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Objectives

& Describe current status and future challenges
for gene therapy for muscular dystrophy

I Discuss the following points considering the
clinical implication®f each:
1. Choice of virus for gerdelivery
2. Methods of Gene Delivery
3. The challenges posed by large size of the
Dysferlin Gene
4. Choices of potentigienesto deliver




Choice of Virus

AAdenovirus

AL entivirus

AAdeno-Associated virus (AAV)




Choice of Virus for Gene Replacement

A No Human disease

b Reduced immune response
b Reduced toxicity
b Delivered to nucleus

& no integration to genome

Adeno-associated virus

Small Capacity 4.7 kb
Dysferlin needs 6.2 kb A Limitations
b Small insert capacity




Preparing AAV as Gene Delivery
Vehicle

®o— Dysferin Gene

Dysferlin Gene \




Methods of Gene Delivery

A Intramuscular

[ Gene delivered directly to muscle
This method tests the validity of
the gene and is the first safety test

[ May be required by the FDA if first
time n clinical trial
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First Gene Therapy Clinical Trial

for LGMD type 2D
April 23, 2008



DISEASE

LGMD Classification

LINKAGE

LGMD1A
LGMD1B
LGMD1C
LGMD1D
LGMD1E
LGMD1F

LGMD2A
LGMD2B
LGMD2C
LGMD2D
LGMDZE
LGMD2F
LGMD2G
LGMD2H
LGMD?2I
LGMD2J
LGMD2K
LGMD2L
LGMD2M
LGMD2N

50922.3-31.3
1921.2

3p25

6923

79

7932.1

15915.221.1
2pl13

12012
17912-21.33

A 1N
FYLo

5033-34
1791112
9g31-33
19913
2931
9934
11p13
9931
19913

GENE
MYOT
LMNA
CAV3

TRIM32
FKRP
TTN
POMT1
ANOS5
FCMD
POMT2

GENE PRODUCT

Myotilin
Lamin A/C
Caveolin-3
Unknown
Unknown
Unknown

Calpain-3
Dysferlin
o-sarcogdlycan
a-sarcoglycan
g=Saicugiycan
d-sarcoglycan
Telethonin

E3-ubiquitin -ligase
Fukutin related protein

Titin

Protein O -Mannosyltransferase 1

Anoctamin
Fukutin

Protein O -Mannosyltransferase 2



LGMD2D Gene Therapy Trial (n = 6)
Alpha-Sarcoglycan Deficiency

714 bp 1,163bp 211 bp
tMCK In pA
DITR 132b DITR
145 f P 145

/ rAAV1.IMCK.hSCGA

Muscle Specific Promoter
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RAPID COMMUNICATION

Sustained Alpha-Sarcoglycan Gene
Expression after Gene Transfer in Limb-
Girdle Muscular Dystrophy, Type 2D

Jerry R. Mendell, MD,"2? Louise R. Rodino-Klapac, MD,'? Xiomara Q. Rosales, MD,?
Brian D. Coley, MD.* Gloria Galloway, MD, "% Sarah Lewis, MD,> Vinod Malik, MD,®
Chris Shilling, MD,> Barry J. Byrne, MD,>® Thomas Conlon, MD,>®
Katherine J. Campbell, MD,” William G. Bremer, MD,” Laura E. Taylor, MD,>
Kevin M. Flanigan, MD, 2 Julie M. Gastier-Foster, PhD,® Caroline Astbury, PhD,®
Janaiah Kota, MD,? Zarife Sahenk, MD, %3 Christopher M. Walker, MD,"’
and K. Reed Clark, MD'-

Objective: The aim of this study was to attain long-lasting alpha-sarcoglycan gene expression in limb-girdle muscular
dystrophy, type 2D (LGMD2D) subjects mediated by adeno-associated virus (AAV) gene transfer under control of a
muscle specific promoter (tMCK).
Methods: rAAV1.tMCK hSGCA (3.25 x 10" vector genomes) was delivered to the extensor digitorum brevis muscle
of 3 subjects with documented SGCA mutations via a double-blind, randomized, placebo controlled trial. Control
sides received saline. The blind was not broken until the study was completed at 6 months and all results were
reported to the oversight committee.
Results: Persistent alpha-sarcoglycan gene expression was achieved for 6 months in 2 of 3 LGMD2D subjects.
Markers for muscle fiber transduction other than alpha-sarcoglycan included expression of major histocompatibility
complex |, increase in muscle fiber size, and restoration of the full sarcoglycan complex. Mononuclear inflammatory
cells recruited to the site of gene transfer appeared to undergo programmed cell death, demonstrated by terminal
deoxynucleotide transferase-mediated deoxyuridine triphosphate nick-end labeling and caspase-3 staining. A patient
failing gene transfer demonstrated an early rise in neutralizing antibody titers and T-cell immunity to AAV, validated
by enzyme-linked immunospot on the second day after gene injection. This was in clear distinction to other
participants with satisfactory gene expression.
Interpretation: The findings of this gene replacement study in LGMD2D subjects have important implications not
previously demonstrated in muscular dystrophy. Long-term, sustainable gene expression of alpha-sarcoglycan was
observed following gene transfer mediated by AAV. The merit of a muscle-specific tMCK promoter, not previously
used in a clinical trial, was evident, and the potential for reversal of disease was displayed.

ANN NEUROL 2010;68:629-638
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Six LGMD2D Patients
Muscle biopsies at 3 and 6 months
Gene Expression levels reached near normal levels
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Methods of Gene Delivery

Alntravascular

Gene delivered directly to circulation

[ Currently using a method called
ISOLATED LIMB PERFUSION

[ WIill deliver virus to all muscles of the
extremity

[ Currently Using this approach for
LGMD2D



