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Abstract: Microglia together with other permanent macrophages in central nervous system (CNS)
are responsible for regulating the innate immune response of the brain and spinal cord. Upon
activation, microglia triggers the release of inflammatory mediators such as cytokines, chemokines,
and other proteins related to neuro-inflammation. Elevated levels of neuro-inflammation have
been linked to a decline in cognitive performance manifested in Alzheimer’s Disease (AD). There
are mounting evidence in the literature to suggest that microglia are responsible for a substantial
amount of the synaptic damage seen in AD. Most importantly, scientific studies have suggested that
overexpression of microglia-derived neuro-inflammation elevates amyloid beta (AP) plaque
formation, and hyperactivation of tau protein; the two main pathological characteristic features of
AD. Alternatively, Af and tau formation further activate microglia to sustain the neuro-
inflammation triggering a vicious cascade of neurodegeneration in AD. Here in this review, we
discussed the role of microglia associated neuroinflammation for the pathogenesis of AD.
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1. Introduction

Alzheimer's disease (AD) is an age-related progressive neurodegenerative disorder. It manifests
as one of the most prevalent forms of dementia predominantly affecting the older generation.
According to the Alzheimer's Disease International assessment, there were roughly 46 million
individuals living with dementia in the world in 2015 (Prince et al., 2015). It is anticipated that this
number would rise to 131 million by the year 2050 (Prince et al., 2015, Bajwa and Klegeris, 2022).
Accumulation of amyloid plaques and neurofibrillary tangles inside the brain vasculature are the
classic biological hallmarks of AD (Chen and Mobley, 2019). These pathological conditions are
neurotoxic which causes acute neuroinflammation, further potentiates AD progression. Various
studies have reported that complications of AD are elevated by lifestyle related disorders, such as
obesity, hypertension, and Type 2 Diabetes mellitus (T2DM) (Barnes and Yaffe, 2011). Some studies
have also suggested that the neuroinflammation observed in AD brains may be the result of
peripheral inflammation. Over time this peripheral inflammation leads to inflammation of the brain
leading to AD (McKenzie et al., 2017, Newcombe et al.,, 2018, Bajwa and Klegeris, 2022). Lesions
created by chronic inflammation, amyloid plaque and tangles are related to synaptic dysfunction and
cognitive decline during AD (Mishra and Brinton, 2018). In addition, evidence of microgliosis
surrounding amyloid plaque formation has become one of the interesting aspects of AD research to
find out the plausible connection among microglia derived neuroinflammation and AD
pathophysiology in recent years (Mishra and Brinton, 2018). In this mini review, we summarized the
contribution of microglia associated neuroinflammation and other pathological and molecular factors
for the development of AD. Moreover, how microglia driven neuroinflammatory pathway could be
a potential target for the treatment of the AD in future.

2. Neuroinflammation and Microglia

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Neuroinflammation can be defined as an inflammatory process involving the brain or spinal
cord (DiSabato et al., 2016). Apart from the neurons, three distinct glial cells named microglia,
oligodendrocytes, and astrocytes comprise central nervous system (CNS). These cells are protected
from the remaining portion of the whole nervous system by the tight junction of the blood-brain
barrier (BBB) (Daneman and Prat, 2015). Due to the presence of this impermeable BBB structure,
many pathogens, leucocytes and other immunoglobins are impeded to enter the brain (Daneman and
Prat, 2015). Consequently, CNS has a more diverse immunological defense mechanism than the
peripheral tissues (Hilzendeger et al., 2014). This different immune mechanism is mainly regulated
by microglial cells, which constitute around 5-20% of immune cells in an adult brain (Ginhoux et al.,
2013). These cells are considered as the sentry of the brain’s first line defense system which prevents
invasive microorganisms, and toxic materials; and thereby prevents injury to the brain (Xu et al,,
2016).

Microglia, the innate immune cells of the CNS, originate from erythromyeloid progenitor cells
in the embryonic yolk sac and migrate into the brain around embryonic day 10.5 in mice, after which
they propagate, spread, and ramify throughout the brain parenchyma (Ginhoux et al., 2013).

