selectively interact
with A� aggregates, including soluble oligomers and
insoluble fibrils, by attaching to A�, Aduhelm was
expected to help remove the plaques from the brain
and delay the worsening of the disease [72, 73]. Since
2003, Aduhelm was the first novel therapy approved
for AD, it was the first treatment directed at the under-
lying pathophysiology in AD, the A� plaques in the
brain. Clinical trials of Aduhelm have shown a reduc-
tion in these plaques, which is expected to lead to
a reduction in the clinical deterioration of this dev-
astating form of dementia [70, 71]. Despite FDA
approval, the European Medicines Agency (EMA)
recommended a denial of marketing authorization in
December 2021. The EMA considered that although
Aduhelm reduces A� in the brain, the link between
this effect and clinical improvement had not been
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established; it mentioned that the results of the stud-
ies were conflicting and did not convincingly show
the efficacy of Aduhelm for the treatment at early-
stage of AD. Also, the studies did not show that the
drug was safe enough. For this reason, the company
that owns the molecule withdrew the EMA marketing
authorization application for Aduhelm on April 20,
2022 [73].

Lecanemab (marketed as Leqembi) following the
same pathway of Accelerated Approval as Aduhelm,
and got its approval on Jan 6, 2023, and it is expected
to get conventional approval from the FDA in the
summer of 2023, and is under review by the EMA and
other institutions [74–76]. Lecanemab is a human-
ized immunoglobulin gamma 1 (IgG1) monoclonal
therapy that targets both soluble and insoluble aggre-
gated forms of A� [75]. Leqembi is indicated for
the treatment of AD, in patients with mild cognitive
impairment or mild dementia stage of disease [74].

The search for drugs has mainly focused on drugs
designed to reduce or remove A� plaques that are
found around neurons and the tau protein; how-
ever, considering the little success obtained, in recent
decades research has been promoted to find other pos-
sible therapeutic approaches, such as inflammation,
infection and immunity, and plasticity and neuropro-
tection in the clinical stage; these 2 groups represent
the largest proportion of pathways that have been
explored [54, 72].

MICROGLIA AS A THERAPEUTIC
TARGET

Derived from the evidence of the participation
of microglia in neurodegenerative diseases, differ-
ent therapeutic strategies aimed at this objective have
been tested. The tests have been carried out at the
cellular level, in studies in animal models and even
in clinical trials [77]. Modulation of inflammation is
the most used strategy and has been tested in con-
ditions such as AD, PD, HD, amyotrophic lateral
sclerosis, frontotemporal dementia, multiple system
atrophy, and progressive supranuclear palsy. Other
strategies have also been tested, such as the inhibition
of the synthesis and secretion of microglial exosomes,
alterations in microglial metabolism, alterations in
the microglial phenotype, and activation of TREM2.

Particularly with dementia, some immunomod-
ulators have been tested; however, some of
these small molecules have short retention in
the brain [78]. Synthetic macromolecular chem-

ical reagents have difficulty crossing the BBB,
which is why their application is limited. There-
fore, reagents that are able to cross the BBB
and have immunomodulatory functions have signif-
icant potential in AD therapeutics [54]. Zhong and
colleagues [54], in an APP/PS1 model mice, devel-
oped Prussian blue/polyamidoamine (PAMAM)
dendrimer/Angiopep-2 (PPA) nanoparticles that can
regulate the mitophagy of microglia as a potential
AD treatment. PPA nanoparticles show high BBB
permeability and are capable of scavenging ROS
and restoring mitochondrial function of microglia.
The nanoparticles effectively reduce neurotoxic A�
aggregate and rescue the cognitive functions in the
model mice.

