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Greetings from the Organizer of ATPIA3 2017

Dear Colleagues and Friends,

It is our great pleasure to host the 6th Symposium on A7P1A43 in Disease in
Tokyo, Japan.

The 1st Symposium on ATP/A3 in Disease was held in Brussels, Belgium

in December 2012, when it was first discovered that alternating hemiplegia of
childhood (AHC) was caused by ATP1A43 mutations. Since then the symposiums have been held in
Europe and the US. This is the first time that the symposium is held in Asia.

ATPIA3 encodes the Na'/K'-ATPase a3 subunit which is expressed mainly in neurons in the
central nervous system. Na'/K'-ATPase is an essential transmembrane protein, which is
ubiquitously expressed in all animal cell membranes. The Na'/K'-ATPase transports and
exchanges 3Na" and 2K" through the plasma membrane using energy from hydrolysis of an ATP.
This pump function was discovered 60 years ago (1957), and it is said that 30% of cellular ATPs
are used by Na"/K"-ATPase in living creatures.

Thirteen years ago (2004), the first human disease caused by 47P1A43 mutations was discovered.
It was rapid-onset dystonia—parkinsonism (RDP), which mainly occurs in adulthood. Eight years
later (2012), three independent research groups (Heinzen et al, Rosewich et al, and Ishii et al)
reported that AHC was caused by ATP143 mutations. AHC mainly occurs in early childhood.
Since then several rare conditions other than RDP or AHC have been demonstrated to be caused
by ATP1A43 mutations. However, effective treatments for ATP1A43-related diseases have not yet
been established. In this symposium, we would like to discuss the characteristics of
ATP1A3-related diseases, the physiological functions of the Na"/K'-ATPase, and the possible new
treatment methods for ATP1A3-related diseases.

We have invited experts on clinical research of 47P1A43-related diseases and basic research of
the Na'/K'-ATPase from all over the world. In addition, some Japanese experts on the relevant
and very exciting fields will give us great talk. We welcome many attendants who are interested in
Na'/K'-ATPase and ATPIA3-related diseases. We hope that all attendants will enjoy this

symposium and the pleasant autumn season of Japan.

Masayuki Sasaki, M.D.,
Organizer of the 6th Symposium on A7P1A3 in Disease
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Registration

Registration Fee

The registration fee covers the Symposium brochure (Program and
abstracts), the coffee breaks and the lunches on 21 and 22 September
2017, and the social events on 21 September 2017.

Category Standard Fee Reduced Fee * (JPY 6,000 reduction)
First early bird JPY 36,000 JPY 30,000

April 1 — May 31

Second early bird JPY 40,000 JPY 34,000

June 1 —July 21

Standard registration JPY 44,000 JPY 38,000

July 22 — Sep 22

Special parents discount | If both parents attend, 1/2 discount for the Second person

* For those who register The 15th International Conference on Na,K-ATPase and Related
Transport ATPases (Otsu, September 24-30, 2017), or The 23rd World Congress of Neurology
(Kyoto, September 16-21, 2017)

On-site Registration

Registration desk will open at

Day 1: Thursday, Sep 21  8:30-18:00
Day 2: Friday, Sep 22 8:30-12:00

Social event
Conference Dinner
Date: Thursday, Sep 21  18:30-20:30

Venue: Meeting room, 4th floor, Palace Hotel Tachikawa




Instructions for presentations

(1) To all oral presenters

We prepare WINDOWS?7 PC and one projector.

A single projection screen without sound is available for presentation.

Please use your own PC for the presentation.

Don’t forget to the following items; AC Adaptor & Connection cables.

Please ensure that your computer is equipped with the monitor connector of mini D-sub

15 pins.
2 )
If your computer does not have this connection, please bring an appropriate converter

with you.

Please keep your presentation time.
For example, (20+5) means 20 minutes presentation and 5 minutes discussion time.

Please complete your presentation data in English.



(2) To all poster presenter

All poster presenters are requested to make a registration at this Symposium.

Poster area is prepared in front of the Symposium hall.

Poster discussion time is scheduled twice in the last 30 minutes in both lunch times.
Poster presentation is required to stand by your own poster at the presentation time.
No chairperson will stand by.

Installation: 8:30-9:00 Sep 21

Presentation 13:30-14:00 Sep 21, 12:30-13:00 Sep 22

Removal 15:10-15:30 Sep 22 (All posters will be removed)

Poster panel size is 90cm wide X 210cm high.
For poster itself, recommendable size is 90cm X 160cm.
Poster number will be prepared with push pins for your poster in size 20cm X 20cm.

Please prepare a banner to show your Title, Name, and Affiliation in size 70cm X 20cm.

Poster Title / Name / Affiliation Put your title, name,

No. 20cm and affiliation

20cm 70cm | Make your poster
to be fit in size
90cm wide X
160cm high

210cm

90cm




Program (invited speakers and titles)

September 21

8:30- Registration

9:00-9:20 Opening address
Masayuki Sasaki, National Center of Neurology and Psychiatry, Japan
Overview of Clinical Studies on Alternating Hemiplegia of Childhood

9:20-11:00 Session 1. Clinical Aspects and Genotype/Phenotype Correlations in
ATPI1ASrelated Disease (Chair Mohamad Mikati and Allison Brashear)

1. Hendrik Rosewich, Georg August Medical University Gottingen, Germany. (20+5)
Clinical and genetic spectrum of A7’P1A3related disorders

2. Allison Brashear, Wake Forest University School of Medicine, USA. (20+5)
Rapid-onset dystonia-parkinsonism (RDP): Clinical and Genetic Updates

3. Yasunari Sakai, Kyushu University, Japan (10+5)
Relapsing encephalopathy with cerebellar ataxia (RECA)

4. Naoko Ishihara, Fujita Health University, Japan (10+5)
Catastrophic early life epilepsy with A7P1A3 mutation

5. Kathleen J. Sweadner, Massachusetts General Hospital, USA (10+5)
Genotype-Structure-Phenotype: what makes ATP1A3 mutations different?

11:00-11:20 Coffee break

11:20-12:40 Session 2. Clinical Diversity in AHC and other ATP1A3related Disease
(Chair Kathy Swoboda, Hendrik Rosewich)
1. Eleni Panagiotakaki, University Hospitals of Lyon, France (20+5)
Clinical profile of patients with A7P1A3 mutations in AHC in an International Cohort
2. Kathryn J. Swoboda, Massachusetts General Hospital, USA (20+5)
Transcriptome analysis and clinical database/biorepository of Alternating Hemiplegia of
Childhood patients with ATP1A3 mutations for potential therapeutic discovery
3. Simona Balestrini, UCL Institute of Neurology, UK (20+5)
Cardiac phenotype in ATP1A3related-syndromes

12:40-14:00 Lunch
Restaurant (1F, iL, PePe, Palace Hotel Tachikawa)

13:30-14:00 Poster presentation (1) 15 Posters for 2 days at the 4th floor



14:00-15:00 Special lecture 1
(Chair Takao Takahashi: Keio University School of Medicine, the President of Japan
Pediatric Society and the President of Japanese Society of Child Neurology)
Hideyuki Okano, Keio University School of Medicine, Japan (50+a)

Modeling Human Diseases with iPS cells and

Genetically Modified Non-Human Primates

15:00-16:00 Special lecture 2
(Chair Bente Vilsen)
Chikashi Toyoshima, The University of Tokyo, Japan (50+a)
Structural biology of Na*,K+-ATPase: towards understanding of mutations in ATP1A3

16:00-16:20 Coffee break

16:20-18:00 Session 3. Basic research topics on A7P1A3 (Chair Jan Koenderink)
1. Arn M.J.M. van den Maagdenberg, Leiden University, The Netherlands (20+5)
New causative gene(s) in AHC?
2. Jan B. Koenderink, Radboud University, the Netherland (20+5)
Biochemical consequences of ATP1A3 mutations
3. Bente Vilsen, Aarhus University, Denmark (20+5)
ATPI1A3neurological disease mutations affecting Na+* binding: Structural and
functional perspectives and rescue of compromised function continued

18:30- Conference Dinner (the same floor as the meeting)
Family talk

1. DVD. Human Timebomb

2. Talk from the Japanese AHC Family Association

3. Europe and the US Family

September 22

9:00-10:20 Session 4. Model animal studies in ATP1A3related disease
(Chair Mohamad Mikati)
1. Steven Clapcote, University of Leeds, UK (20+5)
Development of new treatments in the Myshkin mouse model of AHC
2. Karin Lykke-Hartmann, Aarhus University, Denmark (20+5)
Hypothermia-induced dystonia and abnormal cerebellar activity in a mouse model
with a single disease-mutation in the sodium-potassium pump
3. Mohamad A. Mikati, Duke University, USA (20+5)
Study of Knock-in model mouse; Development of new treatments
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10:20-10:40 Coffee break

10:40-11:10 Special lecture 3 (Chair Hitoshi Osaka: Jichi Medical school)

Minako Hoshi, Institute of Biomedical Research and Innovation, Japan (25+5)
Na*, K-ATPase a3 is a Death Target of Alzheimer Amyloid-f§ Assembly
What Shall We Do Next towards A Better Understanding of Na+t, K*-ATPase a3’s
Role in Health and Disease?

11:10-11:40 Special lecture 4 (Chair Hitoshi Osaka)
Noriyuki Matsuda, Tokyo Metropolitan Institute of Medical Science, Japan (25+5)
Mitochondrial autophagy and familial Parkinson’s disease

11:40-13:00 Lunch
Restaurant (1F iL. PePe, Palace Hotel Tachikawa)

12:30-13:00 Poster Presentation (2) the same posters as the day 1

13:00-14:40 Session 5. Treatment trials (Chair Hendrik Rosewich, Kathy Swoboda)
1. Atsushi Ishii, Fukuoka University, Japan (20+5)

Treatment with adenosine- 5'- triphosphate for AHC
2. Steven Petrou, University of Melbourne, Australia (20+5)

Loss of function A7P1A3 mutations differentiated by pre-steady-state analysis
3. Kevin C. Ess, Vanderbilt University, USA (20+5)

Modeling Alternating Hemiplegia of Childhood using Patient Derived Stem Cells
4. Alfred L. George, Jr, Northwestern University, USA (20+5)

Modeling Alternating Hemiplegia of Childhood in Induced Pluripotent Stem Cells

14:40-15:00 General discussion (Chair Allison, Mohamad, Tsveta)
The function of the Nat/K+-ATPase a3 isoform and the new treatment methods

15:00-15:10 Conclusions and future priorities (Hendrik Rosewich)

[Symposium closed]

15:30-17:30
Optional event: A stroll in the Showa Memorial Park (about 2 hour course)
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Overview of Clinical Studies on Alternating Hemiplegia of Childhood

Masayuki Sasaki, M.D.
Department of Child Neurology, National Center of Neurology and Psychiatry

Alternating hemiplegia of childhood (AHC) was first reported as a complicated migraine beginning in infancy
(Verret S and Steel JC, Pediatrics 1971). Diagnostic criteria were proposed (Aicardi J, Dev Med Child Neurol 1980)
and have long been used. Flunarizine was first reported to be effective in one case (Casaer P, Lancet 1984);
subsequently, several groups have observed that flunarizine is effective in reducing the duration and severity of
hemiplegic attacks (Casaer P. Neuropediatrics 1987, Silver K, Neurology 1993, Bourgeois M, J Pediatr 1993, Sasaki
M, Brain Dev 2001) but not in curing the disease.

Large patient studies have revealed clinical courses and no diagnostic clue in patients with AHC (Sakuragawa N,
Brain Dev 1993, Mikati MA, Pediatr Neurol 2000, Sweney MT, Pediatrics 2009, Panagiotakaki E, Brain 2010). All
studies showed that brain magnetic resonance imaging and electroencephalogram failed to show specific abnormalities
in patients with AHC.

The pathophysiology of AHC in terms of mitochondrial function (Amold DL, Ann Neurol 1993, Kemp GJ, Ann
Neurol 1995), brain perfusion (Aminian A, Ann Neurol 1993, Siemes H, Dev Med Child Neurol 1993), brain glucose
metabolism (de Silva EA, Ann Neurol 1996, Sasaki M, Brain Dev 2009), and small-vessel studies (Auvin S,
Neurology 2006, Sasaki M, Brain Dev 2011) has been investigated by many groups. However, these studies could not
reveal the pathophysiology of AHC.

A point mutation in ATP1A42, which encodes the Na'/K'-ATPase o2 subunit, was noted in only one autosomal
dominant AHC family (Swoboda KJ, Ann Neurol 2004) but no follow-up studies have confirmed these results
(Boileau S, Dev Med Child Neurol 2008).

Calcium and other ion channels have been studied, but only negative results have been reported (Haan J,
Caphalalgia 2000, de Vries B, Cephalalgia 2008, Hirose S, Sasaki M, unpublished data).

In 2012, three study groups independently discovered the causative gene ATP/A3 (Heinzen EL, Nat Genet 2012,
Rosewich H, Lancet Neurol 2012, Ishii A, PLoS One 2013), which encodes the Na’/K'-ATPase a3 subunit.
Rapid-onset dystonia—parkinsonism (RDP) had been known to be caused by the same gene abnormalities (de Carvalho
AP, Brashear A, Neuron 2004). Therefore, AHC could be an allelic disorder of RDP. A genotype—phenotype
correlation was seen in 47P1A43-related disorders (Heinzen EL, Lancet Neurol 2014, Rosewich H, Neurology 2014).

Before the causative gene of AHC was uncovered, some patients presented with sudden death or severe
deterioration (Neville BG, Dev Med Child Neurol 2007, Saito Y, Epilepsy Res 2010), but the etiology of irreversible
deterioration was not known. Our observation on the relation between clinical course and gene mutation type revealed
that there could be genotype—phenotype correlations even in AHC (Sasaki M, Neurology 2014). Larger observational
studies have reported the same tendencies (Viollet L, PLoS One 2015, Panagiotakaki E, Orphanet J Rare Dis 2015).

New phenotypes have been reported, and the concepts of ATPI1A3-related neurological disorders are expanding
(Demos MK, Orphanet J Rare Dis 2014, Dard R, Dev Med Child Neurol 2015, Paciorkowski AR, Epilepsia 2015).

