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Chimeric antigen receptor (CAR) T-cell therapy has
emerged as a transformative immunotherapeutic
strategy for hematological malignancies by
redirecting  T-cell specificity toward tumor-
associated antigens. Despite the clinical success of
viral vector—based CAR delivery systems, concerns
regarding insertional mutagenesis, immunogenicity,
manufacturing  complexity, and cost have
highlighted the need for safer and more efficient
nonviral alternatives. Minicircle DNA vectors,
devoid of bacterial backbone sequences, represent a
promising next-generation gene delivery platform
capable of sustaining robust and prolonged
transgene expression with an 1mproved safety
profile.

In this study, a second-generation CD19-specific
CAR construct was engineered and cloned into a
replicative minicircle vector (CAR-MC). Human
peripheral blood—derived T cells were 1solated and
genetically modified via electroporation with the
CD19CAR-MC construct. The functional efficacy of
the generated CAR T cells was evaluated through in
vitro co-culture assays using CDI19-positive
leukemia cells and CD19-negative control cells.
CAR T-cell activity was assessed by measuring
antigen-specific cytotoxicity, cytokine secretion
profiles, and proliferative capacity.

Conclusions

Minicircle-engineered CD19 CAR T cells
demonstrated highly selective and potent cytotoxic
activity against CD19-expressing leukemia cells,
while sparing CD19-negative targets. These CAR
T cells exhibited significantly enhanced secretion
of key proinflammatory cytokines, including
interferon-y and tumor necrosis factor-a, compared
with non-transduced T cells, confirming effective
CAR signaling and 1mmune  activation.
Furthermore, minicircle-mediated gene delivery
resulted 1n efficient CAR expression and sustained
functional performance without evidence of
vector-related cytotoxicity.

This study establishes minicircle DNA as a safe,
efficient, and non-integrating nonviral platform for
CAR T-cell engineering. The absence of bacterial
backbone elements enables high-level and durable
CAR expression while minimizing immunogenicity
and genomic risk. Minicircle-mediated CD19 CAR
T cells effectively recognize and eliminate leukemia
cells, underscoring the translational potential of this
approach as a next-generation alternative to wviral
vectors for cancer immunotherapy.
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