Microglial cells maintain homeostatic balance inside the brain by engulfing cellular debris and
waste materials by phagocytosis. This phagocytic mechanism of microglial cells is named as
microglial activation (Fu et al., 2014). In this step, ramified microglial cells undergo a structural
transformation to amoeboid form (Kettenmann et al., 2011). After transformation, these microglial
cells are readily prepared for moving outside the brain and provide an immunological response to
the injured site. Although, short term microglial activation is beneficial, chronic and sustained
microglial activation might be a potential cause of neuro-degeneration (Cunningham, 2013).
Activated microglia are responsible for the release of a number of neurotoxins (nitric oxide, oxidative
free radicals and pro-inflammatory cytokines) (Qian et al., 2006). In addition, these neurotoxins
further activates microglia to release toxic free radicals and cytokines. (Lull and Block, 2010). This
cyclic event eventually causes progressive damage to the neurons in the long run (Lull and Block,
2010). Moreover, redox signaling during microglial activation is suggested to play a pivotal role in
chronic neuroinflammation that further initiates pro-inflammatory response by enhancing cytokine
production (Lull and Block, 2010). Taken together, hyper-activation of microglia results in
neurodegeneration leading to AD in future.

2.1. Immunoregulatory and neuro-regulatory substances released from microglia: Cytokines and Chemokines.

Activated microglia is responsible for producing a plethora of immunoregulatory mediators
named chemokines and cytokines that take part in the pathogenesis of neuroinflammation. Some of
the mediators are presented in Table 1.

Table 1. Neuroinflammatory mediators and their effects on neuro-disorders.

Neuro-
regulatory Group Name Origin Effects Reference
factors
IL-6 is  Interleukins increase
Cytokines Interleukins IL-6 produced by neuronal survival but (Erta et al., 2012)
activated are involved in

astrogliosis several brain diseases
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when
neurons are

injured.

IL-1p IL-1B is  Causes neurotoxicity  (Csélle and
induced by by producing excess Sperlagh, 2010)
Bacterial glutamate

endotoxin

Activates microglia

Type-II IFN-y IFN-y is  and causes neuro-  (Ferrari et al,
Interferon activated by toxicity in Parkinson  2021)

natural killer disease.

cell (NK) .T-

Cell may also

induce IFN-y.

The tumor TNF- TNF-a is  Involves in amyloid

necrosis a generated by  plaque production  (Dezfulian, 2018)
factor, macrophages  during Alzheimer’s
adipokine during disease.
systemic
inflammation.

Causes neurotoxicity
Chemokines Interleukin IL-8R  Macrophages by amyloid-beta (Willette et al,

formation. 2013)
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Toll like TLR-4 Extracellular Mediates activation ~ (Fiebich et al.,

receptor factors induce of microglial cell. 2018)
Toll-like TLR-4 reduces tau
receptor hyper-
phosphorylation but

induce amyloid beta

production.

Table 1: List of neuro-inflammatory mediators involved in neuro-degeneration. IL=Interleukin, IFN=Interferons,
TNF=Tumor necrosis factor, TLR=Toll like receptor.

3. Mechanism of microglia induced neuroinflammation triggering the progression of AD.

Pathology of AD is triggered by formation of the amyloid beta (Af) plaque and neurofibrillary
tangles (NFTs) (Gouras et al, 2015). These structures are accompanied by neuron fragments,
stimulate pro-inflammatory mediators as well as inflammatory proteins by activating glial cells.
Although these glial cells are considered as neuroprotective at low concentration, a high
concentration of glial cells inside the CNS can be a crucial factor for neuro-degeneration (Gleichman
and Carmichael, 2020). Especially, studies on reactive microglia have revealed that microglia can
perform the role of antigen representing cell upon activation during the commencing stage of
adaptive immune reaction (Prinz et al.,, 2019, Schetters et al., 2018). Another study revealed that
activated microglia can secret different neurotoxic elements including nitrogenous substances, matrix
metalloproteinase, cathepsins, and L-glutamate (Lindhout et al., 2021). Moreover, when microglia is
adversely activated, it releases cytokines, complement proteins and chemokines. In addition, reactive
microglia stimulates astrocytes, which again aid microglia in recruiting monocytes and T-cells into
the brain parenchyma. All these mechanisms contribute to the development of the chronic
neuroinflammation. Ultimately, a vicious cycle of neuroinflammation and microglial activation
establishes leading to the progression of AD. (Figure 1) (Liddelow and Barres, 2017, Bachiller et al.,
2018, Fakhoury, 2018, A McKenzie et al., 2017, Di Benedetto et al., 2019, Burgaletto et al., 2020,
Scheltens et al.).


https://doi.org/10.20944/preprints202305.1673.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 May 2023 doi:10.20944/preprints202305.1673.v1

Neurofibrillary-tangles
\ Creates
Q inflammatory :> Activation of glial cells

{/“\ / stimulation
[ \)\;L-_ Amyloid plaque
@ Signal of injury

Create junk structure surrounding
nieurons and synaptic comnection is

disrupted
Release of pro-inflammatory
@ mediators and inflammatory

proteins.