Precise mechanisms underlying the symptoms and gene abnormalities have been studied using animal models
(Clapcote SJ, Proc Natl Acad Sci USA 2009, Ikeda K, J Physiol 2013, Hunanyan AS, Epilepsia 2015) or cell models
(Li M, Neurobiol Dis 2015) but have not yet been completely elucidated. Curable treatment methods are currently
being investigated using new technologies.
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Masayuki SASAKI

Present Position
Director, Department of Child Neurology,
National Center of Neurology and Psychiatry, Kodaira, Tokyo, Japan

Education

1983 MD, Niigata University School of Medicine, Niigata, Japan

1983-1988 Residency of Pediatrics, Niigata University Hospital

1988-1990 Residency of Child Neurology, Department of Child Neurology, National Center of Neurology and
Psychiatry, Kodaira, Tokyo, Japan

1990-1992  Fellow, Division of Inherited Metabolic Disorders, National Institute of Neuroscience, National
Center of Neurology and Psychiatry

1992 PhD (Dr. of Medical Science), Toho University

1992-1994  Visiting fellow, Myelin Section, Laboratory of Molecular and Cellular Neurosciences, National
Institute of Neurological Disorders and Stroke (NINDS), National Institute of Health (NIH), Bethesda,
Maryland, USA

Academic Appointments

1994-1996 Department of Child Neurology, National Center of Neurology and Psychiatry

1996-2002  Section Chief, Department of Child Neurology, National Center of Neurology and Psychiatry
2002-Present  Director, Department of Child Neurology, National Center of Neurology and Psychiatry

Publications
On alternating hemiplegia of childhood (AHC)

1. Saito Y, Sakuragawa N, Sasaki M, Sugai K, Hashimoto T: A case of alternating hemiplegia of childhood with
cerebellar atrophy. Pediatr Neurol 1998;19:65-68.

2. Sasaki M, Sakuragawa N, Osawa M: Long-term effect of flunarizine on patients with alternating hemiplegia of
childhood. Brain Dev 2001;23:303-305.

3. Sasaki M, Sakuma H, Fukushima A, Yamada KI, Ohnishi T, Matsuda H. Abnormal cerebral glucose
metabolism in alternating hemiplegia of childhood. Brain Dev 2009;31:20-26.

4. Saito Y, Inui T, Sakakibara T, Sugai K, Sakuma H, Sasaki M. Evolution of hemiplegic attacks and epileptic
seizures in alternating hemiplegia of childhood. Epilepsy Res 2010;90:248-258.

5. Sasaki M, Matsufuji H, Inui T, Arima K. Absence of small-vessel abnormalities in alternating hemiplegia of
childhood. Brain Dev 2011;33:390-393.

6. Inui T, Saito Y, Sakuma H, Hatakeyama H, Goto Y-I, Arai H, Sasaki M. Profiles of blood biomarkers in
alternating hemiplegia of childhood -increased MMP-9 and decreased Substance P suggest its pathophysiology-
Brain Dev 2012;34:196-200.

7. Ishii A, Saito Y, Mitsui J, Ishiura H, Yoshimura J, Arai H, Yamashita S, Kimura S, Oguni H, Morishima S,
Tsuji S, Sasaki M, Hirose S. Identification of 4TP143 mutations by exome sequencing as the cause of
alternating hemiplegia of childhood in Japanese patients. PLoS One 2013;8:¢56120.

8. Sasaki M, Ishii A, Saito Y, Hirose S. Intermediate form between alternating hemiplegia of childhood and
rapid-onset dystonia-parkinsonism. Mov Disord 2014;29:153-154.

9. Sasaki M, Ishii A, Saito Y, Morisada N, lijima K, Takada S, Araki A, Tanabe Y, Arai H, Yamashita S, Ohashi
T, Oda Y, Ichiseki H, Hirabayashi S, Yasuhara A, Kawawaki H, Kimura S, Shimono M, Narumiya S, Suzuki M,
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Yoshida T, Oyazato Y, Tsuneishi S, Ozasa S, Yokochi K, Dejima S, Akiyama T, Kishi N, Kira R, Ikeda T,
Oguni H, Zhang B, Tsuji S, Hirose S. Genotype-phenotype correlations in alternating hemiplegia of childhood.
Neurology 2014;82:482-490.

10. Heinzen EL, Arzimanoglou A, Brashear A, Clapcote SJ, Gurrieri F, Goldstein DB, Johannesson SH, Mikati
MA, Neville B, Nicole S, Ozelius L, Poulsen H, Schyns T, Sweadner KJ, van den Maagdenberg A, Vilsen B for
the ATP1A3 Working Group. Distinct neurological disorders with ATP1A3 mutations. Lancet Neurol 2014
May;13(5):503-514.

11. Rosewich H, Sweney MT, DeBrosse S, Ess K, Ozelius L, Andermann E, Andermann F, Andrasco G, Belgrade
A, Brashear A, Ciccodicola S, Egan L, George AL Jr, Lewelt A, Magelby J, Merida M, Newcomb T, Platt V,
Poncelin D, Reyna S, Sasaki M, Sotero de Menezes M, Sweadner K, Viollet L, Zupanc M, Silver K, Swoboda
K. Research conference summary from the 2014 International Task Force on A7PI1A3-Related Disorders.
Neurol Genet 2017;3: €139.

12. Sasaki M, Ishii A, Saito Y, Hirose S. Progressive brain atrophy in alternating hemiplegia of childhood. Mov
Disord Clin Prac 2017 May/June;4(3):406-411.

Select publications other than AHC

1. Kurachi Y, Oka A, Muzuguchi M, Ohkoshi Y, Sasaki M, Itoh M, Hayashi M, Goto Y, Takashima S: Rapid
immunologic diagnosis of classic late infantile neuronal ceroid-lipofuscinosis. Neurology 2000;25:1676-1680.

2. Ohnishi T, Matsuda H, Hashimoto T, Kunihiro T, Nishikawa M, Uema T, Sasaki M: Abnormal regional
cerebral blood flow in childhood autism. Brain 2000;123:1838-1844.

3. Shimojo Y, Osawa Y, Fukumizu M, Hanaoka S, Tanaka H, Ogata F, Sasaki M, Sugai K: Severe infantile
dentatorubral pallidoluysian atrophy with extreme expansion of CAG repeats. Neurology 2001;56:277-278.

4. Sudo A, Sasaki M, Sugai K, Matsuda H. Therapeutic effect and [123[]IMP SPECT findings of sodium
dichloroacetate in a patient with MELAS. Neurology 2004;62:338-339.

5. Sasaki M, Takanashi J, Tada H, Sakuma H, Furushima W, Sato N. Diffuse cerebral hypomyelination with
cerebellar atrophy and hypoplasia of the corpus callosum. Brain Dev 2009;31:582-587.

6. Saitsu H, Osaka H, Sasaki M, Takanashi J, Hamada K, Yamashita A, Shibayama H, Shiina M, Kondo Y,
Nishiyama K, Tsurusaki Y, Miyake N, Doi H, Ogata K, Inoue K, Matsumoto N. Mutations in POLR34 and
POLR3B encoding RNA polymerase III subunits cause an autosomal-recessive hypomyelinating
leukoencephalopathy. Am J Hum Genet 2011Nov 11;89:644-651.

7. Maruyama S, Saito Y, Nakagawa E, Saito T, Komaki H, Sugai K, Sasaki M, Kumada S, Saito Y, Tanaka H,
Minami N, Goto YI. Importance of CAG repeat length in childhood-onset dentatorubral pallidoluysian atrophy.
J Neurol 2012;259:2329-2334.

8. Nagai S, Saito Y, Endo Y, Sugai K, Saito T, Ishiyama A, Komaki H, Nakagawa E, Sasaki M, Saito Y, Sukigara
S, Ito M, Goto Y, Ito S, Matsuoka K. Hypoalbuminemia in dentatorubral pallydoluysian atrophy due to albumin
leakage in multiple organs. J Neurol 2013;260:1263-1271.

9. Miyatake S, Osaka H, Shiina M, Sasaki M, Takanashi JI, Haginoya K, Wada T, Morimoto M, Ando N, lkuta Y,
Nakashima M, Tsurusaki Y, Miyake N, Ogata K, Matsumoto N, Saitsu H. Expanding the phenotypic spectrum
of TUBB4A-associated hypomyelinating leukoencephalopathies. Neurology 2014; 82:2230-2237.

10. Sasaki M, Ohba C, lai M, Hirabayashi S, Osaka H, Hiraide T, Saitsu H, Matsumoto N. Sporadic infantile-onset
spinocerebellar ataxia caused by missense mutations of the inositol 1,4,5-triphosphate receptor type 1 gene. J
Neurol 2015;262:1278-1284.

11. Kodera H, Ohba C, Kato M, Maeda T, Araki K, Tajima D, Matsuo M, Hino-Fukuyo N, Kohashi K, Ishiyama A,
Takeshita S, Motoi H, Kitamura T, Kikuchi A, Tsurusaki Y, Nakashima M, Miyake N, Sasaki M, Kure S,
Haginoya K, Saitsu H, Matsumoto N. De novo GABRA 1 mutations in Ohtahara and West syndromes. Epilepsia
2016;57:566-73.
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Special Invited Speakers



Special lecture 1

Modeling Human Diseases with iPS cells and
Genetically Modified Non-Human Primates

Hideyuki Okano

Keio University School of Medicine, Japan

For effective modelling of human psychiatric/psychiatric disorders, we took advantage
of iPS cell technologies and transgenic non-human primates. So far, we have established
iPS cells from the patients of about 40 human psychiatric/psychiatric disorders,
including Alzheimer disease!?, Parkinson disease * * > ALS® Rett syndrome’?,

Pelizaeus-Merzbacher disease’ (Kuroiwa-Numasawa et all., Stem Cell Reports, 2014),

1 12

Lissencephaly'®, retinitis pigmentosa'' and Pendred Syndrome'?. Furthermore, for

faithfully modeling the human disorders in vivo, we developed transgenic non-human
primates (common marmosets) with germline transmission'®. In the present talk, we
also wish to mention our recent data of generation of common marmoset transgenic
models of neurodegenerative diseases, including Parkinson disease, Alzheimer disease
and ALS. Furthermore, we could generate knock-out technologies of common
marmoset using genome editing technologies'#, which can be applied for generation of
models of autism and psychiatric disorders. At the end, I will mention about Brain

Mapping Projects in Japan, in which investigation of common marmoset brains plays

key roles!'> 1617,

References

1. Yagi T et al.: Modeling familial Alzheimer's disease with induced pluripotent stem
cells. Hum Mol Genet. 20(23):4530-4539, 2011.

2. Imaizumi K et al.: Controlling regional identity of human pluripotent stem
cell-derived neurons: a novel approach to uncover neuronal subtype specificity of
neurological disease phenotypes. Stem Cell Reports, 5(6):1010-22, 2015.

3. Imaizumi Y et al.: Mitochondrial dysfunction associated with increased oxidative
stress and alpha-synuclein accumulation in PARK2 iPSC-derived neurons and
postmortem brain tissue. Mol Brain. 5(1): 35, 2012.

4. Ohta E et al.: 12020T mutant LRRK?2 iPSC-derived neurons in the Sagamihara
family exhibit increased Tau phosphorylation through the AKT/GSK-3 Hum Mol
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Matsumoto T et al.: Functional neurons generated from T cell-derived iPSCs for
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Ichiyanagi N et al.: Establishment of in vitro FUS-associated familial amyotrophic
lateral sclerosis model using human induced pluripotent stem cells. Stem Cell
Reports, 6(4):496-510, 2016.

Andoh-Noda T et al.: Differentiation of multipotent neural stem cells derived from
Rett syndrome patients is biased toward the astrocytic lineage. Mol Brain. 8:31,
2015.

Yasui T et al., Hypoxia epigenetically confer astrocyte differentiation potential on
human pluripotent cell-derived neural precursor cells. Stem Cell Reports, 2017
(Accepted for Publication).

Numasawa-Kuroiwa Y et al.: Involvement of Endoplasmic Reticulum Stress in
Dysmyelination of Pelizaecus-Merzbacher Disease with PLPI Missense Mutations
Shown by Induced-Pluripotent-Stem Cell-Derived Oligodendrocytes. Stem Cell
Reports, 2(5): 648-661, 2014.

Bamba Y et al.: In vitro characterization of neurite extension using induced
pluripotent stem cells derived from lissencephaly patients with TUBA1A missense
mutations. Mol Brain 9(1):70, 2016.

Yoshida T et al.: The use of induced pluripotent stem cells to reveal pathogenic gene
mutations and explore treatments for retinitis pigmentosa. Mol Brain. 7 (1): 45,
2014.

Hosoya M et al.: Cochlear cell modeling using disease-specific iPSCs unveils a
degenerative phenotype and suggests treatments for congenital progressive hearing
loss. Cell Reports, 18(1):68-81, 2017.

Sasaki E et al.: Generation of transgenic non-human primates with germ line
transmission. Nature, 459(7246): 523-527, 2009.

Sato K et al.: Generation of a Non-human primate model of severe combined
immunodeficiency using highly efficient genome editing. Cell Stem Cell, 19: 127—
138, 2016.

Okano H, Miyawaki A, Kasai K.: Brain/MINDS: Brain-Mapping Project in Japan.
Philos Trans R Soc Lond B Biol Sci. 370: 20140310, 2015.

Okano H, Yamamori T: How can brain mapping initiatives cooperate to achieve the
same goal? Nat Rev Neurosci 17, 733-734, 2016.

Okano H, Sasaki E, Yamamori T, Iriki A, Shimogori T, Yamaguchi Y, Kasai K and
Miyawaki A.: Brain/MINDS: a Japanese National Brain Project for Marmoset
Neuroscience, Neuron, 92 (3): 582-590, 2016.
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Special lecture 2

Structural biology of Na',K'-ATPase: towards understanding of
mutations in ATP1A3

Chikashi Toyoshima
Institute of Molecular and Cellular Biosciences

The University of Tokyo

We have been working on crystal structure studies of two P-type ion transporting
ATPases, namely, Ca**-ATPase (SERCA) and Na',K'-ATPase. As crystallization of
Na®,K"-ATPase is much more difficult than that of SERCAs, structural and biochemical
studies of Na“,K*-ATPase are far behind those of SERCA. Furthermore, Na*,K"-ATPase
is @ much more complex system than SERCA and finely regulated. As locations of
regulatory proteins (i.e. FXYD with Na",K'-ATPase and phospholamban / sarcolipin
with SERCA) in their 3D structures are different, the mode of regulation is likely to be
different. Yet similarity between the two ATPases is strong enough to provide us with
insight into the structural and functional consequences of mutations identified in
ATP1A3. In this talk, I will try to explain, in structure terms, the functional
consequences of some of the disease-related mutations. It might be of particular interest
that several compounds are now found with SERCA that increase the maximum ATPase
activity, as it might be possible to find similar compounds that amend impaired
Na" K"-ATPase activity.
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Special lecture 3

Na’, K'-ATPase a3 Is a Death Target of Alzheimer Amyloid-f8 Assembly
What Shall We Do Next Towards A Better Understanding of Na*, K*~ATPase a3’s Role In
Health And Disease?

