
2022 Solvay Prize Lecture

Developing mRNA for therapy

Katalin Karikó, PhD
University of Pennsylvania, Philadelphia 

2022 Laureate of the Science for the Future Solvay Prize

Solvay Prize Lecture 

March 29, 2022



2022 Solvay Prize Lecture

Visiting Brussels

1977



2022 Solvay Prize Lecture

Visiting Brussels

1977 2022



2022 Solvay Prize Lecture

Kisújszállás

HUNGARY

1955-60s growing up in Hungary
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🥇

1968-69 competing in science
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1968 – Csillebérc - Camp for 7th graders, winners of the regional biology competition
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1960-70s

Móricz Zsigmond High School
Kisújszállás

János SelyeAlbert Szent-Györgyi

Albert Tóth
biology teacher

Zoltán Csobay
chemistry teacher
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1973-85

University of Szeged
1973-78

Biological Research Center 
Hungarian Academy of Sciences

Szeged

HUNGARY
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The Lipid Lab

10 min 

30 s 

Biological Research Center
Hungarian Academy of Sciences

Éva Kondorosi

Ernö Duda

10 min 

30 s 

1976-80

Tibor Farkas
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The RNA Lab 

Prof. Jenö Tomasz 
  

  

Jenö Tomasz

János Ludwig

1978-85

Biological Research Center
Hungarian Academy of Sciences

2’-5’ oligoadenylate,  2-5A

Nature 1977, 268: 540
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Milestones of mRNA development for therapy 

• 1956     Road to discovery of mRNA

• 1961     Discovering mRNA

• 1978     Isolated mRNA delivery into mammalian cells

• 1984 Synthesizing mRNA in vitro

• 1990s - Optimizing performance of the mRNA

• 2010s - Optimizing formulation for mRNA delivery

• 2021 FDA approval of COVID-19 LNP-mRNA vaccine
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1961 - Discovery of mRNA

Nature 1961 , 190: 576
Nature 1961 , 190: 581

mRNA: the labile intermediate carrying the message 
from the DNA to ribosome  



2022 Solvay Prize Lecture 1984

The first in vitro synthesis of mRNA and its translation into a functional protein

Plasmid DNA
Transcription/capping

+ SP6 RNA Polymerase - 1984
+ ATP, GTP, UTP, CTP
+ capping enzyme

m7GpppG AAAAAA
Human 𝛽 interferon

CDS

Cap structure

5’UTR 3’UTR

polyA-tail
In vitro-transcribed mRNA 

(IVT mRNA)

Nucleic Acids Res. 1984, 12: 7035, 7057

Harvard University
Douglas Melton

Paul Krieg

1984 – Synthesizing mRNA in test tube
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1984 – Synthesizing mRNA in test tube

1984

The first in vitro synthesis of mRNA and its translation into a functional protein

Plasmid DNA
Transcription/capping

+ SP6 RNA Polymerase - 1984
+ ATP, GTP, UTP, CTP
+ capping enzyme

m7GpppG AAAAAA
Human 𝛽 interferon

CDS

Cap structure

5’UTR 3’UTR

polyA-tail
In vitro-transcribed mRNA 

(IVT mRNA)

Nucleic Acids Res. 1984, 12: 7035, 7057

frog oocyte

human IFN

10 h incubation

microinjection
of mRNA

Harvard University
Douglas Melton

Paul Krieg
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Challenges for the human use of mRNA in 1990s

mRNA

• unstable, degrade

• amount of translated protein is too little

• cause inflammation
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Timeline of key milestones for mRNA and lipid nanoparticle development

Nature Reviews Materials(2021) 6:1078

mRNA Lipid nanoparticle

https://www.nature.com/natrevmats
https://www.nature.com/natrevmats
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Developing mRNA for therapy
Medical School of University of Pennsylvania, Philadelphia

1989 -
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1998-2000 - Evaluating gag mRNA in human dendritic cells

m7GpppG AAAAAAgag CDS

Cap structure

5’UTR 3’UTR

polyA-tail

Transfection

human dendritic cells

gag mRNA 

Drew Weissman
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2005 - Natural RNAs are not equally potent activators of DCs

Immunity 2005, 23: 165

Transfection

Inflammatory response
TNF-α

Isolated RNA

Monocyte-derived human DCs
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2005 - Natural RNAs are not equally potent activators of DCs

Immunity 2005, 23: 165

Transfection

Inflammatory response
TNF-α

Monocyte-derived human DCs

Isolated RNA
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2005 - Natural RNAs are not equally potent activators of DCs

tRNA

Immunity 2005, 23: 165

tRNA is enriched in modified nucleosides

Transfection

Inflammatory response
TNF-α

Monocyte-derived human DCs

J Immunol  2000, 165: 4710

Isolated RNA
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100+  Naturally-occurring  modified nucleosides in RNA

DNA and RNA Modification Enzymes: Structure, Mechanism, Function and Evolution,

edited by Henri Grosjean
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2005 - Incorporation of modified nucleotides into RNA by in vitro transcription

