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ROLE of HYPERPOLARIZATION-ACTIVATED
CYCLIC NUCLEOTIDE-GATED CATION (HCN)
CHANNELS, T-TYPE Ca** CHANNELS, and
INWARD RECTIFYING POTASSIUM (Kir)
CHANNELS in SUDDEN UNEXPECTED DEATH in
EPILEPSY (SUDEP)

NILUFER AKGUN UNAL!
OMER UNAL?

AHMET AKKOCA?
EMRE SONER TIRYAKI*

Introduction

Epilepsy-related deaths are most commonly attributed to
SUDEP. Neurologist Lina Nashef initially described it as an
"unexpected, sudden, witnessed or unwitnessed, non-traumatic, non-
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drowning death in individuals with epilepsy, possibly accompanied
by seizures, and not resulting from documented status epilepticus
(SE), for which no toxicological or anatomical cause of death could
be identified through post-mortem examination" (Nashef, 1997).
Epilepsy in young adults (ages 20-45) is associated with a
significantly increased risk of SUDEP, estimated to be as high as 27
times greater than in the general population of the same age group
(Giussani et al., 2023; Holst et al., 2013). The American Academy of
Neurology's guidelines indicate that SUDEP incidence in children is
extremely rare at 0.35 per 1000 patient-years, but much higher in
adults at 6 per 1000 patient-years, as reported in Harden et al.
(Harden et al., 2017b).

The underlying cause of SUDEP has yet to be clearly
identified, despite growing awareness of the condition and its
associated risk factors (Fig. 1). Research indicates that cardiac and
respiratory function issues associated with seizures may be crucial
in the development of SUDEP (Bosch, Sander, & Thijs, 2024;
Stollberger & Finsterer, 2004). Terminal cardiac arrhythmia is
commonly cited as the cause of death in SUDEP cases, yet post-
mortem examinations fail to reveal structural cardiac problems that
would indicate a pathological reason for the death (Pérez-Pérez,
Frias-Soria, & Rocha, 2021; Surges, Thijs, Tan, & Sander, 2009).
Abnormalities in cardiac electrical activity, including long QT
syndrome (LQTS), can lead to adverse autopsy findings, suggesting
a possible mechanistic connection between SUDEP and cardiac
arrhythmias.

The severity and frequency of generalized tonic-clonic
seizures (GTCS) are the most significant risk factors for SUDEP,
according to Harden et al. (Harden et al., 2017b). The risk of SUDEP
is 15-fold greater in patients experiencing N3 GTCS seizures on a
monthly basis (Harden et al., 2017a). Early onset of epilepsy, the use

of certain antiepileptic drugs (AEDs), polytherapy, the duration of
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epilepsy, and symptomatic causes are further considered risk factors
(Whitney & Donner, 2019). Several clinical features, including
frequent changes in the dosage of anti-epileptic drugs (AEDs),
consistently low plasma levels of AEDs, and poor adherence to
medication regimens, have been recognised as primary risk factors
for SUDEP (Té¢llez-Zenteno, Ronquillo, & Wiebe, 2005).
Furthermore, these characteristics are frequently observed in patients
suffering from refractory epilepsy (RE) (Pérez-Pérez et al., 2021).

The molecular processes underlying epilepsy's potential
impact on cardiac function remain poorly understood. Epilepsy-
related cardiac dysfunction is a multifaceted issue that may be linked
to SUDEP, a significant cause of mortality in individuals with
epilepsy. Changes in the functioning or expression of ion channels
that adjust the excitability of both brain and heart cells are considered
key factors contributing to cardiac problems in people with epilepsy.
The review establishes the presence of a shared cardiac characteristic
that has relevance across various forms of epilepsy and sheds light
on the molecular cause behind cardiac issues in epilepsy.

Figure 1. Risk factors of SUDEP. BioRender was also created.
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HCN Channels

Seizures typically impact heart rate and rhythm due to
autonomic neuronal dysfunction, resulting in substantial negative
effects on heart function over time following recurrent seizures, and
may ultimately lead to severe clinical outcomes. Individuals with
drug-resistant temporal lobe epilepsy experience greater
cardiovascular abnormalities compared to those with controlled TLE
as observed in the study by Ansakorpi et al. (Ansakorpi et al., 2002).
This discovery aligns with the occurrence of recurrent and intense
generalized tonic-clonic seizures, which are known risk factors for
SUDEP (Surges et al., 2009; Sveinsson, Andersson, Carlsson, &
Tomson, 2023). Around 40% of individuals with drug-resistant
epilepsy have exhibited one or more cardiac function abnormalities,
as noted in a study by Nei et al. (Nei, Ho, & Sperling, 2000).
Additionally, heart rate variability is considered a significant
indicator of autonomic dysfunction, with numerous studies
highlighting epilepsy-related changes in autonomic function in
patients with epilepsy (Dono et al., 2022; Sevcencu & Struijk, 2010).
Partial and generalized seizures can impact autonomic function at
three distinct times: during a seizure (ictal), following the seizure
(postictal), and between episodes (interictal), with potential
consequences for cardiac arrhythmias.

Abnormalities in cardiac repolarization resulting in
ventricular fibrillation have been noted in patients with epilepsy. The
duration of ventricular depolarization and repolarization is measured
by the QT interval on an electrocardiographic (ECG) recording, with
shortening or prolongation of the QT interval being well-
documented risk factors for cardiac arrhythmias and sudden cardiac
death (Kessi et al., 2022). A temporarily prolonged corrected QT
(QTc) interval has been documented to occur in close proximity to
seizures in 10-13% of cases, as reported by Brotherstone et al.

(Brotherstone, Blackhall, & McLellan, 2010). A shortened QTc
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interval has been linked to generalized tonic-clonic seizures (Teh,
Tan, Loo, & Raymond, 2007).

The molecular processes that contribute to epilepsy's impact
on cardiac function remain poorly understood. A prime candidate for
an epilepsy-related acquired cardiac channel disorder is the
hyperpolarization-activated cyclic nucleotide-gated (HCN) channel,
which has been linked to the dual pathologies of epilepsy and cardiac
malfunction. Changes in HCN expression and function in the brain
have been associated with human epilepsy cases, as reported by
Bender et al. (Bender et al., 2003) and also observed in animal
models of both genetically and acquired epilepsy, as noted by Kuisle
et al. and Powell et al. (Kuisle et al., 2006; Powell et al., 2008). The
inward depolarizing current linked to HCN channels, referred to as
I in the brain and Ir in the heart, is significant in the production and
regulation of spontaneous electrical activity in the sinoatrial node in
the heart (DiFrancesco, 2010) and in thalamocortical relay neurons
in the brain (Pape, 1996). The primary isoforms expressed in the
heart are HCN2 and HCN4 (Ou, Niu, & Ren, 2010). Studies show
that different parts of the heart express unique patterns of HCN
proteins; specifically, HCN4 is predominantly found in the sinoatrial
node while HCN2 is mainly expressed in both atrial and ventricular
muscle cells (Ou et al., 2010). HCN channels are crucial for the
heart's proper functioning, and research involving HCN-deficient
mice provides substantial evidence to support this. Mice lacking
HCN2 exhibit a complex condition featuring seizures and irregular
heart rhythms (Ludwig et al., 2003) whereas mice with a global or
heart-specific deficiency in HCN4 die in the womb due to an
inability to form functional sinoatrial pacemaker cells (Stieber et al.,
2003). Moreover, conditional deletion of HCN4 in adulthood results
in a significant reduction (~75%) in sinoatrial If and cardiac
arrhythmias characterized by recurring sinus pauses (Herrmann,
Stieber, Stockl, Hofmann, & Ludwig, 2007). Studies in mice have
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been consistent with four distinct mutations in the human HCN4
gene that result in modified channel expression and/or physical
properties and are linked to sinus bradycardia and complex cardiac
arrhythmia  (Milanesi,  Baruscotti, = Gnecchi-Ruscone, &
DiFrancesco, 2006; Schulze-Bahr et al., 2003).

Ionic currents that are dependent on voltage encompass the
Na* current (Baruscotti, DiFrancesco, & Robinson, 1996) L- and T-
type Ca®" currents (Ono & lijima, 2005), HCN I current
(DiFrancesco, 2010) and various delayed rectifier K" currents (Ono
& Tto, 1995). There is still some disagreement about the precise
impact of various ion channels on sinoatrial node pacing, but
scientists now largely concur that the Ir current is crucial in shaping
and regulating pacemaker activity as stated in DiFrancesco
(DiFrancesco, 2010). HCN channels and the In current also influence
neuronal excitability in the brain, and studies have identified changes
in HCN channel expression and function in patients with epilepsy
(Bender et al., 2003) as well as in animal models of epilepsy (Kuisle
et al., 2006; Powell et al., 2008). Mutations in the HCN2 and HCN4
genes have been found in SUDEP victims, suggesting that these
channels may be involved in the development of life-threatening
heart arrhythmias in people with epilepsy (Tu, Waterhouse, Duflou,
Bagnall, & Semsarian, 2011).

Consistent molecular and cardioelectrophysiological
findings have been observed across both epilepsy models, despite
their distinct causes and seizure types. These models exhibited
downregulation of HCN channels, particularly the HCN2 isoform,
and similar cardiac anomalies, including prolonged QT intervals and
heightened heart rate variability. The prolonged QTc interval is a
characteristic of "long QT syndrome," a potentially life-threatening
arrhythmia caused by mutations in ion channels, which can lead to a
heightened risk of ventricular tachyarrhythmias and sudden death

(Crotti, Celano, Dagradi, & Schwartz, 2008). The discovery of
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longer QTc intervals in epileptic rats suggests that this could also be
a contributing factor in SUDEP cases among humans with epilepsy.
Reports of prolonged QTc intervals have been documented in
patients with chronic drug-resistant epilepsy who underwent video-
EEG and cardiac monitoring simultaneously (Brotherstone et al.,
2010) as well as in patients with epilepsy who later died from
SUDEP (Tavernor, Brown, Tavernor, & Gifford, 1996).

Inward rectifier potassium (Kir) channels

Research conducted in both clinical and experimental
settings has demonstrated an impact of epilepsy on cardiac function.
The molecular process underlying this phenomenon remains unclear.
Statistics indicate that roughly 2% of the global population suffers
from epilepsy, yet the underlying reason for substantial treatment
resistance remains unclear, despite substantial progress in therapy.
SUDEP is a major contributor to mortality among drug-resistant
young adults, and according to Yang et al. (Yang et al., 2018),
approximately 40% of these patients exhibit one or more anomalies
in cardiac function. Furthermore, fluctuations in heart rate are a
significant indicator of autonomic dysfunction, and numerous
studies have demonstrated autonomic changes in individuals with
chronic epilepsy.

