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Abstract

Objectives: To outline the underlying pathophysiology and biochemistry in Alzheimer’s disease (AD) development and
progression, and then focus on microglial effect on AD microenvironment with exploitation of microglia as a promising approach
to the development of effective therapeutic for AD.

Design: In this review, a search of the literature up to December 2020 in Scopus, Web of Science, Medline, and PubMed
were included, using search terms that include AB peptide deposition, AB42 protofibril, senile plaque, hyper phosphorylated
tau, neurofibrillary tangles, degenerated neurons, neurodegeneration, Microglia phenotype, microenvironments, physiological
functions, phagocytosis, neuroinflammation, atrophy, frontal lobe, temporal lobes, proteolytic degradation, Biochemical
imbalances, proinflammatory mediators, intracellular molecules, redox signalling molecules, Angiotensin 1 converting enzyme 1,
single nucleotide polymorphisms, blood brain barrier, perivascular drainage, Low density lipoprotein receptor-related protein-1,
interstitial fluid, P-glycoprotein, cerebral amyloid angiopathy, Ubiquitin-proteasome system.

Result: Success in developing an effective therapeutic approach of AD is limited due to incompleteness of our knowledge on the
biochemical and physiological effects of the initial insult inflicted by Ap peptide deposition and senile plaques in the extracellular
space. Moreover, the complexity of AD is increased by the secondary insult caused by the spatiotemporal progression of intra-
neuronal fibrillary tangles of hyper-phosphorylated tau. Taken together, these insults contribute greatly to neurodegeneration and
cognitive malfunction.

Conclusion: There is no effective treatment and no known stimulus for effective repair of degenerated neurons, neuro-
regeneration, or prevention of neuronal death. Microglia is the main innate immune cells of the brain and detects changes in the
local microenvironments to maintain normal physiological functions. Changes in the microenvironment (e.g., infection, ischaemic
injury, AR species, AB-plaque, tau proteins, proinflammatory mediators), soluble factors released from neurons and astrocytes,
intracellular molecules, redox signalling molecules, and metabolic shift-mediated proteins negatively impact microglial clearing
processes, such as change in phenotype, morphology, and proliferative responses. An imbalance in microglia phenotypes occurs
in AD with AD progression and these results in increased microglia-derived neuroinflammatory activities.
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Amyloid precursor protein (APP) is expressed in neurons in response to
damaging agents. APP has a protective function to counter the damage;
however, if APP protective function fails and neurons die, APP breakdown
products misfold and lead to amyloid deposition [6]. Germline mutations
in APP impair APP protective roles, and thereby lead to increase in
neuronal loss in response to damage [6]. Beta secretase-1 (BASE-1) and
y-secretase are the main enzymes involved in the proteolytic production
of AP from APP via the amyloidogenic and non-amyloidogenic pathways
(Figure 1).

Introduction
Alzheimer’s disease

AD is the most common form of dementia and is characterized by
AP peptide deposition, which develops into senile plaque (SP) in the
extracellular space, hyper phosphorylated tau, which develops into
neurofibrillary tangles (NFTs) in the intracellular space and atrophy
of the frontal and temporal lobes [1]. Conformational changes in AP
peptides results in accumulative self-aggregation and tau protein hyper-
phosphorylation leads to B-pleated sheet formation and subsequent NFTs
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[2]. Physiological homeostasis of excess neural AP occurs via various
processes, including proteolytic degradation and clearance [3]. If these
processes are dysfunctional, Ap may become aggregated and contribute
to NFT [4] and subsequent neuronal cell death and inflammation.
Compounding this, the aggregated AP can induce the MI1-dominated
polarization of the microglia phenotype, which release proinflammatory
mediators and free radicals that inhibit neuronal repair and regeneration
[5]. The perturbed microenvironment becomes exacerbated by a cyclical
process of inflammation and further plaque and tangle formation
culminating in the development and progression of AD.
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Figure 1: Proteolytic production of AP from APP. The N-terminus of
APP lies within the extracellular fluid while the C terminus lies within
the cytosol, a clear liquid portion of the cytoplasm (Figures 1A-B). APP
proteolytic processing consists of 2 major pathways [amyloidogenic
(abnormal), which generates AP and anti / non-amyloidogenic (normal),
which prevents AP generation]. In amyloidogenic pathway, p-secretase
cleaves a soluble large portion of ectodomain of APP (sAPPP) from
cells and retains membrane bound-C-terminal fragments (BAPPCTE).
y-secretase cleaves PAPPCTF within the hydrophobic regions of the
cell membrane and liberates AP peptides between 38-43 residues into
the ECF (plasma and CSF) where it slowly builds up to form amyloid
plaques (figure 1A). In non-amyloidogenic pathway, y-secretase cleaves
APP in the middle of Ap (removing sAPPa from cells) and this generates
truncated a APPCTF which lacks amino terminal portion of AP domain.
y-secretase cleaves aAPPCTF and this leads liberation of truncated Af
(p3) which is pathologically irrelevant (figure 1B).

AP42 and AP40 are the main species in the proteolytic processes. Ap42
is critical to deposition of AP and it is an initiator of AD pathogenesis.
AP40 is neuroprotective against AB42 toxicity and oxidative damage
(induced by metal) [6]. Presenilin 1 and 2 (PSEN1 and PSEN2) are vital
components of y-secretase complex. In all familiar Alzheimer’s disease
mutations, AP42 is increased while AB40 is decreased [6]. Study in PSEN
mutated animal model has shown that Ap42/AB40 ratio is elevated and
microgliosis is decreased [7]. Thus, reducing the levels of toxic Ap42 or
AP42/AB40 ratio may be a therapeutic potential for AD. In clinical trials,
many y-secretase inhibitors have been designed, but none of them was
succeeded [8,9]. Besides, level of AP42 and AP42/AP40 ratio could be
reduced by converting AB42 to AP40 after AP production.

Degradation of naturally secreted AP by ACE: clinical

implication of ACE inhibitors

Angiotensin 1 converting enzyme 1 (ACE1) is a peptidase. ACE inhibitors
are used in the treatment of hypertension, heart failure, and chronic
renal disease [10]. Hypertension is one of the vascular risk factors in AD.
ACE cleaves dozens of different peptide substrates [11]. ACE has been
reported to convert AP42 to AB40 in the human brain [6]. According
to GWAS, patients with clinical late onset AD are reported to have ACE
mutations [12]. Furthermore, single nucleotide polymorphisms rs4343
and rs4351 in ACE haplotype have a 45-fold higher risk of developing
AD [13]. Replacement of CNS-microglia with ACE-overexpressing cells
nearly results in complete elimination cerebral AP burden, astrocytosis,
and full protection of cognitive functions in murine AD, like the levels
seen in the wild-type mice [14,15]. Therefore, selective higher levels of
ACE are potentially therapeutic [16]. ACE can destroy amyloidogenic
peptides such as non-fibrillar and oligomeric Ap structures (which can
migrate into the brain) in peripheral inflammatory cells and strongly
supports cognition [17]. Thus, this calls an attention to potential neuro-
pathological consequences of ACE inhibitors. To date, the relationship
between ACE and microglia is not elucidated.

In addition to degradation of naturally secreted AP, Neprilysin (NEP)

has AB-degrading activity and reportedly degrades Ap in blood. Higher
level of NEP in the brain could have a therapeutic potential in AD
treatment. However, NEP does not cross the BBB easily, its transport
from the blood into murine and rat brains is facilitated by brain shuttle
modules such as transferrin receptor (TfR) single chain Fab antibody
and TfR monoclonal antibody OX26 [18,19]. It has been demonstrated
in vivo that the amount of NEP in AD mice (APP/PSI, 8-month old)
is significantly higher compared to the age-matched wild type mice
[20]. Conversely, the levels of NEP may be negatively related to age or
AD severity, with levels of NEP in APP/PS1 significantly decreased in
the hippocampus after 6-month age compared to 3-month APP/PSI or
6-month wild type [21]. Recently, Kai-Xin-San (KXS, a Chinese herbal
extract used to treat deficit in memory, amnesia) has been revealed to
increase NEP expression and thus enhance AP degradation in mice
hippocampus [22]. Further research is required to establish the exact
role that NEP plays in AD progression and APP clearance. Moreover,
Insulin degrading enzyme (IDE) is a zinc endopeptidase in the cytosol,
peroxisomes, mitochondria, and at the cell surface of neurons, astrocytes,
microglia [23]. In APP/PS1 AD mice, IDE is significantly lower at
10-month age compared to 4-month age compared to the wild type mice
[20]. This is similar to another study which reported a significantly lower
level of IDE in APP/PS1 AD mice hippocampus compared to the wild
type mice at 10 month and 18-months of age [24]. In contrary, in vivo
and in vitro evidence has shown that growth differentiation factor-15
(GDF-15) increases IDE expression in microglia cells via TGF receptor
type IT (TGFBRII) [23].

Internalisation of intraneuronal AP from Interstitial fluid impacts
cellular apoptosis

The physiological homeostasis of AP critically depends on A clearance
[25]. Neurons eliminate AP via cellular uptake by internalization
and lysosomal degradation. Disturbances in the internalisation of
neuronal AP leads to accumulation and aggregation of AP, which
results in synaptic injury and eventually neuronal death. Low density
lipoprotein receptor-related protein-1 (LRP-1) controls AP uptake and
consequent degradation in their postsynaptic regions and cell bodies
[26]. LRP-1 is in cells such as brain capillary endothelial cells, vascular
cells, microglia, glia cells, and liver [27,28]. Liu et al. (2017) showed
that LRP-1 deletion in astrocytes reduces AP uptake, downregulate
key AB-degrading enzymes (such as IDE), decreases A degradation,
and thereby worsen AP accumulation in APP (KM670/671NL) and
PS1 (AE9) mice [29]. Furthermore, deletion of LRP-1 in APP/PSI
mice increases the half-life of AP in the interstitial fluid (ISF) in the
cortex, aggravates AP pathology [29]. Dynamin is a protein, which is
critical to endocytosis. It has been demonstrated in vivo and in vitro
that, following internalisation, AP can be exocytosed via exomes to a
neighboring neuron. Pharmacological inhibition of dynamin-mediated
internalisation leads to accumulation of AP on cell surface and loss of
transneuronal A transmission [30]. Internalised AP can be degraded
in the lysosome. However, AP aggregation can occur when lysosome-Afp
degradation capacity is saturated due to uncontrolled accumulation of Ap
and/or the degradation pathway is altered. Subsequently, intraneuronal
AP aggregation and accelerate intraneuronal A deposition occurs [31].
Spreading of intraneuronal AP aggregate may spread through neuronal
connections and thus, contribute to propagation of AP aggregation
and neuronal toxicity [26,30]. Protofibrils are elongated cluster of cells,
which grows into fibril (Figure 2).

Intraneuronal aggregation of protofibrils in endosomes and lysosomes
induces membrane leakage, which results in cytosolic acidification and
apoptosis [32]. Soluble AB42 aggregate (such as AP42 protofibrils and
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AB42 oligomers) in ISF activates microglia. Based on A structure and
degree of oligomerisation, microglia internalise AB42 (using receptors
such as scavenger receptors, complement receptor, signal regulatory
protein-P1 receptor, P2Y4 receptor, CD36, a6p1 integrin, and CD47)
and transports it to the lysosome [33]. Microglia significantly internalise
AB42 protofibril than AP42 monomers and AP42 fibril [34]. Microglia
will rapidly internalise AP protofibrils in a process that depends on time,
concentration of A protofibrils in the ISE and secretion of TNF-a. At
a concentration of 2 uM of both AF488-Ap protofibrils and AF488-Af
monomers, primary microglia internalise, at 24 hours via pinocytosis,
high level (>95%) of AF488-Ap protofibrils compared to low level of
AF488-Ap monomers. As the concentration increases to 10 pM (but
AF488 stoichiometry in AP monomers is 4X AF488 in AP protofibrils),
primary murine microglia internalise higher AF488-Af protofibrils
levels and lower AF488-Ap monomers levels into their cytosols at 5 min,
and also secretes TNF-a at the same period (5 min) [33-35]. Within the
cytosol, AP protofibrils were dense and spread throughout the cytosols
and only few AP protofibrils are transported to the lysosome. This means
that AP protofibrils are not degraded and cleared after internalisation by
primary murine microglia [33].
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Figure 2: LRP1-mediated AP clearance pathways. AP is predominantly
generated in neurons and secreted into ISE. Proteolytic degradation by
endopeptidases (e.g., NEP and IDE) is a major AP clearance pathway.
Cellular AP also plays a vital in eliminating Apfrom the brain. LRP1
significantly controls AP endocytosis and subsequent lysosomal
degradation. LRP1 is expressed in brain cells such as neurons, astrocytes,
microglia, endothelial cells, vascular smooth muscles, and pericytes.
In brain parenchyma, neurons, astrocytes, and microglia can take
up and degrade AP mainly in lysosomes. ISF is drained along the
cerebrovasculature, where A is degraded by vascular cells. A portion of
APmay be transported out of the brain through the BBB. Disturbances
of these pathways induce APaggregation and deposition as AP plaques
in brain parenchyma, perivascular regions as CAA and sometimes also
inside neurons as intraneuronal Af .

anpu adeuisisod

Reduced AP clearance via the BBB into the plasma negatively impacts
transporter profile of BBB and weakens the perivascular drainage

LRP-1 is negatively charged (receptor) and attracts (for) negatively
charged ligands such as AP, a2-macroglobulin (a2M), ApoE in the
presence of calcium ions [28]. a2M is a glycoprotein and an extracellular
chaperone in plasma, CSE, and ISF: a2M traps proteases and thereby
becomes activated to inhibits protein aggregation. When o2M is
activated, it opens its receptor binding site for LRP-1 [36]. ApoE gene
is the strongest genetic risk of late onset AD [37]. When AP binds with
a2M or ApoE, a2M or ApoE undergo conformational change and binds
with LRP-1 or LRP-2, which transport AP to the apical membrane

of the endothelial cells, where transporters such as ANP-sensitive
transporters, insulin-sensitive transporter, and ABC transporter (such
as P-glycoprotein, P-gp) are located [38,39]. P-gp is a crucial protein
and efflux transporter (in the plasma membrane of the brain capillary
endothelial cells), which transports AP out of the brain across the BBB to
the blood [38,40] (Figure 3).
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Figure 3: AP can be transported bi-directionally through BBB by
receptors. In normal healthy conditions, efflux of Ap is regulated by the
receptors in the endothelium. After binding with ApoE or a2M, AP can
be transported LRP1. If AP binds with Apo], Ap is transported by LRP2.
Other receptors that regulate efflux of AP include ABC transporter,
insulin-sensitive transporter, and ANP-sensitive transporter. In
addition, AP can be transported to the perivascular spaces and effluxed
via perivascular drainage. During efflux of AP, little influx of AP is
regulated by RAGE and OATP. In cerebral amyloid angiopathy (CAA)
pathological condition, the transporter profile of the BBB is changed: the
efflux receptors are decreasing, and the influx receptors are increasing.
This decreases AP clearance and increases AP deposition on the vessel
wall. Consequently, this creates changes in the cerebrovascular basement
membrane and weakens the perivascular drainage. These result in
aggregation of AP in the blood vessels, and thereby aggregating CAA.

