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Abstract:

Over the last two decades, numerous efforts drove the development of synthetic mMRNA vaccine against
COVID-19. Nowadays, mRNA vaccines targeting other infectious diseases and various types of cancers are
being developed. However, the applications of synthetic mMRNA vaccines are still restricted by several factors.
For example, the low cellular stability limits the protein production efficiency and the random truncation during
template synthesis increases the cost and duration of production. We pioneered the research in optimization of
poly(A) tail sequences by inserting non-A nucleotides at the rear part of the tail. This engineering of optimized
tail sequences can not only substantially prolong mRNA half-life to boost protein production rate and maintain
high protein levels in the cell, but also reduce random truncation rate during template synthesis. These effects
of optimized tails were observed in all cell types, for all model mRNAs, and were independent of the
transfection reagents used. We also confirmed on animal model that optimized tail can drastically boost the
efficacy of mMRNA cancer vaccines. As the use of the optimized tails does not alter production pipeline of
MRNA and is compatible with other mMRNA enhancement technologies, we believe they can be broadly used
to promote the clinical applications of mRNA vaccines.
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