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mRNA vaccines and therapeutics
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Market forcast

COVID-19 vaccines :S 60-
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CROSSING THE VALLEY OF DEATH

Clinical trials
us disease va_cgines

Zika virus

Influenza virus

.

RS virus

Rabies virus

—————

————————

COVID-19 vaccine
| [ | [ | | | | |

Year

Cancer vaccines

* Tumor-associated antigens
* Neoantigens

Single gene disorders

Cystic fibrosis

* Methylmalonic acidemia

* Propionic acidemia
* Ornithine

transcarbamylase defi
* Glycogen storage d

(in vivo genome editi

Nature 585 107-112 (2020)

= Transthyretin amyloidosis

Protein replacement

Cancer vaccines

Infectious disease
vaccines (other than
COVID-19)

2020 2021 2024 2026 2027 2028 2029 2030 20I31 2032 2033 2034 2035

Nat. Rev. Drug Discov. DOI: 10.1038/d41573-021-00147-y

Protein replacement therapy
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INVESTIGATION British Medical Journal, 2021, 372, n627

The EMA covid-19 data leak, and what it tells us about mRNA instability  coyp-1974F>, DHEEILEL

Leaked documents show that some early commercial batches of Pfizer-BioNTech’s covid-19 vaccine m| o, I‘ Fﬁﬁ —C‘:ﬁ E ' — % 75§ E D 6
L — o

had lower than expected levels of intact mRNA, prompting wider questions about how to assess this

novel vaccine platform, writes Serena Tinari
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MRNA synthesis
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Chemical modification and few days



MRNAD L F# &

PREGN)VEERES

A

Base=A,U,G,C
N O-P-0-P-0-P-0 Base
Y 1l 1l 11 0
N | » O O O |§ ?l
O N+
o\ O O.
o) 0=p-0- R R=H or CH,
REEHTMG . 5
e Lt °j o |a'se
O O.
R
o:é—o—
O/ N\SN\N\\,
5’ A AAAAA 3’

RNASRIZRFRF DR EM



EERZXAV=-MmRNASR

B Enzymatic Capping (Vaccinia Capping System)
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I /
N
o (o

A. Ramanathan, et al., Nucleic Acids Res., 2016, 44(16), 7511-7526

B Co-Transcriptional Capping
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NN '> So-ppP N\
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Cap Analog
(ARCA)

J. M. Henderson, et al., Curr. Protocols, 2021, 1, e39 13



MRNA Production: Conventional method and PureCap Method
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N'-methylpseudouridylation of mRNA
causes +1ribosomal frameshifting

b Modified uridine nucleosides
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In fra'me +1 frameshift
translation translation

N1-methylpseudouridylation of mRNA causes +1
ribosomal frameshifting

PureCap

James E. D. Thaventhiran & Anne E. Willis, et. al.
Nature | Vol 625 | 4 January 2024 | 189

 kDa
150 -
75 4 —
50 - N
37 -
In frame - H
25 4
20 -
N O R 0O 0O N O
O @
‘\\O 08& é\ (é:’x(ég @S’Jxé‘b
& KR )
N) & &

This reached a level of approximately 8% of the corresponding
amount of in-frame protein.



In vivo evaluation of PureCap mRNA
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Prof. Satoshi Uchida, Kyoto prefecture University
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Cap structures exist in Eukaryotic cells

Cap structure
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MRNA ageing shapes the Cap2 methylome in

mammalian mRNA
*Vladimir Despic &
*Samie R. Jaffrey

Nature volume 614, pages358—366 (2023)
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Cap2 methylation suppresses RIG-I activation
and virus-induced innate immune response.

The Cap2 structure is used to distinguish self from non-self.
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PureCap2 provided efficient protein production
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Issue of MRNA medicine

1. Delivery of mRNA

2. Instability of mRNA A

The introduction of chemical modification increases the stability but
often decreases the translation efficiency.

3- InefﬁCient tranSIatiOn ) How to design mRNA molecules to enhance both the stability and

the translation efficiency

Translation mechanism on linear mRNA template

@ rate limiting step

50 AUG Stop — @ stop

formation of ribosome complex

initiation step
‘\I l elongation step

Dissociation of ribosome

5! 5r Sr

AUG _ AlgG

stop

termination step B. S. Laursen, et. al, Microbiol. Mol. Biol. Rev. 2005, 69, 101 — 123.

