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Improvement of productivity and quality of
adeno-associated viruses for in vivo gene therapy
by addition of alcohol
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Gene therapy products are highly anticipated as the next generation of biologics due to
their therapeutic efficacy and long-lasting effect. The development and production of these
therapies are rapidly progressing worldwide. Among these, the recombinant Adeno-
Associated Virus (rAAV) has emerged as a promising viral vector for in vivo gene therapy.
However, challenges persist with the current production method, particularly the transient
expression of rAAV vectors in Human Embryonic Kidney 293 (HEK293) cells, which is the
most popular technique. This process is inefficient as the rAAV genome often becomes
fragmented during packaging into rAAV particles. Many particles fail to package the rAAV
genome at all, resulting in incomplete particles that contaminate the final product. This
represents a significant issue in the production of rAAYV vectors.

In the present study, we explored potential enhancements to the production of rAAV
serotype 2 (rAAV2) using a HEK293 suspension culture. We discovered that adding ethanol
within a specific concentration range improved the viability of producer cells during rAAV2
vector production. Furthermore, the addition of ethanol also enhanced the productivity of
rAAV2 vector and the integrity of the packaged genome. To understand the mechanism
behind these effects, we conducted a proteome analysis on HEK293 cells. Our findings
indicated changes in certain pathways which seemed to be responsible for the improvements
seen with the ethanol addition. This leads us to believe that the addition of ethanol may
provide a safe and cost-effective method to enhance the productivity and quality of rAAV
vectors.
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Fig. 1 Preliminary Result of Enhancer Candidates on rAAV2
production using HEK293 cells.,

(a) : Genomic titer of each condition relative to control.,

(b) : Percentage of genome integrity packaged into rAAV2
vectors.
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Fig. 2 Culture Profile of HEK293 cells, Genomic titer and Packaged Genome Integrity When Enhancer added.
(a) : Viable cell density and Cell viability of producer cells during rAAV2 production.,

(b) : Genomic titer on each conditions.,

(c) : Percentage of genome integrity packaged into rAAV2 vectors on each conditions.
Statistical analyses were performed using Dunnett’s test and asterisks indicate the statistical differences between the control
and each condition. * = p < 0.05, *** = p < 0.005, *** = p < 0.001, N.S. = not significant
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Table 1 Biological titter of rAAV2 vectors produced into
HEK293 cells under various conditions.

Packaged 2 e
Conditions Genome I“r:;g;':lg;m p-value
Integrity (%)
Control 48.3 1.27 x 108
0.56%(v/v) Ethanol 55.4 1.61 x 108 0.015
1.5mM VPA, 3
0.56%(v/v) Ethanol 54.3 1.97 X 10 <0.001

Statistical analyses were performed using Dunnett’s test.
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Fig. 3 Cell viability, Genomic titer and packaged genome integrity at each ethanol addition concentration.

(a) : Cell viability at 72 hours post-transfection.,
(b) : Genomic titer of each condition relative to control.,

(c) : Percentage of genome integrity packaged into rAAV2 vectors.

Statistical analyses were performed using Dunnett’s test and asterisks indicate the statistical differences between the control and

each condition.

*=p <0.05, ** =p < 0.005, *** = p < 0.001, N.S. = not significant
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Proteins expression decreased at 72 h post TF Proteins expression increased at 72 h post TF

Fig. 4 Number of proteins with significantly changed
expression levels in HEK293 cells when ethanol only
or ethanol and VPA were added during rAAV2 produ
ction.
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Table 2 Regulated pathways and functions in HEK293 cells during AAV2 production by adding ethanol.

z Regulated
Related pathways Top Function timing (h)
Upregulated pathway when ethanol was added
NAD: Signali Nucleic Acids Metabolism, Small Molecule 7
SN Biochemistry, Cellular Function and Maintenance
P T Tissue Morphology, Cell Death and Survival,

Protein Kinase A Signaling Connective Tissue Development and Function 45,72

T Gene Expression, Embryonic Development, ”
Estrogen Receptor Signaling Organism Development =
Superpathway of Cholesterol Biosynthesis Cell Morphology, Embryonic Development 72
CLEAR Signaling Pathway Cell Morphology. Cellular Function and Maintenance 48,72
Downregulated pathway when ethanol was added

o din. i Cell Death and Survival, Organismal Injury and

Meagingis Simsiton Teiwny Abnormalities, Renal Necrosis/Cell Death asz
Interferon Signaling Antimicrobial response, Inflammatory Response 48,72
Role of Hypercytokinemia
/hyperchemokinemia in the Pathogenesis Cellular Movement, Immune Cell Trafficking 72
of influenza
Pathways where change was identified when ethanol was added
Activation of IRF Inflammatory Response, Antimicrobial Response, 7
by Cytosolic Pattern recognition receptors Cell Death and Survival
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