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Strategic International Collaborative Research Program (SICORP)
Japan—New Zealand Joint Research Program
Executive Summary of Final Report

1. Project Title : TFunctional food solutions for optimal immune development and allergic

avoidance]

2. Project Period : April 1, 2015 ~ March 31, 2017
3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Noriko M Tsuji Team Advanced Industrial Food
Leader Science and immunology,All
Technology(AIST) ergy, Manager
Co-PI Takuji Yamada Associate | Tokyo Institute of Analysis of
Professor | technology intestinal
microbiota
Collabo | Nemoto Tadashi | Senior Advanced Industrial NMR analysis
rator researcher | Science and
Technology(AIST)
Collabo | Hirofumi Sawa Professor | Hokkaido University Intestinal
rator virome analysis
Total number of participating researchers in the project:4

New Zealand -side

Name Title Affiliation Role
Pl Elizabeth Team Malaghan Institute of | Immunology,
Forbes-Blom Leader Medical research Manager
Collabo | Graham Le Director Malaghan Institute of | Immunology
rator Gros Medical research
Collabo | Lieke van den Post Malaghan Institute of | Mouse model of
rator Elsen doctoral Medical research vaccine and
Fellow food allergy
Total number of participating researchers in the project:3

4. Scope of the joint project

The purpose of the research was the mitigation or prevention of food-induced allergic
responses via control of intestinal microbiota. The goal is to develop optimal immunity in early
life and to maintain immune homeostasis throughout the lifetime by intervention and solutions
with functional foods such as pre and probiotics and fermented foods.

The investigation and propagation of the nutraceutical effects of functional foods on the
mucosal and systemic immune systems is an important yet under-exploited research area.
Using unique animal models for anaphylaxis (in Japan) and food allergy by dysbiosis (in New
Zealand), the anti-inflammatory effects of pre and probiotics or fermented foods were
evaluated in adult, pregnant and neonatal mice. Their gut microbiome were also analyzed to
understand their causal relationships. In this way, specialists on intestinal and food
immunology from both countries were able to leverage their research networks and
collaborate to promote industrial application and public health, fostering the necessary
relationship for the next phase of clinical research required for food-health claims, and
eventually contribution to global welfare.

Objective 1: Interrelationship of gut microbiota and health promotion via functional food
solutions
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Since allergy is caused by the failure of tolerance induction to exogenous antigens, the
development of tolerance is a fundamental therapeutic target for allergic diseases. We have
shown that probiotic strains that induce high level of interferon (IFN)-8 from dendritic cells
may become a solution for mitigating allergic inflammation through the anti-inflammatory
effects of this soluble factor.

We observed that oral administration of Japanese traditional fermented food (Miso and Koji)
suppressed antigen specific IgE antibody in mouse model of allergy. We also analyzed the
relationship between intake of these functional foods and the gut microbiota profile.

Objective 2: Targeting optimal development of the immune system in early life with prebiotic
and probiotic solutions

Recent discoveries now indicate that the infant immune system co-evolves with the gut
microbiota in a mutualistic relationship, a crucial event that impacts the function of the host’s
immune system throughout life. Indeed, the absence of gut microbial colonization results in
a poorly developed immune system and high susceptibility to infectious pathogens and
allergic diseases, as well as perturbation of vaccine induced immunity. We utilized this model
system to identify the window of early life (foetal, neonatal and before weaning) in which pre-
and probiotic solutions can modulate the gut microbiota-immune interactions to prime the
immune system for optimal vaccine responses and reduce allergic disease risk. We
employed vaccine strategies utilizing model antigens and aluminium-containing adjuvant as
well as the unadjuvanted trivalent inactivated influenza vaccine. We also investigated allergic
disease susceptibility through the food-induced allergic diarrhoea model.

5. Outcomes of the joint project

5-1 Intellectual Merit

1st SICORP workshop (Wellington, NZ) 2016 Jan
http://www.malaghan.org.nz/news/joint-research-on-functional-foods-our-impressive-
international-visitor-programme/

2"d SICORP workshop (Onnason, Japan) 2016 Dec
https://groups.oist.jp/ja/external-events/event/joint-workshop-2nd-jst-sicorp-workshop-6th-
investigative-commission-ortho-—

A group of scientists, working in the area of infant allergies, immunology and beneficial
modulation of immune function by foods, met and made valuable discussions.

