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Pandemiens store nyvinning - mRNA-vaksiner



Veien mot mRNA-vaksiner har vært lang

• 1970ies: liposomes used to transport mRNA into mouse and human cells to initiate protein production

• 1984: Douglas Meltons team at Harvard: biologically active mRNA produced in lab by use of viral synthesis enzyme

• 1987: Robert Malone demonstrated that human cells could produce protein from a mix of mRNA and fat droplets

(Salk Institute)

• 1993: Team lead by Pierre Meulien (France) demonstrated that mRNA in a liposome could raise antiviral immune 

responses in mice

• 1990ies: Katalin Kariko modified mRNA to reduce activation of inflammation

• Late 1990ies: Gilboa demonstrated immune responses after direct transfer of mRNA to mice

• CureVac (Ingmar Hoerr) and BioNTech (Ugur Sahin and Ozlem Tureci) came onto the stage

Elie Dolgin, 2021, Nature



Effekt i mus og større dyr

Griser ble vaksinerte to 

ganger med 250µg 

mRNA (3 ukers intervall)

Petsch B, et.al., 2012, Nat Biotech



Clinical testing, SARS-CoV-2: Pfizer/BioNTech

5

Sahin et al, 2020, Nature



Donato Paolo Mancini and John Burn-Murdoch, Financial Times, July 9, 2021



Effekt mot omikron(PCR-positive) 

Buchan et al, 2022, medRxiv



Chalkias et al, New England Jn Medicine, Oct 6, 2022

Nøytraliserende antistoffer:
1273 (WT) vs 1273.214 
(WT/BA1)



Første DNA vaksiner i mus

• 1992: 30/34 mus utviklet antistoffer etter vaksinering i 
hud. Responsene ble ytterligere økt etter boost (Tang D, 
DeVit M, Johnson SA, 1992, Nature)

• 1993: flere studier viser DNA-vaksinering i mus:
• Robinson, et.al.: i.v., i.p. and s.c. immunizations with HA induced

antibodies, that protected chickens against a lethal influenza
challenge

(Robinson HL, Hunt LA, Webster RG, 1993, Vaccine)

• Ulmer, et.al.: i.m. immunization of mice with plasmid DNA encoding
NP generated CD8+ CTL and Abs. CTLs protected mice from 
heterotypic influenza challenge (Ulmer JB, et.al., 1993, Science)

• Wang, et.al.: i.m. immunization of mice with HIV-1 envelope 160 
DNA construct induced cellular and humoral immune responses
(Wang BK, et.al., 1993, PNAS)



Klinisk testing av DNA-vaksine i 1998

• Første kliniske studie med DNA-vaksine (Calarota et al, Lancet, May 1998)

• Andre kliniske studie publisert i juli: 15 HIV-infiserte personer vaksinering med terapeutisk DNA-
vaksine (MacGregor RR, et.al., 1998, Journal of Infectious Diseases)

• Liten økning i antistoffer mot gp120 i høydosegruppe

• Ingen konsistent endring i CD4/CD8 T-cellenivåer

• Ingen konsistent endring i plasma HIV-konsentrasjon



Fase I studie: MERS (Inovio)

• Plasmid i sterilt vann

• Koder for Spike

• Ingen alvorlige bivirkninger rapportert

Modjarrad et al, Lancet, 2019



DNA-vaccine: ZyCOV-D (Cadila Healthcare)

• Phase 3: 67% efficacy against symptomatic COVID-19

• Intradermal jet delivery

• 3 DNA doses (day 0, 28 and 56)

• About 30kr per dose

• About 10kr for the jet delivery

Momin et al, EClinicalMedicine, 2021



DNA vaccines against SARS-CoV-2 in clinical trials

.
World Health Organization. COVID-19 Vaccine Tracker and Landscape (WHO, Sept 9, 2022).

