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PERSPECTIVE

Detrimental and synergistic role of
epilepsy — Alzheimer’s disease risk
factors

Identification of individuals at risk for developing Alzheimer’s
disease (AD) is an important issue for its pretreatment. Per-
spective studies predicting the disease are based on the genet-
ic approaches emerging from the nucleotide polymorphism
analysis in different loci through the entire genome in AD pa-
tients. Considerable diversity of genes located in these regions
raise the question of this diversity’s peculiar role in the disease
development. The mechanisms of AD have been shown to be
associated with the gene variation, increased beta-amyloid
production and concomitant epileptiform activity/epilepsy in
particular (Palop and Mucke, 2009). In this perspective, the
roles of various genes linked to epileptogenic mechanisms
and the risk of AD development are analyzed. We propose
that genotyping of apolipoprotein E (APOE) alleles combined
with recording of electroencephalogram (EEG) can identify
the early-onset AD that will allow highlighting a cohort of in-
dividuals at the risk of AD patients.

The early onset AD occurs predominantly at the age of less
than 60—65 years and characterized by familial mutations
in human amyloid precursor protein (APP), presenillin 1
(PSEN1), and presenillin 2 (PSEN2), which are associated
with clear missense mutations in the genes (Van Cauwen-
berghe et al., 2016). The late onset AD (over 65 years) is
characterized by a variety of genes detected by the large-scale
genome-wide association studies (GWAS) (Van Cauwenber-
ghe et al., 2016). Furthermore, the concept of the polygenic
hazard score, which aims to predict the AD appearance and
life expectancy was developed with the use of certain single
nucleotide polymorphism (SNPs) detection assays in AD pa-
tients (Desikan et al., 2017).

In these studies, only the APOE gene has a clear amino acid
variability, associated with SNPs rs429358 (R130) and rs7412
(R176), producing the APOEe4 pathogenic isoform. SNPs in
other genes are located in non-coding regions (especially in
introns) that make functional significance questionable. Fur-
thermore, the results of functional annotation studies predict
that certain SNPs detected in AD GWAS can affect miRNA
binding, that in turn modifies miRNA interaction with the
target RNAs (Han et al,, 2017) and may regulate the gene
expression. However, this effect needs to be proven particu-
larly the disappointing history of research on the “regulated”
TOMM40 protein expression level in AD by an intronic polyT
polymorphism in TOMM40 gene (rs10524523) (Cruchaga et
al., 2011). TOMMA40 is located in close vicinity to APOE gene
on the chromosome 19, and the link between APOE polymor-
phism and many AD related TOMM40 SNPs, which appear
in AD GWAS studies is well explained by the genetic linkage.
Specific AD polyT length differences are associated with the
APOQOE¢e4 allele, the main risk factor for the late onset AD (Van
Cauwenberghe et al,, 2016). Interestingly, in the MAPT gene,
which encodes the tau protein involved in the formation of
neurofibrillary tangle (one of the major hallmarks of AD),
the AD associated SNPs are also located in the introns (Zhou
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and Wang, 2017). The functional mutations in MAPT gene
are related to several other diseases including frontotemporal
dementia, PicK’s disease, progressive supranuclear palsy 1
and Parkinson-dementia syndrome. Other AD related genes
include extremely rare variants with amino acid variability in
cell adhesion molecules TREM2 (microglia activation), UN-
C5C (axonal growth), and phospholipase D3 (Del-Aguila et
al., 2015).

It has been shown that 19.1-31.2% of autosomal dominant
early-onset AD patients with mutations in PSEN1, PSEN2,
and APP will develop seizures (Zarea et al., 2016). The sub-
clinical epileptiform activity is associated with the APOEe4 al-
lele (Palop and Mucke, 2009). Moreover, initially mild cogni-
tive impairment in AD is often accompanied by temporal lobe
epilepsy (Holler and Trinka, 2014). It should be mentioned,
however, that non-convulsive seizures are frequently observed
without overt pathological symptoms, appear episodically
and remain unidentified in clinic (Horvath et al., 2016). These
events are difficult to detect during standard scalp EEG while
the long-term EEG recordings and their computation with the
use of specialized software might be a predictive approach in
the development of effective pretreatments for AD pathology
(Horvath et al., 2016).