Storck et al. (2016) reported a significant reduction in: efflux of Ap42
out of the brain endothelial cells, plasma AP levels, and learning and
memory by deleting LRP-1 in brain endothelium of C57BL/6 mice and
5xFAD mice compared to the control [41,42]. The mechanism of decline
in learning and memory could be a proportional association between
NMDAR and LRP-1. LRP-1 deletion leads to degradation of NMDAR.
Although MEOX2 gene controls LRP-1 expression at the BBB, recent
study in AD mouse model has shown that haploinsufficiency of MEOX2
gene does not affect AP plague deposition and glia activation, however,
there are higher level of neuronal cell loss and significant decreased
level of micro vessels in the brain region, which holds the Ap plague
[43]. Furthermore, LRP-1 might promote AP clearance via other ApB-
binding proteins such as heparan sulfate proteoglycans [44]. APOE-
AB interaction regulates aggregation of AB. Therefore, low level ApoE
directly impacts A plaque development, CAA, and Tau pathology [37].
ApoE4 genotype is the most potent genetic risk factor of early onset
of AD [45]. Lack of ApoE4 promotes AP oligomerisation. It has been
demonstrated in vivo and in vitro that oligomers of AP and Tau are
most neurotoxic species in AD and their level of toxicity is correlated
with cognitive decline, compared to the burden of AP plague or NFT
[46]. PS1 (E280A) mutation leads to AP aggregation, which typically
causes clinical onset of mild cognitive impairment (MCI) and dementia
in patients at the median ages of 44 and 49 years [47,48]. Interestingly,
APOE3ch variant protein significantly reduces the development of
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AB42 monomer into AP42 aggregate compared to a wild type APOE3
[37,47]. According to a study carried out in Columbia, a patient with
PSI (E280A) mutation also has additional homozygous expression of the
rare Christchurch APOE3 mutation, R154S (APOE3ch), which resist the
effects of the PS1 mutation because the patient did not develop MCI until
her seventies except slight tau pathology [47].

Impact of AP40 on P-gp reduction through ubiquitin-
proteasome system at BBB in AD

Carrano et al. (2014) shows that AP deposit significantly reduced P-gp
levels in the microvessels of AD human brain with CAA compared to
healthy individual and AD patients without vascular AB deposit [49].
In mild and advanced AD patients, P-gp is reduced at the BBB of the
brain region (such as hippocampus, frontal and posterior cingulate
cortices, and parietotemporal) that are vital for memory formation.
[50]. However, the mechanism by which P-gp is reduced at BBB in AD
is unclear. Ubiquitin-proteasome system (UPS) is a primary degradation
system in the nuclei and cytoplasm of eukaryotic cells. UPS offers
fundamental molecular machinery for short-lived protein degradation,
modulate vital cell functions (such as inflammation, differentiation,
cell cycle, cell signalling during stress), and maintains a dynamic
physiological homeostasis [51,52]. UPS facilitates removal of damaged
proteins (soluble) and degradation of short-lived regulatory proteins
via two basic stages, ubiquitination, and proteolytic degradation of
ubiquitinated proteins [51]. Ubiquitination is an ATP dependent stage,
which occurs when a polyubiquitin chain attaches (covalently) with a
lysine residue of substrate (proteins). This represents a recognition signal
for degradation of ubiquitinated proteins. Degradation of ubiquitinated
proteins involves three enzymes viz: ubiquitin-activating enzymes (E1),
ubiquitin-conjugative enzymes (E2), and ubiquitin ligases (E3). When
ubiquitin enzymes assemble (minimum of four) on a substrate (protein),
a polyubiquitinated substrate is formed. Proteasome recognise, unfold,
degrade the polyubiquitinated substrate, and this subsequently results
in generation of short peptides and amino acids. The short peptides
and amino acids later recycle for new protein synthesis [53]. P-gp is a
substrate for Ubiquitin ligase NEDD4-1. Ubiquitin ligase NEDD4-1 is
elevated in the brain capillaries of hAPP (Tg2576) mice at 9-month-
old: thus, Ubiquitin ligase NEDD4-1 may be responsible for decrease
in P-gp [54]. Recently, AB40 has been found to mediate P-gp reduction
at BBB through ubiquitin-proteasome system in AD. AB40 triggers
ubiquitination, internalisation, and proteasomal degradation of P-gp at
BBB in rat brain capillaries and in AD patients. These result in decreased
P-gp expression and transport function [40,55].

Clearance of AP via bulk flow from ISF into the blood (Perivascular
drainage) aggravate of CAA and neuronal death in AD

Moreover, AP could also be cleared from the brain ISF into the CSF
via the perivascular Virchow-Robin arterial spaces by a physiological
mechanism called bulk flow. AP is then drained into the blood across
the arachnoid villi [56]. In the blood, AP is cleared by red blood cells
and monocytes: AP also binds with soluble LRP-1 on the kidney and
liver cells, which also clear A [56]. Any alteration to these mechanisms
could change the profiles of receptors in the BBB either by decreasing the
efflux receptors and increasing the influx receptors, which all lead to a
decrease in AP clearance and an increase in AP deposition on the vessel
wall. These negatively impact cerebrovascular basement membrane and
weaken perivascular drainage and results in aggregation of AP in blood
vessels, which in turn is exacerbating CAA in AD [33,39]. Deposition of
AP in the tunica media and adventitia of the arterioles and/or capillaries
of the cerebral cortex and leptomeningeal contributes to cases of cerebral
amyloid angiopathy (CAA) in AD [57,58]. Vascular wall of CAA

consists of AB40 deposits [39]. The use of anti-Ap immunotherapies
in the treatment of AD has failed because the deposition of AP in the
cerebrovascular pathway causes 221 further damage to blood vessels, and
thereby exacerbates CAA [39]. Microglia activities in scavenging for Af
still occur but chronic neuroinflammation due to increased neurotoxic
chemicals (such as TNF-a) produced by microglia results in inevitably
neuronal death [56].

Transport of AP from the blood into the brain

RAGE is a multiligand receptor (located at the BBB), whose level of
expression is determined by the concentrations of its ligands. RAGE is
involved in the influx (take up) of A from the blood into the brain ISF
across BBB [59]. That is, RAGE transport AP in an opposite direction
to LRP1. Higher RAGE expressions in AD have been reported to
enhance the activities of 3-and/y-secretases, and these processes result
in pathogenesis of A generation [60]. Thus, RAGE is identified as a key
therapeutic target in AD [61]. Azeliragon (TTP488), a small molecule
inhibitor of RAGE, has been shown to decrease AP plagues, total AP
brain concentration (but increase plasma A level), SAPPp (but increase
sAPPa) and level of inflammatory cytokines in preclinical animal models
of AD (tgAPPSwedish/London) [62]. According to a phase 2b study in
mild AD patients, Azeliragon (5 mg/day) delays time to cognitive decline
[62]. Microglia is also activated following interaction of Ap with RAGE
[63].

Misfolded aggregated proteins alter microglia clearing potentials in AD

Glial cells are called neuroglia. Glial cells occupy about half of the space
in the brain because they do not have extensive branching like neurons
[64]. Glia cells do not conduct nerve electrical signals. They protect
and nourish the neurons; determine the growth and effective synapses
of neurons; maintain the composition of the fluid surrounding the
neurons in the nervous system; support the neurons both physically and
chemically through processes needed for cell survival. The glia cells in the
CNS are astrocytes, oligodendrocytes, ependymal cells, and microglia.

Discussion
Microglia

Microglia is involved in the pathophysiology of AD, where microglia
regulates AP pathology and Tau pathology [65]. Microglia play role
in pruning surplus dendrites, clearing dead neuroblasts, and actively
participates in adult hippocampal neurogenesis [66]. In healthy
brain, microglia are not resting, microglia constantly survey their
microenvironment to maintain normal physiological homeostasis [67].

Development and function of microglia

Microglia is a form of neuroglial cells located in the brain parenchyma
[68]. According to Bar and Barak, 2019, microglia is the third element
glia cells in the central nervous system (CNS) and exhibits physiological
functions such as phagocytosis, synapse formation, myelination,
plasticity, and cognition [69]. The CNS contains 5%-12% microglia cells.
Microglia is resident immune cells of the brain and is made up of 10%-
15% of the glial cells in adult brain [70]. During embryo development,
microglia initially surround neuroepithelial cells (which form the wall of
the closed neural tube), and later enters the neuroepithelial cells, where
they spread non-uniformly throughout the brain parenchymal. At this
stage (embryonic stage), microglia are located in the VS and SVS, where
they regulate the size of the precursor cell pool [71]; in newly forming
blood vessel for angiogenesis [66]; near dying cells in the choroid plexus
and developing hippocampus for phagocytic activities [72] and; close to

J Community Med Health Educ, an open access journal
ISSN: 2161-0711

Volume 12 « Issue 8 « 1000767



Citation: Owoola AG, Fernandez F, Griffiths LR, Broszczak DA (2022) Healing the Chronic Wound in Alzheimer’s Disease Brain: Early Targeting of Microglia as a

Promising Strategy. J Comm Med Health Educ 12: 767.

Page 5 of 13

developing axons to promote and develop axonal pruning and/or axonal
growth and guidance mechanism [73]. Studies have shown that Yolk-sac
derived microglia enter the brain at early embryonic stage in rodents
[72] and humans [74]. Development of microglia involves three stages:
early stage (E10.5-E14), pre-(E14-P9), and adult (4 weeks above).

During this development of microglia, microglia expresses different sets
of genes (which relate to their specific stage activities in the brain) to
perform three essential functions: nurturer functions, sentinel function,
and warrior functions [75]. The nurturer functions are housekeeping
functions, which include synaptic pruning and remodelling (vital
for development of CNS, homeostasis such as microglia-astrocyte
interaction homeostasis, and neurodegeneration) and migration for
phagocytosis of dead or dying cells or debris. The genes encoding for
synaptic pruning and remodelling C1q and Cx3crl. TGFfr encodes for
homeostasis, chemokine receptor encodes for migration, and Trem2 and
scavenger receptors encode for removal of apoptotic neurons (Figure 4).
The sentinel functions are sensing of the microglia microenvironment,
using a sensome gene which encodes proteins that control microglia
sensing activities (Figure 4). The warrior functions are basically defence
against infectious pathogens and AP via microglia Fc receptors, TLRs,
and antimicrobial peptide (Figure 4).

Murturer (brown colored m ia)

Chemaoking receptors (lor migration)
Sentinel
Sensome ger ole: trol

Micraglia ser

- el receplors
mn = RNS and RDS formation

Figure 4: Developmental functional states of microglia. In healthy state,
microglia in the nurture state are ramified and spread evenly in the
brain parenchyma. They participate in synaptic pruning, remodelling,
and migration via a specific receptors and receptor-linked pathways.
In sentinel state, microglia is in constant motion, surveiling their
microenvironments. Their sensing function is encoded by sensome
genes, which controls sensing activities / function of microglia. In
warrior state, the warrior (microglia) defends their microenvironments
against infectious pathogens and injurious-self proteins such as AP via
microglial Fc receptors, TLRs, and antimicrobial peptides.

Therefore, alteration in microglia environment can negatively affect the
specific time of microglia development plans and thus disrupt brain
development, which may cause neuropathology. Microglia enhances
development of CNS and promotes neuronal survival (via microglial
secretion nerve growth factors and fibroblast growth factors), and
synaptogenesis. Trem2 is part of the microglia sensate [76] and has affinity
for ligands such AP, dead neurons, damaged myelin, sphingomyelin,
ApoE, and phosphatidylserine [77,78]. Trem2 is a cell surface receptor,
which is found on microglia in the brain [79]. Trem2 gene translates
an innate immunity receptor of the immunoglobulin family and it is
located on chromosome 6 in humans and chromosome 17 in mouse
[80]. According to GWAS, Trem2 is a major risk factors in late-onset
AD. Trem2 mutation is associated with a 3.0-to 4.5 increased AD risk.

Trem?2 AD risk is as high as AD risk associated with ApoE4 [81]. Carriers
of Trem2 variants have a faster rate of cognitive dysfunction and this
suggest that Trem2 could influence progression of AD [82].

Microglia and neuroinflammation

Neuroinflammation or all form of inflammation is a physiologic
immune response, which designated to protect the body from harm,
coming from both endogenous and exogenous sources [67]. Initially,
neuroinflammation is a protective response in the brain. Microglia cells
regulate neuroinflammatory responses in connection to the conditions of
the diseased brain [83]. Inflammatory cytokines are excessively expressed
in proximity to AP plaques with NFT, exacerbate neuroinflammatory
processes, and thereby cause cytotoxicity [84]. During the initial AD
pathology, microglia and astrocytes are activated and this activation is
beneficial because they are clearing AP [85]. However, as AD progresses,
activated microglia generate abnormal high levels of proinflammatory
cytokines (such as TNF-a), neurotoxic factors (such as ROS), and
neurotoxic factors (such as ROS), which all block neuronal regeneration
[86]: this also destroys tissues (neurodegeneration) in the surrounding
brain regions [85,87]. This results in decrease microglial clearing
potential. As AP accumulation increases due to decline microglial
clearing activities, microglia releases more and more proinflammatory
cytokines [85]. Destruction of nearby neurons creates astrogliosis
(reactive astrocytes or abnormal increase in the number of astrocyte).
Reactive astrocytes receive gain of toxic function and thereby undergo
loss of neurotrophic functions with neurotoxic effects. Astrocyte
dysfunction results in increased release of cytokines and inflammatory
mediators, neurodegeneration, decrease glutamate uptake, loss of
neuronal synapses, and eventually cognitive decline in AD [85].
Reactive gliosis, which surrounds AP plaques, is the characteristics of
neuroinflammation. Uncontrolled long-term (chronic) glia activation
and pro-inflammatory cytokine production enhances neurodegenerative
processes such as cognitive dysfunction and AD.

