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CTNNB1 Connect and Cure: Over 430 families strong!
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Benefits of Online Registry/Natural History

e Less Caregiver burden - no travel required

e An online natural history study can be global

o Available to people from different countries,
ethnicities backgrounds

e (Can cross-validate an in-person Natural
History Study

e Caninform where we should base future in-
person studies and events
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Citizen Natural History Study Demographics g citizen

health.
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Participants Participants last update

000 -

TN ®
- atients oYy
patients P Range:
3-23 years

www.COMBINEDBrain.org 'C"’KN N B] CWN ED



Citizen Natural History Study Demographics au citizen
health.
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Citizen demographics: Age range

citizen
health.

Age of CTNNB1 Patients

A o
20—
7 :
*
g %] o
0] i
5 ] L i.. L
7 ....i...'-i
0

www.COMBINEDBrain.org

Age (years)

Age at Diagnosis
16~ .
124
] .
8- o*
- st
4 o’g®
i 336
o3320333%
0 2

Time (years)

Time since last clinical
update in Citizen

5_
4- a®
B [ ]
34 .E:
1 - L
2- —r!-;—
- ":.-
14 i:'
i [ N
0

Cﬁlﬁ\B_I/NED



ic R t Findi citizen
CTNNB1 Genetic Report Findings health.

Variant Type Predicted Consequence of Variant

= 43% Frameshift
3 46% Nonsense
= 8% Missense
B 3% Intronic

E3 86% Pathogenic
3 10% Likely pathogenic
= 4% VUS
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citizen

Several patients had mutations in other genes
health.

Secondary
Number of Findings: Genes

enetic findings ATP7B
b= - Y E3 CTNNB1

3% CTNNB1 + 1 other BRCA1
| B3 CTNNB1 + 2 others BRCA2

CERKL

FLG (2 patients)
GLA

MFSD2A
OTOG

PALB2
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CTNNB1 Genetic Report Findings citizen
health.

Simons: Number of Clinical Simons Data - Clinical Diagnoses
Diagnoses per patient
Global developmental delay
. Abnormal gait
Constipation
Feeding difficuity
Microcephaly -}
Muscle weakness
Gastroesophageal reflux disease (GERD)
Irritability
Self-injurious behavior
Dysmorphic features
Esotropia
Aggressive behavior
Hypermetropia
Spasticity <}
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CTNNB1 Genetic Report Findings

citizen
health.

Simons: Number of Clinical
Diagnoses per patient
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Simons Data - Clinical Diagnoses

Global developmental delay
Abnormal gait

Hypotonia

Constipation

Feeding difficuity
Microcephaly

Muscle weakness
Gastroesophageal reflux disease (GERD)
Irritability

Self-injurious behavior
Dysmorphic features
Esotropia

Aggressive behavior
Hypermetropia

Spasticity

by
0 10 20 30
Number of Patients

40

Common phenotypes of CTNNB1 syndrome

Developmental Delay/
Intellectual disability
Motor Delay

Speech Delay

Eye Abnormalities
Peripheral spacticity
Truncal hypotonia
Microcephaly
Autistic features

Agression/self mutilation

I T T T T 1
0 20 40 60 80 100

% of patients

Ho et al, Genereviews (2023)
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CTNNB1:

Wnt Signaling efforts
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What is the canonical Wnt signaling pathway?

Carraci et al, Front. Mol. Neurosci.
(2021)
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Why is Wnt important?

“Goldilocks” paradigm:

Too much or too little Wnt
signaling during
development can cause
developmental disorders!

Whnt gain of function is also
associated with many
cancers.

Caracdi et al, Front. Mol.
Neurosci. (2021)
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Molecular pathway

Phenotypic consequence

Wnt/B-catenin gain of function
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Disorders in the working group (so far!)

CTNNB1 Syndrome éﬂmej C’)KN M B]

Pitt-Hopkins (TCF4) £ FOUNDATION

TCF7L2-Related NDD =
M ED1 3 L Synd rome TCFL2-Related Neumdmlnpm%l Disarder

Kabuki Syndrome (KDM6A/KMT2D) ‘Q G} ' Kabu ki
Angelman Syndrome (UBE3A) angelman FC}SJPTE?E_EQE

@ PiTT HOPKINS

DYRK1A Syndrome SYNDROME FOUNDATION
CHDB8-Related Syndrome
SYNGAP1-Related Disorder

SYNGAP
g RESEM{(IH?

DYRKI1A

SYNDROME E5aman™
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Types of Wnt agonists

Wnt Proteins and Wnt mimics
Recombinant Norrin
Inhibiting Wnt inhibitors

Sclerostin inhibitors

DKK1 inhibitors

SFRP-1 inhibitors

Recombinant and surrogate R-spondin
anti-NOTUM small molecules

Disrupting Beta Catenin degradation

e GSK3-B inhibitors
o  Lithium Chloride
o  Small Molecules

Other small molecules and compounds
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Goals of the Wnt Working Group

T.Understand the biology of how deficits in the Wnt signaling pathway may be affecting people
with each of our rare genetic disorders.