INO-4800+electroporation 2 Day 0 + 28 ID Inovio Pharmaceuticals + 

International Vaccine Institute + 

Advaccine 

Phase 3

AG0301-COVID19 2 Day 0 + 14 IM
AnGes + Takara Bio + Osaka 

University

Phase 

2/3
nCov vaccine 3 Day 0 + 28 + 56 ID Zydus Cadila Phase 3

GX-19N 2 Day 0 + 28 IM Genexine Consortium
Phase 

2/3

Covigenix VAX-001 - DNA vaccines + proteo-lipid vehicle (PLV) formulation 2 Day 0 + 14 IM Entos Pharmaceuticals Inc. Phase 1

CORVax12 - Spike (S) Protein Plasmid DNA Vaccine 2 Day 0 + 14 ID
OncoSec Immunotherapies; 

Providence Health & Services
Phase 1

bacTRL-Spike oral DNA vaccine 1 Day 0 Oral Symvivo Corporation Phase 1

GLS-5310 2 Day 0 + 56 or ID GeneOne Life Science, Inc. Phase 

1/2
COVIGEN 2 Day 0 + 28 ID University of Sydney, Bionet Co., Ltd Phase 1

COVID-eVax, a candidate plasmid DNA vaccine of the Spike protein 2 Day 0 + 28 IM Takis + Rottapharm Biotech
Phase 

1/2

AG0302-COVID19 2-3 Day 0 + 14 + 28 IM AnGes, Inc/Osaka University
Phase 

1/2

Plasmid DNA vaccine SCOV1 + SCOV2.  COVIDITY 2 Day 0 + 28 ID Scancell Ltd Phase 1

VB10.2129, a DNA plasmid vaccine, encoding the receptor binding domain (RBD) 1-2 Day 0 + 21 IM Vaccibody AS
Phase 

1/2

VB10.2210, DNA plasmid vaccine, encodes multiple immunogenic and conserved T cell

epitopes spanning multiple antigens across the SARS-CoV-2 genome. 

1-2 Day 0 + 21 IM

Vaccibody AS

Phase 

1/2

SARS-CoV-2 DNA vaccine (delivered IM followed by electroporation) 2 Day 0 + 21 IM
The University of Hong Kong; 

Immuno Cure 3 Limited
Phase 1

Prophylactic pDNA Vaccine Candidate Against COVID-19 3
Day 0 + 21 + 42

IM
Imam Abdulrahman Bin Faisal 

University
Phase 1

http://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines


Hvilket vaksineformat er best?

Subenhetsvaksiner: Rask produksjon, sikre, og immunresponser kan rettes mot 

de mest relevante delene av viruset for beskyttelse

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.ceskills.com%2FProjects%2Fvirus.html&ei=0D03VbHpBISpsgGulICgCA&bvm=bv.91071109,d.bGg&psig=AFQjCNENVnjYm5k7yqI8Ga_aFfzLZ-ak-w&ust=1429770025182013


Hovedspørsmål for vaksineutvikling

• Hva ønsker du å oppnå gjennom vaksinering? 

• Kontekst: Potensiell pandemic? Vanlig epidemi? Barnesykdom? 

• Beskyttelse mot spredning? Bred beskyttelse mot ulike virusvarianter? 

• Beskyttelse av enkeltindividet? Beskyttelse av samfunnet? 

• Hvem er vaksinen for?

• Vaksineeffekt påvirkes av alder, kjønn, geografisk opphav, helsestatus (og en rekke andre
faktorer vi i dag bare kan anta)



FHI: March 23, 2022



FHI, 31.august 2022



Hvordan lage en vaksine mot fremtidens virus?

• Virusstruktur

• Sekvens for antigenet

• Korrelat til beskyttelse

• Relevant vaksineformat



Forberedelse mot fremtidige virus

Utfordring:

• Vanskelig å forutse hvilke virusvarianter som vil nå befolkningen

• Trenger ofte rask respons

• Vaksinene må gi relevant beskyttelse

19

Stockpile

Ebola

Zika

Rask respons

DNA

mRNA

Protein

Immunologi

o Hva aktiverer immunsystemet?

o Hva er CoP?

o Hvordan vil eksponering mot 

tidligere varianter påvirke 

responser mot de nye?

o Hva betyr genetikk for 

dannelse av immunresponser?



Takk for oppmerksomheten!


