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

therapeutics for epilepsy

Eij1 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 (NCNP), 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. The 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 developed.
Clinical information including patient basic profiles, diagnostic findings,

seizure outcome, pathological diagnosis, and -classification of surgical



procedures was collected. The epilepsy classification was adapted to the new
2017 international classification system of epilepsy and seizures (1). As of
November 2019, a toal of 1956 surgeries were listed. The database was
utilized for case reports and clinical studies. Registration of epilepsy patients
to the NCNP Biobank was started in June 2017. Blood samples and surgical
specimens, if available, in all surgical cases of epilepsy are prospectively
stored for utilization in future researches. As of October 2019, a total of 202
brain tissue samples have been registered to the Epilepsy Biobank. The tissue
samples are currently utilized for a study on genetic analysis of epileptogenic
tumors and malformation of cortical development. A new workflow was
established to generate epilepsy clinic inpatient and outpatient database from
electric medical records. Epilepsy classification was adapted to the new 2017
classification system. Total 3105 and 3045 cases have been entered into
outpatient and inpatient databases, respectively since June 2017. 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 data

Hatanowas undertaken to construct clinical information database of epilepsy
patients using the common identity management system (Super ID
Registration Management System) in NCNP. Since the introduction of
electronic medical records to the center hospital about ten years ago, the
quantitative and qualitative value of the medical information accumulated is
increasing day by day. In recent years, there have been many attempts to
utilize Al for medical care, and the need for the use of medical information is
increasing. In the epilepsy medical group of this center, the improvement of
the patient ledger across the medical department is progressing, and efficient
disease data collection using the medical information of the electronic medical
record is strongly expected. In this research we develop a database of epilepsy
clinical information that medical physicians and researchers engaged in
epilepsy care and research can share information on cases and use them
effectively in medical care and research. In addition, we will develop an
environment and system that coordinates medical data with disease
registries and case databases running inside and outside NCNP.



Saito et al. was undertaken to establish the reliminary study on feasibility of
epidemiologic epilepsy of survey using health claim data. Epilepsy is one of
the most prevalent neurological disorders. Based on data from other countries,
the prevalence of all age groups in Japan is estimated to be at least 0.5-0.8%,
and total number of patients is estimated to be 600,000 to 1 million. There 1s
a survey on the prevalence rate for children under 1999 in Okayama
prefecture in 1999. The result is 5.3 / 1000, excluding seizures during single
or fever. No epidemiological survey including all age groups has been
conducted in Japan. Clarifying the number of patients and their health needs
1s also important for taking measures against epilepsy. In recent years, health
claim data have been increasingly used for epidemiological investigations of
various diseases and are being applied to neurological diseases as well,
however, there is no study on epidemiology of epilepsy in Japan. The purpose
of this study is to examine whether it is possible to use the health claim data
as a means of epidemiological investigation of epilepsy.

Method: Because the health claim data is made for health claims and
administration, not for research purposes, we have to aware that there are
many pitfalls when we use health claim data for research. The most
1mportant thing is over- or underestimation of number of patients. Physicians
may give patients the diagnosis, so called “insurance diagnosis”, they did not
actually have, according to health services they provided. If we simply count
all patients who was given the diagnosis of “epilepsy”, the number of patients
would be overestimated because the number of patients who have the
“insurance disease name” granted for the insurance claim is also counted. It
1s necessary to reduce the number of patients with “insurance diagnosis” from
the total number of patients with the diagnosis of “epilepsy” as much as
possible. Therefore, it is necessary to approach a true epileptic patient by
combining medical treatment and prescribed drugs. The study was conducted
in cooperation with psychiatrists, neurosurgeons, neurologists, and pediatric
neurologists.

Results: It was considered possible to estimate the number of epilepsy
patients using health claim data by combination of the diagnosis, medical
procedure, and prescription.

Conclusion: We are considering applying this method to a real health claim
data.



Ishiyama et al, were undertaken to construct the major seizure type of Ring
chromosome 20 syndrome is non-convulsive seizures. Among the 10 patients
with refractory epilepsy and NCS, which were under the care of the
Department of Child Neurology, NCNP and suspected of Ring chromosome 20
syndrome, the ictal EEG with spike and slow wave complex were analyzed for
the frequency variation of slow-wave and the amplitude of spike-wave
compared with slow-wave. All 5 cases with Ring chromosome 20 syndrome
had frequency variation and 4 cases with Ring chromosome 20 syndrome had
the slow-wave dominant type of ictal EEG compared with 2 cases and 0 cases
of 5 non- Ring chromosome 20 syndrome cases, respectively. We concluded
that these two specific factors are important for diagnosis of Ring chromosome
20 syndrome. We also speculated that the dysfunction of thalamus and basal
ganglia might be responsible for the mechanism of refractory epilepsy with

Ring chromosome 20 syndrome.

