ABSTRACT
The neural mechanisms of Alzheimer’s Disease and Acquired Epilepsy: An investigation
to understand whether an overlap exist between these two disorders
Pranav Sreekumar
Director: Joaquin Lugo, Ph.D.
Alzheimer’s Disease and acquired epilepsy are neurodegenerative diseases that
cause a major decrease in the quality-of-life. Identifying neurobiological pathways
relevant to the development and progression of disease is very important. An increased
amount of literature has shown involvement of neurodegenerative mechanisms in the
pathophysiology of acquired epilepsies and Alzheimer’s. In this review, we will identify
whether an overlap of neural mechanisms exist in Alzheimer’s Disease and acquired
epilepsy. By understanding whether these diseases share neurobiological commonalities,
future studies can potentially identify therapeutic targets to slow down disease
progression and reduce cognitive symptoms of both disorders.
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CHAPTER ONE
Introduction
Alzheimer’s Disease (AD) is a disorder that is known to most of society. Many
individuals have witnessed this disease through a loved one or from a member in their
community. Currently, there is no effective treatment that can alter the disease process or
delay the disease onset. As a result, scientists constantly research this neurodegenerative
disorder to find therapeutics that can alleviate symptoms and slow down the progression
of this disease. AD is a common form of dementia and is characterized clinically by a
progressive decline in cognitive function. Deficits in memory and other cognitive
functions in the early stage of AD development occur due to alterations in the
hippocampus and entorhinal cortex (Kocahan and Dogan 2017). The hippocampus is a
structure that lies under the medial temporal lobe in the brain and has functions in
learning and memory. It is connected to the entorhinal cortex, which provides the main
source of input to the hippocampus. The connections that exist between these two
structures occur via the dentate gyrus, which is adjacent to the hippocampus (Li et al.,
2009). Behavioral studies have demonstrated that these structures play critical roles in
learning and memory through the process of long-term potentiation and synaptic
remodeling (Bliss & Lomo 1973). Damage to these brain structures occur in the early
stages of Alzheimer’s Disease and result in mild cognitive impairment (Mu and Gage
2011). As many as 80% of the neurons in the hippocampus may die over the course of the
disease progression of this disorder (Morris and Kopelman 1986). Most people diagnosed
with this disease are typically older with the average age being 65+ years old (Blennow et
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al., 2006). However, early-onset of AD can occur in a few patients and is characterized
by significant neuron loss and formation of beta-amyloid peptides and neurofibrillary
tangles (Murphy and Levine 2010). Moreover, neurodegeneration in other facets of the
brain include changes in neurotransmitter expression, reduced neutrophil numbers,
synaptotoxicity, and accumulation of amyloid plaque deposits (Kocahan and Dogan
2017). Unfortunately, there has been no consistent treatment that modifies the disease
process or slows down disease onset (Kang 2021). Despite evidence that show
neurofibrillary tangles acting as biomarkers in AD, the exact role that these proteins play
in the pathology of this disorder is still being investigated.
Epilepsy is widely known as one of the most common and debilitating neurologic
disorders. This neurologic condition occurs in about 1% of the population and is the
result of recurrent, unprovoked seizures (Stafstrom & Carmant 2015). An epileptic
seizure is a transient abnormal synchronization of neurons in the brain that disrupts
neurologic function due to excessive discharge of neurons (Ono and Galanopoulou 2012).
Seizures can come from nonepileptic or epileptic events. The cause of an epileptic seizure
is derived from many different sources that result in neural dysfunction (Shorvon 2011).
The epileptic seizure typically results from the imbalance between excitation and
inhibition signals in the brain (Stafstrom and Carmant 2015). These imbalances come
from a variety of changes in the neural circuits within the brain. Some seizures also come
from abnormal genes and subcellular signaling cascades. The factors that result in the
altered excitatory and inhibitory balance can come from either genetic or acquired causes
(Stafstrom and Carmant 2015). Genetic causes result in molecular changes at the receptor
level. Moreover, these genetic changes can also result in abnormal ionic channel function
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(Stafstrom and Carmant 2015). Acquired epilepsy comes from different origins. Cerebral
insults that result from external causes can alter the neural circuits within the brain
(Stafstrom and Carmant 2015). The developing brain is more prone to seizures as the
neural networks are still forming. Moreover, excitatory synaptic function develops before
inhibitory synaptic function, which favors the condition of neuronal excitation and
seizure generation (Stafstrom and Carmant 2015). This might explain why young
individuals are more susceptible to seizures in contrast to the adult brain (Holmes and
Ben-Ari 1998).
