UF FLORIDA

GSD Type I Clinical and Research Update

David A. Weinstein, M.D, M.M.Sc.
Director, Glycogen Storage Disease Program
Professor, University of Florida College of Medicine




Glycogen Storage Disease in 1998

 Many children in the
United States were
getting liver transplants

e Little clinical research
was occurring

* 16 years without a major
advancement

There was little hope
for families



Progress since 1998

Clinically approved blood and saliva tests have
been created to diagnose GSD

Evidence that all complications in GSD can be
prevented

New therapies have been introduced

Gene therapy has successfully been performed in
the animal models
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Figure 1: Duration of Fasting on Uncooked
Cornstarch and Glycosade
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JIMD Reports

Table 1 Glvcogen storage disease type la metabolic markers before and after extended release co irch therapy

Prestherapy
[mean 4+ SD Pre-therapy  Pre~therapy Post<therapy (12 months)  Post-therapy  Post-therapy  P-
(n =41} ' range [mean = SD¥ (n = 41)] median range value

AST (UML) 207 + 109 26 =35 J20+ 177
ALT (U/L) 270 L 17.0
Cholesterol {mg/dL)

Tiglycerides (mg/dl)  265.2 2938 £+ 1668
Uric acid (mg/dL) T A, 3.2—-10.5 .2 + 1.7
Protein {g/dL) 6. 0=, 72+ 04
Albumin {g/dL) 4. 4.3 : 4.4 + 0.3




Prevention of Complications

There is increasing evidence that
complications can be prevented or completely
avoided in GSD through maintenance of
outstanding metabolic control.



Complications can be Avoided

Hepatic adenomas (la/lb)
Osteoporosis (la, Ib, Ill)
Anemia (la, Ib)

Splenic Complications (Ib)
Myopathy (GSD llI)
Cardiomyopathy (lll)
Cirrhosis (IX)

Growth (O, la, Ib, I, IX)
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Natural History of Hepatocellular Adenoma Formation in Glycogen
Storage Disease Type |

David Q. Wang, MD, Laurie M. Fiske, BS, Caroline T. Carreras, and David A. Weinstein, MD, MMSc

Mean triglycerides

> 5.6 mmol/L
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Regression of Adenomas with Improved
Metabolic Control

ITMD Repors
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+ Regression of Hepatocellular Adenomas with Strict Dietary

- Therapy in Patients with Glycogen Storage Disease Type |

3 Richard D. Beegle - Laurie M. Brown -
4 David A. Weinstein

Regression of adenomas in 13 patients

9 patients with MRI confirmation

6/9 with complete regression

Regression occurred when triglycerides fell below 300
Total: 8 years follow-up

Average of 4.8 years to complete regression
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Improving Worsening
Microalbuminuria Microalbuminuria

Mean Initial Triglyceride 667 (+/-353) 802 (+/-119)

(mg/dl)/ (SD)

Mean Current Triglyceride 370 (+/-196) 800 (+/-342)
(mg/dl)/(SD)

Change Over Course of 297

Treatment (mg/dl)




There is one medical condition that we are
seeing more frequently in our adults with
GSD laand GSD Ib......

Pregnancy



46 healthy children have been born to mothers with GSD in our
program including a mother with GSD la who has 7 children
and a mother with GSD Ib who has 6 children




Why Do We Need New Treatments

* No children and less than
10% of adults can sleep
through the night without
awakening

* QOver sleeping can result in
severe hypoglycemia,
seizures, and even death

e Complications common
when suboptimal
compliance
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Must get the defective gene to the liver

Key = gene that is defective

(G-6-Pase) Virus: Transporter to the liver
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The GSD-la mice manifest growth retardation, hypoglycemia,
hyperlipidemia, hyperuricemia, hepatomegaly, nephromegaly, as
well as hepatic and renal glycogen deposition
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AAV1-G6Pase infusion normalizes plasma
glucose, cholesterol, triglyceride, and uric

acid profiles

60 1

40

20 1
00 -
80
60 -
40 1
20 +

0

Glucose

vvvvvvv

0 8 16 24 32 40 48 56 64
(WEELS

480

420
360
300 H
240
180 -
120 -

60

Cholesterol Triglyceride
540
480
420 A
360 -
300 -
240 -
180
120

60

0 8 16 24 32 40 48 56 64 0 8 16 24 32 40 48 56 64
Weeks WEELS

Zingone A, et al., J Biol Chem, 2000

Uric Acid

10.5 1
9.0
7.5 1
6.0 -
4.5 1
3.0 1
1.5 4

00 —mF————
0 8 16 24 32 40 48 56 64

RS







The GSD dogs

« Naturally occurring in maltese

« Fatal disease in dogs, and all
dogs die within hours of birth

 Prior to study, no dog had
survived more than 4 weeks
even with medical treatment

