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Overview of today’s discussion

• General background and fundamentals
• Possibilities 1: Use in COVID-19
• Possibilities 2: Other potential applications



Biological molecules in a cell



Nucleic acids: DNA and RNA



Main types of RNA in a cell



Central dogma of molecular biology

mRNA Spike proteine.g.,



Some milestones in mRNA biology & therapy
• 1961 - mRNA discovered (Brenner)
• 1969 – 1st evidence of in vitro translation of mRNA (Lingrel)
• 1984 – 1st evidence of in vitro transcription using bacterial virus SP6 RNA 

polymerase (Krieg)
• 1990 – 1st demonstration of translation of mRNA injected into mice (Wolff)
• 1992 – mRNA injection into rat brains for therapeutic treatment (Jirikowski)
• 1995 – 1st mRNA designed vaccine encoding cancer antigens (Conry)
• 2005 – nucleoside modified, non immunogenic mRNA transcript designed 

(Kariko)
• 2009 – 1st trial of cancer immunotherapy using mRNA–based vaccines 

(Weide)



Liposomes, lipid nanoparticles, 
and technological advances in therapy



Similarities between liposomes & LNPs 
with virus-like particles (VLPs)

Example of an 
approved VLP vaccine:



COVID 19 mRNA vaccines
Spike protein 
(encoded by the mRNA)

SARS-CoV-2
(cause of COVID-19)



Other types of COVID-19 vaccines investigated



Mass production of mRNA vaccines 
presents many challenges…
• Kilogram amounts (and beyond) of the ingredients are 

needed!



Previous research/knowledge not associated with 
COVID-19 was required for mRNA success

Serendipity in scientific discovery – or subsequent application of past 
discoveries (particularly in a crisis) – should not be underestimated



Creation of therapeutics is a continuum that always requires 
troubleshooting and experimentation to achieve success

Clinical research

Translational research

Basic research

Research continuum – basic research is needed all along the path…



mRNA vaccine delivery and response

Pardi et al (2018) Nat Rev Drug Discov. 17:261-279



mRNA 
vaccine 
applications 
under study
(as of 2018)

Pardi et al (2018) Nat Rev Drug Discov. 17:261-279



Clinical trials with 
mRNA vaccines 
against viral 
diseases 
(as of 2018)

Pardi et al (2018) Nat Rev Drug Discov. 17:261-279



Clinical trials with mRNA vaccines against 
cancer (as of 2018)

Pardi et al (2018) Nat Rev Drug Discov. 17:261-279



Leading 
mRNA 
vaccine 
developers
(as of 2018)

Pardi et al (2018) Nat Rev Drug Discov. 17:261-279



Suspicion of vaccination has an old history
• In 1798, Physician Edward Jenner 

demonstrated that cowpox (a virus 
related to smallpox) could provide 
protection from smallpox (deduced by 
recognizing that dairymaids infected 
with cowpox were immune to smallpox)

• In this 1802 cartoon, the British satirist 
James Gillray implied that vaccination 
caused people to become part cow



There is a 
seemingly endless 
potential for mRNA 
technology 
applications to treat 
various ailments 
and diseases of 
humans & animals

Li et al (2022) Eur. J. Med. Chem. 227:113910



Suggested resource for finding ongoing 
mRNA vaccine clinical trials
https://clinicaltrials.gov/

https://clinicaltrials.gov/


Questions, 
questions, 
& more questions…




