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Intermediate phenotypes

(e.g. Brain Imaging, Biochemistry)
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Intermediate phenotypes
associated
with synaptic defects

Animal models Neurons derived from

IPS cells
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Characterization of the synaptic defects : S A -
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(e;g. increase MRNA translation, increase NMDA/AMA P ratio) C Patients with a similar synaptic defect
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Drug Mass Screening

\

Identification of active and safe compounds

(e.g. increase synaptic density) (e.g. decrease synaptic density) (e.g. decrease excitatory current)

Pharmacological trials

) Clinical outcomes (Improvements Biomarkers of response to treatment
in quality of life & core symptoms of autism)

Delorme et al. Nature Medicine 2013
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® (Genetic variations
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@ Genetics and autismS+

Genetic association
Linkage analyses
Copy-number variants
Expression profiling
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Genetic association
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Common variants
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—— Physical interactions il Number of risk alleles involved >1,000

Synapse

Intermediate proteins not present
in the list of de novo variants
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common risk variants common risk variants common risk variants common risk variants ¥ Rare, de novo deleterious mutation

Nature Reviews | Neuroscience

Huguet et al. Annu Rev Genomics Hum Genet. 2013 Bourgeron Nature Reviews Neuroscience 2015
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€ Phelan-McDermid Syndrome

Interstitial 22q13 deletion
SHANKS
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Corpus cal?osum abnormalities

Position on chromosome 22 (Mb)
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€ Phelan-McDermid Syndrome

Classification :
- PMS SHANK?3related
- PMS SHANKS3unrelated SHANKS
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€ Phelan-McDermid Syndrome
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€ Phelan-McDermid Syndrome

Why SHANK31s important
for Phelan McDermid syndrome...



i TrkB agonist (LM22A-4)
* Insulin-like growth factor 1 (LM22A-4)
Y elF4E bindings inhibitors (4EGI-1)

ﬁ Sphingosine-1 phosphate receptor
modulator (fingolimod)

¥ NMDAR partial agonist (p-cycloserine)

* AMPAR agonist (ampakine CX546,
CX1837, CX1739, CX546)

W NKCC1 receptor antagonist (bumetanide) W GABAA-positive allosteric modulator (clonazepam)

vk ERBBB inhibitor (PD158780, PD168393)

W GABAB receptor agonist (arbaclofen)
M1 receptor agonist (dicyclomine)
Y mTOR inhibitor (rapamycin)
W Matrix metalloproteinase 9 inhibitor (minocycline)
' GRMS positive allosteric modulators (CDPPB)
& GRMS5 antagonist (MPEP, CTEP)

lr ERK-mediated protein synthesis inhibitor (statine)

Delorme et al. Nature Medicine 2013



% Mutations of the synaptic scaffolding protein SHANKS are assoc1ated Wlth

autism spectrum disorders
Durand er al. Nature Genetics, 2007
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€ Phelan-McDermid Syndrome

npj ‘ Genomic Medicine

ARTICLE OPEN

www.nature.com/npjgenmed

‘.') Check for updates

A recurrent SHANK3 frameshift variant in Autism Spectrum

Disorder

Livia O. Loureiro™?’, Jennifer L. Howe'?”, Miriam S. Reuter (3%, Alana laboni®,

Kristina Calli (3, Delnaz Roshandel (3, Iva Pritidanac™®
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Siddharth Srivastava'®, Brianna Godlewski'®,

Elizabeth D. Buttermore@m Mustafa Sahin (3'®, Dean Hartley'', Thomas Frazier'?,

Jacob Vorstman (', Stelios Georgiades'®, Suzanne M. E. Lewis®, Peter Szatmari'>'*'S, Clarrisa A. (Lisa) Bradley ',

Anne-Claude Tabet ('”'®, Marjolaine Willems'®, Serge Lumbroso®,

Thomas Bourgeron'’, Evdokia Anagnostou®?® and Stephen W. Scherer (2™

Steve Scherer

. Amélie Pltonz"72'23, James Lespinasse'®, Richard Delorme
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€ Phelan-McDermid Syndrome

Formal ASD Diagnosis- 94%

ID or Global Developmental Delay- 83%"

Speech Language Delay/Disorder- 72%"
56%"

44%"

Other Neurological-

Psychiatric comorbidity-

Phenotype

Dysmorphia-

Other Medical-

Other Organ Anomalies-

1.1047.003.
2.1774.003.
7.0572.003.
1505221080.
ASD.2.pt1.
ASD.2.pt2.
S7
S8.

B1
AU013503.
AU035703.
14470.p1.
ASD.685.
GO01.GEA.71.HI.
SP0051409.
Farwell .

MSSNG00342.003
MSSNG00342.004 .
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€ Phelan-McDermid Syndrome

Why SHANKZ31s important for
Phelan McDermid syndrome ...

.... but, other genes are also important !



