
Gene Therapy for Muscular Dystrophy

A Decade of Research and Challenges 

Jerry R. Mendell, M.D.,
Research Institute at Nationwide Children s

Professor of Pediatrics and Neurology



Objectives

ïDiscuss the following points considering the 
clinical implicationsof each: 

1.  Choice of virus for gene delivery
2.   Methods of Gene Delivery 
3.  The challenges posed by large  size of the 

Dysferlin Gene 
4.  Choices of potential genes to deliver

ωDescribe current status and future challenges 
for gene therapy for muscular dystrophy 



Choice of Virus 

ÅLentivirus

ÅAdenovirus

ÅAdeno-Associated virus (AAV)



Choice of Virus for Gene Replacement

Å No Human disease
ƄReduced immune response

ƄReduced toxicity

ƄDelivered to nucleus 

& no integration to genome
Adeno-associated virus

Small Capacity 4.7 kb

Dysferlin needs 6.2 kb ÅLimitations

Ƅ Small insert capacity 



Viral Genes

Dysferlin Gene

Dysferln Gene

Preparing AAV as Gene Delivery 
Vehicle



Methods of Gene Delivery

Å Intramuscular 

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

ɽ May be required by the FDA if first 
time in clinical trial 



First Gene Therapy Clinical Trial
for LGMD type 2D 

April 23, 2008



DISEASE LINKAGE GENE GENE PRODUCT
LGMD1A 5q22.3 -31.3 MYOT Myotilin
LGMD1B 1q21.2 LMNA Lamin A/C
LGMD1C 3p25 CAV3 Caveolin-3
LGMD1D 6q23 X Unknown
LGMD1E 7q X Unknown
LGMD1F 7q32.1 X Unknown 

LGMD2A 15q15.1-21.1 CAPN3 Calpain-3
LGMD2B 2p13 DYSF Dysferlin
LGMD2C 13q12 SGCG g-sarcoglycan
LGMD2D 17q12-21.33 SGCA a-sarcoglycan
LGMD2E 4q12 SGCB b-sarcoglycan
LGMD2F 5q33-34 SGCD d-sarcoglycan
LGMD2G 17q11-12 TCAP Telethonin
LGMD2H 9q31-33 TRIM32 E3-ubiquitin -ligase 
LGMD2I      19q13 FKRP Fukutin related protein
LGMD2J 2q31 TTN Titin
LGMD2K 9q34 POMT1 Protein O -Mannosyltransferase 1
LGMD2L 11p13 ANO5 Anoctamin

LGMD2M 9q31 FCMD Fukutin
LGMD2N 19q13 POMT2 Protein O -Mannosyltransferase 2

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

Muscle Specific Promoter
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LGMD2D  Alpha-Sarcoglycan Gene 06/08



Six LGMD2D Patients 
Muscle biopsies at 3 and 6 months

Gene Expression levels reached near normal levels



Methods of Gene Delivery

ÅIntravascular 
Gene delivered directly to circulation
ɽ Currently using a method called 

ISOLATED LIMB PERFUSION

ɽ Will deliver virus to all muscles of the 
extremity 

ɽ Currently Using this approach for 
LGMD2D