2 .Discuss and identify common Wnt pathway targets for therapeutic rescue

3.ldentify researchers (academic and industry) in the field and what associations/communities
they are already plugged into

4 Bring these research scientists and other experts to the table to discuss the latest research on
rescuing Wnt signaling.

5.Discuss possible drug candidates, and bring researchers/expertise to discuss gaps in research

6.(Future) Take steps toward filling those gaps: e.g., funding more basic research, funding
research on patient samples, observational studies, preparing for clinical trials.

www.COMBINEDBrain.org C K ] Cﬁlﬁ\B_I/N ED 16



Please let us know if you are interested in the Wnt working group!

— We are recruiting basic scientists, clinicians, and foundation
leaders who want to contribute to these efforts
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Thank you!

Link to the CTNNBT
Research page

~Eadd |
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A Population (16300 variants) NDD (392 variants)

5.2% 3.8% 7'1%1'5% 0.3% (in-frame)
2.0%
8.2%
45.0%
36.0%
91.0%
. & Frameshift Missense Canonical splice/ splice region n Structural variants
Variant type ; _
& Stop-gain Synonymous In-frame
Predicted effects [ Likely benign/ uncertain [J Predicted loss-of-function (LoF)
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Wnt Working Group #2
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Goals of the Wnt Working Group

T.Understand the biology of how deficits in the Wnt signaling pathway may be affecting people
with each of our rare genetic disorders.

2 .Discuss and identify common Wnt pathway targets for therapeutic rescue

3.ldentify researchers (academic and industry) in the field and what associations/communities
they are already plugged into

4 Bring these research scientists and other experts to the table to discuss the latest research on
rescuing Wnt signaling.

5.Discuss possible drug candidates, and bring researchers/expertise to discuss gaps in research

6.(Future) Take steps toward filling those gaps: e.g., funding more basic research, funding
research on patient samples, observational studies, preparing for clinical trials.
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Disorders in the working group (so far!)

CTNNB1 Syndrome

Pitt-Hopkins (TCF4)
TCF7L2-Related NDD

MED13L Syndrome

Kabuki Syndrome (KDM6A/KMT2D)
Angelman Syndrome (UBE3A)
DYRK1A Syndrome

CHDB8-Related Syndrome
SYNGAP1-Related Disorder
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Recap from last month

% Introduction to the Wnt Pathway

% Introductions of members

% Discussion on the use of lithium as a Wnt activator

% Discussion of sending a representative to the Gordon Conference for Wnt
signaling

www.COMBINEDBrain.org Cfm N B.I C@WM ED



What is the canonical Wnt signaling pathway?

Carraci et al, Front. Mol. Neurosci.
(2021)
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Why is Wnt important?

“Goldilocks” paradigm:

Too much or too little Wnt
signaling during
development can cause
developmental disorders!

Whnt gain of function is also
associated with many
cancers.

Caracdi et al, Front. Mol.
Neurosci. (2021)
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Molecular pathway

Phenotypic consequence
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Wnt Agonists: a promising way to rescue loss of Wnt

Bonnet et al, RSC Chem Biol. (2021)

www.COMBINEDBrain.org
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Types of Wnt agonists

Wnt Proteins and Wnt mimics
Recombinant Norrin

Inhibiting Wnt inhibitors

Disrupting Beta Catenin degradation

Other small molecules and compounds

www.COMBINEDBrain.org C“"KN N B] CGIWN ED



Wnt Proteins and Wnt mimics s

Wnt proteins: typically only used in a laboratory !! !! !! !! !! !!
setting on cultured cells

L-F12578 L-F58 L-F127 L-F10
Salivary glands

Wnt mimics: Still in ea r|y stages of In vitro organoid expansion In vivo tissue proliferation

development/testing. m,,lnm @Jm R
_L-fll> [ ] 127 ®

e Needto be soluble, potent, and selective
e First characterized in 2017 s
o (Stanford - Calvin Kuo and K Christopher

Garcia) e e T,
e Antibody-based mimetics are being tested in o wees Y
' ' { | | — S O
models.of tlssue-regen‘eranon - AJ,\L? .\ ) — R

o Stimulated intestine and liver growth - e T @

o In vitro organoid expansion (salivary gland M T am R

. develogment 82

and alveolar organoids) ﬂf} R

o Invivo salivary gland growth

“—\. Therapeutic
agents

. A IN D Maimets, Cell Chem Blol. 2023
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Potential advantaae of Wnt mimetics: abilitv to taraet cells

BRAID/SWIFT
Mon-target cell Target cell

Targeted WNT mimetic Targeted WNT mimetic

A B B B

TYYY 7Ty Y7 YT OYTTIY

FZD LRP LRP FZD FZD LRP LRP FZD FKLB LRP FZD FZD LRP LRP FZ0 FZD

X X

Cell-targeted WNT mimetics can be generated by fusing a binding domain to a
cell-targeting receptor to a WNT mimetic.

