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Vaccinati

e.g. CSL425 (H1N1/09)
Declared PHEIC: April 25, 2009

)
Declared Pandemic: June 11, 2009 (t, +48 days)

Initiation of clinical trials: July 22, 2009 (t, +89 days)
Approval: Sept 15, 2009 (US) (¢, +144 days)
€.9. Novartis Celtura (HIN1/09)
Declared PHEIC: Apr 25, 2009

/ Declared Pandemic: June 11, 2009 (', +48 days)
Initiation of clinical trials: Jul 22, 2009 (t, +89 days)
Approval: Nov 5, 2009 (Germany) (¢, +195 days)

(e.g. Moderna mRNA-1273 (SARS-CoV-2)
Dedared PHEIC: Jan 30, 2020

and filling

Delcared Pandemic: March 11, 2020
Initiation of dinical trials: Mar 16, 2020
Approval: Dec 18, 2020 (US; EUA)

Formulation Vaccination

(t, +42 days)
(t, +48 days)
(Y, +324 days)

e.g. Novavax NVX-COV2373 (SARS-CoV-2)

Dedclared PHEIC: Jan 30, 2020 (L)

Delcared Pandemic: March 11, 2020 (t, +42 days)
Initiation of dinical trials: May 25, 2020 (t, +117 days)
Approval: Pending

e.g. Johnson & Johnson JNJ-78436735 (SARS-CoV-2)
Dedlared PHEIC: Jan 30, 2020 t)

/ Delcared Pandemic: March 11, 2020
Initiation of dinical trials: July15, 2020
Approval: Pending

(L_ +42 days)
(t, +168 days)

(Vaccine 9:97 2021, https://doi.org/10.3390/vaccines9020097)
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o
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1993: Martinion
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determines CTL

response is antigens
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1995: Conry

Efficacy study of
mRNA vaccine in

tumor model

-8 Cytotexic T-cell
0:0: \ 2z
. o @) Viral Antigen @ .
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1964: Bangham Thin | 1990: Wolff 1994: Baileyand
Film Hydration mRNA injection in Cullis ionizable
method launching mouse muscle shows cationic lipid DODAP
liposome industry protein expression for lipofection

e

pH 7 pH4

2008: Weide & 2011: Kreiter
Pascolo FDA FIt3 improves RNA
authorize clinical trial vaccine efficacy
of direct injecticn

RNA Vaccine

<)

2005: Jeffs et al 2010: Semple et al
publish T-tube publish ionizable
method for cationic lipids for
plasmid-loaded LNPs next generation LNPs
&
i PR
)

2005: Kariko & Weissman
Base modification enhances

2013: Pollard
Type I IFN reduces
RNA efficacy by s.c.
administration

First demonstration
of saRNA-LNP for
rapid response

i

2012: Geall et al
Demonstration of
saRNA-LNP vaccine

v B3 8 13D D

2012: Beliveau et al
publish microfluidic
methed for making
siRNA LNPs:

(Vaccine 9:97 2021, https://doi.org/10.3390/vaccines9020097)

2013: Hekele et al.

2018: Onpattro:
First RNA-LNP
Therapeutic
Approved by FDA

FOA

APPROVED

2017: Bahl et al -
First in human trial of
mRNA-LNP vaccine
(influenza)

v
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2020: Phase 3
clinical trials of
multiple mRNA-LNP
vaccine

2020: UK approved
mRNA-LNP vaccine
for SARS-CoV-2

ot
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Res Precl 0

Standardized cancer vaccines 1 1
Individualized cancer vaccines 1

Therapeutic infectious disease vaccines

Prophylactic infectious disease vaccines & 4 4 1
adjuvants

Replicon RNA infectious disease vaccines 3

Protein therapeutics for cancer & CV 1
Protein therapeutics for mono-genetic diseases 8 8 3
MmRNA antibody therapeutics 4 1

Ex vivo gene editing 2 2
In vivo gene editing 9 1

Ex vivo T cell engineering 2

~_

U

( 2 0 1 7$ H#,fi“) Daiichi-Sankyo

IND Il 1] Total

(mRNA Vaccines & Therapeutics 2017: an industry analysis of technologies, pipelines, stakeholders and deals released by La Merie Publishing on June 18, 2017)

13



COVID-19 A DBLREEHREVEMRNATIF Y DIEERFRRER O

(202148A B H)

cCMV

RSV

RSV

RSV

Rabies
Rabies
Rabies
Chikungunya
hMPV/PIV3

Novel Flu
(H10N8, H7N9)

