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1-4. Integrative research on pathomechanism, diagnostic methodology and
therapeutics for epilepsy

Eiji Nakagawa, MD, PhD
Epilepsy Center, National Center Hospital, 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 Kagai (University of
Yamanashi), Masayuki Itoh (NCNP), Mikio Hoshino (NCNP) and Schuichi Koizumi (University of

Yamanashi).

Methods and Results

Iwsaki et al. were undertaken to establish the database compilation of neurosurgical epilepsy clinical
information and construction of the clinical trial network. Development of patient database is essential
to promoting joint researches and clinical trials. Here we report progress in developing 1.
Neurosurgical database and 2. Epilepsy patient database of the NCNP Epilepsy Center. Excel-based
NCNP Neurosurgical database was moved to the database software Microsoft Access®. Relational
database was build between patient basic profiles, diagnostic information, surgical information,
surgical complications, and pathological diagnosis. Epilepsy classification was adapted to the new
2017 international classification system of epilepsy and seizures (1). Registration of epilepsy patients
to the NCNP Biobank was started in June 2017. Blood samples and surgical specimen, if available, in

all surgical cases are prospectively stored for utilization in future researches. A total of 345 patients



have been registered to the Biobank. The database was shared on several occasions with fellows and
staffs for conducting clinical studies. With help from medical information staffs and bio-resource
division, a new workflow was established to generate inpatient and outpatient database from electric
medical records. Epilepsy classification was adapted to the new 2017 classification system. Total 4086
and 4433 cases have been entered to the outpatient and inpatient databases, respectively between
January 2017 and October 2020. Diagnostic information is still based on the insurance name of disease.

Further improvement is necessary to obtain rich clinical information.

Hatano was undertaken to construct clinical information database of epilepsy patients using the
common identity management system (Super ID Registration Management System) in NCNP.
Purpose: Develop an epilepsy clinical information database for epilepsy treatment and research with
sharing clinical information from electronic medical records in the hospital, Methods: 1. Automatic
data extraction of clinical data of epilepsy patients. 2. Examination of database construction
corresponding to new international classification of epilepsy. 3. Network system development for
external data exchange. Results: 1. The code and attribute information of the disease name was added
to improve the work efficiency of epilepsy patient data extraction. 2. ICD11 was confirmed that there
was a certain degree of consistency with the new international classification of epilepsy. 3. We
connected a VPN line to the data center set up at the National Center for Global Health and Medicine
and started transmitting medical information. Discussion: Clinical case databases are required to retain
disease-specific clinical information accurately and extensively. It is necessary to have a mechanism
to acquire accurate disease information from the medical information of electronic medical records
accumulated daily and reflect it in the case database. Based on the experience of building an integrated
storage of electronic medical record data in 6NC's JASPEHR project, we would like to continue
research and development with a view to building a multicenter case database of epilepsy.
Conclusion: Regarding the development of the epilepsy patient database, we conducted research and

development of an environment linked with electronic medical record information.

Saito et al. was undertaken to establish the reliminary study on feasibility of epidemiologic epilepsy
of survey using health claim data. The aim of this study is to investigate the epidemiological and
clinical practice of epilepsy by using the receipt data. We purchased the receipt data of epilepsy
patients from 2005 through 2019 of JMDC. Since this receipt data contains data on patients with high
socioeconomic status, we decided to conduct research only on children. Receipt data is created for
insurance claims and should be used with caution because the number of patients might be
overcalculated. For this reason, it is necessary to approach a true epilepsy patient by combining
diagnosis, medical practice code, and medication. We have created an algorithm for extracting true

epilepsy patients in pediatric patients. We used PostgreSQL as a relational database management



system and built an environment that can handle the data provided by JMDC. In JMDC receipt data,
pediatric patients under the age of 18 who were given the diagnosis of epilepsy (ICD-10 code G40 *)
in 2019 are calculated to be 19,827 (12.5/1,000). The results were similar to those previously reported.
In the next year, we plan to apply the flow chart to identify true pediatric epilepsy patients from receipt

data and clarify epidemiology and clinical practice of epilepsy in childhood.

