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The Parentsô Journey 

Through Drug 

Development: 

The Angelman Syndrome 

story of making the 

impossible possible

How parents and patients 

are taking the lead
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ÅChief Science Officer: Foundation for Angelman Syndrome 

Therapeutics

ÅCo -Director: Angelman Syndrome Biomarker and Outcome 

Measure Consortium

ÅCo -Director: INSYNC-AS- International Angelman Syndrome 

Research Council

ÅChief Development Officer: AS2 Biotherapeutics Mahzi  Therapeutics

ÅStrategic Advisor: Mahzi  Therapeutics

ÅVeterinary Internal Medicine : Director of Interventional Endoscopy 

Services

ÅMother of Quincy

Allyson Berent, DVM, DACVIM
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ÅCo -founder, former COO, and equity shareholder of GeneTx 

Biotherapeutics recently acquired by Ultragenyx Pharmaceutical

ÅConsult and advise drug development initiatives for numerous AS and 

NDD programs and other rare disease organizations

Disclosures
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Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?

A

Journey
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Patient Journey

Community Journey

Industry Journey

A holistic Journey?

ÅHow do you spell òAngelman syndrome?ó

ÅALL THE NOTõs!!!!

ÅWhat WILL she be able to do? 

ÅWhat is the prognosis for survival? 

ÅHow do I give her the best life and advocate for all 

she is capable of? 

ÅHow do I ensure she is accepted and lives the most 

independent and fulfilled life? 

ÅI MUST ADVOCATE FOR QUINCY

ÅI MUST LEARN and EXECUTE IF I CAN CHANGE HER 

TRAJECTORY

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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Patient Journey

Community Journey

Industry Journey

A holistic Journey?

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?

ÅI canõt do thiséand I donõt want to! 

ÅWhat kind of mother am I? 

ÅHow do we handle this as a family? 

ÅHow do we navigate the world of disability?

ÅHow do I manage a life of therapy and a full -time job? 

ÅThere must be a solution to this problem!

ÅòKNOWLEDGE IS POWERó

ÅòTHINGS ARE EITHER POSSIBLE OR IMPOSSIBLE 

AND THERE IS NO INBETWEENó

I MUST BE BRAVE

I MUST BE SMART
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Clinician Journey

Journey

Community Journey

Industry Journey

A holistic Journey?

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?

ÅCalled every senior author on every publication

ÅAttended every scientific conference I could

ÅSomething was very clear!

ÅThis is a great decade to be a mouse  with Angelman 
syndrome!

ÅTranslational science was outside of the wheelhouse of 

many scientists in the space

ÅWe MUST NOT WAIT FOR A TREATMENT ĄWe must help 

shepherd one

ÅI MUST BE A CLINICIAN
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Paternal allele (P)Maternal allele (M)

Imprinted Gene=Paternal silenced

N. Khatri et al. Front. Mol. Neurosci. 2019

X

Maternal allele (M) Paternal allele (P)

Angelman Syndrome:
Monogenic, Non -degenerative, Random, Neurologic Disorder

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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Clinical Manifestations of AS are Severe, with 

Lifelong Impact on the Patient and Their Caregivers

Symptoms of AS

Å Universal lack of speech

Å Sleep disturbances /severe insomnia

Å Life-threatening/debilitating seizures

Å Severe developmental delays

Å Ataxia/incoordination/frequent falls

Å Apraxia/Dyspraxia

Å Feeding issues/ constipation

Å Impulsive /self directed behaviors

Å Unable to live independently

Å Significant clinical unmet need

Impact on Family

Å Inability to maintain employment

Å Loss of sleep

Å Anxiety

Å Depression

Å Stress

Å Social isolation

Å Impact on family relationships

Å Difficulty caring for other children/home

Å Chronic f atigue

Å Excessive costs
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Á 1-5% UBE3A Ą few -no seizures, 

ambulatory, some ataxia, 

some speech

Á ~20% UBE3A Ą no seizures, 

ambulatory, minimal to no 

ataxia and speak in sentences

Á >40% may not be symptomatic

Strong Hypothesis to Support Human Translation
Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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Community Journey

Industry Journey

A holistic Journey?