Minako Hoshi, Ph.D.
Director, Center for Brain and Neurodegenerative Disease Research, Institute of Biomedical
Research and Innovation, Foundation for Biomedical Research and Innovation

Alzheimer’s disease (AD) impairs a person’s neural network involved in cognitive function by
affecting neuronal synaptic connections and degenerating neurons themselves. Amyloid 3-protein
(AP), a small protein produced by proteolytic cleavages of amyloid precursor protein (APP) in a
physiological pathway, has been considered to play a primary role in such loss of synapses and
neurons. Recent studies have shown that A} has an ability to form structurally distinct assemblies,
which exert different toxic functions through different targets. Our laboratory has long been focusing
on understanding mechanisms of neurodegeneration in AD and has identified A} assemblies from
AD patient brains, termed amylospheroids (ASPD), as responsible for neurodegeneration (Hoshi et
al. PNAS2003, Noguchi et al. JBC2009). Recently, we discovered that the neuron-specific o3
subunit of the Na*, K*'-ATPase pump (NAKa.3), the catalytic subunit that is essential for neuronal
excitability, is a toxic target for ASPD (Ohnishi et al. PNAS2015). This is a new system that
involves pre-synaptic calcium hyperactivation, which is triggered by impairing NAKa3-derived
NAK pump activity, leading to neurodegeneration (Figure 1). We also discovered that
ASPD-binding tetrapeptides blocked the ASPD:NAKa3 interaction and protected mature neurons
from ASPD neurotoxicity. Interestingly, a French group who have long worked on neurotoxicity of
a-synuclein assemblies independently found that NAKa3 is a toxic target for a-synuclein
assemblies and the a-synuclein: NAKa3 interaction is related to neurodegeneration in Parkinson’s
disease (Shrivastava et al. EMBO J 34, 2408-2423, 2015). Surprisingly, ASPD and a-synuclein share
the essential binding region in the fourth extracellular loop of NAKa3. At the seminar, I would like
to present how we identified first ASPD, and then NAKa3 as a toxic target of ASPD. I would be
happy to discuss about what we shall do as a next to uncover distribution and function of NAKa3 in
health and disease.
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Mitochondrial autophagy and familial Parkinson's disease

Noriyuki Matsuda,
Tokyo Metropolitan Institute of Medical Science

Parkinson's disease (PD) is a common movement disorder characterized by dopaminergic
neuronal loss. The majority of PD cases are sporadic, however, the discovery of the genes
linked to hereditary forms of PD has provided important insights into the molecular
mechanisms. For example, functional analysis of the recessive familial PD-related genes has
revealed that the disease is relevant to mitochondrial quality control. This is consistent with
the prior idea that several cases of sporadic and chemical-induced PDs have been associated
with mitochondrial dysfunction.

We now focus on PINKI and PARKIN, responsible genes for hereditary recessive PD.
PINKI and PARKIN encode Ser/Thr kinase and ubiquitin ligase (E3), respectively. We
revealed that when the mitochondrial membrane potential decreased, PINK1 phosphorylates
ubiquitin at Ser65, and the phosphorylated ubiquitin functions as an activator for E3 function
of Parkin (Koyano, Nature 2014). Moreover, phosphorylated poly-ubiquitin chain on
damaged mitochondria recruits Parkin to damaged mitochondria by functioning as a Parkin
receptor (Okatsu, JCB 2015). Consequently, trio of PINK1, Parkin, and phospho-ubiquitin tag
outer membrane proteins on depolarized mitochondria with ubiquitin. Damaged mitochondria
are then targeted for selectively degradation, because ubiquitin functions as a signal for
degradation by the proteasome and autophagy. Impairment of this process predisposes to
familial PD. Summary of the latest knowledge for relationship between mitochondrial quality

control, autophagy, and Parkinson's disease will be discussed.
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Session 1-1
Clinical and genetic spectrum of A7P1A43-related disorders

Hendrik Rosewich, MD, Assistant Professor
Department of Pediatrics and Adolescent Medicine, Division of Pediatric Neurology,
University Medical Center Gottingen, Georg August University, Faculty of Medicine,

Gottingen, Germany

P-type cation transport proteins establish and maintain electrochemical gradients for
Na" and K' across the plasma membrane. Mutations in the a3 catalytic subunit,
encoded by ATPIA3, almost exclusively expressed in neurons, are associated with at
least 3 distinct, yet overlapping, neurologic syndromes: rapid-onset dystonia
parkinsonism (RDP); alternating hemiplegia of childhood (AHC); and cerebellar ataxia,
areflexia, pes cavus, optic atrophy, and sensorineural hearing loss (CAPOS). From the
past descriptions of each entity, distinct phenotypes have emerged, demonstrating that
classic AHC, classic RDP, and CAPOS syndrome constitute clinical prototypes in a
continuous and still expanding phenotypic spectrum of ATP1A3 related disorders.

This still expanding phenotypic spectrum is an excellent example how modern
sequencing techniques can help to diagnose a condition not primarily thought to be
associated with a certain gene (reverse genetics). Moreover, it causes a diagnostic
challenge, even for experienced clinicians. Reviews about the currently known broad
phenotypic spectrum are needed to provide useful diagnostic guidelines to physicians to
select the right patients amongst suspected phenotypes. For this purpose, core clinical
features, that in combination make an ATP1A3 related disorder most likely, have to be
extracted from the complex and wide-ranging known phenotypic spectrum.

Mutation updates of all patient mutations reported in the ATPIA3 gene and clear
assignability to a certain phenotype are needed for both, clinicians and basic scientists.
Clinicians can discuss with the patients and parents the most likely clinical course, and
researchers studying the cellular function of ATP1A3 can interpret their data on the
basis of the cellular and clinical phenotype. The understanding of the pathomechanism
in combination with the clinical phenotype is mandatory to establish future therapeutic
trials. For those, natural history studies at least for the clinically well-defined entities
(AHC/RDP/CAPOS) are an indispensable prerequisite to define study endpoints in

pharmacological trials.
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Session 1-2
Rapid-onset dystonia-parkinsonism (RDP): Clinical and Genetic Updates

Allison Brashear, MD, MBA

Professor & Chair, Department of Neurology Walter C. Teagle Endowed Chair, Wake Forest School of
Medicine, Winston Salem, NC USA

Christopher T. Whitlow, MD, PhD, MHA

Associate Professor of Radiology Division Head, Neuroradiology, Wake Forest School of Medicine Winston
Salem, NC USA

Since 1993, with the original description of RDP, ATP1A3-related disorders have broadened to include not
only RDP, but CAPOS, ataxia, and AHC. Multiple lines of evidence, including imaging, clinical examinations
and pathology suggest that ATP1A3 mutations contribute to a complex cascade of signs and symptoms
indicating wide spread impact on the brain. Imaging and human pathology suggest that ATP1A3 mutations
lead to impairment of the cerebello-thalamo-cortical (CbTC) pathways. Our findings are supported by human
brain pathology in patients who were symptomatic over a life time, demonstrating cell death in areas including
the globus pallidus, subthalamic nucleus, red nucleus, inferior olivary nucleus, cerebellar purkinje and granule
cell layers and dentate. When and how cell death occurs, how this may change over time and whether a

reproducible biomarker can be followed for treatment or prevention is part of our current body of work.

In our preliminary investigation, data were analyzed from thirteen participants with ATP1A3 mutations (age
range 14-65; mean = SD = 38 + 14) who were enrolled in a larger ongoing Institutional Review Board
approved study of brain structure/function at Wake Forest School of Medicine. All subjects were diagnosed
using a standard battery of movement disorder assessments, including Burke-Fahn-Marsden Dystonia Rating
Scale (BFMDRS), Unified Parkinson's Disease Rating Scale motor subscore (UPDRS), and International
Cooperative Ataxia Rating Scale (ICARS). Brain MRI, including structural anatomic and arterial spin labeling
cerebral blood flow images were acquired using standard techniques. Our results suggest that there were more
associations between measures of dystonia and cerebral blood flow in components of the CbTC compared to
gray matter volume, suggesting that changes in brain function may play an important role in phenotypes
associated with ATP1A3 gene mutations. Whether MRI measures of brain structure and function can be used

as biomarkers to track progression and/ or treatment over time is a larger goal of the study.

Overall heightened awareness of the broad spectrum of ATP1A43 diseases and an understanding of how the
pump may be altered by specific mutations opens the door for potential prevention and treatment. The overlap
of clinical, imaging, genetic and bench work in studying A7P1A43 disease is a unique opportunity to develop a

new line of therapies for neurologic diseases.

Supported by NINDS grant SROINS058949-08 (AB)
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dystonia-parkinsonism, Rapid-Onset Dystonia-Parkinsonism (RDP). Her group
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ATPase alpha 3 subunit) in Neuron in July 2004. In 2008, NINDS funded her ¢
group to study these mutations in the ATP1A3 gene in more depth (ROINS058949; PI: Brashear). This work

was refunded in April, 2015 for five years. The results are published in Lancet Neurology, Brain, Neuron, Acta
Neuropathologica, Neurology, Annals of Neurology and Movement Disorders. In 2016 Dr. Brashear was
appointed a permanent member of the NINDS NST-1 (K awards) study section.

Dr. Brashear is the lead principal investigator in many multi-center trials for the treatment of cervical dystonia
and spasticity. She is the lead author on the pivotal paper, “Intramuscular Injection of Botulinum Toxin for the
Treatment of Wrist and Finger Spasticity after a Stroke”, published in The New England Journal of Medicine.
Her work with botulinum toxin has been published in Lancet Neurology, Neurology, Movement Disorders and
Archives of PMR.

Dr. Brashear served on the American Academy of Neurology (AAN) Board of Directors from 2013-15. In
2015 she completed six year terms on the AAN Education Committee and the Medical Economic Management
Committee. She served on the Board of Directors of the American Neurological Association (ANA), United
Council for Neurological Subspecialties (UCNS, vice chair) and currently serves of council of the American
Board of University Professors of Neurology (AUPN). In August, 2014 Dr. Brashear was appointed to a
renewable four year term as a Director of the American Board of Psychiatry and Neurology (ABPN).

In 2008 the Wake Forest School of Medicine and North Carolina Baptist Hospital integrated to form the
Wake Forest Baptist Medical Center. Dr. Brashear served as the first faculty member appointed to the Wake
Forest Baptist Medical Center Board of Directors (2007-2013). She also served on the following WFBMC
Board of Directors committees: finance, audit, clinical and academic affairs committees. She also serves as one
of two faculty members of the WFBMC Capital Campaign Cabinet.

Dr. Brashear completed the Harvard School of Public Health Leadership program for physicians in 2004, and
in 2007 she finished the year-long national program for women leaders, Executive Leadership Academic
Medicine (ELAM). In 2014 she was selected as an AAMC Council of Dean’s Fellow. Dr. Brashear earned an
MBA from Fuqua School of Business at Duke University in 2012, with additional certification in Health Sector
Management.

Dr. Brashear graduated from DePauw University in 1983, Indiana University School of Medicine in 1987 and
from Fuqua Business School at Duke University in 2012. She completed her training in Neurology at Indiana
University School of Medicine in 1991.

Dr. Brashear and her husband, Clifford Ong, have two children, Richard (20) and Diane (17).

Contact information: abrashea@wakehealth.edu
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Session 1-3

Relapsing encephalopathy with cerebellar ataxia (RECA)
Yasunari Sakai

Department of Pediatrics, Graduate School of Medical Sciences, Kyushu University, Japan

Abstract

Background: Alternating hemiplegia of childhood (AHC) is a rare neurological disorder
characterized by recurrent hemiplegia, oculogyric and choreoathetotic involuntary movements.
De novo mutations in ATPIA3 cause AHC and its associated syndromes. It remains to be
determined, however, whether rare variations in A7TP/A3 may lead to atypical neurological
phenotypes.

Case: A 7-year-old Japanese boy started presenting with recurrent symptoms of generalized
paralysis at 17 months of age. Hypotonia, rapidly bouncing or rotating ocular movements,
dystonia and choreoathetosis persisted for more than a month after the onset. These symptoms
recurred on febrile illness. Serial recordings of electroencephalogram and neuroimaging studies
did not support the diagnosis of acute encephalopathy.

Results: Whole-exome sequencing identified a de novo mutation in ATPIA3 (NM_152296.4:
exonl7: ¢.2266C>T: p.R756C). Previously reported cases carrying p.R756C or p.R756H
mutations showed both overlapping and distinct phenotypes compared to those of our case.
These symptoms were recently designated as relapsing encephalopathy with cerebellar ataxia
(RECA). Molecular studies uncovering the pathogenic mechanisms of this disease are currently
under progress.

Conclusion: This study confirmed that p.R756C mutation of 47TP/A43 caused atypical forms of
AHC-associated disorders. The wide spectra of neurological phenotypes in AHC are linked to
still unknown deficits in the molecular functions of ATP1A43.

Keywords:

Alternating hemiplegia of childhood (AHC), Whole-exome sequencing, relapsing
encephalopathy with cerebellar ataxia (RECA), and ATP1A43
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Session 1-4
Catastrophic early life epilepsy with ATP1A3 mutation

Naoko Ishihara
Department of Pediatrics, Fujita Health University School of Medicine, Toyoake, Japan

[Introduction] Mutations of ATP1A3 have been associated with various phenotypes such as Rapid
Onset Dystonia-Parkinsonism (RDP), Alternating Hemiplegia of Childhood (AHC), and Cerebellar
ataxia with Areflexia, Pes cavus, Optic atrophy, and Sensorineural hearing loss (CAPOS). Recently,
two cases of catastrophic early life epilepsy with heterozygous mutations in A7P1A3 were reported
(Paciorkowski et al. Epilepsia. 2015), which indicates their mutations cause most severe phenotypes
of ATPIA3-related disorder spectrum. However, gene functions and genotype-phenotype
correlations were remained unclear. Here we report one child with catastrophic early life epilepsy,
respiratory failure, postnatal microcephaly, and severe developmental disability, with a novel
heterozygous mutation of ATP1A43.

[Subject] A 2-year-old boy who was born to nonconsanguineous parents with normal delivery, and
transferred to NICU because of respiratory failure at second day of birth. He also showed extreme
hypotonia, episodic oculomotor abnormality and tachycardia, and frequent epileptic seizures.
Mechanical ventilation was required to support his respiration. Epileptic seizures were intractable
with treatment of multiple antiepileptic drugs, including extremely high dose Phenobarbital. In spite
of many examinations including chromosomal analysis and muscle biopsy, etiology of his symptoms
remained unknown.

[Methods and Results] Whole exome sequencing analysis was performed for subject and his
parents. First we filtered the data with the known gene list for severe brain abnormality but no
candidate mutation was found. Then we filtered for de novo mutation and found one heterozygous
mutation in ATP1A43 (c.2736_2738CTTdel, p.Phe913del).