Post et al, iScience (2024)

www.COMBINEDBrain.org C- K NB1 cgﬁﬁ/ NED



https://www.cell.com/iscience/fulltext/S2589-0042%2824%2901160-X
https://www.cell.com/iscience/fulltext/S2589-0042%2824%2901160-X
https://www.cell.com/iscience/fulltext/S2589-0042%2824%2901160-X

Wnt Mimetics as a potential therapeutic SURROZEN

e Founded out of Stanford in 2017 specifically to activate Wnt

e Founders:
o K. Christopher Garcia, Ph.D.
o Roeland Nusse, Ph.D.
o Calvin Kuo, M.D., Ph.D.
o Claudia Janda, Ph.D.

e SZN-043is in phase | clinical trials for Liver Cirrhosis
e SZN-413 is specifically for retinopathies - still in pre-clinical stages
o First publication: tested on retinal and brain endothelial cells, and in mouse

retinopathy model
o Most recent publication was published in an in vitro model of pulmonary fibrosis

www.COMBINEDBrain.org C- K NB1 cgﬁﬁ/ NED



Surrozen’s SZN-413

Increasing dosage of SZN-413

Control

Retina vascularization in a mouse model of oxygen-
induced retinopathy (OIR)

Nguyen et al, Transl Vis Sci Technol (2022)
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Types of Wnt agonists

Wnt Proteins and Wnt mimics
Recombinant Norrin

Inhibiting Wnt inhibitors

Disrupting Beta Catenin degradation

Other small molecules and compounds
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Recombinant Norrin

Norrin: (Gene: NDP) (130 amino acid length)
e A secreted signaling molecule expressed in the CNS,
particularly in the eye
e Binds with high affinity and specificity to FZD-44 and
LRPS/6 to activate B-catenin
e Mutations of NDP — Norrie disease and familial
exudative vitreoretinopathy (FEVR)
e Has been used to study Wnt/B-catenin pathway
activation in the context of retinopathies
o FEVER, Norrie, and diabetic retinopathy
o Dearth of research on non-retinopathy models

www.COMBINEDBrain.org C- K\IN .. B '|
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Norrin as a therapeutic for FEVR

In 2022, the FDA granted Orphan Drug Designation for
Noregen (CTR-107)

e A synthetic protein modeled after Norrin

e Being developed by Caeregen - they partnered with
Oakland University for the basic science

e Wacker Biotech will produce the drug and complete
clinical trial drug product production at its site in
Amsterdam, the Netherlands, to support Phase I/1l clinical
study initiation in 2024

e | cannot find any more information on whether the clinical
trials have begun

www.COMBINEDBrain.org Cfm N B.I
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Types of Wnt agonists

Wnt Proteins and Wnt mimics
Recombinant Norrin
Inhibiting Wnt inhibitors

Sclerostin inhibitors

DKK1 inhibitors

SFRP-1 inhibitors

Recombinant and surrogate R-spondin
anti-NOTUM small molecules

Disrupting Beta Catenin degradation

Other small molecules and compounds
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Sclerostin inhibitors

Sclerostin (gene: SOST): highly and selectively expressed in osteoblasts and
osteocytes. Inhibits Wnt by binding to the LRP5/6 co-receptor, preventing
association with the Fz receptor.

Romosozumab (EVENITY™): FDA-approved anti-sclerostin monoclonal antibody

e Approved for postmenopausal osteoporosis (https://www.evenity.com/)
o Effectiveness has been debated (see Nelson 2022 review)

¢o

EVENITY’

(romosozumab-agqg)

injection 105 mgfa7 mlL

www.COMBINEDBrain.org C"’JKN N B.I C:JWN ED



https://www.evenity.com/

DKK inhibitors

Dickkopf-1 binds to LRP5/6 to inhibit Wnt signaling

www.COMBINEDBrain.org

PF-04840082 - monoclonal antibody
RH2-18 - monoclonal antibody

BHQ880 (investigational drug - Novartis)
o Phage-delivered monoclonal antibody
o B-catenin levels were upregulated in mouse models
o Used for multiple myeloma. Phase Il clinical trials were not very successful.
DKN-01 (Sirexatamab - Leap Therapeutics)

o IgG4 monoclonal antibody
o Tested in Phase | and Phase Il trials for Lung and gynecologic cancers
o  Tested in cancer patients with CTNNB1 activating mutations (!)

Gallocyanine derivitaves (NC18642) - small molecule inhibitor. Only
tested in cell culture so far.

