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Abstract.

Background: Neuroinflammation is an innate immunological response of the central nervous system that may be induced by
a brain insult and chronic neurodegenerative conditions. Recent research has shown that neuroinflammation may contribute
to the initiation of Alzheimer’s disease (AD) pathogenesis and associated epileptogenesis.

Objective: This systematic review aimed to investigate the available literature on the shared molecular mechanisms of
neuroinflammation in AD and epilepsy.

Methods: The search included in this systematic review was obtained from 5 established databases. A total of 2,760 articles
were screened according to inclusion criteria. Articles related to the modulation of the inflammatory biomarkers commonly
associated with the progression of AD and epilepsy in all populations were included in this review.

Results: Only 7 articles met these criteria and were chosen for further analysis. Selected studies include both in vitro and
in vivo research conducted on rodents. Several neuroinflammatory biomarkers were reported to be involved in the cross-talk
between AD and epilepsy.

Conclusion: Neuroinflammation was directly associated with the advancement of AD and epilepsy in populations compared
to those with either AD or epilepsy. However, more studies focusing on common inflammatory biomarkers are required to
develop standardized monitoring guidelines to prevent the manifestation of epilepsy and delay the progression of AD in
patients.
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and an 80% of seizure recurrence risk after a first
seizure episode was reported in an elderly AD pop-
ulation [3]. The linkage between AD and epilepsy
pathologies has since then remained obscure [2]. To
date, pharmaceutical treatments available for AD and
epilepsy are mainly targeting symptomatic control for
the disease/disorder instead of curative treatment [4].

The most common form of dementia is AD, which
is aneurodegenerative disease characterized by mem-
ory loss and progressive neurocognitive impairment
[5]. The widely recognized hypothesis on the pre-
dominant cause of AD is due to the aberrance in the
processing and polymerization of regularly soluble
proteins. As a result, a misfolded protein with mod-
ified conformation is produced which could lead to
abnormal or loss of neuronal functions [6, 7]. The
key pathologies for AD are the presence of amyloid-
B (AB) and hyperphosphorylated tau [4, 5, 8]. In brief,
amyloid pathogenesis is initiated with altered cleav-
age of an integral protein on the plasma membrane,
amyloid-[3 protein precursor (ABPP), by B-secretases
(BACE1) and v-secretases to produce insoluble A3
fibrils [9, 10]. Consecutively, AR oligomerizes, dif-
fuses into the synaptic cleft and disrupts synaptic
signaling. The polymerization of A oligomers into
insoluble amyloid fibrils leads to aggregation into
plaques, leading to kinase activation, hyperphospho-
rylation of microtubule-associated tau protein, and
the formation of intracellular neurofibrillary tangles
(NFTs). Accordingly, the clinical characteristics of
AD include the presence of extracellular aggregates
of AR and NFTs constituted of hyperphosphory-
lated tau protein in the cortical and limbic regions
of the brain [5]. On the other hand, epilepsy is one
of the most prevailing neurologic conditions with an
occurrence of one in every 2000 population [11].
Epilepsy is a condition defined as at least two unpro-
voked seizures developing more than 24 hours apart
or one unprovoked seizure with a 60% probability
of developing further seizures similar to the general
recurrence risk after two unprovoked seizures over
the next 10 years [12]. The manifestation of seizure
is due to the disproportionate, hypersynchronous fir-
ing of neurons, which disrupts the excitatory and
inhibitory imbalance in the cerebral cortex of the
brain.