In addition to the development of nanoparticles
capable of crossing the BBB, other molecules, and
other techniques capable of modifying microglial
function, have also been tested (Table 3). Until
now, most have been preclinical studies. Alternatives
include transcranial alternating current stimulation
(tACS) [79] and the administration of homotaurine,
which is not yet authorized as a new AD drug,
but its use in the treatment of cognitive decline
symptoms and for prevention of AD is still consid-
ered promising, and it is currently under analysis as
a nutraceutical [80]. These alternatives have been
tested in humans, but trials were intended as pilots
and given the limited sample of participants, more
studies are needed. Also, there is also a phase 3 study
of Masitnib, which has proven to be beneficial for
patients with mild to moderate AD, and a confir-
matory study is currently underway, which includes
biomarker outcomes [81].

DISCUSSION

Despite the great economic, social and health
impact that dementia has on patients and their
caregivers around the world, currently, pharma-
cotherapeutic options are limited, and are aimed at
improving cognitive and behavioral symptoms. Until
a couple of years ago, there were only two classes
of drugs available, cholinesterase inhibitors and N-
methyl-D-aspartate (NMDA) receptor antagonists,
neither of which has evidence that they are capable
of stopping or reversing the progress of the disease
[60, 61]. In addition, the prescription of these medica-
tions should be regularly evaluated and discontinued
when dementia is considered to have progressed to
the point where the patient is totally dependent for all
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Table 3
New microglia-related treatment proposals for AD

Prussian blue/

polyamidoamine

dendrimer/Angio-pep2

nanoparticles

4D9, a rat IgG2a

monoclonal antibody

CBD isolate intraperitoneally Peripheral IL-33,

pleiotropic cytokine

Murine recombinant

IL-33 via

intraperitoneal

Model APP/PS1 mouse model Mouse model 5xFAD transgenic mice. AD mouse models APP/PS1 transgenic

mice

Result The nanoparticles can

cross the BBB with

high efficiency,

exerting synergistic

effects of eliminating

ROS and restoring the

mitochondrial function

of microglia, thus

exhibiting efficient

neuroprotection, and

rescuing the cognitive

functions of AD mouse

model [54].

4D9 activated

TREM2-dependent

phospho-SYK

signaling in a

dose-dependent

manner and enhanced

TREM2 function

resulting in increased

phagocytosis of A�

and myelin in vitro

[84].

CBD was reported to elevate

IL-33 and TREM2 expression in

glial cells while suppressing

proinflammatory IL-6

expression in peripheral blood

leukocytes in proportion to

cognitive improvement. With

increased TREM2 expression,

amyloid reduction was observed

within brain tissue, suggesting

that CBD may reduce amyloid

production and/or aid in amyloid

removal.

Therefore, CBD may represent a

safe and effective therapy

against cognitive decline, in part

by modulating glial cell

functions [85].

It was observed that

microglial

phagocytosis and A�

degradation are

enhanced. In addition,

IL-33 treatment

modifies microglia/

macrophages to an

alternate activation

phenotype, resulting in

a reduced

proinflammatory

response in AD mouse

brains, and an

enhancing effect on

synaptic and memory

functions has been

observed [82].

A� pathology was

reported to be

ameliorated by

reprogramming

microglial epigenetic

and transcriptomic

profiles to induce a

microglial

subpopulation with

enhanced phagocytic

activity, resulting in

increased A�

clearance. Through a

PU.1-dependent

transcriptional

pathway, PU.1

coordinates the

transcriptional

program during

antigen presentation,

hematopoiesis, and

microglial

development [83].

Studies involving human subjects

40 Hz (gamma) tACS administered 1 h daily for

2 or 4 weeks.

Homotaurine tablets (a natural amino acid first

identified in different species of marine red algae)

Masitinib, a tyrosine kinase inhibitor, orally

administered

Participants Mild to moderate AD Amnestic MCI (14 participants) Study randomized, controlled, phase 3 trial.

Results Repeated sessions of gamma tACS produced a

significant increase in cerebral blood flow in the

temporal lobes, without showing significant

adverse effects. 40 Hz tACS could interfere with

the pathophysiological cascade of AD by

modulating interneuron activity that contributes

to global network dysfunction and by activating

microglial waste removal and/or restoring

perfusion in cortical areas deteriorated to ensure

an adequate amount of nutrients and clearance of

toxic products [79].