[Discussion] Phe913 is a residue which has been highly conserved among vertebrates. There is a
report that p.Val919del located in a same transmembrane domain reduces the activity of ATP1a3,
suggesting that the current mutation also impairs the function. Two previously reported cases of
catastrophic early life epilepsy had heterozygous mutations localized to the P domain of ATP1a3
(p.Gly358Val and p.Ile363Asn), and the observed mutations resulted in significant reduction of
ATPla3 activity in vitro. As allelic disorders of ATP1A3, e.g. RDP and AHC, appeared significant
difference in phenotype, the cases with catastrophic early life epilepsy showed profound outcome
and required much intensive care. Further functional studies are recommended to clarify the

relationship between the mutation and such distinct phenotype.
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Session 1-5

Genotype-Structure-Phenotype: what makes ATPIA3 mutations
different?

Kathleen J. Sweadner, PhD.
Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA

ATPI1A3 is in the P2 family of ion transport ATPases with similar structures and
mechanisms. There is strong sequence homology, and it is logical to expect that
homologous DNA variants that are pathogenic in one gene would be pathogenic in all.
Programs that predict the pathogenicity of VUS (variants of unknown significance) in
patients are based on this. It is surprising, then, that the mutations actually found in
patients differ very significantly between ATPases, comparing ATPIA3 (AHC, RDP,
etc.), ATPIA2 (FHM2), and ATP242 (a calcium ATPase, Darier disease, dominant
inheritance). In Darier disease, mutations are distributed broadly in the protein structure,
and can be truncations or frameshifts as well as missense. This is consistent with
haploinsufficiency. For the Na,K-ATPases this is not the case. Almost all mutations are
missense, indicating that the damaged protein must be present to cause the phenotypes.

The question is whether there is a genotype-phenotype relationship that underlies
the specific symptoms that people exhibit. We analyzed the genetic changes (both
random variants and human disease mutations) in all four of the Na,K-ATPase alpha
subunit genes, and compared the locations of the disease mutations in crystal structures
in E1-Na and E2-K conformations. The results are striking. The frequency of random
variants differs among the genes, and shows the effects of negative selection. The
specific patterns of disease mutations are equally different: highly restricted somatic
mutations for ATPIA1, broadly distributed for ATPI1A2, largely clustered for ATPIA3,
and no mutations of ATP/A4. By examining the positions of mutations in the crystal
structures, a genotype-phenotype relationship emerges. A7P1A3 mutations that produce
milder and more severe symptoms have different distributions in three-dimensional
space. Finally, no mutations have been found in certain parts of the Na,K-ATPases,

predicting that entirely new phenotypes will be discovered.

Supported by NIH grant NS058949 to A. Brashear.
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Clinical profile of patients with A7TP1A43 mutations in AHC in an
International Cohort

Eleni PANAGIOTAKAKI MD, PhD

Department of Clinical Epileptology, Sleep Disorders and Functional Neurology in Children Hopital
Femme M¢ére Enfant, University Hospitals of Lyon

In 2012, mutations in the ATP1A43 gene (MIM 182350) were identified as the primary cause of AHC
(AHC2, MIM 614820). Mutations in ATP1A3 are found in approximately 75 % of cases and the
disease is transmitted as an autosomal dominant trait. The mutations are usually de novo, but some
have been found to be transmitted to offspring. Alternating hemiplegia of childhood (AHC) is a rare
neurological disorder characterized by transient episodes of alternating hemiplegia/hemiparesis,
dystonic attacks, paroxysmal abnormal ocular movements, epileptic seizures and episodes of
autonomic dysfunction. The disease usually starts before 18 months of life and in the majority of
patients before the age of 6 months. Plegic and tonic attacks disappear with sleep. Between attacks
patients have an abnormal neurological examination often presenting ataxia, dystonia and other
involuntary abnormal movements, and almost all present an intellectual disability. AHC has a
prevalence of 1:100,000 children. There is a significant variability of the disease course between
individuals and some genotype-phenotype correlations exist.

Clinical data from an international cohort of 155 AHC patients (84 females, 71 males; between 3
months and 52 years) were gathered using a specifically formulated questionnaire and analyzed
relative to the mutational ATP1A43 gene data for each patient.

RESULTS:

In total, 34 different 47P1A43 mutations were detected in 85 % (132/155) patients. In general,
mutations were found to cluster into five different regions. The most frequent mutations included:
p-Asp801Asn (43 %; 57/132), p.Glu815Lys (16 %; 22/132), and p.Gly947Arg (11 %; 15/132). Of
these, p.Glu815Lys was associated with a severe phenotype, with more severe intellectual and motor
disability. p.Asp801Asn appeared to confer a milder phenotypic expression, and p.Gly947Arg
appeared to correlate with the most favorable prognosis, compared to the other two frequent mutations.
Overall, the comparison of the clinical profiles suggested a gradient of severity between the three
major mutations with differences in intellectual (p =0.029) and motor (p = 0.039) disabilities being
statistically significant. For patients with epilepsy, age at onset of seizures was earlier for patients with
either p.Glu815Lys or p.Gly947Arg mutation, compared to those with p.Asp801Asn mutation
(p<0.001). With regards to the five mutation clusters, some clusters appeared to correlate with certain
clinical phenotypes. No statistically significant clinical correlations were found between patients with
and without ATP1A43 mutations.

CONCLUSIONS:

Our results, demonstrate a highly variable clinical phenotype in patients with AHC that correlates with
certain mutations and possibly clusters within the ATP1A43 gene. Our description of the clinical profile
of patients with the most frequent mutations and the clinical picture of those with less common
mutations confirms the results from previous studies, and further expands the spectrum of genotype-
phenotype correlations.
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Session 2-2

Transcriptome analysis and clinical database/biorepository of Alternating Hemiplegia of
Childhood patients with ATP1A43 mutations for potential therapeutic discovery

Jin Yun Chen 1%, Flavia C Nery 1*, Ren Zhang 1, Sarah Simeone 1, Ben Siranosian 2, Nicholas Lyons 2,
Maryam Nicholas 1, Mario Merida II 3, Natassja Huemer 1,4, Aravind Subramanian 2, Kathryn J Swoboda 1

1 Center for Genomic Medicine & Department of Neurology, Massachusetts General Hospital & Harvard Medical
School, Boston, MA, USA; 2 Broad Institute of MIT, Cambridge, 3 Biogen, Cambridge, MA, USA; MA, USA; 4
Federal University de Sao Carlos (UFSCar)/ CAPES program. * co-first authors

Mutations in the ATPIA3 gene have been identified to be prevalent in patients with alternating
hemiplegia of childhood (AHC). Over the past twenty years, we have made important contributions
towards understanding AHC by establishing a clinical database and linked biorepository. This resource
now contains data from approximately 300 affected probands. Our biorepository contains ~350
biological samples from probands including DNA, RNA, plasma, serum, whole blood, and cell lines, as
well as CNS tissues from autopsy in 5 patients. Of 300 patients with an AHC phenotype, ~55%
(164/300) have confirmed ATP1A3 mutations with a total of 40 unique mutations. The majority of
mutations are in exons 17, 18, and 21 with the most frequent mutations being: p.Asp801Asn (D801N)
20% (61/300), p.Glu815Lys (E815K) 14% (42/300), and p.Gly947Arg (G947R) 3.7% (11/300). Other
ATPIA3 mutations are present in 17% (51/300) and no ATP1A43 mutations are present in ~12% (35/300)
of affected individuals.

To date, no large scale transcriptomic data exist for human-derived AHC samples. The Connectivity
Map (CMap) is a database of transcriptional signatures from cell lines treated with chemical and genetic
reagents. When paired with the high-throughput L1000 by using a pattern-matching algorithm, the
CMap links compounds with disease phenotypes. These CMAP/L1000 tools have helped identify
several drug classes or compounds with potential activity for other treatment indications. Examples
include the antihelminthic drug parbendazole as an inducer of osteoclast differentiation, the triterpene
celastrol as a leptin sensitizer, compounds targeting COX2 and ADRA2A as potential treatments for
diabetes, and small molecule therapeutics for skeletal muscular atrophy and spinal muscular atrophy.
These tools have also helped to generate new therapeutic hypotheses for the treatment of inflammatory
bowel disease and cancer. The present work leverages the rich tissue and phenotypic resources in our
database/repository and expertise of the microarray analysis and deep sequencing resources at the Broad
Institute/MIT. Using the CMap/L1000 tools, we performed a pilot experiment with 31 whole blood
RNA samples from AHC patients and 89 healthy control samples. Our preliminary results revealed
differences in the dynamic range of fold-expression achieved per gene in AHC samples when compared
to controls. The gene ontology pathways most represented in the AHC gene expression profiles included
genes involved in the circulatory system, vascular and embryonic development, as well as in cell
proliferation pathways.

Following completion of testing and analyses of the current dataset, we hope to generate hypotheses and
perform additional studies in patient derived samples including blood, cell lines, and brain. Identification
of unique gene profiles in AHC could help identify novel pathways involved in disease pathogenesis and
compounds that could ameliorate the disease phenotype.
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Cardiac phenotype in ATP1A43 related-syndromes
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Dziezyc , M Mazurkiewicz-Betdzinska, J Pilch, K Vezyroglou, H Cross, JP Kaski, SM
Sisodiya

Alternating hemiplegia of childhood (AHC) is a rare neurodevelopmental disorder with
significant phenotypic diversity, caused in ~80% of cases by mutations in the ATP1A3
gene. This gene encodes the catalytic alpha-3 subunit of the Na+/K+ ATPase exchange
pump. Known outcomes range from life into adulthood, with comparatively little
disability, to premature mortality from sudden death, including sudden unexpected
death in epilepsy (SUDEP). We recently demonstrated that many patients with AHC
have ECG changes, varying from repolarisation abnormalities, J-wave or J-point
changes, to periods of asystole, with an increasing prevalence with age. The ECG
abnormalities were dynamic, reflecting characteristics of inherited cardiac
channelopathies, and suggesting, along with the paroxysmal neurological features,
periodic systemic decompensation in ATP1A3-expressing organs. Given these findings,
systematic cardiac investigation is warranted in this condition, as cardiac arrhythmic
morbidity and mortality are potentially preventable (with implantation of a cardiac
pacemaker or defibrillator). Also, certain drugs should be avoided in view of the
increased risk of precipitating serious arrhythmias. We are now carrying out a second
study enlarging the cohort (113 cases in total so far) and including cases with other
ATP1A3-related phenotypes: cerebellar ataxia, areflexia, pes cavus, optic atrophy, and
sensorineural hearing loss (CAPOS); and rapid-onset dystonia—parkinsonism (RDP). In
this study we are investigating the cardiac phenotype further, collecting data also on
prolonged ECG monitoring, echocardiography and other cardiological evaluation tests.
This will validate our previous findings and give more insight on the phenotype-

genotype correlation in AHC and other ATP1A3-associated syndromes.
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New causative gene(s) in AHC?

Arn M.J.M. van den Maagdenberg, PhD

Leiden University Medical Centre, Leiden The Netherlands

As not all patients with alternating hemiplegia of childhood (AHC) carry a mutation in
the coding regions of the ATP1A43 gene, a gene hunt was initiated aimed at identifying a
second gene for this disabling disorder. Data of exome sequencing on genomic DNA of
over 25 trio’s (that is DNA of the patient and both parents) was performed to search
primarily for de novo pathogenic mutations. Even with this large number of samples, the
search for additional AHC genes is challenging, not in the least because of clinical
heterogeneity among ATPIA3-negative cases, many being classified as atypical. The
status of the gene hunt will be discussed on behalf of the Consortium. Approaches to
screen for possible mutations in ATP/A3 in presumed ATPIA3-negative cases will also
be discussed. The gene hunt suggests that there may not be a second major gene after all.
To unravel the (molecular) pathophysiology of AHC, it may be fruitful to learn from
developments, with respect to disease pathways involved and functional assays to assess

brain dysfunction, in disorders with resemblance to AHC.
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Biochemical consequences of ATP1A43 mutations
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Nijmegen, The Netherlands.

Alternating Hemiplegia of Childhood (AHC) is a neurodevelopmental disorder caused
by de novo mutations in ATP1A43, the gene encoding the a3 subunit of Na,K-ATPase.
Na,K-ATPase regulates electrogenic transport by exporting three Na' ions in exchange
for two K' ions across the cellular membrane by hydrolysis of one adenosine
triphosphate molecule. Maintaining these ionic gradients has been shown to be of great
importance in a variety of cellular functions, including neuronal activity.

Depending on the location of the mutation in ATP1A43 differences in AHC development
have been observed. Moreover, some mutations in A7P/A3 do not cause AHC, but
rapid-onset  dystonia-parkinsonism (RDP) and cerebellar ataxia, areflexia, pes
cavus, optic atrophy, and sensorineural hearing loss (CAPOS).

The functional consequences of many AHC mutations have been characterized using
over-expression in different mammalian cells, insect cells or Xenopus laevis oocytes. In
addition, also several functional characteristics have been analyzed:
Electrophysiological activity, ATPase activity, cell survival, ouabain binding, and
phosphorylation capacity. A loss of function has been observed in most assays. A
detailed analysis has been performed only for some of the many different mutations
detected.

Many fundamental questions still remain, but what did we learn from these functional
assays? Is it important to continue detailed functional assays for all mutations
identified? Which knowledge gaps still exist and should be addressed?
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parasites (e.g. Mycobacterium tuberculosis and Plasmodium falciparum) are investigated. In
addition, the molecular activity and interactions of the sodium pump (Na,K-ATPase) are
studied. The studies include the expression of recombinant transport proteins and their
molecular / biochemical and pharmacodynamic characterization.
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ATP1A3 neurological disease mutations affecting Na® binding:
Structural and functional perspectives and rescue of compromised
function continued

B. Vilsen!, R. Holm!, C.P. Ronn!, L.E. Christiansen!, M.S. Toustrup-Jensen!, A.P.
Einholm', V.R. Schack!

"Department of Biomedicine, Aarhus University, Aarhus, Denmark

Several neurological phenotypes derive from ATP1A3 mutations. The effects of several
of these mutations on Na",K"-ATPase function have been studied in vitro [1]. The high-
resolution crystal structures of the Na',K'-ATPase provide a solid basis for
understanding functional defects of the ATPIA3 disease mutants and of the
corresponding ATP1A1 mutants. Na* binds at three sites, I, II, and III, of which I and II
overlap with the K" binding sites, whereas site III is unique and Na' specific [2]. In
several ATP1A3 disease mutants the compromised function can be traced to disturbance
of the Na® specific binding site III, although some ATP1A3 disease mutants show
disruption of Na* binding at sites I and II. Furthermore a limited number of the ATP1A3
mutations occur in the cytoplasmic P domain near the catalytic site. We have recently
characterized the functional disturbance caused by some of these mutations.