Kir channels, which facilitate the movement of K* ions to
cells such as neurons and cardiomyocytes, are put forward as a
potential mechanism; they modulate cell excitability by influencing
the repolarization phase of the cardiac action potential (Cui,
Cantwell, Zorn, & Logothetis, 2021; Massey, Sowers, Dlouhy, &
Richerson, 2014). Speculation exists that dysfunction of Kir
channels is a contributing factor to epileptic seizures, despite these
channels having a buffer system within glial cells, thereby making it
relatively easy to compensate for seizures, allowing patients with
epilepsy to maintain their normal lives (Akyuz, Koklu, Uner,
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Angelopoulou, & Paudel, 2022; Grant, 2009). Apparently,
dysfunctional Kir channels may contribute to cardiac issues and
SUDEP in epilepsy patients towards the end of their life, primarily
because the heart lacks a mechanism to regulate extracellular
potassium levels (Kohling & Wolfart, 2016). A small difference in
concentration may be the primary reason for the lethal outcome. Kir
channel expression in cardiac tissue has been identified as a possible
mechanism to explain cardiac pathology in epilepsy, a notion
previously supported by research showing altered Kir channel
expression in epileptic brains (Baculis et al., 2017).

Studies were conducted using the PTZ-kindling model in rats
(Wong et al., 2015) to show that Kir channels are crucial in the
SUDEP mechanism, by examining their expression in heart tissue
affected by epilepsy (Auzmendi, Akyuz, & Lazarowski, 2021; Wong
etal., 2015). Subsequent studies revealed that the autonomic nervous
system was profoundly impacted by electrocardiogram recordings
and blood pressure monitoring, leading to a decrease in the duration
of the ST segment in epileptic rats (Wong et al., 2015). Predictions
had indicated that Kir2.x channels, which are involved in the
repolarization phases of the cardiac action potential, would be
affected; molecular analysis revealed a substantial decrease in
cardiac Kir channel mRNA and protein expression in rats given PTZ.
Notably, both Kir2.x, which facilitates Ik: efflux in ventricular
tissue, and Kir3.x, responsible for Ikach in the atrium, underwent
significant reductions in this study (Wong et al., 2015).

Sarcoendoplasmic reticulum Ca?* ATPase (SERCA)

The cytosolic calcium concentration when the cell is at rest
is maintained at approximately 10,000 times lower levels than those
found outside the cell. Intracellular calcium levels are regulated by
the removal of excess calcium to the surrounding extracellular
environment, or by its storage within specific intracellular
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organelles, including the endoplasmic reticulum (ER) and
mitochondria. The regulation of intracellular calcium levels relies on
energy-dependent processes. The plasma membrane is equipped
with calcium ATPase, and sodium-calcium exchangers remove
calcium ions at the expense of the sodium gradient produced by
sodium-potassium ATPase. Calcium enters the endoplasmic
reticulum through SERCA activity or into mitochondria, which
requires the maintenance of a proton gradient across the inner
mitochondrial membrane. Disruptions to mechanisms for
eliminating Ca*" or loading calcium into cells can lead to an
excessive amount of intracellular calcium, potentially resulting in
cell death (Paschen, 2003).

Disruptions in the balance of calcium in brain cells are linked
to several neurological disorders, including stroke, low blood sugar,
and epilepsy (Kahlert & Reiser, 2004; Yao & Haddad, 2004). Cell
death linked to these conditions is caused by an excitotoxic process
triggered by the activation of N-methyl-D-aspartate (NMDA)
glutamate receptors, which have a high permeability to calcium ions
(Mayer & Westbrook, 1987); (Arundine & Tymianski, 2003).
Excessive calcium leads to the overactivation of several signals, like
proteases, phospholipases, and DNAses, which contribute to cell
death as stated by Siesjo, Hu, & Kristian (Siesjo, Hu, & Kristian,
1999). Mitochondrial involvement in excitotoxic cell death has
become a significant area of focus more recently. Mitochondrial
calcium overload triggers a series of events including the
depolarization of the mitochondrial membrane, the production of
reactive oxygen species, the opening of the mitochondrial
permeability transition pore, depletion of ATP, and ultimately leads
to the release of cytochrome C and the activation of caspase (Vesce,
Kirk, & Nicholls, 2004).

Less emphasis has been placed on the ER's role in Ca*'-

mediated neuronal death; nonetheless, it has been proposed that
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prolonged ER depletion of Ca** is a vital factor in neuronal injury
(Paschen & Doutheil, 1999). Research indicates that the role of
intracellular Ca®" pools in excitotoxic cell death can be attributed to
the protective properties of dantrolene, a ryanodine receptor (RyR)
antagonist, which mitigates neuronal damage caused by NMDA
(Gepdlremen, Diizenl, Hacimiiftiioglu, Siileyman, & Oztas, 2001),
ischemia (Nakayama, Yano, Ushijima, Abe, & Terasaki, 2002) and
oxygen - glucose deprivation (Wang, Nguyen, Maguire, & Perry,
2002). Antagonists of phospholipase C-dependent metabotropic
glutamate receptors are found to prevent hypoxic-mediated death in
hippocampal cultures (Opitz & Reymann, 1991). The results indicate
that intracellular calcium reserves within the endoplasmic reticulum
are involved in excitotoxicity.

T-Type Ca** Channels

Seizures in patients with epilepsy have been shown to cause
autonomic neuronal dysfunction, and they can also impact heart rate
and rhythm. Moreover, recurrent seizures can impair heart function,
potentially resulting in severe clinical consequences (Jansen &
Lagae, 2010). Investigations into the cardiovascular system have
been conducted as a result of cardiac arrhythmias being one of the
possible reasons for SUDEP (Velagapudi, Turagam, Laurence, &
Kocheril, 2012). Research into the effects of epilepsy on the
cardiovascular system has been extensive, yet few studies have
specifically investigated cardiovascular functions in individuals with
absence epilepsy or in lab animals with absence epilepsy. Absence
epilepsy, typically manifesting in childhood, is a neurological
disorder defined by spike-wave discharges (SWDs) indicating
spontaneous recurrent seizures on electroencephalogram (Depaulis
& Charpier, 2018). The WAG/Rij and GAERS rat strains serve as
reliable genetic animal models for absence epilepsy (Depaulis &
Charpier, 2018). The seizures observed in these rats are remarkably

similar to human absence seizures in terms of EEG readings,
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observed behaviors, and reactions to antiepileptic medication (van
Luijtelaar & Depaulis, 2006).

Up to now, research employing animal models of absence
epilepsy has concentrated on the part that GABAergic
neurotransmission plays in central cardiovascular control. Research
in WAG/Rij and GAERS rats has demonstrated that GABAergic
inhibition, especially in the amygdala and hypothalamus, has a
significant impact on the regulation of mean arterial blood pressure
and heart rate (Yananli et al., 2008). Research has found that cardiac
electrophysiological alterations occurred in GAERS rats, resulting
from a lower heart rate, and this was attributed to reduced expression
of cardiac HCN channels (Powell et al., 2014). Despite an extensive
review of the literature, no study has been found to report any
impairment of vascular reactivity in animals with absence epilepsy.
Studies have demonstrated the thalamocortical network's significant
role in the development and progression of spike-wave discharges
(SWDs), which can be observed in patients with absence seizures as
well as in various animal models of absence epilepsy (Crunelli &
Leresche, 2002). T-type Ca>" channels, which influence neural firing
and the creation of neuronal oscillations (Perez-Reyes, 2003), are
particularly abundant in the thalamocortical circuit (Cheong & Shin,
2013). Previous research has demonstrated that mice lacking T-type
Ca®" channels are resistant to SWD formation as a result of
pharmacological treatment (Kim et al., 2001) and overexpression of
the T-type Ca** channel results in mice displaying the characteristic
absence phenotype (Ernst, Zhang, Yoo, Ernst, & Noebels, 2009;
Torrente, Mesirca, Bidaud, & Mangoni, 2020).

According to previous studies, WAG/R1j rats show the initial
presence of first SWDs in their cortical EEG recordings at the age of
2 months (Fedosova et al., 2014). Previous studies have found no
notable variation in mean arterial blood pressure between mice

lacking T-type Ca** channels and normal controls (Harraz et al.,
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2015; Svenningsen et al., 2014). Research indicates that T-type Ca**
channels exert no direct influence on the regulation of blood
pressure. One study found that mice without Cav3.1 T-type Ca*"
channels had a reduced heart rate, implying that Cav3.1 T-type Ca**
channels could be involved in controlling heart rate by influencing
pacemaker activity and atrioventricular conduction (Mangoni et al.,
2006). Research has also indicated that mice without Cav3.1 T-type
Ca?" channels experience slower heart rates without any variation in
mean arterial blood pressure (El-Lakany et al., 2023; Svenningsen et
al., 2014).

This phenomenon may be attributed to reflex bradycardia
compensating for increased peripheral vascular resistance. The rise
in mean arterial blood pressure in WAG/R1jj rats could be attributed
to a compensatory response to environmental stress or the lack of
seizures seen in this particular genetic model. Further investigation
is required to understand the reasons behind the elevated mean
arterial blood pressure levels observed in WAG/Rjj rats. It is widely
acknowledged that the presence of carbachol or acetylcholine in an
intact endothelium results in endothelium-dependent vasorelaxation
through the activation of the NO/cGMP pathway in precontracted
vascular smooth muscle cells, which have been constricted by agents
such as norepinephrine, potassium, or phenylephrine (Furchgott,
1983).

Furthermore, the cardiovascular centre is crucial in the neural
control of blood pressure. In contrast, thoracic aortas do not directly
mirror peripheral resistance due to their size as large vessels. As a
result, the previously mentioned factors can influence blood pressure
in WAG/Rjj rats. Research indicates the existence of two subtypes
of T-type Ca?* channels, specifically Cav3.1 and Cav3.2, within the
vascular structure (Hansen, 2013) and it has been proposed that these
channels play a role in the excitation-contraction process in rodent

and human blood vessels (Hansen et al., 2011). T-type Cav3.1
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channels coexist with eNOS in the endothelium of mouse mesenteric
arteries and directly stimulate eNOS, thereby facilitating NO
synthesis (Svenningsen et al., 2014). No significant difference was
observed between mice lacking Cav3.1 channels and normal
controls in their acetylcholine-induced relaxation responses. The
inconsistent findings in this situation may be attributed to multiple
factors.

