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CANAVAN’S  DISEASE (CD) 
  

• Genetic defect  
– Caused by rare autosomal recessive mutations in 

aspartoacylase (AspA )gene 

• Inborn error of N-acetyl aspartic acid (NAA) 
Metabolism 
– AspA enzyme activity↓ 
– NAA↑ in the CNS and urine 

• Fatal neurological disorder  
– White matter degeneration 
– Hydrocephaly/leukodystrophy 
– Psychomotor defect 
– Early death (< age of 5)   

Normal 

CD 

Matalon, 1995 

White matter spongy  
degeneration 

• First reported by Dr. Myrtelle Canavan in 1931 
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CANAVAN’S  DISEASE  
- STILL NO EFFECTIVE TREATMENT 80 YEAR LATER    
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Molecular Studies of Canavan’s Disease 
 

- From bedside to test tubes 
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MOLECULAR ETIOLOGY OF CANAVAN’S DISEASE  
- THE BIOCHEMICAL/METABOLIC DEFECT 

  DISCOVERED 26 YEARS AGO  

 First Reported by Matalon et al in 1988 
      - Matalon, R., et al., Aspartoacylase deficiency and N-acetylaspartic 
aciduria in patients with Canavan disease. Am J Med Genet, 1988. 29(2): 
p. 463-71. 
 

 Later confirmed by Divry and Mathieu in 1989  
   - Divry, P. and M. Mathieu, Aspartoacylase deficiency and N-
acetylaspartic aciduria in patients with Canavan disease. Am J Med Genet, 
1989. 32(4): p. 550-1. 
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MOLECULAR ETIOLOGY OF CANAVAN’S DISEASE  
- THE GENE AND CAUSATIVE MUTATIONS  

DISCOVERED 20 YEARS AGO   



Molecular Etiology of the Disease 
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Gene Therapy for Canavan’s Disease 
 

- From bench top to bedside: clinically testing 
the 1st generation CD gene therapy  
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Treatment, cure or prevention of 
disease by modification of the 
expression of one’s genes or 
addition of a new gene 

What is gene therapy? 
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HOW DOES GENE THERAPY WORK?  
 Gene Replacement 

 To replace nonworking mutant  
      gene (loss - of - function)  with a 
      healthy one    

 Gene Silencing  
 To inactivate a mutated gene  
      that becomes toxic to cells (gain - 
of - function) 

 Gene Addition 
 To introduce a new gene to help fight 

a disease (infectious disease , cancer) 

 Gene Editing 
 To correct genetic errors on   patient 

genome directly  (delivery & erasing?) Gene Addition Gene Editting 
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1. 

RAPID PROGRESS IN GENE THERAPY IN THE 
PAST TWO DECADES 

 ~2,000 human clinical trials 
 >2,000 patients received rAAVs in 109 trials  
 Among all CNS gene therapy trials from 

2000 to 2009,  76% used  rAAV 
 Recently showed efficacy in 

 LCA : an inherited childhood blindness 
 Hemophilia B: a defect in blood clotting factor  

 
 Three commercialized Gene Therapy 

Drugs in the  world to date 
 Adenovirus  

• Gendicine (Ad-p53, China, 2004) 
• Oncrine (Oncolytic Ad, China, 2006) 

 Aedno-associated virus 
• Glybera (rAAV1 to treat Lipoprotein  

                   Lipase Deficiency, the first commercialized 
gene            therapy drug  in Europe, 2012)  $1.6 M per shot!  
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Additional $145M from Amazon a few month ago 

Additional $30M VC＋$230 M from Bayer  
for Hemophilia A gene therapy 

Received additional $80M VC in 6/2014 

AGTC went public, the stock went up from  IPO 
$10 to $32. 

KITE went public, the stock went up from IPO 
$13 to > $30. 

Chathem for gene therapy of hemophilia, 
Initially invested $30 M and then purchased by 
Baxter with $70M。 
Avalanche received $6.4 M from Regeneron$6.4M 
for gene therapy。 

After the Forbes report： 

“Gene Therapy's Big Comeback” 
3/26/2014, Forbes magazine 
 

Gene Therapy, particularly rAAV 
gene therapy is very HOT now! 
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HOW DOES GENE THERAPY WORK?  
 Gene Replacement 

 To replace nonworking mutant  
      gene (loss - of - function)  with a 
      healthy one    

 Gene Silencing  
 To inactivate a mutated gene  
      that becomes toxic to cells (gain - of - 
      function) 

 Gene Addition 
 To introduce a new gene to help fight 

a disease (infectious disease , cancer) 