A secondary mutation was found to rescue the defective Na" binding at site III caused
by RDP/AHC mutation D923N [1, 3]. A perspective is that it may be feasible to
develop an efficient pharmaceutical mimicking the rescuing effect, which optimally
would rescue the compromised function of a variety of ATPIA3 mutants. In our
continued work on the rescuing effect we have studied combinations of the rescuing
mutation with mutations in sites I and II and additional ATP1A3 mutations.
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Session 4-1

Development of new treatments in the Myshkin mouse model of AHC
Dr Steven Clapcote

School of Biomedical Sciences, University of Leeds, UK

Alternating hemiplegia of childhood (AHC; OMIM: 614820) is a rare neurodevelopmental disorder that
manifests as episodic hemiplegia starting in the first 18 months of life, with a spectrum of persistent
motor, movement and cognitive deficits that become progressively more apparent with age. Flunarizine
reduces the severity, duration, or frequency of hemiplegic attacks in some patients, while two AHC
patients have shown marked improvements in symptoms when treated with a ketogenic diet. However,

the complexity and severity of AHC make it imperative that new therapeutic options be explored.

Heterozygous missense mutations of the ATP1A43 gene, encoding the neurone-specific Na",K"-ATPase
(NKA) a3 subunit, have been identified as the primary cause of AHC as well as rapid-onset dystonia-
parkinsonism (RDP) and CAPOS syndrome. Towards gaining a fuller understanding of the neurological
effects of NKA a3 dysfunction, we developed the Myshkin mouse model, which has an I8 10N mutation
identical to that present in AHC.

Heterozygous Myshkin mice move with a paretic, tremulous gait that becomes transiently more severe
after stress. Other phenotypic abnormalities include decreased body mass, neuronal hyperexcitability,
increased susceptibility to epileptic seizures, motor dysfunction and cognitive impairment. Genetic
(Atpla3 transgene), pharmacological (rostafuroxin), and dietary (medium-chain fatty acids) approaches

to the treatment of AHC-related phenotypes in the Myshkin model will be presented.

Myshkin mice carrying a wildtype Afpla3 transgene that confers a 16% increase in brain-specific total
NKA activity show significant phenotypic improvements compared with non-transgenic Myshkin mice.
Chronic treatment with rostafuroxin (PST-2238), a compound which selectively displaces endogenous
ouabain from the NKA, reduces the risk-taking behaviour of Myshkin mice. The potential therapeutic

effects of a diet rich in medium-chain fatty acids will also be discussed.
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Session 4-2

Hypothermia-induced dystonia and abnormal cerebellar activity in a

mouse model with a single disease-mutation in the sodium-potassium

pump

Isaksen TJ, Kros L, Vedovato N, Holm Th, Vitenzon A, Gadsby DC, Khodakhah K and
Lykke-Hartmann K

The neurological spectrum associated with mutations in the A7TP/A3 gene, encoding the
as isoform of the Na"/K'-ATPase, is complex and still poorly understood. To elucidate
the disease-specific pathophysiology, we examined a mouse model harboring the
mutation D801Y, which was originally found in a patient with Rapid onset Dystonia
Parkinsonism, but recently, also in a patient with Alternating Hemiplegia of Childhood.
We found that this model exhibited motor deficits and developed dystonia when
exposed to a drop in body temperature. Cerebellar in vivo recordings in awake mice
revealed irregular firing of Purkinje cells and their synaptic targets, the deep cerebellar
nuclei neurons, which was further exacerbated and evolved into abnormal high-
frequency burst firing during dystonia. The development of specific neurological
features within the 47P1A43 mutation spectrum, such as dystonia, are thought to reflect
the functional consequences of each mutation, thus to investigate the consequence of the
D801Y mutations we characterized mutated D-to-Y Na'/K'-ATPases expressed in
Xenopus oocytes. These in vitro studies showed that the D-to-Y mutation abolishes
pump-mediated Na'/K" exchange, but still allows the pumps to bind Na* and become

phosphorylated, trapping them in conformations that instead support proton influx.
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Session 4-3

Study of Knock-in model mouse; Development of new treatments

Mohamad Mikati MD

Duke University, Durham, North Carolina, USA

Alternating hemiplegia of childhood is a serious disorder that together with its related
disorders is becoming increasingly recognized. Recent advances in animal models of
AHC including the knock in mouse models of the two most common mutations have
improved the understanding of the underlying pathophysiology of AHC and are
suggesting possible therapeutic interventions and potential translational research. For
example studies in the D801Y model showed improvement in cognitive deficits using
clonazepam, in the E815K model showed that Flunarizine acutely decreased the number
of hemiplegia and dystonia spells, but caused after its discontinuation no chronic
deterioration or protection suggesting that the detrimental effects observed in some
patients after Flunarizine discontinuation are due to withdrawal of its beneficial effects of
the drug. Finally the D801N model is being used for screening of medications as related
to the underlying physiology. In that model we have demonstrated increased excitability,
increased predisposition to spreading depression, and decreased GABAergic inhibition as
demonstrated in our lab. The Deepening understanding of the physiology is bound to

continue to help in choosing future candidate drugs.
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Session 5-1
Treatment with adenosine- 5'- triphosphate for AHC

Atsushi Ishii, M.D., Ph.D.
Department of Pediatrics, School of Medicine, Fukuoka University, Japan

The primary treatment for AHC has been anti-epileptic drugs (AEDs) and while none of
these have been reported effective on non-epileptic paroxysmal attacks, some reports
indicate their success as prophylactics. Flunarizine, a non-selective calcium ion channel, is
commonly used in long term treatment. It has been reported to be effective in reducing the
frequency and intensity of plegic attacks. There is still no gold standard treatment for
patients with AHC,

The principal cause of AHC is an abnormality of ATPase pump which is caused by
mutation in the 4TP1A3 gene. ATPase pump is the catalytic component of the active
enzyme, which catalyzes the hydrolysis of Adenosine-5'-triphosphate (ATP) coupled with
the exchange of sodium and potassium ions across the plasma membrane. This action
establishes and maintains the electrochemical gradients of sodium and potassium ions.
These gradients are essential for osmoregulation, the sodium-coupled transport of a variety
of organic and inorganic molecules, and the electrical excitability of nerves and muscles.
Some of AHC causing mutations has been reported to reduce ATP pump activity.
Therefore, this function of ATPase pump supports the hypothesis that supplementation of
ATP may improve the dysfunction of Na+/K+ ATPase to alleviate symptoms.

In an innovative therapy done with the approval of the IRB commission, a 7-year-old boy
with a de novo splicing mutation (c. 2542+1G>A) in ATP1A3 was treated for two years
with oral ATP supplements. Therapy outcome was evaluated through the follow-up of
improvement of hemiplegic episodes and psychomotor development. Side-effects were
regularly monitored to insure patient safety. With the dosage of ATP administration
increased, he showed significantly less frequency and shorter duration of hemiplegic
episodes. Treatment with ATP was correlated with a marked amelioration of alternating
hemiplegia of childhood episodes, and psychomotor development has improved. The
maximum dose of oral administration of ATP reached 25 mg/kg per day. ATP therapy was
well tolerated without complaint of discomfort and side effects. The 2-year follow-up
outcome of ATP therapy for alternating hemiplegia of childhood was successful. This
therapy is now considered one of the most useful treatments for AHC.
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Mutations in ATPIA3 have been increasingly implicated in various neurological
disorders. So far, loss of forward cycling function of the Na*/K* ATPase is a common
pathological feature of ATPI143 mutants. However, there are no clinically available
compounds that enhance the function of the Na"/K"™ ATPase. We aimed to elucidate
effects of pathological ATP1A3 mutations on the structure-function relationships to aid
discovery of mechanism based therapeutics. The biophysical properties of two mutants
QI40H and E818K were compared to the human wildtype (WT) a3 subunit by
expression in X.laevis oocytes and recording using two-electrode voltage clamp. The
voltage dependence of the forward cycling rate was significantly altered for the E818K
mutant. Analysis of the pre-steady-state current relaxations, that reflect charge
displacements associated with cation binding/debinding, revealed previously
undocumented functional features. We observed a significant hyperpolarizing shift in
the voltage dependence of displacement charge for E818K compared with WT. In
contrast, whereas the voltage dependence of Q140H was similar to WT, the rate of
current relaxation was significantly slower as compared to the WT or E818K.
Pre-steady-state relaxation analysis can offer novel insights into how sodium ion
translocation may be distinctly altered in mutants associated with different ATP/A3
disorders. Furthermore, it provides a robust readout that complements the steady-state

pump activity and may reveal novel targeted therapeutic mechanisms.
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Modeling Alternating Hemiplegia of Childhood using Patient Derived
Stem Cells

Kevin C. Ess, MD, PhD
Vanderbilt University Department of Pediatrics, Neurology, and Cell & Developmental
Biology

Alternating Hemiplegia of Childhood (AHC) is an episodic neurological disorder that was
recently discovered to be caused to mutations in the ATPI/A43 gene. ATP1A3 encodes the
neuronal specific a3 subunit of the sodium-potassium adenosine triphosphatase (Na,K-
ATPase) pump. Patients with AHC present in early childhood, often with triggered
unilateral episodes of weakness, unilateral nystagmus, seizures, dystonia, developmental
delay, and ultimately intellectual disability. Throughout the world, most patients with AHC
have heterozygous 4TP1A43 mutations with DSOIN, E815K, or G947R missense mutations
being the most common. While animal models of AHC have been developed, the
complexity of human neural development make mechanistic analyses difficult and
laborious using rodent models. This is due to the possible involvement of multiple neuronal
lineages such as GABAergic, glutamatergic, and dopaminergic neurons as well as
overlapping patterns of expression of al, a2, and a3 subunits and potential compensation in
cells with ATP1A3 mutations.

In collaboration with the laboratories of Drs. Kathy Swoboda and Al George, we
have made numerous lines of induced pluripotent stem cells (iPSCs) from patients with
AHC including those with known DS80IN, E815K, or G947R mutations in the ATPIA3
gene. These lines have been extensively characterized including verification of
pluripotency status, karyotype, and confirmation of mutations in the A7P/A3 gene. We
have also used these iPSCs to optimize neuronal differentiation protocols to various
neuronal lineages and to also assess the expression of al, a2, and a3 subunits using
immunoblotting. Ongoing experiments using fluorescent dyes will determine relative
concentrations of sodium and calcium as well as ion flux in neuronal cultures differentiated
from AHC patient iPSCs. Finally, we are actively making isogenic iPSCs using
CRISPR/Cas9 technology to either correcting 47P1A43 mutations in AHC patient-derived
iPSC lines or introduce ATPIA3 mutations to existing control lines. This approach will
allow us to control for genetic variations that may introduce experimental variability.
However, the same genetic variations may also underlie variability in disease severity seen
in individual patients and lead to the identification of modifier genes that can be exploited
in the future as potential druggable targets.

This research was generously supported by the Alternating Hemiplegia of Childhood
Foundation as well as the Association Frangaise de I’Hémiplégie Alternante.
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Washington University, St Louis, Postdoc 06/2005 Neuroscience
MO Research
A. Personal Statement

I have dedicated my career to understanding the genetic control of brain development and how aberrations in
developmental processes lead to epilepsy, and autism. For the past 11 years at Vanderbilt, my research has
focused on tuberous sclerosis complex (TSC) as patients with this disease have prominent brain malformations,
white matter disease and a very high prevalence of epilepsy and autism. Resulting from mutations in either the
TSCI or TSC2 genes, this disorder involves dysregulation of the mTOR kinase with striking signaling
abnormalities of both the mTORCI (increased) as well as the mTORC2 (decreased) signaling pathways. We
have also been interested in a recently defined disorder, alternating hemiplegia of childhood (AHC), a devastating
neurodevelopmental disorder due to mutations in the A7P1A3 gene. To study abnormal developmental processes
in TSC and AHC, we have utilized diverse model systems including transgenic mouse, zebrafish, and human
induced pluripotent stem cells (iPSCs). Principally employing iPSCs, our basic and translational research
approaches to TSC and AHC should culminate in advanced knowledge about pediatric neurological disorders
and hopefully lead to the development of novel and more effective therapies.

B. Positions and Honors

Positions and Employment

2002 —2006 Founder and Director, Tuberous Sclerosis Clinic, St. Louis Children’s Hospital

2004 —2006 Instructor, Department of Neurology, Washington University, St. Louis, MO
20062014 Assistant Professor, Department of Neurology, Vanderbilt University, Nashville, TN
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2006 —-2014 Assistant Professor, Department of Pediatrics, Vanderbilt University, Nashville, TN
2006 — present Investigator, Vanderbilt Kennedy Center for Research on Human Development.
2006 — present Founder and Director, Tuberous Sclerosis Clinic, Vanderbilt Children’s Hospital

2009-2014 Assistant Professor, Department of Cell and Developmental Biology, Vanderbilt University
2009 — present Member, Vanderbilt Center for Stem Cell Biology, Nashville, TN

2011-2014 Assistant Professor, Department of Biological Sciences, Vanderbilt University

2014 present Associate Professor, Pediatrics, Neurology, Cell & Dev. Biology, Biological Sciences

2002 —2006 Founder and Director, AHC Clinic, Vanderbilt Children’s Hospital

C. Contribution to Science

1. Animal Models of Tuberous Sclerosis Complex

My career focus was initiated during a post-doctoral fellowship in the lab of Dr. David Gutmann at Washington
University in St. Louis. In my own lab, it has since encompassed the generation of various mouse as well as
zebrafish models of TSC. We have tested various hypotheses about the contribution of specific lineages of the
brain, that when deficient in either the Tsc/ or 7sc2 genes, may underlie neurologic disease.

Relevant peer-reviewed publications:

1. Kim, S. H., Speirs, C. K., Solnica-Krezel, L. and Ess, KC. Zebrafish model of tuberous sclerosis complex
reveals cell-autonomous and non-cell-autonomous functions of mutant tuberin. Disease Models Mechanisms
4: 255-67 (2011). PMID: 20959633 PMCID: PMC3046101

2. Fu C, Cawthon C, Clinkscales W, Bruce A, Winzenburger P and Ess, KC. GABAergic Interneuron
Development and Function is Modulated by the 7sc/ Gene. Cerebral Cortex 22: 2111-2119 (2011). PMID:
22021912 PMCID: PM(C3412444

3. Carson R, Van Nielen D, Winzenburger P and Ess, KC. Neuronal and glia abnormalities in 7sc/-deficient
forebrain and partial rescue by rapamycin. Neurobiology of Disease 45: 369-80 (2012). PMID: 21907282
PMCID: PM(C3225598

4. Robert Carson, Nathaniel Kelm, Kathryn West, Mark Does, Mark, Cary Fu, Grace Weaver, Eleanor McBrier,
Mark Grier, and Ess KC, Hypomyelination following deletion of 7sc2 in oligodendrocyte precursors'.
Annals Clinical and Translational Neurology. 58(3):440-52 (2015). PMID:25818646

2. Models of human diseases using induced pluripotent stem cells (iPSCs)

Over the past several years, the laboratory efforts have included generation and characterization of human iPSCs.
These are typically made from patients at Vanderbilt who have neurological disorders with a known genetic
etiology such as TSC and other mTOR related disorders.