This study shows that after 12-month

supplementation, the patients increased serum

levels of the anti-inflammatory cytokines IL-33

and IL-10, which in turn appears related to

improved episodic memory performances. In

addition, a decreased circulating level of the

pro-inflammatory cytokine IL-18 was observed.

Homotaurine is a GABA-receptor agonist and

GABA-mediated mechanisms are both crucial

for learning and memory tasks and are able to

suppress the inflammatory response of astrocytes

and microglia [80].

This study is the first successful randomized,

controlled, phase 3 trial in AD of a tyrosine

kinase inhibitor, targeting innate immune cells. It

has been suggested that mast and/or

macrophage/microglia are in mild-to-moderate

AD, by switching the neuroimmune system from

a neurotoxic state towards a neuroprotective

state, changing the neuronal microenvironment.

The results indicate that masitinib

(4.5 mg/kg/day), as an adjunct to cholinesterase

inhibitor and/or memantine, could benefit

patients with mild-to-moderate AD, and a

confirmatory pivotal study, including biomarker

outcomes, has been initiated [81].

5xFAD, five AD-linked mutations transgenic mice; A�, amyloid-beta; AD, Alzheimer’s disease; APP/PS1, mice model that contain human
transgenes for both APP and PSEN1; BBB, blood-brain barrier; CBD, cannabidiol; GABA, gamma-aminobutyric acid; IL, interleukin; MCI,
mild cognitive impairment; ROS, reactive oxygen species; SIK, spleen associated tyrosine kinase; tACS, transcranial alternating current
stimulation; TREM2, triggering receptor expressed on myeloid cells 2.
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daily activities and it is no longer possible to maintain
functional and cognitive status, or when the adverse
effects outweigh the beneficial effects [61].

The growing research for the development of new
drugs has led to promising immunotherapies that
include disease-modifying drugs aimed at A� [69],
such as Aducanumab and Lecanemab, both of which
were approved by accelerated pathway by the FDA
[70, 71]. Aducanumab has not been without contro-
versy regarding its efficacy and even its safety, and
even the company that owns the molecule withdrew
the EMA marketing authorization application for
Aduhelm in 2022 [73]. On the other hand, Lecanemab
is close to obtaining approval through the conven-
tional route by the FDA and by other regulatory
authorities.

However, it is important to emphasize that these
new options are indicated for initial stages of the
disease, and even considering these new options, the
options are limited. Therefore, the priority remains 1)
to develop biomarkers or new techniques that allow
an earlier diagnosis of the disease and 2) to continue
the search for new therapeutic options.

There is another important reason why the devel-
opment of therapeutic strategies for dementia is
complicated, and it is due to the multifactorial and
multigenetic nature of the condition itself. With sci-
entific advances and genetic data analysis techniques,
it has been possible to more fully understand the role
played by the immune system in the development
of dementia, especially the importance of the proper
functioning of microglia.

Taking this into account, efforts have been made
to better understand the role of microglia and thus
find strategies that lead to stopping the progress of
the pathology. Table 3 lists some of the studies that
have sought to influence microglia to find an effective
treatment against AD progression (see Fig. 1). One
approach that has been evaluated is the direct addition
of IL-33, with positive results; it was observed that
microglial phagocytosis is enhanced and A� clear-
ance increased [82, 83]. Also, a monoclonal antibody,
4D9, and a cannabidiol isolate have been tested in
mouse models, as both modify TREM2 and lead to
increased A� phagocytosis [84, 85].

However, these studies have been carried out in ani-
mal models, and it is necessary to remember that there
are significant differences between human and rodent
microglia, especially when comparing microglia in
diseased human brains with decades of development
of a disease phenotype, while in the case of rodents
the disease phenotype in microglia develops in weeks.

