Lessons learned from P. berghei vaccine development:
an mRNA vaccine adjuvanted with an NKT-cell agonist
against liver-stage malaria
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» 4 species described in mice (P. berhei, P. yoelii, P. chabaudi, P. vinckeu)

» Structure, physiology and life cycle similar to those that infect humans (in vivo model)
* (Good conservation genes between murine and human parasites

» P. Berghei; in vitro cultivation, purification of each life cycle stage — accessible

» Oiriginally worked on (Bill Heath) blood-stage infection and this is the only species that causes
cerebral malaria

Bill Heath K’;‘ggﬁ‘:ﬁ Geoff McFadden
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- Hard to find and Kill...limited time

- Need high Ab titres

- RS21 Matrix M - Datoo, M.S. et al Lancet
2021, 397, 1809-18

—Y

Antibodies

Liver stage:
- Definition of antigens required
- Vaccine generally not designed to make the
g DB T cells correct response
ﬂ - Radiation attenuated sporozoites work but are
suboptimal and complicated

Blood stage:

- T cell response unable to access the erythrocytes
- Disease symptoms ensuring

- High antigenic variability (Ab responses)

www.wgtn.ac.nz/ferrier ferrier@vuw.ac.nz
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‘NKT cell help’
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Large numbers of NKT cells in the liver and spleen



RAS vaccination induces liver CD8 Ty, cells

Gated on PbT-I.GFP

CD62L

Spleen Liver
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Liver-resident
CD8 Tgy cells

Circulating CD8 Tg,, cells

Fernandez-Ruiz et al., Immunity 45: 889, 2016



Depletion of liver Ty, cells ablates protection
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“Prime-and-trap” vaccination protects against sporozoite
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Glycolipid peptide (GLP) Conjugates Induce Liver Ty,
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* NKT cells can drive liver Trm and protect
* Peptide antigens need to be conjugated to the adjuvant
« Co-delivery/biodistribution likely required

Holz,et al Sci. Immunol. 2020
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2668 P, falciparum genomes from 15 countries (Alyssa Barry, Myo Naung)

Ovalbumin RNA GGGAGACCCAAGCUGGCUAGCGUUUAAACUUAAGCUUGGUACCGAGCUCGGAUCCACUAGUCCAGUGUGGUGGAAUUCGCCACCAUGGGCAGCAUCGECGCCGCCAGCAUGGAGUUCUGCUUCGACGUCUUCAAGGAGCUG
Frame 1 G R P KB A SIVENTENA W Y R A RIFNHENS SIVIOVIEENF A TEMEG S I G A A S IMENEN F C F D EVE F K EEESEN
$=T7 prom Ovalbumin

Kozak sequence (RBS)
Ovalbumin RNA AAGGUGCACCACGCCAACGAGAACAUCUIICIACUGCCCCAUCGCCAUCAUGAGCGCCCUGGCCAUGGUGUACCUGGGCGCCAAGGACAGCACCAGGACCCAGAUCAACAAGGUGGUGAGGUUCGACAAGCUGCCCGGCUUC
Frame 1 K V. H H A N BEEMN I Y C P I A CICEME S A WIS A BMEVS Y BES G A KD S T R T Q@I N K VeV R F D K EE P G F

Ovalbumin RNA (:GChACAGCAUCFAGGCCCAhUGC(:GCACCAGCnUGAACGL (:CACAGCAGCCJFAGGnACAUCCL(:AACCAhA JCACCAAGCCCAACGACG QJACAFCU JCAGCCuGnCCAhCAGHCUhUACHCChAFnAGA(:GUACCCC
G D [I"MEN A 'Q C G T VN VH | D ITEEE N _ N D V'Y W A R HIN Y A IS

Frame 1

Ovalbumin RNA AUCCUCCCCGAGUACCUGCAGUGCGUGAAGGAGCUGUACAGGGGCGGCCUGGAGCCCAUCAACUUCCAGACCGCCGCCGACCAGGCCAGGGAGCUGAUCAACAGCUGGGUGGAGAGCCAGACCAACGGCAUCAUCAGGAAC
Frame 1 TeEe P MEN Y BEN Q C IWVH K MEMSEN Y R G G WIWMEM P I N F QT A AID Q A R EEMSINTIT N S WEVIEEN S Q T N G HIEWE R N

Ovalbumin

. . .
Ovalbumin RNA GUGCUGCAGCCCAGCAGCGUGGACAGCCAGACCGCCAUGGUGCUGGUGAACGCCAUCGUGUUCAAGGGCCUGUGGGAGAAGGCCUUCAAGGACGAGGACACCCAGGCCAUGCCCUUCAGGGUGACCGAGCAGGAGAGCAAG Peptlde VaCCIneS requlre fu”
Frame 1 CviEEs Q P S S EVED S Q T A BMEVIEEEVIN ANIEVE F K G HESWMBENK A F KIDBED T/Q ANVEP F ROVITHEENQMNENS K