2005

Immunity 2005, 23: 165

Plasmid DNA
Transcription

+ T7 RNA Polymerase
+ cap analog
+ ATP, GTP, UTP, CTP
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Transfection

Isolated primary human DCs

inflammatory response

synthetic-RNA

Immunity 2005, 23: 165

2005 – Synthesizing modified mRNA – Measurement of inflammatory response



2022 Solvay Prize Lecture

U 
uridine  

Ψ 
pseudouridine  

m5U 
5-methyluridine  

s2U 
2-thiouridine  

Nucleoside-modified uridines 

m1Ψ 
1-methylpseudouridine  

Immunity 2005, 23: 165

2005-08 Modified uridine-containing mRNA is non-immunogenic, Ψ-mRNA translates the best
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U 
uridine  

Ψ 
pseudouridine  

m5U 
5-methyluridine  

s2U 
2-thiouridine  

Nucleoside-modified uridines 

m1Ψ 
1-methylpseudouridine  

Immunity 2005, 23: 165

2005-08 Modified uridine-containing mRNA is non-immunogenic, Ψ-mRNA translates the best

Mol. Therapy  2008, 16: 1833
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2012 Pseudouridine-modified mRNA: non-inflammatory, translates into functional EPO 

2008

Mol. Therapy 2012, 20: 948
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Further optimizing IVT mRNA 

Plasmid DNA
Transcription

+ T7 RNA polymerase
+ NTP
+ cap1 analog

m7GpppAmG AAAAAACDS

Cap1 structure

5’UTR 3’UTR

polyA-tail

In vitro-transcribed mRNA 
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wt mRNA Codon-optimized UTR- & cap-optimized All-optimized &
Nucleoside-modified,

Purified

Sahin U, Karikó K, Türeci Ö. mRNA based therapeutics - developing a new class of drugs,

Nature Reviews Drug Discovery 2014, 13: 759 

2013

2013 BioNTech
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Optimizing mRNA performance by multiple modifications
The path to the development of a new class of active substances

Combination of modifications of the structural

mRNA components plus nucleoside modification

makes an extreme increase in antigen production. 

Image I Graphic I 
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Modification of the mRNA structural elements

modified nucleosides

Sahin U, Karikó K, Türeci Ö. mRNA based therapeutics - developing a new class of drugs, Nat Rev Drug Disc, 2014. 

Karikó, K et al D. (2005) Suppression of RNA recognition by Toll-like receptors: the impact of nucleoside modification and the evolutionary origin of RNA. Immunity 23, 165-175; 

Holtkamp S et al (2006), Modification of antigen-encoding RNA increases stability, translational efficacy, and T-cell stimulatory capacity of dendritic cells. Blood 108, 2006. 
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Therapeutic efficacy of CD3xCLDN6 RiboMAB-encoding mRNA

• Elimination of advanced xenograft tumors upon three weekly treatments of mice with 3 µg RiboMAB-encoding mRNA 

• mRNA (3 injections) as effective as the corresponding recombinant bsAb (10 injections)

LNP-formulated mRNA (3 µg)

or 200 µg/kg rec. protein

Humanized NSG mice



2022 Solvay Prize Lecture

Intratumor injection of mRNA for cancer treatment

interleukin-12 single chain mRNA
interferon-alpha mRNA
GM-CSF mRNA
IL-15 sushi mRNA

ClinicalTrials.gov Identifier: NCT03871348
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Induction of tolerization with autoantigen-encoding mRNA

mouse models of multiple sclerosis

Science (2021)  371: 145
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2017- Generating  m1Ψ-mRNA encoding glycoproteins of Zika virus

Zika virus

ZIKV protein

IVT m1Ψ-mRNA SP-prM-E

LNP-formulated mRNA

80-100 nm

CDS
SP-prM-E

Nature 2017, 543: 248

Norbert Pardi
University of Pennsylvania
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Nature 2017, 543: 248

2017  ZIKV modRNA-LNP protects macaques from ZIKV challenge

Vaccination i.d.: 50, 200 or 600 µg 
ZIKV prM-E m1Ψ-mRNA-LNP

50 µg ~ 0.02 mg/kg

Challenge i.d.: 10,000 
TCID50

live ZIKV PRVABC59
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2020 Clinical development of BNT162b2 covid-19 mRNA vaccine

FDA approval
August 23, 2021
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Synthetic mRNA Encoding VEGF-A in Patients Undergoing Coronary Artery Bypass 
Grafting: Design of a Phase 2a Clinical Trial  - Molecular Therapy: Methods & 
Clinical Development 2020, 18:464-472

January 2022 

ClinicalTrials.gov Identifier: NCT03370887

ClinicalTrials.gov Identifier: NCT03370887

First patient injected:
February 5, 2018

VEGF-A mRNA treatment of heart failure
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CAS-9 mRNA for treatment of patients suffering from ATTR – by Intellia

Clinical trial started on 
November 5, 2020

N Engl J Med 2021; 385:493-502
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Thanks to all of those who have helped me on my journey



2022 Solvay Prize Lecture


