CD8+ T cell activation occurs 24 hours after
AAV administration and is driven by muscle
promoter specificity
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What is AAV gene therapy?

Adeno-associated virus (AAV) vectors are a widely used delivery tool commonly
used in gene therapy. It acts as a carrier, transporting a healthy or therapeutic
gene into cells so they can make a protein that may help treat disease. Several
AAV-based therapies have already been approved for the treatment of genetic
diseases, in particular ELEVIDYS for DMD.

However, although AAV vectors generally cause less inflammation than other
viral vectors, they can still activate the immune system. In some cases, the
body’s immune cells called CD8* T cells recognize the newly produced
therapeutic protein and attack the cells that produce it, greatly impairing the
treatment efficacy.

What was the aim of this study?

The researchers wanted to better understand the very first biological events
that can trigger an unwanted immune response to AAV gene therapy, with goal
of developing safer AAV vectors. Specifically, they investigated:

e how quickly AAV activates the body’s immune system after
administration,

e how AAV vectors can be engineered to overcome the activation of CD8* T
cells.

How was the study carried out?

The researchers injected different engineered AAV vectors into the muscles of
mice and monitored what happened during the first hours and weeks following
treatment. They examined how the immune system responded in different parts
of the body. They measured:

e how quickly AAV reached the nearby lymph nodes and triggered CD8* T
cells,
e how strong these immune cells responded over the following weeks,
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e and whether specific vector modifications could reduce this unwanted
immune response by limiting transgene activity in certain immune cells.

What did the researchers find?

The researchers found that the AAV reached nearby lymph nodes extremely
quickly, within just one hour of being injected into the muscle. They also
discovered that the immune system can begin recognizing the protein produced
by the gene therapy as early as 24 hours after treatment, several days sooner
than previously though. Surprisingly, only the very small amount of AAV initially
reaching the nearby lymph nodes was sufficient to trigger a full immune
response.

The team also compared several genetic control elements, known as promoters,
that are commonly used in gene therapy to direct gene activity in muscle cells.
They found that some promoters led to early detection of the therapy in the
nearby lymph nodes and subsequently triggered strong immune responses. In
contrast, other promoters reduced this early detection, limited immune
activation and helped protect the treated muscle fibers from unwanted immune
attack.

Why is this research important?

This study shows that the immune system starts responding to AAV gene therapy
much earlier than previously thought, a finding with significant implications for
the design of more effective and better-adapted immunomodulatory co-
treatments.

The researchers also found that immune responses could be reduced by choosing
promoters that keep gene activity restricted to muscle cells and prevent it from
occurring in certain immune cells. This finding could help guide the
development of new AAV gene therapies, making them safer and more effective
in the future.

What are the next steps?

Building on these promising results, the researchers now aim to apply these
findings to the AAV vectors developed by the MAGIC consortium and assess their
potential to improve safety and long-term efficacy for treating neuromuscular
diseases.

For more detailed information, you can refer to the full research article
published in JCI Insight: https://insight.jci.org/articles/view/202541/
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