Epilepsy syndromes are usually the result of seizures that arise from a focal brain
region (Stafstrom and Carmant 2015). These syndromes indicate multiple signs and
symptoms that signify a unique epilepsy condition (Engel 2010). The seizures in these
cases typically begin focally, but then generalize. The EEG will show focal spikes in
relation to the brain area involved. Many clinicians have found that epileptic seizures
originate in the temporal lobe. The neural mechanisms that result in this condition are
still being investigated. A common cause of seizure genesis is impaired GABAergic
inhibition, enhanced synaptic excitation, and changes in the ion channel distribution
(Stafstrom and Carmant 2015). More neuroimaging data needs to be collected to better
understand the specific neural mechanism that result in the development of epilepsy
syndrome.
Acquired epilepsy is a subtype of epilepsy that differs from genetic epilepsy in
how the disease develops. This disorder results from a variety of causes ranging from
stroke to traumatic brain injury (TBI) (Berg et al., 2010). Moreover, acquired epilepsy
seems to develop as a comorbid condition with neurodegenerative diseases. As a result,
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many studies are investigating the neurobiological pathways that new pharmacological
therapies can target, which has shown anti-epileptogenic and disease reducing effect. By
understanding the neural mechanisms of acquired epilepsy, future studies can look at the
overlap of this type of epilepsy and other comorbid conditions like Alzheimer Disease,
which could have therapeutic benefits on slowing disease progression of both disorders.
Alzheimer’s Disease (AD) and acquired epilepsy are neurodegenerative disorders
that have impacted millions of people’s lives around the world. Understanding the
pathologies involved in these diseases is very important in the field of medicine.
Researchers have looked to understand the causes and symptoms of these disorders from
a biochemical and molecular standpoint. Moreover, researchers and physicians have
strived to develop therapeutics to combat disease progression and reduce symptoms.
However, few articles have delved deeply to identify whether these disorders share a
common neural mechanism. This literature review will look to understand the neural
mechanisms involved in AD and acquired epilepsy and identify whether an overlap of
mechanisms exist between the two disorders. By identifying whether an overlap exists
between these diseases, researchers can investigate future therapeutics that target both
pathways.
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CHAPTER TWO
Description of Alzheimer Disease

Location of AD
Alzheimer Disease is primarily located in the hippocampal and entorhinal regions.
The hippocampus plays a major role in memory functions. For individuals with AD, the
neurocognitive symptoms include memory loss and spatial memory learning deficits.
These symptoms are associated with loss of function in the hippocampus (Perl 2010).
Significant atrophy is also found in the entorhinal cortex when analyzing the neural tissue
in this brain region. The entorhinal cortex has many layers of neurons that are impacted
by the presence of neurofibrillary tangles, which develop over the course of AD (Walsh
and Selkoe 2004). This results in neuritic plaques in many of the layers and connection
between the entorhinal cortex and the hippocampus are damaged and inhibited by
degeneration of neurons located in these layers.

Diagnosis of AD
For many neurologists and pathologists, the diagnosis of AD and its definite
stages are based on the pathogenesis of disease presented by patients. The measures of
this pathology include identifying the density of neuritic amyloid plaques and
neurofibrillary tangles of tau protein in the affected brain regions (Murphy and Levine
2010). Many researchers have found it difficult to determine what specific mechanisms
plays a role in the development of the disease. The identification of what stage a person
with AD is at can only be identified posthumously, which means that a clinical diagnosis
5

of AD is conjecture based off the symptoms and MRI scans of a patient (Murphy and
Levine 2010). The lack of a diagnostic test for a person with AD hinders the efforts of
many researchers to identify disease mechanisms. This means therapeutics and other
drugs cannot be administered until a certain stage of a patient’s disease development.