5-2 Synergy from the Collaboration

Through collaboration we have begun to identify how we gain further knowledge in the gut
microbiota composition and function analyses. This collaboration also extended to determine
how Japanese traditional foods maintain intestinal homeostasis and mitigate allergic disease
and intestinal inflammation. These investigations have identified a key role for probiotic
solutions to induce interferon B production. Further investigations will seek to establish a
cause effect relationship for this interferon B and intestinal homeostasis. These data are key
for delivery of critical step to determine the interrelationship of gut microbiota and health
promotion via functional food solutions. We have shared our key findings indicating
preferential windows in early life for immune modulation, which will also be important for
future investigations for this key deliverable as well.

5-3 Potential Impacts on Society

Our scientific partnership supports our idea to develop an organization for the international
society of food immunology. It will also be integral to foster future clinical research, and
facilitate the development of evidence-based functional food. More specifically, the gut
microbiota play a crucial role right from the very start of life; by educating the immune system
for lifelong health. We will keep stimulating progress across the board through utilizing an
interdisciplinary approach to the future research. The data generated during this research



SICORP # T #5% (i-- FORBES-BLOM i)

collaboration supports the great potential for functional foods, which could improve both the
health and wealth of the next generation of the world. This international collaboration
expedited our ability to do this and the endeavor continues.
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Original Publications (Articles by the Japanese Research Teams only, excluding the Partner Reasearch Teams)

FRE LEEA.EB.BEEA. B . B RV RTE
Arata Takeuchi, Mohamed E| Sherif Gadelhag Badr, Kosuke Miyauchi, Chitose Ishihara, Reiko Onishi, Zijin Guo, Yoshiteru Sasaki, Hiroshi lke, Akiko Takumi, Noriko

2015 |M Tsuji, Yoshinori Murakami, Tomoya Katakai, Masato Kubo and Takashi Saito, CRTAM determines the CD4+ cytotoxic T lymphocyte lineage. ,J Exp Med.
Volume 213, Issue 1, Pages 123-38., 2016

2015 Wang X, Li X, Ito A, Yoshiyuki K, Sogo Y, Watanabe Y, Yamazaki A, Ohno T, Tsuji NM. Hollow Structure Improved Anti—-Cancer Immunity of Mesoporous Silica
Nanospheres In Vivo. Small. 2016 Jul;12(26):3510-5

2015 Wang X, Li X, Ito A, Watanabe Y, Tsuji NM. Rod—shaped and fluorine—substituted hydroxyapatite free of molecular immunopotentiators stimulates anti—cancer
immunity in vivo. Chem Commun (Camb). 52(44):7078-81, 2016

2015 Wang X, Li X, Yoshiyuki K, Watanabe Y, Sogo Y, Ohno T, Tsuji NM, Ito A. Comprehensive Mechanism Analysis of Mesoporous—Silica—Nanoparticle-Induced
Cancer Immunotherapy. Adv Healthc Mater. 5(10):1169-76, 2016

2016 Adachi T, Kakuta S, Aihara Y, Kamiya T, Watanabe Y, Osakabe N, Hazato N, Miyawaki A, Yoshikawa S, Usami T, Karasuyama H, Kimoto—Nira H, Hirayama K, Tsuji
NM. Visualization of Probiotic-Mediated Ca2+ Signaling in Intestinal Epithelial Cells In Vivo. Front Immunol. 7:601.(2016)

2016 Kamiya T, Watanabe Y, Makino S, Kano H, *Tsuji NM. Improvement of Intestinal Immune Cell Function by Lactic Acid Bacteria for Dairy Products.
Microorganisms. 5(1). (2016)

2016 Gonzalez G, Sasaki M, Burkitt—Gray L, Kamiya T, Tsuji NM, Sawa H, Ito K. An optimistic protein assembly from sequence reads salvaged an uncharacterized

segment of mouse picobirnavirus. Sci. Rep. 10:7:40447. (2017).
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FE

£EE54. BB . BERR. B 5. R RTE

Izl

1. 4.1 ZOHMDOEEY BFARRF—LESFTLVAERAUHREF—LORH., BEFETL)




FE £EER. EB.BHEA. B S AU RTE

2015 5T 7 B ER2EE. . BRREV T FIVIZKIBENSDFKEEMHIFHE ). BARBEKREEFSEE. Volume 38, No.6, 448-456H , 2015.10.15

Humin Yan, Tomonori Kamiya, Papawee Suabjakyong and * Noriko M. Tsuiji, Targeting C—type lectin receptors for cancer immunity, Frontiers in Immunology.