Relevant peer-reviewed publications:

1. Neely MD, Litt M, Tidball A, Li G, Aboud A, Hopkins C, Chamberlin R, Hong C, Ess, KC., and Bowman A.
DMH], a highly selective small molecule BMP inhibitor promotes neurogenesis of hiPCSs: Comparison of
PAX6 and SOX1 Expression during Neural Induction. ACS Chemical Neuroscience 3:482-491 (2012)
PMID: 22860217 PMCID: PMC3400384

2. Asad A Aboud; Andrew M Tidball; Kevin K Kumar; M D Neely; Bingying Han; Ess, KC; Charles C Hong;
Keith M Erikson; Peter Hedera. PARK?2 patient neuroprogenitors show increased mitochondrial sensitivity to
copper. Neurobiol Dis. (2014) Oct 12;73C:204-212. doi: 10.1016/j.nbd.2014.10.002. PMID: 25315681

3. Thomas LR, Wang Q, Grieb BC, Phan J, Foshage AM, Sun Q, Olejniczak ET, Clark T, Dey S, Lorey S,
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Alicie B, Howard GC, Cawthon B, Ess KC, Eischen CM, Zhao Z, Fesik SW, Tansey WP. Interaction with
WDRS5 Promotes Target Gene Recognition and Tumorigenesis by MYC. Mol Cell. (2015) Mar 25. pii:
S1097-2765(15)00142-2. PMID:25818646

4. Tidball AM, Bryan MR, Uhouse MA, Kumar KK, Aboud AA, Feist JE, Ess KC, Neely MD, Aschner M,
Bowman AB. A novel manganese-dependent ATM-p53 signaling pathway is selectively impaired in
patient-based neuroprogenitor and murine striatal models of Huntington's disease. Hum Mol Genet. (2015)
Apr 1;24(7):1929-44. PMID: 25489053

3. Non-TSC Models of human diseases

Our research focus on TSC has led to collaborations with other investigators as TSC/mTOR signaling pathway
and the reagents we created (mouse, zebrafish, iPSCs) have broad connections to many fields of research and
medicine.

Relevant peer-reviewed publications:

1. Aboud, A, Tidball, A, Kumar, K, Neely, D, Ess KC, Erikson, KM and Bowman, AB, “Genetic risk for
Parkinson's disease correlates with alterations in neuronal manganese sensitivity between two human subjects”
Neurotoxicology 33:1443-49 (2012). PMID: 23099318

2. Boglev,Y, Badrock, P, Trotter, A, Du,Q Richardson, E, Parslow, A, Markmiller, S, Hall, N, de Jong-Curtain, T,
Ng, A, Verkade, H, Ober, E, Field, H, Shin, D, Shin, C, Hannan, K, Hannan, R, Pearson, R, Kim, S-H, Ess,
KC, Lieschke, G, Stainier, D and Joan K. Heath, “Autophagy Induction is a Tor and Tp53-independent Cell
Survival Response in a Zebrafish Model of Disrupted Ribosome Biogenesis”. PLoS Genetics. doi:
10.1371/journal pgen.1003279. (2013). PMID:23408911

3. Kim, SH, Scott, SA, Bennett, MJ, Carson, RP, Brown, HA, and Ess, KC. “Multi-organ Abnormalities and
mTORCI Activation in Zebrafish Model of Multiple Acyl-CoA Dehydrogenase Deficiency PLoS Genetics
(2013 Jun;9(6) PMID: 23785301

4. Chun YW, Balikov DA, Feaster TK, Williams CH, Sheng CC, Lee JB, Boire TC, Neely MD, Bellan LM, Ess
KC, Bowman AB, Sung HJ, Hong CC. Combinatorial polymer matrices enhance in vitro maturation of
human induced pluripotent stem cell-derived cardiomyocytes. Biomaterials. 2015 Oct;67:52-64. PMID:
26204225.

Complete list of published work is in:
http://www.ncbi.nlm.nih.gov/myncbi/browse/collection/41636033/?sort=date&direction=ascending



Session 5-4

Modeling Alternating Hemiplegia of Childhood in Induced Pluripotent
Stem Cells

Alfred L. George, Jr,
Northwestern University, USA

Alternating hemiplegia of childhood (AHC) is one notable phenotype among a
heterogeneous spectrum of disorders associated with mutations in ATP/43. We have
investigated the electrophysiological properties of human neurons generated from AHC
patient-specific induced pluripotent stem cells (iPSCs) to ascertain functional disturbances
underlying this neurological disease. We will present data collected on neurons
differentiated from two subjects with the common mutation G947R in which we succeeded
in measuring ouabain-sensitive electrogenic outward current (‘pump current’), resting
membrane potential and evoked action potential firing behavior. We will also present data
demonstrating the consequences of a splice site mutation (c.2542T>C) associated with
AHC. Our findings are consistent with impaired ion transport function of neuronal Na"/K"-
ATPase but highlight uncertainties regarding the importance of haploinsufficiency versus
dominant-negative mechanisms. The iPSC-neuron model offers opportunities to investigate
the pathogenesis of ATP1A3-associated disorders and serve as a cellular platform for testing
therapeutic strategies.
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Alfred L. GEORGE, Jr.

o Present Position

Magerstadt Professor and Chairman, Department of Pharmacology,
Director, Center for Pharmacogenomics, Northwestern University
Feinberg School of Medicine, Chicago IL USA

. Education:
1982 M.D., University of Rochester School of Medicine, Rochester NY USA
1982-86  Internship and Residency in Medicine, Vanderbilt University, Nashville TN USA
1986-87 Clinical Fellowship, Department of Medicine, University of Pennsylvania
1987-88  Visiting Postdoctoral Fellow, Institut Suisse de Recherches
Experimentales sur le Cancer, Lausanne, Switzerland
1988-92  Research Fellow, Department of Medicine, and Department of Biochemistry and Biophysics,
University of Pennsylvania, Philadelphia
1992-95  Assistant Professor, Department of Medicine and Pharmacology, Vanderbilt University
1995-98 Associate Professor of Medicine and Pharmacology, Vanderbilt University
1999-2014 Professor of Medicine and Pharmacology, Vanderbilt University
1999-2014 Founder and Chief, Division of Genetic Medicine, Vanderbilt University
2014-present Magerstadt Professor and Chairman, Department of Pharmacology,
Northwestern University Feinberg School of Medicine, Chicago IL USA

. Representative Publications

George, A.L., Jr., Crackower, M.A., Abdalla, J.A., Hudson, A.J., and Ebers, G.C. Molecular basis of
Thomsen's disease (autosomal dominant myotonia congenita). Nature Genetics 1993;3:305-310.

Bennett, P.B., Jr., Yazawa, K., Makita, N., and George, A.L., Jr. Molecular mechanism of an inherited
cardiac arrhythmia. Nature, 1995;367:683-685.

Lossin, C., Wang, D.W., Rhodes, T.H., Vanoye, C.G., and George, A.L., Jr. Molecular basis for an
inherited epilepsy. Neuron, 2002;34:877-884.

Crotti, L., Johnson, C.N., Graf, E., De Ferrari, G.M., Cuneo, B.F., Ovadia, M., Papagiannis, J.,
Feldkamp, M.D., Rathi, S.G., Kunic, J.D., Pedrazzini, M., Wieland, T., Lichtner, P., Beckmann, B.,
Clark, T., Shaffer, C., Benson, D.W., Kiib, S., Meitinger, T., Strom, T.M., Chazin, W.J., Schwartz, P.J.,
and George, A.L., Jr. Calmodulin mutations associated with recurrent cardiac arrest in infants.
Circulation, 2013;127:1009-17.

Rosewich, H., Sweney, M., DeBrosse, S., Ess, K., Ozelius, L., Andermann, E., Andermann, F.,
Andrasco, G., Belgrade, A., Brashear, A., Ciccodicola, S., Egan, L., George, A.L., Jr., Lewelt, A.,
Magelby, J., Merida, M.R., Newcomb, T., Platt, V., Poncelin, D., Reyna, S.P., Sasaki, M., Sotero de
Menezes, M.A., Sweadner, K., Viollett, L., Zupanc, M.L., Silver, K., and Swoboda, K.J. Report from
the 2014 International AHCF Workshop and Task Force: Consensus on a standardized approach to
ATP1A3-related neurologic disorders. Neurol Genet, 2017;3:e139.

Huang, J., Vanoye, C.G., Cutts, A., Goldberg, P., Dib-Hajj, S.D., Cohen, C.J., Waxman, S.G. and
George, A.L., Jr. Cellular mechanism underlying insensitivity to pain associated with Nav1.9 mutations.
J Clin Invest, in press.
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P-1

A de novo p.Arg756Cys mutation in A7P1A3 causes a distinctive phenotype
with prolonged paralysis and involuntary movements triggered by fever

Yuji Nakamura, Daisuke leda, Ikumi Hori, Yutaka Negishi, Ayako Hattori, Naoki Ando, Shinji
Saitoh

Department of Pediatrics and Neonatology, Nagoya City University Graduate School of Medical

Sciences, Nagoya, Japan

Recently, p.Arg756Cys mutation in ATP1A3 has been proven to cause a unique form of
ATP1A43-related disorders, characterized by prolonged paralysis and involuntary movements triggered
by febrile illness. Dard R, et al. expressed this phenotype using a term relapsing encephalopathy with
cerebellar ataxia (RECA). We herein report an additional patient with a p.Arg756Cys mutation as the
fourth case.

The patient is a 4-year-old boy, who has shown from 9 months of age recurrent paroxysmal
prolonged motor functional deterioration triggered by febrile illness, followed by gradual recovering.
He showed developmental delay, being able to control his head at 5 months, and sat unassisted at 10
months. He began to show movement disorders and ataxia at 1 year 3 months. Whole-exome
sequencing detected a de novo p.Arg756Cys mutation.

The current patient shared the common core symptoms with the previously reported patients of
RECA carrying a p.Arg756Cys mutation, confirming the distinctive clinical entity that results from the

specific missense mutation.
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P-2

De novo mutations in ATPI1A3 as differential diagnosis for suspected
mitochondrial disease patients

Laura S. Kremer'2, Tobias B. Haack'"", Felix Distelmaier®, Holger Prokisch'-?

nstitute of Human Genetics, Helmholtz Zentrum Miinchen, 85764 Neuherberg, Germany.

’Institute of Human Genetics, Technische Universitidt Miinchen, 81675 Miinchen, Germany.
SDepartment of General Pediatrics, Neonatology and Pediatric Cardiology, University Children's
Hospital, Heinrich-Heine-University Diisseldorf, 40225 Diisseldorf, Germany.

*current address: Department of General Pediatrics, Neonatology and Pediatric Cardiology, University

Children's Hospital, Heinrich-Heine-University Diisseldorf, 40225 Diisseldorf, Germany.

Mitochondrial disorders are the most common group of inborn errors of metabolism affecting
1 in 5,000 live births. They present with a large variety of symptoms and are generally
suspected upon a severe disease course, often involving multiple tissues. For childhood-onset
mitochondrial disease, most patients present with neurological symptoms. While metabolic
markers as elevated lactate and biochemical findings like impairment of respiratory chain
complex deficiencies can further strengthen the assumption of a mitochondrial disorder, these
indicators are unspecific and differential diagnosis needs to be considered. WES on 540
suspected mitochondrial disease patients identified a de novo mutation in ATP1A43 in two
unrelated patients. Both patients presented with a strikingly similar phenotype including
childhood-onset ataxia, epilepsy, dysarthria, hearing impairment and encephalopathic crisis
upon febrile illness. While for childhood-onset mitochondrial disorders a recessive mode of
inheritance is suspected, de novo mutations are often not investigated. The examples show
that 4TP1A3-related disease mimics mitochondrial disorders and are therefore likely to be
missed in molecular diagnostics. It also shows that a screen for de novo mutations should

always be considered in suspected mitochondrial disease patients.
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P-3

A 20-year-old male with the right-dominant dystonia and bulbar palsy
associated with ATP1A43 gene mutation

Masaya Kubotal, Hiroshi Terashimal, Rika Kosaki2, Kenjiro Kosaki3.

Division of Neurology1, Division of Medical Genetics2, National Center for Child Health and

Development, Center for Medical Genetics3, Keio University.

Rapid-onset dystonia-parkinsonism (RDP) is a rare autosomal dominant movement disorder with
variable clinical course caused by a mutation of ATP/A3 (Na+/K+ —ATPase o3 subunit gene). We
here report the first Japanese case with RDP.

This right-handed 20-year-old male had noticed writing difficulty and right-sided facial myoclonus
at 13 years of age. Later, distonic posture and twisting movement of right-sided extremities progressed
gradually, resulted in gait disturbance. Because he received MR vaccination 1 month before the onset,
he suspected of immune-mediated encephalitis, but IVIG therapy failed to recover. One and a half
years later from onset, swallowing difficulty and dysarthria became apparent. Trihexyphenidy],
L-dopa, clonazepam, carbamazepine, and baclofen were not effective for his movement disorders. He
showed rigidity in extremities, but no tremor. There was no spasticity or diurnal fluctuation of his
dystonia. There was no abnormal findings in brain MRI and SPECT. There was no abnormality in
CSF-HVA, 5-HIAA, biopterin and neopterin. After the introduction of botulinum toxin i.m. to
right-sided extremities at 15 years of age, his symptoms were stabilized, although severe dystonic
features remained. The next-generation sequencing revealed de novo ATP1A43 mutation (c.2477C>T,
p.Ala826Val).

Although RDP is characterized by sudden onset of asymmetrical dystonia and parkinsonism, our
patient’s symptoms progressed slowly and later stabilized. Currently he is engaged in light work with
job support. As Brashear et al. (1996) already reported, the clinical course of RDP may be quite

variable.
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P-4
De novo missense variants in A7P1A43 with Alternating Hemiplegia of Childhood

associated with childhood-onset schizophrenia: Report of 2 cases

Maryam Soleimani®*, Vladimir Ferrafiat**“, Boris Chaumette Amirthagowri Ambalavanan’, Alice
Goldenberg™¢, Alexandre Dionne-Laporte', Dan Spiegelman', Patrick A. Dion', Priscille Gerardin®**,

Claudine Laurent®®, David Cohen®’, Judith Rapoport'®, Guy A. Rouleau"’

"Montreal Neurological Institute and Hospital, Department of Neurology and Neurosurgery, McGill
University, Montreal, Quebec, Canada. *Department of Child and Adolescent Psychiatry, CHU
Rouen, France. 3Centre Référent Maladies Rares a Expression Psychiatrique, CHU Rouen, France.
4“Department of Child and Adolescent Psychiatry, Arthur Rimbaud, CH Sotteville les Rouen, France.
SDepartment of Human Genetics, McGill University, Montreal, QC, Canada. *Department of Medical
Genetics, CHU Rouen, France. ’Department of Child and Adolescent Psychiatry, Université Pierre et
Marie Curie, Hopital Pitié-Salpétriére, AP-HP, Paris, France. *Department of Psychiatry, Stanford
University, Stanford, CA, USA °Institut des Systémes Intelligents et Robotique, ISIR, CNRS UMR
7222, Université Pierre et Marie Curie, Paris, France '°Child Psychiatry Branch research group at the
National Institute of Mental Health (NIMH), National Institutes of Health (NIH), Bethesda, MD.

