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CAR-T CELL IMMUNOTHERAPY: CURRENT CHALLENGES AND
CONVERGENCE WITH mRNA TECHNOLOGY
Fazliddin Arzikulov
Tashkent State Medical University, Tashkent Uzbekistan

Chimeric antigen receptor T-cell (CAR-T) therapy has achieved remarkable
success in hematologic malignancies, yet its extension to solid tumors and its
broader accessibility remain constrained by several interlocking challenges.
Identifying tumor-specific surface antigens that are absent from healthy tissue is
far more difficult in solid cancers than in B-cell malignancies, where CD19
provided a nearly ideal target. In addition, the immunosuppressive solid tumor
microenvironment, characterized by regulatory T cells, myeloid-derived
suppressor cells, and inhibitory cytokine signaling, actively blunts the effector
function and persistence of infused CAR-T cells.

A further limitation is the conventional ex vivo manufacturing process itself:
patient T cells must be collected by apheresis, genetically engineered outside the
body, expanded in culture, and reinfused, a process that can take several weeks
and is logistically demanding for critically ill patients. To address this bottleneck,
researchers have begun exploring in vivo CAR-T generation, in which T cells are
engineered directly inside the patient's body using mRNA encapsulated in lipid
nanoparticles, drawing directly on the delivery infrastructure validated by
COVID-19 mRNA vaccines [1].

Two proof-of-concept approaches illustrate this convergence. An injectable
nanocarrier platform developed by Parayath and colleagues demonstrated that
lipid nanoparticles carrying CAR-encoding mRNA, together with targeting
ligands directed at T-cell surface markers, could reprogram circulating T cells in
situ to exhibit antitumor activity without any ex vivo manipulation. Separately,
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Rurik and colleagues used a similar lipid nanoparticle mRNA strategy to generate
transient CAR-expressing T cells that targeted activated cardiac fibroblasts,
showing that the approach can be adapted beyond oncology to other conditions
involving pathological cell populations [1].

Because mRNA is not genomically integrated, in vivo-generated CAR-T cells
express the receptor only transiently, which may reduce the risk of long-term
toxicities such as B-cell aplasia but also limits the durability of the antitumor
response, potentially necessitating repeat dosing. Current research is examining
whether repeated or sustained-release mMRNA-LNP administration, or
combination with mRNA cancer vaccines that boost the expansion and
persistence of the in vivo-engineered CAR-T population, can overcome this
durability limitation while preserving the manufacturing and cost advantages of
an off-the-shelf, in vivo approach [1].
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