A Canonical Wnt pathway

Cytoplasma

‘i". 7o —l ¥+ I ?.‘\

 Bestonin’ TCFLEF
AN

Nucleus

Jiang et al., Frontiers in Pharmacology (2022)
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SFRP-1 inhibitors

SFRP is a family of secreted Wnt inhibitors (5 members in humans).
Loss of SFRP-1 can impact bone mass.
N-Substituted Piperidinyl Diphenylsulfonyl Sulfonamide (WAY-316606):

e selectively binds to SFRP-1, thereby activating the Wnt/B-catenin pathway
e Rescues osteoporosis in a mouse model (intraperitoneal injection)

e Studied in hair loss models

o Seems to have undergone phase I trials, but safety was a concern
o I'm still looking for good information on trials

e Easily available from major chemical suppliers

www.COMBINEDBrain.org (}Kf\l NB1 czg@/ NED



Types of Wnt agonists

Wnt Proteins and Wnt mimics
Recombinant Norrin

Inhibiting Wnt inhibitors

Disrupting Beta Catenin degradation

e GSK3-B inhibitors
o Lithium Chloride
o Small Molecules

Other small molecules and compounds

www.COMBINEDBrain.org C"’JKN N B.I C:JWN ED



Lithium Chloride

e Directly inhibits GSK-3a and GSK-33 — activates Wnt
e Used as a mood stabilizer for bipolar disorder, schizophrenia, depression, and

other illnesses
o Little is known about its mechanism of action in the brain
o Crosses the BBB
o  Stimulates neuronal activity
e (Cons:

o Toxicity is aconcern
o Nonspecific - will likely have off-target effects

www.COMBINEDBrain.org C"’JKN N B.I C:JWN ED



Research that Lithium may broadly help NDDs

Lithium Treatment Is Safe in Children With Intellectual Lithium normalizes ASD-related neuronal’ synaptic,

Disability and behavioral phenotypes in DYRK1A-knockin mice
’ Junyeop Daniel Roh * ', Mihyun Bae * 1, Hyosang Kim 1, Yeji Yang 2 3, Yeunkeum Lee ' 4
Junying Yoen, Juan Song’ Osngna Zhu. Gfang S Las s Xiach Zhang Yisul Cho 3, Suho Lee ?, Yan Li 7, Esther Yang &, Hyunjee Jang 7, Hyeoniji Kim 7, Hyun Kim ©

Hyojin Kang &, Jacob Ellegood 2 ™0, Jason P Lerch 9 17, Yong Chul Bae 3, Jin Young Kim 3

Chao Gao’ .GalihAqam‘ Xiacyang Wang™* @Kxnslomqrcn"' Changlian Zhu* ™ ! " 42 13
Eunjoon Kim

e Lithium has been reported as being used for behavior management in

individuals with neurodevelopmental disorders
o Angelman
o CTNNBT1 - anecdotal reports
o Phelan-McDermid (SHANK3)

www.COMBINEDBrain.org C“"KN N B] CGIWN ED
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https://pmc.ncbi.nlm.nih.gov/articles/PMC5534346/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5534346/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4428105/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4428105/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4428105/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4428105/

GSK3p inhibitors: Promising but require development

GSK3p inhibitors have been long used in laboratory setting

Requirements for human use: Clinical Phase

Phase 1—. | REPO
e Safety profile Phase 1/Phase 2

e Specificity Prese2 [l Repoz
“haze 2/Phaze 3

e C(Crosses the blood brain barrier :hageal | RePO3
Preclinical
Launched
Withdrasan

a ‘IIZI EIEI I
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GSK3B inhibitors (Spreadsheet link)

|Cumpcund Notes

Riluzole FDA-approved for ALS, in clinical trials for AD. May up- or down-regulate Whnt - studies conflict
AMO-02 (Tideglusib) Phase Il. Noscira. Alzheimer's. Discontinued.

LY2090314 Phase Il. Eli Lilly. Leukemia. Discontinued. Shown in vivo to increase Axin2 expression.

BRDO0320, BRDO705, BRD3731
'CHIR99021

TWS119

1Q-1

Arylindolemaleimide (SB-216763),
anilinomaleimide (SB-415286)

L807mts
SB-216763

SB-415286

BAY 36-7620

4MT2001, 4MT1060

www.COMBINEDBrain.org

Broad Institute. They have a number of GSK3a/B inhibitors

Commonly used in labs; has crosstalk with other pathways (incl. Notch)

Used in mice

targets PP2A, a phosphatase of the destruction complex that inhibits GSK-33
Shown to rescue neurodegenerative phenotypes in rat brain cultures

highly specific GSK-3p inhibitor. Used in Mouse model of AD.
Reagent.
Reagent.
Reagent.
4M Therapeutics is characterizing, with a grant from SynGAP.
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https://docs.google.com/spreadsheets/d/16_TMYFbVEV8lC_32XfbM5pTX6MJ6VpDGRi-JzaDOIdo/edit?gid=0#gid=0

