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Addressing challenges in mRNA drug development and
manufacturing

The rapid development and approval of COVID-19 vaccines has spurred a renewed interest in mRNA as a therapeutic strategy.
An ideal platform due to the simplicity of manufacturing and robust immune response, mRNA-based drug products are being
explored for use in infectious disease, protein replacement, and immuno-oncology applications, among others. Despite the
advantages, challenges still exist around designing the template mRNA to properly balance the innate immune response with
making a robust amount of protein, and ensuring the route of administration and vaccine form not only enable the desired
therapeutic response, but also address storage and other logistical issues. This article details common challenges in the mRNA
industry and explores avenues developers are researching to overcome them.

Click on each challenge below to learn more.
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Challenge #1: Optimizing mRNA stability and protein expression

Conventional and modified mRNA

Conventional linear mRNA consists of a 5’ cap, a 5’ untranslated region (UTR), an open reading frame containing the gene of interest
(GOI), a 3’ UTR, and a poly(A) tail. Optimization of the 5’ cap and poly(A) tail increases stability and translational efficiency. The 5’
and 3’ UTRs can be customized for the target cell of interest, increasing efficiency and tissue specificity. mMRNA often incorporates
chemically modified nucleosides that reduce its recognition by the immune system, resulting in increased protein expression.

Self-amplifying mRNA

Self-amplifying mMRNA (saRNA) helps overcome the limited duration of protein expression seen with conventional mMRNA. saRNA
exploits the self-replicating ability of RNA alphaviruses by including coding sequences for nonstructural alphaviral proteins (NSPs

1 - 4), which encode for mRNA replication machinery, followed by the GOI, which enables self-amplification of RNA transcripts.
Including replication machinery in the sequence enables production of a higher amount of protein compared to conventional mRNA.

Circular mRNA

Another alternative strategy for improving protein expression is the use of circular mMRNA (circRNA).
While 5’ capping and modifications of nucleosides and the poly(A) tail are effective, they are also costly
and can be cumbersome. CircRNA utilizes back splicing of 3’ and 5’ introns during processing to

form a circular structure that effectively shields the transcript from nuclease and mRNA sensors, thus
extending RNA longevity and protein expression. Inclusion of an internal ribosomal entry site (IRES)
ensures that translation can occur. These modifications extend circRNAs a longer half-life compared to
linear mRNA and therefore, increased protein expression.

Learn more about our flexible mRNA development and manufacturing service
offering and collaborative approach to addressing industry challenges.
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