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Glycogen synthesis:
GS - glycogen synthase

GBE - glycogen branching enzyme

Glycogen breakdown:
GP - glycogen phosphorylase

GDE - glycogen debranching enzyme
LA - laforin (glycogen phosphatase)

Brain Glycogen Metabolism

Markussen et al., 2023, J Neurochemistry



Lafora bodies (LBs/PGBs) drive Lafora disease

malin KO

laforin KO

WT

KO

anti-Lafora body IHC

X
50% reduction in glycogen synthesis eliminates 
LBs & greatly reduces epilepsy threshold in LD 

mice



Defined Disease Mechanism = Therapeutic Opportunities



3 Cores:
• Admin – Gentry
• Medicinal Chem – Watt
• Biological – Madrid, Spain

NIH P01: Lafora epilepsy – basic mechanisms to therapies



NIH P01: Lafora Disease – Basic Mechanisms to Therapies

Gentry/Vander Kooi/Sanz: Personalized medicine, antibody-enzyme therapy, & 
repurposing.

Roach/Depaoli-Roach/Hurley: Small molecule inhibition of glycogen synthesis as LD 
therapy.

Minassian: Genome editing & ASO mRNA suppression as LD therapies.
Guniovart/Duran: Defining the therapeutic window for the treatment of LD.

Science Projects:

X



Defined Mechanism = Therapeutic Developments

= completed = ongoing/planned



Project 1: Antibody-Enzyme Fusions
VAL-0417 VAL-1221

Brewer et al., 2019 Cell Metabolism
Austin et al., 2019 Mol Pharmaceutics
Zhou et al., 2020 Trends Mol Med
Sun et al., 2021 Cell Metabolism
Young et al., 2022 EMBO Mol Med



VAL-0417 ICV administration ablates brain LBs in vivo
Intracerebroventricular 

(ICV) administration

Continuous infusion 
of VAL-0417 

(0.08mg/day) or PBS 
for 7 days

Euthanized 
on 8th day

7 month old
Epm2a-/- mice

PAS staining

Brewer et al., 2019 
Cell Metabolism

3-day continuous VAL-0417 
infusion clears LBs



Intracerebroventricular 
(i.c.v.) administration

via Alzet pumps

Continuous infusion 
of VAL-1221 

(0.03mg/day) or PBS 
for 7 days

Euthanized 
on 8th day

Biochemical, IHC, 
PAS, IF analysis of 
VAL-1221 delivery 

& LB load

Broad brain biodistribution of VAL-1221 via i.c.v



PBS

cortex

thalamus

cerebellum

brain stem

VAL-1221 ablates LBs after 7-day i.c.v
VAL-1221
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Canine VAL-1221 i.c.v. infusion
- 23Sep22 ID# #4516266 (Day44 post-implant) -

Explanted ICVRxICVRx in situ

1.8 ml infusion of 10 
mg/ml VAL-1221 in 

right lateral ventricle

Euthanized 14 days 
after infusion

Multiple tissues 
collected and assessed 

for GAA

-- 23Sep22 ID# #4516266 (Day14 post dosing) --

Catheter entry point
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Evans blue injection at necropsy
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VAL-1221 is enriched in neurons in hippocampus
-- 23Sep22 ID# #4516266 (Day14 post dosing) --

Catheter 
track



Summary of LD Antibody-Enzyme Fusion Data

Laforin KO
Malin KO

WT

We have tested >400 mice to date with VAL drugs

Brewer et al., 2019 Cell Metabolism
Sun et al., 2019 Cell Metabolism
Austin et al., 2019 Mol Pharmaceutics
Zhou et al., 2020 Trends Mol Med
Sun et al., 2021 Cell Metabolism
Young et al., 2022 EMBO Mol Med



Current VAL-0417 & VAL-1221 efforts

• Define minimum dose w/ maximal response
• Define LB re-accumulation rate
• Establishing human & mouse  biomarkers

Gentry lab:

• Ongoing Lafora Compassionate Use & Expanded Access 
Treatments for VAL-1221 (Clinicaltrials.gov: NCT05930223)

• Pursuing grant awards, investment(s), and industry 
partnerships to support additional program development

Parasail:



ASO

GYS1 gene GYS1 mRNA

GYS1 protein

GYS1 protein

Lafora body

Project 2: Anti-Sense Oligonucleotide (ASO) Therapy

Donohue et al., 2023 Neurotherapeutics
Nitschke et al., 2022, Brain
Ahonen et al., 2021, Brain

EPM2A
EPM2B mutations



3-6m trial 8-14m trial

GYS1 ASO Tx slows LBs in laforin KO mice

Ahonen et al., 2021, Brain

ASO i.t. delivery 
after disease onset 



3 6 9 12

3-12 mo trial

Long-term ASO Tx prevents LBs in laforin KO mice

Ahonen et al., 2021, Brain



GYS1 ASO Tx slows LBs in malin KO mice

Donohue et al., 2023 Neurotherapeutics



GYS1 ASO Tx Decreases Epileptiform Discharges

Donohue et al., 2023 Neurotherapeutics



Current GYS1 ASO efforts

• Completing analysis of Natural History Study, NCT03876522
• Working and has worked with other companies for partnerships