M1 microglia phenotype and damages to neuronal cells

At basal level in the CNS, pathological conditions such as AB-plaques,
infection, and brain trauma are considered as harmful stimuli to the
microenvironment of brain cells. Microglia is the first responder to
harmful stimuli. When microglia recognise (using their receptors such
as toll-like receptors, TLRs, and nucleotide-binding oligomerisation
domains, NODs) any of these harmful stimuli during their sensing
and housekeeping physiological functions, microglia become activated
[85,88]. Microglia then respond to the harmful stimuli by producing a
high level of proinflammatory cytokines such as IL-1p, IL-6, IL-12, IL-
23, STAT3, TNF-q, interferon-y (IFN-y) plus cytotoxic molecules such
NO (produced from inducible nitric oxide, iNOS, in the presence of
Arginine) and ROS in order to destroy invading harmful stimuli: this also
damages neuronal cells in the microenvironment [67]. These activated
microglias are scavengers and are called M1 microglia phenotype [89].
They denote the first line of defence because they secret proinflammatory
cytokines and cytotoxic molecules, which destroy invading harmful
stimuli. The production of proinflammatory cytokines is critical for
M1 phenotype [85]. Other physiological mechanisms involved in the
control of M1 phenotype are autocrine and paracrine of microglia. Once
the harmful stimuli have been dealt with, this response is protective
and downregulated. To restore homeostasis in brain cells and their
microenvironment, an M2 phenotype, also called alternative phenotype
(anti-inflammatory phase), needs to be consecutively activated. The M2
phenotype effect tissue repair and wound healing [67,89] and inhibit
production of proinflammatory cytokines [85]. Otherwise, unregulated
production of proinflammatory cytokines and cytotoxic molecules will
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occur. This can result in progressive cell death and tissue damage.
Therefore, it is vital that the cells can switch from proinflammatory M1
mode to M2 phenotype to ensure clearance of debris and extracellular
debris deposition for tissue repair. In AD microglia M1 phenotype is
pathogenic [90,91] (Figure 5).

Loss of neurans

Figure 5: Pathogenicity of M1 phenotype results from physiological
imbalances between M1 phenotypic activities and M2 phenotypic
activities. The production of proinflammatory cytokines is critical for
M1 phenotype. Other physiological mechanisms involved in the control
of M1 phenotype are autocrine and paracrine of microglia. Once
the harmful stimuli have been dealt with, this response is protective
and downregulated. To restore homeostasis in brain cells and their
microenvironment, an M2 phenotype, also called alternative phenotype
(anti-inflammatory phase), needs to be consecutively activated. The
M2 phenotype effect tissue repair and wound healing, and inhibit
production of proinflammatory cytokines. Otherwise, unregulated
production of proinflammatory cytokines and cytotoxic molecules will
occur. This can result in progressive cell death and tissue damage.

M2 microglia phenotype and AP deposits

The M2 microglia phenotype is also called alternative M2 mode of
microglia function. Microglia M2 mode of action has been associated
with neurogenesis, angiogenesis, anti-inflammation and restoring
homeostasis, degradation of AR deposits, wound repair, and debris
clearance [92,93]. One of the best biomarkers of M2 microglia is
arginase 1 (Argl). Argl converts arginine to polyamine, proline, and
ornithines, which are all extracellular matrix protecting proteins for
wound healing and matrix deposition: Agrl level is reduced in AD
mouse model [94]. It is interesting to remember that the same, substrate
(Arginine) is used in the conversion of iNOS to NO. Therefore, Agrl
can outcompete iNOS to downregulate NO production [67]. Therefore,
iNOS and Agr1 are set of biomarkers, which can convert M1 phenotype
to M2 phenotype. The M2 microglia phenotype also produce IL-10 to
downregulate inflammatory cells, heparin-binding lectin (Ym1) with
IL-10, IL-13, and TNF- to repair wound, and higher level of receptors
(such as scavenger receptors) for phagocytosis of cellular debris
[92,93]. In both in vitro and animal model, overexpression of IL-4 and
treatment with exogenous IL-4 enhance M2 phenotype, with a reduced
A deposit [94].

Three subtypes of M2 microglia have been suggested, including M2a
(anti-inflammatory phenotype, which express CD206, Fizz-1, Argl,
and Ym1 and heal wound); M2b (inflammation modulatory phenotype,
which express IL-10 and COX2) and; M2c (immunosuppressive
phenotype, which express CD163) [95]. Moreover, mixed transitional
phenotype of microglia (Mtran) has also been proposed. Mtran co-
express M1 markers (iNOS and IL-12) and M2 markers (TGF-p and

Argl) [96]. 1t is difficult to differentiate between M1 or each M2
subtype in vivo and in vitro. Recently, technical advancement such as
fluorescent analysis, cell sorting, and single-cell RNA-seq analysis have
helped to establish microglia-specific genes compared to genes specific
to macrophages and other glia [97]. M1 or M2 microglia phenotypes,
however, do not exactly or absolutely match transcriptome microglia
classification [98]. This is because M1/M2 polarisation is a view, which
is derived from periphery, and this may not translate into CNS [99].
For instance, M1/M2 transcriptome microglia classification does
not explain the function of proliferating microglia [100]. Recently,
microglial heterogenicity has been reported in young mice: according
to immunoregulatory and bioenergetics-related transcripts, there is
greatest convergence between cerebellar and hippocampal microglia
compared with cortex and striatum. Aging was associated with
decreased differences between hippocampus compared with cortex or
striatum [101]. The reasons or impact of these changes in microglial
heterogeneity in space or time is unclear. Functional classification (use
in this review for activated microglia) of microglia is either neurotoxic
(M1) or neuroprotective (M2). This functional classification of
microglia is useful for illustrating the pathophysiology of inflammatory
and degenerative CNS disorder.

Microglia-Ap interactions in AD

During sensing brain microenvironment, microglia sense Af, binds
with AP via their pattern recognition receptors (PRRs) such as TLRs,
SRs, and complementary receptor 3 (CR3), clears excess AP, and
removes injurious agents [102,103]. Chronic activation of microglia
M1 phenotype can exacerbate M1 mode of action because too much
cytotoxic factors are produced [104]. This occurs when the pathological
conditions are becoming more pronounced for a long period of time,
probably due to mutation or loss of normal clearance (across the BBB)
of the AP [105]. Thus, this consistent AP production induces chronic
AB-microglia interaction, which results in more AP deposition. In this
case, microglia produce a continuum of highly excess proinflammatory
cytokines (IL-1B, IL-6, and TNF-a, interferon-y (IFN-y)) and
neurotoxic factors (NO and ROS) [67], which all become accumulated
and reduce the capacity of microglia to clear AP. This results in
neuronal damage [106]. It has been reported that inhibition of NO
prevents spatial memory dysfunction in AD animals [107]. In addition,
AP fibrils activate leucine-rich repeat-and pyrin domain-containing
3 (NLRP3) inflammasome located in the microglia and astrocytes.
NLRP3 recruits caspase-1 through interaction with homotypic caspase
domain (CARD) during inflammasome assembly [108]. The CARD
binds with AP and this causes AP aggregation, which results in AP
seeding and consequently development of AP plague [109]. This triggers
the maturation of proinflammatory cytokines such as IL-1p with TNF
and produces neurotoxic reactive oxygen species (ROS). Higher level
of proinflammatory cytokines bind to their receptors on neurons, glia
cells, endothelial cells. Higher level of proinflammatory cytokines also
induce other cytokine to initiate Th-cell signalling, thereby triggering
a complex spectrum of signalling events, which result in exacerbation
of inflammatory cascade responses within the brain and the spinal cord
and early loss of synapse [110].

Microglia-Tau interactions in AD

In cognitively healthy individuals, NFTs are usually located in the medial
temporal lobe. Tau tangle progresses into the limbic and neocortex with
the existing AP plague exactly correspond with cognitive impairment
[111]. It has been demonstrated that AP plaques drive the spread and
formation of p-tau and AD progression by facilitating local tau seeding
in dystrophic neurites in mice model [112, 113]. Microglia restrict
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peri-plaques neuritic dystrophy [114]. In AD, M1 microglia sense and
clear tau in their microenvironments to prevent tau toxicity [115,116].
When M1 microglia is activated, microglia produces proinflammatory
cytokines, which increase tau phosphorylation [117]. This initiates
the spread of tau pathology and a self-spreading loop, which reaches
the highest level in severe AD [118]. Higher level of micro-vesicle Tau
protein have been reported in the in the CSF and blood of AD patients
[119,120]. Immunosuppressant drug, FK506, decreases the activation of
proinflammatory microglia without any detrimental effect in lifespan of
mice. These suggest that microglia can mediate tau toxicity. According to
Nash et al. (2013) and Bemiller et al. (2017), dysregulation of fractalkine
(Cx3crl) and Trem?2 pathways lead to dysregulation of microglia host-
defense pathway in tau mouse models. This distorts neuroinflammatory
response, and thereby results in neuronal damage and loss [121,122]
(Figure 6).

Pyroptosis
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Figure6:NLRP3inflammasomeactivation-mediated neuroinflammation.
AP fibrils activate NLRP3 located in the microglia and astrocyte. This
triggers the maturation of IL-1P and induces pyroptotic cell death.
Higher levels of IL-1p bind to their receptors on neurons and endothelial
cells and induce other cytokines to initiate Th-cell signalling, thereby
triggering a complex spectrum of signalling events, which result in
exacerbation of inflammatory cascade responses within the brain and
the spinal cord.

These studies suggest that reactive microglia is involved in the initiation
and amplification of immune response, which eventually worsens
the neurodegenerative conditions. Indisputably, an increased level of
proinflammatory cytokines and chemokines has been observed in the
brain and the cerebrospinal fluid of AD patients [123].

Microglia as neuronal killers

Several pathways are activated when ligands such as AP and infectious
pathogens bind with microglia. In response to A, microglia releases
their proteases such as cathepsin, which causes apoptosis of neurons
and metalloproteases which cause neuronal injury in hypoxia-ischemia.
NADPH produces superoxide which is converted into hydrogen
peroxide via extracellular superoxide dismutase or reacts NO to produce
peroxynitrite. This leads to cell cellular necrosis or apoptosis [124].
Microglia also directly release glutamate or overexpress iNOS and
thereby causing excitotoxic neuronal death [125]. Microglia could also
damage neurons via indirect pathway which entails microglial release
of TNF-a (which stimulate NMDA receptor), microglial reduction of
nutritive BDNF and IGF [124] and microglial reduction in phagocytosis
of debris dead cells and abnormally accumulated proteins [126] (Figure
7).
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ROS—sFunctional alleram: in cellular lipids, proteins, and DNA
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Overexpression of INOS — Inhibiting mitochondria cyclochrome oxidase

Release of glutamate ———Excitotoxic neuronal death

Figure 7: How microglia damage or kill neurons. When ligands such as
AP and infectious pathogens bind with microglia, several pathways are
activated. NADPH oxidase produces superoxide and derivative oxidants.
iNOS produces nitric oxide and its derivatives. Glutamate, cathepsin B,
and other proteases are released. Phagocytic killing of stressed neurons
takes place. Oxidative lipid damage reduces membrane fluidity and
membrane potential and increases ion permeability. These result in
organelle swelling, loss of membrane depolarisation, and rupture of the
plasma membrane, leading to necrosis. Microglia also utilise indirect
means to kill and damage neurons via release of TNF-a, which stimulates
NMDA receptor activity, or reduced production of nutritive BDNF and
IGE. However, microglia killing is not continuous because they have
many immunological checkpoints, which prevent their overreaction
to external stimuli. These checkpoints include (a) Trem2 checkpoints,
which mediates sensing, housekeeping, host defence microglial functions
(b) Cx3crl checkpoints, which regulates sensing and housekeeping
microglial functions (c) The progranulin checkpoints, which
regulate housekeeping function. Trem2 deletion decreases: microglia
phagocytosis, proliferation, survival and increases proinflammatory
cytokines and reactive nitrogen species [127]. However, it is unclear how
the actions of protective microglia and Trem2 variants (which interrupt
microglia) contribute to AD risk and AD progression. In mouse and
human models of AD with risk allele Trem2R47H, decrease level of
Trem?2 reduces microgliosis, which surrounds Ap-plaques and thereby
increases neuritic dystrophy around plaques [128-130]. Therefore,
increased accumulation of dystrophic neurons in Trem2 mutant mice
is due to decreased clearance of AB-plaques by microglia, not increased
neuronal death. This is because microglia form a physical barrier to
prevent plaque expansion and protect neurons [131]. TRem?2 also affect
tau seeding and spread. Study of AP and tau aggregation in mouse model
reported decrease Trem2 and Trem2R47H variant levels. This increases
predisposition of tau seeding and spread in dystrophic neurons that
surround AB-plaques. Microglia and Trem2 are critical connection
between AP and tau pathologies. Trem2 increases microgliosis to Ap.
This means that Trem2 probably contains toxic AP-42 species, which
promotes microgliosis to AP and thus prevents early tau seeding events.
Therefore, Trem2 function in microglia restricts Ap-plaque-induced
tau pathogenesis in AD. Disruption of Cx3crl checkpoint does not
increase risk of developing AD, but alters AD courses in animal models.
However, disruption of progranulin checkpoints increases the risk of AD.
Disruption of any of these pathways results in initiation or exacerbation
of neuro-degenerations.

Therapeutic approaches for modulating microglia phenotypes

At present, there are no treatment option to restore degenerated neurons,
induce neuroregeneration, or prevent neuronal death in AD. Current
drugs only limit the level of neuroinflammation in AD patients [132],
reduce symptoms, and increase quality of life for AD patients. Gene
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therapies such as viruses (which overexpress ABCA7, BDNF or IL4),
recombinant proteins such as soluble TREM2 (STREM2), IL-4, IL-10,
IL-13, and TGF-P, Etanercept (a TNF-a-antagonist fusion protein),
and cell therapies (M2 microglia and macrophages) has been used as
therapeutic measures.