AD Neural Mechanism Theories
AD & Amyloid-Beta protein
A development that many neuroscientists and clinicians agree upon is that the
amyloid-beta protein acts as a trigger for Alzheimer disease. These plaques play a role in
causing the neuronal death associated with this disorder. Studies have shown that these
amyloid-beta oligomers reduce the density of dendritic spines in the hippocampus.
Atrophy within the hippocampus and the entorhinal cortex due to amyloid-beta plaque
may demonstrate concrete AD progression (Murphy and Levine 2010). Furthermore, the
protein misfolding of these structures are transformed into polymorphic structures, which
can be correlated with the clinical progression of AD (Murphy and Levine 2010). Many
researchers are studying whether amyloid-beta protein can be used as biomarkers to
identify AD progression (Murphy and Levine 2010). Researchers have demonstrated that
amyloid-beta protein has a significant impact on neuronal function. Another type of
mechanism that plays a role in the pathogenesis of AD is the excitatory effect of
neurotransmitters and its receptors, specifically in relation to glutamate.
AD & NMDA Receptors
The glutamate neurotransmitter is the excitatory neurotransmitter of the central
nervous system. This molecule has many functions including neuronal plasticity, neural
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transmission, memory processes, and learning (Kochan and Akillioglu 2013). Studies
have shown that the pathogenesis of AD is strongly associated with alterations in
glutamate signaling. Moreover, tissues affected by this disease contain high levels of
glutamatergic neurons (Danysz and Parsons 2012). The term, excitotoxicity, typically
occurs when glutamatergic receptors, known as NMDA receptors, are constantly
activated. NMDA receptors mediate synaptic plasticity through long-term potentiation
(LTP). LTP is a critical process for memory and learning functions. When these receptors
undergo prolonged activation, neurodegeneration occurs as AD progresses. This occurs
as Ca2+ elevation suppresses synaptic function, which results in greater synaptotoxicity
and eventually atrophy in the hippocampal tissue. This outcome has been correlated with
loss of learning and memory function in AD (Parsons et al., 1998). Researchers
demonstrated further evidence of this mechanism when finding that an NMDA receptor
antagonist can slow AD progression (Parsons et al., 1998).
AD & Tau
The observation of tau hyperphosphorylation has been implicated in many
neurodegenerative disorders (Schneider and Mandelkow 2008). However, there is a high
rate of association of neurofibrillary tangles (NFT) found in Alzheimer Disease patients.
NFT develop from intracellular filamentous aggregates of hyper-phosphorylated tau
protein (Schneider and Mandelkow 2008). Tau can develop into various shapes of
strands, known as straight filaments or paired helical filaments (PHFs) (Schneider and
Mandelkow 2008). These tau aggregates can impact other neurological structures
including glial cells and astrocytes. For tau proteins polymerized into NFTs, these
substances are inert and cause tau to not bind to tubulin protein, which promotes the
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stability of microtubules (Iqbal et al., 2009). Instead, hyperphosphorylated tau protein is
present in the cytoplasm and inhibits the assembly of microtubules. This disrupts the
normal function of microtubules being used as a pathway for vesicles to transport
substances along this structure (Iqbal et al., 2009). Moreover, toxic tau protein sequesters
normal tau protein that is used in the formation of microtubules. When the abnormal tau
protein becomes dephosphorylated, NFTs disaggregate, and the tau behaves normally.
From these observations, the abnormal hyperphosphorylation of tau results in a variety of
clinical symptoms expressed in AD patients (Iqbal et al., 2009).
Based off these findings, future research should understand how NFTs can be
used to illustrate the degree of cognitive decline and neurodegeneration in AD patients.
Through this method, hyperphosphorylation of tau can be used as a biomarker, and could
lead to earlier detection of AD. Studies should also investigate the clinical effects of
preventing the mis-splicing of mRNA, the hyperphosphorylation of tau, and the
aggregation of tau protein. Through these studies, researchers can figure out whether
clinical symptoms of AD are reduced through these treatments. Moreover, researchers
should investigate whether certain therapeutic agents can reduce the ratio of toxic tau
isoform toward normal tau protein isoforms (Schneider and Mandelkow 2008).