Recent studies have shown that non-convulsive
epileptiform activity appears to be an under-reported
comorbidity of AD [13]. Besides that, shared patho-
logical similarities such as hippocampal atrophy,
neuronal death, gliosis, neuroinflammation, and neu-
ropsychiatric and cognitive comorbidities were also

observed in AD and epilepsy patients [14]. Following
this, several experimental studies have demonstrated
a lowered threshold for seizures in AD models, sug-
gesting neuronal hyperexcitability may contribute to
the behavior deficit in AD [2]. Although the exact
mechanisms of associating seizures with the onset
and trajectory of AD pathogenesis remain unclear,
numerous biomarkers and mechanisms have been
proposed. A3 and tau protein, GABAergic and glu-
tamatergic alterations, the role of the noradrenergic
nucleus Locus Coeruleus, and neuroinflammation are
possible pathological mechanisms to underlie the
increased risk of seizures in AD [15-17]. Among
the proposed mechanisms, increasing evidence has
found neuroinflammation was presented in both AD
[2, 18] and epilepsy [16, 17, 19], potentially linking
the pathogenesis between these two conditions.

Neuroinflammation is triggered when there is a
brain insult, such as traumatic brain injury, infections,
or status epilepticus (SE) [20]. Neuroinflammation
is described by the initiation of the central ner-
vous system (CNS) immune response, mediated by
astrocytes, microglia, endothelial cells of the blood-
brain barrier (BBB), neurons, and peripheral immune
cells extravasation in the CNS parenchyma [20]. For
decades, AD has been tightly linked to neuroinflam-
mation [21-23]. A interacts directly with receptors
on microglia and astrocytes including receptors for
advanced glycation end products (RAGEs), Toll-
like receptors (TLR), chemokine-like receptor 1,
and the a6B1 integrin [24, 25], inducing an acute
inflammatory response, and triggering the comple-
ment and inflammatory enzymes [2]. Consequently,
the microglia and astrocytes are activated, releasing
pro-inflammatory chemokines and cytokines [26].
Extracellular and intracellular A and tangles pro-
duce intense toxicity that causes synaptic damage
[2], increasing oxidative stress [27], which in turn
causes the infiltration of microglial surrounding the
plaques regions [24, 28]. Microglia can also acti-
vate T-mediated neurotoxic immune response as
antigen-presenting cells and exacerbate neurodegen-
eration [28]. Persistent secretion of pro-inflammatory
cytokines from reactive microglial may, in return,
further promote amyloid deposition [29]. Thus, the
unavailing inflammatory escalation response towards
AP proteins predating the onset of cognitive declina-
tion in AD has been hypothesized [26].

In some instances, proinflammatory conditions
such as autoimmune disorder, fever as well as the
underlying neuroinflammation in AD, is a risk fac-
tor for seizures [2]. According to prior evidence from
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in vitro and in vivo research, a bidirectional asso-
ciation between epilepsy and aberrant inflammation
was presented [30]. Seizures that were triggered by
neuroinflammation may consecutively promote or
exacerbate neuronal hyperexcitability and facilitate
further seizure generation. Cytokines such as Inter-
leukin 6 (IL-6), IL-1B, and tumor necrosis factor-a
(TNF-a) along with other cytokines were implicated
in the development of seizures due to the dispro-
portion in inhibitory-excitatory balance [16, 17].
Overexpression of TNF- o and IL-6 in transgenic
mice was shown to have lowered seizure threshold
and exhibited spontaneous seizures [31, 32] whereas
intrahippocampal administration of IL-1 into the
rat prolonged seizurogenic-induced seizures [33].
Likewise, depending on the phenotype of microglia
activated, microglia have also been hypothesized
to be pro-epileptogenic particularly if inhibitory
synapses were affected in the complement-dependent
synaptic engulfment [34].

The aforementioned findings have supported the
role of neuroinflammation in promoting seizures
and cognitive decline seen in AD. Both AD and
epilepsy precipitate aberrant neuroinflammation; in
which neuroinflammation is seen as a risk determi-
nant for seizures and may exacerbate AD. However,
a concise depiction of the responsible inflammatory
biomarkers and the subsequent pathology that corre-
lates with epilepsy and AD have not been summarized
previously. Thus, this systematic review aimed to
critically evaluate the currently available literature
investigating the association of neuroinflammation
in both AD and epilepsy, which could potentially
serve as a guide in exploring alternative therapeutic
strategies.

