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iPS cells invented by

\

Prof. Shinya Yamanaka

The Nobel Prize
in
Medicine 2012
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DRAVET syndrome

(Severe Myoclonic Epilepsy in Infancy)

Qlncidence : 1 in 40,000.

ORefractory epilepsy

OProfound psychomotor delay

OFever sensitive

QONa* channel abnormalities
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Mutations found
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Mutations found in DRAVET

All are hetero and Most are De Novo

m truncation © missense A splice site / deletion
Lossin C Brain & Dev 31: 114-130 $2009) &y
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Patient whose skin was used

to establish iPS cells
029-year-old woman

ONo perinatal abnormality
QONormal development till 6mo.

QFirst GTC at 7Tmo.

QFrequent seizures thereafter

O Non-convulsive status epilepticus
Typical DRAVET syndrome
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SCN1A mutatlon of the Patlent
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Fukuma et al.
Epilepsia
25: 535-542 (2005)
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mutation of the Patient
on-sense mutation

(p-R1645X)

ool

B truncation JC

Fukuma et al. Epilepsia 25: 535-542 (2005)
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Patient iPS cells established
iPS cells Line A

Patient
fibroblast

iPS cells Line B

Yamanaka’s

4 factors
Oct3/4 -Sox2-Kif4-c-Myc
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iPS.éells remain
un-differentiated

Immunostaining for iPS cells

Markers for un-differentiation d.'.‘:"f::::;af:.:m

|c:'r4 NANOG Tra-1-60 Tra-1-81 SSEA4| SSEA1
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iPS cells show
Teratoma formation

Mesoderm Endoderm

Respiratory
Epithelium

|

Neuronal

E ginented Cartilage

Line B Line A
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iP§ cells retain
SCN1A mutatlon
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Control iPS
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'SCN1A mRNA of Neurons

Control

Line A v

Line B M

TGGCCGAAT

Higurashi N et al. Mol Brain 6:19 (2013) ...

@ Department of Pediatrics, Fukuoka University, Love for children, Medicine for tomorrow, and Research g




= o
Neurons derived from iPS

Yamanaska’s

4 factors

Higurashi N et al. Mol Brain 6:19 (2013)
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iPS cells develop to neuronal cells

Blll-tubulin neurons
GFAP glias

Hoechst 33258 nucleus

Higurashi N et al. Mol Brain 6:19 (2013) .
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Na, 1.1 Expression
Na/1.1 )

Control
(day 36)

50~60% of Neurons express Na 1.
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Na 1.1 is expressed at
Axon Initial Segment (AIS)

Control
(day 30)

' Department of Pediatrics, Fukuoka University, Love for children, Medicine for tomorrow, and Research %615




GABAergic Neurons
are predominant

Wy

Control (day 29)

50~60% of Na 1.1 positive neurons
are GABAergic

Higurashi N et al. Mol Brain 6:19 (2013) ..
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EFew Glutamatergic Neurons

control
(day 30)

<1%of Na,1.1 gigesitive neurons
Glutamatergic T
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Detection of Na 1.1 positive neurons
ATG

Promoter Sequence

= 5%-Untranslated Exon

I: 5’-Untranslated sequence of the first coding exon

(day 35) .
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P.étch clamp

(current clam__)

-

Na, 1.1 (+) ‘ %
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_—lq-\bnormality in Na,1.1 (+) neurons
Control DRAVET patient
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Depolarization spike attenuated
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444442008 1o B tn = 15)

DS Line B (n = 15)

%

é | *P <0.05 for A
** P <0.05 for both A and B
% (Wilcoxon rank-sum test)
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Dyéfunction of
inhibitory interneuron

Relative hyper-excitation (seizures)

Na* inhibitors aggravate the unbalance
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Other IiPS cells studies
on
Dravet syndrome
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Oi?ﬁer iPS study #1 &

Liu et al., Ann Neurol 2013;74:128-
Control DS

Ctrl DS1 DS2

Pyramidal
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Bipolar

QiPS cells from two patients
( IVS14+3A>T and p.Y325X)

Q Pyramidal and bipolar cell like neurons
are both hyper-active (excitatory)
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Other IPS study #2 .

Jiao et al., Hum Mol Genet 201;22:4241-4252
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QiPS cells from two ‘ratlents
(p-Q1923R and p.F1415Il)

Q Almost all derived neurons are glutamal:erg'c
qtatory! “
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Findings
with
Model mouse
for
Dravet syndrome

-
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Model mouse for Dravet syndrome

Our npfublished data..
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Draver Syndrome model mouse
showed similar results to ours

Dravet model

Wild type Knock-in
R
tu_—f—f— — 1m|20 mV !k__,,

Depolarization spike attenuated
in inhibitory interneuron
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Scn1a knock out mice

X ;Control

A

A ;Excitatory KO
OANNINIDNDNDANAAAA

A; Conventional KO
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' The pathomechanisms of

ravet syndrome
Lessons from patient-derived iPSCs
and animal models
ONa,1.1 channel expressed mainly
in GABAergic inhibitory neurons

ODravet syndrome mutations cause
dysfunction of inhibitory interneurons

JThis finding accords with clinical
findings with CBZ and LTG
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