ABBIE and CAR-T: A Powerful Combo for Safer Cancer
Therapies

CAR-T cell therapy has transformed the field of oncology. By reprogramming a patient's own
T-cells to recognize and destroy cancer cells, it has given hope to patients with otherwise
treatment-resistant malignancies. Yet, as powerful as CAR-T therapy is, its production
remains technically complex. A key challenge lies in inserting the chimeric antigen receptor
(CAR) gene into the T-cell genome in a precise, safe, and efficient way.

This is where ABBIE—could reshape the landscape of CAR-T engineering.

The Challenge with Current CAR-T Engineering

Traditionally, CAR genes are delivered into T-cells using viral vectors like lentivirus or
retrovirus. While effective, these methods come with limitations:

e Random integration: Viral vectors often insert DNA at unpredictable sites in the
genome, which can disrupt essential genes or regulatory regions.

e High cost and complexity: Viral vector manufacturing is time-consuming, costly, and
tightly regulated.

¢ Insertional mutagenesis risk: Integration near proto-oncogenes can potentially lead to
dangerous side effects.

Newer techniques, such as CRISPR-Cas nucleases, offer site-specific editing but rely on
double-strand DNA breaks (DSBs). DSBs can cause chromosomal rearrangements, p53
activation, and genotoxic stress—issues that are especially concerning for clinical therapies.

Enter Integrase—Cas Fusion Proteins

ABBIE is a fusion of a Viral Integrase and a Cas protein. Integrases are natural enzymes from
viruses and bacteria that insert DNA into host genomes without requiring double-strand
breaks. By fusing an integrase with a CRISPR-guided “dead” Cas protein (dCas9 or dCpfl),
scientists created a new tool with desirable functionalities.



e dCas9-integrase: Combines the flexible PAM requirements of Cas9 with integrase’s
integration ability.

o dCpfl-integrase: Offers distinct PAM recognition and staggered targeting, which may
improve the range of integration sites.

In both cases, the Cas protein is catalytically “dead” (unable to cut DNA) but still able to bind
genomic sequences, guiding the integrase to a site. Whole Genome Sequencing (WGS) was
done to verify a single, reproducible site of integration with a designed guide RNA.
Experimental in vitro evidence also has show this works extremely well in quickly and
efficiently producing a functional CAR-T to kill cancer cells.

How This Could Improve CAR-T Engineering

Using ABBIE proteins can allow researchers to:

1. Target a Particular Single Site
Instead of random viral integration, CAR genes could be inserted into a region that can
reliably be identified. This ensures stable CAR expression without disrupting critical
genes.

2. Avoid Double-Strand Breaks
By bypassing DSBs that are typical of Cas proteins, the method could reduce
chromosomal abnormalities and lower the risk of off-target effects compared to
nuclease-based editing.

3. Enable Multiplexed Engineering
With CRISPR guide RNAs, multiple CAR constructs—or additional functional genes
like cytokine regulators—could be integrated in one step.

4. Streamline Manufacturing
A programmable, non-viral method could simplify CAR-T cell production, reduce costs,
and make therapies more accessible.

Potential Applications

e Next-Gen CAR-T Cells: More durable, precisely engineered T-cells with reduced risk of
gene disruption.

¢ Allogeneic “Off-the-Shelf” CAR-Ts: Genome editing at controlled loci could help
generate universal donor T-cells without the risk of graft-versus-host disease.

e Combination Therapies: Integration of synthetic circuits, checkpoint modulators, or
safety switches alongside CARs.

Continued Improvements

While promising, ABBIE technology is still undergoing further development in this process.
Areas to improve include:

¢ Efficiency: Achieving even higher integration rates in primary T-cells.



¢ Directed: Continuing to ensure integrases don’'t act promiscuously outside of a
particular integration site.

e Scalability: Developing GMP-compliant protocols for clinical-grade CAR-T production.

e Immunogenicity: Minimizing immune recognition of engineered proteins by harnessing
new delivery systems in a collaboration with Coastar Therapeutics.

ABBIE represents a powerful new frontier in genome engineering. By marrying the precision
of CRISPR targeting with the integration ability of viral enzymes, they offer a pathway to
safer, more efficient, and more scalable CAR-T therapies.

This approach could help unlock the full potential of CAR-T technology—not only making it
safer for patients, but also more widely available to those in need.



