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To modify or not to modify:
Rethinking mRNA design
for CAR T cell engineering
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As the indication spectrum for chimeric an-
tigen receptor (CAR) T cell therapy con-
tinues to expand, the field of CAR T cell en-
gineering is shifting toward non-viral,
nucleic acid-based approaches for certain
applications.’ These strategies hold promise
for improved safety and reduced
manufacturing costs compared to tradi-
methods, while retaining
therapeutic efficacy across oncology and
autoimmune
various non-integrating nucleic acid plat-
forms, most preclinical and clinical studies
rely on messenger RNA (mRNA) to encode
the CAR transgene,
mRNA incorporating modified uridine nu-
cleotides, such as N1-methylpseudouridine
(mly) or 5-methoxyuridine (5moU)."?
The mly modification, which achieved
widespread success during the coronavirus
disease 2019 (COVID-19) mRNA vaccine
rollout in 2020-2021, has been shown to
reduce innate immune activation relative
to unmodified mRNA by evading recogni-
tion by toll-like receptors 7/8 (TLR7/8), re-
ceptors that detect exogenous uridine-rich
RNA motifs.” Furthermore, unmodified
mRNA can bind intracellular RNA-depen-
dent protein kinase, leading to immune acti-
vation and cellular stress which impedes
translation of the mRNA-encoded protein.”
Two important nuances emerge from these
observations: first, modified mRNA has
been shown to primarily dampen activation
of innate immune cells rather than general
immune cell responses; and second, transla-
tion levels of unmodified vs. modified
mRNA specifically in T cells have not been
robustly examined. To this end, Kahwaji,
Kotzian, and colleagues report in Molecular
Therapy Nucleic Acids a striking and previ-
ously overlooked finding: T cells do not
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response to unmodified mRNA (Figure 1).
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To characterize inflammatory and activa-
tion responses to exogenously delivered
mRNA, the authors examined three types
of mRNA—unmodified, mly-modified,
and 5moU-modified—across five human-
derived cell types: umbilical vein endothelial
cells, bone marrow stromal cells, renal
tubular epithelial cells, monocyte-derived
macrophages, and T cells. This panel en-
compassed both immune and non-immune
cells known to differ in their responses to
mRNA modification.’ In all cell types except
T cells, modified mRNA led to higher re-
porter protein expression, while unmodified
mRNA led to lower protein expression,
induced elevated caspase-3/7 activity, and
increased levels of type I interferons
(IFNs), including IFN-B. In contrast,
T cells showed none of these heightened cas-
pase or IFN responses and instead exhibited
comparable and more consistent reporter
protein expression across all three mRNA

types.

The authors further demonstrated that the
muted response of T cells to unmodified
mRNA was independent of the delivery
method. Both lipofection and electropora-
tion yielded similar outcomes, with electro-
poration predictably reducing cell viability
by approximately 10%, without altering
mRNA delivery efficiency or IFN responses.
Extending their analysis beyond IFNs, the
authors assessed 105 cytokines in T cell su-
pernatants following transfection and
observed no differences between untreated
those receiving unmodified
mRNA via either delivery method. To probe
the underlying mechanism, they analyzed

cells and

existing RNA sequencing datasets to
compare expression of RNA-sensing recep-
tors across T cells and macrophages. Consis-
tent with their findings, T cells expressed
markedly lower levels of TLR7/8 compared
to macrophages, which are well known for
mounting robust inflammatory responses
to unmodified mRNA. Importantly, this
deficiency does not reflect a general inability
of T cells to mount type I IFN responses.
T cells retain strong cyclic GMP-AMP syn-
thase-stimulator ~of interferon genes
(cGAS-STING) activity, the primary DNA-
sensing pathway, and can elicit IFN re-
sponses upon DNA sensing, highlighting a
critical distinction between RNA and DNA
sensing in these cells.”

To assess the functional relevance of these
observations for T cell engineering, the au-
thors delivered an anti-CD19 CAR trans-
gene encoded in unmodified, mIy-modi-
fied, or 5moU-modified mRNA into T cells
via electroporation. Cytotoxic function was
evaluated by coculturing CAR T cells with
the Nalm 6 B cell line. CAR T cells generated
using unmodified mRNA exhibited signifi-
cantly higher percentages of CAR-positive
cells at the 24-h and 48-h time points, along
with greater CAR expression intensity
throughout the 72-h observation period,
compared to cells generated using modified
mRNA. Notably, under conditions of higher
target-cell burden, unmodified mRNA CAR
T cells demonstrated superior killing effi-
ciency relative to the m1y-modified control.
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Figure 1. Unmodified mRNA avoids immune activation in T cells, enabling CAR T cell engineering
Kahwaiji, Kotzian, and colleagues demonstrate that T cells, unlike other human-derived cell types, exhibit minimal changes in caspase activity and cytokine release upon
transfection with unmodified vs. modified MRNA. CAR T cells generated with unmodified mRNA also exhibit superior target cell killing and can potentiate more efficient cancer
cell killing at higher target burdens. TLRs, toll-like receptors; CAR, chimeric antigen receptor.

In summary, this study challenges the
common assumption that innate immune
sensitivity to mRNA medicines is generaliz-
able across cell types. The authors present a
compelling argument: although modified
mRNA remains the gold standard for vac-
cine applications, it may be unnecessary for
T cell-focused applications, as T cells do
not intrinsically mount deleterious re-
sponses to unmodified mRNA. While this
finding is well supported, further investiga-
tion is needed to evaluate the in vivo func-
tionality of T cells engineered using unmod-
ified mRNA following adoptive transfer.
Clinically, extending this approach to in vivo
CAR T cell engineering presents additional
challenges, as the use of unmodified mRNA
would necessitate highly precise delivery sys-
tems, such as targeted lipid nanoparticles,
capable of selectively delivering mRNA to
T cells. Successful translation of this observa-
tion will, therefore, require close collabora-
tion between mRNA biologists, delivery sci-
entists, and clinicians. Nevertheless, in its
current form, this study provides a strong
justification for reconsidering the routine
use of modified mRNA in CAR T cell engi-

neering, with the potential to substantially
reduce manufacturing costs and expand ac-
cess to CAR T cell therapies. Beyond CAR
T cells, these findings also posit broader pos-
sibilities for using unmodified mRNA in
T cell engineering applications, including
gene editing and transient immunomodula-
tion to mitigate complications, such as graft-
versus-host disease. Together, these insights
establish a convincing rationale to reassess
the necessity of mRNA modification in
T cell engineering.
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