MATERIALS AND METHODS

Search strategy and studies identification

A literature search was conducted using databases
namely PubMed, Ovid Medline, Scopus, and
EMBASE. The search was limited to publications
from the last 5 years, January 2018 to August 2022
for the retrieval of recent, relevant, and updated
studies. The search terms “Neuroinflammation”,
“Alzheimer’s Disease”, “Epilepsy”, “Seizure”, and
“Cognitive Decline” were used to extract relevant
articles from the databases. A title, abstract, and key-
word search were performed using the search terms.
The Boolean operator “AND” and “OR” was used
to link the terms together on all databases. Articles

were first screened through their titles and abstracts
before proceeding with the full-text screening of rel-
evant articles. Additionally, electronic searches were
restricted to the availability of abstracts and studies
published in the English language.

Study selection

The study selection for this systematic review is
based on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) protocol.
Studies eligible for inclusion include peer-reviewed
original research articles in in vitro and in vivo
research performed in all populations with AD or
epilepsy/epileptiform discharge and the availability
of the full-text article in English. All the included
studies evaluated the association of neuroinflamma-
tion with the conditions’ progressions directly and
indirectly. Regardless of the methods of assessments
utilized by the studies, the main outcome measures
were the modulated inflammatory biomarkers asso-
ciated with the progression of AD and epilepsy.
Non-original research articles such as conference
abstracts, case reports, reviews, book chapters and
editorials, as well as articles that did not investi-
gate neuroinflammation in relation to AD and seizure
within a study were excluded from this system-
atic review. The whole methodological process was
independently performed by two researchers, who
reached a consensus before the selection of the final
number of articles for critical evaluation.

Data extraction, quality assessment, and data
analysis

Key study data were extracted from each study.
These include first author, study model, specimens
used, measure outcome, and biomolecules studied.
Systematic Review Centre for Laboratory Animal
Experimentation Risk of Bias (SYRCLE RoB) tool
was used to evaluate the quality and risk of bias of
the animal interventional studies that were included
in this review [35]. “Yes” indicates a low risk of
bias and ‘No’ indicates a high risk of bias in this
quality item whereas ‘Unclear” indicates insufficient
data was provided for evaluating the degree of bias.
The literature search, selection and quality analysis of
the selected articles were performed by two indepen-
dent researchers. Meta-analysis was not conducted
in this review due to variability in statistical analysis
utilized, methodologic diversity (e.g., study design,
including procedures, measured outcome), and het-



5256 Y. Liew et al. / Neuroinflammation in AD and Epilepsy

Abstract excluded
n = 2440 abstracts do not fulfil

study inclusion criteria

Full-text articles excluded, n =25

n =25 articles do not measure

Articles identified
.§ n =304, Pudmed database find
<
= n =164, Ovid Medline database find
5 n =304, EMBASE database find
n = 1988, Scopus database find
Duplication excluded

2 n=288

=

3

5
« v

Abstracts screened
n=2472

2

= Full-text articles assessed for
B eligibility

e n=32

4

3 Studies included in analysis
E n=7

Q

K|

A 4

the association of either
Alzheimer’s disease,
epilepsy/seizure and
neuroinflammation

Fig. 1. A systematic PRISMA flowchart for articles identification

erogeneity (e.g., type of specimens) of the selected
studies.