Ionis Pharmaceuticals:

• Many of the LECI PIs have/are talked with potential partners 
• A reoccurring issue has been the size of the patient population
• No one has said the data look suspect or unsupportive

Multiple biotech partners interested in GYS1 ASO:

• Testing the ASO in other disease models
Minassian & Gentry labs:



Arg320

Project 3: Small Molecule Therapy

Ulman et al., Sci Trans Med In Press
Tang et al., 2020, J Med Chem
Skurat et al., 2017, Glycobiology
Contreras et al., 2016, Arch Biochem Biophys

Roach
Depaoli-Roach
Hurley
Johnson

Dave Watt

IC50 = 2.8 mM IC50 = 880 mM

Inhibiting GYS1

GYS1



MZE001 decreases glycogen in WT & Pompe mice

• Pompe mice exhibit 10-fold higher glycogen
• MZE001 reduces the levels by 50%, i.e. 5-fold 

Ulman et al., Sci Trans Med In Press



MZE001 + ERT normalizes glycogen in Pompe mice

Ulman et al., Sci Trans Med In Press

(MZE001)
(Myozyme)



Current MZE001 efforts

Roach, DePaoli-Roach & Gentry labs:

• Completed Phase I in 120 unaffected individuals
• Announced Phase II in Pompe patients for Q3 2023
• Presented data on possible use in muscular dystrophy patients
• Sold the entire program to Sanofi for $750M
• Sanofi is onboarding the program
• No data to suggest that MZE001 crosses BBB
• Science Translational Medicine paper in press

MAZE Therapeutics:

• Testing MZE001 in other disease models



Project 4: Window of Opportunity – Treatment Timing

Varea et al., 2022, Brain Communication
Verea et al., 2021, Neurobiology of Disease
Duran et al., 2020, Mol Neurobiol
Auge et al., 2018, Glia

MALINKO

Mouse model of Lafora disease

MALINOE

Inducible overexpression of malin

Devoid of malin until re-expression is activated

MALINKO + MALINOE

Guinovart & Duran labs



Early re-expression of malin reverses LB aggregates 

Varea et al., 2022, Brain Communication



Late re-expression of malin stops LB progression 

Varea et al., 2022, Brain Communication



Pompe
Disease

GSDs impact 1:~25,000

GSDs are ultra-rare alone, more common together

$1.1B in 2022

2006 FDA approved







Pompe disease patients have CNS & diaphragm issues

75 papers



Neurological GSDs (n-GSDs): One Drug – Multiple Diseases

n-GSDs:
Lafora disease
APBD
Cori Disease
Pompe disease
RBCK1-deficiency

Markussen et al., 2023, J Neurochemistry



Sanofi/Maze:
• MZE001 completed successful Phase I

• Randomized with 120 unaffected individuals
• NCT05249621, completed 21 Dec. 2022

• Sanofi acquired MZE001 for $750M
• Upcoming Phase II in Pompe patients

Aro Biotherapeutics: 
• ABX1100 siRNA targeting GYS1
• FDA granted it Orphan Drug Status
• starting Phase I in Canada Q4 2023
• Unknown if it crosses the BBB

AAV
• 3 ongoing in clinicaltrials.gov
• NCT04093349, NCT05567627, NCT05793307

Ongoing & Future Pompe Disease Clinical Trials
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A disease-modifying treatment, disease-modifying drug, or disease-modifying 
therapy is a treatment that delays or slows the progression of a disease by 
targeting its underlying cause. They are distinguished from symptomatic treatments 
that treat the symptoms of a disease but do not address its underlying cause.

Curative treatment refers to treatment and therapies provided to a patient with the 
main intent of fully resolving an illness and the goal of bringing the patient – ideally -
to their status of health before the illness presented itself.

Symptomatic treatment vs. Disease Modifying vs Curative

Symptomatic treatment, supportive care, or supportive therapy is any medical 
therapy of a disease that only affects its symptoms, not the underlying cause.





VAL-1221 ICV administration ablates brain LBs in vivo
Intracerebroventricular 

(ICV) administration

Continuous infusion 
of VAL-1221 or PBS 

for 7 days

Euthanized 
on 8th day

6 month old
Epm2a-/- mice

PAS staining
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VAL-1221 and Myozyme® degrade LBs in vitro

10 µg VAL-1221 or Myozyme® incubated 
with 80 µg LBs at 37°C pH 7.5 for 3 days



α-GAA WB on brains

• Distribution of Myozyme in the brains of 3 mice

Gentry lab Myozyme® ICV experiment

• ICV infusion for 2 weeks with PBS or rhGAA (0.185 mg total) in 6 mo LKO mice

• No significant change in glycogen content according to GCMS
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• Genotype and age : 12 mo LKO mice
• Administration : Punctual 0.73 mg Myozyme®/10 µl saline, 10ul ICV injection (coordinates: AP:-0.3; 