Zika

Seasonal Flu

Ph-2

Ph-1

Ph-1
Ph-2
Ph-1
Ph-1
Ph-1
Ph-1
Ph-1
Ph-1

Ph-1
Ph-1

LNP
Merck proprietary

formulation

Not disclosed
LNP

Cationic lipid formulation
LNP
Protamine

Not disclosed

LNP

LNP

LNP
LNP

Ongoing

Ongoing

Completed
Ongoing
Ongoing
Ongoing

Completed
Ongoing

Completed

Completed

Completed
Ongoing

(npj Vaccines 5:

Daiichi-Sankyo

Moderna

Merck/Moderna

Merck/Moderna
Moderna
GSK
CureVac
CureVac
Moderna

Moderna

Moderna

Moderna

Moderna,
TranslateBio/SP,
BioNTech/Phizer

Article number 11, 2020) 14
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Vaccine
; s . . Number of Route of
platform Vaccine platform description Type of candidate vaccine Schedule o Developers
doses; admmlstratlon
acronym [ ~ [+ [+ -+
| 9 RNA RNA based vaccine mRNA-1273 2 Day0+28 M Moderna + National Institute of Allergy and Infectious Diseases (NIAID) Phase 4
10 RNA RNA based vaccine BNT162h2 (3 LNP-mRNAs ), also known as "Comirnaty" 2 Day0+21 M Pfizer/BioNTech + Fosun Pharma Phase 4
| 12 RNA RNA based vaccine CVnCoV Vaccine 2 Day 0+28 M CureVac AG Phase 3
22 RNA RNA based vaccine ARCT-021 NR NR M Arcturus Therapeutics Phase 2
38 RNA RNA based vaccine LNP-nCoVsaRNA 2 NR M Imperial College London Phase 1
39 RNA RNA based vaccine SARS-CoV-2 mRNA vaccine (ARCoV) 2 Day0+140r M Academy of Military Science (AMS), Walvax Biotechnology and Suzhou Abogen |  Phase 3
Day0+28 Biosciences
46 RNA RNA based vaccine ChulaCov19 mRNA vaccine 2 Day0+21 M Chulalongkorn University Phase 1
71 RNA RNA based vaccine PTX-COVID19-B, mRNA vaccine 2 Day 0+28 M Providence Therapeutics Phase 1
73 RNA RNA based vaccine CoV2 SAM (LNP) vaccine. A self-amplifying mRNA (SAM) lipid nanoparticle (LNP) platform + Spike antigen 2 Day0+30 IM GlaxoSmithKline Phase 1
77 RNA RNA based vaccine mRNA-1273.351. 3 Day 0 or Day 0+28 M Moderna + National Institute of Allergy and Infectious Diseases (NIAID) Phase 4
Alipid nanoparticle (LNP)-encapsulated mRNA-based vaccine that encodes for a full-length, prefusion or Day 56
82 RNA RNA based vaccine MRT5500, an mRNA vaccine candidate 2 Day0+21 M Sanofi Pasteur and Translate Bio Phase 2
85 RNA RNA based vaccine DS-5670a, mRNA vaccine 2 NR IM Daiichi Sankyo Co., Ltd. Phase 1/2
91 RNA RNA based vaccine HDT-301: Self-replicating mRNA vaccine formulated as a lipid nanoparticle. 2 Day0+28 M SENAI CIMATEC Phase 1
93 RNA RNA based vaccine mRNA-1283 2 Day 0+28 M ModernaTX, Inc. Phase 1
EXG-5003; a temperature-sensitive self-replicating RNA vaccine expressing the receptor binding domain of the
95 RNA RNA based vaccine . P . " pllcating e Expressng P " 1 Day 0 D Elixirgen Therapeutics, Inc Phase 1/2
SARS-CoV-2 spike protein.
%8 RNA RNA based vaccine mRNA COVID-19 vaccine 2 TBD M Shanghai East Hospital and Stemirna Therapeutics Phase 1
103 RNA RNA based vaccine LNP-nCOV saRNA-02 vaccine; Self-amplifying RNA (saRNA) encapsulated in lipid nanoparticles (LNP) 2 Day 0 +28 IM MRC/UVRI and LSHTM Uganda Research Unit Phase 1
: 104 RNA RNA based vaccine mRNA-1273.211. A multivalent booster candidate combining mRNA-1273 plus mRNA-1273.351. 1 Day 0 M ModernaTX, Inc. Phase 2/3
114 RNA RNA based vaccine ARCT-154 mRNA Vaccine 2 Day 0+28 M Arcturus Therapeutics, Inc. Phase 2/3
: 115 RNA RNA based vaccine ARCT-165 mRNA Vaccine 2 Day0+29 M Arcturus Therapeutics, Inc. Phase 1/2
116 RNA RNA based vaccine ARCT-021 mRNA Vaccine 2 Day 0+30 M Arcturus Therapeutics, Inc. Phase 1/2