Nakagawa et al. proposed that in cases of drug resistant of absence epilepsy,
we should take the possibility of frontal lobe absence epilepsy into
consideration, and recommend the combination of VPA and LTG drug
treatment. A comorbid rate of epilepsy 1s high for the neurodevelopmental
disorders. There are some papers reported an epilepsy comorbid for the ASD
in 5-38% and reported to 12-17% in ADHD. This research aimed to estimate
of the comorbid to neurodevelopmental disorders and epilepsy. This study
showed the comorbid rate of epilepsy was 46.8% patients in the
neurodevelopmental disorders. The onset time of the epilepsy observed in
ASD was found in the 1-5-year-old infancy and 11-18-year-old puberty by
bimodality. Comprehensive correspondence 1is necessary for the
neurodevelopmental disorders while noting comorbid of epilepsy.

Sato et al. examined the volume of FLAIR high signal area around the
postoperative margin in MRI to observe its time-course change in non-
neoplastic epileptogenic patients. If in patients who received resection of
neoplasm without disappearance of epileptic seizure, the increased abnormal
MR signals around the postoperative margin would not necessarily mean
tumor recurrence. We evaluated the time course of postoperative FLAIR-
high-signal lesions at the surgical margin in non-neoplastic patients.

Interestingly, few cases showed an increased high signal during follow-up,



and significant associations between the enlargement of FLAIR-high-signal
lesions and the presence of postoperative seizures/ EEG spikes were detected.
Therefore, our results suggested that the enlargement of FLAIR-high-signal
lesions at the surgical margin does not always indicate tumor recurrence.
Lissencephaly spectrum includes three types, agyria/patchygiria,
bandheterotopia, and mixed type. They are diagnosed by MRI. We evaluated
Lissencephaly spectrum by 2D routine MR images and also by 3D-T1 and 3D-
DIR images and compared the detectability visually and quantitatively in 20
Lissencephaly spectrum patients. In 15 out of 20, subcortical faint increased
intensity areas were detected which were not compatible with
agyria/patchygiria nor bandheterotopia. DIR 1is useful for diagnosis of

lissencephaly spectrum and its new criteria.

Kanazawa et al. were undertaken to establish the analysis of clinical
pathophysiology of epilepsy in the adult and elderly using search for several
autoantibodies and the method of wide-band electroencephalography.
[Purpose]l Amygdalar enlargement (AE) has recently attracted attention as a
novel subtype of temporal lobe epilepsy. In the present study, clinical course
of the patients with the increased volume of the mesial temporal lobes were
retrospectively analyzed regarding their treatment. Temporal lobe epilepsy
with AE may be resistant to anti-epileptic drugs (AEDs) .

[Method] Patients with the increased volume of the mesial temporal lobes on
magnetic resonance imaging (MRI) were identified by reviewing the medical
record from December 2017 to November 2018 at the Department of
Neurology at National Center of Neurology and Psychiatry. Clinical
symptoms, laboratory data, and responsiveness to treatment were
retrospectively analyzed. Comparison between patients responsive to
treatment other than AEDs (TR) and those not responsive (non-TR) was also
performed.

[Results] Twenty-seven patients [18 males, median age at admission: 52.9
(20-81) years, median disease duration: 73.8 (0-540) months] were included
in the study. Twenty-four patients had epilepsy, and 14 patients had memory
impairment. Autoantibody test, performed in 14 patients, was positive in five
patients (35.7%). Treatment other than AEDs, performed in 12 patients
(immunotherapy: 11 patients, surgery: 1 patient), was effective in nine
patients (75.0%). Interval between disease onset and treatment was shorter



(median 46.8 vs. 68.3 months) in TR group. Cerebrospinal fluid (CSF)
analysis showed cell elevation in 33.3%, protein elevation in 44.4%, and IgG
index elevation in 12.5% of the patients in TR group. Autoantibody was
positive in 55.6% of the patients in the group. Patients in Non-TR group did
not show these abnormalities. [Conclusion] Patients with the increased
volume of the mesial temporal lobes on MRI may show progressive memory
impairment and/or poorly controlled epilepsy. Autoimmunity should be
considered as a possible etiology. Immunotherapy could be effective,
especially in patients with abnormal CSF examination and/or positive

autoantibody. Early intervention is needed as it may be more effective.

Kaga et al. were undertaken to evaluate the effects of subsequent trials in the
continuous performance test in children with ADHD associated with epilepsy
and concluded that children with ADHD have a trouble in response switching
when an inhibitory process is involved. The clarification of pathophysiological
findings and exploration study of neurophysiological biomarker for epileptic
children with ADHD.

[Introduction] Alteration of cognitive function after surgery varies from case
to case according to the patients’ background characteristics, such as etiology,
focus, and seizure duration. It is difficult to correctly predict and assess the
postoperative cognitive function in each case. Adaptive behavior could
describe the typical performance of daily activities and represents the ability
to translate cognitive potential into real-world skills. We examined the
relationship between alterations of executive function (EF) and adaptive
behavior was examined in school-age children undergoing surgery for
intractable epilepsy. In addition, we investigated the relationship between
electroencephalographic (EEG) functional connectivity and executive
function in children with frontal lobe epilepsy (FLE).