Therefore, extrapolation of results from rodent mod-
els to elderly humans needs to be taken with caution
[86]. Also, in table 3, articles of research carried out
in humans are cited, where tACS and a nutraceutical
are tested [79, 80]. Sprugnoli et al. [79], consider-
ing that AD is associated with alterations in cortical
perfusion, and that recently, neuronal activity in the
gamma band has been identified as a driver of arte-
riolar vasomotion, coupled with the fact that it has
been shown that the exogenously induced increase in
gamma oscillations (specifically at 40 Hz) promotes
microglial activation and causes subsequent reduc-
tion of A� and p-tau deposits in a mouse model of
AD, described the study in which the objective was
to translate into humans the preclinical findings of
40 Hz gamma stimulation in animal models of AD
by means of tACS applied to a sample of 15 patients
with mild to moderate AD. Nevertheless, both this
and the study with homotaurine, which was carried
out on 14 participants, are pilot studies with a very
small sample, so they should be carried out with more
participants.

But there are also studies of drugs in more
advanced stages, as is the case of Masitinib [81], a
tyrosine kinase inhibitor, that has demonstrated neu-
roprotective action in neurodegenerative diseases via
inhibition of mast cell and microglia/macrophage
activity, and in a previous phase 2 trial, a slower
progression was observed in mild-to-moderate AD
patients [87].

Finally, it is important to mention that although
most of the efforts and attention to search for thera-
peutic targets and alternatives are focused on AD, and
although the pathophysiology of the different types
of dementia seems very different, it is also known that
the immune system and neuroinflammation interact
in an important way among different neurodegenera-
tive diseases. However, it is also important to continue
investigating the impact that the special characteris-
tics of different diseases have on how the microglia
response is triggered.

However, the role played by microglia in the patho-
genesis of dementia is still unclear, as their action
benefits or harms the evaluation of the disease, and to
date, studies have indicated that its effect will depend
on the stage in which the disease is found [88].

CONCLUSION

Despite the impact of dementia both in the field of
health and in society, the efforts to find a treatment
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Fig. 1. Beneficial effects of therapeutic strategies developed against AD related to microglia. Once A� plaque begins to proliferate, the
microglia rapidly become activated, change shape, and begin to phagocytose harmful substances, but also begin to phagocytose neurons.
There is loss of neurons and synapses, accumulation of A�, neurofibrillary tangles, and ROS. Different strategies targeting microglia have
been tested, which have shown different beneficial effects. Angiopep-2 nanoparticles exerting synergistic effects of eliminating ROS and
rescuing the cognitive functions. 4D9, a monoclonal antibody, enhanced TREM2 function resulting in increased phagocytosis of A� and
myelin in vitro. Cannabidiol elevated IL-33 and TREM2 expression in glial cells while suppressing proinflammatory IL-6 expression in
peripheral blood leukocytes in proportion to cognitive improvement and amyloid reduction was observed. With the administration of IL-
33 treatment was observed that microglial phagocytosis and A� degradation are enhanced. Repetitive sessions of gamma tACS lead to a
significant increase in cerebral blood flow in the temporal lobes, which contributes to global network dysfunction and by activating microglial
waste removal and/or restoring perfusion in cortical areas deteriorated to ensure an adequate amount of nutrients and clearance of toxic
products. Finally, Homotaurine shows increased serum levels of the anti-inflammatory cytokines IL-33 and IL-10 in the patients, which in
turn appears related to improved episodic memory performances. Created with BioRender.com.
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continue without bearing fruit; to date the approved
drugs only act on some symptoms, but do not cure
or slow down the evolution of the pathological pro-
cess. Although some promising immunomodulatory
therapies have emerged, following conflicting results,
some molecules are withdrawing their application for
authorization at the EMA or are awaiting conven-
tional approval by the FDA and other institutions.

