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Anatomy of the Peripheral Ganglia and AAV Transduction

Sensory: Dorsal Root Ganglia (DRG) / Trigeminal Ganglia

Autonomic Ganglia

Study design considerations

Ganglia Sampling in Toxicity Studies

Pathology Severity Grading

Manifestation of DRG toxicity 

AAV DRG toxicity in different animal species 

Clinical Experience with AAV and DRG effects

Nonclinical adversity and human risk assessment 

Discussion Questions

Outline



Central Nervous System Routes of Administration: 

DRG: Dorsal root ganglion / ganglia. 
Image modified from: Perez BA, et al. Brain Sci 2020;10(2):119.

1. Perez BA, et al. Brain Sci 2020;10(2):119. 
2. Hinderer C, et al. Mol Ther Methods Clin Dev 2020;17:969ï74. 

Route Pros Cons

*Intracerebroventricular

(ICV)

Å Established neurosurgery 

protocols

Å Broad central nervous system 

distribution

Å Invasive surgery

Å Needle tract crosses 

parenchyma, risking injury and 

may enhanced immune response

*Intra-cisterna magna 

(ICM)

Å Good biodistribution to hindbrain 

structures

Å Safer than ICV as does not 

cross parenchyma structures

Å Risk of medullary injury

Å Not a routine clinical procedure

*Intrathecal 

(IT)

Å Non-invasive outpatient 

procedure ï

lumbar puncture2

Å Fluid dynamics of bolus injection 

and distribution to brian poorly 

understood

Å Limited understanding of dose 

translation and brain exposure

Intraparenchymal

(ITP)

Å Targets specific locations in 

CNS

Å Eliminate / reduces exposure to 

DRG

Å High Complexity

ITP

* AAV Delivery routes associated with DRG pathology



Anatomy of the Dorsal Root Ganglion (DRG)

Krames ES. Pain Medicine 2014;15:1669ï85. 2. David Darling Encyclopedia.                                           
Spinal cord: www.daviddarling.info/encyclopedia/S/spinal_cord.html
Haberberger RV, et al. Front Cell Neurosci 2019;13:271.
Hordeaux J, et al. Hum Gene Ther 2020;31(15-16):808ï18. 2. Abraira VE, Ginty DD. Neuron 2013;79(4):618ï39

Multiple Cell Types Make Up the DRG

DRG Connections to Nerve Pathways

http://www.daviddarling.info/encyclopedia/S/spinal_cord.html


Other Ganglia to Consider: Trigeminal Ganglia  

Trigeminal Ganglia in Cynomolgus Monkey

Collected when Brain is Removed

Toxicologic Pathology 2020, Vol. 48(1) 30-36

Trigeminal Ganglia and Branches of 

Trigeminal Nerve Provide both Sensory 

and Motor Innervation to the Head  

https://www.facepain.org/understanding-facial-pain/cranial-nerves/

https://www.facepain.org/understanding-facial-pain/cranial-nerves/


Other Ganglia to Consider: Autonomic Nervous System  

AAV Can Transduce Autonomic Ganglia

IHC for Transgene Expression in Mouse Colon

Paravertebral Autonomic Trunk and  Visceral Organ Ganglia

Autonomic Ganglia in the Intestine
DRG and Paravertebral Autonomic 

Ganglia are Closely Associated

Autonomic Nervous System

Autonomic ganglia : 

myenteric plexus
https://www.dyansys.com/products-

applications/product-technology/ans-monitor-

technology

http://vanat.cvm.umn.edu/ans/pages/General3.html

Hutt J et al. Scientific and Regulatory Policy Committee Points to Consider: 

Nonclinical Research and Development of In Vivo Gene Therapy Products, 

Emphasizing Adeno-Associated Virus (AAV) Vectors. 

accepted Toxicologic Pathology (2021).

https://www.dyansys.com/products-applications/product-technology/ans-monitor-technology
http://vanat.cvm.umn.edu/ans/pages/General3.html


AAV Transduction is Complex

NHP Liver : 30 days post AAV treatment  
ÅThe cellular pathway leading from AAV entry to 

transgene expression is complex and poorly 
understood

ÅWhy two cells of the same type immediately 
adjacent to each other contain vector DNA but 
only one translates this to mRNA and protein is 
unknown 

Wang, Nat Rev Drug Discov 18, 358ï378 (2019)

ISH for DNA and mRNA         IHC for Protein

mRNADNA Protein

NHP DRG 48 days 
post AAV treatment

Red stain is ISH 
probe that 
recognizes vector 
DNA and mRNA

Green is  
Parvalbumin IHC