Supported by AGSD from 1999 — 2005 and given to the UF team by the
teams at NC State and Duke
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Gene Therapy in the canine model:
The team




Gene Therapy in Dogs with GSD

* Undetectable glucose at birth
e Confirmed by mutation analysis on DOL #1



Gene therapy was performed on our dogs with GSD type
la for the first time on September 11, 2007

e \ector: AAV-8
e Dose: 5 x10%3 vector genomes/kg
e Method: IV injection into the jugular vein



Fasting Blood Glucose 2 wks post-injection of
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Blood Lactate Levels 180 minutes post-feed
2 wk post administration of rAAV2/8-CBA-mG6Pase

G6Pase +/- GSDla* AAV8-G6Pase

* GSDla value after 60 min



Untreated GSDla affected dog Treated GSDla affected dog
18 days old 17 days old

16 days post AAVS treatment



Fasting Study 7 weeks after AAV-1 infusion

Blood Glucose Levels Blood Lactate Levels 7 wks Post-Injection of rAAV2/1
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All glucose support was stopped at 6
months of age

* No problems clinically while weaning off
therapy

* On the day after all support was stopped, dog
went 22 hours without food yet remained

clinically well



Dulce Following Gene Therapy

Liver biopsy 6 months after the 2"d gene therapy dose
demonstrated 7% activity



H & E Staining




GSD la Dogs at 2 months of age

AAV-8 at Birth Medically Treated




Impact of Gene Therapy at 2 months




GSD la Canine Colony Overview

11 GSD la dogs

* 8 have undergone gene therapy

— 5 treated at birth

* 3 received AAV 8 (1-5 x 10*3 vg/Kg) followed by AAV
1 (1 x10%3 vg/Kg)

e 2 received AAV 1 first

— 3 received delayed treatment

* 1 dog at 2 months and 2 dogs at 6 months

* All received AAV 8 (2 x 1013 vg/Kg) as primary
treatment



GSD Type la Dogs After Gene Therapy




GSDla Canine GT Vector Stability
JAVANVAR GV IAVANVANI

Tissues Copies after 3 years  Copies after 5 years

ug/gDNA ug/gDNA

Liver 3355 3058
Ovary 773 18

Kidney 29724 447

Pancreas 19 118
Spleen 4305 70

Jejunum 7 370
Quad 108 ---
Lymph Node 635 0

Diaphragm 40 146

Heart 542 140

Lung 18 5



Molecular
Therapy

Endgame: Glybera Finally Recommended
for Approval as the First Gene Therapy Drug
in the European Union

e November 2012:

Glybera first gene
therapy treatment
approved as a medication
for lipoprotein lipase |
deficiency D

(European Commission)



DIMENSION

THERAPEUTICS

Quaiity of Science. Quality of Life.

NMEWS RELEASE

Dimension Therapeutics to Develop Gene Therapy Treatments for Patients with Ornithine
Transcarbamylase (OTC) Deficiency and Glycogen Storage Disease Type la (GSDIa)

Severe Forms of These Diseases Have Devastating Consequences for Patients and Families, with
Few or No Effective Treatment Options

CAMBRIDGE, MASS., April 23, 2015 — Dimension Therapeutics, Inc. (“Dimension™ or the “Company”), a rare disease



Gene Therapy for GSD Ib

* [376] Correction of Metabolic Abnormalities in
Murine Glycogen Storage Disease Type Ib by Gene
Therapy

Young Mok Lee, Joonhyun Kwon, David A. Weinstein,
Janice Y. Chou. Section on Cellular Differentiation,
Program on Developmental Endocrinology and
Genetics, Eunice Kennedy Shriver National Institute of
Child Health and Human Development, National
Institutes of Health, Bethesda, MD; Glycogen Storage
Disease Program, Division of Pediatric Endocrinology,
Department of Pediatrics, University of Florida,
Gainesville, FL



GSD-lb gene therapy

Fasting glucose test
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GSD-Ib gene therapy

Survival rate (%) of AAV-hG6PT infused mice
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Thank you for inviting me!