 Gene Editing 
 To correct genetic errors on   patient 

genome directly  (delivery & erasing?) Gene Addition Gene Editting 



 
GUANGPING GAO, PHD 

NEUROLOGY 2014 INT’L CONFERENCE, PHILADELPHIA, 9/8/2014   

GENE THERAPY FOR CANAVAN’S DISEASE  
- AN ATTRACTIVE THERAPEUTIC APPROACH 

  The clinical study of the 1st  generation of Canavan 
gene therapy pioneered by Drs. During and Leone in 
early 2000 
 Multiple site intracranial injections  of rAAV2 through 6 burr holes 

  Limited clinical improvement 

  Confirmed safety of rAAV in the CNS gene therapy (Leone et al, 
Translational Medicine, Science 2013)  

  The lesson learned  
 Diffused white matter degeneration throughout the CNS requires wide-

spread global CNS gene transfer 
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Gene Therapy for Canavan’s Disease 
 

- Bedside back to bench top: developing  
the 2nd generation CD gene therapy 
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KEY CHALLENGES IN GENE THERAPY  

• Gene Delivery Vehicle –Vector 
• Method to deliver vector 
• Bona fide Animal Model for a disease 
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DESIRED FEATURES OF AN VIRAL VECTOR  
FOR IN VIVO GENE TRANSFER  

• Efficiency  

• Stability  

• Low immunogenicity 

• Low genotoxicity (episomal) 
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KEY CHALLENGES IN  
GENE THERAPY RESEARCH 

Gene delivery vehicle (i.e. vector) 
Method of vector delivery 
 
Therapeutic gene(e.g. AspA) 
 
Bona fide animal model for the disease 

 
 
 

Adeno-Associated Virus (AAV)  
• A contaminant in adenovirus preps  
 

• A  dependovirus that is Naturally replication defective 
 

• One of the smallest  mammalian viruses (26  nm) 
 

• A small single stranded DNA genome (4.7 kb)  
 

• A benign residential virus in humans 
 

• rAAVs are safe in > 2,000 patients in > 100 clinical trials 
 

• 2nd  generation of rAAVs discovered in the past decade 
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An Ever-growing AAV Tree 
  • AAV  serotypes 1-9 

• Over 250 genotypes 
• Biodiversity/ 6 different clades 
• Cross-species transmission 

Gao et al., 2002, PNAS 
Gao et al., 2003, PNAS 
Gao et al., 2004, J. Virl  
 
Gao et al, 2005, Curr. 
Gene Ther. 
Vandenberghe et al,  
2009, Gene Ther 

2002-2009 

- Hu, Rh, Bb, and Pi 

- Rh and Cy  

- Hu  

- Hu 

- Hu  

- Hu 

1965- 2001 

 AAV6 
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 AAV3B 

 AAV2 
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 AAV5 
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AAV INFECTION IN PRIMATES 

• Prevalent   
 Humans: ~20% PCR (+), up to 80% sero (+) 

• Persistent  
 Life time in animals primarily as episomes 

• Privileged  
 Low immunogenicity 

• Pathogenicless  
 No reported disease association 
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Novel rAAV Vectors 
-The smallest bio-nanoparticles  

Simple 
Savvy 
Stealthy 
Stable 
Safe (BSLI) 

CNS 

Heart 

Lung 

Eye 

Muscle 

Pancreas 
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Liver 
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Fat 
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11 Years of  Constitutive rAAVEpo 
Expression in NHP  

0
36

5
73

0
10

95
14

60
18

25
21

90
25

55
29

20
32

85
36

50
40

15
1

10

100

1,000

Ep
o 

m
IU

/m
l 

Day
s Years 1 2 4 3 5 7 6 8 

Limit of detection 

9/19/08 

9 10 11 

1/8/1998 



 
GUANGPING GAO, PHD 

NEUROLOGY 2014 INT’L CONFERENCE, PHILADELPHIA, 9/8/2014   

9 YEARS OF REGULATED EPO IN NHP 

• Rhesus monkey injected i.m. with 2.1 x 1013 GC/kg on day 1 
• Rapamycin administered i.v. (   ) at various dose levels 

Gene 
Delivery 
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TISSUE SPECIFIC POSTTRANSCRIPTIONAL REGULATION 
OF RAAV EXPRESSION BY ENDOGENOUS MIRNAS 

Xie et al., 2011, Mol. Ther. 

rAAV9-GFP 
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KEY CHALLENGES IN GENE THERAPY 

Gene Delivery vehicle – Vector 
Method To Deliver vector to the CNS: cross the BBB 
 
Therapeutic gene(e.g. AspA) 
 
Bona fide animal model for the disease 
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I.C.V. INJECTION OF RAAV IN ADULT MICE 
- WIDE-SPREAD TRANSDUCTION IN THE FOREBRAIN  

Wang, Yang, et al, 2013, Human Mol. Genet.  
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Neurons 

Motor Neurons 

Purkinje cells 

Astrocytes 

I.V. RAAV GENE TRANSFER TO NEONATAL CNS 

Cortical Neurons 
  ((EGFP/ NeuN)) 