Recent clinical trial has demonstrated the potential of gene therapy
to treat AD [133]. For instance, the role and mechanism ATP-binding
cassette transporter A7 (ABCA7) in AD development is unclear. Li
et al. (2016) demonstrated that ABCA7 overexpression improves
cognitive behaviour and neurotoxicity of AD mice, using a lentiviral
vector mediating ABCA7 gene [134]. The latest gene therapy advances
entail novel vectors (for better delivery of therapeutic material), which
includes plasmid transfection, nanoparticles, engineered microRNA
and in vivo CRISPR-based therapeutics [133]. The methods utilise viral
vectors, which involve combining a therapeutic RNA and retrovirus
RNA to create a recombinant RNA [133]. The recombinant RNA
endosome enters the cell through endocytosis: the endosome breaks
down and releases the recombinant RNA in the target cell. The RNA is
converted into DNA (therapeutic DNA), which is incorporated into the
genome to undergo transcription and translation, and eventually express
protein of interest [133]. STREM2 decreases during AD progression.
It is high at the early (asymptomatic) stages of AD [134]. STREM2
promotes microglia inflammatory responses and shield microglia from
apoptosis. STREM2 could be an immunomodulatory neurodegenerative
biomarker because concentrations of STREM2 in CSF correlate with
neuronal injury markers such as total tau and phosphor-tau. Direct
stereotaxic injection of recombinant STREM2 protein into 5Xfad mouse
model reduces AP pathology, improves cognitive and synaptic function
[135]. However, these therapeutic approaches are limited because of
inefficacy to cross the BBB. Certain small-molecule compounds have
been reported to control the phenotypic functions of microglia and
exert neuroprotection against neurodegenerative diseases such as AD
in animal models. Understanding the underlying mechanisms of action
and identifying the target proteins of these compounds could be critical
in designing better chemical modulators of microglia polarisation and
effective neuroprotective drugs.

A balance in microglial M1/M2 phenotypes is implicated in AD and this
results in increased microglial neuroinflammatory activities. Microglia
phenotypes can be switched from one phenotype to another, using the
following as mediators: (1) microglia microenvironment such infection,
AP deposition, proinflammatory mediators such as TNF-a, nitric oxide,
IL-P1 and ischaemic injury (2) soluble factors released from neurons
and astrocytes (3) intracellular molecules such as nuclear receptors
[peroxisome proliferator-activated receptor (PPARy and PPARSJ),
retinoid X receptor (RXR)], redox signalling molecules [NOX,, hypoxia-
inducible factor (HIF)-1a], metabolic shift-mediated proteins, and NF-
KB signalling molecules [136].

Nuclear receptor

Nuclear receptors (NRs) are a class of intracellular proteins (about
48), which convert an external signal, in form of a ligand, to a
transcriptional output. NRs act as sensors for their respective ligands
[137]. PPARs constitute a family of ligand-activated NRs, which belong
to steroid superfamily is a nuclear hormone receptor [138]. PPAR is key
regulator of M2 phenotype in microphage and microglia [139]. PPAR is
neuroprotective because its activation increases phagocytic uptake AP
plaques in AD mouse model [140]. Similarly, use of pioglitazone (PPARy
agonist) could switch proinflammatory M1 to anti-inflammatory M2
microglia. For instance, pioglitazone markedly decreases the levels of
soluble and insoluble AP and reverses the cognitive deficits in 12-month-

old APP/PS1 mice [141]. Besides, pioglitazone normalises higher
phosphorylation of CRMP2 proteins and p35 proteins in the cerebellum
[141]. According to Song et al., 2016, N-carbamolylated urethane
compound (SNU-BP) is a novel PPARy agonist, and it inhibits LPS-
induced proinflammatory cytokine and nitric oxide production. In an
LPS-injected mouse model, SNU-BP also exhibit anti-neuroinflammatory
effects through M1/M2 switch [142]. Bexarotene is RXR agonist, and has
an affinity for the RXR, which can cross the BBB and has FDA-approved
safety profile [143]. When Bexarotene activates PPARy/RXR and LXRs
(liver receptors)/RXR, it induces ApoE expression, promotes microglia
phagocytosis, and thereby enhances AP clearance [143]. Natural
resveratrol oligomer, Malibator, is extracted from the leaves of the
Chinese plants Hopes hainanensis. Malibator has been demonstrated to
have an anti-inflammatory effect on LPS-stimulated microglia, decreases
M1 (CD16, CD32, and CD86) expression, and increases M2 biomarkers
(CD206 and YM-1) in the presence PPARY [144].

Cyclic adenosine monophosphate (cAMP)-Dependent

Pathways and their regulators

cAMPisintracellular signalling cascade, which prevents cellular reactivity
and maintains physiological homeostasis. cCAMP regulates microglia
function and activation [144,145]. Higher levels of cAMP in microglia
inhibit the production of proinflammatory molecules through adenylyl
cyclase activator, synthetic cyclic AMP analogues or PDE inhibitors [146].
However, in disease state, CAMP level is compromised, and this results in
lower level of cAMP and higher level of proinflammatory cytokines. This
is supported in a study, where proinflammatory cytokines (TNF-a and
IL-B1) swiftly reduce cAMP and increase PDE4 expression in microglia
in vitro and following CNS injury [144]. cAMP has a protective effect on
neural regeneration, and this has been supported in cerebral ischaemic-
reperfusion injury models. Dibutyryl cAMP (db-cAMP) is a membrane-
permeable derivative of cAMP. Administration of de-cAMP and IL-4
promotes microglia M2 phenotype in the leisons of SCI mouse model
[145]. Therefore, based on these data, cCAMP also critically determine
M1-M2 microglia polarisation.

Phosphodiesterase 4 (PDE4) is an enzyme which hydrolysis cAMP in
immune cells and brain cells, and thereby negatively impact regulation
of cAMP signalling. To prevent this, PDE4 inhibitors such as rolipram
exhibit precognitive, neuroprotective, and anti-inflammatory effects.
PDES5 inhibitors have been suggested as potential therapeutic agents for
neuroinflammatory, degenerative, or memory-loss diseases such as AD
and other related dementia [147,148]. This is because they exert their
neuroprotective effects through cGMP and cAMP signalling pathways
and possess anti-inflammatory-related properties. For instance, study
has demonstrated that PDE5 inhibitors decrease the production of
TNF-a, nitric oxide, and IL-p1, and thus inhibit LPS-induced M1
polarisation [149].

Conclusion

In brain injury, microglia is disturbed and become activated. Microglia
produce proinflammatory cytokines, which trigger a positive feedback
loop of continual cytokine secretion and auto activation and thus
amplify the death of neurons. Suppression of the microglia-mediated
neuroinflammation is a potential therapeutic strategy to treat AD
and other related neurodegenerative dementia. Proteins such as those
regulating the cAMP pathway and other related proteins are potential
therapeutic candidates for the effective treatment of AD and other
neurodegenerative diseases. Moreover, an improved characterization
of proteins functions will enable the design of novel pharmacological
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compounds to modulate cytotoxic and/or neurotropic microglia
phenotypes at specific stages of neurodegenerative diseases. This is
because microglia activation in switching from one phenotype to another
phenotype (i.e., in switching from neuroprotective to neurotoxic profiles)
is time-dependent in chronic disease such as severe AD. Furthermore,
studies are required to investigate the transcriptomes and epigenetic
profiles in various disease (especially AD) states, understanding how
aging and disease progression alter these profiles at single-cell-level, and
correlate such changes with microglia behavior.

Acknowledgment

None

Conflict of Interest
The author’s declared that they have no conflict of interest.
References

1. Tiwari S, Atluri V, Ajeet KA, Yndart A, Nair A (2019) Alzheimer’s
disease: Pathogenesis, diagnostics, and therapeutics. Int Nanomed-
icine 14: 5541-5554.

2. Viswanathan GK, Shwartz D, Losev Y, Arad E, Shemesh C, et al.
(2020) Purpurin modulates Tau-derived VQIVYK fibrillization and
ameliorates Alzheimer’s disease-like symptoms in animal model.
Cell Mol Life Sci 77(14): 2795-2813.

3. Maitrayee SS, Anna AS, Livia C, Camilla H, Larsson M, et al. (2018)
Alzheimer’s disease pathology propagation by exosomes containing
toxic amyloid-beta oligomers. Acta Neuropathol 136: 41-56.

4. Dregni AJ, Mandala VS, Haifan W, Matthew RE, Harrison KW, et
al. (2019) In Vitro ON4R tau fibrils contain a monomorphic p- sheet
core enclosed by dynamically heterogeneous fuzzy coat segments.
PNAS 166: 16357-16366.

5. Sarlus H, Heneka MT (2017) Microglia in Alzheimer’s disease. J
Clin Invest 127(9): 3240-3249.

6. Liu L, Ding L, Rovere M, Wolfe MS, Dennis JS (2019) A cellular
complex of BACEI and y-secretase sequentially generates af} from
its full-length precursor. Cell Biol 218(2): 644-663.

7. William J, Meilandt HN, Gogineni A, Lalehzadeh G, Seung HL,
et al. (2020) Trem2 deletion reduces late-stage amyloid plaque ac-
cumulation, elevates the AB42: AP40 ratio, and exacerbates axo-
nal dystrophy and dendritic spine loss in the PS2APP Alzheimer’s
mouse model. ] Neurosci 40(9): 1956-1974.

8.  Selkoe DJ, Hardy J (2016) The amyloid hypothesis of Alzheimer’s
disease at 25 Years. EMBO Mol Med 8(6): 595-608.

9. Inge MWYV, Rosalinde ES, Sander CJV, Hans H, Niels DP, et al.
(2018) Plasma amyloid as prescreener for the earliest alzheimer
pathological changes. Ann Neurol 84(5): 648-658.

10. Franz HM, Bangalore S, Bavishi C, Rimoldi SF (2018) Angiotensin
converting enzyme inhibitors in hypertension: To use or not to use?
J Am Coll Cardiol 71(13): 1474-1482.

11. Semis M, Gabriel BG, Bernstein EA, Kenneth EB, Markus K (2019)
The plethora of angiotensin-converting enzyme-processed peptides
in mouse plasma. Anal Chem 91(10): 6440-6453.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Brian WK, Benjamin GB (2019) Genetic meta-analysis of diag-
nosed Alzheimer’s disease identifies new risk loci and implicates
AB, tau, immunity and lipid processing. Nat Genet 51(3): 414-430.

Marioni RE, Harris SE, Zhang Q, McRae AF, Hagenaars SP, et al.
(2018) GWAS on family history of Alzheimer’s disease. Transl Psy-
chiatry 8(1):99.

Bernstein KE, Khan Z, Jorge FG, Cao DY, Ellen AB, et al. (2018)
Angiotensin-converting enzyme in innate and adaptive immunity.
Nat Rev Nephrol 14:325-336.

Rentsendorj A, Sheyn J, Fuchs DT, Daley D, Salumbides BC, et
al. (2017) A novel role for osteopontin in macrophage-mediated
amyloid-p clearance in Alzheimer’s models. Brain Behav Immun
67:163-180.

Noura S AIM, Patrick GK, Scott MJ (2019) Divergence in the activ-
ity of the N-andC- catalytic domains of ACE1- Implications for the
role of the renin-angiotensin system in Alzheimer’s disease. Acta
Neuropathol Commun 7(1): 57.

Maya KH, Sheyn J, Hayden EY, Songlin L, Dieu TE, et al. (2020)
Peripherally derived angiotensin converting enzyme- enhanced
macrophages alleviate Alzheimer-related disease. Brain 143(1):
336-358.

Christopher RC, Alicia MK, Niewoehner J, Freskgard PO, Eduard
U (2020) Brain shuttle neprilysin reduces central amyloid-f levels.
PLoS One 15(3): €0229850.

Niewoehner J, Bohrmann B, Collin L, Urich E, Hadassah S, et al.
(2014) Increased brain penetration and potency of a therapeuti an-
tibody using a monovalent molecular shuttle. Neuron 81(1): 49-60.

Huan S, Mengying L, Tao S, Yutong C, Zhen L, et al. (2019) Age-
related changes in hippocampal AD pathology, actin remodeling
proteins and spatial memory behavior of male APP/PS1 mice. Be-
hav Brain Res 376: 112182.

Zhou L, Jianxu L, Dong D, Chunsheng W, Wang R (2017) Dynamic
alteration of neprilysin and endothelin-converting enzyme in age-
dependent APPswe /PS1dE9 mouse model of Alzheimer’s disease.
Am | Transl Res 9(1): 184-196.

Wang N, Jia Y, Zhang B, Li Y, Murtaza G, et al. (2020) Kai-Xin-
San, a chinese herbal decoction, accelerates the degradation of
B-amyloid by enhancing the expression of neprilysin in rats. Evid
Based Complement Alternat Med 2020: 3862342.

Dong HK, Dahm L, Hoon L, Choi SJ, Wonil O, et al. (2018) Effect of
growth differentiation factor-15 secreted by human umbilical cord
blood- derived mesenchymal stem cells on amyloid beta levels in in
vitro and in vivo models of Alzheimer’s disease. Biochem Biophys
Res Commun 504(4): 933-940.

Zhang Y, Wang P. (2018) Age-related increase of insulin-degrading
enzyme is inversely correlated with cognitive function in APPswe/
PS1dE9 mice. Med Sci Monit 24: 2446-2455.

Wang YR, Wang QH, Zhang T, Liu YH, Yao XO et al. (2017) Asso-
ciations between hepatic functions and plasma amyloid-beta levels-
implications for the capacity of liver in peripheral amyloid-beta
clearance. Mol Neurobiol 54: 2338-2344.

Takahisa K, Guojun B (2014) The low-density lipoprotein receptor-
related protein 1 and amyloid-p clearance in Alzheimer’s disease.

