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Abstract

Introduction: Adeno-associated virus (AAV) is a 

commonly used gene therapy vector due to its 

favorable safety profile, stability, and duration of 

transgene expression. One major limitation of 

current AAV vectors are neutralizing antibodies 

(nAb), which are present in many potential 

patients (preventing treatment) and develop in all 

patients following an initial dose (preventing re-

administration). Encapsulation within exosomes 

(exoAAV) is a potential strategy to protect AAV 

from antibody-mediated neutralization, allowing 

efficient transduction even in the presence of high 

nAb titers. We have developed a method for 

generation of high purity exoAAV that, compared 

to free AAV, have demonstrated increased in 

vitro potency and resistance to nAb.

Methods: We generated exoAAV using triple 

transient transfection in suspension-adapted HEK-

293 cells. We assessed exoAAV via qPCR, Western 

Blot, Nanoparticle tracking analysis. Cellular 

transduction was measured by flow cytometry.

Results/Conclusion: In an effort to increase 

exoAAV yields, we compared several production 

factors to increase exoAAV yield. Combining 

optimized transfection conditions, cell type, and 

harvest conditions generated markedly (multi-log) 

higher exoAAV yields. exoAAV were resistant to 

nAb found in human IVIg, which completely 

blocked transduction by free, un-encapsulated 

AAV. Our results show that production of exoAAV

can be increased through optimized procedures. 
Summary

• A small percentage of secreted AAV is 

encapsulated in exosomes

• Differential centrifugation is not sufficient 

to isolate exoAAV from non-exosomal 

AAV

• exoAAV is more potent than free AAV in 

vitro

• exoAAV is not neutralized by antibody-

containing human IVIg in vitro
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Figure 2: Purification scheme.

Most published reports2,3 of exoAAV purification use differential centrifugation 

alone to generate an ultracentrifuge pellet.  Here, we employ an additional 

Iodixanol density gradient after differential centrifugation to generate a low-

density exosome-enriched fraction. The resuspended 135,000 x g pellet is 

resuspended in 45% Iodixanol and loaded at the bottom of the gradient. 

Figure 3 - Most secreted AAV is not associated with exosomes. 

(A) Purification procedure.  HEK293 cells are transiently 

transfected with AAV expression plasmids and processed by 

differential and density gradient centrifugation. (B) Image of a 

representative Iodixanol density gradient.  Collected fractions 

are indicated. Exosomes are visible as a white band migrating 

at the top of the gradient.  (C) SDS-PAGE and Western Blot 

analysis.  (D) qPCR analysis of AAV transgene. The majority of 

AAV capsid protein (C) and transgene (D) are found in 

fractions that do not contain the EV marker CD81.

AAV is encapsulated within exosomes

1Dooley et. al. Mol. Ther. 2021

Figure 3 – AAV is encapsulated within exoAAV 

exoAAV was purified as in Figure 2; free AAV was purified from lysates of the 

exosome-producing cells using standard protocols including an Iodixanol step 

gradient. CryoEM images show capsid-sized structures (~25 nm) inside the limiting 

membrane of vesicles in exoAAV samples. Scale-bars = 25 nm.

Figure 1 
Several studies (refs.) have shown 

effective gene delivery via 

exoAAV. exoAAV has been 

shown to evade pre-existing 

immunity against AAV, creating 

the potential to re-dose with 

exoAAV gene therapy. 

Schematic of exoAAV protecting 

encapsulated AAV from 

neutralizing antibodies (orange) 

that bind and inhibit free AAV.
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exoAAV is more potent than free AAV 

and resists neutralization

Figure 4 – exoAAV resists neutralization.

qPCR was used to determine titer of the GFP transgene in exoAAV (green) and free 

AAV (blue) samples.  

Hek293 cells were treated with exoAAV or free AAV at an MOI of 10,000 and GFP 

fluorescence followed over time. At matched MOI’s, exoAAV is ~80x more potent than 

free AAV.  When treated with a neutralizing monoclonal antibody, GFP transgene 

expression in AAV-treated cells (light blue) was only slightly above background in 

untreated cells (gray).  Antibody treatment did not reduce GFP expression in exoAAV 

treated cells (light green).  Representative data from N=3 experiments.
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