RESULTS

Study characteristics

The initial systematic search and reference track-
ing yielded 2,760 articles (Fig. 1). Of these initial
2,760 articles, 288 duplicates were removed and
2,472 articles were included after screening of the
abstracts. Most of these 2,440 articles were either
conference abstracts, or review papers, or do not ful-
fil the study inclusion criteria. Hence, a total of 32

full-text articles were screened and 25 articles that do
not measure the association of either AD, epilepsy,
and seizure together with neuroinflammation were
excluded. A total of 7 articles were finally used for the
analyses and summary. The characteristics, findings,
and quality of articles based on SYRCLE’s risk of
bias checklist of each study (Supplementary Table 1)
were summarized and tabulated in Tables 1 and 2,
based on their experiment design. Although most of
the included study has a high risk of selection bias,
the overall quality remained unbiased. Out of the
included studies, there were only one research of the
included articles was conducted in in vitro whereas
in vivo research was performed in the other six stud-
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Table 1
Ex vivo research studies

First author Specimens Inflammatory Pathological outcomes SYRCLE’s
(year) biomolecules/ risk of bias

markers assessment”
Aldabbagh APP NL-F/NL-F Increased GFAP Seizurogenic : Bicucilline Unbiased
(2022) [36] knock-in male mice in human and

(12-16 months old) mice Increased baseline spontaneous synaptic excitation,

hippocampal (CA1
and DG) tissue

Decreased phasic spontaneous inhibitory events, and
Increased background tonic inhibition.

Increased GABA and glutamate level, Increased
amplitude and frequency of SEPSPs

AD, Alzheimer’s disease; CA, cornu ammonis; DG, dentate gyrus; GFAP, glial fibrillary acidic protein; sEPSPs, spontaneous excitatory
postsynaptic potentials; * Detailed items presented in the Supplementary Material.

ies. The predominant model used in the included
literature was AD model (71%, n=35), performed in
transgenic mice.

Role of neuroinflammation in AD-associated
epilepsy

The direct and indirect correlation between AD
and seizure progression in association with neuroin-
flammation were extracted from the findings of the
included studies. Figure 2 depicted the pathology of
neuroinflammation in AD and AD-associated epilep-
togenesis in relation to microgliosis and astrogliosis
and their downstream mechanisms. A significant
reduction in the level of inflammatory markers IL-
1B in mice was detected after an episode of SE in
transgenic mice without AD; however, changes in the
cytokines and chemokines such as TNF-a, IL-6, C-
C motif chemokine ligand 2 (CCL2), and C-C motif
chemokine ligand 12 (CCL12) were not significant
in comparison in mice with and without AD [37]. On
the contrary, one other study has found an increase in
IL-1B levels in AD transgenic mice as AD progressed
among the other cytokines (IL-1a, MIP2, RANTES,
and KC) [42]. Moreover, overexpression in IL-
18 cytokine has demonstrated an increased risk of
seizures in AD, so as under-expression, thus a balance
of inflammatory cytokine is critical in suppressing
the development of seizures in AD. Although no
significant differences were detected in IL-1p3 and
TNF-a in both wildtype and transgenic mice with
AD, the study investigating AD pathology and neu-
roinflammation demonstrated a decreasing trend of
expression in IL-10 in both wildtype and transgenic
mice with AD [38]. Other neuroinflammation makers
include glial fibrillary acidic protein (GFAP), cluster
of differentiation 68 (CD68) immunoreactivity, and
ionized calcium-binding adaptor molecule 1 (IBA1).

The increase in the aforementioned neuroinflam-
matory markers indicates higher activation of glial
cells, leading to heighten inflammation response.
Two studies using both AD and epileptic mice mod-
els displayed a raise in GFAP levels [36, 37]. A
study investigating signaling dysregulation in canon-
ical wingless/integrated (Wnt) associated with AD
pathology and neuroinflammation in knock-in trans-
genic AD mouse model showed an increase of CD
68 during the latent phase of AD [39], similarly
with another study utilizing Arctic AR mice AD
model has also demonstrated an increase CD 68 stain-
ing and expression of triggering receptor expressed
on myeloid cells 2 (TREM2), but not inflammatory
cytokines during a seizure [38]. Correspondingly, an
increase of microgliosis was seen collectively in the
mice after seizurogenic administration in an epilep-
tic model, however, a significantly lesser number of
microglial and astroglial were observed in tau KO
mice [40]. An AD mice model induced with neuronal
activity showed to have increased IBA1 intensity
which was associated with the worsening of AD hall-
mark [41].