J Community Med Health Educ, an open access journal
ISSN: 2161-0711

Volume 12 « Issue 8 « 1000767


https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Tiwari%2BS&cauthor_id=31410002
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Atluri%2BV&cauthor_id=31410002
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Kaushik%2BA&cauthor_id=31410002
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Yndart%2BA&cauthor_id=31410002
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Nair%2BM&cauthor_id=31410002
https://www.dovepress.com/alzheimerrsquos-disease-pathogenesis-diagnostics-and-therapeutics-peer-reviewed-fulltext-article-IJN
https://www.dovepress.com/alzheimerrsquos-disease-pathogenesis-diagnostics-and-therapeutics-peer-reviewed-fulltext-article-IJN
https://pubmed.ncbi.nlm.nih.gov/?term=Viswanathan%2BGK&cauthor_id=31562564
https://pubmed.ncbi.nlm.nih.gov/?term=Shwartz%2BD&cauthor_id=31562564
https://pubmed.ncbi.nlm.nih.gov/?term=Losev%2BY&cauthor_id=31562564
https://pubmed.ncbi.nlm.nih.gov/?term=Arad%2BE&cauthor_id=31562564
https://pubmed.ncbi.nlm.nih.gov/?term=Shemesh%2BC&cauthor_id=31562564
https://link.springer.com/article/10.1007/s00018-019-03312-0
https://link.springer.com/article/10.1007/s00018-019-03312-0
https://link.springer.com/article/10.1007/s00401-018-1868-1
https://link.springer.com/article/10.1007/s00401-018-1868-1
https://link.springer.com/journal/401
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Dregni%2BAJ&cauthor_id=31358628
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Mandala%2BVS&cauthor_id=31358628
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Wu%2BH&cauthor_id=31358628
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Elkins%2BMR&cauthor_id=31358628
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Wang%2BHK&cauthor_id=31358628
https://www.pnas.org/doi/10.1073/pnas.1906839116
https://www.pnas.org/doi/10.1073/pnas.1906839116
https://pubmed.ncbi.nlm.nih.gov/?term=Sarlus%2BH&cauthor_id=28862638
https://pubmed.ncbi.nlm.nih.gov/?term=Heneka%2BMT&cauthor_id=28862638
https://www.jci.org/articles/view/90606'
https://pubmed.ncbi.nlm.nih.gov/?term=Liu%2BL&cauthor_id=30626721
https://pubmed.ncbi.nlm.nih.gov/?term=Ding%2BL&cauthor_id=30626721
https://pubmed.ncbi.nlm.nih.gov/?term=Rovere%2BM&cauthor_id=30626721
https://pubmed.ncbi.nlm.nih.gov/?term=Wolfe%2BMS&cauthor_id=30626721
https://pubmed.ncbi.nlm.nih.gov/?term=Selkoe%2BDJ&cauthor_id=30626721
https://rupress.org/jcb/article/218/2/644/120514/A-cellular-complex-of-BACE1-and-secretase
https://rupress.org/jcb/article/218/2/644/120514/A-cellular-complex-of-BACE1-and-secretase
https://rupress.org/jcb/article/218/2/644/120514/A-cellular-complex-of-BACE1-and-secretase
https://www.jneurosci.org/content/40/9/1956.long
https://www.jneurosci.org/content/40/9/1956.long
https://www.jneurosci.org/content/40/9/1956.long
https://www.jneurosci.org/content/40/9/1956.long
https://pubmed.ncbi.nlm.nih.gov/?term=Selkoe%2BDJ&cauthor_id=27025652
https://pubmed.ncbi.nlm.nih.gov/?term=Hardy%2BJ&cauthor_id=27025652
https://www.embopress.org/doi/full/10.15252/emmm.201606210'
https://www.embopress.org/doi/full/10.15252/emmm.201606210'
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Verberk%2BIMW&cauthor_id=30196548
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Slot%2BRE&cauthor_id=30196548
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Verfaillie%2BSCJ&cauthor_id=30196548
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Heijst%2BH&cauthor_id=30196548
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Prins%2BND&cauthor_id=30196548
https://onlinelibrary.wiley.com/doi/10.1002/ana.25334
https://onlinelibrary.wiley.com/doi/10.1002/ana.25334
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Messerli%2BFH&cauthor_id=29598869
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Bangalore%2BS&cauthor_id=29598869
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Bavishi%2BC&cauthor_id=29598869
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Rimoldi%2BSF&cauthor_id=29598869
https://www.sciencedirect.com/science/article/pii/S0735109718304315?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109718304315?via%3Dihub
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Semis%2BM&cauthor_id=31021607
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Gugiu%2BGB&cauthor_id=31021607
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Bernstein%2BEA&cauthor_id=31021607
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Bernstein%2BKE&cauthor_id=31021607
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Kalkum%2BM&cauthor_id=31021607
https://pubs.acs.org/doi/10.1021/acs.analchem.8b03828
https://pubs.acs.org/doi/10.1021/acs.analchem.8b03828
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=31021607
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=31021607
https://www.nature.com/articles/s41588-019-0358-2
https://www.nature.com/articles/s41588-019-0358-2
https://www.nature.com/articles/s41588-019-0358-2
https://www.nature.com/ng
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Marioni%2BRE&cauthor_id=29777097
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Harris%2BSE&cauthor_id=29777097
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Zhang%2BQ&cauthor_id=29777097
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=McRae%2BAF&cauthor_id=29777097
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Hagenaars%2BSP&cauthor_id=29777097
https://www.nature.com/articles/s41398-018-0150-6
https://www.nature.com/articles/nrneph.2018.15
https://www.nature.com/nrneph
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Rentsendorj%2BA&cauthor_id=28860067
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Sheyn%2BJ&cauthor_id=28860067
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Fuchs%2BDT&cauthor_id=28860067
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Daley%2BD&cauthor_id=28860067
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Salumbides%2BBC&cauthor_id=28860067
https://www.sciencedirect.com/science/article/abs/pii/S0889159117304099?via%3Dihub'
https://www.sciencedirect.com/science/article/abs/pii/S0889159117304099?via%3Dihub'
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Al%2BMulhim%2BNS&cauthor_id=31018864
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Kehoe%2BPG&cauthor_id=31018864
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Miners%2BJS&cauthor_id=31018864
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-019-0718-2
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-019-0718-2
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-019-0718-2
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Koronyo-Hamaoui%2BM&cauthor_id=31794021
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Sheyn%2BJ&cauthor_id=31794021
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Hayden%2BEY&cauthor_id=31794021
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Li%2BS&cauthor_id=31794021
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Fuchs%2BDT&cauthor_id=31794021
https://academic.oup.com/brain/article/143/1/336/5651064?login=false
https://academic.oup.com/brain/article/143/1/336/5651064?login=false
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Campos%2BCR&cauthor_id=32155191
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Kemble%2BAM&cauthor_id=32155191
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Niewoehner%2BJ&cauthor_id=32155191
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Freskg%C3%A5rd%2BPO&cauthor_id=32155191
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Urich%2BE&cauthor_id=32155191
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Urich%2BE&cauthor_id=32155191
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0229850
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7064168/
https://www.sciencedirect.com/science/article/pii/S0896627313010350?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0896627313010350?via%3Dihub
https://www.sciencedirect.com/science/journal/08966273/81/1
https://www.sciencedirect.com/science/article/abs/pii/S0166432819303419?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0166432819303419?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0166432819303419?via%3Dihub
https://www.sciencedirect.com/science/journal/01664328
https://www.sciencedirect.com/science/journal/01664328
https://www.sciencedirect.com/science/journal/01664328/376/supp/C
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou%2BL&cauthor_id=28123645
https://pubmed.ncbi.nlm.nih.gov/?term=Liu%2BJ&cauthor_id=28123645
https://pubmed.ncbi.nlm.nih.gov/?term=Dong%2BD&cauthor_id=28123645
https://pubmed.ncbi.nlm.nih.gov/?term=Wei%2BC&cauthor_id=28123645
https://pubmed.ncbi.nlm.nih.gov/?term=Wang%2BR&cauthor_id=28123645
https://www.sciencedirect.com/science/article/pii/S0003996920302399'
https://www.sciencedirect.com/science/article/pii/S0003996920302399'
https://www.sciencedirect.com/science/article/pii/S0003996920302399'
https://www.hindawi.com/journals/ecam/2020/3862342/
https://www.hindawi.com/journals/ecam/2020/3862342/
https://www.hindawi.com/journals/ecam/2020/3862342/
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Kim%2BDH&cauthor_id=30224067
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Lee%2BD&cauthor_id=30224067
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Lim%2BH&cauthor_id=30224067
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Choi%2BSJ&cauthor_id=30224067
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Oh%2BW&cauthor_id=30224067
https://www.sciencedirect.com/science/article/abs/pii/S0006291X18319223?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X18319223?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X18319223?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X18319223?via%3Dihub
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Zhang%2BY&cauthor_id=29680859
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Wang%2BP&cauthor_id=29680859
https://medscimonit.com/abstract/index/idArt/909596
https://medscimonit.com/abstract/index/idArt/909596
https://medscimonit.com/abstract/index/idArt/909596
https://link.springer.com/article/10.1007/s12035-016-9826-1
https://link.springer.com/article/10.1007/s12035-016-9826-1
https://link.springer.com/article/10.1007/s12035-016-9826-1
https://link.springer.com/article/10.1007/s12035-016-9826-1
http://www.frontiersin.org/people/u/128415
https://www.frontiersin.org/articles/10.3389/fnagi.2014.00093/full
https://www.frontiersin.org/articles/10.3389/fnagi.2014.00093/full

Citation: Owoola AG, Fernandez F, Griffiths LR, Broszczak DA (2022) Healing the Chronic Wound in Alzheimer’s Disease Brain: Early Targeting of Microglia as a

Promising Strategy. J Comm Med Health Educ 12: 767.

Page 10 of 13

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Front Aging Neurosci 6:93.

Chaitanya CG, Elham FD, Martina ZL, Nicole MA, Carmen TA,
et al. (2019) Amyloid-beta impairs insulin signaling by accelerat-
ing autophagy-lysosomal degradation of LRP-1 and IR-f in blood-
brain barrier endothelial cells in vitro and in 3XTg-AD mice. Mol
Cell Neurosci 99: 103390.

Mitsuru S, Tachibana M, Takahisa K, Guojun B (2017) Role of LRP1
in the pathogenesis of Alzheimer’s disease: Evidence from clinical
and preclinical studies. J Lipid Res 58: 1267-1281.

Liu CC, Jin H, Zhao N, Wang J, Wang N, et al. (2017) Astrocytic
Irpl mediates brain aP clearance and impacts amyloid deposition. J
Neurosci 37 (15) 4023-4031.

Song HL, Shim S, Kim DH, Won SH, Joo S, et al. (2014) f-Amyloid
is transmitted via neuronal connections along axonal membranes.
Ann Neurol 75:88-97.

Eimer WA, Vassar R (2013) Neuron loss in the 5XFAD mouse mod-
el of Alzheimer’s disease correlates with intraneuronal AB42 accu-
mulation and Caspase-3 activation. Mol Neurodegener 8:2.

Dupont G, Iwanaga J, Yilmaz E, Tubbs RS (2018) Connections be-
tween amyloid beta and the meningeal lymphatics as a possible
route for clearance and therapeutics. Lymphat Res Biol 18(1):2-6.

Gouwens LK, Makoni NJ, Rogers VA, Nichols MR (2017)
Amyloid-B42 Protofibrils Are Internalized by Microglia More Ex-
tensively than Monomers. Brain Res 1648:485-495.

Paranjape GS, Terrill SE, Gouwensn LK, Ruck BM, Nichols MR
(2013) Amyloid-p (1-42) Protofibrils Formed in Modified Artificial
Cerebrospinal Fluid Bind and Activate Microglia. ] Neuroimmune
Pharmacol 8(1):312-22.

Karki S, Nichols MR (2014) CD47 Does Not Mediate amyloid-f (1-
42) Protofibril-Stimulated Microglial Cytokine Release. Biochem
Biophys Res Commun 454(1):239-44.

Wyatt AR, Kumita JR, Farrawell NE, Dobson CM, Wilson MR
(2015) Alpha-2-macroglobulin is acutely sensitive to freezing and
lyophilization: Implications for structural and functional studies.
PLoS One 10(6): e0130036.

Wisniewski T, Drummond E (2020) Apoe-amyloid interaction:
Therapeutic targets. Neurobiol Dis 138:104784.

Pan ], He R, Huo Q, Shi Y, Zhao L (2020) Brain microvascular en-
dothelial cell derived exosomes potently ameliorate cognitive dys-
function by enhancing the clearance of ap through up-regulation
of p-gp in mouse model of AD. Neurochem Res 45(9):2161-2172.

Xue-mei Qi, Jian-fang Ma (2017) The role of amyloid beta clearance
in cerebral amyloid angiopathy: More potential therapeutic targets.
Transl Neurodegen 6:22.

Park R, Kook SY, Park JC, Mook-Jung I (2014) AB1-42 reduces P-
glycoprotein in the blood-brain barrier through RAGE-NF-k B
signaling. Cell Death Dis 5(6):¢1299.

Storck SE, Meister S, Nahrath ], Meifiner JN, Schubert N, et al.
(2016) Endothelial LRP1 transports amyloid-f (1-42) across the
blood-brain barrier. ] Clin Invest 126(1):123-36.

Soto I, Grabowska WA, Onos KD, Graham LC, Jackson HM, et al.
(2016) Meox2 haploinsufficiency increases neuronal cell loss in a

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

mouse model of alzheimer’s disease. Neurobiol Aging 42:50-60.

FuY, Zhao J, Atagi Y, Nielsen HM, Liu CC, et al. (2016) Apolipopro-
tein E lipoprotein particles inhibit amyloidbeta uptake through cell
surface heparan sulphate proteoglycan. Mol Neurodegener 11:37.

Belloy ME, Napolioni V, Greicius MD (2019) A quarter century of
apoe and alzheimer’s disease: Progress to date and the path forward.
Neuron 101(5):820-838.

Selkoe DJ, Hardy J (2016) The amyloid hypothesis of alzheimer’s
disease at 25 year. Embol Mol Med 8 (6):595-608.

ArboledaVelasquez JF, Lopera F, O’'Hare M, DelgadoTirado S, Ma-
rino C, et al. (2019) Resistance to autosomal dominant alzheimer’s
disease in an apoe3 christchurch homozygote: A case report. Nat
Med 25(11):1680-1683.

Zalocusky KA, Nelson MR, Huang Y (2019) An Alzheimer’s-dis-
ease-protective APOE mutation. Nat Med 25(11):1648-1649.

Carrano A, Snkhchyan H, Kooij G, van der Pol S, van Horssen J,
et al. (2014) ATP-binding cassette transporters P-glycoprotein and
breast cancer related protein are reduced in capillary cerebral amy-
loid angiopathy. Neurobiol Aging 35:565-575.