Michele Jacob: GSK3B inhibitor ina CTNNB1 mouse

A IP injection once a d ° Fotwros ¢
n on once a aa ns
¥ . : ¥ Blcchasisislacacsinaiclons g-catenin 150 1 s
or 5 days zas
é\' .fA behavior parformed starting 3 1.5 n.s. ey
e 1 hour post last ingection £ S = . .y
. o 8 = ' Z 1004 — : i
30mg/kg drug (or vehicle) § > 10 °
33 il
BRD0320 (both a and 8 paralogs) é S 05 - 50
. o
BRDO0705 (a selective) =
BRD3731 (B selective) & 0
Trial 1 Tnal 2 Trial 3
. ° 061 m conror »
5 0.5 B p-cat +/- (GSK3i) E 20 e 20 20 .
ggo‘ 245 §§1.5 51.5
- ‘ & .
£20s %10 : ng 2 of .
23 =
55 o2 305 %gos £
g 0.1 4 g [ B
- 0 L - . 4 9 Control §-cat Het OB-CN Het B-cat Het on Het g-cat Het
] 100 150 BRD0O320 (C Norm)  (B-cat Het

50 BROMW20
Input Current (pA) )
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ldeas for next steps for the Wnt working group
Drug Discovery and Repurposing for modulating Wnt in our disorders:

Leverage previous drug screens to understand which Wnt modulators may be best

for each disorder
o Al drug screening (NCATS)
o Broad institute

Do a cross-Wnt disorder screen
o COMBINEDBrain plasma proteomics
o Unravel: Al drug repurposing based on nose mRNA
o Future: fund a cross-disorder Wnt-focused drug screen (in vitro or in vivo)

Engage expertise of Wnt researchers
o Invite to present at working group
o Meet with researchers one-on-one - academic and industry
o  Gordon Wnt conference (Summer 2025)

FDA-approved drugs: off-label or OTC

o Observational trial model
o  Find Clinicians willing to do case studies

www.COMBINEDBrain.org C"’JKN N B.I C:JWN ED



Action Items

e Please ask your scientific advisory board members to join us!

e Please look at this spreadsheet and add info on Wnt agonists you know of

e Please fill out this Form to tell us what drug candidates your community
may be interested in for observational studies

e Please set up a chat with Kellan if you have any resources/history with

modulating the Wnt signaling pathway in your group
o Scientific researchers
o Industry and Academic contacts
o History with using a Wnt-modulating therapy

www.COMBINEDBrain.org (}K"\I N B] c GWN -5 49


https://docs.google.com/spreadsheets/d/16_TMYFbVEV8lC_32XfbM5pTX6MJ6VpDGRi-JzaDOIdo/edit?gid=0#gid=0
https://docs.google.com/forms/d/12HpOgiGavAn2jnsPlpuahduqPG1hFf3k-rtndntGQIo/edit

Thank you!
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UM?206 - a synthetic peptide ligand for FZD1 and FZD?2

e A peptide activator of canonical Wnt. Binds to Frizzled.
e Used in combination with a magnetic nanoparticle to stimulate Wnt TCF/LEF activity
e Characterized by Alicia El Haj in the UK (Keele University)
e Has never been used invivo - onlv in vitro in HEK cells and ex vivo in chick femurs and rat brains.
Figure 1.
A ] C
Dextran shell LIS Mating MNP Cell / tissue cultures
= gl o lwuo«\a:icd MNP s | _I_a-f" / "E_-
e I — s surface o //‘,f’ = N ‘__Dclﬁbono' =
. . o movement of array
Hkmm‘r. / I P p,,;'\\ W.\ R

Mesenchymal Alternating
steen ceil magnetic fietd U
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R-Spondin and anti-NOTUM

R-Spondin:

https://pubmed.ncbi.nim.nih.gov/37406727/

All pre-clinical research.

Anti-NOTUM

“They are interesting compounds to study in vitro models of Alzheimer's disease, but to date, these compounds are not
metabolically stable.”

&
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Alyson axtman wnt actvates the aa1 kinase to promote....
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Wnt Working Group #3
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Goals of the Wnt Working Group

T.Understand the biology of how deficits in the Wnt signaling pathway may be affecting people
with each of our rare genetic disorders.

2 .Discuss and identify common Wnt pathway targets for therapeutic rescue

3.ldentify researchers (academic and industry) in the field and what associations/communities
they are already plugged into

4 Bring these research scientists and other experts to the table to discuss the latest research on
rescuing Wnt signaling.

5.Discuss possible drug candidates, and bring researchers/expertise to discuss gaps in research

6.(Future) Take steps toward filling those gaps: e.g., funding more basic research, funding
research on patient samples, observational studies, preparing for clinical trials.
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Disorders in the working group (so far!)

CTNNB1 Syndrome éﬂmej C’)KN M B]

Pitt-Hopkins (TCF4) £ FOUNDATION

TCF7L2-Related NDD =
M ED1 3 L Synd rome TCFL2-Related Neumdmlnpm%l Disarder

Kabuki Syndrome (KDM6A/KMT2D) ‘Q G} ' Kabu ki
Angelman Syndrome (UBE3A) angelman FC}SJPTE?E_EQE

@ PiTT HOPKINS

DYRK1A Syndrome SYNDROME FOUNDATION
CHDB8-Related Syndrome
SYNGAP1-Related Disorder

SYNGAP
g RESEM{(IH?

