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Malaria causes 100-500 million morbidity and a half million mortality each year in the tropics and subtropics. In
this study, we have been working for clinical development of malaria vaccine, monitoring appearance of drug resistant

parasites, and development of new diagnostic apparatus.

1-1 Clinical development of BK-SE36 malaria vaccine: BK-SE36 malaria vaccine is a lyophilized powder

that is a mixture of SE36 recombinant protein derived from N-terminal region of P. falciparum SERAS and aluminum
hydroxide gel. 72% of protective efficacy for one year was observed in a clinical research conducted in Uganda with
6-20 years old subjects (2010-2012). Currently we are conducting Phase Ib trial in Burkina Faso with 1-5 years old
subject. The trial is a collaboration with European Vaccine Initiative, Centre National pour recherché et formation

sur paludism of Burkina Faso and Osaka University. The final report is scheduled to dispatch in September 2017,



although severe adverse events were not reported. In parallel, we have conducted Phase Ia clinical trial of BK-SE36
with CpG-K3 adjuvant, single stranded oligo DNA with un-methylated CpG sequence. As a result, the safety was
confirmed and around 4 times higher anti-SE36 antibody at both half dose and full dose were observed. From a
tertiary structure prediction, N-terminal region and central region around serine repeat are estimated as intrinsically
denatured regions. Ugandan sera are exclusively reacted with N-terminal region, in stead vaccine induced human
sera reacted with the central region. The later serum inhibited the parasite growth in culture. We are preparing Phase

Ib trial of BK-SE36/CpG to start in 29 June 2017.

1-2 Search for unknown pathogens by the RAPID system: RAPID (Robotics Assisted Pathogen Identification

System) system is a search for unknown pathogens by the next generation sequencer. We have maintained our base
so that we can always respond promptly in Northern Uganda, where the incidence of emerging infectious diseases
could occur. Recently we installed HiSeq 3000 NGS which has the world's highest ability in 2016 (due to external
funds other than this subsidy ).

1-3 Activities on formation of research base in Uganda: In 2012, we have established GO-Marc "Guru - Osaka

University malaria clinical collaborative research center” and a molecular biology laboratory equipped with sufficient
research tools. In addition, four students from Uganda were accepted in Japanese graduate school. Among them three

received Ph.D. (Ehime University). The other one entered the doctoral course in 2016 (Gunma University).

1-1-2 _Comprehensive epidemiological study of P. falciparum drug resistant parasites in Uganda: In Uganda,

artemisinin combination therapy has been used as a first-line drug for malaria treatment since 2004. To study the
emergence of the resistant parasites, a total of six field studies were performed from October 2014 to June 2016 of
which 4 resistant cases were detected among a total of 194 subjects. One sequence of the artemisinin resistance-
responsible gene Pfkelch13 showed A675V mutation, while the other three cases were wild type. For each of 3 out
of 4 cases, the whole genome was determined. It was revealed that the artemisinin resistant parasites discovered in

this study are African origin (paper is under reviewing).

1-1-3 Development of Ultrahigh-sensitivity Malaria Diagnostic Equipment: To detect malaria parasites in

patient blood, we have developed ultra-sensitive, accurate, quantitative and easy operation system of a polystyrene
cell chip fabricated using microfabrication technology. We validated the system with standard microscopic
observation using blood samples collected more than 100 malaria patients, and showed that the new diagnostic device
is more sensitive, convenient and accurate. In addition, we developed a more compact and battery driven diagnostic

device.
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Research on novel malaria vaccine candidate discovery

Plasmodium falciparum malaria remains a disease of global health importance. Emerging drug
resistance to both the parasites and the mosquito vectors control calls for development of improved and novel
approaches towards malaria elimination. Malaria vaccines present a feasible option. Extensive malaria vaccine
discovery efforts have yielded only a handful of vaccine candidates, with few that progressed to clinical trials
having unsatisfactory low or moderate efficacies. There is therefore, an urgent need to carefully profile
antibody responses against P. falciparum antigens to identify the targets of malaria protective immunity to
form the bases of second-generation vaccine targets following BK-SE36 malaria vaccine currently under
development.

In this study, immunoreactivity to a large library of recombinant proteins (n=1827) derived from
~30% of the entire P. falciparum genome, was determined for identification of novel malaria vaccine
candidates. The recombinant proteins were expressed by wheat germ cell-free system (WGCFS); a eukaryotic
platform that can synthesize quality plasmodial proteins that induce biologically functional antibodies in
immunized animals. Human sera were obtained from indigenous residents of a malaria endemic region in
Northern Uganda who were naturally exposed to P. falciparum infections. The 66 volunteers were enrolled in
the phase Ib clinical trial of the BK-SE36 vaccine with the follow up at the start of a rainy season and
prospectively monitored for symptomatic malaria episodes for a year. Protein immunoreactivity to the sera
was determined by AlphaScreen; a homogeneous high-throughput system that detects protein interactions.