Childhood-Onset Schizophrenia (COS) is a rare (prevalence 1/40 000) but major mental disorder
characterized by a wide spectrum of symptoms, including delusions, hallucinations, disorganisation of
speech, negative symptoms, and cognitive deficits. Several publications have shown that some
polymorphisms are associated with COS. Identification of rare variants is just beginning, regarding
CNYV and de novo mutations.

Here we report on two COS cases associated with Alternating Hemiplegia of childhood (AHC), a rare
disease characterised by repeated episodes of hemiplegia that alternately affects one side of the body.
These comorbidities have guided the genetic exploration and two de novo deleterious missense
variants (¢.2438.T>C and ¢.2443G>A) in ATP1A3 were identified.

Both patients exhibited early (<13 years old) and severe psychotic signs with high scores on the
standard clinical scales. AHC diagnosis was made at an early age for both patients (< 20 months old).
Treatment response to antipsychotics was poor as it is often the case for COS.

To our knowledge, only one case report in a young boy is available, these two cases perfectly
underlines the need to seek for all possible genetic conditions in children and adolescents presenting
atypical psychotic symptoms and in a clinical point of view, on the importance of an early
identification of psychiatric symptoms and disorders in rare organic disease like AHC.

Keywords: psychosis, genetic, mutation, early-onset schizophrenia, hemiplegia
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P-5

Unusual clinical presentation of familial hemiplegic attacks in two first
cousins: possible oligogenic inheritance of AHC-related phenotypes?

Gurrieri F.1, Piacentini R.2, Spartano S.1, Novelli A.1, Neri G.1, Grassi C.2, Ragno R.3,
Tiziano FD.1

1. Institute of Genomic Medicine, Catholic University of Rome, Italy.
2. Institute of Human Physiology, Catholic University of Rome, Italy.
3. Dep. of Pharmaceutical Chemistry and Technology, Sapienza University, Rome, Italy.

We report on two first cousins presenting with different clinical manifestations within the
AHC phenotypic spectrum. The first patient is a 30 y/o female who shows typical features of
classical AHC, including early onset hemiplegic attacks, intellectual disability, movement
disorders, and seizures. ATPIA3 molecular analysis tested negative, whereas she bears an
apparently de novo variant in a novel gene which is a strong candidate for AHC. Her first
cousin (daughter of a maternal uncle) is a female of similar age who was healthy until 25
years, when she experienced the onset of severe migraine, suddenly followed by a persisting
hemiplegic episode, lasting a few months. Brain MRI was normal. After the recovery from
the first hemiplegic attack, she remained healthy for some years. She has recently had a
similar episode of migraine followed by hemiplegia. ATPIA3 as well as the hemiplegic
migraine genes (ATP1A2, CACNAIA, SCNIA and SLC2A1) tested negative.

To understand the unusual presentation of a similar phenotype in the two cousins, for which a
potential shared pathogenic variant would segregate through at least three unaffected
subjects, we have undertaken the study of their whole exome (currently under bioinformatic
analysis). A simple autosomal dominant model seems unlikely, unless we take into account
a high lack of penetrance: rather, we hypothesize that the two cousins share a single or a few
variants that alone are not sufficient to induce the pathological phenotype. Additional
inherited or de novo variants could explain the low penetrance and the marked phenotypic
discrepancies between the two patients.

An update of the ongoing genetic studies will be presented.

This work was supported by AISEA.
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P-6
Pathologic Findings in Alternating Hemiplegia of Childhood (AHC) Patients

Flavia Nery 1, Grace Kim 1, Mario Merida II 2, Maryam Fatouraei 1, Natassja Huemer 1, 3., Tessa
Hedley-Whyte 4, Kathryn Swoboda 1

1 Center for Genomic Medicine and Department of Neurology, Massachusetts General Hospital & Harvard
Medical School, Boston, MA, USA; 2 Biogen Idec, Cambridge, MA, USA; 3 Federal University of Sao Carlos
(UFSCar), CAPES sponsored, Sorocaba, SP, Brazil; 4 Department of Pathology, Massachusetts General
Hospital & Harvard Medical School, Boston, MA, USA;

Alternating hemiplegia of childhood (AHC) is a rare and severe neurodevelopmental syndrome characterized
by recurrent hemiplegic episodes and distinct neurological manifestations. The majority of individuals with
AHC have a de novo mutation in ATPase alpha subunit 3 (ATP1A3) gene. Controversy remains as to
whether patients with AHC develop consistent structural neuropathological changes that may
contribute to disease progression or the acquisition of fixed neurologic deficits over time.

In this present study, detailed autopsies were performed, including the brains, on three AHC affected
subjects carrying mutations in the 47P1A3 gene, including Exon 17 ¢.2401G>A; p. D80IN, Exon 18
¢.2423C>T; p. P8OSL, and Exon 18 ¢.2443G>A; p. E815K. Pulmonary edema or congestion was
present in all three, with scattered foci of dystrophic calcification present in the lung and kidneys of
the patient with E815K mutation. Significant cardiac abnormalities were present in 2 of the 3 patients
including thickened ventricular walls and endomyocardium. Examination of brain tissue from these three
subjects revealed consistent cerebellar atrophy with granular and Purkinje cell loss, gliosis, and patchy
disorganization of the cortical layer. Some Purkinje cells were found in the deeper white matter in two subjects
with the P8O8SL and E815 mutations—suggesting possible abnormal neuronal migration and development. The
subject with D801N mutation additionally had diffuse acute and chronic ischemic neuronal injury, with
shrunken pyknotic neurons and significant cortical gliosis. The subject with the PSOSL mutation had mild
vacuolization in the cerebral white matter, cortex and lateral thalamus, pigmented macrophages in perivascular
spaces and rare binucleated neurons in the cortex and hippocampus suggesting subtle developmental
abnormalities. The visual cortex had very large and disorganized neurons in the third layer. The subject with
the E815K mutation had moderate gliosis of the dentate nucleus, hippocampal sclerosis and astrogliosis, and
microglial nodules throughout the spinal cord.

In aggregate, our findings revealed severe cerebellar atrophy in AHC subjects, predominantly in the superior
vermis; mild atrophy of hippocampus, predominantly in the dentate gyrus; and diffuse gliosis throughout the
brain. Curiously, individuals affected with Rapid-onset Dystonia-Parkinsonism (RDP) who carry different
ATPIA3 gene mutations also have mild cerebellar and hippocampus atrophy. However, in contrast to RDP, we
did not observe atrophy of the amygdala or substantia nigra. More studies are needed to confirm the unique
neuropathologic findings related to brain maldevelopment in these well-defined AHC subjects by comparing
them to age- and sex-matched controls. Such pathologic data are essential to underscore the clinical studies and
further our understanding of the pathogenesis of AHC.
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Alternating Hemiplegia of Childhood: a magnetic resonance spectroscopy,
tractography and functional 3T study exploring ictal and interictal disease
mechanisms

Elisa De Grandis', Livia Pisciotta', Mariasavina Severino®, Domenico Tortora, Marcella Gherzi', Michela
Stagnaro', Ramona Cordani', Clelia Zanaboni, Anna Zicca, Giovanni Montobbio, Andrea Rossi?, IBAHC
Consortium, Edvige Veneselli'.

'Child Neuropsychiatry Unit, “Neuroradiology Unit, *Anesthesiology Unit
from Istituto G Gaslini, Largo Gaslini 5, 16148 Genoa, Italy

Background: Alternating Hemiplegia of Childhood (AHC) is a very severe and intractable disorder,
characterized by a combination of paroxysmal movement disorders and permanent neurological features.
Despite the recent discovery of ATP1A3 mutations in 75% of cases, there is little knowledge about the
disease pathophysiology and no proven effective therapeutic options. Moreover, although the use of
Magnetic Resonance (MR) techniques in neurological diseases has rapidly grown, long-term MR imaging
studies and spectroscopy, tractography and functional studies are lacking in this group of patients.

Aim of the study: Aim of the project is to explore brain pathways and metabolic changes involved in AHC
and to describe long-term brain morphological alterations in older patients using a 3T MR unit.

Methods: 8 genetically confirmed AHC patients (6 males, 2 females, age range 10 — 25 years) recruited
through the Italian Biobank and Clinical Registry for AHC (www.ibahc.org) underwent MRI with
spectroscopy, tractography and functional resting state study. Findings have been collected and reviewed by
2 expert neuroradiologists.

Results: Cerebellar atrophy has been shown in 5/8 patients. Spectroscopy showed slightly reduced
cerebellar N-acetilaspartate, used as a potential indicator of neuronal injury/loss, in 6 out of 7 patients. Six
patients completed the functional MRI resting state study. Comparison of functional MRI data with normal
controls is in progress.

In AHC, multiple stress factors may lead to paroxysmal and permanent movement disorders. In particular, it
could be hypothesized a relationship between the role of brainstem and cerebellum in sensory motor and
cognitive processing and the site distribution of defective Na-K ATPase pump in AHC disease. Functional
3T MRI analysis will better define the involvement of cerebellum and other brain structures in disease

pathophysiology and will give the rationale for the use of newer and more efficacious molecules.



P-8
EEG Biofeedback for Relaxation using Deep Neural Networks

Albert Vilamala', Kristoffer H. Madsen®and Lars K. Hansen'

1. Dept. of Applied Mathematics and Computer Science, Technical University of Denmark
2. Danish Research Center for Magnetic Resonance, Copenhagen University Hospital Hvidovre

Background: Alternating Hemiplegia of Childhood (AHC) is a neurodevelopmental condition
characterised for transient episodes of partial or total body paralysis. The attacks are usually relieved by
relaxation or sleep. EEG biofeedback is a non-invasive technique that has been successfully used for driving
subjects to relaxation states, by increasing their measured EEG alpha band power.

Methods: We are currently developing a data processing pipeline to analyse EEG spectrograms using
successful artificial intelligence techniques for vision, known as deep neural networks. These networks can
extract more informative representations of the subject’s cognitive processes than simple alpha band power,
providing better feedback to the subject. The system relies on commercial EEG caps connected to portable
devices, where the system is deployed. This setting allows its use not only in medical environments, but also
at patient’s home, making it suitable for regular use.

Results: Preliminary results on sleep stage scoring demonstrate the suitability of the proposed method to
analyse EEG spectrograms, obtaining better results as compared to those systems using discrete band

power.
Conclusions: We think that this tool might help AHC patients to relieve their hemiplegic episodes by
teaching them to bring their emotions to relaxation. Study on this subset of the population is the purpose of

future research work.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under the Marie Sktodowska-Curie grant agreement No 659860.
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Application of EPR for description of the ouabain-binding site of

Na,K-ATPase

Natalya U. Fedosova

Department of Biomedicine, Aarhus University, Denmark

In the long run, the project aims at development of new derivatives of cardiotonic steroids (CTS) with
increased selectivity towards individual isoforms of the Na,K-ATPase. The Na,K-ATPase is a target for a
number of pharmacological agents from the CTS family, but, due to the enzyme’s ubiquity, the inhibitors in
use have many adverse effects. A diminished systemic toxicity of the compounds may be acquired by an
increase in selectivity towards individual enzyme isoforms. Since the isoform-related differences are found
within the cavity leading to the CTS-binding site, we shall supplement the existing description of
crystallized enzyme-CTS complexes with information valid under physiological conditions. For this
purpose, we shall collect Electron Paramagnetic Resonance (EPR) spectra of our newly synthesized
spin-labelled CTS with varying spacer arms specifically bound to the enzyme and correlate the mobility of
the label to the distance between the label and the steroid core of CTS. The degree of the motional
restriction of the spin label reports on the radius of the cavity at the chosen distance from the steroid core. At
present, we screen a number of CTS derivatives for their binding properties to Na,K-ATPase in order to find
a core molecule with largest specific signal. We also have several reporting nitroxide groups with different
sensitivities to conformational re-arrangements within or in the vicinity of the CTS binding site. Mapping of
the CTS-binding cavity and marking out its boundaries under physiological conditions will define the
spatial position of the sugar units (known to improve affinity and contribute to isoform selectivity). The

preliminary results will be presented.
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Towards the construction of a Structure-based protocol to select potential
ATPI1A3 ligands through virtual screening procedures

Rino Ragnol, Alexandros Patsilinakos', Lorenzo Antonini', Francesco Danilo Tiziano?, Roberto Piacentini’,

Agnese Novelli?, Claudio Grassi’, Fiorella Gurrieri’

': Dep. of Drug Chemistry and Technology, Sapienza, Rome University, Italy
% Institute of Genomic Medicine, Catholic University of Rome, Italy
3: Institute of Human Physiology, Catholic University of Rome, Italy

The maintenance of the proper Na* gradient across the plasma membrane is essential for the function and
survival of all eukaryotic cells. lon gradients are maintained by the Na,K-ATPases of which alpha o subunit
carries out the ion transport and ATP hydrolysis.

Mutations in ion-transporting proteins severely affect their ability to traffic ions properly, perturbing the
delicate ion gradient balance.

ATP1A3 encodes for an alpha subunit that contributes to the maintenance of Na+ and K+ concentrations
across neuron membranes. 47P1A43 mutations have been indicated as responsible for the vast majority of
alternating hemiplegia of childhood (AHC) cases and other related conditions, including DYT12, CAOS
and CAPOS.

Due to the lack of any structural data, we have applied homology modeling techniques to build
three-dimensional structures of wild type (wt) and mutated 47P1A3 forms. Starting from the primary
sequence of the wt ATP1A43 protein, and those bearing D801Y and E815K variants, we generated several
homology models that were structurally optimized trough molecular mechanics.

Molecular dynamics (MD) techniques have been applied to inspect, at the atomic level, how each point
mutation could affect the ion flow through A7P1A3. Details of the MD runs and structural insights for
future drug design protocol will be reported.