DYRKI1A

SYNDROME E5aman™
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May 23rd Agenda

< Round of introductions

% Recap of previous meetings
> Overview of Wnt Signaling
> Overview of therapeutic approaches
> Progress toward our working group goals

% Presentation: how Wnt signaling is relevant to each of our gene disorders

% Discussion: How do we want to proceed as a group?
> Types of projects
> Establishing collaborations

www.COMBINEDBrain.org C"’JKN N B.I C:JWN ED



What is the canonical Wnt signaling pathway?

Carraci et al, Front. Mol. Neurosci.
(2021)

www.COMBINEDBrain.org
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Why is Wnt important?

“Goldilocks” paradigm:

Too much or too little Wnt
signaling during
development can cause
developmental disorders!

Whnt gain of function is also
associated with many
cancers.

Carraci et al, Front. Mol.
Neurosci. (2021)

www.COMBINEDBrain.org

Molecular pathway

Phenotypic consequence

Wnt/B-catenin gain of function

ei?)
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head size: I.
Macrocephaly
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Wnt Working Group #2: Types of Wnt agonists

Wnt Proteins and Wnt mimics

Recombinant Norrin Link to slides here
Inhibiting Wnt inhibitors Wt Workdng Group #2

e Sclerostin inhibitors caTidTNED GHINE]

e DKKT1 inhibitors

e SFRP-1 inhibitors

e Recombinant and surrogate R-spondin
e anti-NOTUM small molecules

Disrupting Beta Catenin degradation
e GSK3-B inhibitors
o Lithium Chloride

o Small Molecules

Other small molecules and compounds

www.COMBINEDBrain.org C“"KN N B] CGIWN ED
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Wnt Working Group #3: NDDs and Wnt

Genes that are:

Part of the Wnt Signaling Pathway

e CTNNB1 Syndrome
e TCF7L2-related NDDs
e Kabuki Syndrome (KDM6A/KMT2D)

Known Wnt Signaling Pathway interactors
e Angelman Syndrome (UBE3A)
e Pitt-Hopkins (TCF4)
e DYRK1TA Syndrome

Affect Wnt in an unknown manner

e MED13L Syndrome _ G
e CHD8-Related Syndrome Link to document with literature
e SYNGAP1-Related Disorder review details
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-
CTNNB1/Beta-Catenin; the heart of the Wnt Pathw:x 1‘%
X

Inactive Active \ .\4?5%
YY1 ®

@D
Wnt target genes code

LRP5/6 ¥ .
Frizzled for proteins involved in

growth and development

https://wnt.stanford.edu/target_genes

=

—p

; Neurogenesis 2
Whnt Signaling & Gliogenesis ' Wnt Signaling Gliomagenesis

Carraci et al, Front. Mol. Neurosci. (2021)
Alkailani et al, Front Mol Neurosci (2022)
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https://wnt.stanford.edu/target_genes

) Dr. Michele Jacob: GSK3B inhibitor in a CTNNB1 mouse

A~ IP injection once a day

for 5 days Biochemistry/electrophysiology/ p-catenin EN2 DKK1
behavior performed starting 1.5 1 n.s. n.s. n.s.
1 hour post last injection - 2.0 - ©ns 2.0 —
30mg/kg drug (or vehicle) 10 4 - 154 . 15

BRD0320 (both a and 3 paralogs)

Frontal Cortex
Fold Change (to Control)

Fold Change (to Control)
e

Fold Change (to Control)
P

. 0.5 -
BRDO0705 (a selective) 0.5- 0.5
BRD3731 (B selective)
0 - 0- 0
= Rotarod B
150 - e n.s. Input-Oulput
— ; l — = 06 @ Bcat +/- (Vohicle)
= E o Boat «/ (GSK) :
: . gg 05 o7
s - S 04
= & 3
g u_; § g 0.3
5 E %g 0.2
g 01
- b 50 100 150
Trial 1 Trial 2 Trial 3 Trial 1 Triad 2 Trial 3 Trial 4 24 Hour Input Current (pA)

Flaai o
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TCF7L2 = the transcription factor for Wnt target genes TRN;

TCF7L2-Related Neurodevelopmental Disorder

e Transcription Factor 7-Like 2
o *Can also be known by T-Cell Factor 4 (TCF4)! ey i

™N

o ENTREZ gene ID 6934, OMIM 602228 ~
o Chromosome 10925.2-g25.3 o

e B-catenin binds to TCF7L2 and LEF to upregulate expression of Wnt
genes. Together, they form the on/off switch for Wnt signaling

e TCF4L7 is in a positive feedback loop - it itself is a canonical Wnt
signaling target.

e Has been implicated in other diseases, including Type 2 diabetes
mellitus, colon cancer, and schizophrenia.
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Pitt Hopkins Syndrome (TCF4) $ YL