Ribosome reaches stop codon.
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Rolling circle translation

Linear mRNA Circular mRNA

Green :protein, Blue:nucleus (DAPI)

Skip the initiation step 200 times enhancement

(rate-limiting step) Chem Comm 2020; Sci Rep 2015; ACIE 2013;JP6284181

PS modification enhances translation

C
40__.,) 25 - ‘ 22 times 22
o 2 20 - enhance
ribosome oB > |
O\ AUG H o) 1 12 0.46
| 1 C‘C | — | \
5'- >
<
o mRNA ~ -3’ &

Accelerate initiation step
(rate-limiting step) ACIE 2020; PCT/JP2020/037706
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reaction Time course
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10 uM RNA , 10 mM Im-m’GDP, 1 M MelIm,

DMSO, 55 °C, 3 h

ACS Chemical biology 2022, 17, 6, 1308-1314.



Effect of chemical modification on mRNA

[ Introduction of PEG Linker ]

 S'UTR DS 3’ UTR
T 1.2 - 1 h -
0] |
= 1- { . 0.75 0.80
c 0.8 A | 0.56
S 06 - | 0.34
S 04 i
Q 0.13 :
D 0.2 - |
<E" 0 0.00 | ™ | : . 01
\
} - >
0.2 Q&?‘ @Q @’&( L1 L4 L5
N R
L1 L2 L3 L4 L5
T A ——
0 0 ©
L (linker) = = "o \ﬂo_i__om

2 ng RNA was transfected into Hela cells (5x 104 cells/well in a 12-well plate) using Lipofectamine MessengerMax.
After 7-h incubation, the cells were lysed and the translation product was quantified by an ELISA assay using anti-

HisTag/anti-FLAG antibodies.

ACS Chemical biology 2022, 17, 6, 1308-1314.
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Site specific chemical modification of mMRNA

Modification of 5'UTR

)
O S=P.O"
ribosome 0. 5B

RN = H,

22 times
nhance

N
(93]

(2]
[EEN

Relative protein
= RN
o U1 O
\D

5’-%—\/'3' > _ > N &
< & &
UTR mRNA O S S o
NG R & 8
. N )’ 8

Accelerate initiation step

22

ACIE 2020; PCT/JP2020/037706

Modification of coding region

1.2
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% * - I .g é 0.6
mRNA , 2 § 0.4
DS 2ERNA % §
0 I
Modification of first base in Natural XNN NXN  NNX

codon is accepted
$5FE2019-236399, W02021/132589

Collaboration with Kyowa Kirin Co.,Ltd.

Modification of base in codon
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*Perspective an | vaccines
*Open access
*Published: 18 January 2024

Neoantigen vaccine nanoformulations based on Chemically synthesized minimal

MRNA (CmRNA): small molecules, big impact

npj Vaccines volume 9, Article number: 14 (2024)

Recently, chemically synthesized minimal mRNA (CmRNA) has emerged as a
promising alternative to in vitro transcribed mRNA (IVT-mRNA) for cancer
therapy and immunotherapy. CmRNA lacking the untranslated regions and
polyadenylation exhibits enhanced stability and efficiency. Encapsulation of
CmRNA within lipid-polymer hybrid nanoparticles (LPPs) offers an effective
approach for personalized neoantigen mRNA vaccines with improved control
over tumor growth. LPP-based delivery systems provide superior
pharmacokinetics, stability, and lower toxicity compared to viral vectors,
naked mRNA, or lipid nanoparticles that are commonly used for mRNA
delivery. Precise customization of LPPs in terms of size, surface charge, and
composition allows for optimized cellular uptake, target specificity, and
immune stimulation. CmRNA-encoded neo-antigens demonstrate high
translational efficiency, enabling immune recognition by CD8* T cells upon
processing and presentation. This perspective highlights the potential
benefits, challenges, and future directions of CmMRNA neoantigen vaccines in
cancer therapy compared to Circular RNAs and IVT-mRNA. Further research
is needed to optimize vaccine design, delivery, and safety assessment in
clinical trials. Nevertheless, personalized LPP-CmRNA vaccines hold great
potential for advancing cancer immunotherapy, paving the way for
personalized medicine.

b

Advancing Cancer Treatment with Minimal Neo-Vaccine Therapy

CmRNA platforms LPP platforms
# Elimination of the UTRs + Enhancing stability
. M_lnlr_nlzz_l'llun of mRMNA Ieng_th = COptimizing controlled release
+ Elimination of polyadenylation « |mproving tunable properties
s Optimization of the ORFs + Facilitating scalability
+ Elimination of the capping + Enabling versatility
+ Refinement of the coding region
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CmRMA Fea oo

CmRMA enhances memory T-cell  LPPs enhance stability, optimize LPPs enhance CmRNA uptake and LPPs-based CmRMNA vaccines enhance
activation, reducing vaccine mRMA release, and improve endocytosis by DCs, promaoting neo- MHC-I recognition and activate pro-
doses and optimizing schedules bioawailability. peptides production and presentation.  inflammatory cytokines and chemokines.
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