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Destructive innovation in Vaccine R&D
* “Chance favors invention only for minds prepared for discoveries

by patient study and persevering efforts.” Louis Pasteur
LAS K E R Winners v

FOUNDATION

Modified mRNA vaccines

2021 Lasker~DeBakey Clinical Medical Research Award

Katalin Kariko Drew Weissman
BioNTech University of Pennsylvania
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MRNA

o 3’ Poly-A-tail: properties such as
length, are important for

e UTR’s: translational efficiency is
regulated by their length,

structures and regulatory l )
elements. 3

translation and protection of the
mRNA molecule

Cap
/ Modification of sequence, such as

Poly-A-tail

UTR o CDS (Coding Sequence):

5’ Cap: The efficiency of
capping and the cap
structure impact innate

sensing and protein o Purity: removal of impurities reduces

production.

codon optimization, have
contributed to improved expression.

innate sensing promoting expression.

Jackson, et al “The promise of mMRNA vaccines: a biotech and industrial perspective” Nature, 2020.



ZEEDIF> (DNA vaccine, mRNA vaccine)DBIFEAZEE

19|90 2Q00 20|10 2017
-

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

2008
1995 2005 Ph-1 clinical trials of 2016
1st clinical trial of Ph-1 clinical Liposome-entrapped DNA Ph-1 clinical trial of
DNA vaccine trial of vaccine (Flu, Vical) DNA vaccine +
(HLV, U Penn) DNA vaccine and electroporation
(HPV, Eisai) DNA vaccine + (Zika virus, Inovio)
D NA electroporation
] 2007 (HPV, Inovio)
va CCI nes Eh—_l_ .clinicalltrial _of

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

2005 Scheel et al. 2009 2017
Protamine-condensed Ph-1 clinical trial of Ph-1 clinical trial of
m RNA MRNA (CureVac) Protamine-condensed Lipid nanoparticle
MRNA (cancers, rabies, -mRNA
- 1993 Martiton et al 2006 Hess et al. CureVac) (Zika virus,
vaccines Liposome-entrapped Cationic lipid liposome 2012 Geall et al Moderna/MSD/AZ)
MRNA delivery Self-amplifying RNA

vaccines (SAM, LNP, Novartis)

Courtesy of Dr. Takeshita ;modified
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SSRNA dsDNA
Influenza RNA B-form DNA
ullsnRNA Self DNA
NALP3
— TLR7 \ TLR3 —\ TLR9 — endosome
RIG-I| | |[MDA5 CGAS
v cytosol
— .
L 2

IKKapy [T

Stromal cell
DC e.g. muscle)
Th1 Thi Thi CTL
B B CTL B
CTL

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 3. 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



MRNAD OF U BHARMRIZEITEIE2ELEELR T

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, 165-175 (2005).

“‘_ﬁ_r;‘Mﬂ__ _l_,,.f_'"'“ -
TLR ignores methylated RNA? % il "v'no cﬂ’il
Ken J ISHII and Shizuo Akira | e LY

2005 Immunity RNA DNA
CpG RNA: Identification of Novel ¢ ,mBA m6A
h . méA 5C
Single-Stranded RNA That Stimulates 7 e X o m5C —| 2=
Human CD14*CD11c* Monocytes
Sugiyama T, Gursel M, Takeshita F, Coban
C, Conover J, Kaisho T, Akira S, Klinman DM | RIG-1? I TLR3 TLR7 TLR8 TLR9 m
and Ishii K] :
J Immunol February 15, 2005, 174 (4) 2273- ‘ ¢ \ l / v
2279; DOI: "'7‘“ S QF_D%E ,..?,_
https://doi.org/10.4049/jimmunol.174.4.2273 <__-> CTEI.FD <-—¥— J-D <._.>
N4\ " v
CTBKIIKK > < NFxB D >

/ l “

Type-l IFNs 7 Pro-inflammatory genes | Type-l IFNs T

I Me o 22% eoum Em AR O RLR 22w aw s o
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Carrier
sensing?

