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Project objective: A central pathogenic event in prion disease is the conversion of normal 
prion protein, PrPC, to the pathogenic isoform, PrPSc, which subsequently leads to 
neurodegeneration. It has been well established that antibody against PrPC could prevent the 
occurrence of prion disease. But antibody-based therapy faces several challenges, including the 
potential neurotoxic effects of certain anti-PrP antibodies and the requirement for a large 
amount of antibody.    

Nanobody (Nb) is a unique form of antibody, which is the antigen binding region of the 
single chain antibody produced in Camelidae. Because it is encoded by a single gene, a 
nanobody can be expressed as a transgene or produced as a recombinant protein. We have 
studied several nanobodies against normal PrPC in vitro and in brain cell cultures. Our results 
showed that these nanobodies bind to PrPC with high affinity, have the capability to inhibit 
prion propagation in protein misfolding cyclic amplification (PMCA), can eliminate prion 
infection in culture cells, and more importantly, show no toxicity to brain cells in culture.  

The goal of this project is to determine 1) whether these nanobodies can be expressed in 
the brain by a viral vector delivered by intravenous injection, 2) how long the Nb expression 
lasts after a single injection, and 3) whether the anti-PrP nanobody expression can prevent 
prion disease caused by intracerebral prion inoculation.  
 
Summary of accomplishments to date: Using AAV-PhP.eB viral vector, we found that 
anti-PrPC nanobodies can be expressed in the central nervous system in C57BL/6J mice through 
intravenous injection. The expression was high around 1-2 months after intravenous injection 
but greatly diminished at around 130 days after injection. Intravenous AAV injection at 30 or 
120 days after intracerebral prion inoculation did not significantly extend the survival time of 
prion infected mice. 
 
Key findings and implications for the prion disease field: AAV expression of anti-PrPC 
nanobody at 30 days or 120 days after intracerebral prion inoculation is not sufficient to alter 
the survival time of prion disease in C57BL/6J mice. Possible reasons for the lack of effect on 
prion infected mice could be due to the relatively low Nb expression level and the time of AAV 
injection is too late. Although intravenous injection of Nb-AAV-PhP.eB is successful to express 
Nb in the central nervous system, the expression level is peaked around 1-2 months after 
injection, but reduced afterwards. Thus, the level of Nb in central nervous system may not be 
sufficient to bind all PrPC in the brain to prevent its conversion. 

Our results indicate that AAV-PhP.eb mediated anti-PrP antibody expression in the 
central nervous system is a viable approach to deliver biological molecules to the central 
nervous system. However, in order to achieve therapeutic effect, the level of nanobody 
expression needs to be improved. 
 
Next steps: Identifying Nb with higher affinity to PrPC or recognizing the aberrantly folded PrP 
conformers would provide better tools for developing a therapy.             