For these reasons, the search for new strategies
continues to be a priority issue and a challenge for
the scientific community. Since the immune system,
and in particular, the malfunctioning of microglia, has
been identified as a key factor in the development of
dementia, it has been pointed out as a possible thera-
peutic strategy for this pathology. Although there are
some proposals aimed at microglial regulation, they
are still in preclinical stages or require further studies
for their evolution; however, with aspects still to be
resolved, the results have been promising.

Advances towards understanding the pathological
mechanisms of dementia allow us to identify the
metabolic pathways involved and their possible link
with the design of new therapeutic strategies, recog-
nizing the importance of comprehensive treatment of
complex pathologies, such as dementia.
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[85] Khodadadi H, Salles ÉL, Jarrahi A, Costigliola V, Khan M,
Yu JC, Morgan JC, Hess DC, Vaibhav K, Dhandapani KM,



56 J.S. Alavez-Rubio and T. Juarez-Cedillo / Microglia as a Possible Alternative Therapeutic for Dementia

Baban B (2021) Cannabidiol ameliorates cognitive function
via regulation of IL-33 and TREM2 upregulation in a murine
model of Alzheimer’s disease. J Alzheimers Dis 80, 973-
977.

[86] Walker DG (2020) Defining activation states of microglia
in human brain tissue: An unresolved issue for Alzheimer’s
disease. Neuroimmunol Neuroinflammation 7, 194-214.

[87] Piette F, Belmin J, Vincent H, Schmidt N, Pariel S, Verny M,
Marquis C, Mely J, Hugonot-Diener L, Kinet J-P, Dubreuil
P, Moussy A, Hermine O (2011) Masitinib as an adjunct
therapy for mild-to-moderate Alzheimer’s disease: A ran-
domised, placebo-controlled phase 2 trial. Alzheimers Res
Ther 3, 16.

[88] Bartels T, De Schepper S, Hong S (2020) Microglia mod-
ulate neurodegeneration in Alzheimer’s and Parkinson’s
diseases. Science 370, 66-69.

[89] Udeochu JC, Shea JM, Villeda SA (2016) Microglia
communication: Parallels between aging and Alzheimer’s
disease. Clin Exp Neuroimmunol 7, 114-125.

[90] Pierre WC, Smith PLP, Londono I, Chemtob S, Mallard C,
Lodygensky GA (2017) Neonatal microglia: The corner-
stone of brain fate. Brain Behav Immun 59, 333-345.

[91] Kumar A, Gupta V, Sharma S (2023) Donepezil. In Stat-
Pearls Publishing, https://www.ncbi.nlm.nih.gov/books/
NBK513257/, Accessed on August 17. 2023.

[92] Kalola UK, Nguyen H (2023) Galantamine. In Stat-
Pearls Publishing, https://www.ncbi.nlm.nih.gov/books/
NBK574546/, Accessed on August 17. 2023.

[93] Kandiah N, Pai M-C, Senanarong V, Looi I, Ampil E, Park
KW, Karanam AK, Christopher S (2017) Rivastigmine:
The advantages of dual inhibition of acetylcholinesterase
and butyrylcholinesterase and its role in subcortical vascu-
lar dementia and Parkinson’s disease dementia. Clin Interv
Aging 12, 697-707.

[94] Patel PH, Gupta V (2023) Rivastigmine. In Stat-
Pearls Publishing, https://www.ncbi.nlm.nih.gov/books/
NBK557438/, Accessed on August 17. 2023.

[95] Lo D, Grossberg GT (2011) Use of memantine for the treat-
ment of dementia. Expert Rev Neurother 11, 1359-1370.

[96] Health Canada acepta la presentación de un nuevo fármaco
para lecanemab como tratamiento para la enfermedad
de Alzheimer temprana | Biogen, https://investors.
biogen.com/news-releases/news-release-details/health-
canada-accepts-new-drug-submission-lecanemab-
treatment, Accessed on June 7, 2023.

[97] Lecanemab Receives Priority Review Status in Japan |
Biogen. https://investors.biogen.com/news-releases/news-
release-details/lecanemab-receives-priority-review-status-
japan, Accessed on June 7, 2023.