Conclusion

Understanding SUDEP requires knowledge of the roles HCN
channels, T-type Ca*" channels, and Kir channels play in its
underlying mechanisms, as Fig. 2 illustrates. HCN channels also
have a crucial role in controlling both neuronal excitability and the
activity of the heart's pacemaker. Their hyperpolarization-activated
properties enable them to contribute to the resting membrane
potential and the generation of rhythmic activity in both neurons and
cardiac muscle cells. Disruption of HCN channels may cause
irregular neuronal firing patterns and impaired cardiac autonomic
regulation, thereby elevating the risk of arrhythmias during or after
seizures. Modulating HCN channel activity may offer a potential
therapeutic target for reducing the risk of SUDEP. Calcium channels
found in the T-type category are essential for the development of
low-threshold calcium spikes, which are vital for neurons to start
action potentials, and also play a part in pacemaker activity within
cardiac tissues. Aberrant activation of T-type calcium channels in
epilepsy leads to heightened neuronal excitability and facilitates
seizure spread. Their participation in heart function implies that the
malfunction of these channels could lead to the irregular heartbeat
seen in SUDEP cases. Targeting T-type calcium channels may offer
a dual benefit in managing both seizure activity and associated
cardiac risks. Inward rectifier potassium channels, classified as Kir
channels, play a crucial role in preserving the resting membrane

potential and controlling excitability in both neurons and cardiac
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cells. During hyperpolarization, these mechanisms enable the influx
of potassium, maintain a stable membrane potential, and prevent
overactive neuronal firing. Impaired Kir channel function in the
context of SUDEP may result in heightened neuronal excitability and
an elevated risk of seizure-induced cardiac dysregulation. Stabilizing
neuronal and cardiac function via enhanced Kir channel activity may
lower the risk of SUDEP.

Figure 2. General characteristics of HCN channels, T-type Ca’*
channels and Kir channels. BioRender was also created.
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The collective contribution of HCN, T-type Ca*" channels,
and Kir channels helps maintain the intricate balance of neuronal
excitability and cardiac function. The abnormal functioning of these
channels is thought to contribute substantially to the underlying
causes of SUDEP, underscoring the need for further investigation
into their mechanisms. Clarifying the dynamics of these interactions
could potentially lead to the development of new treatment
approaches designed to decrease the likelihood of SUDEP by
focusing on these particular ion channels to re-establish normal
excitability and cardiac rhythm regulation.
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FRONTOTEMPORAL DEMENTIA: A DISTINCT
CLINICAL and MOLECULAR ENTITY in the
SPECTRUM of NEURODEGENERATIVE
DISEASES

CAGATAY HAN TURKSEVEN!
Introduction

Frontotemporal dementia (FTD) 1is a progressive
neurodegenerative disorder that predominantly affects individuals
under 60, presenting with behavioral, language, and motor deficits.
Behavioral features often include apathy, disinhibition, compulsive
behaviors, and loss of empathy, significantly impairing social
functioning and daily life (Mollah et al., 2024; Finger et al., 2016;
Woollacott et al., 2016; Olney et al., 2017; Peet et al., 2021). The
clinical spectrum includes behavioral variant FTD (bvFTD),
semantic and non-fluent variants of primary progressive aphasia
(svPPA, nfvPPA), motor neuron disease, progressive supranuclear
palsy, and corticobasal syndrome (Olney et al., 2017; Peet et al.,
2021). Although traditionally considered an early-onset dementia,
epidemiological studies show that incidence increases with age,

! Dr, Mersin University Medicine of Faculty, Department of Biophysics, Mersin,
Turkey, Orcid: 0000-0002-0584-0661
~09.-



peaking between 71-79 years (Leroy et al., 2021; Logroscino et al.,
2019), with lifetime risk estimates ranging from 1 in 400 to 1 in 742
(Coyle et al., 2016; Logroscino et al., 2019).

Building on this clinical and epidemiological framework,
genetic contributions are particularly prominent in FTD. Genetic
factors account for a substantial proportion, with 20-50% of cases
familial and approximately 30% showing a strong family history
(Greaves et al., 2019; Olszewska et al., 2016; Moore et al., 2019).
Autosomal dominant mutations in C9orf72, GRN, and MAPT
account for most inherited cases, with C9orf72 being the most
common cause (Greaves et al., 2019; Olszewska et al., 2016; Moore
etal., 2019; Wagner et al., 2021; Mol et al., 2020). These three genes
explain about 60% of familial FTD, while rarer variants in TBKI,
VCP, CHMP2B, TARDBP, and FUS constitute <5% (Greaves et al.,
2019; Olszewska et al., 2016; Wagner et al., 2021; Mol et al., 2020;
Kirola et al., 2022; Jiang et al., 2021). Autosomal dominant
inheritance is present in one-third to one-half of familial FTD,
corresponding to 1-5% of all FTD cases (Greaves et al., 2019;
Olszewska et al., 2016). Age at onset and disease duration vary with
gene, mutation, and family background (Moore et al., 2019).
Additionally, immune-related factors and polygenic risk contribute,
with evidence of shared loci across neurodegenerative diseases
(Broce et al., 2018; Ferrari et al., 2016; Kirola et al., 2022).

Beyond genetic susceptibility, environmental exposures have
also been implicated in shaping disease risk. Traumatic brain injury
(TBI) is a strong factor, with studies reporting odds ratios up to 3.3
and hazard ratios of 4.43 (Rosso et al., 2003; Wang et al., 2015). A
dose-dependent effect has been observed, where repeated head
trauma or contact sports increase severity and lead to earlier onset
(Asken et al., 2024; Soppela et al., 2022). Animal models support
these findings, linking TBI to FTD-like pathology with TDP-43
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abnormalities (Wang et al., 2015). Thyroid dysfunction has also been
suggested as a risk factor, though evidence is inconclusive (Rosso et
al., 2003). Thus, head trauma is a well-established modifiable risk
factor, whereas the role of thyroid dysfunction remains uncertain
(Rosso et al., 2003; Asken et al., 2024; Soppela et al., 2022; Wang et
al., 2015).

Given these diverse risk determinants, clinical expression of
FTD is highly heterogeneous. bvFTD often manifests as personality
change, disinhibition, apathy, and social withdrawal, while PPA
variants cause progressive language decline (Olney et al., 2017).
FTD-ALS cases show rapid progression and severe motor
involvement (Logroscino et al., 2023). Misdiagnoses are common,
often confused with psychiatric disorders or Alzheimer’s disease,
delaying management (Woolley et al., 2011; Ducharme et al., 2020).
Prognosis varies: FTD-ALS typically leads to survival of 2—3 years,
whereas svPPA can extend to 12 years (Su et al., 2021; Tan et al.,
2019). ALS features nearly triple mortality risk in FTD patients (Su
et al., 2021). These distinctions underscore the need for accurate
clinical and imaging assessments (Omer et al., 2017; McKenna et
al., 2021).

Prognostic variability directly underscores the need for early
and accurate subtype classification. Emerging therapies highlight the
importance of timely diagnosis for personalized care and clinical
trial enrollment (Rabinovici & Miller, 2010; Boxer et al., 2020).
Advances in molecular genetics have revealed diverse underlying
pathologies and significant overlap with psychiatric disorders,
complicating diagnosis (Leyton et al., 2010; Liscic et al., 2009;
Boxer et al., 2020).

An illustrative case of this complexity is bvFTD, the most
frequent very early-onset subtype. It 1is associated with
heterogeneous proteinopathies, including tau pathology linked to
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MAPT mutations, as well as TDP-43 and ubiquitin-positive
inclusions (Mann & Snowden, 2017; Ohm et al., 2024; Santillo et
al., 2022). Biomarker studies show tau and TDP-43 are detectable in
plasma and cerebrospinal fluid, aiding subtype distinction
(Chatterjee et al., 2024; Remnestal et al., 2020; Rohrer et al., 2016).
Imaging and molecular analyses reveal tau-driven bvFTD presents
with selective pyramidal neuron loss, while TDP-43 pathology
shows broader degeneration (Kubota et al., 2025; Shen et al., 2023).
Non-fluent and semantic PPA variants are also strongly associated
with TDP-43 pathology (Mann & Snowden, 2017). These findings
emphasize the importance of molecular diagnostics for accurate
classification and therapy development (Chatterjee et al., 2024;
Kubota et al., 2025).

While some cases are sporadic, the high familial aggregation
in early-onset FTD highlights its strong genetic basis.
Neuropathologically, FTD is classified into tauopathies, TDP-43
proteinopathies, and FET proteinopathies (Mackenzie & Neumann,
2016). This classification has enhanced understanding of molecular
mechanisms. Genetic and proteomic studies suggest biomarkers for
early detection and monitoring (Leyton & Hodges, 2010).
Experimental therapies, including antisense oligonucleotides for
C9orf72 and GRN mutations and immunotherapies targeting protein
aggregates, are under development (Wang et al., 2013).

Despite these promising developments, major challenges
remain. Biomarker development is still limited, and no disease-
modifying treatments are approved. The genetic heterogeneity of
MAPT, GRN, and C9orf72 mutations underscores the need for
tailored therapies (Benussi & Borroni, 2023). Research remains
dominated by Western cohorts, highlighting the need for globally
inclusive studies (Franzen et al., 2023). The molecular roles of tau
and TDP-43 remain incompletely understood, complicating targeted
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intervention (D'Alton & Lewis, 2014). Overall, despite advances,
FTD’s clinical and molecular complexity continues to demand
standardized diagnostics, effective therapies, and more diverse
research approaches.

To provide a comprehensive understanding of this complex
disorder, the following sections of this chapter will first examine the
genetic and environmental determinants of FTD, then address the
clinical variability and diagnostic challenges across its subtypes, and
finally explore the molecular pathogenesis and emerging therapeutic
strategies. This structured approach aims to integrate
epidemiological, clinical, and molecular perspectives to inform
future diagnostic and therapeutic developments.

