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Destructive innovation in Vaccine R&D
Åά/ƘŀƴŎŜ ŦŀǾƻǊǎ ƛƴǾŜƴǘƛƻƴ ƻƴƭȅ ŦƻǊ ƳƛƴŘǎ ǇǊŜǇŀǊŜŘ ŦƻǊ ŘƛǎŎƻǾŜǊƛŜǎ 
ōȅ ǇŀǘƛŜƴǘ ǎǘǳŘȅ ŀƴŘ ǇŜǊǎŜǾŜǊƛƴƎ ŜŦŦƻǊǘǎΦέ Louis Pasteur
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Jackson, et al ñThe promise of mRNA vaccines: a biotech and industrial perspectiveò Nature, 2020.



1990 Wolff JA et al. Science 
Direct Gene Transfer into Mouse Muscle in Vivo

1990 2000 2010 2017

1993 Martiton et al
Liposome -entrapped
mRNA

2006 Hess et al.
Cationic lipid liposome
delivery 

2012 Geall et al
Self-amplifying RNA
vaccines (SAM, LNP, Novartis) 

2005 Scheel et al.
Protamine -condensed
mRNA (CureVac) 

1995
1st clinical trial of
DNA vaccine
(HIV, U Penn)

2008
Ph-1 clinical trials of 
Liposome -entrapped DNA 
vaccine (Flu, Vical)
and
DNA vaccine + 
electroporation 
(HPV, Inovio)2007

Ph-1 clinical trial of 
Particle -mediated 
epidermal delivery of 
DNA vaccine 
(Flu, PowderMed)

2005
Ph-1 clinical
trial of
DNA vaccine
(HPV, Eisai)

DNA 
vaccines

mRNA 
vaccines

2009
Ph-1 clinical trial of
Protamine -condensed
mRNA (cancers, rabies,
CureVac) 

2017
Ph-1 clinical trial of
Lipid nanoparticle
-mRNA
(Zika virus,
Moderna/MSD/AZ) 

2016
Ph-1 clinical trial of
DNA vaccine + 
electroporation 
(Zika virus, Inovio)

Courtesy of Dr. Takeshita ;modified 

2005 Kariko K et al. Immunity
Suppression of RNA Recognition by Toll-like Receptors: 
The Impact of Nucleoside Modification and the Evolutionary Origin of RNA

ṕDNA vaccine, mRNA vaccine)
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Ishii KJ and Akira S Immunity 2005,  Ishii KJ et al Nat. Immunol. 2006, Takeshita F and Ishii KJ Curr. Op. Imm. 2008 

Koyama S et al J. Immunol. 2007, Kumar H et al J. Immunol. 2007, Ishii KJ et al Nature 2008, Ishii KJ et al Cell Hot Microbe 2008

Koyama S et al Science T.M. 2010, Marichal T et al, Nat. Med., 2011, Desmet C and Ishii KJ, Nat. Rev. Immunol. 2012

Kobiyama K et al PNAS 2014, Kuroda E et al Immunity 2016, Temizoz B et al Int Immunol. 2016, Temizoz B and Ishii KJ Curr Op Pharm 2019 
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Kariko,K., Buckstein,M., Ni,H. & Weissman,D. Suppression of RNA recognition by Toll-like receptors: the impact of 
nucleoside modification and the evolutionary origin of RNA.Immunity 23, 165ς175 (2005). 

TLR ignores methylated RNA?
Ken J ISHII and Shizuo Akira 
2005 Immunity

CpG RNA: Identification of Novel 

Single-Stranded RNA That Stimulates 

Human CD14+CD11c+ Monocytes
Sugiyama T, Gursel M, Takeshita F, Coban 
C,Conover J,Kaisho T, Akira S, Klinman DM 
and Ishii KJ
J Immunol February 15, 2005, 174 (4) 2273-
2279; DOI: 
https://doi.org/10.4049/jimmunol.174.4.2273
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2020
N Pardi, MJ Hogan, FW Porter et al  Nature reviews Drug Discovery 2018
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Lipid Nano Particle LNP

BNT162bˢPfizerּזˣ

mRNA-1273ˢModerna ˣזּ

LNP -mRNA

PEG
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ALC-0315(ϯЬЛ♦ל)
ALC-0159(PEG)

DSPC(  (ל♦ ЀйІГк˔и
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Vaccine Preventable Diseases; VPD=27
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EBioMedicine 12 (2016) 295ς301

Vaccinehesitancy





http://www.amazon.co.jp/gp/reader/4894345277/ref=sib_dp_pt#reader-link
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άLe Chaudron et la Lancette ά ¸ǾŜǎ-Marie Bercé

Ψ¢ƘŜ CǊŜƴŎƘ ƘƛǎǘƻǊƛŀƴ ¸ǾŜǎ-Marie Bercé, is the author of a book 
entitled Le Chaudron et la Lancette (right) which tells how the 
9ƴƎƭƛǎƘƳŀƴ 9ŘǿŀǊŘ WŜƴƴŜǊΩǎ ŘƛǎŎƻǾŜǊȅ ƻŦ ŀ ǘǊŜŀǘƳŜƴǘ ŦƻǊ 
smallpox in the summer of 1798 then spread to the rest of 
Europe.

To quote: "The news spread through Europe like wildfire. 
However, this was a time when the continent was in a state of 
war; the seas were in the hands of pirates and roads were cut 
off by armies. Despite all these obstacles, the vaccine against 
smallpox found ways of getting through. Within a few years, and 
in all countries, not only were the professors in the universities 
aware of the discovery, but so too were ordinary doctors in 
private practices, despite not being in the main run of 
intellectual ideas, and they were able to make the vaccine 
available in their localities, and, furthermore, with a high degree 
ƻŦ ŜŦŦƛŎƛŜƴŎȅΦά More by Kenzaburo Oe

http://mondediplo.com/1998/12/11kenzaburo

http://mondediplo.com/_Kenzaburo-Oe_




Let everyone learn microbiology and 

immunology by MANGA
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ICHI GO ICHI E ; Live every day as though it were last.