IV FY—-LEBRAREZERE  TLR
TLR3
« TLR7
« TLRS /
A2—7z8” #14
HMREARAREZEE | TLRUS

ININ/Y DT 1O1 I\:j

AVX—7xz0AV

* PKR
* OAS
e MDA5S Native Ag
o RIG-I expression

*Other B 2 > /87 & (FR)
" Peptide-MHC
presentation

mE2 /08 (BER) 4414
DC maturation
e CD80

. (r\:ADch6 el 1 IMEILERE AFHE EFDHPH 20205
ctass fan N Pardi, MJ Hogan, FW Porter et al Nature reviews Drug Discovery 2018
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Share of people vaccinated against COVID-19, Dec 16, 2021

B Share of people fully vaccinated against COVID-19
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COVID-19 vaccine doses administered per 100 people, by income group

in Data
All doses, including boosters, are counted individually. As the same person may receive more than one dose, the
number of doses can be higher than the number of people in the population.
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Therole of vaccines in combatting antimicrobial

resistance

Francesca Micoli, Fabio Bagnoli, Rino Rappuoli ™ & Davide Serruto

Nature Reviews Microbiology 19, 287-302 (2021) | Cite this article

14k Accesses | 8 Citations | 111 Altmetric | Metrics
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(Vaccine hesitancy)
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0 overall | think vaccines are safe: % responding disagree 455 proportion importance agree — proportion safety agree

EBioMedicine 12 (2016) 295-301



80
%
60
40

20

ARDFEERNVADIF 2 OEEBRITEL

S0

(E)15@mDEMD OB NIIREET f LILEIS
(PRt RREEHEET (WHO) IC K B35 (2019%)

HE ; BiEHE



\V4

A
-

CI
J

\ &

F Ot =Rl

IELULMBERIZECIC

IETUVRADENECAT

I~

4

I T

=
-

2
AN AN

FUHSA

AV

/

b

iy

HiE B

TEEERED TV

> 4

17 0D

“/ ] =
T B 0 1 F G
AR 80, R
A R
4 AN = ¢
b
£

(A}
11
H

B

RRAIRCE S WA

i 981 1% 9

N

T T4 — O FR A
NWO. BRI =7 - —4wlEE
;'.'::f'li'l" S 7 fu r':/‘ w0 574 )‘,_;;, f/L I:
Gt I8 AA T T 2]
FF- A T— X)L A

)T IY DA A NI A R
1 F2E - - by~ - L3 st el

AP

ML, fEam

CHI=ZARILAY) RIZ

QP RRRF T E PN T

IAREDN

=
AT UBN T

7%

vy

A IIVIZFV .
wi ¥l 2T Hna?
FHESMBATIF>T
KEREHID?
PEDLITODIE— R AE?

HEALSENY). FRERO>TULL,

f?

21D BN

SRR T2 7N Y, TREV.

IR

XNSZLTENLTDOTHO S, BRCBLS L Rt

m E IO THAT N, 1 BT R

FSARSULORANES LT, IR ML UDUTRR

DM BN TR T
D T TRt ARt s A AR
<

RQTWEL TR ACKE RN SV PR

>3

FIN="w |


http://www.amazon.co.jp/gp/reader/4894345277/ref=sib_dp_pt#reader-link
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“Le Chaudron et la Lancette “ Yves-Marie Berceé

‘The French historian Yves-Marie Bercé, is the author of a book
entitled Le Chaudron et la Lancette (right) which tells how the
Englishman Edward Jenner’s discovery of a treatment for

Yves~-Marie Bercé

smallpox in the summer of 1798 then spread to the rest of , Le chaudron
Europe. et la lancette
To quote: "The news spread through Europe like wildfire. Croyances populaires
However, this was a time when the continent was in a state of el médectne préventive

1798 ~1830
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
of efficiency.” More by Kenzaburo Oe

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