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Abstract : This research project consisted of 3 interactive sub-themes:
1) Elucidation of protective function of the GMP-compliant malaria enolase vaccine,
2) Development of monoclonal antibody drug targeting malaria parasite,
3) Development of an intelligent peptide vaccine targeting Plasmodium falciparum enolase,
which can be harmoniously led and organized by the principal investigator, SK, with his vigorous
leadership.

The purpose of the study is to obtain the proof of concept (POC) of the efficacy of the vaccine
that is to be under first-in-human study leading to product development and manufacture.
1. Optimization of the process methods for antigenic polypeptides

We optimized process methods for a series of antigenic peptides containing a partial sequence,
Ala256-Asp277 (AD22), from Plasmodium falciparum enolase. To enhance peptide
immunogenicity, we designed MAP (multiple antigenic peptide) dendrimers consisting of a
branched lysine core on which two copies of the AD22 peptides are displayed. Among several ways
to prepare MAP molecules, we synthesized the construct entirely in the solid phase: the two amino
groups of a lysine core were used as branching points for the elongation of the immunogenic
peptide AD22 sequences. In the final step, the constructs were dimerized by iodine oxidation and
following —S-S- formation, into “(AD22-map2cys)2”.

2. Change of the procedure of manufacturing microspheres

To dissolve the antigenic polypeptides, “(AD22-map2cys)2”, we changed the solvent from
dichloromethane to ethyl acetate, which will be more suitable for GMP-compliant development of
the vaccine. We tested the procedure carefully so that the ethyl acetate could completely dissolve
the vaccine material.

3. Experiment of immunization on Balb/c mice to confirm the antigenicity of the polypeptides

Three different structures of AD22 antigens such as 1) “AD22new”, 2) “(AD22-map2cys)2” and

3) “(AD22-map2cyspal)2” were administered to Balb/c mice and the IgG titer levels were compared



with those by “original AD22-map”. Antibody titers kept increasing by either of the antigens, and
those increased titers of the immunized sera at 4th week were significantly higher as compared
with the pre-immune sera. Among those, significant increase of the titers were observed with
“(AD22-map2cys)2” administration, thus it is decided as the final product for our vaccine
development. The tests for observing the increase of the titers are to be continued up to 40-50
weeks of the immunization.
4. Evaluation of the microspheres which include AD22

Inclusion of the AD22 inside the microspheres which were produced by either way, AD22
dissolved by dichloromethane or that dissolved by ethyl acetate. Dot blot analysis revealed that
both microspheres contain satisfactory amount of antigen inside which should be released slowly
when they are administered subcutaneously. Western blotting analysis also revealed that mice
immunize by both antigenic microspheres produced antibodies which reacted specifically with
enolase antigen at around 47kD molecule.

5. Large-scale hybridoma culture and purification of monoclonal IgG antibodies.

According to the screening test, 8 selected hybridoma clones were cultured at large scale. From
200 mL of each culture, 1-2 mg of each monoclonal IgG antibody could be obtained through
ammonium sulfate precipitation and purification using protein A columns. Purities of each
antibody were verified by SDS-PAGE. Growth inhibitory activities were also confirmed for the 8
monoclonal antibodies.

In addition, immunofluorescence microscopical observation of the inhibition of merozoites’
invasion into the erythrocytes was performed using anti-AD22 antibody. As a result, aggregations
of merozoites were observed possibly due to the effect of the antibodies localized on the surface of
the merozoites.

6. Selection and large-scale purification of the monoclonal IgG antibodies.

An epitope mapping analysis revealed 8 amino acids sequence (Asn —Lys —Thr —Tyr —Asp —Leu
-Asp -Phe) within the AD22 to be specific epitope for the anti-AD22 monoclonal antibodies. In
addition, the Kd values for each antibody were calculated. From large-scale hybridoma culture, 5
mG of each monoclonal antibody was purified and ready for injection to mice.