(https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines) 15
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Lipoplex

VYA

Outside Inside

Cationic
Nanoemulsion

Non-viral mRNA delivery systems. Lipid-, polymer-, and emulsion-based delivery systems all use cationic groups
to mediate condensation of the anionic RNA as well as delivery across the cell membrane.

(Vaccine 9:97 2021, https://doi.org/10.3390/vaccines9020097) 16
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LNP-mRNA Dynamin-mediated
neutral in physiological endocytosis
condition

: ¥
@ Acidification in ® LNP fusion to ,\-)@
@ LNP-mRNA uptake  the endosome that the endosomal membrane
by the endosome makes LNP cationic induced by electrostatic @ mRNA release

interaction to the cytoplasm

‘ l\ Immuno-proteasome
< 2D Nucleus
MHC class | <
<
® Proteasome-mediated or Endosome-mediated degradation and 7
cell surface antigen (epitope) presentation /—{
MHC class I ﬂ\

Endocytic compartment & %

% <

(® Translation to protein

% (6 Transportation and secretion of protein . via the protein synthesis
LK OR Golgi

machinery
Release of protein following cell death

Plasma membrane
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,-Lymph node--------=------~--
1. Direct-priming

|
(: I

I

I

2. Cross-priming f@ I
I

j‘>. a CD8* T cell i
Transfer? |
1

]

Macrophage DC , Protein production for Ab response
"""""""""""" 1. mMRNA — protein (in Muscle)

~, Protein production for CTL induction
1. mRNA — protein (in DC)
2. MRNA — protein (in MO®)

— e o e o e e . .y

,

»--Lymph node--—-=====---- N
CD4+ T cell— (pre) TFH \|
B cell— I
Short-lived I
B cell plasma cell :
T cell zone B cell zone I
B cell zone B cell— :
sy Memory B cell |
Long-lived I
. . . plasma cell !
@® : Protein or peptide (antigen) \ (F)DCs TFH 7
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Conventional Vaccines

Whole Inactivated —

LK

Virus inactivated by il %. |
chemicals or heat v Ls

B .
<@ o~ /

it .
4 &

Coronavirus

Live Attentuated
Wild type virus s o
passaged through - % ®
several cell types > ;f i o
until mutations v % 2= e
accumulate that B ,’{};' «
make it less able to <L
cause disease

Subunit Vaccine —

Protein fragments
from virus

L 4
v, té*g_x

L] ' Small envelope
'ﬁ" &3 t.‘i glyocoprotein ‘
Spike glycoprotein

.

Hemagglutinin-acetylesterase —
glycoprotein

v
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Nucleic Acid Vaccines

—— Synthetic Carrier

Synthetic mRNA
encoding antigen of

@ QL} interest encapsulated in
synthetic lipid or

polymer carrier

DNA encoding antigen
of interest packaged in
harmless virus (e.g.
adenovirus)

Membrane glycoprotein

DNA encoding antigen
of interest delivered by
electroporation

23
(Vaccine 9:97 2021, https://doi.org/10.3390/vaccines9020097)
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- Full length (S-Full) Receptor-binding domain (RBD

Length of e 4.1kb e 1.0kb
mMRNA
Proposed * May contain additional neutralization * Efficient and stable encapsulation of mRNA
advantages epitopes and T cell epitopes other than into LNP because ORF of RBD is shorter than
those present in RBD that of S-Full

* Lower risk of enhanced disease because
potentially pathogenic epitopes are less as
compared with S-Full (CELL 12060
https://doi.org/10.1016/j.cell.2021.05.032P
NAS 117:8218 2020. Vaccine 25:2832 2007)

S-Full RBD
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2195 KB EREICHT ZRBDIE DB (%)

RBDEACE2DiE & (L. RBDLASMDnELE
AGES (hip. knee. ankle) (CLX>THHIfEHIEN
e
o EEBKROIIN197 N\ BEERIEZE
LWZiZE . RBDEASMDREIDZE E N,
RBDAIDHFFNTE b—T DR (CRE
IDRIEEMEN DD (LB ZERE I HE
(B. Turofiova et al., Science R (RS BIEEENELY)
e A - RBDZFUFREUIZE . RBDEMDTE
DEE(CLDEZZ TRV T, PHIE
ME(CRE T DR EBFTZRDIAHT ),