Ishiyama et al, were undertaken to predict post-operative developmental and seizure outcomes in
patients with hemimegalencephaly using the short latency somatosensory evoked potentials.
Purpose: This study aimed to predict the seizure and developmental outcomes after epilepsy surgery
in patients with hemimegalencephaly (HME) by assessing N20 responses of the median nerve short
latency somatosensory evoked potentials (SSEP) observed in the non-HME side of the brain.
Method: We retrospectively investigated the clinical features, SSEP findings, and seizure and
developmental outcomes reported in the medical records of 18 HME patients who met the following
inclusion criteria: (1) the median nerve SSEP were examined within 3 months after surgery and (2)
the post-operative follow-up period was 12 months or longer. The developmental outcomes at the last
follow-up were evaluated using the Kinder Infant Development Scale. The patients were divided into
two groups, those with absent N20 responses in the non-HME side of the brain (Group A, n = 6) and
those with preserved N20 responses (Group B, n= 12). Clinical profiles and seizure and developmental
outcomes were statistically compared between the groups. Results: The median age at the onset of
epilepsy, median age at surgery, and median follow-up period were 7 days, 3 months, and 4.4 years,
respectively, which did not significantly differ between the groups. Surgical procedures included
hemispherotomy in 15, posterior quadrantectomy in two, and corpus callosotomy in one patient. While
none of the patients in Group A achieved seizure freedom, 10 patients did so in Group B (Fisher’s
exact test; p=0.00151). DQ at the last follow-up was lower in Group A (Mann-Whitney U test; p =
0.0123). DQ was below 10 in four patients of Group A and in one patient of Group B.

Conclusion: N20 response of the median nerve SSEP observed in the non-HME side of the brain can

be an early predictor of post-operative seizure and developmental outcomes in patients with HME.

Nakagawa et al. were undertaken to analyse of suppression-burst in hemimegalencephaly patients
after hemispherotomy. Introduction: Hemimegalencephaly (HME) is a congenital cortical
malformation which shows enlargement of one cerebral hemisphere, resulting in intractable epilepsy
in early infancy, incomplete hemiplegia, and psychomotor delay. The EEG at onset shows a
suppression-burst pattern in the interictal period. In many patients, medication is ineffective, and early
hemispherotomy can eliminate epileptic seizures and improve developmental outcomes. Suppression-
burst (SB) is an electroencephalogram (EEG) pattern that shows relative quiet periods (suppression)

and clustered brain activity (burst) alternating at intervals of several seconds, which is observed in



Ohtahara syndrome and early myoclonic encephalopathy, but its pathogenesis has not been elucidated.
In this study, we focused on cases in which SB pattern persisted on the affected side that disconnected
from the thalamus and contralateral cerebral hemisphere after hemispherotomy. Method: We
retrospectively evaluated 18 patients (10 boys, 8 girls) with HME who underwent hemispherotomy
under 2 years of age at the National Center of Neurology and Psychiatry between October 2009 and
March 2019. The presence and sustained period of SB pattern were confirmed from EEG records. In
addition, the suppression and burst duration were measured in patients with SB pattern. Results: The
median age of epilepsy onset was 7 days old (range, 0 day-2 months), and the median age at surgery
was 3 months (range, 2-17 months). On the affected side, SB was observed in 9 cases preoperatively
and in 15 cases postoperatively. There were no cases with preoperative SB which disappeared
postoperatively. On the non-affected side, SB was observed in 5 cases preoperatively, but there were
no cases of SB postoperatively. The maximum duration of SB on the affected side was 6 years and 11
months after surgery. In patients with SB pattern, there was no significant change in the range of
suppression duration from 1-8 seconds preoperatively to 1-10 seconds postoperatively. In contrast, the
range of burst duration changed significantly from 1-16 seconds preoperatively to 1-94 seconds
postoperatively. Discussions: (D Previous hypotheses for the pathogenesis of SB are inhibition of
glutamate transport [3] or association with thalamo-cortical networks [4,5], but in this study, clinical
results show that SB can be caused only by cerebral abnormalities. @ In Ohtahara syndrome, a
regular SB pattern with suppression time for 3-4 seconds and burst time for 1-3 seconds is usually
observed [6]. The fact that SB pattern became irregular after hemispherotomy suggests that
connections with the thalamus and contralateral cerebral hemisphere may be related to the
development of a regular SB pattern. Conclusion: Even after hemispherotomy, SB appeared on the

affected side, suggesting that SB can be caused only by cortical abnormalities.

Sato et al. were applied similarity-based gray matter network analysis in left and right TLE patients
with hippocampal sclerosis. Although the global network properties were not changed in TLE
compared to the controls, the regional network changes were observed mainly in the ipsilateral
temporal lobes. Left TLE showed more widespread changed compared to right TLE. Our findings may
contribute to better understanding of pathophysiology of TLE.