Dopaminergic  Neurons in SN 
  (EGFP/ TH) 

Zhang, Yang  et al, 2011, Mol. Ther. 
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I.V. RAAV TO 10 WEEK OLD ADULT BRAIN 
- ROBUST TRANSDUCTION IN CLINICAL 

RELEVANT REGIONS/CELL TYPES   

Yang et al, 2014, Mol. Ther.  
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Translation of i.v. & i.t. rAAV gene transfer to  
the CNS from mouse to Macaques 

Ventral midbrain by i.v.  
(Oculomotor nucleus) 

Yang et al, 2014, Mol. Ther.  
Wang, Yang, et al, 2013, Human Mol. Genet.  
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KEY ELEMENTS IN  
GENE THERAPY RESEARCH 

Gene delivery vehicle – Vector 
Method to deliver vector 
Bona fide animal model for the disease 
   - Tested for the first generation of CD gene Therapy(Matalon et al, 2005, MT)  

 
 
 

Growth curve 

Progressive neurodegeneration 
AspA-/- KO mice recapitulate the congenital and infantile forms of CD 
(Matalon et al., 2000, J. Gene. Med; Ahmed et al, 2013, Mol. Ther.)    

Progressive retinopathy (ERG)  



ABC stain 

Proof-of-concept testing the 2nd generation of 
i.v. delivered gene therapy in CD mice   

- Biochemical correction 
WT CD Treated CD 

Western Blot 

AspA 

GAPDH 

WT            Het              CD          Treated 

Immunofluorescence  
[NeuN + AspA] 

*** 

*** 

Enzyme Assay 

Ahmed et al., 2013, Mol Ther. 



MRS spectra 

i.v. rAAVAspA removes excessive NAA 
from CD mouse brain 
- metabolic correction   

 NAA quantification by MRS 

Ahmed et al. , 2013, Mol. Ther. 
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• Restored growth profile 
• Significantly improved motor functions 
• Decreased vacuolation 
• Persistently restored visual acuity 
• Dramatic decrease in NAAuria 
• Improved myelin structure 

 

PROOF-OF-CONCEPT TESTING OF  
THE 2ND GENERATION CD GENE THERAPY  

- THERAPEUTIC OUTCOMES 

P27 P90 P180 

How late is too late? (Ahmed et al., 2013, Mol. Ther.)  



Defining the therapeutic window 

Survival Growth profile 

Balance Inverted Screen 

Rotarod 

Fixed Accelerated 

Gene Therapy is effective at ALL time points though EARLIER IS BETTER! 



Fast therapeutic onset of the 2nd 
generation CD gene therapy 

P0 treated mouse at P27 



Gene Therapy Restored 
Reproductivity of CD mice  



i.c.v v.s. i.v.: Lowering dose by a 50-fold 
-Comparison for survival 

i.v. i.c.v. 

• I.C.V delivery of rAAV AspA leads to longer survival (similar to wt) 
 
• I.V. treated CD mice have a better quality of life  
 
                   Ahmed et al., unpublished data 



i.c.v v.s. i.v.: Lowering dose by 50-fold 
-Comparing for growth and mobility 

Ahmed et al., unpublished data 



i.c.v v.s. i.v.: Lowering dose by a 50-fold 
-Comparing for MRS and MRI 
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Magnetic Resonance Spectroscopy [MRS] 

Reduced NAA level in the brain  
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Magnetic Resonance Imaging [MRI] 

 Reduced brain edema 
Ahmed et al., unpublished data 
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SUMMARY 
• Single i.v. gene therapy as late as P20 or i.c.v. on P1 achieved  

– 100% rescue of early lethality of AspA-/- mice (n>50)  

– Extended survival from < 4 wks to > 24 months  

– Normalized AspA activities, NAA metabolism and myelination 
– Mitigated neuropathology and retinopathy  

– Restored motor function, vision and growth     

 • What is the next?   
– To further improve vector potency and reduce effective dose 

– To perform formal toxicology/safety study in NHPs 

– To have Pre-IND meeting with FDA 

– To file IND and start clinical trial 
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    Gene Therapy for Canavan’s Disease 
 
- Developing the 3rd generation CD gene therapy 
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Gessler et al., unpublished data 

VECTOR OPTIMIZATION: LOWER THE DOSE FOR 
MORE EFFICACIOUS AND SAFER THERAPY   
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OPTIMIZED VECTOR TRANSFORMS CD MICE 
INTO SUPPER-MICE ON ROTAROD(4 WKS OLD, 4WKS AFTER GT) 

Wt hAspA-Opt2 hAspA-Opt3 

Gessler et al., unpublished data 
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ONE OPTIMIZED VECTOR IS BETTER IN 
BALANCING THAN THE OTHER ONE (GESSLER ET AL., UNPUBLISHED DATA) 
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