AT W=
(B. Turoriova et al., Science 10.1126/science.abd5223 (2020).)
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6501R{ALL_EDCOVID- 19 A MBZAFTUITRER . PHUEMEDI0%LL E(FRBDZIZMICLUTUVE (HTE2 1RADFEER. Cell 183:1024 2020).
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(CELL 12060 https://doi.org/10.1016/j.cell.2021.05.032) 27



DS-5670h_01 Y)LiZLBhlzERp#E (1/3)

RERFRPHEERKRFLEOHBIATTAR *

g Prime¢(i.m.) Boost (i.m.)
0 7 14 21 2=8days
v v v v
Blood Blood Blood Blood Blood
\_
'Y Mock . EC\T
@ @AV DS-5670 S —
_\‘;/ 7 §11
o) = 10
26 c 9
£ 5 2 8
s 4 S B
B“ 3 ‘ é 5
Q S 4
x 2 < 3
= 0 7 14 21 28 7 dpi 5 0 7 14 21 28 7 dpi
(O]
< days Z days

*ARBSR(E. AMEDN'SZIR TSI #ELI0F I/ A (2019-nCov) DFIFEICEIITOREMAF ] (FARARE  WRAZERFMREFR ARES %) TEBINIU

Daiichi-Sankyo
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DS-5670h=51 ¥V LB MRERmRE (2/3) (%)

ERAZERVUEERKRFELOHEAITHAE*
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RERFRPHEERKRFLEOHBIATTAR *

Prime, (i.m.) Boost (i.m.)  Infection (2 x 107 TCIDy) )
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v

Daiichi-Sankyo
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DS-5670

W49
MRNAMRETDS-5670%50 ug/body
18],/ 2:8. 5t 3[0l. EH=EHERANCIRS (458 8F)
3 LB 5N 5 21 (CEREUZMEEZAWT, FFIEEZEIE (AMED L)

Neutralization Activity

10000+
10004
100+
10- J XK ) 0 © ¢ ) O © ¢ ) O © ¢ JOK ) O © ¢
1 L] L] L] L] L]
D614G 0| Y 3 6 K
SARS-CoV-2 variant
SARS-CoV-2 variant
Monkey ID | D614G a Y B 0 K
#1 640 2560 640 160 1280 160
#2 2560 1280 640 640 640
#3 1280 1280 320
#4 1280

: BRIFCNIZIPHEEFE

3 Pre
B Post

»

Daiichi-Sankyo

Variant Mutation in RBD
a N501Y
Y K417T/E484K/N501Y
[3 K417N/E484K/N501Y
0 L452R/T478K
K L452R/E484Q

*RAER(E. AMEDN'SEHE S DRIZFSHEHEES SRR I0F IV ARRGYIE (COVID-19) (CXIBDIFURFE (BRFEH) JTEBINILEL.
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DS-5670BIF &L SEDTIE (v]

o EEHBEOIVIF U AEANSRRBHEES (B 1RAE) |03

5 1RRE) |OFBFEACEIR
¢ AMEDNEE T 2RIZESRHEE S 2 FE 0TIV ARKRZE (COVID-19) (X
IRVIFURFE (BEFER) |*2 (F2RAE) (FR
¢ 2021%38(cPh1/ 25tz MIGL. BEMIAICT —YEIS T E. T2, EFR M.
BLMERAEZIR5TF

¢ FAIEIT ARROZEZ 0 IR IES [ERGE a2

Imal BE2022FRORHEL L UVEM{EE
& BR (TR

AIO T IE ChD. BEFHKMANES
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7 AR A TC ANDIENHIEE(C DWW CERRZETIH - 1R57H

¢ I[7E. FEERT YA 22 SHICRFFHEC DO VW TE B LR (CHEE R

*1 COVID-19%ashe U T HAR R AEDRATIELE - BAE L FRAICERDIF > Z el RERPRDIVERICEIEL . BAEROHICHERI B, DIF 2SSV AAERROREE (KRREE) AH2REMERIZLEBNELE
*2 RECBVWTI TICHAFFAFENMEDSN TLSCOVID-19(C I 3T 7F > DFFEZERNCIRL, BENDBIRIIF 2R HCERAEI L ZBIELEETY . H
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