Patient Journey

Caretaker Journey

Community Journey

Industry Journey

A holistic Journey?

ÅOctober 2015 joined the BoD as CSO Ą FAST

ÅConsortium of scientists with therapeutic focus 

since 2008

ÅConsider ALL therapeutic strategies

ÅScientifically de -risk each approach

ÅDifferent approaches may benefit different 

populations

ÅCreate a Roadmap to a Cure Ą YOU NEED AN 

ASK!

ÅThe largest influx of funds to translate 6 

platforms from bench to human candidate for 
GO/NO GO Decisions Ą $5.8 million

ÅWE MUST DO THIS IN 24 MONTHS
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FASTõs Roadmap for Success : 4 Pillars

Á Gene/Protein 
Replacement 
Therapy

Á Paternal Gene 
Activation

Investigate 

therapeutic strategies

1

Á Down stream 
therapeutics

Á Symptomatic 
relief

Identify 

Symptomatic 

Treatments

3

Á Create/Characterize 
animal models

Á Biomarkers and 
Outcome measures 
(ABOM)

Á Clinical Trial Design/ 
Execution

PREPARE!
4

2

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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Gene/ Enzyme Replacement Therapy

1

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?

Á AAV  in AS model: published in a 

mouse model in 2011 (Daley et al. 2011)

ÁHSC-LV-GT (autologous ex -vivo GT) : 

AS mouse model 2021 
     (Adhikari et al. 2021)

Á ERT (enzyme replacement therapy)

Á 4+ additional programs being actively 
pursued toward clinical trials for 

Angelman syndrome
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Paternal Activation Via Antisense Knockdown

2

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?

Á Small Molecules Topoisomerase inhibitors
B. Philpot et al. Topotecan. Nature; 2011; 2024

Á ASOs (antisense oligonucleotides)
A. Beaudet et al. Nature; 2015

S. Dindot  et al. Science; 2021

Á Artificial Transcription Factors 

(Zinc Fingers)
D. Segal et al. Molec  Therapy; 2016

Á shRNA/miRNA

Á CRISPR
M. Zylka et al. UNC 2019

J. Wilson et al. UPenn 2020

       YH. Jiang et al. Yale 2022



WT
AS 

untreated

AS 

after gene 

editing CRISPR

Rotarod (8 -9 weeks of age)
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Preparing for Clinical Trials and Patient Access4



Efforts to Support Clinical Readiness for 

Innovative Therapies

Á Developing models for all genotypes of AS

Rat/Pig/large deletion mouse +/- Ube3a/iPSC/organoids/Landing pads

Á INSYNC-AS: International Angelman SYNdrome Research Council

Á NIH-funded Natural History Study (2006-2014); FDA-funded NHS (2019-2022); ABOM 

funded 2022-2025

Over 600 patients enrolled (+>75 globally in FAST UK, LatAm, Italy, Spain)

Á Global Angelman Syndrome Registry (GASR)

>2300 patients enrolled

Á FAST Global-Search and Rescue Initiative

>2000 patients enrolled                                                                                                      

Global patient identification initiative with centralized data access

Á Linking AS and Dup15q Data for Expanded Research (LADDER)

~332 AS patients enrolled (ASF/Dup15q Alliance)

Á Newborn Screening Efforts 

Á Global COEs for Clinical Trials, Training, and Innovative Therapies for AS

F.A.S.T Rush Center for Translational Research 

Á Angelman syndrome Biomarker and Outcome Measure Consortium (ABOM)

Developing AS-specific endpoints (e.g ORCA, Actimyo, CGI-AS)

Disease concept model (Roche/ABOM): Willgoss et al. 2020

4

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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Assessment All Patients Pediatric Patients Adult Patients

At enrollment Every 6 mos.a Every 12 mos Every 6 mos. a Every 12 mos.

