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Malaria Parasites: A Complex Lifecycle
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Malaria: Five Stages for Vaccines to Target

Inhibition of merozoite invasion
ChAd63-MVA RH5 [Phase la/b]

RH5.1/AS01 [Phase I/lia]

PfAMA1-DiCo/Alhydrogel or GLA-SE [Phase la/b]
P27A/Alhydrogel or GLA-SE [Phase la/b]

BK-SE36 [PfSERAS5]/Alhydrogel + CpG [Phase la/b]
PfPEBS/Alhydrogel [Phase l/lla]

ChAd63-MVA PvDBP_RII [Phase I/lla]
PvDBPII/GLA-SE [Phase Ib]
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Killing of infected hepatocytes
PfSPZ Vaccine [Phase lIb]

PfGAP3KO [Phase I/lla]

PfSPZ-GA1 [Phase I/lla]

ChAd63-MVA ME-TRAP [Phase Iib]

ChAd63 or MVA ME-TRAP (IV route) [Phase la]
ChAdOx1-MVA LS2 [Phase l/lla]

JI et
Inhibition of sporozoite infection
RTS,S/AS01 [Pilot implementation]
RTS,S/AS01 “Fractional Dose” [Phase lib]
R21/Matrix-M [Phase I/lla and Ib]

R21/AS01 [Phase I/lla]
FMPO012 [PfCelTOS])/GLA-SE or ASO01 [Phase I/lla]
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Prevention of
iRBC-mediated pathology
PAMVAC/Alhydrogel or

GLA-SE or GLA-LSQ [Phase la/b]

PRIMVAC/Alhydrogel or
GLA-SE [Phase la/b]
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Inhibition of sexual-stage
development

ChAd63-MVA Pfs25-IMX313
[Phase la]

Pfs25-EPA/Alhydrogel or AS01
[Phase la/b]

Pfs230D1M-EPA/Alhydrogel
or AS01 [Phase la/b]

Pfs25 VLP-FhCMB/Alhydrogel
[Phase la]

Draper SJ et al. (2018) Cell Host Microbe 24:43
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« Completed Phase lll
* In pilot implementation trials
 Moderate-to-low short-term efficacy




Blood-Stage Merozoite Vaccine Difficulties

Attachment Reorientation Invasion

Antigenic polymorphism and
redundancy of invasion pathways

Antibody mechanism of immunity?
Lack of in vitro assays that associate
with in vivo protection in humans

Need for very high antibody
concentration for in vivo neutralisation

New
conserved and
essential targets

Functional assay
correlates with
protection in NHP

Quantitative
assessment of
antibody responses



Introducing P. falciparum RH5
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* The first highly conserved target within the P. falciparum blood-stage
merozoite to be susceptible to vaccine-induced broadly neutralising
polyclonal antibody (Douglas et al. 2011, Nat Commun)

* Forms an essential interaction with basigin (CD147) on the erythrocyte
surface (Crosnier et al. 2011, Nature)




RH5 Invasion Complex and Basigin

His 102
(linker)

Volz JC et al. (2016) Cell Host Microbe 20:60
Wright KE et al. (2014) Nature 515:427 Galaway F (2017) Nat Commun 8:14333



An assay to predict in vivo protection?

Wait 48 hours
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1. Poor association with naturally-acquired malaria immunity
Duncan et al. (2012) Hum Vaccin Immunother 8:706

2. Three NHP studies associated in vitro GIA with in vivo protection:
o  Singh et al (2006) Infect Immun : MSP1 — Aotus — falciparum
o Douglas et al (2015) Cell Host Microbe : RH5 — Aotus — falciparum
o Hamid et al (2011) PLoS One : AMA1 — Rhesus — knowlesi

Vaccine-induced GIA reflects “non-natural” immunity


http://www.google.co.uk/imgres?imgurl=http://www.istockphoto.com/file_thumbview_approve/1704369/2/istockphoto_1704369-lab-microplate.jpg&imgrefurl=http://www.istockphoto.com/stock-photo-1704369-lab-microplate.php&usg=__ZRa_aRXbYh7Ohip0APUBZAr1SVs=&h=253&w=380&sz=31&hl=en&start=26&zoom=1&tbnid=fERSgaOonHgQFM:&tbnh=82&tbnw=123&ei=T5ZMTZH9JNKZhQevzOmzDg&prev=/images?q=microtiter+plate+blood&start=20&um=1&hl=en&sa=N&tbs=isch:1&um=1&itbs=1