Genetic and Environmental Determinants of Frontotemporal
Dementia

Frontotemporal dementia (FTD) has a substantial heritable
component, with approximately 20-50% of cases demonstrating
familial aggregation and around 30% showing a strong family
history (Greaves & Rohrer, 2019; Olszewska et al., 2016). The
majority of inherited cases are linked to autosomal dominant
mutations in C9orf72, GRN (progranulin), and MAPT (microtubule-
associated protein tau), with C9orf72 expansions representing the
most common genetic cause worldwide (Mol et al., 2020; Wagner et
al., 2021). These three genes collectively account for nearly 60% of
familial FTD, while rarer variants in TBKI1, VCP, CHMP2B,
TARDBP, and FUS explain a smaller subset (<5%) (Olszewska et
al., 2016; Kirola et al., 2022). Beyond monogenic mutations,
genome-wide association studies have revealed that FTD is also
influenced by polygenic risk and immune-related loci, with overlaps
observed across other neurodegenerative conditions such as
Alzheimer’s and Parkinson’s disease (Broce et al., 2018; Ferrari et
al., 2016). This highlights a complex genetic architecture where both

--33--



rare, high-penetrance mutations and common variants shape disease
risk.

Environmental factors also play a pivotal role in modulating
FTD onset and progression. Traumatic brain injury (TBI) has been
consistently identified as a strong risk factor, with individuals
sustaining head trauma demonstrating a significantly elevated
likelihood of developing FTD (Rosso et al., 2003; Wang et al., 2015).
Recent clinical evidence indicates a dose-dependent relationship,
where recurrent trauma or participation in contact sports is
associated with earlier symptom onset and accelerated cognitive
decline (Asken et al., 2024; Soppela et al., 2022). Experimental
studies further support these findings, demonstrating that TBI can
trigger neuropathological changes resembling FTD, particularly
through mechanisms involving TDP-43 aggregation (Wang et al.,
2015). Although less established, thyroid dysfunction has also been
proposed as a potential contributor to FTD pathogenesis, though
current data remain inconclusive (Rosso et al., 2003).

Collectively, these findings underscore the interplay between
genetic predisposition and environmental insults in shaping disease
trajectory. Identifying individuals at greatest risk based on genetic
background and modifiable exposures remains essential for
developing targeted prevention and early intervention strategies in
FTD.

Clinical Variability and Diagnostic Challenges Across FTD
Subtypes

The clinical spectrum of frontotemporal dementia (FTD)
encompasses diverse phenotypes with distinct yet overlapping
presentations. Behavioral variant FTD (bvFTD), the most prevalent
subtype, is characterized by disinhibition, apathy, compulsive
behaviors, and loss of empathy, often leading to profound social and

functional impairment (Olney et al., 2017; Woollacott & Rohrer,
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2016). In contrast, primary progressive aphasia (PPA) variants,
including semantic variant (svPPA) and non-fluent/agrammatic
variant (nfvPPA), predominantly affect language, with svPPA
presenting as progressive loss of word meaning and nfvPPA
characterized by impaired grammar and speech production
(Montembeault et al., 2018; Tippett & Keser, 2022). The
heterogeneity extends to FTD with motor involvement, particularly
FTD-ALS, where patients exhibit more aggressive disease courses
and severe motor decline (Su et al., 2021).

Despite advances in clinical characterization, diagnostic
challenges persist. FTD symptoms are frequently misattributed to
psychiatric conditions such as major depression, schizophrenia, or
bipolar disorder, delaying appropriate management and care
(Woolley et al., 2011; Ducharme et al., 2020). Neuroimaging
approaches, including FDG-PET and structural MRI, have provided
valuable insights by identifying region-specific patterns of
hypometabolism and atrophy, thereby improving subtype
differentiation (Cayir et al., 2024; Ma et al., 2024). Machine learning
applications further enhance diagnostic accuracy, allowing more
nuanced recognition of overlapping subtypes and disease stages
(Metz et al., 2025).

Prognosis varies substantially among subtypes. FTD-ALS is
associated with the shortest survival, typically 2-3 years from
diagnosis, while svPPA can progress more slowly, with survival
extending up to a decade or longer (Tan et al., 2019; Su et al., 2021).
Imaging studies demonstrate that cerebellar and infratentorial
changes may also contribute to phenotype-specific disease burden
(McKenna et al., 2021; Omer et al., 2017). Accurate recognition of
these clinical and neuroimaging patterns is therefore essential for
prognosis, treatment planning, and counseling of patients and
families.
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Overall, the marked clinical variability of FTD highlights the
importance of integrative diagnostic approaches that combine
behavioral assessments, language profiling, advanced imaging, and
emerging computational tools. Such strategies will be critical for
refining clinical criteria, minimizing misdiagnoses, and supporting
timely intervention.

Molecular Pathogenesis and Emerging Therapeutic Strategies

At the neuropathological level, frontotemporal dementia
(FTD) is defined by the abnormal accumulation of pathogenic
proteins, primarily tau, TDP-43, and FUS, which lead to distinct
molecular subtypes known as tauopathies, TDP-43 proteinopathies,
and FET proteinopathies (Mackenzie & Neumann, 2016; Mann &
Snowden, 2017). Each proteinopathy exhibits characteristic patterns
of cortical vulnerability and progression, contributing to the
phenotypic heterogeneity observed across FTD subtypes. For
example, MAPT mutations frequently result in tau aggregation,
while C9orf72 and GRN mutations are strongly associated with
TDP-43 pathology (Rademakers et al., 2012; Gao et al., 2017).

Recent advances in molecular imaging have provided
valuable insights into FTD pathogenesis. PET tracers allow in vivo
visualization of tau burden, facilitating differentiation among FTD
subtypes and distinguishing them from Alzheimer’s disease (Kubota
et al., 2025; Santillo et al., 2022). Similarly, neuroimaging studies
show that laminar degeneration in bvFTD is strongly influenced by
the underlying molecular pathology, with distinct cytoarchitectonic
patterns between tau- and TDP-43-mediated disease (Ohm et al.,
2024; Shen et al., 2023). These findings underscore the need to
integrate clinical and imaging data with molecular biomarkers for
precise diagnosis and prognosis.
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Biomarker research has expanded beyond imaging to include
cerebrospinal fluid (CSF) and blood-based markers. Altered CSF
protein levels, including neurofilament light chain (NfL), tau, and
TDP-43, have been consistently associated with disease presence
and severity (Abu-Rumeileh et al., 2018; Kortvelyessy et al., 2018;
Remnestal et al., 2020). Plasma extracellular vesicle-derived tau and
TDP-43 have recently been identified as promising diagnostic
biomarkers, with potential utility for distinguishing FTD from ALS
and other dementias (Chatterjee et al., 2024). Blood-based
biomarker development remains an active field, with growing
evidence for panels that combine inflammatory, metabolic, and
neurodegenerative markers (Gossye et al., 2019; Liampas et al.,
2024).

Emerging therapeutic strategies are increasingly directed at
molecular targets. Antisense oligonucleotides (ASOs) aimed at
reducing pathogenic C9orf72 repeat expansions or restoring GRN
function are under active investigation, alongside immunotherapies
targeting tau and TDP-43 aggregates (Wang et al., 2013; Boxer et al.,
2020). Modulation of autophagy and RNA metabolism has also been
proposed, given their roles in protein clearance and homeostasis
(Houghton et al., 2022; Hung & Patani, 2024). Although no disease-
modifying treatments are yet approved, advances in precision
medicine and biomarker development provide a strong foundation
for future targeted interventions (Magrath Guimet et al., 2022).

In sum, the integration of molecular insights, biomarker
discovery, and novel therapeutics represents a paradigm shift in FTD
research. Continued progress will depend on refining diagnostic
tools, validating biomarkers across diverse populations, and
translating molecular discoveries into clinically effective therapies.
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Conclusions

Frontotemporal dementia (FTD) exemplifies the complexity
of neurodegenerative disease, with its interplay of genetic,
environmental, clinical, and molecular determinants. Advances in
epidemiology and molecular genetics have clarified the roles of key
mutations such as C9orf72, GRN, and MAPT, while also
highlighting the contribution of rarer variants and immune-related
risk factors. Environmental exposures, particularly traumatic brain
injury, further shape disease risk and age at onset.

Clinically, the heterogeneity of FTD continues to challenge
diagnostic precision. Subtype-specific features, overlapping
symptoms with psychiatric disorders, and variable prognoses
complicate early recognition and management. Incorporating
neuroimaging, machine learning tools, and refined clinical criteria
will be essential to reduce misdiagnoses and support individualized
care.

On the molecular front, recognition of tau, TDP-43, and FET
proteinopathies has reshaped understanding of FTD pathogenesis.
The growing arsenal of biomarkers, spanning cerebrospinal fluid,
blood, and neuroimaging modalities, promises earlier detection and
more accurate stratification of patients. Concurrently, therapeutic
innovations-including antisense oligonucleotides, immunotherapies,
and approaches targeting protein clearance-represent the most
promising avenues toward disease-modifying treatments.

Nevertheless, key gaps remain. The lack of widely validated
biomarkers, limited representation of non-Western populations in
research, and the absence of approved therapies highlight the urgent
need for global, multidisciplinary collaboration. Addressing these
challenges will be critical not only for advancing treatment of FTD
but also for informing broader neurodegenerative disease research.
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In conclusion, FTD represents both a formidable challenge
and a unique opportunity: its distinct clinical and molecular features
provide a lens through which to refine our understanding of
neurodegeneration, develop precision diagnostics, and pioneer
targeted interventions that may ultimately transform outcomes for
patients and families worldwide.