As more research delves into the pathology and clinical symptoms of AD, a
common finding from various studies indicate that this disease is a clear risk factor for
seizures and epilepsy. The risk of seizures increases 3 to 87 times compare to agematched population with Alzheimer’s (Pandis and Scarmeas 2012). Due to the
connection of both diseases, more studies need to investigate the impact of epilepsy in
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further AD course and severity. To do this, one needs to look at how epilepsy develops,
and the neural mechanisms involved with this disorder.
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CHAPTER THREE
Description of Acquired Epilepsy
Acquired epilepsy is a subtype of epilepsy that results from a variety of causes
ranging from stroke to traumatic brain injury (TBI) (Berg et al., 2010). This disorder
typically affects the temporal lobe and is associated with other disturbances including
memory and learning disabilities. Moreover, acquired epilepsy seems to develop as a
comorbid condition with neurodegenerative diseases. As a result, many studies are
investigating the neurobiological pathways that new pharmacological therapies can target
that have anti-epileptogenic and disease reducing effect. By understanding the neural
mechanisms of acquired epilepsy, future studies can look at the overlap of this type of
epilepsy and other comorbid conditions like Alzheimer Disease, which could have
therapeutic benefits on slowing disease progression of both disorders.

Acquired Epilepsy Neural Mechanism Theories
Acquired Epilepsy & AMPA Receptor
AMPA receptors play a major role in the fast excitatory synaptic
neurotransmission in the central nervous system (CNS). When abnormal hyperexcitable
circuitry occurs during a seizure, excessive calcium uptake can initiate neurodegenerative
processes and cause neuronal cell death (Nagarkatti et al., 2009). Like NMDA receptors,
the AMPA receptors have functions in synaptic plasticity and are important in the
processes of long-term potentiation, learning, and memory (Selcher et al., 2012). Studies
10

have indicated that this neuronal excitotoxicity caused by excessive glutamate
neurotransmitter plays a role in the neurodegenerative processes of Alzheimer’s dementia
(Lau and Tymianski 2010). Excessive glutamate neurotransmitter is also an initial neural
mechanism in acquired epilepsy and leads to increased seizures due to hyperexcitability
of neurons. These processes seem to happen in the hippocampus and lead to neuronal
death of interneurons that are critical to the balance of excitatory and inhibitory neurons
in this region (Cavazos and Cross 2006). More studies need to look at strategies to inhibit
AMPA receptor activity as this can reduce excessive excitatory responses. Moreover,
intracellular calcium concentration levels induced by constant AMPA receptor activation
would decrease, which could slow neurodegenerative changes that result from excitotoxic
effects.

Acquired Epilepsy and Tau
Tau is a microtubule-associated protein that has many physiological functions in
neurons. It plays a huge role in maintaining stabilization of microtubules and contributes
to axonal transport (Casillas-Espinosa et al., 2020). This protein has been linked to many
neurodegenerative diseases like AD and recent studies have linked this protein to the
disease progression of acquired epilepsy (Liu et al., 2016). Hyperphosphorylated tau can
aggregate and lead to the impairment of neuronal cells and neurodegeneration. These
aggregates have been found in various brain samples of patients with acquired epilepsy,
especially after a cerebral insult caused by traumatic brain injury (TBI). Moreover, this
molecular process has led to similar neurological symptoms and cognitive decline in
other neurodegenerative disorders (Shultz et al., 2015). A big indicator that
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hyperphosphorylated tau plays a major role in the disease formation of epilepsy is
elevated levels of this protein in cerebrospinal fluid (CSF). Elevated levels of tau in the
CSF indicate both axonal and neuronal damage (Monti et al., 2015). Moreover, these
patients have high rates of seizures and a greater risk to develop epilepsy (Monti et al.,
2015). Abnormal aggregation of tau protein has also been implicated in
excitation/inhibition balance, which result in increased seizures in patients with epilepsy
or other neurological diseases (Roberson et al., 2007). This is caused by increased
activity of protein phosphatase 2A (PP2A) and decreased activity of various kinase
enzymes like cyclin-dependent kinase 5 (CDK5) following a traumatic brain injury
(Shultz et al., 2015). More research studies should look at targeting tau pathologies as a
disease-modifying treatment and a possible biomarker in predicting post-traumatic
epilepsy after a cerebral insult.

