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1-4 Elucidating the Pathology of Epilepsy and Comorbidities for the
Development of Pioneering and Comprehensive Diagnostic and
Therapeutic Methods

Eiji Nakagawa, M.D., Ph.D.
Department of Epileptology and Comprehensive Epilepsy Center,
National Center Hospital,
National Center of Neurology and Psychiatry (NCNP)
Tokyo, Japan

Background: Rapid advances in molecular genetics, neuroimagings and neurophysiology over the last
10 to 20 years have been a catalyst for epilepsy research in neurobiology, developmental
psychopathology, and translational neuroscience. Whereas integrative study on pathomechanism,
diagnostic methodology and therapeutics for epilepsy relevant to congenital factors do not have well
established.

Purpose: The purpose of our research group is to clarify the pathomechanism, diagnostic methodology
and therapeutics for epilepsy and to establish a reliable diagnostic methodology and therapeutics for
epilepsy. Our final goal is to build up resource repository system for epilepsy research in NCNP. This

should include various clinical disciplines as well as basic neurosciences.

Members of the research group

Principal Investigator: Eiji Nakagawa (NCNP)

Co-Investigator: Masaki Iwasaki (NCNP), Kenji Hatano (NCNP), Takashi Saito (NCNP), Akihiko
Ishiyama (NCNP), Noriko Sato (NCNP), Kyoko Kanazawa (NCNP), Yoshimi Kaga (University of
Yamanashi), Masayuki Itoh (NCNP), Mikio Hoshino (NCNP) and Schuichi Koizumi (University of

Yamanashi).

Research Results

The purpose of this research team is to elucidate the pathology of epilepsy and develop and propose
diagnostic and therapeutic methods for this disease by building a resource repository system for
epilepsy at the National Center of Neurology and Psychiatry (NCNP), which can be a national centre
for epilepsy medical care in Japan. Using this Epilepsy Center as the core of the epilepsy diagnosis
and treatment, we can take advantage of our epilepsy care system in various departments, including
the departments of psychiatry, neurology, paediatric neurology, neurosurgery and radiology. While

proposing a desirable medical care system for patients with epilepsy, particularly for those with



comorbid neurodevelopmental disorders and psychiatric symptoms, from both software and hardware
aspects, we conducted research aimed at forming a medical care model for epilepsy. In addition to
accumulating high-quality data of patients with epilepsy in our clinical database, we proposed building
a new electroencephalogram (EEG) database system that enables EEG-based diagnosis and treatment,
thus helping to establish a nationwide EEG medical care network in Japan. In the epilepsy medical
fact-finding survey, we examined the nationwide epilepsy prevalence rate (treatment recipient rate)
based on the non-governmental National Database of Health Insurance Claim Information and
Specified Medical Check-ups. By performing an analysis that approximately estimates the actual
prevalence rate, we can elucidate the epilepsy prevalence in Japan. These survey results can provide
useful information for disease control, awareness-raising activities and health policy formulation.
The team works to appropriately evaluate and diagnose epilepsy, comorbid psychiatric symptoms
and neurodevelopmental disorders as early as possible using various brain morphological and
functional imaging and neurophysiological analyses. Thus, we aim to establish effective medical and
surgical therapeutic methods for these conditions. To disseminate these research results, we have
actively conducted awareness-raising activities, such as public lectures on epilepsy, workshops and
lectures for doctors, medical staff and patients, throughout Japan. For basic research on epilepsy, we
utilised samples and information available from a research repository that was already established at
the NCNP’s Translational Medical Center. Using molecular, pathological, neurophysiological and

basic genetic research on epilepsy, we are conducting basic research to elucidate the pathology of

epilepsy.

Allotment studies

1) Development of patient database is essential to promoting joint research and clinical trials. Here
we report progress in developing Neurosurgical database and Epilepsy patient database of the
NCNP Epilepsy Center.