This work was supported by AISEA.
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Perinatal seizure and defective respiratory rhythm generation in A#pla3
knockout homozygous knockout mice

K. Ikeda'?, H. Onimaru®, and K. Kawakami?

'Department of Physiology, School of Medicine, International University of Health and Welfare, 4-3
Kozunomori, Narita City, Chiba, 286-0048, Japan

“Division of Biology, Center for Molecular Medicine, Jichi Medical University, Shimotsuke, Tochigi
329-0498, Japan

’Department of Physiology, Showa University School of Medicine, Tokyo 142-8555, Japan

A neuron-specific human o3 subunit isoform of the sodium pump, 47P1A43, plays an important role in
neuronal excitability. Its point and deletion mutations have been recognized in diverse neurological
disorders, such as alternating hemiplegia of childhood (AHC), apnea, and severe infantile epileptic
encephalopathy often appear shortly after birth. To get insight into the pathophysiology of the disorders and
to understand the functional roles of the sodium pump a3 subunit in the brain iz vivo during this period of
development, we examined the phenotype of AfpIa3 knockout homozygous mouse fetuses (Atpla3™).
Immediately after extraction from the uterus and release from the placenta, about half of Ap/a3” showed
small spontaneous movements such as mouth opening, responded to pinching with slight body movement,
and made an effort to breath. Within several seconds to several minutes, they started to develop atypical
seizure with extension of both upper limbs anteroinferiorly and with tongue protrusion. Triggers of seizure
seemed to be the body movements such as response to pinching stimulation or the breathing effort they
made themselves. The epileptic seizures usually continued for several minutes. During and after the seizure
attack, the Atpla3” did not respond to pinching, show spontaneous body movements, or breathe on their
own. The other Afpla3” fetuses showed complete absence of spontaneous body movements, no responses
to pinching, and no breathing movements from the very beginning at birth. To investigate the locus of
hyperexcitability associated with seizure, we examined c-Fos expression in the brains of Atp/a3” and found
a significantly increased number of c-Fos-expressing cells in various regions of the brains, with unique
distribution in the cerebellum, when compared with wild-type littermates (4fpla3™"). We also found
various abnormal respiratory rhythms produced in the brainstem of Azp/a3™. The data suggest that Atpla3
plays a critical role in neural function during development, survival at perinatal period, and its deficiency
causes hyperexitability in the fetal brain.

Reference Ikeda, K et al. Brain Research, in press, 2017
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Characterization of a human neuroblastoma model of AHC: progress report

Tiziano FD', Piacentini R.?, Novelli A.", Diano F.', Rinelli M. !, Cocco S.% Di Pietro L', Ripoli C.?, Neri
G', Grassi C.%, Ragno R.2, Gurrieri F !

! Institute of Genomic Medicine, Catholic University of Rome, Italy
% Institute of Human Physiology, Catholic University of Rome, Italy
3: Dep. of Pharmaceutical Chemistry and Technology, Sapienza University, Rome, Italy

We are currently refining the characterization of a cellular model of AHC, based on SH-SY5Y
neuroblastoma. SH-SY5Y have been stably transfected with constructs expressing the wild type form or
four different ATP1A3 variants: ES15K, D80IN, D801Y, G947R. The rationale behind the choice of this
model is related to the fact that SH-SY5H cells display a neuronal-like phenotype and express the
endogenous ATPI1A43 gene.

ATP1A43 cDNAs have been cloned into the pIRES-eGFP eukaryotic expression vector. After linearization,
cell lines have been permanently transfected with the constructs. The electrophysiological characterization
has shown in E815K cells an accumulation of Na™ and Ca*", as well as the reduction of the membrane
resting potential.

The differentiation protocol of naive SH-SY5Y cells with retinoic acid (RA) followed by neurobasal
medium /B27 supplement (NB/B27) led to the development of neuron-like cells showing Ca** transients,
trains of action potentials, and the expression of MAP2 and NeuN neuronal markers. To characterize the
neuronal lineage that we are obtaining upon our differentiation protocol we are currently performing the
whole transcriptome analysis of undifferentiated and differentiated (with RA only or with RA-NB/B27) cell
lines.

Upon differentiation protocol, cell lines bearing A7P1A43 mutations started dying two days after the medium
switch from RA to NB/B27. By immuonocytofluorescence, we demonstrated hyperexpression of activated
Caspase 2 in AHC-like cells, suggesting the activation of apoptosis. We are currently planning to perform
the transcriptome analysis of mutated cells in order to identify deregulated genes due to the presence of
mutated ATPI1A3.

Further, we are starting a medium throughput screening of candidate compounds to the treatment of AHC,
identified by virtual screening of molecules binding to the mutated 47P1A3 alleles. Candidate compounds
will be tested for their effect in: 1) promoting Na" and Ca®* scavenging and 2) revert the death phenotype.

This work was supported by AISEA.
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ATPI1A3 Splice Site Mutation Produces Haploinsufficiency in Alternating
Hemiplegia of Childhood

Christine Q. Simmons,' Christopher H. Thompson,' Bryan E. Cawthon,” Grant Westlake,? Kathryn J.
Swoboda,’ Kathleen J. Sweadner,’ Evangelos Kiskinis,* Kevin C. Ess? and Alfred L. George, Jr.!

Departments of ' Pharmacology and *Neurology, Northwestern University Feinberg School of Medicine,
Chicago, IL, USA; 2Dep(m‘ment of Pediatrics, Vanderbilt University School of Medicine, Nashville, TN,
USA; *Massachusetts General Hospital, Boston, MA, USA

AHC is most often associated with heterozygous A7TP1A43 missense mutations. There are no reports of overt
loss-of-function mutations such as truncating frameshifts or premature stop codons associated with AHC.
However, there have been cases associated with intronic splice site variants.

We investigated the effects of a recurrent intronic splice site mutation (¢.2542+2T>C), which disrupts the
canonical GT dinucleotide at the start of intron 18, on A7P1A3 mRNA splicing in human neurons generated
from patient-specific induced pluripotent stem cells (iPSCs). We differentiated cortical excitatory neurons
from iPSCs from a proband with a clinical history of seizures and alternating hemiplegia presenting in early
childhood and a healthy sex-matched control subject. We performed reverse transcription-polymerase chain
reaction (RT-PCR) on 25 day post differentiation neurons using primers embedded in exons 17 and 20. We
observed a single band of expected size in RT-PCR reactions performed on control neurons but two distinct
amplicons in reactions from RNA isolated from AHC iPSC-derived neurons. Sequencing demonstrated that
the mutation causes mis-splicing of A7P/A3 mRNA with an in-frame inclusion of 66 bp from the adjacent
intron and a predicted 22 amino acid insertion in a transmembrane domain of the protein. This prediction
was consistent with immunoblot experiments performed on HEK-293 cells overexpressing recombinant
ATPI1A3 engineered with the 22 amino acid insertion, which demonstrated a higher molecular mass than
WT protein. Structural modeling indicated that the insertion would affect the ion binding site as well as
interactions with the lipid bilayer and beta-subunit thus destabilizing the protein. Immunoblotting of
differentiated neurons showed lower amounts of the normal mass ATP1A3 protein with no larger products
suggesting that the mutant protein is likely degraded in neurons.

Our findings indicate that a splice site mutation promotes mis-splicing and A7P1A3 haploinsufficiency in
neurons. Electrophysiology studies are underway to assess the cellular consequences associated with this

mutation.
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An iPSC-Derived Neuronal Model for Determining the Pathophysiology of
ATPIA3 Mutations in Alternating Hemiplegia of Childhood

John P. Snow, Mark Grier, Grant Westlake, Kevin C. Ess
Vanderbilt University Department of Pediatrics and Department of Cell and Developmental Biology

Alternating Hemiplegia of Childhood (AHC) is a rare genetic neurodevelopmental disease caused by
heterozygous missense mutations in the A7P1A3 gene. ATP1A43 encodes the neuronal specific o3 subunit of
the sodium-potassium adenosine triphosphatase (Na,K-ATPase) pump. This protein complex is crucial for
many cellular functions including setting the resting membrane potential, regulating ion homeostasis, and
generating action potentials. AHC patients display unique symptoms beginning in early childhood,
including episodes of weakness or paralysis often triggered by stress, abnormal eye movements, seizures,
painful dystonia, developmental delay, and intellectual disability. It is now known that the majority of these
individuals possess one of three heterozygous missense mutations in the ATP1A43 gene, resulting in DSO1IN,
E815K, or G947R mutants of the a3 Na,K-ATPase subunit. However, mechanisms underlying symptoms in
patients remain poorly understood and there are no empirically proven treatments for AHC.

The intricate relationships of the ATP1A43 genotype and AHC phenotype make induced pluripotent stem cell
(iPSC) technologies ideal for the investigation of disease mechanisms via creation of patient-specific
disease models.

For our studies, we have generated iPSCs from patients with the three most common mutations in AHC. These
iPSCs are differentiated into cortical neurons to test our hypothesis that mutant a3 decreases Na,K-ATPase
function in a dominant-negative manner. We further hypothesize that mutant a3 protein perturbs normal
neurodevelopment and results in neuronal depolarization that is exacerbated during cellular stress. Initial
studies have focused on characterizing Na,K-ATPase subunit expression in developing cortical neurons.
Results indicate that neurons derived from all three major A7P1A43 mutations have increased levels of o3
protein and decreased levels of the ol subunit compared to iPSCs. Expression during neuronal
differentiation has similar temporal dynamics to control cells. Ongoing studies are exploring the
neurodevelopmental consequences of mutant o3 protein by analyzing synaptic formation, neuronal
maturation, and lineage specification. Fluorescent indicators of sodium and calcium concentration in
patient-specific iPSC-derived cortical neurons are being used to investigate ion homeostasis in the presence
of ATP1A43 mutations under both physiological and stressed conditions.

Future studies will involve single-cell and multi-electrode electrophysiological analyses, along with testing
for lineage-specific consequences of mutant a3 expression in GABAergic iPSC-derived neurons.

Finally, we are increasing the potential impact of our findings by using CRISPR/Cas9 techniques to create
isogenic controls by correcting 47P1A3 mutations in AHC patient-derived iPSC lines.

This research was generously supported by the Alternating Hemiplegia of Childhood Foundation as well as
the Association Francgaise de I’Hémiplégie Alternante.
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Mice model of rapid-onset dystonia-parkinsonism

Evgeny Akkuratov', Xiaoqun Zhang?, Vasco Sousa®, Per Svenningsson®, Hjalmar Brismar® and
Anita Aperia®*

I~ Science for Life Laboratory, Department of Applied Physics, Royal Institute of Technology,
Stockholm, Sweden

2 - Department of Neurology and Clinical Neuroscience, Karolinska University Hospital and
Karolinska Institutet, Stockholm, Sweden

3 - Science for Life Laboratory, Department of Women and Children's Health, Karolinska
Institutet, Stockholm, Sweden; and Science for Life Laboratory, Department of Applied
Physics, Royal Institute of Technology, Stockholm, Sweden

4 Science for Life Laboratory, Department of Women and Children's Health, Karolinska
Institutet, Stockholm, Sweden

Rapid-onset dystonia-parkinsonism (RDP) is the first identified disease manifestation of ATP1A3
mutation. It is characterized by abrupt onset of several symptoms, including generalized dystonia,
severe bradykinesia and gait instability. The most common mutation observed in RDP patients,
T613M, is located close to the nucleotide-binding domain. We have recently created a knock-in
mouse model of T613M ATP1A3 using CRISPR/Cas technology. Homozygous mice are lethal.
Heterozygous mice are born normally, but weigh less and are more hyperactive than their wild
type (WT) littermates. During elevated plus-maze test heterozygous mice spend twice as much
time in open space as WT. Mice memory has been tested with passive avoidance test and yielded
similar results in heterozygous and WT mice. We observed seizures during ketamine anesthesia in
heterozygous but not in WT mice. Recent studies have indicated that the neuronal sodium pump
plays an important role for control of motor activity and gait. We have identified two heterozygous
mice, that had obvious problems moving their hind legs and unable to walk normally. Thus we
have in these ongoing studies of heterozygous ATP1A3 mice found several of the phenotypic

characteristics observed in patients with ATP1A3 mutations.
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An Introduction of the Illustrator
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Ms. Miya Tamura. She was born in Japan in 1969.

She suffered from repeated hemiplegic attacks since she was 8 months of age.
Although she went to several hospitals, she had not been diagnosed for 14 years.
Finally, she was diagnosed as having Alternating Hemiplegia of Childhood in 1984 at
National Center of Neurology and Psychiatry (NCNP) by Dr. Norio Sakuragawa.

Her ATP1A3 mutation was confirmed as p.D801N through gene analysis in 2012.

She has fun in drawing pictures of animals with crayons.

- 106 —



MThDAE] M CThDAE
NHBERR HE—ESSONSZLOEATECL) [EEEERE]  ASBEERGGE—ERSONSECLOERTLCL) [EEEENE

LRFSEILRF

URFSEILEHR

 — fﬁ 250mg — £:ﬁ=¥:i
1’ — ‘. J 3 500™ -1’_ l. J =) = =
70 ® For50s750% A 7@ boQ™e
Eleppra Eleppra

QM- DR . BE AR ETEECHEMLOEBFIOVTRIFNNEZTZIBRILZL,

' w7 AR
° KIEHERASH ABURGASH EREBE 59—
Otsuka ®&BFREXMEFN2O T108-8242 RRMARAER216-4 &IITT> e boNET—

HERTT
VP 1-Y-E-Ivr)OkREi
A A REHFEXEHESTE17E1S
(’16.11 £




Fhf=EDfEmIE
rEZX3=0%.H-o& Do more, feel better, live longer

29 « AZRIVTAVIE BIZICRS Uk
TH—=ININIVAT 7 BEEVT TEESEVE,
Hol i ZfEmICERADALHKIDFTELT
DEEHICBRRETREZTTES LD,
HEERDEDRA EICENZRCUTVWEET,

I9350V-A=ZR9514 2 &t
T151-8566 RREBEEXTFE sy T 4-6-15 GSKE L
http://jp.gsk.com

DT,
TxAhAZ ¢
TRT %,

SIS REAERuE

Innovation today, healthier tomorrows

Photography by /\—E—={H




BHBZEH2ETPHIC
00

meiji

Meiji Seika 7L H#XEaH

{ERL : 2012.05

-
janssen

PHARMACEUTICAL COMPANIES
OF

A X 28 53 ) = R IS R S

A - ®$E18mg
va Y- i
#E36mg

[Concerta’ Tablets *FLoz=>—Mamsanmns EHEENHE |

*ER-EMEOLLZICLNERTEIE
MEE- MR E BR EE BRESOEALOERECOETFLTE
HRFALBETBRILEL,

SLERRET (BREERE)

Yoy 77-vihAst

T101-0065 REEF AR FE#HH3-5-2
Www.janssen.com/japan

www.janssenpro.jp (EZER1ER)

©Janssen Pharmaceutical K.K.2016 20165 1281ER



MCThDAAE

VIMPAT IfL\l\'JI-’ﬁ?Sé“mg

BIZE S ZEEER IR —EMEDUSZEICKDERTDIE
—f&% > 2Y =R (Lacosamide)

O® [7hEE - MR (A% - REL [ERZSORALOER]. [HE - AEICEET HEA LOERIFICONTERINEZSSRIIE .

WisETe (F TR ) PEWE T

= g——HkTES4 V.P A-Y—E=IvI\VHREH
Da oo BURURRHELIX 446 AN 3-5-1 A 4 REBFEXAOHFBESTHI7TE 1S

201756 R fERR