--39--



References

Abu-Rumeileh, S., Mometto, N., Bartoletti-Stella, A.,
Polischi, B., Oppi, F., Poda, R., Stanzani-Maserati, M., Cortelli, P.,
Liguori, R., Capellari, S., & Parchi, P. (2018). Cerebrospinal Fluid
Biomarkers in Patients with Frontotemporal Dementia Spectrum: A
Single-Center Study. Journal of Alzheimer's disease : JAD, 66(2),
551-563. https://doi.org/10.3233/JAD-180409

Asken, B., Bove, J., Bauer, R., Tanner, J., Casaletto, K.,
Staffaroni, A., Vandevrede, L., Alosco, M., Mez, J., Stern, R., Miller,
B., Grinberg, L., Boxer, A., Gorno-Tempini, M., Rosen, H.,
Rabinovici, G., & Kramer, J. (2024). Clinical implications of head
trauma in frontotemporal dementia and primary progressive aphasia.
Alzheimer's Research & Therapy, 16.
https://doi.org/10.1186/s13195-024-01553-1

Boxer, A. L., Gold, M., Feldman, H., Boeve, B. F.,
Dickinson, S. L., Fillit, H.,, Ho, C., Paul, R., Pearlman, R.,
Sutherland, M., Verma, A., Arneric, S. P, Alexander, B. M.,
Dickerson, B. C., Dorsey, E. R., Grossman, M., Huey, E. D., Irizarry,
M. C., Marks, W. J., Masellis, M., McFarland, F., Niehoff, D.,
Onyike, C.U., Paganoni, S., Panzara, M.A., Rockwood, K., Rohrer,
J.D., Rosen, H., Schuck, R.N., Soares, H.D., Tatton, N. (2020). New
directions in clinical trials for frontotemporal lobar degeneration:
Methods and outcome measures. Alzheimer's & dementia: the
journal of the Alzheimer's Association, 16(1), 131-143.
https://doi.org/10.1016/].1alz.2019.06.4956

Broce, 1., Karch, C. M., Wen, N., Fan, C. C., Wang, Y., Tan,
C. H., Kouri, N., Ross, O. A., Hoglinger, G. U., Muller, U., Hardy,
J., International FTD-Genomics Consortium, Momeni, P., Hess, C.
P., Dillon, W. P., Miller, Z. A., Bonham, L. W., Rabinovici, G. D.,
Rosen, H. J., Schellenberg, G. D., Franke, A., Karlsen, T., Veldink,

--40--


https://doi.org/10.3233/JAD-180409
https://doi.org/10.1186/s13195-024-01553-1
https://doi.org/10.1016/j.jalz.2019.06.4956

J., Ferrari, R., Yokoyama, J., Miller, B., Andreassen, O., Dale, A.,
Desikan, R., & Sugrue, L. P. (2018). Immune-related genetic
enrichment in frontotemporal dementia: An analysis of genome-
wide association studies. PLoS medicine, 15(1), ¢1002487.
https://doi.org/10.1371/journal.pmed.1002487

Cayir, S., Volpi, T., Toyonaga, T., Gallezot, J. D., Yang, Y.,
Sadabad, F. E., Mulnix, T., Mecca, A. P., Fesharaki-Zadeh, A., &
Matuskey, D. (2024). Relationship between neuroimaging and
cognition in frontotemporal dementia: An FDG-PET and structural
MRI study. Journal of neuroimaging : official journal of the
American  Society of Neuroimaging, 34(5), 627-634.
https://doi.org/10.1111/jon.13206

Chatterjee, M., Ozdemir, S., Fritz, C., Mobius, W.,
Kleineidam, L., Mandelkow, E., Biernat, J., Dogdu, C., Peters, O.,
Cosma, N., Wang, X., Schneider, L., Priller, J., Spruth, E., Kiihn, A.,
Krause, P., Klockgether, T., Vogt, 1., Kimmich, O., Spottke, A.,
Hoffmann, D., Fliessbach, K., Miklitz, C., McCormick, C., Weydt,
P., Falkenburger, B., Brandt, M., Guenther, R., Dinter, E., Wiltfang,
J., Hansen, N., Bahr, M., Zerr, 1., Floel, A., Nestor, P., Diizel, E.,
Glanz, W., Incesoy, E., Biirger, K., Janowitz, D., Perneczky, R.,
Rauchmann, B., Hopfner, F., Wagemann, O., Levin, J., Teipel, S.,
Kilimann, I., Goerss, D., Prudlo, J., Gasser, T., Brockmann, K.,
Mengel, D., Zimmermann, M., Synofzik, M., Wilke, C., Selma-
Gonzalez, J., Turon-Sans, J., Santos-Santos, M., Alcolea, D., Rubio-
Guerra, S., Fortea, J., Carbayo, A., Lled, A., Rojas-Garcia, R., I1lan-
Gala, 1., Wagner, M., Frommann, 1., Roeske, S., Bertram, L.,
Heneka, M., Brosseron, F., Ramirez, A., Schmid, M., Beschorner, R.,
Halle, A., Herms, J., Neumann, M., Barthélemy, N., Bateman, R.,
Rizzu, P., Heutink, P., Dols-Icardo, O., Hoglinger, G., Hermann, A.,
& Schneider, A. (2024). Plasma extracellular vesicle tau and TDP-
43 as diagnostic biomarkers in FTD and ALS. Nature Medicine, 30,

1771-1783. https://doi.org/10.1038/s41591-024-02937-4
—4]--



https://doi.org/10.1371/journal.pmed.1002487
https://doi.org/10.1111/jon.13206
https://doi.org/10.1038/s41591-024-02937-4

Coyle-Gilchrist, I. T., Dick, K. M., Patterson, K., Vazquez
Rodriquez, P., Wehmann, E., Wilcox, A., Lansdall, C. J., Dawson, K.
E., Wiggins, J., Mead, S., Brayne, C., & Rowe, J. B. (2016).
Prevalence, characteristics, and survival of frontotemporal lobar
degeneration syndromes. Neurology, 86(18), 1736-1743.
https://doi.org/10.1212/WNL.0000000000002638

Ducharme, S., Dols, A., Laforce, R., Devenney, E., Kumfor,
F., van den Stock, J., Dallaire-Théroux, C., Seelaar, H., Gossink, F.,
Vijverberg, E., Huey, E., Vandenbulcke, M., Masellis, M., Trieu, C.,
Onyike, C., Caramelli, P., de Souza, L. C., Santillo, A., Waldo, M.
L., Landin-Romero, R., Piguet, O., Kelso, W., Eratne, D., Velakoulis,
D., Ikeda M., Perry, D., Pressman, P., Boeve, B., Vandenberghe R.,
Mendez, M., Azuar, C., Levy, R., Ber, I.L., Baez, S., Lerner, A.,
Ellajosyula, R., Pasquier, F., Galimberti D., Scarpini E., Swieten,
J.V., Hornberger, M., Rosen, H., Hodges J., Diehl-Schmid, J.,
Pijnenburg, Y. (2020). Recommendations to distinguish behavioural
variant frontotemporal dementia from psychiatric disorders. Brain: a
journal of neurology, 143(6), 1632-1650.
https://doi.org/10.1093/brain/awaa0l8

Gao, F. B., Almeida, S., & Lopez-Gonzalez, R. (2017).
Dysregulated molecular pathways in amyotrophic lateral sclerosis-
frontotemporal dementia spectrum disorder. The EMBO journal,
36(20), 2931-2950. https://doi.org/10.15252/embj.201797568

Gossye, H., Van Broeckhoven, C., & Engelborghs, S. (2019).
The Use of Biomarkers and Genetic Screening to Diagnose
Frontotemporal Dementia: Evidence and Clinical Implications.
Frontiers in neuroscience, 13, 757.
https://doi.org/10.3389/fnins.2019.00757

Greaves, C., & Rohrer, J. (2019). An update on genetic
frontotemporal dementia. Journal of Neurology, 266, 2075 - 2086.
https://doi.org/10.1007/s00415-019-09363-4

4D



https://doi.org/10.1212/WNL.0000000000002638
https://doi.org/10.1093/brain/awaa018
https://doi.org/10.15252/embj.201797568
https://doi.org/10.3389/fnins.2019.00757
https://doi.org/10.1007/s00415-019-09363-4

Jiang, Y., Jiao, B., Xiao, X., & Shen, L. (2021). Genetics of
frontotemporal dementia in China. Amyotrophic lateral sclerosis &
frontotemporal degeneration, 22(5-6), 321-335.
https://doi.org/10.1080/21678421.2021.1880596

Kirola, L., Mukherjee, A., & Mutsuddi, M. (2022). Recent
Updates on the Genetics of Amyotrophic Lateral Sclerosis and
Frontotemporal Dementia. Molecular Neurobiology, 59, 5673-5694.
https://doi.org/10.1007/s12035-022-02934-7

Kubota, T., Endo, H., Takahata, K., Tagai, K., Suzuki, H.,
Onaya, M., Sano, Y., Yamamoto, Y., Kurose, S., Matsuoka, K., Seki,
C., Shinotoh, H., Kawamura, K., Zhang, M., Takado, Y., Shimada,
H., & Higuchi, M. (2025). In vivo classification of tau pathologies
by positron emission tomography in patients with frontotemporal

dementia. International Journal of Neuropsychopharmacology, 28,
1208. https://doi.org/10.1093/ijnp/pyaec059.363

Kortvelyessy, P., Heinze, H. J., Prudlo, J., & Bittner, D.
(2018). CSF Biomarkers of Neurodegeneration in Progressive Non-
fluent Aphasia and Other Forms of Frontotemporal Dementia: Clues
for Pathomechanisms?. Frontiers in neurology, 9, 504.
https://doi.org/10.3389/fneur.2018.00504

Leroy, M., Bertoux, M., Skrobala, E., Mode, E., Adnet-
Bonte, C., Le Ber, 1., Bombois, S., Cassagnaud, P., Chen, Y.,
Deramecourt, V., Lebert, F., Mackowiak, M. A., Sillaire, A. R.,
Wathelet, M., Pasquier, F., Lebouvier, T., & Méotis network (2021).
Characteristics and progression of patients with frontotemporal
dementia in a regional memory clinic network. Alzheimer's research
& therapy, 13(1), 19. https://doi.org/10.1186/s13195-020-00753-9

Liampas, 1., Kyriakoulopoulou, P., Karakoida, V., Kavvoura,
P. A., Sgantzos, M., Bogdanos, D. P., Stamati, P., Dardiotis, E., &
Siokas, V. (2024). Blood-Based Biomarkers in Frontotemporal

-43--


https://doi.org/10.1080/21678421.2021.1880596
https://doi.org/10.1007/s12035-022-02934-z
https://doi.org/10.1093/ijnp/pyae059.363
https://doi.org/10.3389/fneur.2018.00504
https://doi.org/10.1186/s13195-020-00753-9

Dementia: A Narrative Review. International journal of molecular
sciences, 25(21), 11838. https://doi.org/10.3390/ijms252111838

Logroscino, G., Piccininni, M., Binetti, G., Zecca, C.,
Turrone, R., Capozzo, R., Tortelli, R., Battista, P., Bagoj, E., Barone,
R., Fostinelli, S., Benussi, L., Ghidoni, R., Padovani, A., Cappa, S.
F., Alberici, A., & Borroni, B. (2019). Incidence of frontotemporal
lobar degeneration in Italy: The Salento-Brescia Registry study.
Neurology, 92(20), €2355—e2363.
https://doi.org/10.1212/WNL.0000000000007498

