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‘E[ New therapy for intractable epilepsy

In 2020, Chul Soo Kim, a four-year-old boy, is suffering from medically refractory

seizures that cannot be controlled by any currently available anti-seizure drug and may

require invasive brain surgery to remove the affected part of the brain. The doctors scan

Chul Soo’s brain structure and examine his brain genome, discovering that a mutation in

Chul Soo’s brain is causing his seizures. So, the doctors administer a specific drug (mTOR

inhibitor) that targets the mutation observed in Chul Soo’s brain. Following the treatment,

which involved no invasive surgery or side effects, Chul Soo is no longer plagued by

seizures. He is lucky to have been born at a time when personalized and precision

medical means are available for the very effective and safe treatment of epilepsy.

©® We have recently identified brain somatic mutations in the gene of mechanistic
target of rapamycin (MTOR) as the cause of Type II focal cortical dysplasia (FCDII),
one of the most important and common inducers of intractable epilepsy, particularly
in children. We propose a targeted therapy to reduce epileptic seizures by suppressing

the activation of mTOR kinase, a signaling protein in the brain.

@ Focal cortical dysplasia (FCD) is a sporadic developmental malformation of the
cerebral cortex that is characterized by the disorganized structure of the cerebral
cortex or cytological abnormalities of the neurons in focally affected regions. FCD is
an important cause of epilepsy that is difficult to control with available antiepileptic
drugs and accounts for up to 50 percent of children undergoing epilepsy surgery.
Although surgical resection of FCD renders approximately 60 percent of patients
seizure—free, a significant number of FCD patients continue to suffer seizures. Due to
the lack of understanding of the molecular genetic etiology, the development of novel

and more effective FCD therapies remains elusive.

@ Deep whole exome sequencing validated by the use of site—specific amplicon
sequencing in paired brain—blood DNA from four FCDII patients revealed a brain
somatic mutation, MTOR ¢.7280T)C (p.Leu2427Pro), in two patients, Next, we
performed deep sequencing of the MTOR gene in an additional 73 FCDII patients using
two different sequencing platforms: hybrid capture and PCR amplicon sequencing. In

total, we identified nine different somatic missense mutations of the MTOR gene in
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Figure 1.

A schematic image showing how to detect
brain-specific mutations using next-generation
sequencing technology with blood-brain

paired samples. A simple comparison of non-
overlapping mutations between affected and
unaffected tissues is able to detect brain specific
mutations.

Figure 2,

Targeted drug delivery can resolve the symptoms
of focal cortical dysplasia, including cytomegalic
neurons and intractable epilepsy.
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12 FCDII patients that were reproducibly reported in both sequencing platforms. The
identified mutations accounted for 15.6 percent of all FCDII participants (12 out of
77) (Fig. 1). In addition, the focal cortical expression of the MTOR mutation in utero
electroporated mice was sufficient to interfere with proper neuronal migration and cause
spontaneous seizures with epileptic discharges and cytomegalic neurons. Furthermore,
rapamycin, an inhibitor of mTOR, suppressed cytomegalic neurons and epileptic
seizures (Fig. 2). Therefore, this study provides the first evidence that brain somatic
activating mutations in MTOR cause FCD, and points to the potential of developing a
drug for the treatment of intractable epilepsy in FCD patients.

® 1. This study provides the first evidence that brain somatic activating mutations in
MTOR cause FCD.
2. This study provides a potential direction for the development of a targeted drug to
treat intractable epilepsy in FCD patients.
3. mTOR inhibitors are already used in cancer treatments. Thus, if clinical trials for

FCD patients are successful, drug—repositioning is possible in the near future.

Figure 2. Treatment result at the cellular level
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Research Outcomes

Paper : Brain somatic mutations in MTOR cause focal cortical dysplasia type Il leading to intractable epilepsy, Nature Medicine, 21(4), 395-400 (Apr. 2015)

Patents : Korean patents: 1 registered, 5 pending; US patents: 2

Drug research : Clinical trial and genetic research with one global pharmaceutical company is now under way.