Ovalbumin

characterisation of antigen targets

Ovalbumln RNA CCCGU(‘CAGAUUALG JACCAGA JChGCCJ(‘UUCAGn(‘unGCCAnCAU(‘hCCAnCnAGAAnAUnAAhAL CCU(‘nAnCJ(‘CCCL UC(‘CCAnCGnCACCA JnAGCAUGCUGnUnCUnCL uccchAcuACGuCAGc\mccunGAu
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Frame 1

Ovalbumin RNA CAGCUCGAGAGCAUCAUCAACUUCGAGA
Frame 1 CQ'EINEEN S WmE N F S

T V. M EETTED
CD8 epitope

Ovalbumin RNA GGCAUCACCGACGUGUUCAGCAGCAGCGCCAACCUGAGCGGCAUCAGCAGCGCCGAGAGCCUGAAGAUCAGCCAGGCCGUGCACGCCGCCCACGCCGAGAUCAACGAGGCCGGCAGGGAGGUGGUGGGCAGCGCCGAGGCC
Frame 1 EDUEVE F S S S A N EEN S UGS S S A NN S HN K mm S A LV A A H ANEN | N BNEN A G RNENV V. G S ANEA

LG W T
CD4 epitope

Ovalbumin RNA GGCGUGGACGCCGCCAGCGUGAGCGAGGAGUUCAGGGCCGACCACCCCUUCCUGUUCUGCAUCAAGCACAUCGCCACCAACGCCGUGCUGUUCUUCGGCAGGUGCGUGAGCCCCUGAGC
V. D A S BVE S NENNEN F R A NDWSHW P F M F C MW K WHWSN A T UNU A BVEEEE F F BGI R C Bve s P N

Ovalbumin

AGCUGACCGAGUGGACCAGCAGCAACGUGAUGGAGGAGAGGAAGAUCAAGGUGUACCUGCCCAGGAUGAAGAUGGAGGAGAAGUACAACCUGACCAGCGUGCUGAUGGCCAUG
. W T S S N R K DI K EVE Y WS P R EVE K EVIEEENSES K Y N HEE T S DVOEINEVE A EVE
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Basic Protocal 1: Synthesis of mRNA by IVT and Enzymatic Capping and Tailing
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mRNA Synthesis and Encapsulation in
Ionizable Lipid Nanoparticles
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Only requires the protein
antigen to be characterised

McKenzie, R. et al Current Protocols 2023
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Effective NKT cell agonists induce stronger NKT activation
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NKT cells are required for induction of liver Trm to mRNA vaccine

OT-l vaccinate iv X,
£ 7 —~N)
ol = 4
. | 3 L Y £ 3
\ \ 30days  _ FaCS Liver ==t
day-1 dayO0 O i—
B6 vs Traj18-
B6 vs s Batf3-"
Liver
2.0 - . 5x10°%9
— o Bl Trm
_ ~ 4x10° Bl Tem
S T ioom B Tom
2 u
§ % 2x10%4
5 é 1x10°
=}
pd
B6 Traj18-/- 0

WT  Batf3”"



Te Kauru
Ferrier Research Institute

Effective NKT cell agonists induce stronger NKT activation

yosd WELLINGTON
\

TE HERENGA WAKA

IL-4 Ab
vaccinate iv Memory
30 days FACS Liver
day 0
2 451 b
— 1000
:"é - - Tm 800 - . Naive
T BT ©- LPX-OVA
£ E 600 - -©- LPX-OVA-aGC
0 B Tem 3
? 50- :_T' 400 O LPX-OVA-(:GCS
5]
200
0.0 - 0

—
01 3 6 9 12 24 48

Time (hours)

Isotype  anti-IL-4

Figure 5. IL-4 is important for liver Trm cell generation. (a) OTI liver
Trm cell responses to LXP-mOVA-aGC, were inhibited by exposure to
anti-IL-4 mAb during priming. (b) IL-4 is detected in the serum after
vaccination with LPX mRNA vaccines containing NKT cell agonists.
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Transition to an Industry Standard LNP-mRNA Vaccine Format

— mMRNA Design

Te Kauru
Ferrier Research Institute

VICTORIA UNIVERSITY OF

bosd WELLINGTON

N\~ TE HERENGA WAKA

MRNA design
- Modified bases
- Inclusion of UTRs

- Capping (co-transcriptional capping/clean-cap)
- Poly-A vector encoded talil

Purification

- ds-RNA removal (cellulose chromatography)
- FPLC, oligo-dT affinity, ion-exchange
- Analytical method development
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Transition to an Industry Standard LNP-mRNA Vaccine

Format — The Formulation

..‘ | Basic Protocol 2: mRNA in aqueous buffer ™
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