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Prospects for gene therapy in Fragile X 
syndrome 

• FMRP protein replacement in the brain: 

– Localized vs. global transgene expression in the 
brain 

– FMRP expression in different cell types 

– Therapeutic window to rescue the behavioral 
abnormalities 

– Reversal of learning deficits in fragile X syndrome 
by restoration of FMRP in adult neural stem cells 
(Guo et al., 2012) 



Specific aims 

1. To design efficient adeno-associated viral vectors (AAVs) containing Fmr1 gene 
with widespread strong neuron-specific transduction in neonatal mice. 

 

2. To identify the most effective route(s) of administration and age of injection 

 

3. To assess levels and distributions of FMRP in vector-injected Fmr1-knockout mice 
compared with wild-type mice by immunocytochemistry and quantitative Western 
blotting. 

 

4. To assess a range of behavioral phenotypes associated with fragile X syndrome in 
AAV-treated Fmr1 KO mice. 

 

  

 



Major factors affecting efficiency AAV 
transduction 

• 1. AAV serotype 

 

• 2. Route and age of administration  

 

 

 

 

 

• 3. Promoter selection  

 

intracranial Intravascular(i.v.) Intracerebroventricular(i.c.v.) 



Lessons learned from AAV2/9-eGFP 
injections  

• Higher distribution of AAV2/9 vectors in 
the brain at postnatal day 5 compared to 
postnatal day 21 injections 
 

• AAV2/9-CMV-eGFP:   
Preferential transduction of  
astrocytes in neonatal mice but  
neurons in juvenile mice 
 

 
• AAV2/9-SYN-eGFP :  
Extensive neuron-specific transduction in 
the brain regardless of the age of injections 

 

Gholizadeh et al., 2013 



Study outline 



Results & Conclusions 

• After a single vector injection in neonatal Fmr1 mice, 
we observed partial rescue of several behavioral 
impairments in adult AAV-treated Fmr1 KO mice. 

 

• This work represents a proof-of-principle for gene 
therapy in an animal model of FXS. 

 

• This research also provides us with a better 
understanding of the role of FMRP in neurons, and its 
contribution to reversing abnormal behaviors in  Fmr1 
KO mice. 

 

 

 

 



Perspectives 

• Fine tune transgene delivery to have widest 
possible distribution that approaches 100% of 
WT expression levels 
– Over expression might lead to pathological effects 

 

• Investigate new behavioral tests  

  

• Alternative injection strategies and vector 
constructs for improved outcomes 
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