DISCUSSION

The evidence from the rodent studies has suggested
apossible relation of neuroinflammation in the patho-
genesis of AD and AD-associated epilepsy. During
neuroinflammation, glial activation produces func-
tional and morphological changes within the cells
that affect the neural-glial and glial-glial interactions
[43]. Such alterations may lead to synaptic commu-
nication impairment, imbalance in neurotransmitter
homeostasis, and potentially axonal degeneration and
neuronal death [44]. The neurodegeneration process
in AD is defined by synapse dysfunction and neu-
ronal loss [8]. Recent findings have supported the



Table 2
In vivo research studies
First Animal type and Brain region Progression SYRCLE’s
author disease model risk of bias
(Year) assessment®
Neuropathological Electrophysiological Neurodegeneration/ Behavior
neurogenesis
Canet MTLE model Hippocampus Epileptogenesis Seizurogenic: No information Decreased Unbiased
(2022) (C57BL/6J male Hallmarks of AD: Kainic acid available well-being, short
(37] mice (8-10 weeks Increased AT100, PHF-1, CP13, CdkS5 activity, and long-term

old)

and overexpression of APP, C99, BACEI

Decreased ADAMI10 level
Inflammation: Increased GFAP and Ibal level

Spontaneous seizures

Hallmarks of AD:

Increased AT100, PHF- 1, CP13, GSK3B
activity, and overexpression of APP and C99

BACE]1 and PS1 were unchanged
Inflammation: Increased GFAP and Ibal level

SE

Hallmarks of AD:

Increased transiently in PHF1, CP13, APP, C99,
ADAMI0, PS1, and long term overexpression in
AT100, BACE1 and GSK-3 activity

Inflammation: Increased GFAP, Ibal, IL-183,
TNF-a, CCL-12 transiently and corticosterone
plasma levels

memory in AD
and post-SE mice

(Continued)

86CS
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First Animal type and Brain region Progression SYRCLE’s
author disease model risk of bias
(Year) assessment®
J20 model (J20 Hippocampus Hallmarks of AD:
(hAPPsy/1na) Increased PHF1, CP13, BACE1, GSK-3p, and
male mice (9 CDKS activity
months old))
AT100 level unchanged
Inflammation: Increased GFAP and Ibal level
Gschwind THK model Temporal lobe Hallmarks of AD: Seizurogenic : Decreased pyramidal Increased seizures ~ Unbiased
(2018) (Arctic AP male (DG, CA1 and Increased soluble AR in latent phase Kainic cells in CAl and susceptibility,
[38] mice (12-15 CA3), dorsal Inflammation: acid/bicuculline CA3 severity and
weeks old)) hippocampus, frequency, and
lsetll(.:zll;l]l(l)lgﬁm strati Increased CD68 expression in Hilus, CAl and Decreased Decreased hilar mortality
A CA3 stratum radiatum synaptic mossy cells in the DG
pyramidale and .
. transmission
radium of CA3 strength in CA1
Decreased IL-10 expression Decreased cluster Decreased
of activity hippocampal
(sIPSCs) with a expression in NPY
higher number of
events during
baseline in AD
mice
No significant changes in IL-1 3 Increased NPY
and TNF-a expression moderately
in the hilus and CA3c
during epileptogenesis
Increased Trem?2 in latent phase of AD Decreased
neurogenesis in AD
mice but no changes
in the epileptogenesis-
associated changes
neurogenesis
Petrache APP knock-in LEC, cortex, Hallmarks of AD: Decreased Decreased pyramidal No information Unbiased
(2019) model (APP cerebellum, CA1 Increased A in LEC in latent phase canonical Wnt cell density in LEC available
[39] NL-F/NL-F and neocrotex signaling activity and CA1 in the latent

knock-in male
mice (1-2 months
old, 4-6 months
old, and 10-18
months old)

Inflammation:

Increased CD68 in latent phase

progressively over
time

Impaired spont-
aneous excitation
and inhibition

phase

Asdapidsg pup vy ul UONDUWUDYUIOANIN] / “ID 12 MITT K
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No significant changes of GFAP in the LEC

Increased
hyperexcitability
state as AD
progress in CA1
and neocortical
region

Putra PTZ-induced Hippocampus Hallmarks of AD: Seizurogenic: PTZ  Decreased Decreased Unbiased
(2020) model (Tau KO (CAl, CA3,DG), Increased hyper-phosphorylated tau in the neurodegeneration at convulsive
[40] male and female ENT hippocampus during the first 24 hours 24 hours in seizures and
mice (12 weeks hippocampus and cumulative seizure
old)) ENT severity scores
Inflammation: Decreased IBA1 in CA3 and DG Increased latency
and GFAP in DG at 24 hours to convulsive
seizure
Schultz AAV-hTau model Subiculum, DG Hallmarks of AD: No information Increased neuronal No information Unbiased
(2018) (Tg4510 and Tau Increased neuronal activity available activity available
[41] KO male and Increased—>hTau and hippocampal Increased
female mice (17 tran-synaptic spread. hippocampal neuronal
weeks old)) Hyperphosphorylated hTau in EC and DG loss severity
Inflammation: Increased IBA1 in hippocampal
Tzeng APP model Hippocampal Hallmarks of AD: Seizurogenic: Increased NYP in DG Increased seizure Unbiased
(2018) (APP/PS1 mice CAl, DG Presence of amyloid deposition in 9-month-old PTX of KO mice. susceptibility,
[42] (10-12 weeks old) AD mice severity score and
mortality in KO
Increased Altered genes related IL-18
excitatory to seizure regulation

synaptic proteins
expression in KO
IL-18 and basal

. excitatory
Inflammation: " Increased
Increased IL1{ levels in WT and KO of IL-18 synaptic hippocampal spine
transmission.

density in KO IL-18

09¢S

Asdapidsg pup qy ul UONDUWUDYUIOANIN] / “ID 12 MITT K

AD, Alzheimer’s disease; MTLE, Mesial temporal lobe epilepsy; GFAP, Glial fibrillary acidic protein; Ibal, Ionized calcium-binding adaptor molecule 1; IL, Interleukin; TNF-a, tumor necrosis
factor-alpha; CCL 12, Chemokine (C-C motif) ligand 12; PHF, paired helical filaments; Cdk5, Cyclin-dependent kinase 5; APP, amyloid precursor protein; BACE1, Beta-secretase 1; ADAM10, A
Disintegrin and Metalloproteinase 10; PS1, Presenilin-1; GSK-3(3, Glycogen synthase kinase-3 beta; SE, Seizure epilepticus; IHK, Intrahippocampal injection of kainic acid; CA, Cornu Ammonis;
DG, Dentate gyrus; CD68, Cluster of differentiation 68; TREM2, Triggering receptor expressed on myeloid cells 2; sSIPSPs, Spontaneous inhibitory postsynaptic potentials; NPY, Neuropeptide
Y; LEC, Lateral entorhinal cortex; Wnt, Canonical Wingless/integrated; PTZ, Pentylenetetrazole; ENT, Entorhinal cortex; AAV, Adeno-associated viral vector; hTau, Human Tau; WT, Wildtype;
KO, Knock-out; PTX, Picrotoxin; ? Detailed items presented in Supplementary Table 1.
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Fig. 2. The possible pathology of neuroinflammation that may lead to AD and/or AD-associated epileptogenesis, which have been mainly
related to microgliosis and astrogliosis. Figure was created in BioRender.com.

notion on the abnormal progressive accumulation of
AP oligomers is related to synaptic pathology and
impaired neurogenesis in AD. A3 oligomers might
cause a cascade of events that triggers hyperexcitabil-
ity and neuroinflammation that promotes neurotoxic
effects, leading to a pernicious cycle of the neurode-
generative process [5].