EEG X - X - -

ORCA X X X X X

Bayley-4 X - X - X

VABS-3 X - X - X

Sleep diary X X X X X

Seizure diary X X X - X

ABC X - X - X

CGI-S-AS X X X X X

QOL X X X X X

2018

-2022

2006

-2014
2023

-2026
2022

NIH FDA ABOM FAST UK/Belgium FAST Spain / 

LATAM

2023

Angelman Syndrome Natural History Studies since 2006

Years 

Funding 

Country

*special support by Drs. Wen-Hann Tan, Lynne Bird, Anjali Sadhawani, Anne Wheeler, Laurent Servais, et al.

>600 patients; 30+ publications; 5 manuscripts submitted/in preparation



Est. 2016

A pre -competitive and 
collaborative spirit

Å4 steering committee members
Å2 advocacy groups
Å5 academics
Å3 pharma companies
Å25 participants

Focus on priorities for 
industry/gap analysis on 
endpoints and biomarkers.  

ABOM: History and Vision

2024

A pre -competitive and 
collaborative spirit

Å25 steering committee 
members

Å4 advocacy groups
Å>25 academics
Å11 pharma companies
Å>300 participants

FAST Committed $4M since 
2016
FDA/EMA engagement 

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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Collecting Patient Experience Data
Important Outcomes to Caregivers of Patients with AS                                                             

Caregiver Perspectives and Priorities

FAST SM Survey 2018: N=332 parent/caregiver responders
Collation courtesy of T. Bichell

Willgoss, et al., 2020, Child Psychiatry Hum Dev 

1) Communication/Speech

2) Seizures

3) Motor (Gross/Fine)

4) Cognition

5) Daily Life Skills

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?

*Collecting patient preference information: How do you think and feel about emerging potential therapies



Comm/    
Speech

ÅORCA

ÅBSID

ÅCGI

Seizures

ÅSeizure 
Diary

ÅEEG

Motor 
(Gross/ 
Fine)

ÅActimyo

ÅBSID

Fine 
Motor

ÅBSID

ÅVABS

ÅCGI

Cognition ÅBSID/EEG

Daily Life 
Skills

ÅVABS

ÅQOLs

Sleep

ÅSleep Diary

ÅEEG sleep 
spindles

ÅCGI

Behavior ÅABC-C

Biomark
ers

ÅEEG

ÅWearables

ÅCSF fluid

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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2017: Everything Changed

Careaker Journey

Community Journey

Industry Journey

A holistic Journey?

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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Human Neuronal Stem Cells

Å UBE3A-AS knockdown by nearly 100% in human 

AS neurons after treatment with GTX-102 in vitro.  

Å Direct correlation with UBE3A RNA supporting 

robust re-activation of the paternal UBE3A gene.

CONTROL

ASO

Meng et al. Nature 2015

UBE3A-AS knockdown

UBE3A RNA expression

Rodent Testing

Å In a adult mouse model of AS, mouse 

specific ASO showed successful rescue of 

various phenotypes (Meng et al. 2015).

Å GTX-102 target region in rodent neurons showed 

knockdown of the Ube3a-AS approaching 100%.

Rodent Proof-of-Concept 

ÅPaternal expression of Ube3a in ADULT mice 

ÅUbe3a-AS knockdown 60-70% 

Å Cognitive deficits rescued 

Å Knockdown >16 weeks

Å ICV injection at 700ug/mouse (~210mg/NHP 

equivalent)

ÅGTX-102 effective in NHPs via lumbar 

puncture at doses dramatically less

Relative Expression of RNA after ASO 

exposure in cultured AS neurons
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Industry Journey

Careaker Journey

Community Journey

Industry Journey

A holistic Journey?

ÅFAST launched  GeneTx  Dec. 2017

ÅFAST + TAMU + Angel investors Ą for-profit biotech 

from non -profit work

ÅSingular focus Ą develop ASO for the potential 

treatment of AS

ÅUnique genetic conservation with NHP

ÅOne species for PD/PK/Toxicology

ÅWorld renowned team of consultants

ÅNon -clinical

ÅManufacturing

ÅChemistry

ÅRegulatory

ÅClinical

ÅObtained ODD/RPD/FTD

Å2019 Collaboration with Ultragenyx 

Pharmaceutical to launch Phase 1/2 trial (US, UK, 

Canada)

Å Infusion of over $50M to FAST

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?
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Industry Journey

Careaker Journey

Community Journey

Industry Journey

A holistic Journey?