Kanazawa et al. were undertaken to establish The analysis of clinical pathophysiology and treatment
of epilepsy in the adult and elderly. Purpose: In the super-aging society, dementia, epilepsy,
autoimmune neurologic diseases increased twice-hold during the last 2 decades. Autoimmune limbic
encephalitis is inflammatory disease mainly involving the limbic system, and is associated with
autoantibodies. Immunotherapy is effective and early diagnosis and treatment is necessary. Laboratory

tests for autoantibodies, however, takes a long time in Japan. Moreover, patients with autoimmune



encephalitis may have negative result for available autoantibody tests. Diagnosis is often difficult, and
insufficient treatment may result in cognitive impairment and drug-resistant epilepsy. Method:
Analytical multicenter study has started with Kobe University as the principal investigator. Clinical
examination results as well as samples such as cerebrospinal fluid (CSF), serum and saliva are
evaluated. The study aims to search for novel autoantibody as well as biomarkers, and analyzes the
pathophysiology of autoimmune encephalitis. Results: Subjects are patients with the diagnosis of
autoimmune limbic encephalitis. Samples such as CSF, serum and saliva are analyzed. The results of
clinical examination results such as neuroimaging, and neurophysiological examination are also
analyzed. Control subjects are patients with the diagnosis other than autoimmune limbic encephalitis,
with the available samples and clinical examination results. The study was approved by the ethics
committee at our institution, and patient recruitment has been started. Conclusion: Genetic
predisposition for autoimmune encephalitis has been analyzed using GWAS in NMDAR- and LGI1-
associated encephalitis (Mueller et al., 2018). Therefore, our study also aims to investigate genetic

predisposition for autoimmune encephalitis.

Kaga et al. were undertaken to evaluate the clarification of pathophysiological findings and
exploration study of neurophysiological biomarker for epileptic children. Introduction: Previous
studies have shown that sleep onset seizures are involved in adaptive behavior. Therefore, cognitive
function and adaptive behavior may be affected by sleep. The purpose of this study was to clarify the
relationship between sleep characteristics and cognitive function in pediatric epilepsy. Methods: The
subjects were 91 pediatric onset epilepsy cases (46 males) aged 5-19 years who were admitted to
NCNP hospital from July 2017 to December 2019. The following tests were performed; (1)
questionnaires (Sleep Habits Questionnaire, PARS, SNAP-1V), (2) adaptive behavior (Vineland-II),
(3) executive function tests (Stroop test, Wisconsin Card Sorting test: WCST, Mogura-zu), and (4)
learning tests (K-ABC2 word reading and writing). We compared the relationship between sleep
problems and cognitive function. Results: Forty-seven percent had comorbid developmental disorders,
and 13% were absent from school. As for sleep characteristics, 35% had irregular bedtimes and longer
sleep latencies, and 35% had cases of mid-waking, with a longer average mid-waking time of 34
minutes. Children with epilepsy had more problems with sleep onset behavior (reluctance to enter the
bed, fear of the dark room), behavior during sleep (lots of body movements, twitching, breath holding,
choking, night terrors, nightmares, etc.) and behavior during waking (difficulty leaving the bed,
wakefulness, and daytime sleepiness). Next, they were divided into two groups according to the
presence or absence of mid-waking, and cognitive function tests were compared. The mid-waking
group showed a significant decrease in interference suppression and learning to read words. In addition,
the adaptive behavior scale was lower, and the maladaptive behavior of internalization was particularly

high in the mid-waking group. Conclusion: These results suggest that poor sleep quality is associated



with cognitive dysfunction, especially in executive function and learning. Previous reports have shown
that poor sleep quality in children with epilepsy causes abnormalities in memory formation, suggesting
that poor memory retention may lead to learning difficulties. In the future, we would like to analyze
EEG during sleep in children with epilepsy and examine the relationship between EEG and cognitive

function tests.

Ito et al. were undertaken to establish a study of molecular pathology of intractable epilepsy with
developmental disorders. 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 (KRL) and a pathological system of loss-of-
heterogeneity (LOH) of tuberous sclerosis complex (TSC). As for KRL, we developed a CRISPR-
Cas9 mediated genetic model mouse. However, most of the mouse were embryonic lethal. Therefore,
we keep the strain with frozen embryos and examine behaviour analysis of small number of the mice.
On the other hand, we performed 7SC2 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 7SC2
mutations. The phenotypes of KRL model mouse may reflect those of human KRL. TSC1/TSC2
complex controls mTOR activity. 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.

Hoshino et al. were undertaken to Investigation of pathology for epilepsy using animal models..