[Examination 1] We enrolled 21 children who had focal resection or corpus
callosotomy for intractable epilepsy (FLE;7, Temporal lobe epilepsy;6,
Parietal lobe epilepsy;2, CSWS;2, Lennox-Gastaut syndrome; 1, unknown
epilepsy; 3). Mean full-IQ (WISC-IV) was 72.2 (range 31 to 135). Seizures
after operation was disappeared (18 cases) and diminished (3 cases). We
obtained answered questionnaires on attention-deficit hyperactivity disorder
(ADHD) and autism spectrum disorder (ASD), and adaptive behavior using
the Vineland Adaptive Behavior Scale, 2nd edition (VABS-II) and performed



continuous performance tests (CPTs) on the children presurgery and
postsurgery. ASD symptoms improved after surgery. Improved ASD
symptoms resulted in an increase in the score on the coping skills subdomain.
Daily living skills was improved after surgery. The commission error (CE) in
the CPT and variability of reaction time tend to improve. The lower CE
observed after surgery also resulted in an increase in the score on the
domestic chores subdomain.

[Examination 2] We enrolled 24 children with FLE (mean age, 11.0 years; 13
boys) and 22 sex-, age-, and intelligence-matched typically developing
children (TDC) to undergo 19-channel EEG during light sleep. We estimated
functional connectivity by using the phase lag index (PLI) that captures the
synchronization of EEG. The average gamma PLI was lower in the FLE group
than in the TDC group, especially between long-distance fronto—parietal pairs,
interhemispheric frontal pairs, and interhemispheric parieto—temporal pairs.
Lower gamma PLIs during light sleep predicted higher commission errors in
the CPT.

[Conclusion] (1) Improvement of EF and ASD symptoms resulted in better
adaptive behavior after surgery. That was significant information for
1dentifying, pre- and post-operative evaluation and re-evaluation of children
with epilepsy that require special education and related services. (2) A lack of
functional connectivity between fronto—parietal pairs in children with FLE
predicted poor response inhibition.

Ito et al. 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 functions due to the genetic variants were confirmed. 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.

Hoshino et al. were undertaken to determine that a cause gene of Ihara



epilepsy rat was Dscamll and clarified the role that gene product DSCAML1
protein served as for the neural network formation.

Impairments in synapse development are thought to cause numerous
psychiatric disorders. Autism susceptibility candidate 2 (AUTS2) gene has
been associated with various psychiatric disorders, such as autism and
intellectual disabilities. Although roles for AUTS2 in neuronal migration and
neuritogenesis have been reported, its involvement in synapse regulation
remains unclear. In this study, we found that excitatory synapses were
specifically increased in the Auts2-deficient primary cultured neurons as well
as AutsZ2 mutant forebrains. Electrophysiological recordings and
immunostaining showed increases in excitatory synaptic inputs as well as c-
fos expression in Auts2 mutant brains, suggesting that an altered balance of
excitatory and inhibitory inputs enhances brain excitability. Auts2 mutant
mice exhibited autistic-like behaviors including impairments in social
interaction and altered vocal communication. Together, these findings
suggest that AUTS2 regulates excitatory synapse number to coordinate E/I
balance in the brain, whose impairment may underlie the pathology of
psychiatric disorders in individuals with AU7TS2 mutations.

Koizumi et al. analyzed the role of glial cells, especially astrocytes, in
induction of epileptogenesis. Findings of activated glial cells in the epileptic
focus of epileptic animal models and epileptic epileptic patients. Using an
epileptogenic model of pilocarpine convulsive accumulation (SE), we found
that this activated glial cell "astrocyte" is the cause of epileptogenicity and
named it "epileptogenic astrocyte". The phenotype of epileptogenic astrocytes
was enhanced Ca2+ excitability via IP3 receptor type 2 IP3R2). However, the
molecular mechanism by which this abnormal Ca2+ excitation leads to
epileptogenicity remains unclear. To elucidate the mechanism by which
epileptogenic astrocytes induce epileptogenicity, we used RNA-seq to
elucidate the molecular biology of epileptogenic astrocytes and found that the
gene of metabolic glutamate receptor mGluR5, Grmb, is up-regulated. There
was a close correlation between the amount of Grmé and epileptogenicity.
mGIluR5 1s almost absent in the adult astrocytes, but upon SE induction, it
was selectively upregulated in the hippocampal astrocytes. Thus, it is
suggested that upregulation of mGluR5 in astrocytes should somehow change

synaptic transmission or synaptic connection seen in neuropathic pain model



mice (Kim et al, J Clin Invest 2016), however, we must await additional

experiments to clarify 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.