Analysis revealed broader protein immunoreactivity than previously observed in similar



immuno-epidemiological studies. Fifty-one percent of the proteins (938/1827) in the library were
immunoreactive against the Ugandan sera. Antibody responses to 128 proteins, expressed in different stages
of parasite lifecycle, significantly associated with protection from symptomatic malaria; defined as fever
>37.5°C and asexual parasitemia of > 2500/ul of blood. Fifty-three antigens out of the 128 were
down-selected as the most plausible targets of host protective immunity by virtue of having a predicted signal
peptide and/or transmembrane domain(s), or confirmed localization on the parasite surface. The 53 proteins
comprised of not only previously characterized vaccine candidates with known parasite expression,
localization and function but also novel uncharacterized proteins.

In conclusion this work demonstrates and emphasizes the great importance of using a combination of
(i) an unbiased genome-wide recombinant protein library to comprehensively identify potential targets of
immunity in malaria, (ii) use of WGCFS generated proteins, that are comparatively more soluble, intact,
biologically active and immunoreactive to human sera; and  (iii) application of high-throughput
immunoscreening system (AlphaScreen) for unbiased antibody quantification and profiling. The study offers

new options for rational discovery and selection of potential malaria vaccine candidates.
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1. Prevalence of intestinal helminth infection

Helminthic infections are known to affect immune responses including vaccine efficacy. Thus, it is
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important to know the prevalence of helminthic infections in malaria endemic areas to develop malaria
vaccines. To this end, we collected fecal samples from all patient aged 2 to 15 and microscopic observations
for eggs and parasites were performed. Among collected 186 samples in 2013, we detected infection in 19
samples (10.4%) including 2 hookworms, 8 dwarf tapeworms, 7 schistosoma, 1 roundworm, and 1
unidentified larva. These samples were further verified using PCR technique after DNA extraction. We could

amplify helminth-specific sequences from 20 samples similarly to microscopic analyses. PCR detection was

applied to fecal samples obtained later than 2013 and revealed that 10 samples out of 173 were positive (5.8%).

The prevalence observed in this study was much less than we expected. In considering the prevalence became
lower in 2014 than in 2013, mass drug administration has been successfully conducted even in rural areas of
African countries. These results suggest that immune modulation by helminthic infection is minimum and

encourage developing malaria vaccines.

2. Malaria and intestinal microbiota

Prior to microbiotic analyses using human samples, we evaluated the relationship between malaria and
microbiota using a mouse model. Infection of C57BL/6 (B6) mice with Plasmodium berghei ANKA (PbA)
results in death within 10 days with showing neurological disturbance such as convulsion, which serves
experimental cerebral malaria (ECM) model. Furthermore, B6 mice developing ECM exhibited intestinal
pathological changes, such as detachment of epithelia in the small intestines. Notably, an apparent dysbiosis
occurred, characterized by a reduction of Firmicutes and an increase in Proteobacteria. Some genera of
microbiota correlated with parasite growth and/or ECM development. By contrast, BALB/c mice did not show
neurological symptoms but suffered from high parasitemia leading to death later than 20 days, indicating
resistance of BALB/c mice to ECM. Those mice showed milder intestinal pathology and dysbiosis. These
results indicate that the severity of cerebral and intestinal pathology coincides with the degree of alteration in
microbiota.

After completion of analyses in mouse model, we analyzed human fecal samples for microbiotic
composition. First, we compared fecal samples from malaria patients and non-malaria patients obtained in
2013 and 2014. It revealed that only marginal and not significant alterations in malaria patients were observed
compared with non-malaria patients. The reasons why we could not find differences might be 1) variability
among each individual seemed very big, 2) non-malaria patients visiting hospital were recruited as negative
controls, and 3) we recruited only outpatients who showed milder symptoms despite severe malaria did induce
dysbiosis in the mouse model. To overcome these pitfalls, we collected fecal samples from inpatients with
complicated severe or outpatients with uncomplicated milder falciparum malaria during illness and after
convalescence, at least 10 days after treatment, allowing us to compare not only severe versus mild but also ill
versus health in each individual. We found that composition of microbiota in patients during illness
significantly differed from that in those after convalescence. And the degree of alteration in microbiota in
patients with complicated malaria was greater than patients with uncomplicated malaria. These findings
suggest that malaria alters composition of intestinal microbiota associated with disease severity, which

coincides with our insights from the mouse model.

3. Analyses of inflammatory proteins in plasma samples from malaria patients
We also analyzed proteins such as inflammatory cytokines in blood samples. Among analyzed 93

proteins after exclusion of undetected 13 proteins, 48 molecules were increased or decreased in plasma
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samples from patients during illness compared with those after convalescence indifferently of disease severity.
However, 28 proteins were increased only in patients with complicated malaria, suggesting existence of

responsible molecules for disease severity among these proteins.