Acquired epilepsy and amyloid-beta pathway
Amyloid-beta protein can be found in aggregates in various regions in the brain.
These aggregates produce insoluble fibrils and plaques. These plaques have been widely
documented in individuals with Alzheimer’s Disease. Patients with AD who have these
plaques have an increased risk of developing spontaneous seizures in comparison to the
general population (Hauser et al., 1986). As a result, more studies are investigating the
role amyloid-beta protein has on the pathogenesis of epilepsy, especially after an injury
that causes a cerebral insult. Studies have found that epileptogenic brain injury from
causes like TBI can trigger overexpression of amyloid precursor protein (APP), which is
a precursor of amyloid-beta protein (Blennow et al., 2012). Studies have demonstrated
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that increased amyloid production can contribute to the development of acquired epilepsy
(Kenney et al., 2018). These deposits have been found in the cortex regions and the
hippocampus. Amyloid-beta deposits show increased neuronal excitability and cause
hyperactivation processes like epileptogenesis (Vossel et al., 2017). Hippocampal
hyperactivation can cause seizures and increased epileptiform activity throughout the
development of acquired epilepsy (Vossel et al., 2013). Plaques formed from amyloidbeta protein have been related to the excessive release of dopamine and dopamine
receptors, which disrupts the GABAergic inhibitory input. This leads to an
excitatory/inhibitory imbalance and hyperexcitability of pyramidal cells in the
hippocampus (Ren et al., 2018). Moreover, amyloid-beta accumulation can cause
microglia activation, which quickens the development of seizures and epilepsy (Ali et al.,
2018). By understanding the neural mechanisms involved with amyloid-beta protein,
researchers can develop new therapeutic targets to slow down the neurodegeneration
resulting from TBIs.
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CHAPTER FOUR
Relationship of AD and acquired epilepsy

As researchers learn more about the neural pathways involved in AD and
epilepsy, there has been growing evidence that these 2 diseases might share common
etiological mechanisms. These etiologies stem from instances of traumatic brain injury,
stroke, and other forms of cerebral insults. Each of these causes have been found to
promote progressive neurodegeneration for both acquired epilepsy and AD. Moreover,
studies have found that acquired epilepsy commonly develops as a comorbid disease with
patients who have Alzheimer’s or other neurodegenerative diseases (Casillasa-Espinosa
et al., 2020). These findings seem to demonstrate that acquired epilepsy can be
considered a progressive disorder due to similar neural mechanisms displayed in both
diseases. Studies have shown an association with various neurodegenerative pathways
such as tau protein and amyloid-beta protein (Ali et al., 2019). Development of acquired
epilepsy has also been associated with cognitive decline and neuropsychiatric
comorbidities. Since Alzheimer’s disease has a similar disease progression, these findings
indicate that both disorders might share neurobiological pathways. By understanding
these pathways, scientists can investigate new pharmacological therapies that has the
potential to reduce the disease onset of epileptogenesis and seizure symptoms. In fact,
studies using targeted therapeutics on neurodegenerative mechanisms have reported
protective effects against epileptogenesis when an acquired brain insult occurs (Liu et al.,
2016). These therapies could slow down the disease progression and reduce
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neurocognitive symptoms associated with neurodegenerative disorders like Alzheimer’s
Disease. As more of these findings develop and are translated from animal models into
human clinical trials, therapeutics that aim to reduce disease progression of acquired
epilepsy might subsequently slow disease onset of other neurodegenerative diseases with
similar mechanisms like Alzheimer’s.
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CHAPTER FIVE
Role of Tau Hyperphosphorylation in AD and Epilepsy

Understanding the neural mechanisms involved in Alzheimer Disease and
epilepsy is a complicated endeavor that will take researchers time to disentangle.