Masaki Iwasaki

Department of Neurosurgery, National Center Hospital, NCNP

NCNP Neurosurgical database was developed with Microsoft Access®. Clinical information
including patient basic profiles, diagnostic findings, seizure outcome, pathological diagnosis, and
classification of surgical procedures was registered. The 2017 international classification system of
epilepsy and seizures was used for the diagnostic classification of patients. A total of 2181 surgeries
have been registered in the database by the end of year 2021. The database was shared on multiple
occasions with fellows and staffs for conducting clinical studies. Surgically-treated patients with
epilepsy were registered to the NCNP Biobank after written informed consent. Blood samples and
surgical specimen, if available, were prospectively stored for utilization in future research. A total of

395 patients have been registered to the Biobank by the end of year 2021. Epilepsy outpatient and



inpatient database was generated from electric medical records based on the ICD-10 diagnostic
codes. Specific epilepsy diagnosis was obtained from the information entered in the other template.
Total 4680 and 4993 cases have been entered to the outpatient and inpatient databases, respectively
from June 2017 to September 2021. Analysis of the database elucidated patient characteristics in the
NCNP epilepsy center. Efficient data entry of diagnostic information continues to be a priority issue

for building high-quality database. Further improvement in the data entry system is required.

2) The number of epilepsy patients was estimated using health claim database containing health
insurance claims of employees and their families.

Takashi Saito

Department of Child Neurology, National Center Hospital, NCNP

In this study, we aim to estimate number of patients with epilepsy under 18 years of age. To exclude
patients who are not actually epilepsy but given disease name "epilepsy" for insurance claims, we
created a flowchart. We estimated that the number of patients under 18 years of age visiting a medical
clinic for epilepsy in 2018 was 5.7/1,000. Most patients were treated with only one antiepileptic drug.
5-10% of patients older than 5 years of age were treated for behavioral complications with central
nervous system stimulants and/or typical antipsychotics. The frequency of neurosurgical treatment
was less than 1%. By using receipt data, it was possible to estimate the number of patients with
pediatric epilepsy and the actual condition of epilepsy management in Japan.

3) Construction of a platform for the database construction of electroencephalography records of
patients with epilepsy

Akihiko Ishiyama

Department of Child Neurology, National Center Hospital, NCNP

Objectives: This study aimed to construct a platform for the database construction of EEG records,
which would be used as basic data to develop tools for reading EEG data, to standardize the quality of
the treatment for epilepsy, supplementary reading tools. The study was first to construct the database
of EEG records collected at National Center Hospital, National Center of Neurology and Psychiatry,
with the aim of developing a system that would enable us to construct the database of EEG records
collected from multiple institutions across Japan in the future. Methods: To construct the database of
EEG records, we selected clinical information to be attached to EEG records, and prepared a clinical
information sheet. Then, we constructed a server for the EEG database and registered EEG records.
Results: The hardware used for the EEG database was the EEG database system manufactured by
Nihon Kohden. We examined and selected formats for registering EEG data and the contents of clinical

information to be attached to EEG records. EEG data were to be registered in the European data format



(EDF) so that various analyses could be performed with the registered data. A clinical information
sheet was prepared for registering the attached clinical information. For registration of data in this
sheet, we developed a system that could export data on each item in the Comma Separated Value
(CSV) file. The items of the clinical information to be registered with EEG data were research
identification (ID), age, sex, date of test, and diagnosis. After this registration system was developed,
we started registration of EEG data collected at our center as the first stage of the construction of the
EEG database. Summary: We developed a system to construct the EEG database and started registering
EEG data. Ultimately, we would like to further expand this system to register data from other
institutions. Expansion of registration of EEG data is expected to promote analysis and evaluation of

EEG findings in epilepsy.

4) MR detection of CNS lesions in tuberous sclerosis complex: the usefulness of TIWI-CHESS
Noriko Sato
Department of Radiology, National Center Hospital, NCNP

The transmantle sign (TMS) is one of the important MRI findings of focal cortical dysplasia (FCD)
and sometimes the TMS shows T1-high-signal. We examined MR and pathology of FCD with TMS.
The TMS showing T1WI high signal was found in about 6%, and all of them were type IIb. The
hyperintensity reflected the density of Balloon cells when compared to pathology. This finding is
useful for differentiating FCD type IIb, and it seems possible to infer the subtype only by MR.
Furthermore, TMS was also seen as T1 hyperintensity in tuberous sclerosis. We speculated that it could
be visualized more clearly by adding the fat suppression method, CHESS, which is frequently used in
daily practice. The detectability of intracerebral lesions in tuberous sclerosis was compared with T2WI,
FLAIR, T1, TI-MTC, and TIWI-CHESS. TIWI-CHESS had the best detection ability of TMS. T1WI-
CHESS was considered to be an imaging method that should be actively utilized in the daily clinical
practice of epilepsy. In addition, in the network analysis using 3DT1 in graph theory, the network of
patients with temporal lobe epilepsy (TLE) with hippocampal sclerosis was maintained at the whole
brain level, but at the local level, both right and left TLE groups were damaged comparing with healthy
subjects. In the left TLE group, a decrease of the Clustering coefficient and the short test path length
was observed, which meant a decrease in functional separation and an increase in local efficiency,
respectively. It is suggested that the network in the brain may be locally randomized in TLE with
hippocampal sclerosis. Network analysis using gray matter similarity may contribute to the elucidation

of the pathophysiology of TLE with hippocampal sclerosis.