Deo AK, Borson S, Link JM, Domino K, Eary JF, et al. (2014) Activ-
ity of p-glycoprotein, a beta-amyloid transporter at the blood-brain
barrier, is compromised in patients with mild alzheimer disease. J
Nucl Med 55:1106-1111.

Schmidt M, Finley D (2014) Regulation of proteasome activity in
health and disease. Biochim Biophys Acta 1843(1):13-25.

McKinnon C, Tabrizi SJ (2014) The ubiquitin-proteasome system
in neurodegeneration. Antioxid Redox Signal 21:2302-2321.

Cao S, Zhou K, Zhang Z, Luger K, Straight AF (2018) Constitutive
centromere-associated network contacts confer differential stability
on CENP-A nucleosomes in vitro and in the cell. Mol Biol Cell 29:
751-762.

Akkaya BG, Zolnerciks JK, Linton kJ (2015) The multidrug resis-
tance pump ABCBL is a substrate for the ubiquitin ligase NEDD4-
1. Mol Membr Biol 32(2):39-45.

Hartz AM, Zhong Y, Wolf A, LeVine H, Miller DS, et al. (2016)
AP40 reduces P-glycoprotein at the blood-brain barrier through the
ubiquitin-proteasome pathway. ] Neurosci 36:1930-1941.

Hartz AMS, Zhong Y, Shen AN, Abner EL, Bauer B. (2018) Pre-
venting P-gp ubiquitination lowers ap brain levels in an Alzheimer’s
disease mouse model. Front Aging Neurosci 10:186.

Xin S, Tan L, Cao X (2018) Clearance of amyloid beta and tau in
alzheimer’s disease: From mechanisms to therapy. Neurotox Res
34:733-748.

Yamada M (2015) Cerebral amyloid angiopathy: Emerging con-
cepts. Journal of Stroke 17(1):17-30.

Greenberg SM, Bacskai BJ, Hernandez-Guillamon M, Pruzin J,
Sperling R, et al. (2020) Cerebral amyloid angiopathy and Alzheim-
er disease-one peptide, two pathways. Nat Rev Neuro 16:30-42.

Sweeney MD, Sagare AP, Zlokovic BV (2018) Blood-brain barrier
breakdown in Alzheimer’s disease and other neurodegenerative
disorders. Nat Rev Neurol 14(3):133-150.

J Community Med Health Educ, an open access journal
ISSN: 2161-0711

Volume 12 « Issue 8 « 1000767


https://doi.org/10.3389/fnagi.2014.00093
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Gali%2BCC&cauthor_id=31276749
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Fanaee-Danesh%2BE&cauthor_id=31276749
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Zandl-Lang%2BM&cauthor_id=31276749
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Albrecher%2BNM&cauthor_id=31276749
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Tam-Amersdorfer%2BC&cauthor_id=31276749
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Tam-Amersdorfer%2BC&cauthor_id=31276749
https://www.sciencedirect.com/science/article/pii/S1044743119301708?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1044743119301708?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1044743119301708?via%3Dihub
https://www.jlr.org/search?author1=Mitsuru%2BShinohara&sortspec=date&submit=Submit
https://www.jlr.org/search?author1=Masaya%2BTachibana&sortspec=date&submit=Submit
https://www.jlr.org/search?author1=Takahisa%2BKanekiyo&sortspec=date&submit=Submit
https://www.jlr.org/search?author1=Guojun%2BBu&sortspec=date&submit=Submit
https://www.sciencedirect.com/science/article/pii/S0022227520335793?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022227520335793?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022227520335793?via%3Dihub
https://www.jneurosci.org/content/37/15/4023.long
https://www.jneurosci.org/content/37/15/4023.long
https://onlinelibrary.wiley.com/doi/10.1002/ana.24029
https://onlinelibrary.wiley.com/doi/10.1002/ana.24029
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/1750-1326-8-2
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/1750-1326-8-2
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/1750-1326-8-2
https://www.liebertpub.com/doi/full/10.1089/lrb.2018.0079
https://www.liebertpub.com/doi/full/10.1089/lrb.2018.0079
https://www.liebertpub.com/doi/full/10.1089/lrb.2018.0079
https://www.liebertpub.com/doi/full/10.1089/lrb.2018.0079
https://www.liebertpub.com/doi/10.1089/lrb.2018.0079
https://www.liebertpub.com/doi/10.1089/lrb.2018.0079
https://www.liebertpub.com/doi/10.1089/lrb.2018.0079
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Gouwens%2BLK&cauthor_id=27531183
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Makoni%2BNJ&cauthor_id=27531183
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Rogers%2BVA&cauthor_id=27531183
https://pubmed-ncbi-nlm-nih-gov.ezp01.library.qut.edu.au/?term=Nichols%2BMR&cauthor_id=27531183
https://doi.org/10.1016/j.brainres.2016.08.016
https://doi.org/10.1016/j.brainres.2016.08.016
https://link.springer.com/article/10.1007/s11481-012-9424-6
https://link.springer.com/article/10.1007/s11481-012-9424-6
https://www.sciencedirect.com/science/article/abs/pii/S0006291X14018907?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X14018907?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0130036
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0130036
https://www.sciencedirect.com/science/article/pii/S0969996120300590?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0969996120300590?via%3Dihub
https://link.springer.com/article/10.1007/s11064-020-03076-1
https://link.springer.com/article/10.1007/s11064-020-03076-1
https://link.springer.com/article/10.1007/s11064-020-03076-1
https://link.springer.com/article/10.1007/s11064-020-03076-1
https://translationalneurodegeneration.biomedcentral.com/articles/10.1186/s40035-017-0091-7
https://translationalneurodegeneration.biomedcentral.com/articles/10.1186/s40035-017-0091-7
https://www.nature.com/articles/cddis2014258
https://www.nature.com/articles/cddis2014258
https://www.nature.com/articles/cddis2014258
https://www.jci.org/articles/view/81108
https://www.jci.org/articles/view/81108
https://www.sciencedirect.com/science/article/pii/S0197458016001846?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0197458016001846?via%3Dihub
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/s13024-016-0099-y
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/s13024-016-0099-y
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/s13024-016-0099-y
https://www.sciencedirect.com/science/article/pii/S0896627319300832?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0896627319300832?via%3Dihub
https://www.embopress.org/doi/full/10.15252/emmm.201606210
https://www.embopress.org/doi/full/10.15252/emmm.201606210
https://www.nature.com/articles/s41591-019-0611-3
https://www.nature.com/articles/s41591-019-0611-3
https://www.nature.com/articles/s41591-019-0634-9
https://www.nature.com/articles/s41591-019-0634-9
https://www.sciencedirect.com/science/article/abs/pii/S019745801300417X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S019745801300417X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S019745801300417X?via%3Dihub
https://jnm.snmjournals.org/content/55/7/1106
https://jnm.snmjournals.org/content/55/7/1106
https://jnm.snmjournals.org/content/55/7/1106
https://www.sciencedirect.com/science/article/pii/S0167488913003108?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0167488913003108?via%3Dihub
https://www.liebertpub.com/doi/10.1089/ars.2013.5802
https://www.liebertpub.com/doi/10.1089/ars.2013.5802
https://www.molbiolcell.org/doi/10.1091/mbc.E17-10-0596
https://www.molbiolcell.org/doi/10.1091/mbc.E17-10-0596
https://www.molbiolcell.org/doi/10.1091/mbc.E17-10-0596
https://www.tandfonline.com/doi/full/10.3109/09687688.2015.1023378
https://www.tandfonline.com/doi/full/10.3109/09687688.2015.1023378
https://www.tandfonline.com/doi/full/10.3109/09687688.2015.1023378
https://www.jneurosci.org/content/36/6/1930
https://www.jneurosci.org/content/36/6/1930
https://www.frontiersin.org/articles/10.3389/fnagi.2018.00186/full
https://www.frontiersin.org/articles/10.3389/fnagi.2018.00186/full
https://www.frontiersin.org/articles/10.3389/fnagi.2018.00186/full
https://link.springer.com/article/10.1007/s12640-018-9895-1
https://link.springer.com/article/10.1007/s12640-018-9895-1
https://www.j-stroke.org/journal/view.php?doi=10.5853/jos.2015.17.1.17
https://www.j-stroke.org/journal/view.php?doi=10.5853/jos.2015.17.1.17
https://www.nature.com/articles/s41582-019-0281-2
https://www.nature.com/articles/s41582-019-0281-2
https://www.nature.com/articles/nrneurol.2017.188
https://www.nature.com/articles/nrneurol.2017.188
https://www.nature.com/articles/nrneurol.2017.188

Citation: Owoola AG, Fernandez F, Griffiths LR, Broszczak DA (2022) Healing the Chronic Wound in Alzheimer’s Disease Brain: Early Targeting of Microglia as a

Promising Strategy. J Comm Med Health Educ 12: 767.

Page 11 of 13

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Cai Z, Wang C, He W, Chen Y (2018) Berberine alleviates amyloid-
beta pathology in the brain of app/ps1 transgenic mice via inhibit-
ing B/y-secretases activity and enhancing a- secretases. Curr Al-
zheimer Res 15(11):1045-1052.

U.S. National Library of Medicine (2017) Clinical Trials.gov

Burstein AH, Sabbagh M, Andrews R, Valcarce C, Dunn I, et al.
(2018) Development of azeliragon, an oral small molecule antago-
nist of the receptor for advanced glycation end products, for the
potential slowing of loss of cognition in mild alzheimer’s disease. J
Prev Alzheimers Dis 5(2):149-154.

Yang Y, Richard D Ye (2015) Microglial ap receptors in alzheimer’s
disease. Cell Mol Neurobiol 35(1): 71-83.

Allen NJ, Lyons DA (2018) Glia as architects of central nervous sys-
tem formation and function. Science 362(6411):181-185.

Keying Z, Pieber M, Han J, Blomgren K, Zhang X, et al. (2020)
Absence of microglia or presence of peripherally derived macro-
phages does not affect tau pathology in young or old hTau mice.
Glia 68(7):1466-1478.

Kreisel T, Wolf B, Keshet E, Licht T (2019) Unique role for dentate
gyrus microglia in neuroblast survival and in vegf-induced activa-
tion.Glia 67(4):594-618.

Cherry JD, Olschowka JA, O’Banion MK (2014) Neuroinflamma-
tion and M2 microglia: The good, the bad, and the inflamed. ] Neu-
roinflammation 11:98.

Subhramanyam CS, Wang C, Hu Q, Dheen TS (2019) Microglia-
mediated neuroinflammation in neurodegenerative diseases. Semin
Cell Dev Biol 94:112-120.

Bar E, BarakB (2019) Microglia roles in synaptic plasticity and my-
elination in homeostatic conditions and neurodevelopmental dis-
orders. Glia 67(11):2125-2141.

Nayak D, Roth TL, McGavern DB (2014) Microglia development
and function. Annu Rev Immunol 32:367-402.

Cunningham CL, Martinez CV, Noctor SC (2013) Microglia regu-
late the number of neural precursor cells in the developing cerebral
cortex. ] Neurosci 33:4216-4233.

Swinnen N, Smolders S, Avila A, Notelaers K, Paesen R, et al. (2013)
Complex invasion pattern of the cerebral cortex bymicroglial cells
during development of the mouse embryo. Glia 61:150-163.

Squarzoni P, Oller G, Hoeffel G, Lezica PL, Rostaing P, et al. (2014)
Microglia modulate wiring of the embryonic forebrain. Cell Rep
8:1271-1279.

Tuan LT, Julie CS, Chin WH, Kanchan B, Marie ET (2017) Microg-
lia across the lifespan: From origin to function in brain develop-
ment, plasticity, and cognition. ] Physiol 595(6):1929-1945.

Natan OM, Winter DR, Giladi A, Aguilar SV, Spinrad A, et al.
(2016) Microglia development follows a stepwise program to regu-
late brain homeostasis. Science 19: 353(6301):aad8670.

Zhao Y, Wu X, Li X, Jiang LL, Gui X, et al. (2018) TREM2 is a re-
ceptor for p-amyloid that mediates microglial function. Neuron 97:
1023-1031.

Lambert JC, Ibrahim V, Harold CA, Naj D, Sims R, et al. (2013)
Meta- analysis of 74,046 individuals identifies 11 new susceptibility

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

loci for Alzheimer’s disease. Nat Genet 45: 1452-1458.

Jorge LDA, Fernidndez MV, Suzanne S, Laura I, Yuetiva D, et al.
(2018) Assessment of the genetic architecture of Alzheimer’s dis-
ease risk in rate of memory decline. ] Alzheimers Dis 62(2): 745-
756.

Hickman SE, Kingery ND, Ohsumi TK, Borowsky ML, Wang LC, et
al. (2013) The microglial sensome revealed by direct rna sequenc-
ing. Nat Neurosci 16(12): 1896-905.

Felix LY, Yuanyuan W, Irene T, Lino CG, Morgan S (2016) TREM2
Binds to apolipoproteins, including APOE and CLU/APOJ, and
thereby facilitates uptake of amyloid-beta by microglia. Neuron
91(2): 328-340.

Sheng L, Mingming CKC, Song Y, Dongsheng Y, Zhang H, et al.
(2019) Microglial trem2 induces synaptic impairment at early stage
and prevents amyloidosis at late stage in APP/PS1 mice. FASEB ]
33(9): 10425-10442.

Yuan CC, Keene CD, Wang Y, Bird YD, Paul SM, et al. (2016)
TREM2 haplodeficiency in mice and humans impairs the microglia
barrier function leading to decreased amyloid compaction and se-
vere axonal dystrophy. Neuron 90 (2016): 724-739.

Nicola DG, Perry VH (2015) Microglial dynamics and role in the
healthy and diseased brain: A paradigm of functional plasticity.
Neuroscientist 21(2): 169-184.

Belkhelfa M, Hayet R, Oussama M, Amina AL, Nassima B, et al.
(2013) IFN-y and TNF-a are involved during Alzheimer disease
progression and correlate with nitric oxide production: A study in
algerian patients. | Interferon Cytokine Res 34(11): 839-847.

Darshpreet K, Vivek S, Rahul D (2019) Activation of microglia and
astrocytes: A roadway to neuroinflammation and Alzheimer’s dis-
ease. Inflammopharmacology 27(4): 663-677.