Different neural mechanisms for each neurodegenerative disorder have been studied for
many years. However, there seems to be a common molecular finding related to the
development of clinical symptoms for both diseases. This revolves around the abnormal
phosphorylation of the tau protein (Kang 2021). This process seems to result in
neurofibrillary tangles forming in the brain, which is a common pathological feature in
many Alzheimer Disease patients. Moreover, tau hyperphosphorylation is observed in
traumatic brain injury (TBI) patients, which is an established risk factor for epilepsy (Liu
et al., 2020).
Tau is a neural-specific and microtubule-associated protein that can be
phosphorylated by many kinases (Kang 2021). This protein is highly hydrophilic, which
allows it to be highly soluble and heat stable (Iqbal et al., 2009). The major biological
function of this protein revolves around the stabilization of microtubules in the cell (Kang
2021). The importance of microtubules revolves around the ability to grow and shrink to
support cellular shape changes (Schneider and Mandelkow 2008). For neurons,
microtubules also serve as the pathways for substances that are transported from vesicles
along axons and dendrites (Schneider and Mandelkow 2008). Microtubules are regulated
by microtubule-associated protein (MAP), which involves the tau protein. The tau protein
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itself is regulated by post-translational modifications, such as phosphorylation and dephosphorylation (Schneider and Mandelkow 2008). Tau protein is an abundant substance
in neurons but found in low amounts in the central nervous system (CNS) (Kang 2021).
In mature neurons, tau protein is found in the axon (Schneider and Mandelkow 2008).
From a molecular viewpoint, tau is coded by a single gene on chromosome 17 but can be
expressed in several isoforms due to alternative splicing of its mRNA (Iqbal et al., 2009).
Tau interacts with tubulin and helps in the assembly of microtubules. In a healthy brain,
tau contains 2-3 phosphates per mole of the protein, which appears to be the optimal
amount for promotion of microtubule assembly (Iqbal et al., 2009).
Tau hyperphosphorylation has been see in many patients with TBI, a known
established risk factor for epilepsy. However, few studies have investigated the
connection between the tau protein and its similarities in the neural mechanisms of both
Alzheimer’s Disease and epilepsy. To better understand this relationship, studies have
used mouse models to investigate the causes of genetic epilepsy from a molecular
viewpoint. These studies have found that the deletion of a tau gene can reduce neuronal
network hyperexcitability in mouse models of AD (Holth et al., 2013). This interaction
between tau and neuronal excitability in mice with AD demonstrates that the tau protein
may play a role in the development of epileptic symptoms Although there is not a clear
explanation for why tau can modulate neuronal excitability, these studies demonstrate
that tau removal can play a role in the reduction of neuronal network firing (Holth et al.,
2013). This would result in less epileptic symptoms and reduced AD symptoms caused
by the hyperphosphorylation of tau. In other studies, researchers demonstrated that
protein misfolding can lead to the development of AD. Scientists have shown that
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endoplasmic reticulum (ER) stress can lead to accumulation of protein misfolding, which
results in excitability/inhibitory neuronal firing imbalances (Shao et al., 2015).
Endoplasmic reticulum stress results in impaired memory and reduced synaptic plasticity
(Lin et al., 2018). More research is needed to better understand the molecular nature of
endoplasmic reticulum stress and how it results in the development of tau
hyperphosphorylation, which causes cognitive impairment to develop. Some ways
scientists are better understanding this process is developing treatments to relieve
endoplasmic reticulum stress. Future studies should investigate the benefits of relieving
endoplasmic reticulum stress and how limiting tau hyperphosphorylation can improve
memory and reduce excitatory/inhibitory neuronal imbalance.