Mackenzie, 1. R., & Neumann, M. (2016). Molecular
neuropathology of frontotemporal dementia: insights into disease
mechanisms from postmortem studies. Journal of neurochemistry,
138 Suppl 1, 54-70. https://doi.org/10.1111/jnc.13588

Ma, D., Stocks, J., Rosen, H., Kantarci, K., Lockhart, S. N.,
Bateman, J. R., Craft, S., Gurcan, M. N., Popuri, K., Beg, M. F.,
Wang, L., & ALLFTD consortium (2024). Differential diagnosis of
frontotemporal dementia subtypes with explainable deep learning on
structural MRI. Frontiers in neuroscience, 18, 1331677.
https://doi.org/10.3389/fnins.2024.1331677

Magrath Guimet, N., Zapata-Restrepo, L. M., & Miller, B. L.
(2022). Advances in Treatment of Frontotemporal Dementia. The
Journal of neuropsychiatry and clinical neurosciences, 34(4), 316—
327. https://doi.org/10.1176/appi.neuropsych.21060166

Mann, D. M. A., & Snowden, J. S. (2017). Frontotemporal
lobar degeneration: Pathogenesis, pathology and pathways to
phenotype. Brain pathology (Zurich, Switzerland), 27(6), 723-736.
https://doi.org/10.1111/bpa.12486

McKenna, M., Chipika, R., Shing, L., Christidi, F., Lope, J.,
Doherty, M., Hengeveld, J., Vajda, A., Mclaughlin, R., Hardiman,
O., Hutchinson, S., & Bede, P. (2021). Infratentorial pathology in

--44--


https://doi.org/10.3390/ijms252111838
https://doi.org/10.1212/WNL.0000000000007498
https://doi.org/10.1111/jnc.13588
https://doi.org/10.3389/fnins.2024.1331677
https://doi.org/10.1176/appi.neuropsych.21060166
https://doi.org/10.1111/bpa.12486

frontotemporal dementia: cerebellar grey and white matter
alterations in FTD phenotypes. Journal of Neurology, 268, 4687 -
4697. https://doi.org/10.1007/s00415-021-10575-w

Mol, M., Van Rooij, J., Wong, T., Melhem, S., Verkerk, A.,
Kievit, A., Van Minkelen, R., Rademakers, R., Pottier, C., Kaat, L.,
Seelaar, H., Van Swieten, J., & Dopper, E. (2020). Underlying
genetic variation in familial frontotemporal dementia: sequencing of
198 patients. Neurobiology of Aging, 97, 148.e9-148.el6.
https://doi.org/10.1016/j.neurobiolaging.2020.07.014

Montembeault, M., Brambati, S. M., Gorno-Tempini, M. L.,
& Migliaccio, R. (2018). Clinical, Anatomical, and Pathological
Features in the Three Variants of Primary Progressive Aphasia: A

Review. Frontiers in neurology, 9, 692.
https://doi.org/10.3389/theur.2018.00692

Moore, K., Nicholas, J., Grossman, M., Mcmillan, C., Irwin,
D., Massimo, L., Van Deerlin, V., Warren, J., Fox, N., Rossor, M.,
Mead, S., Bocchetta, M., Boeve, B., Knopman, D., Graff-Radford,
N., Forsberg, L., Rademakers, R., Wszolek, Z., Van Swieten, J.,
Jiskoot, L., Meeter, L., Dopper, E., Papma, J., Snowden, J., Saxon,
J., Jones, M., Pickering-Brown, S., Ber, L., Camuzat, A., Brice, A.,
Caroppo, P., Ghidoni, R., Pievani, M., Benussi, L., Binetti, G.,
Dickerson, B., Lucente, D., Krivensky, S., Graff, C., Oijerstedt, L.,
Fallstrom, M., Thonberg, H., Ghoshal, N., Morris, J., Borroni, B.,
Benussi, A., Padovani, A., Galimberti, D., Scarpini, E., Fumagalli,
G., Mackenzie, 1., Hsiung, G., Sengdy, P., Boxer, A., Rosen, H.,
Taylor, J., Synofzik, M., Wilke, C., Sulzer, P., Hodges, J., Halliday,
G., Kwok, J., Sanchez-Valle, R., Llado, A., Borrego-Ecija, S.,
Santana, I., Almeida, M., Tabuas-Pereira, M., Moreno, F.,
Barandiaran, M., Indakoetxea, B., Levin, J., Danek, A., Rowe, J.,
Cope, T., Otto, M., Anderl-Straub, S., De Mendonga, A., Maruta, C.,
Masellis, M., Black, S., Couratier, P., Lautrette, G., Huey, E., Sorbi,

45—


https://doi.org/10.1007/s00415-021-10575-w
https://doi.org/10.1016/j.neurobiolaging.2020.07.014
https://doi.org/10.3389/fneur.2018.00692

S., Nacmias, B., Laforce, R., Tremblay, M., Vandenberghe, R., Van
Damme, P., Rogalski, E., Weintraub, S., Gerhard, A., Onyike, C.,
Ducharme, S., Papageorgiou, S., Lyn, A., Brodtmann, A., Finger, E.,
Guerreiro, R., Bras, J., & Rohrer, J. (2019). Age at symptom onset
and death and disease duration in genetic frontotemporal dementia:

an international retrospective cohort study. The Lancet. Neurology,
19, 145-156. https://doi.org/10.1016/S1474-4422(19)30394-1

Ohm, D., Xie, S., Capp, N., Arezoumandan, S., Cousins, K.,
Rascovsky, K., Wolk, D., Van Deerlin, V., Lee, E., Mcmillan, C., &
Irwin, D. (2024). Cytoarchitectonic gradients of laminar
degeneration in behavioural variant frontotemporal dementia. Brain:
a journal of neurology. https://doi.org/10.1093/brain/awae263

Olney, N. T., Spina, S., & Miller, B. L. (2017).
Frontotemporal Dementia. Neurologic clinics, 35(2), 339-374.
https://doi.ore/10.1016/1.ncl.2017.01.008

Olszewska, D., Lonergan, R., Fallon, E., & Lynch, T. (2016).
Genetics of Frontotemporal Dementia. Current Neurology and
Neuroscience Reports, 16(4), 1-15. https://doi.org/10.1007/s11910-
016-0707-9

Omer, T., Finegan, E., Hutchinson, S., Doherty, M., Vajda,
A., Mclaughlin, R., Pender, N., Hardiman, O., & Bede, P. (2017).
Neuroimaging patterns along the ALS-FTD spectrum: a
multiparametric imaging study. Amyotrophic Lateral Sclerosis and
Frontotemporal Degeneration, 18(7-8), 611-623.
https://doi.org/10.1080/21678421.2017.1332077

Peet, B. T., Spina, S., Mundada, N., & La Joie, R. (2021).
Neuroimaging in Frontotemporal Dementia: Heterogeneity and
Relationships with Underlying Neuropathology. Neurotherapeutics:
the journal of the American Society for Experimental
NeuroTherapeutics, 18(2), 728-752. https://doi.org/10.1007/s13311-
021-01101-x

-—46--


https://doi.org/10.1016/S1474-4422(19)30394-1
https://doi.org/10.1093/brain/awae263
https://doi.org/10.1016/j.ncl.2017.01.008
https://doi.org/10.1007/s11910-016-0707-9
https://doi.org/10.1007/s11910-016-0707-9
https://doi.org/10.1080/21678421.2017.1332077
https://doi.org/10.1007/s13311-021-01101-x
https://doi.org/10.1007/s13311-021-01101-x

Rabinovici, G. D., & Miller, B. L. (2010). Frontotemporal
lobar degeneration: epidemiology, pathophysiology, diagnosis and
management. CNS Drugs, 24(5), 375-398.
https://doi.org/10.2165/11533100-000000000-00000

Rademakers, R., Neumann, M., & Mackenzie, I. R. (2012).
Advances in understanding the molecular basis of frontotemporal
dementia. Nature Reviews Neurology, 8(8), 423-434.
https://doi.org/10.1038/nrneurol.2012.117

Remnestal, J., Oijerstedt, L., Ullgren, A., Olofsson, J.,
Bergstrom, S., Kultima, K., Ingelsson, M., Kilander, L., Uhlén, M.,
Manberg, A., Graff, C., & Nilsson, P. (2020). Altered levels of CSF
proteins in patients with FTD, presymptomatic mutation carriers and
non-carriers. Translational Neurodegeneration, 9, 27.
https://doi.org/10.1186/s40035-020-00198-y

Rosso, S., Landweer, E., Houterman, M., Kaat, L., Duijn, C.,
& Swieten, J. (2003). Medical and environmental risk factors for
sporadic frontotemporal dementia: a retrospective case—control
study. Journal of Neurology, Neurosurgery & Psychiatry, 74(11),
1574-1576. https://doi.org/10.1136/jnnp.74.11.1574

Santillo, A., Leuzy, A., Honer, M., Waldo, L., Tideman, P.,
Harper, L., Ohlsson, T., Moes, S., Giannini, L., Jogi, J., Groot, C.,
Ossenkoppele, R., Strandberg, O., Van Swieten, J., Smith, R., &
Hansson, O. (2022). [18F]R0948 tau positron emission tomography
in genetic and sporadic frontotemporal dementia syndromes.
European Journal of Nuclear Medicine and Molecular Imaging, 50,
1371-1383. https://doi.org/10.1007/s00259-022-06065-4

Shen, T., Vogel, J., Duda, J., Phillips, J., Cook, P., Gee, J.,
Elman, L., Quinn, C., Amado, D., Baer, M., Massimo, L., Grossman,

M., Irwin, D., & Mcmillan, C. (2023). Novel data-driven subtypes
and stages of brain atrophy in the ALS—FTD spectrum. Translational

47—


https://doi.org/10.2165/11533100-000000000-00000
https://doi.org/10.1038/nrneurol.2012.117
https://doi.org/10.1186/s40035-020-00198-y
https://doi.org/10.1136/jnnp.74.11.1574
https://doi.org/10.1007/s00259-022-06065-4

Neurodegeneration, 12, 19. https://doi.org/10.1186/s40035-023-
00389-3

Soppela, H., Kriiger, J., Hartikainen, P., Koivisto, A.,
Haapasalo, A., Borroni, B., Remes, A., Katisko, K., & Solje, E.
(2022). Traumatic Brain Injury Associates with an Earlier Onset in