2015 Volume 6. Ariticle 408, 2015.08.24

2015 |5t HBF. TIEAMEICL S RIEFIHERE] 7LILX—0EREK 2016 (2)

2016 it #F. FILANE. REEL. FLBELREEEME]. RELHEE 25(1): 34-41 (2017)

2016 |it BF . RERBRICKIBGAREBEDREILETLUILF—FH. ERNAION\AF—LAEZATHR (AREPIETF B{E)405-13 (2016)
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2 BLERR(EIF—, T avT, LRI LE)Presentations at Academic Conferences etc. (Seminars, Workshops, Symposia)
2. 1 FPERKRFAFARELF—LEESL DFHREK) Conference Presentations (Joint Presentations with Partner Research Teams)
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2.2. 1 2£2#RGAFAREF—LEZSTEVBFRAIHEF—L D R) Conference Presentations (by Japanese Research Teams, excluding Partner Research Teams)
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- . s8I Anti—inflammatory Mechanism mediated by Commensal Bacteri d Food C ts]. Congress of the Federation .
- sSTHEF vy Mec Y cteria and Food Components]. g 73 4o Sk i
2015 | 258 (English) of Immunological Societies of Asia Oceania, >>>>H7R—)L . 2015.07.02 R
. . NBRBE. st #F. lnterferon—B induced by double—stranded RNA of lactic acid bacteria promotes differentiation of IFN—y— o
2015 Z& (English o " i . N -
R (English) producing Thi cells |, EIBSHIS REE S FL Y-~ LYY, 2015.07.14 RRE—RR
s . st B8F . [Oral administration of lactic acid bacteria prevents steatosis in murine model for non—alcoholic steatohepatitis °
=H Lo -~ N N o] (o} (&7 P 2 _
2015 |3 & (English) (NASH) |, EIRRHRE BB F R FA Y-~ LYY, 201507.14 RAS—RR
2015 | B A8 (Japanese) T [BEEGRNREICKAREEEEOHEBAE . Japan Analytical and Scientific Instruments Show 2015, FEB FEm7, T
2015.09.02 RS
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=5 BE ki, BF. [EERBEYOHEUETHRZEKELEMTLUIILY—IHHR]. BABRAEZS . RRAER. e o
2015 | A AEE (Japanese) 9015.10.15 RRAA—FKEK
2015 [HAEE (Japanese) |3t BF . [EIAXKEYMOHIEMTHRZERELEMTLULT—IFHMR]. BABRAEFS. RRAERK. 2015.10.15 RRI—FFK
= . st 88F . [Oral administration of Lactic acid bacteria prevents inflammation and steatosis in a murine model of non—alcoholi =
=H Lo . p C (o} =
2015 | 523 (English) steatohepatitis (NASH) |, BAR®REF=. dLEEFLIET. 2015.11.20 Rl 28
2015 |#:E (English) T FMhe. st BF . [Mesoporous silica nanoparticles act as adjuvant for cancer immunotherapy |, B AR EF S, L@ EFLIET. RRA—Fe%
2015.11.20
2015 (B AEE (Japanese) |it88F, M2ANEHRNAIC R DA ABERETIH . SEOEARZHET A —F L RRHAXIRX, 2015.12.04 BiFEE
2015 | %55 (English) st B8F . [Functional maturation of immunity mediated by commensal bacteria and food components]. B¢ e G E EEHEWE T
AR \ENE U A—ERL R L, BHEAAT. 2015.12.12 AfFaRsR
= . Papawee Auabjakyong, Noriko M Tsuji  Oral administration of Lactic acid bacteria prevents inflammation and steatosis , 2<IXE °
=h N N —_
2015 | Rk (Enelish) |3 gwes s — 3/16/15 , o<IE RAS—RR
2015 | #EE (English) ;(;L;%(a/r;%Wg%?iPIain Hollow Mesoporous Silica Nanosphere Stimulates Anti—cancer Immunity in vivo. , 2 IXB 2 RER I FT— R2A—FE
= T FHe. st 8+ ['A Plain Hollow Mesoporous Silica Nanosphere Stimulates Anti—tumor Immunity in vivo], D<IXE L& 0
=h ~ C) ~ N ~ 75 N _
2015 | BIARGE (Japanese) |5 7 5 e yim < (£, 2016.01.25 RRAI—RR
2015 | B A<EE (Japanese) T FB. st 8F . MHollow mesoporous silica nanosphere for cancer immunotherapy]. LS-BTE BRI R HFKRE . T EO<IEH. RRA—5e