5) Analysis of the clinical condition of a patient and treatment of an adult, elderly epilepsy

Kyoko Kanazawa



Department of Neurology, National Center Hospital, NCNP

Clinical pathophysiology and treatment of epilepsy in the adult and elderly were analyzed from the
following two viewpoints in the present study: Autoimmune pathophysiology in patients with
cryptogenic epilepsy syndrome, and wide-band EEG. The observational study on the autoimmune
pathophysiology in relation to imaging abnormality in mesial temporal lobes, multi-center study on
the genetic predisposition in autoimmune encephalitis, and the pathophysiology of epileptogenicity in

the human using the method of wide-band electroencephalography (EEG) were carried out.

6) Maintenance of the epilepsy clinical information database

Kenji Hatano
Department of Clinical Epidemiology, Translational Medical Center, National Center Hospital, NCNP

We have developed a system that links the in-house epilepsy clinical information database with patient
clinical information in electronic medical records, and have realized efficiency and refinement of
patient extraction using medical information. Furthermore, the environment of the database was
improved by improving the migration of the database to the RDB server. With a view to linking the
epilepsy clinical information database to an external database, we have promoted the development of
an environment for linking the medical data of NCNP Hospital with the disease registry or case
database constructed outside the center. In the JASPEHR project, which is a joint research project of
6NC, we first carried out online external collaboration of medical data of NCNP hospital, and

examined the results and issues.

7) The condition of a patient elucidation of the molecular pathology of intractable epilepsy
Masayuki Itoh

Department of Mental Retardation and Birth Defect Research, National Institute of Neuroscience,
NCNP

Intractable epilepsy id defined by uncontrolled epilepsy with polypharmacy. Some of them consist of
metabolic errors and brain malformation from birth. We studied a molecular mechanism of KARS-
related leukodystrophy and a pathological system of loss-of-heterogeneity (LOH) of tuberous sclerosis
complex (TSC), as well as an alteration of astrocyte specific ion-channels and receptors (P2RY1,
P2RY2, P2RY4, Kir4.1, Kv4.2, mGIluR1 and mGIuR5) expression of hippocampal sclerosis (HS).
We discovered a novel epileptic syndrome with KARS gene (encoding LysRS) mutations. The
clinical features were characteristically intractable epilepsy after birth, severe developmental delay,

congenital deafness and progressive leukodystrophy with intracranial calcification. The abnormal



LysRSs due to the genetic variants were those dysfunctions. We made some various patients’ based-
mutation expression vectors. Then, we measured mutated LysRS activities and transfected them into
Xenopus oocytes to reproduce the phenotypes of patients. As results, we revealed significant
decreasing LysRS activities and pathological reproduction. Here, we can propose a novel severe
progressive leukodystrophy caused by KARS gene mutation. We revealed that all 7 astrocytic
receptors and channels in HS lesions were significantly increased. We previously described unique
astrogliosis in epileptic lesions similar to what was observed in this study. This phenomenon is
considered to trigger activation of the related signaling pathways and then contribute to
epileptogenesis. Thus, astrocytes in epileptic lesion may show self-hyperexcitability and contribute to
epileptogenesis through the endogenous astrocytic receptors and channels. These findings may suggest
novel astrocytic receptor-related targets for the pharmacological treatment of epilepsy. We performed
TSC2 genetic analysis of dysmorphic neurons, balloon cells and the other cells, extracted from the
pathological lesions of cortical tubers of 3 TSC individual patients. The samples were collected each
20 cells’ DNAs with microdissection technique. We confirmed TSC2 mutations. The result of LOH
analysis suggests that the TSC pathological cells were made excessive activation of mTOR. We need

further study to clarify the molecular mechanism of LOH.

