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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
neuro brillary 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 -pleated sheet formation and subsequent NFTs
[2]. Physiological homeostasis of excess neural Af occurs via various
processes, including proteolytic degradation and clearance [3]. If these
processes are dysfunctional, AR may become aggregated and contribute
to NFT [4] and subsequent neuronal cell death and in ammation.
Compounding this, the aggregated AR can induce the M1-dominated
polarization of the microglia phenotype, which release proin ammatory
mediators and free radicals that inhibit neuronal repair and regeneration
[5]. e perturbed microenvironment becomes exacerbated by a cyclical
process of in ammation and further plaque and tangle formation
culminating in the development and progression of AD.
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Figure 1: Proteolytic production of AR from APP. e N-terminus of
APP lies within the extracellular uid 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 AB and anti / non-amyloidogenic (normal),
which prevents AP generation]. In amyloidogenic pathway, -secretase
cleaves a soluble large portion of ectodomain of APP (SAPPB) from
cells and retains membrane bound-C-terminal fragments (BAPPCTF).
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 ( gure 1A). In non-amyloidogenic pathway, y-secretase cleaves
APP in the middle of AB (removing SAPPn from cells) and this generates
truncated NAPPCTF which lacks amino terminal portion of AR domain.
y-secretase cleaves 0APPCTF and this leads liberation of truncated Ap
(p3) which is pathologically irrelevant ( gure 1B).

AB42 and AP40 are the main species in the proteolytic processes. Ap42
is critical to deposition of Af and it is an initiator of AD pathogenesis.
APB40 is neuroprotective against AB42 toxicity and oxidative damage
(induced by metal) [6]. Presenilin 1 and 2 (PSEN1 and PSENZ2) are vital
components of y-secretase complex. In all familiar Alzheimer’s disease
mutations, AB42 is increased while AB40 is decreased [6]. Study in PSEN
mutated animal model has shown that AR42/AB40 ratio is elevated and
microgliosis is decreased [7].  us, reducing the levels of toxic Ap42 or
AB42/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 AB42 and AB42/AB40 ratio could be
reduced by converting AB42 to AB40 a er AP production.

Degradation of naturally secreted AR 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 di erent peptide substrates [11]. ACE has been
reported to convert AB42 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
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APB42 oligomers) in ISF activates microglia. Based on Ap structure and
degree of oligomerisation, microglia internalise AB42 (using receptors
such as scavenger receptors, complement receptor, signal regulatory
protein-B1 receptor, P2Y4 receptor, CD36, a6B1 integrin, and CD47)
and transports it to the lysosome [33]. Microglia signi cantly internalise
AB42 proto bril than AB42 monomers and AB42 bril [34]. Microglia
will rapidly internalise Ap proto brils in a process that depends on time,
concentration of AP proto brils in the ISF, and secretion of TNF-a. At
a concentration of 2 uM of both AF488-Ap proto brils and AF488-Ap
monomers, primary microglia internalise, at 24 hours via pinocytosis,
high level (>95%) of AF488-ApB proto brils compared to low level of
AF488-AB monomers. As the concentration increases to 10 pM (but
AF488 stoichiometry in AR monomers is 4X AF488 in A proto brils),
primary murine microglia internalise higher AF488-AB proto brils
levels and lower AF488-Af 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 proto brils were dense and spread throughout the cytosols
and only few AP proto brils are transported to the lysosome.  is means
that AP proto brils are not degraded and cleared a er internalisation by
primary murine microglia [33].
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Figure 2: LRP1-mediated AP clearance pathways. AR is predominantly
generated in neurons and secreted into ISF. Proteolytic degradation by
endopeptidases (e.g., NEP and IDE) is a major AP clearance pathway.
Cellular AB also plays a vital in eliminating ABfrom the brain. LRP1
signi cantly controls AR 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 AB 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 ABaggregation and deposition as AR plaques
in brain parenchyma, perivascular regions as CAA and sometimes also
inside neurons as intraneuronal AB .
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Reduced A clearance via the BBB into the plasma negatively impacts
transporter pro le 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, CSF, 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 A binds with
a2M or ApoE, a2M or ApoE undergo conformational change and binds
with LRP-1 or LRP-2, which transport AB 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 e ux transporter (in the plasma membrane of the brain capillary
endothelial cells), which transports AR out of the brain across the BBB to
the blood [38,40] (Figure 3).
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Figure 3: AB can be transported bi-directionally through BBB by
receptors. In normal healthy conditions, e ux of A is regulated by the
receptors in the endothelium. A er binding with ApoE or a2M, AB can
be transported LRP1. If AB binds with ApoJ, AB is transported by LRP2.
Other receptors that regulate e ux of AB include ABC transporter,
insulin-sensitive transporter, and ANP-sensitive transporter. In
addition, AP can be transported to the perivascular spaces and e uxed
via perivascular drainage. During e ux of AP, little in ux of A is
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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:
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occur. is can result in progressive cell death and tissue damage.

erefore, it is vital that the cells can switch from proin ammatory 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).
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Figure 5: Pathogenicity of M1 phenotype results from physiological
imbalances between M1 phenotypic activities and M2 phenotypic
activities. e production of proin ammatory 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

J Community Med Health Educ, an open access journal Volume 12 « Issue 8 » 1000767
ISSN: 2161-0711



Citation: Owoola AG, Fernandez F, Grifths 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 7 of 13

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 proin ammatory
cytokines, which increase tau phosphorylation [117].  is 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
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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-B, 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 (ABCAT7) in AD development is unclear. Li
et al. (2016) demonstrated that ABCAT7 overexpression improves
cognitive behaviour and neurotoxicity of AD mice, using a lentiviral
vector mediating ABCAT gene [134]. e latest gene therapy advances
entail novel vectors (for better delivery of therapeutic material), which

J Community Med Health Educ, an open access journal Volume 12 « Issue 8 » 1000767
ISSN: 2161-0711



Citation: Owoola AG, Fernandez F, Grifths 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 9 of 13
compounds to modulate cytotoxic and/or neurotropic microglia
phenotypes at speci ¢ stages of neurodegenerative diseases. is is
because microglia activation in switching from one phenotype to another
phenotype (i.e., in switching from neuroprotective to neurotoxic pro les)
is time-dependent in chronic disease such as severe AD. Furthermore,
studies are required to investigate the transcriptomes and epigenetic
pro les in various disease (especially AD) states, understanding how
aging and disease progression alter these pro les at single-cell-level, and
correlate such changes with microglia behavior.
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