2016.02.02




2015 [AAEE (Japanese) |[fHAKIER. it 87, [ELBEICLIGEREMEEEDR L], LS-BTERMER RS KIHE D<IET. 2016.02.02 RRA—F &K
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2016 | H AREE (Japanese) [t HF . [ELEEE OWEEMEARORARI. BIERRHREEXZEBEE - i3+ —, BIEELIR. 2017.1.23 BEEE
2016 | B AEE (Japanese) it %TFF?Dzb—~>jiﬂ'/)k'7—P;2f7_:4°/‘{(lFM)(:Eﬁ(ﬂ%ﬂiﬁfﬁ&ﬁﬁ'rﬁﬁﬁ@%ﬁJs FE107EIMDOKIEH 2 - AT E s
EAZTTAT] RHEBWEEA=L7FI . RPEOIEH 2017.12.19
2016 | B 455 (Japanese) %m%zgﬁfgﬂ%miﬁrﬁtﬁ&ﬁ%%ﬁms ERtENs BRI 2K | BE-BRPEMHMMENS . KMEDC NERE
2016 | EE (English) Nﬁogé‘iym;?wégr;?gt;onal Food Solutions for Optimal Immune Development |, $52[EJST-SICORPEIRT—4 L av7 . iHiE R E OEESE
2016 |35 (English) \z(grgr.stlMMA lntroduction of AIST and Sugar Chain]. 52ElJST-SICORPEIET —4av 7, HiB IR EEE RENAT. MEER =
2016 | 3£2E (English) Tg;%];:;gg%glh':;frpzl%ef;e(z)c;tﬁc?fzh;gh salt concentration food to mouse gut microbiome]. 52[BlJST-SICORPEET —o 3w, OE#E
2016 |28 (English) gpa%cgﬁREEl\lgaff%m;?e%g?gﬁg c;f allergic sensitization to food by commensal bacteria]. §2[BIJST-SICORPEEET—4o 3y, s
2016 [Z£ZE (English) \S/la‘éeor'épvirlgéseltb i/l;tjh;i’s—?qf;;%Lrlt;raﬁcg[?lrl\%%r;;gzokzrﬁea;szt7miIk: a critical step for immune system maturation.£52B]JST- s
2016 | B AZE (Japanese) E%ﬁ; gyjﬂ-ﬁrﬁﬁgﬁ?‘ ﬁf;% ~281J6$1*1$2%6 Al X, REE. "ELELTESZL ' ARDOBRIRELREMEEL. E s
2016 | B AZE (Japanese) %s;ﬁ%ﬁﬁzmgl\471'%4774:&6;‘%1[:%%% OEHE). RAEREHNXFHARBRRARIA S VURD D L RREH s
2016 [AAEE (Japanese) |it HFIEBEICLIGRNRELAELCEHE], F9EAFAMEFEARI RS UL, RRERER . 2016.10.6 BEEE
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2016 | H AZE (Japanese) [it BFIEBEICEDIMBEDNDAN=X L], F16E BRAMBEFSR S, M%) B4EET., 2016.6.12 BEEE
= Yohei Watanabe, Ryutaro Fukui, Kensuke Miyake, Noriko M Tsuiji, Interferon— 83 induced by double—stranded RNA of lactic acid —
e - i . GE]
2016 | HAEE (Japanese) bacteria promotes differentiation of IFN- ¥ —producing Th1 cells. 526[8 Kyoto T Cell Conference. # & B KE. 2016.5.21 BE S ES
2016 | A AREE (Japanese) it HBFIFAMEMDOREEIZLDIMRIEAN=X L |, F20EFERNHEEZES. RRAURE. 2016.6.9 BHEE
2.2. 2 PR (AXRAAEF—LEZSFTLELVEFAITHEF—LDFER) Conference Presentations (by Partner Research Teams, excluding Japanese Reasearch Teams)
FE B HKE. [EE . F=%F4. 5. AR FRER
2015 |8 2E (English) Elizabeth Forbes—Blom [Early life host—-microbiota interactions have lifelong consequences for humoral immunity | . SICORP OEH#E
RH g symposia: Functional food solutions for optimal immune development and allergy avoidance. Wellington, NZ, 2016.02.12 =
9015 |#E (English) Franca Ronchese [Transcriptional heterogeneity of skin dendritic cells during allergic immune responses ], SICORP symposia: ks
e g Functional food solutions for optimal immune development and allergy avoidance., Wellington, NZ., 2016.02.12 R ISTER
9015 |#E (English) Cathryn R. Nagler, [Regulation of sensitization to dietary antigens by commensal bacteria]. SICORP symposia: Functional food imps s
e g solutions for optimal immune development and allergy avoidance. Wellington, NZ, 2016.02.12 R ISTER
. . Gerald Tannock, [Understanding bowel bacteria]. SICORP symposia: Functional food solutions for optimal immune development P
=E : . 73 4 Sdk S
2015 | 238 (English) and allergy avoidance. Wellington, NZ. 2016.02.12 BRI
. . Caroline Thum, 'The first 1000 days of life, an oligosaccharide story]. SICORP symposia: Functional food solutions for optimal P
=E ' ' N 734 Sdk S
2015 | 258 (English) immune development and allergy avoidance. Wellington, NZ., 2016.02.12 R E
. . Lieke van den Elsen [Targeting gut microbial composition for optimal immune development]. SICORP symposia: Functional food -
=H N 5B
2015 | 258 (English) solutions for optimal immune development and allergy avoidance. Wellington, NZ, 2016.02.12 SE L £
Lieke van den Elsen, Hazel Poynts, Angela Jones, Catherue Plunkett, Elizabeth Forbes—Blom, Targeting gut microbial composition
2016 |Z£EE (English) to enhance protective immunity against infuenza, International Congress of Immunology2016, Melbourne, Australia, 21-26 August OFEHEK
2016
. . Elizabeth FORBES-BLOM, A tale of two mice, Joint Workshop of 2nd JST-SICORP Workshop & 6th Investigative Commission of =
EE GIE]
2016 | %55 (English) Ortho — Organogenesis in OIST 2016, Okinawa, Kunigami, Onna, 2016.12.7 SEE
Lieke VAN DEN ELSEN. Targeting gut microbial composition to enhance protective immunity against infuenza, Joint Workshop
2016 |Z:E (English) of 2nd JST-SICORP Workshop & 6th Investigative Commission of Ortho — Organogenesis in OIST2016. Okinawa, Kunigami, AEHK
Onna, 2016.12.7
2016 | 325 (English) Lieke van den Elsen, Hazel Poynts, Angela Jones, Catherue Plunkett, Elizabeth Forbes—Blom, Targeting gut microbial composition OESE