PfRH5 vaccine testing in Aotus monkeys
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Assessing Immunity by Controlled Human Malaria Infection (CHMI)
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Xﬁv' RH5.1 Protein Vaccine for Clinical Trials

% = Mutated N-linked

* * * %k
I W NNNFPEA glycosylation sites (Thr to Ala)
BIP RH5.1 (aa26-526) C-tag B = Cysteine

Insect signal peptide

EXPRES'ION A

N
BIOTECHNOLOGIES .

o part of ,&:Fe technologies™

Hjerrild KA et al. 2016 Sci Rep JinJ et al. 2017 Int ) Parasitol  JinJ et al. 2018 NPJ Vaccines



Assessing Immunity by Controlled Human Malaria Infection (CHMI)
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Assessing Immunity by Controlled Human Malaria Infection (CHMI)

Blood-Stage CHMI

100000

10000

-
€
; 1000
2
a 100
p
o
10
1 T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22
1000000 Time (d)
y 100000 0% Efficacy & Controls (PMR = 10)
10000 50% Efficacy (PMR = 9)
@ 1000 —— 80% Efficacy (PMR = 2)
Q . .
£ 100 Sterile Protection
© — — = (Clearance
by 10
1
0-1 1 L | L | L 1 ) | ] ] ] ] ] 1
01 2 3 45 6 7 8 9 10 11 12

Time (d)
Payne RO et al. J Infect Dis (2016) 213:1743-51



Plasmodium vivax : Unique Challenges
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P. vivax Red Blood Cell Invasion
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P. vivax DBP vaccine: Phase | trial complete

CLINICAL MEDICINE

Human vaccination against Plasmodium
vivax Duffy-binding protein induces
strain-transcending antibodies

Ruth 0. Payne,’ Sarah E. Silk,’ Sean C. Elias,” Kathryn H. Milne,' Thomas A. Rawlinson,’
David Llewellyn,” A. Rushdi Shakri,? Jing Jin,' Geneviéve M. Labbé," Nick ). Edwards,’

lan D. Poulton,' Rachel Roberts,' Ryan Farid,? Thomas Jergensen,® Daniel G.W. Alanine,’
Simone C. de Cassan, Matthew K. Higgins,* Thomas D. Otto, James S. McCarthy,?
Willem A. de Jongh,* Alfredo Nicosia,”®® Sarah Moyle,™ Adrian V.S. Hill," Eleanor Berrie,™
Chetan E. Chitnis,>™ Alison M. Lawrie," and Simon ). Draper’

'The Jenner Institute, University of Oxford, Oxford, United Kingdom. International Center for Genetic Engineering and
Biotechnology, Aruna Asaf Ali Marg, New Delhi, India. *QIMR Berghofer Medical Research Institute, Herston, Queensland,
Australia. “ExpreS?%on Biotechnologies, SCION-DTU Science Park, Harsholm, Denmark. *Department of Biochemistry,
University of Oxford, Oxford, United Kingdom. ®Wellcome Trust Sanger Institute, Cambridge, United Kingdom. "ReiThera
SRL (formerly Okairos SRL), Viale Citta d’Europa, Rome, Italy. *CEINGE, Naples, Italy. *Department of Molecular Medicine
and Medical Biotechnology, University of Naples Federico I, Naples, Italy. "Clinical Biomanufacturing Facility, University of

Oxford, Oxford, United Kingdom. "Institut Pasteur, Department of Parasites and Insect Vectors, Paris, France.

Payne RO et al. 2017 JCI Insight 2:93683



Summary

Exciting developments in the P. falciparum blood-
stage field and the biology of the RH5 complex.

RH5 vaccine can elicit strain-transcending
antibodies.

First-generation vaccines are in Phase /Il clinical
trials.

Structural vaccinology is leading to improved
second-generation VLP-based vaccines.

P. vivax vaccine now entering Phase |l efficacy
testing in Oxford.