8) The condition of a patient elucidation using the epilepsy model animal and development of the
cure

Mikio Hoshino

Department of Biochemistry and Cellular Biology, National Institute of Neuroscience, NCNP

Although there are many epilepsy patients in Japan, the pathogenesis is still unknown, and therefore,
diagnostic and therapeutic methods have not yet been established. In this study, we aimed to elucidate
the pathology of epilepsy through the analysis of genetically engineered mice for AUTS2/Auts2 (a
causative gene of epilepsy) and lhara epilepsy rats (IER, model rat of epilepsy). Analysis of the
telencephalon-specific Auts2 knockout mice suggested that AUTS2 protein has a function to limit the
number of excitatory synapses and that its abnormality may cause an imbalance between excitatory
and inhibitory synapses, putatively leading to epilepsy. Analysis of cerebellum-specific KO mice of
Auts2 revealed that AUTS2 is involved in cerebellar development and that its abnormality causes
abnormal social behavior. In addition, we identified Dscamll as the causative gene of IER, and also
identified one case of human epilepsy with a mutation in the DSCAMLI gene. It was suggested that
the abnormal DSCAML1 protein produced by that mutation has a defect in protein folding and cannot
be exposed to the cell surface, resulting in loss of its function. These results suggest that these two

genes may be involved in the pathogenesis of human epilepsy.



9) Depression and anxiety are the most common mental disorders associated with epilepsy.
Go Taniguchi
Department of Psychiatry, National Center Hospital, NCNP

We retrospectively reviewed the clinical characteristics, selected treatments, and improvement of
psychiatric symptoms in epilepsy patients selected by screening for depression and anxiety.
Depression and anxiety were detected in 55 (33%) and 53 (32%) of 168 outpatients with epilepsy,
respectively. When these patients were classified according to psychiatric diagnosis, depression was
the most common diagnosis in 31 patients, followed by intellectual and developmental disabilities in
27, psychosis in 12, and anxiety disorders in 4. Of the 31 depressed patients, 27 were positive on the
depression screening test, while 4 were positive only on the anxiety screening test. The group of
depressed patients with greater biological factors was less likely to have PNES complications than
the group with greater psychosocial factors: older age at presentation, more symptomatic
localization-related epilepsy, and less seizure control. In both groups, treatment included adjustment

of antiepileptic drugs and outpatient psychotherapy, which often resulted in mild improvement.

10) Elucidation of molecular pathogenesis of epileptogenesis mediated by glia
Schuichi Koizumi®?, Fumikazu Sano®?3
Department of Neuropharmacol', Yamanashi GLIA center’, Department of Pediatrics®, Faculty of

Medicine, Yamanashi University

Using pilocarpine-induced status epilepticus (SE) model, we found that astrocytes in the hippocampus
became reactive with excitable Ca2+ signals mediated by IP3 receptor type 2 (IP3R2). The time-course
of SE-evoked reactive astrocytes was well associated with induction of epileptogenesis. Importantly,
the Ca2+ excitation in the reactive astrocytes was a cause of epileptogenesis because when the Ca2+
signals were inhibited by IP3R2-deleted mice, the epileptogenesis was inhibited as well. Therefore,
we termed these reactive astrocytes as “epileptogenic astrocytes”. RNA-seq analysis showed that
eplileptogenic astrocytes increased expression of various genes including metabotropic glutamate
receptor 5 (mGIuRS5) which is known to cause network remodeling via induction of synaptogenic
molecules. However, it remains unclear how epileptogenic astrocytes are induced and leads to
epileptogenesis. As for mechanisms underlying SE-evoked induction of epileptogenic astrocytes with
upregulation of mGluRS, the initially activated microglia and extracellular ATP were responsible. In
addition, adenosine, a metabolite of ATP, controls mGluRS expression via adenosine A2b receptors in
astrocytes. The epileptogenic astrocytes caused mossy fiber sprouting in a mGIluR5-dependent
mechanism(s) in the hippocampus, which would cause misconnection and remodeling of hippocampal

networks, thereby leading to abnormal network excitation. These were demonstrated by Glast-