Sporadic Frontotemporal Dementia. Journal of Alzheimer's Disease,
91(1), 225-232. https://doi.org/10.3233/JAD-220545

Su, W., Cheng, Y., Jiang, Z., Duan, Q., Yang, T., Shang, H.,
& Chen, Y. (2021). Predictors of survival in patients with
amyotrophic lateral sclerosis: A large meta-analysis. EBioMedicine,
74, 103732, https://doi.org/10.1016/j.ebiom.2021.103732

Tan, R., Guennewig, B., Dobson-Stone, C., Kwok, J., Kril,
J., Kiernan, M., Hodges, J., Piguet, O., & Halliday, G. (2019). The
underacknowledged PPA-ALS. Neurology, 92, el1354-e1366.
https://doi.org/10.1212/WNL.0000000000007146

Wagner, M., Lorenz, G., Volk, A., Brunet, T., Edbauer, D.,
Berutti, R., Zhao, C., Anderl-Straub, S., Bertram, L., Danek, A.,
Deschauer, M., Dill, V., Fassbender, K., Fliessbach, K., Gotze, K.,
Jahn, H., Kornhuber, J., Landwehrmeyer, B., Lauer, M., Obrig, H.,
Prudlo, J., Schneider, A., Schroeter, M., Uttner, 1., Vukovich, R.,
Wiltfang, J., Winkler, A., Zhou, Q., Ludolph, A., Oexle, K., Otto, M.,
Diehl-Schmid, J., & Winkelmann, J. (2021). Clinico-genetic
findings in 509 frontotemporal dementia patients. Molecular
Psychiatry, 26, 5824-5832. https://doi.org/10.1038/s41380-021-
01271-2

Wang, H., Wang, H., Lee, Y., Lee, Y., Huang, C., Liliang, P.,
Lu, K., Lu, K., Chen, H., Chen, H., Li, Y., & Tsai, K. (2015).
Traumatic brain injury causes frontotemporal dementia and TDP-43
proteolysis. Neuroscience, 300, 94-103.
https://doi.org/10.1016/j.neuroscience.2015.05.013

-48--


https://doi.org/10.1186/s40035-023-00389-3
https://doi.org/10.1186/s40035-023-00389-3
https://doi.org/10.3233/JAD-220545
https://doi.org/10.1016/j.ebiom.2021.103732
https://doi.org/10.1212/WNL.0000000000007146
https://doi.org/10.1038/s41380-021-01271-2
https://doi.org/10.1038/s41380-021-01271-2
https://doi.org/10.1016/j.neuroscience.2015.05.013

Wang, X., Shen, Y., & Chen, W. (2013). Progress in
frontotemporal dementia research. American journal of Alzheimer's
disease and other dementias, 28(1), 15-23.
https://doi.org/10.1177/1533317512467681

Woollacott, 1., & Rohrer, J. (2016). The clinical spectrum of
sporadic and familial forms of frontotemporal dementia. Journal of
Neurochemistry, 138(Suppl 1), 6-31.
https://doi.org/10.1111/jnc.13654

Woolley, J. D., Khan, B. K., Murthy, N. K., Miller, B. L., &
Rankin, K. P. (2011). The diagnostic challenge of psychiatric
symptoms in neurodegenerative disease: rates of and risk factors for
prior psychiatric diagnosis in patients with early neurodegenerative
disease. The Journal of clinical psychiatry, 72(2), 126-133.
https://doi.org/10.4088/JCP.10m063820li

-49--


https://doi.org/10.1177/1533317512467681
https://doi.org/10.1111/jnc.13654
https://doi.org/10.4088/JCP.10m06382oli

NEUROBIOPHYSICAL DYNAMICS of MEMORY
and ATTENTION

CEMILE AVCI AKAN!

Introduction

The brain serves as the core of cognitive functions,
controlling learning, memory, and attention, and is organized into a
complex network (Kandel, Schwartz, & Jessell, 2013). An approach
focusing on the biophysics of these processes offers a
neurobiophysical foundation by describing the structural, electrical,
and chemical dynamics of neuronal activity (Buzsaki, & Draguhn,
2004). Brain memory is comprised of the processes of encoding
learned information, retaining it, and retrieving the stored
information. Structures in the medial temporal lobe, including the
hippocampus, are crucial for these functions (Squire, & Zola-
Morgan, 1991). These processes are influenced by synaptic plasticity
and oscillatory activity at the neurobiophysical level, as described by
( Bliss, & Lemo, 1973; Fell, & Axmacher, 2011). Attention involves
the selection of a specific target for subsequent processing and the
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allocation of neural resources to that target. This process also
enhances information processing efficiency by allocating resources
towards specific stimuli (Posner, & Petersen, 1990). The process is
linked to the electrical activity patterns and synchronisation
dynamics of cortical networks (Fries, 2009). Attentional processes
are influenced by interactions between brain regions like the
prefrontal cortex, the parietal lobe, and the thalamus, as noted by
Corbetta, & Shulman, (2002). Attention and memory are closely
connected and interdependent systems; attention picks out
information for processing, whereas memory influences attention
based on past occurrences (Awh, Vogel, & Oh, 2006). Information
encoded through attentional focus persists longer, and information
acquired in the past also influences focus of attention (Chun, & Turk-
Browne, 2007). Examining the relationship between memory and
attention at the biophysical level is crucial not only for understanding
basic neuroscientific systems but also for explaining clinical
applications and neurodegenerative disorders (Baddeley, 2012). This
study will investigate the functions of key brain areas, including the
hippocampus, prefrontal cortex, parietal lobe, and anterior cingulate
cortex, in the processes of memory and attention. The examination
will also consider how these functions are associated with
neuroimaging research and clinical data (Chun, Golomb, & Turk-
Browne, 2011). Examples of memory and attention impairments will
be used to illustrate clinical implications in neurological and
psychiatric disorders.

The Brain's Basis for Attention

Cognitive resources can be focused on particular stimuli
through a selective process known as attention, which is controlled
by a variety of interconnected brain networks (Posner, & Petersen,
1990). The brain areas involved in attention functions are shown in
Figure 1. The dorsal attention network, comprising the intraparietal

sulcus (IPS) and frontal eye field (FEF), plays a role in goal-oriented,
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top-down control (Corbetta, & Shulman, 2002). The ventral
attention network, which includes the temporoparietal junction (TPJ)
and inferior frontal gyrus, plays a role in bottom-up reorientation to
unexpected or prioritized stimuli (Corbetta, Patel, & Shulman,
2008). This connectivity enables the flexible design of both goal-
focused and stimulus-focused attentional stages (Vossel, Geng, &
Fink, 2014). The prefrontal cortex is crucial for controlling attention
and helps maintain task instructions that guide goal-directed actions
(Miller, & Cohen, 2001). The posterior parietal cortex plays a crucial
role in spatial orientation and sensory coordination, as indicated by
Culham, & Kanwisher, (2001). The anterior cingulate cortex, or
ACC, i1s involved in error detection and conflict resolution, leading
to the realignment of attentional resources, a process described by
Botvinick, Cohen, & Carter, (2004). Regulating the transfer of
attentional information between cortical areas is facilitated by the
pulvinar thalamus, enhancing coordination (Saalmann et al., 2012).

Figure 1. Brain areas involved in attention functions

Dorsal attention network Vental attention network

Prefrontal cortex

Posterior parietal
cortex

Anterior cingulate cortex Anterior cingulate
cortex

Source: https://doi.org/10.1038/nrn755

Studies involving functional magnetic resonance imaging
have found that attentive states are associated with increased
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selectivity and amplitude of neuronal responses in the visual cortex
(Kastner, & Ungerleider, 2000). Electrophysiological research has
demonstrated that stimuli requiring attention improve information
processing efficiency by increasing the coordination of the gamma
band (Fries, 2009).

As a result, sensory systems work together in the frontal,
parietal, and subcortical parts of the brain, and this co-ordination is
essential for cognitive performance. Directly from a biophysical
viewpoint, oscillatory dynamics are linked to synaptic plasticity and
neuronal transmission, as noted in Petersen, & Posner, (2012).

The Brain's Basis for Memory

The process of memory involves the encoding, storage, and
recall of information (Squire, & Zola-Morgan, 1991). From a
biophysical standpoint, these mechanisms are founded on synaptic
plasticity, electrical conduction via ion channels, and the
synchronisation of rhythmic electrical activity in neurons (Bliss, &
Lemo, 1973; Fell, & Axmacher, 2011). The hippocampus and other
structures in the medial temporal lobe are crucial in the formation of
episodic memory and memory consolidation, as noted by
Eichenbaum, (2004). The hippocampus's CA1 and CA3 regions are
crucial for integrating information in both a contextual and temporal
manner (Manns, & Eichenbaum, 2006). The role of the hippocampus
and its subregions in memory processes is shown in Figure 2. While
the dentate gyrus is involved in differentiating input data and
reinterpreting similar events as distinct memory indicators (Leutgeb
et al.,, 2007). The prefrontal cortex, especially the dorsolateral
prefrontal area, is engaged in information preservation and revision
during working memory (Curtis, & D'Esposito, 2003). The
ventromedial prefrontal cortex is responsible for linking long-term
memory with working memory (Simons, & Spiers, 2003). The
parietal cortex plays a role in attention and conscious awareness
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during memory retrieval (Wagner et al., 2005). Information transfer
dynamics at the neural network level are revealed by connections
between these regions.

Figure 2. The role of the hippocampus and its subregions in
memory processes

Hippocampus

Source: https://doi.org/10.1016/j.neuron.2004.08.028

At the cellular level, the primary system for memory involves
the enhancement of long-term synaptic connections (LTP) resulting
from electrical activity (Bliss, & Lemo, 1973). LTP is directly linked
to glutamatergic transmission and NMDA receptor calcium
permeability, illustrating how ion currents biophysically affect
plasticity (Malenka, & Bear, 2004). Furthermore, long-term
depression (LTD) contributes to learning and memory loss by
diminishing synaptic activity (Bear, & Malenka, 1994). The synaptic
plasticity systems provide the biological foundation for the process
of learning (Martin, Grimwood, & Morris, 2000). Imaging studies
using functional magnetic resonance imaging (fMRI) have shown a
significant correlation between the hippocampus and prefrontal
cortex during memory encoding (Ranganath et al., 2005). FMRI data
suggest that activity in the medial temporal lobe rises during
successful memory encoding processes (Davachi, 2006). Studies
using electrophysiological data have found that the connection
between these two processes is strengthened when theta and gamma
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band coordination occurs, further highlighting the significance of
oscillatory biophysical systems in memory formation (Lisman, &
Jensen, 2013). Hippocampal activity is transferred to neocortical
networks during memory consolidation, leading to long-term storage
(McGaugh, 2000).