In response to brain insult, astrocytes become acti-
vated [45]. Astrocytic activation happens as a result
of hypertrophy and upregulation of intermediate fila-
ments, such as glial fibrillary acidic protein (GFAP).
Various cytokines are shown to involve either during
the initiation or modulation of reactive astrogliosis,
including IL-1B, TNF-a, and transforming growth
factor beta-13 (TGF-1p), that are expressed on astro-
cytes and their interaction stimulates an astrocytic
reactive response. Astrocyte-derived cytokines such
as IL-13 and TNF-a are involved in the promotion
of neurotoxicity meanwhile TGF-1f is believed to be
neuroprotective. On the other hand, approximately a
quarter of the cells within the brain are microglia, that
actively screen and modulate the CNS environment
to maintain homeostasis and physiological require-
ments, as well as respond to pathological affairs
via brain immune cells for innate immune response
coordination [46]. Microglial as pathological sen-
sors of brain insult will be activated immediately and
undergo critical morphological changes. In the ini-
tial phase, activation of the microglial is deemed as

neuroprotective by migrating to the site of the insult
and stimulating inflammatory response for healing.
However, altered morphology accompanied by more
reactive or activated microglia, in conjunction with
increased activated microglia markers and proin-
flammatory cytokine levels (for example, IL-18 and
TNF-a) disrupts brain function and neuronal dys-
function [47, 48].

On the other hand, a decrease in tau and neu-
roinflammation has been strongly associated with
lessening seizure severity, improved cognitive func-
tions, and mortality in many epilepsy models [38, 40,
49]. The range of cognitive and memory impairment
in AD is similar to epilepsy, implicating a possi-
ble contribution of seizures in numerous cognitive
and behavioral aspects of AD-related alterations [50].
Evidence from several studies has shown patients
with AD suffer from acquiring and retaining memory
effectively [51], which is consistent with the neu-
ropathological and imaging findings that showed the
vulnerability of the ENT and hippocampus in AD
[52, 53], Correspondingly, seizures that affect the
hippocampus, especially in temporal lobe epilepsy
(TLE), have cumulative impacts on cognitive func-
tions after recurrent seizures [50]. Circuit remodeling
and alteration in the circuitry and molecular
level of the hippocampus are possible mecha-
nisms causing cognitive impairment in epilepsy
and AD.
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Fig. 3. The association and consequences of neuroinflammation in AD and epilepsy. Figure was created in BioRender.com.

Applicability of targeting neuroinflammation as
therapeutic strategy in AD and epilepsy

Recent literature has shown the presence of neu-
roinflammation in AD long before the deposition
of amyloid plaques, which is also seen in some
types of epilepsies, including TLE and SE [54, 55].
Microglial, astrocytes, and oligodendrocytes con-
tribute to the regulation of neuroinflammation [56].
In AD, A activates the glial and causes the release
of several proinflammatory cytokines, leading to
the manifestation of generalized neuroinflammation
[2]. Consequently, this process would promote neu-
rotoxic effects that may drive a vicious cycle of
the neurodegenerative process due to heighten neu-
ronal excitability. In both conditions, astrogliosis and
microgliosis modify the glutamate-glutamine cycle
[55]. The proinflammatory cytokines such as IL-6,
IL-1B, and TNF-« that are released from microglial
and astrocytes play a role in modulating the release
of glutamate and altering its post-synaptic uptake,
along with the signaling reduction of GABA [2,
55]. However, as the available literature that stud-
ied the stringent association of neuroinflammation
on both AD and epilepsy is extremely limited, the
effect of neuroinflammation represented in this sys-
tematic review may not reflect the true implication.
In addition, the increase in neuronal hyperexcitability
has also been postulated to increase the production