Recent studies have shown that neuronal network hyperexcitability underlies the
pathogenesis of epileptic seizures (Holth et al., 2013). This phenomenon also seems to be
a component of various neurodegenerative disorders like Alzheimer’s disease. A
common biomolecular finding in both diseases is the existence of the protein tau. The
microtubule-binding tau has been shown to regulate the neuronal excitability levels in
people with epilepsy (Holth et al., 2013). Mouse studies have demonstrated that removal
of the Map gene encoding tau results in decreased hyperexcitability and a stabilization of
excitation/inhibition levels (Holth et al., 2013). Moreover, this removal of the tau protein
gene reduces cognitive dysfunction/symptoms in individuals with Alzheimer Disease
(Holth et al., 2013). The tau protein can also result in axonal transport deficits and
changes in synaptic long-term potentiation, which can result in epileptogenesis (Holth et
al., 2013). Researchers have found that the expression of the ApoE4 gene, which is an
AD risk factor allele, plays a role in neuronal network hyperexcitability (Hunter et al.,
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2012). A study done by Holth et al., 2013, looked to further understand whether removal
of tau can result in suppression of epilepsy in AD mouse models. These researchers
found that tau loss plays a major role in limiting cortical network excitability, even in the
absence of AD-molecular pathology. Moreover, reduction of tau protein could improve
cognition in AD mouse models to go along with the reduction of hyperexcitability found.
This demonstrates that tau protein has a huge impact in the pathogenesis of Alzheimer
Disease and epilepsy. Future studies could investigate the pharmacological benefits of tau
dephosphorylation and tau protein reduction. The effects of these molecular changes
show reduction of hyperexcitability in neuronal networks, which is a common feature in
many patients with epilepsy. Moreover, these treatments could reduce the cognitive
symptoms that result in individuals with early-onset AD.
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CHAPTER SIX
Role of Glutamate Receptors in Both AD and Epilepsy

Another neural mechanism that might overlap between Alzheimer’s Disease and
acquired epilepsy is the role that glutamate receptors play in both diseases. Glutamate
neurotransmitters are known to take an excitatory role in the central nervous system. This
molecule is a key contributor to many functions including memory processes and
neuronal plasticity (Kochan and Akillioglu, 2013). The key receptors in these processes
are the NMDA and AMPA receptors. Similar excitotoxicity functions of these receptors
have been found in both diseases. In Alzheimer’s disease, pathogenesis of AD has been
associated with high levels of glutamatergic neurons that constantly activate NMDA
receptors. During the pathogenesis of acquired epilepsy, AMPA receptors play a role in
the fast excitatory synaptic neurotransmission that results in abnormal hyperexcitable
circuitry. Both neural mechanisms occur in the hippocampus and can lead to imbalance
of excitatory and inhibitory neurons (Cavazos and Cross 2006). This illustrates that
acquired epilepsy and AD could have similar effects due to constant activation of AMPA
and NMDA receptors.
Recent studies have found that epileptogenesis can develop from the
transformation of healthy brain tissue into hyperexcitable neuronal networks (Nagarkatti
et al., 2009). This process demonstrates that constant activation of AMPA receptor can
lead to increased intracellular calcium levels during seizures. Hyperexcitable neuronal
networks have also been found in the disease progression of Alzheimer’s Disease.
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Similar to epileptogenesis, constant glutamate receptor activation results in heightened
intracellular calcium levels. Elevated calcium levels can suppress synaptic function and
result in greater synaptotoxicity and atrophy of hippocampal tissue, which is correlated
with loss of learning and memory function in AD (Parsons et al., 1998).
These findings demonstrate that glutamate receptors can impact the pathogenesis
of acquired epilepsy and Alzheimer’s Disease. More studies should investigate targeted
therapies in the hippocampus that aim to reduce intracellular calcium levels that result
from constant activation of NMDA and AMPA receptors. By reducing calcium levels,
this could slow disease progression and limit the symptoms of both disorders including
memory loss and seizures.
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CHAPTER SEVEN
Discussion
Based off the literature, there are significant neuropathological and
neurobiological parallels between Alzheimer’s disease and acquired epileptogenesis. The
protein tau plays a major role in the disease progression of both disorders. Specifically,
hyperphosphorylation of tau has been shown to cause neuronal excitability in patients and
mice models for both diseases. Hyperphosphorylation of tau results in protein misfolding
and increased amounts of neurofibrillary tangles, which is a characteristic in patients with
Alzheimer’s disease. This leads to excitatory/inhibitory neuronal firing imbalance.
Similar findings are found in patients with acquired epilepsy. Tau is a protein found to
regulate the neuronal excitability levels in patients with epilepsy (Holth et al., 2013).