€ Phelan-McDermid Syndrome
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< Multple hits in PMS
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Abnormal corpus callosum Normal corpus callosum

10/35 patients with corpus callosum (28%)

Tabet, Rolland Npj Genomic Medicine 2017
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Live Mouse Tracker (LMT)
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A Combination of Multi-Electrode Array (MEA) And Live Mouse Tracker (LMT)

[T
é As a Versatile Drug Screening Platform for Fragile X Syndrome

Frank Kooy, PhD

Principal Investigator

Mathijs van der Lei
FRAXA Fellow

University of Antwerp
Antwerpen, Belgium

2022-2023 Grant Funding: $100,000

Summary

Many experts believe that combinations of drugs may be needed to best treat Fragile X syndrome.

How can we find the best combinations in the ideal doses? This project -- a collaboration between a top university research team and an innovative Al
startup both based in Belgium -- tackles this challenge.

<
De Chaumont, Ey et al.

Nature Medical Bioengineering, 2019
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@ Phelan McDermid Syndrome in Europe

Phelan McDermid Syndr;me: from mechanismsto

treatments
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Prof Conny van Ravenswaaij-Arts

La Génétique de la Déficience Intellectuelle
et des troubles du spectre Autistique

2. Pourquoi ? 3. Comment ?

"= Vous souhaltez nous aider & Vous étes disposé.e & fournir et
mieux connaitre la maladie ‘mettre & jour des informations
génétique rare dont votre parent médicales concernant lales
est atteint.

European effort on PMS/SHANKS3 and clinical trials
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Patients with SHA/NKY mutations

SHANK?Z

Del_exon 6-7 Del_exon 14-15 Del_exon 4-15 Del_11913.3g134 11,7, 11)(p35,933:912)dn  Del_11g13.2913.4

Pinto et al. 2010 Pinto et al. 2010 Leldond et al. 2012 Thiz study

This study Wischmejier et al. 2010

= Autism . =« Autizm « Autism « Autizm = Autizm
« Early DD (mild motor = EalhrDDl[mld mictor « Early DD (mild motor - Global DD « Zlobal DD = Global DD
& language delay) & language delay) & language delay) « Severz 1D/ non verbal « Sewvere ID f non verbal = Severs 1D [ non werbal
« Mild 1D/ werbal « Mild 1D ! verbal « Mild 1D fverial » Meonatal hypotonia - Meonatal hypofonia
= Meonatal hypotonia
- Large ears « Large ears » Deepast eyes « Deep=et eves « Deepast eyes, - Deepzet eyes, epicanthus
- Long eyelashes * Pointed chin » Large ears » Sirabizm & ptosis # epicanthus - Long eyelashes, ptosis
« Wide nasal bridge « Wide nasal bridge = Poinfed chin « Large ears « Large ears « Wide nazal bridge
= Clinodactyly(5™ fingerz) - Retrognathia « Wide nasal bridge » Wide nazsal bridge » Long eyelashes = Retrognathia
« Retrognathia » Retrognathia « Wide nasal bridge = Thin upper lip
« Thin upper lip « Thin upper lip » Retrognathia « Clinodactyly (59 fingers H}
« Clinodactyty(5m fingers). Clinodactyly{s" fingers) » Clinodactyty(S" fingers) & syndactylia (2™ - 3
= Slight hypotonia = Slight hypotonia » Hypotonia = Hypotonia
= Oral dyspraxia « Oral dyspraxia « Oral dy=spraxia - Oral dyspraxia

= Signs of cerebellar - Signs of cerebellar » Signs of cerebellar
dysfunction {d!"ﬂn'h?l]iﬂ, dysfupdim {l:l:,_mn'lf_:tria dy=sfunction {dg._rm'n_alria
dy=diadochokinesia)  dysdiadochokinesia) dy=diadochokinesia)

Leblond et al. PLOS Genetics 2014



Patients with SHA/NKZ mutations

SHANKS3

P1005Rfs*73
This study

G1339Efs*5
This study

E809X
This study

S$1202Cfs*81
This study

Q1243X
This study

L1142Vfs*153
This study

L

= Global DD
= Severe ID/non verbal
= Early regression

= Autism = Autism

= Global DD = Global DD
= Severe ID/non verbal = Severe ID/non verbal
= Early regression

= Global DD = Global DD = Global DD
= Severe |D/non verbal = Moderate ID/ verbal = Moderate IDAerbal
= Late regression = Early regression = Early regression

= Large ears
= Long eyelashes

= Wide nasal bridge
= Smoothing philtrum

= Long face

= Long eyelashes

= Deep-set eyes

= Smoothing philtrum
= Prognathia

= Dysplastic toe nails

= Large detached ears
= Bulbous nose

= Pointed chin

= Retrognathia

= Large ears

= Long eyelashes

= Deep-set eyes

= Wide nasal bridge

= Strabism

= Dental malocclusion

= Large ears

= Puffy eyelids

= Deep-set eyes

= Wide nasal bridge
= Bulbous nose

= Pointed chin

= Hypotonia = Hypotonia = Hypotonia = Hypotonia = Severe stereotypies
= Ataxia, dysmetria

= Cycling vomiting = GO reflux = Cholesteatoma = Migraines = GO reflux = Scoliosis
= Seizures = Seizures = Seizures

= Chewing non-food items

Leblond et al. PLOS Genetics 2014
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