The specific mechanisms of the epileptic activity develop-
ment remain unclear, but the neurodegenerative processes in
AD are accompanied by accelerated degeneration of specific
inhibitory GABAergic neuronal populations. Indeed, gluta-
mate decarboxylase-65 (GAD65) immunoreactivity has been
shown to be significantly reduced in AD brains (Schwab et
al., 2013), indicating the severe loss of specific GABAergic
interneuronal populations (in particular oriens-lacunosum
moleculare neurons in the hippocampus). This disrupts the
excitatory-inhibitory input balance in the brain that in turn
provokes the generation of epileptiform activity and/or sei-
zures, particularly in the hippocampus. Furthermore, though
the familial AD mutations in APP, PSEN1 and PSEN?2 are rare
(Van Cauwenberghe et al., 2016), most of them seem to be
associated with AD carriers frequently involved in the seizure
development (Palop and Mucke, 2009). One of the major
genetic risk factors for AD is the APOEe4 allele; however, it
is able to produce the detrimental effect with the additional
support from other AD risk factors (Van Cauwenberghe et al.,
2016).

The meta-analysis indicates the presence of the APOEe4
allele in 9-23% of individuals in the world, among them, 15—
45% APOEe4 carriers develop the AD pathology (http://www.
alzgene.org/meta.asp?genelD=83). The incidences of AD are
higher in APOEe4/4 carriers (25-45%) at the age 75-80 years
compared with APOEe3/4 carriers (15-25%) at the same age
(https://www.ncbi.nlm.nih.gov/books/NBK1161/). These
studies indicate the particular importance of the APOE allele
in genotyping for the AD prediction. Thus, APOEe4 appears
to be a major prognostic risk factor, nevertheless, many other
factors revealed in clinics are essential for the AD develop-
ment (Figure 1). However, the APOEe4 characterization in
combination with the EEG recordings focused on subclinical
epileptiform activity seems to be the optimal approach for
specific diagnosis of early-onset AD and AD treatment.
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Figure 1 Different factors for AD onset.

One factor cannot induce AD independently and needs the support
from other factors. The most pathologically mutually synergistic asso-
ciation occurs with APOEe4 carriers and epileptiform activity due to
the accelerated degeneration of GAD65-positive GABA-ergic neurons.
APOE: Apolipoprotein E; GAD65: glutamate decarboxylase-65; GABA:
y-aminobutyric acid; AD: Alzheimer’s disease.

Thus, the most effective treatment of AD is expected to
be bidirectional, simultaneously affecting the intimately en-
twined AD and epilepsy mechanisms. However, traditional
antiepileptic treatments are associated with side effects that
aggravate AD-associated cognitive impairment (Horvath et
al., 2016). One of the potentially effective approaches might
be based on the use of nerve growth factor (NGF), which is
essential for maintenance of the functioning of both cholin-
ergic neurons in the basal nucleus of Meynert, specifically
affected in AD, and the degenerated neuronal network in the
neocortex and hippocampus. The most promising universal
approache is the development of modern gene therapy ex vivo,
for example to introduce recombinant NGF into the brain. Ex
vivo cultivated fibroblasts, genetically modified for efficient
NGEF expression and secretion, could be delivered into the
AD brain and thereby stimulates the recovery of cholinergic
neurons and neuronal networks (https://clinicaltrials.gov/
ct2/show/NCT00017940). This approach, aiming at a direct
protection of cholinergic neurons and AD prevention, seems
to be feasible for epilepsy treatment as well. Indeed, intranasal
NGF administration attenuates the seizure onsets in the rat
model of kindling epilepsy (Lei et al., 2017).

In conclusion, subclinical epileptiform manifestations in
the EEG recordings could be a useful prognostic sign of AD
development in APOEe4 carriers. Once detected, these signals
might be a stimulating factor for timely prevention, or delay
the development of AD.
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