of the AP via B- and +y-secretases stimulation, and
promote the pathological expression of AD, causing
a higher extent of neurodegeneration and cognitive
deficit [54]. Furthermore, disruption in the BBB that
happens in both AD and epilepsy was hypothesized
as a consequence of the proinflammatory response
[57]. The surge in toxic materials in the CNS due to
the impaired BBB integrity that favors the perpetua-
tion of a proinflammatory environment would further
activate the microglia and proinflammatory cytokine
release, thus, imbalance the excitatory-inhibitory sys-
tem and pro-excitatory synaptic dysregulation [58].
As a result, this could potentially increase the occur-
rence of interictal epileptiform activity and also
epileptic seizures [57]. The association and conse-
quences of neuroinflammation in AD and epilepsy
was shown in Fig. 3. As discussed, the aforemen-
tioned factors may depict a better correlation in the
advancement of AD and epilepsy, but it is also impor-
tant to acknowledge that the development of both
conditions as one other comorbidity is an endless pro-
cess and neuroinflammation is part of that process as
an implication, and potentially a causal relationship.

More and more researchers are focusing on the
effort in diminishing prolonged neuroinflammation
in AD and epilepsy. In preclinical studies, therapeu-
tic targets of neuroinflammation involving antibodies
against inflammatory cytokine (TNF-a) and recep-
tors (TREM2 and CD33) expressed in the microglia
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have shown favorable results in controlling neu-
roinflammation, and subsequently the progression
of AD [18]. Meanwhile, inhibitors of TLR3 or
TLR4 expressed by microglia [19] and anti-high
motility group box-1 (HMGB-1) [59] in preclin-
ical studies have also demonstrated a significant
reduction in epileptic seizures by disrupting the
inflammatory mechanisms. Inflammation-targeting
small molecules in the management of AD and
seizures were seen to produce positive neurologic
outcomes due to their smaller size and low molec-
ular weight that could penetrate the CNS domain
[18, 19]. The therapeutic effects of some of the avail-
able nonsteroidal anti-inflammatory drugs (NSAID)
have been postulated to target pathological hallmarks
of AD and decrease the frequency of spontaneous
seizures by interacting with inflammatory pathways
[18, 19]. With this, the clinical benefits of anti-
inflammatory treatment could be extrapolated as a
potential therapeutic approach in patients with both
AD and epilepsy, nonetheless, more studies are war-
ranted as the aforementioned preclinical evidence
focuses only on a condition, either AD or epilepsy, at
a time.

Limitation and future direction

In this review, we have systematically summa-
rized studies that evaluated the direct and indirect
interaction of neuroinflammation between AD and
seizure. The evidence presented in this systematic
review can be used by researchers to enhance current
understandings of the role of neuroinflammation in
the progression of AD and epilepsy pathophysiology
and to potentially identify and target inflammatory
biomarkers as a new therapeutic approach for treat-
ment. Moreover, the study result might be a good
guide to employ and explore the other factors that may
be involved in the trajectory of the conditions’ pro-
gression. However, the study models included in this
systematic review solely utilized transgenic rodent
models. Although transgenic models are useful in
providing relevant information on the role neuroin-
flammation played in the pathophysiology of AD,
such models do not accurately reflect the initiation
and development of commonly seen sporadic AD
in patients [60, 61]. Furthermore, the outcome mea-
sures were not standardized between the studies as
various types of inflammatory markers and meth-
ods were used to assess the progression of AD and
seizure. In addition, the studies that followed different
types of study designs may also partially influence the

conditions’ progressions and data presentation poten-
tially causing a disparity in the context of the targeted
inflammatory biomolecules.

Conclusion

This systematic review has summarized the
evidence supporting the correlation between neuroin-
flammation in the progression of AD and epilepsy.
The prospect of targeting neuroinflammation as a
curative approach for both conditions may seem pre-
mature at this moment but noticeably promising.
However, there is a need for more studies focusing
on the common inflammatory biomarkers to develop
standardized monitoring guidelines to prevent the
manifestation of epilepsy in AD patients as well as
AD initiation in epileptic patients.
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