TCF4 - Transcription Factor 4

o Also known as: Ephrussi-box binding E2-2 and Immunoglobulin Transcription Factor 2 (ITF2)
o On chromosome 18

o *(not to be confused with another gene with the same name! - TCF7L2 (T-Cell Factor 4)

o HUGO Standard Nomenclature=TCF4; Entrez Gene ID 6925; Ensembl ENSG00000196628

TCF4 is bound by Beta-Catenin to activate

typical neural development PTHS

TCF4*/*
: €
; SOX4
Wnt
signaling S b P
Asoxs‘ ' OGOOD!
Papes et al., Nat Comm, (2022)
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Activating Wnt rescues Pitt Hopkins Phenotypg' LR DR

RNA-seq in patient-derived neural Treated with CHIR99021.
progenitor cells: decrease in Wnt pathway Decreased cell death
gene expression Increased oranoid size

Rescued Sox2

h  NPCs (2D culture) - down-regulated in PTHS
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Papes et al., Nat Comm, (2022)
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ivati - $) PiTT HOPKIN
Activating Wnt rescues TCF4 transcript Ievels(;’7 [LLHE S

Total TCF4 mRNA
* ok

W\ 7 5 1004 T
Functional ,9>.a 0.75 -
" s analysis s
N E 0.501
\ l;-/-’ @
: . 2 0.254
Skin punch Fibroblasts ="
a biopsy & 0
Control Patient
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Total TCF4 transcripts
oded T
**
1.50 r
212
2
:(_: 1.00
Z o075
2 050
% 025
i *CHIR-99021 and CI-994 each
2 g g §§ & §§ £2 g 3 upregulated different transcripts
CgetgRrtgltagx of TCF4
I X X . 4
(- o) v o
[4 Control 1 Control 2 Patient 1 Patient 2

Hennig et al., Mol Neuropsych, (2017)
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Angelman Syndrome: UBE3A activity directly affects Wnt ‘Q (-:‘I'
angelman

. . . . . SYMDROME FOUNDATION
UBE3A stabilizes B-Catenin, which upregulates Wnt signaling

Plasma Membrane

% * Proteasomal
Degradation

Yi, JJ et al. J Biol Chem (2017)
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Angelman Syndrome: UBE3A activity directly affects Wnt

Whnt is an accurate reporter of UBE3A activity

DCF
angelman

SYMDROME FOUNDATION

0.25m
o 027 *
S 0.15= ‘P
& °
= 0.1
30 .
% 0.05= ¢
° L ]
D.' | || | | 1
0 20 40 60 80

www.COMBINEDBrain.org

UBE3A Quantity (ng)

¥i et al, J Bial Chem (201 7)
Euhnle 5 et al., J Biological Chem, (2018)
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Angelman Syndrome: UBE3A activity directly affects Wnt

High-throughput UBE3A activity assay: hyperactive variants represent
a distinct functional class

® Strong GOF
|- * = ®
EREE LY . ]12%
2 S P Weak GOF
o 44
B3 "" ® e @ No Chan 21%
E. 34 %: o o* o o o hange ’
= L] L
< - ¢ ®, @ Strong LOF
o oo 67%
< 44 @® Weak LOF
I-'.
G L] 1 | ' L] I
B -6 -4 -2 0 2 4

Log2 Fold Change from WT UBE3A

Weston et al., Nat Comms (2021)
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DYRK1A: modulates Wnt in a context-dependent manner

e Dual-specificity tyrosine phosphorylation-regulated kinase 1A
e On Chromosome 21. One of the top two primary genes

DYRKIA

E DYRK1A overexpression

thought to be responsible for Down Syndrome symptoms in S 10
Trisomy 21 S 8 Pe0.0338
e Haploinsufficiency causes DYRK1A Syndrome. E & e ?
e DYRKI1A phosphorylates p-120 Catenin 3 : -
o  Elimination of p120-catenin inhibits early responses to g 0o =F =l e o
Whnt, such as LRP5/6 and Dvl-2 phosphorylation and E o +
axin recruitment to the signalosome, as well as later g
. - . i 2 o o
effects, such as B-catenin stabilization PAKS 0 . o o
DYRK1A - - > o
(hR ] 3 L ] O O
ampty <
. .. - . DYRETA
Lithium normalizes ASD-related neuronal, synaptic, wmﬂ:m
and behavioral phenotypes in DYRK1A-knockin mice T
Junyeop Daniel Roh * T, Mihyun Bae * L Hyosang Kim T, Yeji Yang 2 3 veunkeum Lee ' 4, ¢ ’ ¢
Yisul Cho *, Suho Lee *, Yan Li 7, Esther Yang ©, Hyunjee Jang 7, Hyeonji Kim 7, Hyun Kim ®, Increases in DYRK1A result in reduction of

Hyojin Kang #, Jacob Ellegood # 1°, Jason P Lerch # 'Y, Yong Chul Bae 3, Jin Young Kim 3

Eunjoon Kim 2 33

Roh et al., Mol Psychiatry (2024)
www.COMBINEDBrain.org
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basal Wnt signalling activity but further
increases active Wnt signalling substantially

Granno et al., Sci Reports (2019)