to enhance protective immunity against infuenza, 45th Annual Meeting of JSI, 2016.12.5




3 T—HayT -3 F—- L RO LEDOBEEWorkshops, Seminars, Symposia and Other Events
3. 1. 7= avFw3F—- LU ROHL
(BRBIFEF—LBEUV T3 B FHITFEF— L EH#)Workshops, Seminars, Symposia (Organized by the Japanese and/or Partner Research Teams)
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4 WEIAZFDEERecord of Research Exchanges

4.1 BRAILISHEFEHREASNDIEIZEDEERecord of Visits by the Japanese Side to Partner Institutions
4.1.1 [BXR-8E5] (BFRAHABRF—LAVIS\—DH)(Japan—Overseas) Only those by Japanese Research Team Members

FE | wH R K4 RS g | PEEEL HDE. RBONE B
—a—U—3 k.Y
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4. 1.2 [BX-E5) (BRAFEF—LAV/N—LIHL) (Japan—Overseas) (Excluding those by Japanese Research Team Memebers)
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4. 2 HFEAI»SBRBIANDOEHEEDEHE
Record of Visits by Partner Reserach Teams to Japan
4. 2.1 [BH-BX] WBEFEURARF—LAV/IN—OH)
(Overseas—Japan) Only those by Partner Research Team Members
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4.2 2 [B—-BEX)] FEFEHFEF—LAV/S—LISL) (Overseas—Japan) (Excluding those by Partner Research Team Members)
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5 %8R Patent Applications
5. 1. BARAIOEIHEE Independent Applications by Japanese Research Teams
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5.2. "HFEHE"QIOBEIMHEFE Independent Applications by Partner Countries
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5. 3. 3 EHEE Joint Applications
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6 ZEZ Awards
6. 1 ZE Awards

FE =X ZEB ZEHE LEERE ST
Tl
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