Neurodegeneration

@ Hyperphosphorylation of @
L fau protein.amyloid beta .
Alzheimer's disease formation and excretion of <: Inflammation
. pro-inflammatory cytokines

Figure 1. Microglia, playing a central role in vicious cycle of neuroinflammation and related neuro-
degeneration in AD.

3.1. Age related changes in microglia and AD assimilation

The incidence of AD is most commonly associated with old age. The term "immunosenescence”
refers to the decline in both the peripheral and central immune system components that occurs in old
age (Aiello et al., 2019). Several immune-related genes have been found to be differently regulated in
different parts of the aging human brain. Upregulation of these immune-related genes in old age
have been associated with AD (Cribbs et al., 2012). At the cellular level, microglia have been found
to undergo significant phenotypic changes as people age.

Genome-wide transcriptional profiling study in mice performed by Grabert and colleagues
demonstrated an uneven and region-specific effects of microglia on aging (Grabert et al., 2016). They
showed that with age changes occur in genes that are involved in immune response and bioenergetics.
As a result, most of the variations in microglial cells proliferation occur across different geographical
location (Grabert et al., 2016).

Compared to microglia isolated from young subjects, microglia from old subject exhibits a
reduced expression of receptors on the cell surface and actin assembly (Galatro et al., 2017). Aged
human cerebral cortex microglia morphologically portray some deformities, including process
fragmentation, de-ramification, gnarling, and spheroid formation (Figure 2) (Newcombe et al., 2018).
The BBB becomes more permeable with age, allowing various neuroinflammatory mediators to
access into the brain. The contribution of neuroinflammatory mediators for the development of AD
has been discussed earlier. Multiple studies have indicated that AD associated neurodegenerative
process begins with the breakdown of BBB integrity (Montagne et al., 2015, Walker et al., 2017),
leading to hippocampal atrophy (Takechi et al., 2017) and cognitive impairment in later stage of life
(Villeda et al., 2011).
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Figure 2. Difference in characteristics of blood brain barrier of young and old brain inflammation
(Newcombe et al., 2018).Young brains have intact BBBs with tight junctions, endothelial cells,
pericytes and astrocytes (blue). Microglia (orange) consists of extended processes during homeostasis.
During an inflammatory event, microglia prepare for phagocytosis to eliminate the inflammatory
stimulus, such as a bacterial infection after an injury. On the other hand, monocytes can cross the BBB
to enhance phagocytosis and debris clearance in the brain. Young brain microglia can return to
surveillance after an inflammatory event. Age leaks the BBB structure continuously. Therefore, in
aged brain, microglia reacts quickly to inflammatory stimuli but lose phagocytosis and infection
clearing activity. If microglia can not remove the infection, it releases inflammatory mediators leading
to increased inflammatory cell migration via the BBB which becomes permeable during disease
(Newcombe et al., 2018).

3.2. Relationship between microglial activation, inflammasome and gut microbiomes.

Inflammasomes are mainly complexes of large cytosolic multi proteins that assimilates due to
infection or stress which in turn activates Casepase-1-related inflammatory responses such as release
of pro-inflammatory cytokines IL-1p and IL-18 (de Zoete et al., 2014). Many inflammasomes are
responsible for neurodegenerative diseases but among them pyrin domain containing 3 (NLRP3)
inflammasome is considered to play a crucial role in amyloid plaque formation and tau protein hyper
phosphorylation (Hanslik and Ulland, 2020). Interestingly, NLRP3 inflammasome has tremendous
impact on aging and microglial activation (Hu et al., 2019, O’Neil et al., 2018). Genetic study revealed
that NLRP3 gene expression was significantly higher in young compared to aged microglia(Youm et
al., 2013).

Furthermore, during aging, microglial cells tends to accumulate elevated amount of lipofuscin.
These accumulated lipofuscin together with increased oxidative stress contributes to the age-related
neuro-degeneration (Kushwaha et al., 2018, Brown, 2009).

In recent years some emerging evidence have highlighted that there is a connection among
microglial modulation of inflammasome and gut microbiomes (Ma et al., 2019). For instance, a very
recent in-vivo mice model study on transplanted gut microbiota from AD affected brain has reported
that gut microbiomes can regulate pathophysiology of AD by i) activation of NLRP3 inflammasome
in the intestinal tract and ii) elevation of pro-inflammatory cytokines IL-6 and IL-1f3 in peripheral
blood (Shen et al., 2020). Taken together, all these studies indicate that there is a close relationship
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between gut microbiomes, NLRP3 inflammasome and microglial mediated neuroinflammation for
the potential pathophysiologic manifestation of the AD.

