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Abstract

The purpose of this research is to obtain proof of concept (POC) on the effectiveness of the “AD22 vaccine”
at 3 respective stages of the parasite life cycle.
1) merozoite stage
a) Anti-AD22 monoclonal antibody

Eight monoclonal antibodies against AD22 amino acids were obtained as affinity-purified 1gGs using
hybridoma cells.

b) In vitro growth inhibition test using anti-AD22 monoclonal antibodies

From each clone, 5 to 6mg of 1gGs were purified and added to the supernatant of the parasite culture dishes.
Inhibition of the parasites’ growth from ring stage to schizont stage was microscopically observed. Growth
inhibition curve was obtained showing high efficacy of the anitbodies.
¢) Enolase as a plasminogen biding protein

Plasminogen is believed to bind to the enolase, which is located on the surface of the parasite, and is
subsequently activated to the serine protease plasmin by host-derived tissue plasminogen activator or urokinase,
recruiting potential proteolytic activity to encourage parasites to invade into the host cells.

Lorena et al. reported that the DKSLVK sequence of enolase located between amino acids 277-282 were
binding sites of plasmin(ogen). In this study, we identified more plasmin(ogen) binding sites of enolase by using
synthetic peptide libraries. The ELISA and Dot-Blot analyses of synthetic peptides representing a part of enolase
sequences identified a 10-residue sequence NKTYDLDFKT located between amino acids 264-273 as a strongest
binding epitope mediating binding of plasminogen to enolase. Interestingly, the 10-residues were located within
an exposed surface-loop in each of the monomers of the quaternary structure of the enolase, which would be
suitable target for inhibitory antibody, such as anti-AD22 antibody.

d) Vaccine effect in in vivo (mouse malaria challenge infection)

AD22 microparticle antigen ordered outside in Toyobo Co., Ltd. had been completed, so the experiment on
its efficacy was conducted. One group of 5 mice with 50 pg of antigen / mouse 3 times every 3 weeks was
compared with the other group with 150 pg / mouse with only one time immunization. The steady rise of
antibody until 6 weeks later was observed. When challenge infection was performed at the 7th week, a mouse of
60% had died of infection for the 10th day for a control group, but the survival rate of the 85% was indicated by
3 time immunity group and 100% rate was for 150 pg/by once immunity group. The life prolongation effect was
admitted and all mice died by the 20th day for 50 pg/mice 3 time immunity group, by the 19th day for 150
pg/mice once immunity group, and as early as by the 13th day for a control group.

2) sporozoite stage
a) Analysis of localization of enolase on the sporozoite surface
After letting anopheles mosquitos (Anopheles stephensi) suck blood from a P. berghei infected mouse, and

sporozoites were collected from the salivary glands several weeks later. The separated sporozoites were



immunostained using AD22 monoclonal antibodies, and confocal laser scanning microscopy showed the
localization of enolase on the surface of the sporozoites.
b) Participation of enolase in hepatocyte invasion of sporozoites (in vitro)

Sporozoites collected from salivary gland of an infected mosquito were co-cultured with hepatocyte cells
(HepG2), and the cell invasion was led. Cells were collected after co-culture for a few days, and the cell invasion
efficiency of the sporozoites was calculated by neutralization with/without anti-AD22 monoclonal antibodies. As
a result, it was to observed by microscopy that the invasion was inhibited by 65.7 % by the antibodies.

3) ookinete stage

Plasmodium gametocytes are taken up into mosquito midgut, where they develop into ookinetes, and they
invade into the mosquito midgut cells. Within 24 h after mosquito blood meal, ookinetes reach basal lamina and
develop into oocysts. Prior to analyzing capacity of anti-AD22 antibody to hinder midgut-stage ookinetes,
binding ability of it to ookinete was examined microscopically.

Anopheles stephensi, ingested P. berghei-infected mouse blood, was collected 20~24 h after blood meal.
GFP-expressing Plasmodium was used to facilitate microscopic observation. Midgut containing Plasmodium
ookinetes in its cells were dissected out and provided to the immunostaining with anti-AD22 antibodies (2
monoclonal and 1 polyclonal antibodies), phalloidin (probe for actin), and TO-PRO-3 (probe for nucleus). The
longitudinal sections of ookinetes-containing midgut were analyzed with confocal laser-scan microscope for the
localization of ookinetes and of anti-AD22 antibody. The longitudinal images revealed the co-localization of
GFP-ookinete and anti-AD22 polyclonal antibody, indicating the binding capacity of anti-AD22 antibody to
midgut-stage ookinetes.

This finding suggests potential utility of anti-AD22 antibody to thwart parasites crossing midgut cells and
developing into oocysts. Further analysis in vivo and in vitro will characterize potential of anti-AD22 antibody to

hinder Plasmodium development and its transmission capacity in mosquito.

Safety and stability test of the microparticles manufactured in the GLP standard

A process of manufacturing malaria microparticles vaccine under the GMP was standardized, so 3 lots of the
medicine were ordered to Toyobo Co., Ltd. As a result, the distribution of the diameter of the particle did normal
distribution by less than 100 um, and the peak of the diameter was confirmed to be in 1-10 micrometer.

And safety testing of the vaccine was entrusted to a CRO, CIMIC BRC Co, Ltd. (1) The 6 weeks’
subcutaneous prescription for toxicological test and 4 weeks’ recovery properties test, showed no abnormal value
by a blood biochemistry test. But some mice died by high dose repetitive toxicity test. No changes were
observed in pathological test nor rises of IgE. However, it was finally reported that the death was similar to that
from anaphylaxis. (2) No abnormal value were reported by a safety pharmacology study (ape Telemetry test and
central nervous system :Irwin method).

However, the stability test of the microparticles by Toyobo revealed a certain level of structural decay in a
several months.

When stability test of the vaccine material from Toyobo Co., Ltd. was conducted, no significant change was
observed under the harsh and acceleration test.

Thus fixed anxiety became clear in stability and safety of microparticle vaccine which will not be feasible to

be shifted to a First-in-human test by the said vaccine manufacturing. So development of the following



substitution vaccine manufacturing was suggested as a countermeasure and a gear was changed to the

development study to which the outcome of the above POC can be utilized.

Malaria vaccine development by AD22 + Alum adjuvant

The safety has been illustrated by Alum adjuvant in its prescription to human. Thus, we decided to use it as a
effective adjuvant to be mixed with AD22 malaria vaccine. Safety in subcutaneous prescription with PVA and
SPAM, which are used in the process of manufacturing of microparticles, has not been fixed, so conversion of
this policy in using Alum as adjuvant will be a shortcut as the choice to advance towards FIH.

Thus immunization and challenge infection tests were performed to confirm the efficacy of the vaccine using
AD22 (Peptide Science Institute’s last lot) by using Ahydrogel (commercially available alum adjuvant).

P. berghei (10° protozoas / mouse) was infected in abdominal cavity 49 days after immunization, and
survival rate was observed with the passage of time. Significant extension of the survival rate in the immunized
mice group could be observed and efficacy of the vaccine employed with Alhydrogel as adjuvant was confirmed.

With this study results, "A project for innovative drug development and support network research and
development " of AMED in the fiscal year 2017 was adopted, and it became possible to apply PCT using this
research fund for the preclinical study. Success of malaria control in the world depends on the management of
acquisition of drug-resistance by parasites and insecticide resistance by mosquitos. Malaria vaccine development
should be the last and only secret to eliminate malaria from earth. Development of medicine or vaccines against
infectious diseases should be the goal of medical researches in NCGM. Please expect it’s final development in

the near future.
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