ML: 0.9; DV: -2.5) 
• Efficacy studies : PAS-D staining at 7 days after injection

• Animals analyzed : 8 mice  

• Results

v 4 mice PBS
v 4 mice Myozyme® 
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Serratosa lab Myozyme® ICV results – Experiment 1



• Genotype and age : 12 mo Laforin knock-in R240X mice

• Administration : Punctual ICV injections (0.73 mg Myozyme®/10 µl saline; 1.46 mg Myozyme®/10 µl 
saline; 2.92 mg Myozyme®/10 µl saline ) (coordinates: AP:-0.3; ML: 0.9; DV: -2.5)

• Efficacy studies : PAS-D staining at 7 days after injection

• Animals : 12 mice, 3 per group 

• Results :
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• Genotype and age : 9 mo LKO mice

• Administration : Alzet® Micro-Osmotic Pump Model 1004 + Cannula ICV (0.11µl/h) (Cannula in 
coordinates: AP:-0.3; ML: 0.9) (3.23 mg Myozyme®/100 ul saline)

• Efficacy studies : Behavioral analysis and PAS-D staining at 1 month after pump implantation

• Animals analyzed : 8 mice  
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IT versus ICV administration in WT mice
Rostral 
Cortex

Medial
Cortex Cerebellum

Choroid
Plexus

WT
PBS

LKO
PBS

LKO
VAL-0417

LKO
Amylase

Intrathecal (IT)

Intracerebroventricular (ICV)

Austin et al., 2019 
Mol Pharmaceutics



1965

1998

2003

2006

2015

Progressive myoclonus
epilepsy with amyloid
deposits characterized
Gonzalo Rodriguez Lafora

1911

2016

2013-2015

Lafora disease named
Gabriel Schwartz

EPM2A identi!ed
Delgado-Escueta, Minassian 

& Serratosa

laforin characterized as 
a glucan phosphatase
Worby, Gentry & Dixon

laforin crystal structure
Gentry

NIH P01

LBs are mechanism
Guinovart
Roach
DePaoli-Roach
Minassian

2007
laforin dephosphorylates glycogen

Roach & DePaoli-Roach
Minassian & Delgado-Escueta

small molecule therapy
enzyme therapy
ASOs
repurposing drugs
gene therapyNHLRC1/EPM2B identi!ed

Minassian, Delgado-Escueta & Scherer

1968-1970
Lafora bodies are starch-like

Yokoi et al.
Sakai et al.

1995
Gene mapped to chrom. 6q
 Serratosa& Delgado-Escueta

- EPM2A (laforin)
- EPM2B (malin)

Gene Identification

112 Year Summary of Lafora Disease (LD) Research
Syndrome Described Mouse models

Biochemistry & Cell Biology

Lafora, Virchows Arch Pathol
Anat Physiol Klin Med 1911

Gentry et al., 2020, 
Epilepsy & Behavior



VAL-1221 mechanisms of cellular entry
Fab fragment linked to 

alpha-glucosidase (GAA): 
VAL-1221

Fab recognizes ENT2 & 
GAA recognizes M6PR 

receptor and is 
transported across the 

membrane

VAL-1221 internalized into 
cytoplasm & lysosome to 

degrade glycogen 
aggregatesClinical Trial: NCT02898753

Initiated: June 2017
Completed: June 2020



Spatial Metabolomics, Lipidomics, and Glycomics

NEDC CHCA

Fresh 
frozen



Tail vein (IV) injections

4 injections of PBS, 
Myozyme, or VAL-1221 
in tail vein over 14 days

Euthanized on 18th day
Multiple tissues 

collected

Polysaccharide
content 

determined

6 month old
WT and Epm2a-/- mice

PAS staining
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VAL-0417 ICV administration ablates brain LBs in vivo
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• LD was first described >100 years ago by Gonzalo Rodríguez Lafora

Minassian, Pediatr. Neurol., 2001

PGBs

• fatal, autosomal recessive disorder – childhood dementia with horrendous 
epileptic episodes

• glucan/carbohydrate inclusions found in cytoplasm of cells from most
tissues, (polyglucosan bodies, PGBs); glycogen storage disease (GSD)

Lafora Disease (LD) – Childhood Dementia

Lafora, Virchows Arch Pathol Anat., 1911

Glycogen-like aggregates:

Polyglucosan body (PGB)

Corpora amylacea (CA)

Lafora body (LB)
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Glycogen Architecture – Laforin & Malin
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1. Degree of branching 
2. Chain length distribution 
3. Phosphate content (G2P, G3P and G6P)

Young et al., 2020
Carb Polymers

Polyglucosan body (PGB) 
formation

Gentry et al., 2005, PNAS
Worby/Gentry et al., JBC
Gentry et al., 2007, JCB
Gentry et al., 209 TiBS
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Purification of native Lafora bodies (LBs) 
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Cell Metabolism

HeartBrain Skeletal Muscle

10 μm