4. Targeting inflammation and modification of microglial activation can be an effective
therapeutic target for treating AD

4.1. Nonsteroidal anti-inflammatory drugs for the treatment of AD

In epidemiological studies, nonsteroidal anti-inflammatory drugs (NSAIDs) have been shown
to reduce the prevalence of AD progression in the typical aging population. (McGeer et al., 2016, Fu
et al., 2018). Eicosanoid lipid mediators including prostaglandins, thromboxane, and leukotriene B4
are made when fatty acids like arachidonic acid are oxidized by cyclooxygenases (COX-1 and COX-
2) (Fu et al., 2018). These eicosanoid lipid mediators play a role in AD pathology by triggering the
inflammatory response. It is widely believed that NSAIDs exert their effects by inhibiting the
expression of cyclooxygenase (COX). (Fu et al., 2018). In addition, AD transgenic mouse models
exhibited elevated levels of arachidonic acid, cyclooxygenase 2, and prostaglandins (Hein and
O’Banion, 2009, Sanchez-Mejia et al., 2008, Fu et al., 2018). Some NSAIDs (e.g., ibuprofen and
indomethacin) modulate y-secretase activity to inhibit AB« peptide production and microglial
activation (Zhang et al., 2021), Puhl et al., 2015). Having said that, most of the NSAIDs that were
examined in clinical trials for the treatment of AD in advanced stage, were ineffective at alleviating
AD symptoms, and some actually made symptoms worse (Miguel-Alvarez et al., 2015). According to
recent evaluations, neuroinflammation begins in the initial stages of AD, long before the onset of
obvious cognitive decline (Fu et al., 2018) . As a result, there is hope that giving NSAIDs to those with
AD in the pre-symptomatic or the early stage could improve the outcome (Fu et al., 2018).

4.2. AD treatment strategy by modification of inflammatory response by microglia

Microglia mediated NLRP3 inflammasome activation plays a central role in AD pathology and
direct or indirect inhibition of this inflammasome can prevent microglial pathogenesis in AD
(Thawkar and Kaur, 2019). Hence, many studies are conducted to find effective NLRP3 inhibitors,
and some inhibitors are under preclinical stage (Dempsey et al., 2017, Lucitinaité et al., 2020, Yin et
al., 2018). Edaravone, a promising free radical scavenging agent which is used as a treatment options
for cerebral infarction, has remarkable microglial inflammation modifying activity through inhibition
of NLRP3 inflammasome activity (Wang et al., 2017). Moreover, edaravone can substantially lower
amyloid beta plaque formation and is documented as neuroprotective (Wang et al., 2017). Thus,
edaravone, can be effective in AD treatment by inhibiting NLRP3 activation and enhancing cognitive
function (Parikh et al., 2018).

5. Future prospects of neuroinflammation as a potential therapeutic target to treat AD

A very recent study has demonstrated the effectiveness of targeting neuroinflammation as a
potential target for treating AD (Liu et al., 2022). Several immune components, including cytokines
and complement factors, have been investigated for their potential pathogenic roles for the
development of AD (Heneka et al., 2015). Multiple transgenic animal model studies demonstrated
that blocking IL-10 or IL-12/IL-23 signaling, or suppressing NLRP3 inflammasome activation lowers
inflammatory responses and amyloid deposition and promotes learning and memory function in AD
(Fu et al., 2016, Guillot-Sestier et al., 2015, Heneka et al., 2013, Venegas et al., 2017, Fu et al., 2018,
Golde, 2019). Taken together, it is rational to think that preventing the neuroinflammatory
pathology could be a therapeutic potential for the treatment of the AD.

6. Conclusion and future direction

Despite the fact that inflammation has a number of beneficial effects, such as pathogen
elimination and phagocytosis during tissue regeneration, unrestricted inflammation can have
negative consequences, such as the production of neurotoxic factors that worsen pathological


https://doi.org/10.20944/preprints202305.1673.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 May 2023 doi:10.20944/preprints202305.1673.v1

characteristics of neurodegeneration. There is plethora of cytokines, chemokines, and their
inflammatory mediators involved in this complicated immune response. As we discussed in this
review, there are mounting evidence indicating that neuroinflammation serves as one of the vital
players in the pathogenesis of AD and hence neuroinflammation can be a potential target for the
treatment of the AD.
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