Interaction of Attention and Memory

Awh, Vogel, and Oh, (2006) found that attention and memory
function as interdependent systems rather than separate entities. This
relationship occurs from a neurobiophysical perspective due to the
coordination of rhythmic electrical fluctuations generated by various
brain regions (Fries, 2009). Learning efficiency is improved by
attention, which decides which information is stored in long-term
memory during the process of memory encoding (Chun, & Turk-
Browne, 2007). Behavioral studies have demonstrated that carefully
processed stimuli result in longer-lasting memory traces (Uncapher,
& Rugg, 2009). These studies suggest that attention aids memory
consolidation through the regulation of synaptic plasticity at a

biophysical level (Martin, Grimwood, & Morris, 2000).

Neuroimaging data using fMRI indicate that the link between
the hippocampus and prefrontal cortex becomes stronger during the
process of attentional encoding (Ranganath et al., 2005). Figure 3
shows the activation of the hippocampus and prefrontal cortex
(fMRI) in relation to attention and memory. Electrophysiology data
indicate that this relationship is highly influenced by interactions

between theta-gamma wavelengths, with neuronal oscillations
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serving as the physical basis for coordinating cognitive processes
(Lisman, & Jensen, 2013; Sauseng et al., 2010). Working memory
and attention share common neural data, particularly in the
prefrontal and parietal areas (Awh, & Jonides, 2001). Attentional
focus supports the renewal and maintenance of information by
targeting working memory content to specific elements (Gazzaley,
& Nobre, 2012). Furthermore, working memory contents also guide
the attentional system within the framework of past experiences

(Olivers et al., 2011).

Figure 3. Hippocampus and prefrontal cortex activation in the
relationship between attention and memory (fMRI)

Prefrontal cortex

Hippcapus

Source: (Simons & Spiers, 2003; Miller & Cohen, 2001; Eichenbaum, 2017).

From a biophysical standpoint, this interrelationship
contributes to the occurrence of coordinated fluctuations in various
brain areas (Fries, 2009). The relationship between fluctuations in
theta and gamma bands, specifically, enables both the direction of
attention and the retention of inputs in sequential memory (Lisman,
& Jensen, 2013). This coordination supports the functioning of
various neuronal circuits within a unified timing framework, thereby
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improving cognitive performance (Sauseng et al., 2010). Attention
is key to improving memory encoding, and memory influences the
stages of attention and how selective information is processed
(Summerfield, & de Lange, 2014). The interrelationship between
these elements offers a fundamental framework for a comprehensive
understanding of biophysical systems, including synaptic plasticity,
neural communication speeds, and recurring fluctuations, as well as
cognitive processes (Buzsaki, & Draguhn, 2004; Deco et al., 2008).

Clinical Applications: Attention and Memory Disorders

Alzheimer's Disease

Alzheimer's disease is a neurodegenerative disorder that is
marked by episodic memory problems that are related to specific
events. In the early stages of the disease, considerable neuronal loss
has been observed in the regions of the hippocampus and the medial
temporal lobe (Braak, & Braak, 1991). Significant neuronal loss is
also observed in these regions (Selkoe, 2002). These losses not only
happen at the cellular level but also affect the biophysical dynamics
of synaptic plasticity (Palop, & Mucke, 2010), and memory loss is
accompanied by impairments in attentional processes, which
negatively affect our daily activities (Perry, & Hodges, 1999).
Research using functional magnetic resonance imaging (fMRI) has
shown that Alzheimer's patients experience hippocampal
dysfunction in attention networks, accompanied by decreased
connectivity in the prefrontal and parietal cortices (Buckner et al.,
2005). The results of electrophysiological tests also showed that the
coordination between theta and gamma brain activity was disrupted
in patients, which was linked to problems with memory and attention
(Stam et al., 2005).
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Attention Deficit Hyperactivity Disorder (ADHD)

ADHD is typically marked by a person's struggle to maintain
attention, excessive impulsive behavior, and heightened levels of
activity (Barkley, 1997). This disorder has been shown to involve
impairments in both function and structure in the prefrontal cortex
and parietal areas (Castellanos, & Proal, 2012). Among the key
aspects of cognitive symptoms in attention deficit hyperactivity
disorder (ADHD) are reduced working memory capacity and
impaired attentional processing skills (Martinussen et al., 2005).
Studies using neuroimaging have found that disruptions to the
connections between the frontoparietal control network and the
default mode network are linked to issues with attention and memory
(Cortese et al., 2012). Examination of gamma-band function
biophysically reveals a reduction in the frontal regions in ADHD,
which complicates focusing one's attention (Clarke et al., 2019).

Schizophrenia

Schizophrenia is a serious psychiatric disorder marked by
impairments in attention and working memory (Goldman-Rakic,
1994). Dopaminergic dysfunction in the prefrontal cortex is closely
linked to the working memory impairments seen in schizophrenia
(Weinberger et al., 2001). Disruptions in connectivity between the
parietal cortex and the hippocampus result in impairments of
attentional orientation and memory encoding (Meyer-Lindenberg et
al., 2005). Studies at the behavioral level have found that patients
with schizophrenia struggle with memory tasks that require a lot of
attention (Forbes et al., 2009). Research indicates that individuals
with schizophrenia experience a decrease in gamma rhythmic
electrical oscillations, which leads to problems with coordinating
attention and memory functions (Uhlhaas, & Singer, 2010). Studies
further suggest that attention and memory play a crucial role not only
in fundamental cognitive processes but also in comprehending
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neurological and psychiatric conditions (Petersen, & Posner, 2012).
Studies of Alzheimer's, ADHD, and schizophrenia have shown that
changes in attention and memory connection patterns underlie the
clinical manifestations of these conditions (Buckner et al., 2005;
Castellanos, & Proal, 2012; Meyer-Lindenberg et al., 2005). From a
biophysical standpoint, the decline in rhythmic oscillations,
impaired synaptic adaptability, and changes in neural connection
patterns observed in these disorders provide the neurophysiological
basis for the clinical symptoms reported (Uhlhaas, & Singer, 2010;
Palop & Mucke, 2010).

General Clinical Significance

Research indicates that both attention and memory
processing, along with core cognitive systems, are crucial for
understanding neurological and psychiatric disorders (Petersen, &
Posner, 2012). Changes in the connection between attention and
memory are a crucial aspect of conditions such as Alzheimer's,
ADHD, and schizophrenia, as shown by studies (Buckner et al.,
2005; Castellanos, & Proal, 2012; Meyer-Lindenberg et al., 2005).

Future Perspectives

Investigations of attention and memory processes in
neuroscience have become increasingly significant, according to
Petersen and Posner, (2012). This biophysical approach enables an
understanding of these processes not only at the cognitive level but
also in conjunction with the electrical and chemical dynamics of
neuronal networks (Buzsaki, 2006). Techniques such as functional
magnetic resonance imaging (fMRI) and diffusion MRI disclose the
network dynamics driving these processes (Sporns, 2011).
Combining high-temporal resolution EEG and MEG recordings in
biophysical models is crucial for explaining systems of attention and
memory processes that rely on repetitive activity (Baillet, 2017).
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Future research using multimodal imaging techniques, such as fMRI,
EEG, and MEG combined, will produce more reliable results with
both temporal and spatial resolution (Baillet, 2017). Developing
biophysical network models from complex brain findings enables
artificial intelligence and machine learning-based models to offer
new clinical opportunities in the early diagnosis of attention and
memory disorders (Durstewitz, Koppe, & Meyer-Lindenberg,
2019). Targeting attention and memory networks with
neuromodulation techniques, such as TMS and tDCS, offers
opportunities for cognitive rehabilitation by physically altering
synaptic plasticity (Polania, Nitsche, & Ruff, 2018). Computer
models of biophysics offer a crucial complement to uncovering the
network-level consequences of these methods (Deco et al., 2008).

In this context, coordinating neurobiophysical studies with
personalized medicine applications will assist in the development of
new plans for both cognitive health protection and early disease
diagnosis (Insel, 2017). Consequently, a biophysical understanding
of memory and attention processes will become a key driver in a
broad spectrum of fields, encompassing clinical neuroscience to
artificial intelligence-based analyses.

Conclusion

Human cognition is fundamentally based on attention and
memory, which are closely linked (Awh, Vogel, & Oh, 2006).
Memory encoding and retrieval are facilitated by attention, with
prior experiences directing attention as guided by memory (Chun, &
Turk-Browne, 2007). The connection between these areas arises
from the coordinated activity of various parts of the brain, including
the prefrontal cortex, the parietal lobe, and the hippocampus (Miller,
& Cohen, 2001). From a biophysical perspective, this
interrelationship is predicated on synaptic plasticity mechanisms
(LTP, LTD), the synchronisation of neuronal oscillations, and the
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swiftness of electrical communication between cortical and
subcortical networks (Bliss, & Lemo, 1973; Fries, 2009; Lisman, &
Jensen, 2013). Understanding memory and attention processes is
crucial for cognitive neuroscience as well as for biophysical
modeling and neurophysiological studies (Buzsaki, & Draguhn,
2004; Deco et al., 2008).

Alterations in attention and memory processes are key
clinical features in disorders such as Alzheimer's, ADHD, and
schizophrenia (Buckner et al., 2005; Castellanos & Proal, 2012;
Meyer-Lindenberg et al., 2005). The neurophysiological basis for the
biophysical clinical findings seen in these disorders can be attributed
to the oscillatory rhythm losses and synaptic transmission
disturbances observed (Uhlhaas, & Singer, 2010; Palop, & Mucke,
2010). Advanced imaging techniques, artificial intelligence-aided
network analyses, and neuromodulation methods will in the future
allow for a more detailed comprehension of attention and memory
processes and enable the development of treatment strategies
(Durstewitz et al., 2019; Polania, Nitsche, & Ruff, 2018).UlItimately,
understanding the interaction between memory and attention at the
biophysical level is crucial across a wide array of disciplines, from
cognitive neuroscience to clinical studies. Contributions from this
perspective will aid in a comprehensive comprehension of human
brain processes (Insel, 2017).
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