7. In vitro binding test between AD22 peptide and plasminogen.

It was reported recently that the enolase located on the surface of ookinete (mosquito-stage



malaria parasite) was bindingto plasminogen of the mammalian blood meal and that this
interaction was essential for the ookinete to invade into the midgut cell of the mosquito. Thus, we
hypothesized that the binding of the enolase on the surface of the merozoite to the plasminogen is
also essential for the merozoite’s invasion into human red blood cells. Therefore, partial peptide
sequences of AD22 peptide were tested for the binging to plasminogen by Dot-blot and ELISA
analyses. As a result, 10 amino-acids sequence was speculated to bind specifically to the
plasminogen, and this sequence contains the amino-acids epitope, which was also recognized by
the anti-AD22 antibody.
8. In vivo behavior of vaccine microspheres subcutaneously administered

The fluorophore (Hilyte Fluor 488) labeled antigen peptide was encapsulated into
bio-absorbable PLGA polymer microspheres using an oil/water emulsion. When we injected the
microspheres subcutaneously, disappearance of microspheres at the implantation site was
observed using an in vivo fluorescence imager. In our observed data, fluorescence intensity was
decreased very rapidly for the initial 3 hours just after implantation. The disappeared spheres can
be estimated to be migrated into lymph nodes via lymphatic vessels. Actually, we have observed a
stronger green fluorescence in closely located lymph nodes (sub-iliac nodes) connected to the
administered site at 3 hours after injection.

9. Design and fabrication of dissolving polymer depot material

The depot vaccine material was fabricated by room temperature gamma-ray polymerization of
a liquid monomer (vinylpyrrolidone) within a needle mold (28-gauge hypodermic injection needle)
to form polyvinylpyrrolidone (PVP) depot that encapsulate the antigenic peptides. The monomer
was chosen as the structural material for the polymer micro-needles, because it is biocompatible,

mechanically strong and highly water-soluble.

As described above, 3 years’ dedicated efforts for elucidating POC leading to first-in-human
study were concluded to be satisfactory in finding out proper vaccine design of AD22 microspheres
to produce preferable antibodies to inhibit the invasion of the parasites into the host cells. Can’t

wait for the development and manufacturing of the product.
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@© $LAD22 £/ 7 v —F VHUADOERR KL O, JFUBHIFEH ETEED & 2 ik 7 v — > DiEdk

~ AT ) I a—FAPUROERIL, EHICEFELMFEDO I n— 118, TO%RD T v—REE
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DREEHNT) BT 21T > 72, AD22 (30 7%H5) % 8~10 FE T L LA STF F2A/K LT (K
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[ E % . Triton-X100 THIIAEREIZ NS T4 LT, SUASMIREICT 78 A TE L X9 LTHRIHL T
WHDT, JRAREOREEIAHATH S, PSR BIIERT 2546, YR MR IR Z B TR
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72 BEOHTE (k5 fESfE: - 6MHClaq. (with Phenol) 110°C, 22hrs) Asp(28) 28.00, Thr (8)
7.78, Ser(8) 7.21, Glu(36) 35. 62, Gly(4) 4.02, Ala(4) 4.00, Cys(2) 1.36, Leu(4) 4.03,
Tyr(8) 8.00, Lys(10) 10.07, NH3(16) 18.08, Pro(8) 8.18, Phe(8)+B-Ala(2) 10.01.
ESI-MS (negative ion) : MW = 15249.3 (BREM{#E 15249. 3)
RS GYRH HPLC, ODS H 7 A): 96.3 %
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- SN B RERA
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Tyr(8) 7.81, Lys(12) 11.99, NH3(16) 17.21, Pro(8) 8.20, Phe(8)+B-Ala(2) 9.98.
ESI-MS (negative ion) : MW = 15982.2 (FEimfE 15982.5)
O GYFH HPLC, ODS 75 A) @ 96.4 %
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TERITIHZ 9 DT EBAGINE TR 5T,

EHICKEIEEDBR 21T 2R 1L IOV T, & b~ GICEZEMOBLE D LV LT
WHEBZONDI T E—A F U ~DEBEIToT2, TROLHURSTTF Ra A 4 2 AR 8
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