CEIWNED



Kabuki Syndrome (KDM6A/KMT2D)

e Kabuki Syndrome Type 1 (~80% of patients): KMT2D (formerly MLL2)
e Kabuki Syndrome Type 2 (~20% of patients): KDM6A (X-linked inheritance!)

e The Wnt pathway is a downstream target of KMT2D
o Kabuki syndrome patients have been found to have Pilomatricoma—a benign hair
cell tumor characterized by lobules of epithelial cells.
o KS may predispose patients to pilomatricoma formation because CTNNB1 plays a
role in the WNT pathway, which is regulated by KMT2D

e Experiments with Wnt have yielded mixed results:
o Some show KMT2D upregulates Wnt, while others show evidence that it may
downregulate Wnt
o Likely cell type and developmentally specific!

e KMT2D and KDMGA are likely indirect regulators of Wnt via modulating H3K4me3
- methylation levels.
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Kabuki Syndrome (KDM6A/KMT2D)

Knockdown of KMT2D in epithelial dental cells:
e Decreased Wnt signaling pathway genes

(RNAseq)

e Decreases nuclear B-catenin
o Partially rescued by LiCl

Pang et al., BioSci
Reports (2021)

(A)
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CHD8: a negative regulator of Wnt

e Cadherin 8

e CHDS8 is a negative regulator of the Wnt-f3-catenin
signaling pathway that binds directly to 3-catenin and
suppresses its transactivation activity

e CHDS8 promotes the association of B-catenin and
histone H1 — chromatin compaction and
transcriptional silencing — inhibition of B-catenin-

dependent transactivation.

Chenn et al 2023
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SYNGAP1: Relationship with Wnt unclear

e SYNGAP1: synaptic Ras GTPase activating protein 1
e SYNGAP1 knockdown mouse produced upregulation of Wnt target genes

G
canonical Wnt signaiing | ® Count
NOUrOQENasis 4 . . 5
Ras protein signal | @ @ o
poskive regulation of oo J @ [ RE
cell juncsion organization - ®
rogulation of nouronal
synaptic plasticty ® p.adjust
phagocytosis - @
regulation of axonogenesis > 0.04
neuron projection | . 0.03
response 10 nutrient levels - k=3 0.02
nouron differentiation - ' 0.01
06 07 08 09 10
GeneRatio

Araki et al., BioRxiv (2023)
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FOUNDATION

MED13L: Interacts via an unknown mechanis

e Mediator Complex Subunit 13L
o Subunit of the Mediator Kinase Module, which

is itself a subunit of Mediator, which mediates MEDI3L Role tn Healthy
T m Mitochondria £
associations between RNAPIl and TFs e .
Cytoplasm

e UAB drug screen gave two candidates that

modulate Wnt:
o  Verapamil (Wnt inhibitor)
o PSE - a dietary cholesterol-lowering agent shown to affect
Whnt

e \Wnt was upregulated in a MED13L
cardiomyocyte knockout mouse

IIIIIIIIII|IIIII\IlIIIIIIIIIHIIIII N Atdon
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ldeas for next steps for the Wnt working group
Drug Discovery and Repurposing for modulating Wnt in our disorders:

Leverage previous drug screens to understand which Wnt modulators may be

best for each disorder
o Al drug screening (NCATS)
o Broad institute

Do a cross-Wnt disorder screen
o COMBINEDBrain plasma proteomics
o Unravel: Al drug repurposing based on nose mRNA
o Fund a cross-disorder Wnt-focused drug screen (in vitro or in vivo)
m  We have the cell lines - could we design an in vitro screen?

Engage expertise of Wnt researchers
o Invite to present at working group

o Meet with researchers one-on-one - academic and industry
o Gordon Wnt conference (Summer 2025)

FDA-approved drugs: off-label or OTC

o Observational trial model
o Find Clinicians willing to do case studies

www.COMBINEDBrain.org (}Kf\l NB1 czg@/ NED



Action Items

e Please ask your scientific advisory board members to join us!

e Please look at this spreadsheet and add info on Wnt agonists you know of

e Please fill out this Form to tell us what drug candidates your community
may be interested in for observational studies

e Please set up a chat with Kellan if you have any resources/history with

modulating the Wnt signaling pathway in your group
o Scientific researchers
o Industry and Academic contacts
o History with using a Wnt-modulating therapy

www.COMBINEDBrain.org (}K"\I N B] c GWN -5 78


https://docs.google.com/spreadsheets/d/16_TMYFbVEV8lC_32XfbM5pTX6MJ6VpDGRi-JzaDOIdo/edit?gid=0#gid=0
https://docs.google.com/forms/d/12HpOgiGavAn2jnsPlpuahduqPG1hFf3k-rtndntGQIo/edit

In-Meeting discussion points

e Let's compile a list of number of patients per disorder, so that we can show
pharma the number of patients that would benefit from a basket study

e Theinformation given in these last few Wnt Working Groups could potentially
become the foundation for a published review

e What about a CZI-type grant for the future?
e Let's reach out to the industry groups that have worked on Wnt agonists
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Thank you!
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DYRK1A inhibition and Wnt activity
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