III. RO~ DFEE
(1) 25 - MEEFICBT 2m—% (ENEE 0 EESEs 13 1)
~ VTV 7 F L B%E TR L 22 21 50 e i AR [ OVER 57 22 N | CAR D W S 24

1.

Taniguchi T, Miyauchi E, Nakamura S, Hirai M, Suzue K, Imai T, Nomura T, Handa T, Okada H, Shimokawa
C, Onishi R, Olia A, Hirata J, Tomita H, Ohno H, Horii T, Hisaeda H. Plasmodium berghei ANKA causes
intestinal malaria associated with dysbiosis. Sci Rep 5: 15699, doi: 10.1038/srep15699, 2015.

Okada H, Suzue K, Imai T, Taniguchi T, Shimokawa C, Onishi R, Hirata J, and Hisaeda H. A transient
resistance to blood-stage malaria in interferon-y-deficient mice through impaired production of host cells
preferred by malaria parasites. Frontiers Microbiol. 6:600. doi; 10.3389/fmicb.2015.006600. eCollection
2015.

Imai T, Ishida H, Suzue K, Taniguchi T, Okada H, Shimokawa C, and Hisaeda H. Cytotoxic activities of
CD8" T cells collaborate with macrophages to protect against blood-stage murine malaria. Elife 4, doi:
10.7554/eLife.04232, 2015.

Imai T, Iwawaki T, Akai R, Suzue K, Hirai M, Taniguchi T, Okada H, and Hisaeda H. Evaluating
experimental cerebral malaria using oxidative stress indicator OKD48 mice. Int. J. Parasitol. 44: 681-685,
2014.

Imai T, Ishida H, Suzue K, Hirai M, Taniguchi T, Okada H, Suzuki T, Shimokawa C, and Hisaeda H. CD8+
T cell activation by murine erythroblasts infected with malaria parasites. Sci. Rep. 3: 1572 (2013).

Duan X, Imai T, Chou B, Tu L, Himeno K, Suzue K, Hirai M, Taniguchi T, Okada H, Shimokawa C, and
Hisaeda H. Resistance to malaria by enhanced phagocytosis of erythrocytes in LMP7-deficient mice. PLoS
One 8: €59633 (2013).

Ishida H, Imai T, Suzue K, Hirai M, Taniguchi T, Yoshimura A, Iwakura Y, Okada H, Suzuki T, Shimokawa
C, and Hisaeda H. IL-23 protection against Plasmodium berghei infection in mice is partially dependent on

IL-17 from macrophages. Eur. J. Immunol. 43: 2696-2706 (2013).

T4V T HER S R YR B9 A SEIE )

8.

10.

11.

Nagayasu E, Yoshida A, Hombu A, Horii Y, Maruyama H: Paragonimiasis in Japan: A Twelve-year
Retrospective Case Review (2001-2012). Int. Med. 2015;54(2):179-86.

Kajitani R, Toshimoto K, Noguchi H, Toyoda A, Ogura Y, Okuno M, Yabana M, Harada M, Nagayasu E,
Maruyama H, Hayashi T, Kohara Y, Fujiyama A, Itoh T: Efficient de novo assembly of highly heterozygous
genomes from whole-genome shotgun short reads. Genome. Res. 2014 Aug;24(8):1384-95

Nagayasu E, Ishikawa SA, Taketani S, Chakraborty G, Yoshida A, Inagaki Y, Maruyama H: Identification of a
bacteria-like ferrochelatase in Strongyloides venezuelensis, an animal parasitic nematode. PLoS One.
8(3):e58458. (2013).

Kikuchi T, Koga M, Shimizu S, Miura T, Maruyama H, Kimura M: Efficacy and safety of paromomycin for
treating amebiasis in Japan. Parasitol Int. 62(6):497-501 (2013).



12. El-Malky MA, Maruyama H, Al-Harthi SA, El-Beshbishi SN, Ohta N: The role of B-cells in immunity
against adult Strongyloides venezuelensis. Parasit Vectors. 6:148 (2013).

13. Nagayasu E, Ogura Y, Itoh T, Yoshida A, Chakraborty G, Hayashi T, Maruyama H: Transcriptomic analysis of
four developmental stages of Strongyloides venezuelensis. Parasitol Int. 62 (1): 57-65 (2013)
Kimura M, Koga M, Kikuchi T, Miura T, Maruyama H: Efficacy and safety of atovaquone-proguanil in
treating imported malaria in Japan: the second report from the research group. Parasitol Int. 61(3): 466-469
(2012).

(2) %2« YURTYYLFTREIT DO « RAZ—HE

1. RAI~T U 7RBERC KV BNME AT A RN’ Z 5, A AR ER 1 24 Bk,
2015430, #85HHAFEREERS

2. TIZVAKRBEZBIFLATATIV=VitE~Z ) 7O HEL, OB, fEEE M1 84, HiRi,
2015430, %8 5EHAFAEREERS

(3) MHERE DR - Bkttt oxbd 2 B0 #A
AL

(4) FrarHiRE
AL

17