Chen XQ, Mobley WC (2019) Exploring the pathogenesis of Al-
zheimer disease in basal forebrain cholinergic neurons: Converging
insights from alternative hypotheses. Front Neurosci 13: 446.

Perry VH, Jessica T (2013) Microglia and macrophages of the cen-
tral nervous system: The contribution of microglia priming and
systemic inflammation to chronic neurodegeneration. Semin Im-
munopathol 35(5): 601-612.

Richard MR, Melissa AB (2012) Innate immunity in the central
nervous system. J Clin Invest 122(4): 1164-1171.

Tang Y, Weidong L (2016) Differential roles of M1 and M2 microg-
lia in neurodegenerative diseases. Mol Neurobiol 53(2): 1181-1194.

Butovsky O, Howard LW (2018) Microglial signatures and their role
in health and disease. Nat Rev Neurosci 19: 622-635.

Bart De S, Karran E (2016) The Cellular Phase of Alzheimer’s dis-
ease. Cell 64(4): 603-615.

Yaying S, Zongwei L , Tingting H, Meijie Q, Jiang L, et al. (2019)
M2 microglia-derived exosomes protect the mouse brain from isch-
emia-reperfusion injury via exosomal miR-124.Theranostics 9(10):
2910-2923.

Francesca R, Hellmann JR, Erica C, Marcella R (2017) Neuroin-
flammation and Alzheimer’s disease: Implications for microglial
activation. Curr Alzheimer Res 14(11): 1140-1148.

J Community Med Health Educ, an open access journal
ISSN: 2161-0711

Volume 12 « Issue 8 « 1000767


https://www.eurekaselect.com/article/91411
https://www.eurekaselect.com/article/91411
https://www.eurekaselect.com/article/91411
https://clinicaltrials.gov/ct2/home
https://link.springer.com/article/10.14283/jpad.2018.18
https://link.springer.com/article/10.14283/jpad.2018.18
https://link.springer.com/article/10.14283/jpad.2018.18
https://link.springer.com/article/10.1007/s10571-014-0101-6
https://link.springer.com/article/10.1007/s10571-014-0101-6
https://www.science.org/doi/10.1126/science.aat0473
https://www.science.org/doi/10.1126/science.aat0473
https://onlinelibrary.wiley.com/doi/10.1002/glia.23794
https://onlinelibrary.wiley.com/doi/10.1002/glia.23794
https://onlinelibrary.wiley.com/doi/10.1002/glia.23505
https://onlinelibrary.wiley.com/doi/10.1002/glia.23505
https://onlinelibrary.wiley.com/doi/10.1002/glia.23505
https://jneuroinflammation.biomedcentral.com/articles/10.1186/1742-2094-11-98
https://jneuroinflammation.biomedcentral.com/articles/10.1186/1742-2094-11-98
https://www.sciencedirect.com/science/article/abs/pii/S1084952118300892?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1084952118300892?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1002/glia.23637
https://onlinelibrary.wiley.com/doi/10.1002/glia.23637
https://onlinelibrary.wiley.com/doi/10.1002/glia.23637
https://www.annualreviews.org/doi/10.1146/annurev-immunol-032713-120240
https://www.annualreviews.org/doi/10.1146/annurev-immunol-032713-120240
https://www.jneurosci.org/content/33/10/4216.long
https://www.jneurosci.org/content/33/10/4216.long
https://www.jneurosci.org/content/33/10/4216.long
https://onlinelibrary.wiley.com/doi/10.1002/glia.22421
https://onlinelibrary.wiley.com/doi/10.1002/glia.22421
https://www.cell.com/cell-reports/fulltext/S2211-1247(14)00626-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2211124714006263%3Fshowall%3Dtrue
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP272134
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP272134
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP272134
https://www.science.org/doi/10.1126/science.aad8670?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.science.org/doi/10.1126/science.aad8670?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.sciencedirect.com/science/article/pii/S0896627318300564?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0896627318300564?via%3Dihub
https://www.nature.com/articles/ng.2802
https://www.nature.com/articles/ng.2802
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad170834
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad170834
https://www.nature.com/articles/nn.3554
https://www.nature.com/articles/nn.3554
https://www.cell.com/neuron/fulltext/S0896-6273(16)30292-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316302926%3Fshowall%3Dtrue
https://www.cell.com/neuron/fulltext/S0896-6273(16)30292-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316302926%3Fshowall%3Dtrue
https://www.cell.com/neuron/fulltext/S0896-6273(16)30292-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316302926%3Fshowall%3Dtrue
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.201900527R
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.201900527R
https://www.cell.com/neuron/fulltext/S0896-6273(16)30163-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316301635%3Fshowall%3Dtrue
https://www.cell.com/neuron/fulltext/S0896-6273(16)30163-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316301635%3Fshowall%3Dtrue
https://www.cell.com/neuron/fulltext/S0896-6273(16)30163-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316301635%3Fshowall%3Dtrue
https://journals.sagepub.com/doi/10.1177/1073858414530512?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/1073858414530512?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.liebertpub.com/doi/10.1089/jir.2013.0085?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://www.liebertpub.com/doi/10.1089/jir.2013.0085?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://www.liebertpub.com/doi/10.1089/jir.2013.0085?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://link.springer.com/article/10.1007/s10787-019-00580-x
https://link.springer.com/article/10.1007/s10787-019-00580-x
https://link.springer.com/article/10.1007/s10787-019-00580-x
https://link.springer.com/article/10.1007/s10787-019-00580-x
https://link.springer.com/article/10.1007/s10787-019-00580-x
https://link.springer.com/article/10.1007/s10787-019-00580-x
https://link.springer.com/article/10.1007/s00281-013-0382-8
https://link.springer.com/article/10.1007/s00281-013-0382-8
https://link.springer.com/article/10.1007/s00281-013-0382-8
https://www.jci.org/articles/view/58644
https://www.jci.org/articles/view/58644
https://link.springer.com/article/10.1007/s12035-014-9070-5
https://link.springer.com/article/10.1007/s12035-014-9070-5
https://www.nature.com/articles/s41583-018-0057-5
https://www.nature.com/articles/s41583-018-0057-5
https://www.sciencedirect.com/science/article/pii/S0092867415017201?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0092867415017201?via%3Dihub
https://www.thno.org/v09p2910.htm
https://www.thno.org/v09p2910.htm
http://www.eurekaselect.com/article/81494
http://www.eurekaselect.com/article/81494
http://www.eurekaselect.com/article/81494

Citation: Owoola AG, Fernandez F, Griffiths LR, Broszczak DA (2022) Healing the Chronic Wound in Alzheimer’s Disease Brain: Early Targeting of Microglia as a

Promising Strategy. J Comm Med Health Educ 12: 767.

Page 12 of 13

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Zhang F, Zhong R, Song L, Zhenfa F, Cheng C, et al. (2017) Acute
hypoxia induced an imbalanced M1/M2 activation of microglia
through NF-«3B signaling in Alzheimer’s disease mice and wild-type
littermates. Front Aging Neurosci 9: 282.

Dul, Zhang Y, Chen Y, Zhu ], Yang Y, et al. (2016) Role of microglia
in neurological disorders and their potentials as a therapeutic tar-
get. Mol Neurobiol 54(10): 7567-7584.

Kumar A, Alvarez CDM, Stoica BA, Faden AI, Loane DJ (2016)
Microglial/macrophage polarization dynamics following traumatic
brain injury. ] Neurotrauma 33: 1732-1750.

Crotti A, Ransohoft RM (2016) Microglial physiology and patho-
physiology: Insights from genome-wide transcriptional profiling.
Immunity 44: 505-515.

Yamasaki R, Lu H, Butovsky O, Ohno N, Rietsch AM, et al. (2014)
Differential roles of microglia and monocytes in the inflamed cen-
tral nervous system. ] Exp Med 211: 1533-1549.

Ransohoff RM (2016) A polarizing question: Do M1 and M2 mi-
croglia exist? Nat Neurosci 19: 987-991.

Walker DG, Lue LF (2015) Immune phenotypes of microglia in hu-
man neurodegenerative disease: Challenges to detecting microglial
polarization in human brains. Alzheimers Res Ther 7(1): 56.

Grabert K, Michoel T, Karavolos MH, Clohisey S, Baillie JK, et al.
Microglial brain region-dependent diversity and selective regional
sensitivities to aging. Nat Neurosci 19(3): 504-516.

ElAli A, Rivest S (2016) Microglia in Alzheimer’s disease: A multi-
faceted relationship. Brain Behav Immun 55: 138-150.

Imola W, Adam NT, Mihaly K, Attila EF, Istvan AK (2017) Role of
pattern recognition receptors of the neurovascular unit in inflamm-
aging. Am ] Physiol Heart Circ Physiol 313(5): H1000-H1012.

Walace GL (2019) Why microglia kill neurons after neural disor-
ders? The friendly fire hypothesis. Neural Regen Res 14(9): 1499-
1502.

Lawrence R, Rosa CP (2018) Microglia-mediated synapse loss in
Alzheimer’s disease. ] Neurosci 38(12): 2911-2919.

Neelima G, Sukanya S, Radhika P, Aparna K, Thiruma VA, et al.
(2018) Recent progress in therapeutic strategies for microglia-me-
diated neuroinflammation in neuropathologies. Expert Opin Ther
Targets 22(9): 765-781.

Markus PK, Michael H, Andrea D, Hammerschmidt T, Sathish K,
et al. (2011) Nitration of tyrosine 10 critically enhances amyloid B
aggregation and plaque formation. Neuron 71(5): 833-844.

Cosmin SL, Cremers N, Vanrusselt H, Julien C, Alexandre V, et al.
(2019) Aggregated tau activates NLRP3-ASC inflammasome exac-
erbating exogenously seeded and non-exogenously seeded tau pa-
thology in vivo. Acta Neuropathol 137(4): 599-617.

Wang D, Zhang J, Wenchi ], Zipeng C, Fang Z, et al. (2017) The Role
of NLRP3-CASP1 in inflammasome-mediated neuroinflammation
and autophagy dysfunction in manganese-induced, hippocampal-
dependent impairment of learning and memory ability. Autophagy
13(5): 914-927.

Kelley N, Devon J, Yanhui D, Yuan H (2019) The NLRP3 inflam-
masome: An overview of mechanisms of activation and regulation.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Int ] Mol 20(13): 3328.

Butler M, Victoria AN, Heather D, Edward R, Howard AF, et al.
(2018) Over-the-counter supplement interventions to prevent cog-
nitive decline, mild cognitive impairment, and clinical Alzheimer-
type dementia: A systematic review. Ann Intern Med 168(1): 52-62.

Cheryl EGL, Maud G, Sneha N, Nimansha J, Lauren JK, et al. (2019)
TREM2 function impedes tau seeding in neuritic plaques. Nat Neu-
rosci 22(8): 1217-1222.

Zhuohao H, Jing LG, Jennifer DM, Sneha N, Hyesung K, et al.
(2019) Amyloid-p plaques enhance Alzheimer’s brain tau-seeded
pathologies by facilitating neuritic plaque tau aggregation. Nat Med
24(1): 29-38.

Yuan P, Carlo C, Keene CD, Yaming W, Thomas DB, et al. (2016)
TREM2 haplodeficiency in mice and humans impairs the microglia
barrier function leading to decreased amyloid compaction and se-
vere axonal dystrophy. Neuron 90(4): 724-739.

Hirohide A, Seiko I, Satoshi T, Maria M, Jennifer L, et al. (2015)
Depletion of microglia and inhibition of exosome synthesis halt tau
propagation. Nat Neurosci 18(11): 1584-1593.

Marta B, Maria LM, Juan RP, Jerdnimo JA, Alberto R, et al. (2017)
Absence of CX3CRI1 impairs the internalization of tau by microglia.
Mol Neurodegeneration 12(1): 59.

Jung EL Pyong GM, Baek MC, Kim HS (2014) Comparison of the

effects of matrix metalloproteinase inhibitors on TNF-a release
from activated microglia and tnf-a converting enzyme. Biomol
Ther 22(5): 414-419.

Victor LV, Vincent D, Pierrick B, Samantha CB, Simon L, et al.
(2016) AB-amyloid and tau imaging in dementia. Semin Nucl Med
47(1): 75-88.

Sudad S, WonHee K, Mario R, Yvonne V, Suhad M, et al. (2012)
Exosome-associated tau is secreted in tauopathy models and is se-
lectively phosphorylated in cerebrospinal fluid in early Alzheimer
disease. ] Biol Chem 287(6): 3842-3849.

Massimo SF, Dimitri K, Mark M, Adam B, Erez E, et al. (2015) Iden-
tification of preclinical Alzheimer’s disease by a profile of patho-
genic proteins in neurally derived blood exosomes: A case-control
study. Alzheimers Dement 11(6): 600-607.

Kevin RN, Daniel CL, Jerry BH, Josh MM, Maj-Linda S, et al. (2013)
Fractalkine overexpression suppresses tau pathology in a mouse
model of tauopathy. Neurobiol Aging 34(6): 1540-1548.

Shane MB, Tyler JM, Kevin A, Shane VE, Guixiang X, et al. (2017)
TREM2 deficiency exacerbates tau pathology through dysregulated
kinase signaling in a mouse model of tauopathy. Mol Neurodegener
12(1): 74.

Catarina D, Odete ABCES, Ana GH (2017) Impact of cytokines and
chemokines on Alzheimer’s disease neuropathological hallmarks.
Curr Alzheimer Res 14(8): 870-882.

Behnam V, Ahmad S, Leszek K (2016) MMP-9 in translation: From
molecule to brain physiology, pathology, and therapy. ] Neurochem
139:91-114.

Suzanne H, Saef I, Pritha S, Liza M, Joseph EK (2018) Microglia in
neurodegeneration. Nat Neurosci 21(10): 1359-1369.