Using mouse models, researchers demonstrated that removal of the Map gene encoding
tau results in decreased hyperexcitability and a stabilization of excitation/inhibition levels
(Holth et al., 2013). Moreover, this removal of the tau protein gene reduces cognitive
dysfunction/symptoms in individuals with Alzheimer Disease (Holth et al., 2013). These
findings indicate that lowering the amount of tau protein can play a role in slowing down
disease progression and reduce neuronal network excitability found in the hippocampus
region.
Alzheimer’s disease and acquired epilepsy have another similar neural
mechanism with the role that glutamate receptors play in both diseases. Glutamate is a
key neurotransmitter that functions in memory processes and neuronal plasticity. When
an excess amount of this molecule binds to the NMDA and AMPA glutamate receptors,
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excitotoxic functions have been found in both disorders. There seems to be increased
levels of intracellular calcium ions that enter the cell, which causes greater synaptic
dysfunction and atrophy of hippocampal tissue. These findings are correlated with loss of
learning and memory function in AD (Parsons et al., 1998). With these results,
researchers should investigate targeted therapeutics aimed at the hippocampus that look
to reduce intracellular calcium levels. By reducing constant activation of glutamate
receptors, this could potentially limit disease progression for both disorders.
From these findings, the literature demonstrates that an overlap of neural
mechanisms exists between Alzheimer’s Disease and acquired epilepsy. Understanding
the neurobiology of both disorders has shown commonalities in the misfolding of tau and
hyperactivation of glutamate receptors. More research needs to be conducted on mouse
models to further understand the connection between AD and acquired epilepsy. Further
solidification of these neurobiological pathways will allow scientists to investigate
targeted therapeutics that could reduce the severity of cognitive symptoms and slow
down disease-onset in both diseases.
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CHAPTER EIGHT
Conclusion

The pathophysiology of AD and acquired epilepsy are complex processes made
up from various neural mechanisms. Despite separate disease progressions, researchers
indicate a connection exists between the neural mechanisms involved in both disorders.
To better understand this relationship, researchers need to study more cases of AD
patients who are prone to develop epileptic seizures. Moreover, studies need to translate
the findings found in mouse models and see whether these results exist in human patients.
Understanding whether an overlap of neural mechanisms exist would allow researchers to
acquire insight on therapeutics that can slow down disease progression and reduce the
severity of symptoms in both diseases. Before scientists get to this point, future studies
need to test targeted therapeutics on these mechanisms using animal models and see
whether clinical symptoms are reduced for both disorders. Once researchers demonstrate
that a consistent therapeutic effect exists from these studies, then testing on Alzheimer’s
Disease and acquired epilepsy patients can start.
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GLOSSARY
Hippocampus: Region in the brain that plays a fundamental role in some forms of
learning and memory. Part of a functional brain system called the hippocampal
formation, which includes the dentate gyrus, subiculum, presubiculum, parasubiculum,
and entorhinal cortex.
Entorhinal Cortex: Main gateway into the hippocampus. Located near the amygdala,
which is a structure in the brain known to play role in emotions and fear learning.
Reciprocal connections between this cortex and the hippocampus.
Amyloid Precursor Protein (APP): Transmembrane protein that has a major role in the
regulation of certain functions in the nervous system. This protein is known to promote
synaptogenesis and synaptic plasticity. Comes from the amyloid precursor gene.
Microglia: Immune cells of the central nervous system and plays an important role in
inflammation. These cells typically respond to pathological disturbances and have a wide
range of effects when activated to confer neuronal protection. Under normal
physiological conditions, these cells shape neural circuit activity and have a protective
role for neurons.
NMDA Receptor: Glutamate and ion channel receptor that is activated when glutamate
and glycine bind to it. This receptor is a heteromeric complex that has 3 different
subunits: GluN1, GluN2, and GluN3. Controls the influx of calcium and sodium ions into
the cell.

25

AMPA Receptor: Subtype of the ionotropic glutamate receptor. Coupled to ion channels
that modulate cell excitability by controlling the flow of potassium and sodium ions into
the cell.
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