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?

ÅClinical Data Reported for a Neurodevelopmental Disorder

ÅOpen Label

ÅFirst in human

ÅChanges reported include Objective and Subjective measures
ÅSleep (diary, CGI)

ÅExpressive Language (BSID, CGI, ORCA)

ÅReceptive Language (BSID, CGI, ORCA)

ÅFine Motor (BSID, VABS, CGI)

ÅGross Motor (BSID, VABS, CGI, Actimyo )
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Clinical Trial Data

Careaker Journey

Community Journey

Industry Journey

A holistic Journey?

Patient Journey

Clinician Journey

Community Journey

Industry Journey

A holistic Journey?

https:// ir.ionis.com/news-releases/news-release-details/ionis-announces-positive-detailed-results-halos-study-ion582

https:// ir.ultragenyx.com/news-releases/news-release-details/ultragenyx-announces-successful-end-phase-2-meeting-fda-gtx-102



Each platform potentially benefits a 

different target

Different individuals may benefit by 

different approaches

De-risk each option Ą

Å Higher potential for success Ą 

Å Ultimate transformative treatments Ą 

Å More attractive for commercialization  Ą

MORE OPTIONS FOR THOSE WITH AS

Primary Goal
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Standard Drug Development Process

Basic 
Research

Drug 
Discovery

Pre-Clinical
IND 

enabling
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Phase 1 Phase 2 Phase 3

1-10+ years 1-3 years 2-5+ years 1-2+ years 6-7+ years 1-2 years

15,000
5,000

10Drug Development
1

~$0.5-2M ~$5-20M ~$8-50M ~$50-200M ~$3M

3-10 years 2-3 years 2-5 years 2-5 years 1-2 years
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Angelman Syndrome Therapeutic Pipeline : 9 years ago3 FAST-FUNDED PROGRAMS

Basic 
Research

Drug 
Discovery

Pre-Clinical
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enabling
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Phase 1 Phase 2 Phase 3

AAV gene 
therapy

ASO

ATF/ZF

Downstream 
targets

5
*timelines based on disclosures only



34

15

Angelman Syndrome Therapeutic Pipeline: 7 years ago10 FAST-FUNDED PROGRAMS

Basic 
Research

Drug 
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Phase 1 Phase 2 Phase 3

AAV gene 
therapy

ASO/SNA

ATF/ZF

CRISPR

Downstream 

targets

15
*timelines based on disclosures only

HSC-GT

ERT
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Angelman Syndrome Therapeutic Pipeline: 3 years ago12 FAST-FUNDED PROGRAMS

AAV gene 

therapy

HSC-GT

ERT

ASO

ATF/ZF

shRNA/
miRNA

Downstream 

targets

34
*timelines based on disclosures only

CRISPR
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Angelman Syndrome Therapeutic Pipeline: Last 2 years12 FAST-FUNDED PROGRAMS
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*timelines based on disclosures only
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Chutes and 
Ladders



14 FAST-FUNDED PROGRAMS
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Angelman Syndrome Therapeutic Pipeline: Today

*timelines based on disclosures only

AAV gene 

therapy

HSC-GT

ASO

ATF/ZF

CRISPR

Downstream 

targets

ERT

shRNA/

miRNA

Small 

molecule
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Clinical/  

Regulatory

FASTõs Research & Development Process: Today

Basic 
Research

Drug 
Discovery
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Phase 1 Phase 2 Phase 3

1-10+ years 1-3 years 2-5+ years 1-2+ years 6-7 years 1-2 years

Patient Registry/Natural History Studies

Disease Concept Model Endpoint Development/Pilots/Validation

Animal Models/iPSCs/organoidsModels

Regulatory 

engagement

Diagnostic Efforts Newborn Screening Efforts
Patient 

Access

Policy Plan

FAST Clinical Trial Centers in Interventional and Innovative Therapies

AAV gene 

therapy

HSC-GT

ASO

ATF/ZF

CRISPR

Downstream

ERT

shRNA/
mRNA

Policy