J Community Med Health Educ, an open access journal
ISSN: 2161-0711

Volume 12 « Issue 8 « 1000767


https://www.frontiersin.org/articles/10.3389/fnagi.2017.00282/full
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00282/full
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00282/full
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00282/full
https://link.springer.com/article/10.1007/s12035-016-0245-0
https://link.springer.com/article/10.1007/s12035-016-0245-0
https://link.springer.com/article/10.1007/s12035-016-0245-0
https://www.liebertpub.com/doi/10.1089/neu.2015.4268?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://www.liebertpub.com/doi/10.1089/neu.2015.4268?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://www.cell.com/immunity/fulltext/S1074-7613(16)30051-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1074761316300516%3Fshowall%3Dtrue
https://www.cell.com/immunity/fulltext/S1074-7613(16)30051-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1074761316300516%3Fshowall%3Dtrue
https://rupress.org/jem/article/211/8/1533/41731/Differential-roles-of-microglia-and-monocytes-in
https://rupress.org/jem/article/211/8/1533/41731/Differential-roles-of-microglia-and-monocytes-in
https://rupress.org/jem/article/211/8/1533/41731/Differential-roles-of-microglia-and-monocytes-in
https://rupress.org/jem/article/211/8/1533/41731/Differential-roles-of-microglia-and-monocytes-in
https://alzres.biomedcentral.com/articles/10.1186/s13195-015-0139-9
https://alzres.biomedcentral.com/articles/10.1186/s13195-015-0139-9
https://alzres.biomedcentral.com/articles/10.1186/s13195-015-0139-9
https://www.nature.com/articles/nn.4222
https://www.nature.com/articles/nn.4222
https://www.sciencedirect.com/science/article/abs/pii/S088915911500416X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S088915911500416X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S088915911500416X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S088915911500416X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S088915911500416X?via%3Dihub
https://journals.lww.com/nrronline/pages/default.aspx
https://journals.lww.com/nrronline/pages/default.aspx
https://www.jneurosci.org/content/38/12/2911.long
https://www.jneurosci.org/content/38/12/2911.long
https://www.tandfonline.com/doi/abs/10.1080/14728222.2018.1515917?journalCode=iett20
https://www.tandfonline.com/doi/abs/10.1080/14728222.2018.1515917?journalCode=iett20
https://www.sciencedirect.com/science/article/pii/S0896627311005952?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0896627311005952?via%3Dihub
https://link.springer.com/article/10.1007/s00401-018-01957-y
https://link.springer.com/article/10.1007/s00401-018-01957-y
https://link.springer.com/article/10.1007/s00401-018-01957-y
https://www.tandfonline.com/doi/full/10.1080/15548627.2017.1293766
https://www.tandfonline.com/doi/full/10.1080/15548627.2017.1293766
https://www.tandfonline.com/doi/full/10.1080/15548627.2017.1293766
https://www.tandfonline.com/doi/full/10.1080/15548627.2017.1293766
https://www.mdpi.com/1422-0067/20/13/3328
https://www.mdpi.com/1422-0067/20/13/3328
https://www.acpjournals.org/doi/full/10.7326/M17-1530?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://www.acpjournals.org/doi/full/10.7326/M17-1530?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://www.acpjournals.org/doi/full/10.7326/M17-1530?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://www.nature.com/articles/s41593-019-0433-0
https://www.nature.com/articles/nm.4443
https://www.nature.com/articles/nm.4443
https://www.cell.com/neuron/fulltext/S0896-6273(16)30163-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316301635%3Fshowall%3Dtrue
https://www.cell.com/neuron/fulltext/S0896-6273(16)30163-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316301635%3Fshowall%3Dtrue
https://www.cell.com/neuron/fulltext/S0896-6273(16)30163-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627316301635%3Fshowall%3Dtrue
https://www.nature.com/articles/nn.4132
https://www.nature.com/articles/nn.4132
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/s13024-017-0200-1
https://www.biomolther.org/journal/view.html?volume=22&number=5&spage=414&year=-0001
https://www.biomolther.org/journal/view.html?volume=22&number=5&spage=414&year=-0001
https://www.biomolther.org/journal/view.html?volume=22&number=5&spage=414&year=-0001
https://linkinghub.elsevier.com/retrieve/pii/S0001-2998(16)30079-4
https://linkinghub.elsevier.com/retrieve/pii/S0021925820481931
https://linkinghub.elsevier.com/retrieve/pii/S0021925820481931
https://linkinghub.elsevier.com/retrieve/pii/S0021925820481931
https://alz-journals.onlinelibrary.wiley.com/doi/10.1016/j.jalz.2014.06.008
https://alz-journals.onlinelibrary.wiley.com/doi/10.1016/j.jalz.2014.06.008
https://alz-journals.onlinelibrary.wiley.com/doi/10.1016/j.jalz.2014.06.008
https://alz-journals.onlinelibrary.wiley.com/doi/10.1016/j.jalz.2014.06.008
https://www.sciencedirect.com/science/article/abs/pii/S0197458012006422?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0197458012006422?via%3Dihub
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/s13024-017-0216-6
https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/s13024-017-0216-6
http://www.eurekaselect.com/article/82349
http://www.eurekaselect.com/article/82349
https://onlinelibrary.wiley.com/doi/10.1111/jnc.13415
https://onlinelibrary.wiley.com/doi/10.1111/jnc.13415
https://www.nature.com/articles/s41593-018-0242-x
https://www.nature.com/articles/s41593-018-0242-x

Citation: Owoola AG, Fernandez F, Griffiths LR, Broszczak DA (2022) Healing the Chronic Wound in Alzheimer’s Disease Brain: Early Targeting of Microglia as a

Promising Strategy. J Comm Med Health Educ 12: 767.

Page 13 of 13

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Suzanne EH, Nathan DK, Toshiro KO, Mark LB, Li-chong W, et al.
(2013) The microglial sensome revealed by direct RNA sequencing.
Nat Neurosci 16(12): 1896-1905.

Wang Y, Ulland TK, Ulrich JD, Song W, Tzaferis JA, et al. (2016)
TREM2-mediated early microglial response limits diffusion and
toxicity of amyloid plaques. ] Exp Med 213(5): 667-675.

Samira P, Thomas A, Matthias B, Gernot K, Maximilian D, et al.
(2019) Loss of TREM2 function increases amyloid seeding but re-
duces plaque-associated ApoE. Nat Neurosci 22(2): 191-204.

Condello C, Yuan P, Schain A, Grutzendler J (2015) Microglia
constitute a barrier that prevents neurotoxic protofibrillar AB42
hotspots around plaques. Nat Commun 6: 6176..

Harald H, Filippo C, Claudio CA, Giuseppe C, Robert N, et al.
(2020) A path toward precision medicine for neuroinflammatory
mechanisms in Alzheimer’s disease. Front Immunol 11: 456.

Stefanie AP, Rahul I, Rebecca SE, Nicole B, Jeenu M, et al. (2019)
Gene therapy for neurological disorders: Challenges and recent ad-
vancements. ] Drug Target 28(2): 111-128.

Menggqian L, Yefeng Y, Bo H, Lei W (2017) Study on lentivirus-
mediated ABCA7 improves neurocognitive function and related
mechanisms in the C57BL/6 mouse model of Alzheimer’s disease. |
Mol Neurosci 61: 489-497.

Zhong L, Chen XF, Wang T, Wang Z, Liao C, et al. (2017) Soluble
TREM2 induces inflammatory responses and enhances microglial
survival. ] Exp Med 214: 597-607.

Sudrez CM, Caballero MAA, Kleinberger G, Bateman R.J, Fagan
AM, et al. (2016) Early changes in CSF sTREM2 in dominantly
inherited Alzheimer’s disease occur after amyloid deposition and
neuronal injury. Sci Trans] Med 8: 369ral78.

John JE, Taavi KN (2019) Targeting nuclear receptors with PROT-
AC degraders. Mol Cel Endocrinol 493: 110452.

Bogna GG (2014) Peroxisome proliferator-activated receptors and
their ligands: Nutritional and clinical implications--A review. Nutr
J13:17.

D’Orio B, Anna F, Maria PC, Sandra M (2018) Targeting PPARal-
pha in Alzheimer’s disease. Curr Alzheimer Res 15(4): 345-354.

Swati A, Anuradha Y, Rajnish KC (2017) Peroxisome proliferator-
activated receptors (PPARs) as therapeutic target in neurodegener-
ative disorders. Biochem Biophys Res Commun 483(4): 1166-1177.

Toba J, Nikkuni M, Ishizeki M, Yoshii A, Watamura N, et al. (2016)
PPARgamma agonist pioglitazone improves cerebellar dysfunction
at pre-Abeta deposition stage in APPswe/PS1dE9 Alzheimer’s dis-
ease model mice. Biochem Biophys Res Commun 473: 1039-1044.

Song GJ, Nam Y, Jo M, Jung M, Koo JY, et al. (2016) A novel small-
molecule agonist of PPAR-gamma potentiates an anti-inflammato-
ry M2 glial phenotype. Neuropharmacology 109: 159-169.

Cramer PE, Cirrito JR, Wesson DW, Lee CY, Karlo JC, et al. (2012)
ApoE-directed therapeutics rapidly clear beta-amyloid and reverse
deficits in AD mouse models. Science 335: 1503- 1506.

Pan ], Jin JL, Ge HM, Yin KL, Chen X, et al. (2015) Malibatol A
regulates microglia M1/M2 polarization in experimental stroke in
a PPARgamma-dependent manner. ] Neuroinflammations 12: 51.

143.

144.

145.

146.

147.

148.

149.

Ghosh M, Aguirre V, Wai K, Felfly H, Dietrich WD, et al. (2015)
The interplay between cyclic AMP, MAPK, and NF-kappaB path-
ways in response to proinflammatory signals in microglia. Biomed
Res Int 2015: 308461.

Ghosh M, Garcia CD, Aguirre V, Golshani R, Atkins CM, et al.
(2012) Proinflammatory cytokine regulation of cyclic AMP-phos-
phodiesterase 4 signaling in microglia in vitro and following CNS
injury. Glia 60: 1839-1859.

Ghosh M, Xu Y, Pearse DD (2016) Cyclic AMP is a key regulator of
M1 to M2a phenotypic conversion of microglia in the presence of
Th2 cytokines. ] Neuroinflammation 13: 9.

Gerlo S, Kooijman R, Beck IM, Kolmus K, Spooren A, et al. (2011)
Cyclic AMP: A selective modulator of NF-kappaB action. Cell Mol
Life Sci 68: 3823-3841.

Fiorito J, Saeed F, Zhang H, Staniszewski A, Feng Y, et al. (2013)
Synthesis of quinoline derivatives: Discovery of a potent and selec-
tive phosphodiesterase 5 inhibitor for the treatment of Alzheimer’s
disease. Eur ] Med Chem 60: 285-294.

Peixoto CA, Nunes AK, Garcia OA (2015) Phosphodiesterase-5 in-
hibitors: Action on the signaling pathways of neuroinflammation
neurodegeneration and cognition. Mediat Inflamm 2015: 940207.

Zhao S, Yang J, Wang L, Peng S, Yin J, et al. (2016) NF-kappaB up-
regulates Type 5 phosphodiesterase in N9 microglial cells: Inhibi-
tion by sildenafil and yonkenafil. Mol. Neurobiol. 53: 2647-2658.

J Community Med Health Educ, an open access journal
ISSN: 2161-0711

Volume 12 « Issue 8 « 1000767


https://www.nature.com/articles/nn.3554
https://rupress.org/jem/article/213/5/667/42126/TREM2-mediated-early-microglial-response-limits
https://rupress.org/jem/article/213/5/667/42126/TREM2-mediated-early-microglial-response-limits
https://www.nature.com/articles/s41593-018-0296-9
https://www.nature.com/articles/s41593-018-0296-9
https://www.nature.com/articles/ncomms7176
https://www.nature.com/articles/ncomms7176
https://www.nature.com/articles/ncomms7176
https://www.frontiersin.org/articles/10.3389/fimmu.2020.00456/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.00456/full
https://www.tandfonline.com/doi/abs/10.1080/1061186X.2019.1630415?journalCode=idrt20
https://www.tandfonline.com/doi/abs/10.1080/1061186X.2019.1630415?journalCode=idrt20
https://link.springer.com/article/10.1007/s12031-017-0889-x
https://link.springer.com/article/10.1007/s12031-017-0889-x
https://link.springer.com/article/10.1007/s12031-017-0889-x
https://rupress.org/jem/article/214/3/597/42171/Soluble-TREM2-induces-inflammatory-responses-and
https://rupress.org/jem/article/214/3/597/42171/Soluble-TREM2-induces-inflammatory-responses-and
https://rupress.org/jem/article/214/3/597/42171/Soluble-TREM2-induces-inflammatory-responses-and
https://www.science.org/doi/10.1126/scitranslmed.aag1767
https://www.science.org/doi/10.1126/scitranslmed.aag1767
https://www.science.org/doi/10.1126/scitranslmed.aag1767
https://www.sciencedirect.com/science/article/abs/pii/S0303720719301546
https://www.sciencedirect.com/science/article/abs/pii/S0303720719301546
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-17
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-17
http://www.eurekaselect.com/article/83292
http://www.eurekaselect.com/article/83292
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16312980?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16312980?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16312980?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16305071?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16305071?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16305071?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0028390816302490?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0028390816302490?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0028390816302490?via%3Dihub
https://www.science.org/doi/10.1126/science.1217697?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.science.org/doi/10.1126/science.1217697?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://jneuroinflammation.biomedcentral.com/articles/10.1186/s12974-015-0270-3
https://jneuroinflammation.biomedcentral.com/articles/10.1186/s12974-015-0270-3
https://jneuroinflammation.biomedcentral.com/articles/10.1186/s12974-015-0270-3
https://www.hindawi.com/journals/bmri/2015/308461/
https://www.hindawi.com/journals/bmri/2015/308461/
https://onlinelibrary.wiley.com/doi/10.1002/glia.22401
https://onlinelibrary.wiley.com/doi/10.1002/glia.22401
https://onlinelibrary.wiley.com/doi/10.1002/glia.22401
https://jneuroinflammation.biomedcentral.com/articles/10.1186/s12974-015-0463-9
https://jneuroinflammation.biomedcentral.com/articles/10.1186/s12974-015-0463-9
https://jneuroinflammation.biomedcentral.com/articles/10.1186/s12974-015-0463-9
https://link.springer.com/article/10.1007/s00018-011-0757-8
https://www.sciencedirect.com/science/article/abs/pii/S0223523412007313?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0223523412007313?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0223523412007313?via%3Dihub
https://www.hindawi.com/journals/mi/2015/940207/
https://www.hindawi.com/journals/mi/2015/940207/
https://www.hindawi.com/journals/mi/2015/940207/
https://link.springer.com/article/10.1007/s12035-015-9293-0
https://link.springer.com/article/10.1007/s12035-015-9293-0
https://link.springer.com/article/10.1007/s12035-015-9293-0