CreERT2::flx-mGluR5 mice (astrocyte-specific mGluR 5 knockout mice). In addition, the mechanisms
underlying this seizure spreads or abnormal synchronization remain also poorly understood. To clarify
whether astrocytic Ca2+ signals, associated with neural activity, are implicated in the initiation or
spreads of epileptic seizure, a new Ca2+ imaging method, i.e., a transcranial widefield Ca2+ imaging
was developed. We performed Ca2+ imaging at the whole cortex in awake Aldh111-CreERT2::fIx-
GCaMP6f mice under a fluorescence dissection microscope. Astrocytes showed sporadically appeared
Ca2+ signals at various cortical regions randomly in control, whereas they showed highly synchronous
Ca2+ signals in SE, which traveled from the frontal lobe to the occipital lobe cortex (Ultra-wide Ca2+
spreads). Similar Ca2+ signals were also observed at 7 and 28 days after SE. The ultra-wide Ca2+
spreads were never observed in control mice, and thus they are unique phenomenon to SE and
epileptogenic mice, suggesting its involvement in seizure spreads and/or abnormal synchronization in
epileptic seizures (ictogenesis). In the future study, we plan to elucidate the causal relationship between

Ultra-wide Ca2+ spreads and ictogenesis, and to clarify the molecular mechanisms.

11) The clarification of pathophysiological findings and exploration study of neurophysiological
biomarker for epileptic children
Yoshimi Kaga

Department of Pediatrics, Faculty of Medicine, Yamanashi University

It is known that epilepsy, sleep and cognitive function are closely related, but there are few reports
that objectively evaluate the effects of sleep on cognitive function in children with epilepsy. Therefore,
the purpose of this study was to clarify the actual state of sleep in pediatric epilepsy patients and to
clarify their cognitive functions using neurophysiological and psychological methods.

Study 1: In order to investigate the relationship between sleep habits and cognitive function in pediatric
epilepsy cases, a questionnaire survey was conducted on 91 cases between the ages of 5 and 19 years
old. 35% of the epileptic children showed mid-waking cases, indicating poor sleep habits. In addition,
the mid-waking cases were found to have interference suppression dysfunction, poor learning of
reading and writing, and poor adaptive behavior (especially internalization disorder).

Study 2: Six children with epilepsy were evaluated for sleep using all-night polysomnography (PSG),
and the relationship between EEG frequency analysis and executive function was examined. Cases
with cognitive dysfunction had shorter REM sleep and higher power values of the frontally dominant
12 Hz slow spindle. All children with epilepsy showed a slow wave in the waking EEG, suggesting a
decrease in brain function during the day and possible frontal lobe dysfunction.

These results indicate that poor sleep quality is present in children with epilepsy, both as a symptom

and in brain function analysis, and that poor sleep quality may present as a cognitive dysfunction.



12) The pathogenesis of suppression-burst by analyzing EEG from hemimegalencephaly patients
who underwent hemispherotomy

Eiji Nakagawa

Department of Epileptology and Comprehensive Epilepsy Center,

National Center Hospital, NCNP

Background: Hemimegalencephaly (HME) is a congenital cortical malformation that shows an
enlargement of one cerebral hemisphere. Patients with HME develop intractable epilepsy early in life
and often show suppression-burst (SB) on EEG during the interictal period. When the hemisphere on
the affected side is separated from the basal ganglia, thalamus, and contralateral cerebral hemisphere
by hemispherotomy, the EEG on the non-affected side normalizes and the patient becomes seizure-
free. On the affected side, strong excitotoxicity remains after surgery, SB and epileptic discharges
persist, and cerebral atrophy progresses. The pathogenesis of SB remains unresolved. Since SB is a
relatively regular pattern in which the entire cerebrum synchronizes and repeats suppression and burst
every few seconds, it is thought that not only the cerebral cortex but also the basal ganglia, thalamus,
and brainstem networks must be involved in SB generation. We aimed to investigate the generating
mechanism of SB by long-term observation of EEG obtained from HME patients. Method: We
retrospectively evaluated 18 patients (10 boys, 8 girls) with HME who underwent hemispherotomy
under 2 years of age at the NCNP between October 2009 and March 2019. The presence of SB was
confirmed from EEG records.

Results: SB was observed in the affected side in 9 cases preoperatively and in 12 cases postoperatively.
SB was observed in the non-affected side in 5 cases preoperatively, but in no cases postoperatively.
Conclusion: We confirmed that SB can be generated only by abnormalities of the cerebral cortex in
the human brain, so the network of the basal ganglia, thalamus, and brainstem is not essential for SB

generation.

Conclusion
These comprehensive and interdisciplinary research of epilepsy will continue next second year. Each
research will bring further evidence to establish a reliable diagnostic methodology and therapeutics

for epilepsy.