(AUTS2 Project) Autism susceptibility candidate 2 (AUTS2), a risk gene for autism spectrum disorders
(ASDs), is implicated in telencephalon development. Because AUTS2 is also expressed in the
cerebellum where defects have been linked to ASDs, we investigated AUTS2 functions in the
cerebellum. AUTS?2 is specifically localized in Purkinje cells (PCs) and Golgi cells during postnatal
development. Auts2 conditional knockout (cKO) mice exhibited smaller and deformed cerebella
containing immature-shaped PCs with reduced expression of Cacnala. Auts2 cKO and knock-down
experiments implicated AUTS2 participation in elimination and translocation of climbing fiber
synapses and restriction of parallel fiber synapse numbers. Auts2 cKO mice exhibited behavioral
impairments in motor learning and vocal communications. Because Cacnala is known to regulate
synapse development in PCs, it suggests that AUTS2 is required for PC maturation to elicit normal
development of PC synapses and thus the impairment of AUTS2 may cause cerebellar dysfunction

related to psychiatric illnesses such as ASDs.
(IER and DSCAML1 Project) The Ihara epileptic rat (IER) is a mutant model with limbic-like seizures

whose pathology and causative gene remain elusive. In this report, via linkage analysis, we identified



Down syndrome cell adhesion molecule-like 1(Dscamll) as the responsible gene for IER. A single
base mutation in Dscamll causes abnormal splicing, leading to lack of DSCAMLL. IERs have
enhanced seizure susceptibility and accelerated kindling establishment. Furthermore, GABAergic
neurons are severely reduced in the entorhinal cortex (ECx) of these animals. VVoltage-sensitive dye
imaging that directly presents the excitation status of brain slices revealed abnormally persistent
excitability in IER ECx. This suggests that reduced GABAergic neurons may cause weak sustained
entorhinal cortex activations, leading to natural kindling via the perforant path that could cause dentate
gyrus hypertrophy and epileptogenesis. Furthermore, we identified a single nucleotide substitution in
a human epilepsy that would result in one amino acid change in DSCAML1 (A2105T mutation). The
mutant DSCAML1A21%5T protein is not presented on the cell surface, losing its homophilic cell
adhesion ability. We generated knock-in mice (Dscaml1421%T) carrying the corresponding mutation
and observed reduced GABAergic neurons in the ECx as well as spike-and-wave electrocorticogram.
We conclude that DSCAMLL is required for GABAergic neuron placement in the ECx and
suppression of seizure susceptibility in rodents. Our findings suggest that mutations in DSCAML1

may affect seizure susceptibility in humans.

Koizumi et al. were analyzed the role of glial cells, especially astrocytes, in induction of
epileptogenesis. Using pilocarpine-induced status epilepticus (SE) model, we reported that reactive
astrocytes (we termed “epileptogenic astrocyte™) are strongly induced after SE. The epileptogenic
astrocyte could be important role for the induction of epileptogenesis via Ca®" hyperexcitability
mediated by IP; receptor type 2 (IP3sR2). RNA-seq analysis showed increased expression of various
genes including metabotropic glutamate receptor 5 (mGIluRS5) which is known to change synaptic
connection via synaptogensis in epileptogenic astrocytes. However, it remains unclear unclear how
epileptogenic astrocyte are induced and leads to epileptogenesis. In this study, we demonstrated that
extracellular ATP causes upregulation of mGluRS in astrocytes via adenosine A2b receptor. To clarify
epileptogenic astrocyte leads to mossy fiber sprouting which can cause epileptogenesis via mGIuR5
singnaling, we plan to add experiments using Glast-CreERT2::flx-mGIuRS5, astrocyte-specific
mGluR5 knockouts mice. In addition, the mechanisms underlying this seizure spread or abnormal
synchronization remain also poorly understood. To clarify whether astrocytic Ca®* signals, associated
with neural activity, are implicated in the initiation or spread of epileptic seizure, Ca*" imaging was
performed at the whole cortex in awake Aldh111-CreERT2::flx-GCaMP6f mice under a fluorescence
dissection microscope. Synchronous Ca?* signals in astrocytes were extensively observed in the cortex
from the frontal lobe to the occipital lobe cortex (Ultra-wide Ca®* spreads) during pilocarpine induced
status epilepticus (SE). This ultra-wide Ca?" spreads were never observed before SE. Ultra-wide Ca2+
spread in astrocyte is unique phenomenon to SE, suggesting that the ultra-wide Ca?" spread in

astrocytes may contribute to seizure spread and/or abnormal synchronization in epileptic seizures



(ictogenesis). We plan to perform additional experiments to clarify the causal relationship between

them.

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

for epilepsy.



