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The aim of this AMED-LEAP project is to identify specific members of gut microbiota that have deep
impacts on the immune system, gut mucosal barrier integrity, Beige cell induction, and longevity of
life. Our long-term goal is to develop biotherapeutic prodects (bacterial cocktails) or bacteria-derived

small molecules to treat disease conditions such as IBD, cancer, and obesity.
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1. Identification and isolation of intestinal bacteria that can enhance immune system and maintain

intestinal barrier integrity
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1a) Identification of intestinal bacterial species responsible for the accumulation of interferon-y
(IFNy)-producing CD8* T cells
Honda group first found that IFNy+ CD8* T cells are more abundantly present in the intestinal lamina

propria than in other organs in specific pathogen free (SPF) mice. The intestinal lamina propria of
germ-free (GF) mice was deficient in such T cells as compared to SPF mice, and transfer of fecal
matter from SPF mice into GF mice was sufficient to induce IFNy* CD8+ T cells, suggesting
commensal bacteria-mediated of IFNy* CD8* T cells. From a translational perspective, we searched
for human-associated bacteria that can induce IFNy* CD8* T cells by the gnotobiotic technique. We
obtained stool samples from six Japanese healthy volunteers. The stool samples were orally
inoculated into GF mice housed in separate gnotobiotic isolators. After 3 weeks, we examined IFNy*
cells among colonic CD8 T cells. We found that sample B was the highest inducer for IFNy+* CD8*+ T
population. From the group of sample B treated mice, we selected one mouse that exhibited the
highest induction of IFNy* CD8* T cells, and collected cecal contents from the mouse. The cecal
contents were inoculated into another 6 groups of GF mice. After gavage, mice were then treated with

various antibiotics via the drinking water. We found that ampicilin-treatment enhanced the

2



accumulation of IFNy+ CD8* T cells compared with mice untreated with antibiotics. We collected cecal
contents from mice treated with ampicilin and cultured in vitro and succeeded in isolation of 26
strains. Among 26 strains, we excluded 5 strains, because they were negatively correlated with the
frequency of IFNy+ CD8* T cells (based on the microbiome analysis by Hattori group), and selected 21
strains. The isolated and selected 21 strains had strong and sufficient ability to induce IFNy* CD8* T

cells in the colon when inoculated into GF mice.
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1b) Identification of intestinal bacteria that contribute to maintenance of intestinal mucosal barrier

integrity by providing colonization resistance against bacteria of oral origin and multidrug resistant

microbes.

Humans naturally produce and swallow as much as 1.5 liters of saliva per day. Oral bacteria usually
transit through and do not colonize in the intestine. However, if there is an unnatural shift in the
composition of the gut microbiota, i.e., gut microbiota dysbiosis, oral bacteria may colonize in the
intestine. Indeed, colonization with microbes of oral origin can be seen in the intestine of patients
with several diseases such as Crohn’ s disease (CD), liver cirrhosis and colon cancer. The colonized
oral bacteria may affect the intestinal and systemic immune systems. Therefore, we searched for T
cell stimulatory bacterial species colonizing in the human oral cavity. For this purpose, saliva samples
were obtained from patients with CD, and inoculated into germ-free (GF) mice. A saliva sample from
one CD patient induced a marked accumulation of Thl cells in the colonic lamina propria of the
inoculated mice. Several bacterial species were specifically observed in the gut microbiome of mice
inoculated with the CD patient saliva, but not in mice inoculated with saliva samples from other
donors. To isolate Thl cell-inducing bacterial strains, we cultured cecal contents from the mice
inoculated with the CD patient saliva and succeeded in isolation of 8 individual bacterial strains. GF
mice inoculated with a mixture of the isolated 8 strains had a significant increase in Th1 cells. Among
the 8 strains, the Klebsiella pneumoniae strain was found to be the major driver for the Th1 cell

induction by the gnotobiotic mouse experiments.

2. Beige iflfl/lol i 55l b oD HA e

EFLICIT RO RER - BERERYIC R 2 DRI (A EIRMIE & B alEiMe) 2 FEEd 5, At

MRV b, AR Il Lo TlatEliMia L F CEE 24 2Milld, 77205 [Beige Mifld) 23
3




FE X, BGEANEIML, KBRS T L2 ERMEN TS, KEHZL—T1E, 6 AOMEHERT
T47 (A~F) oI aeZnNEhEBE~ T AEEL, 6 P06 3V I aRE L~
U AT V—T DR TIRVHERIZ S W TR AL DI CH S UCP1 mRNA HELNBEIZ EH LT
WHEE ML,

2. Identification of intestinal bacteria that can induce Beige cells.

It is well-known that there are two types of adipose tissues: Brown and white adipose tissues. Brown
adipose cells express UCP1 and generate heat, thereby contributing to prevention of obesity and
metabolic diseases. Within the white adipose tissues, UCP1 positive cells can be induced by cold stress
and catecholamine stimulation. The induced cells are called Beige cells and functionally equivalent
to brown adipose cells. Because some people have Beige adipose, but some people do not, we
hypothesized that Beige cell development can be affected by environmental factors, particularly the
gut microbiota. To test this hypothesis, Honda group recruited 6 healthy donors, and obtained fecal
samples. Then, the fecal samples were orally gavaged into 6 sets of germ-free mice kept in 6
independent vinyl isolators. Three weeks after the inoculation, we collected inguinal white adipose
tissues and performed qPCR for UCP1. Inoculation with 3 out of 6 fecal samples resulted in induction
of UCP1 expression in gonadal white adipose tissues. These results indicate that microbial

composition indeed affects the development of Beige cells.
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3. Identification of bacteria that affect successful aging
Centenarians, in particular people aged over 110 years old (called ‘supercentenarians’ ), who retain

independence and capability as well as cognition at higher levels, can be considered to represent the
prototypes of the successful aging. We hypothesized that some components of the gut microbiota
affects/prevents immunosenescence and inflammation in centenarians. To identify subsets of bacteria
that affect the immunosenescence and inflammation, groups of Honda and Hattori have collected 57
fecal samples from elderly people over 105 years old, and analyzed their microbiome by 16S rRNA
pyrosequencing and shot-gun meta-genomic sequencing. Our analysis identified several centenarian-

specific bacterial species and 0.6 million centenarian-specific genes in the gut microbiome.
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We aimed to develop a metabolome analysis platform with high precision and wide coverage to
identify gut microbiome-derived functional metabolites related to IFN-y*CD8* T cells, Th17, Th1 beige
cells and longevity. In this year, Arita group constructed LC-QTOF MS system for comprehensive
analysis of wide variety of lipid metabolites. Arita group also established LC-TripleQ MS system for
the selective and sensitive monitoring of lipid metabolites. These systems were applied to mouse feces

samples.
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To establish a translational nonhuman primate model for applied gut microbiota research, Inoue
group planned to generate germfree common marmosets and set up an experiment room with vinyl

isolators and suitable devices and protocols for producing and rearing germfree marmosets.
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To collect the information of the industrial applications of intestinal microbiota research achievement,
Kumagaya group attended 6th International Human Microbiome Consortium and Keystone
Symposia/ Microbiome in Health and Disease. It was impressive that the intestinal microbiota

influenced not only on some kind of bowel diseases and metabolic diseases, but also on carcinogenesis
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and therapy of cancer. The strategy of this project in which bacterial cocktail is identified by anaerobic

culture and analyses of gnotobiotic animals, is correct to develop industrial applications.

On the other hand, researchers from Kumagaya group learned the technique of 16S rRNA analysis

for supporting metagenome analysis in this project. Researchers from Kumagaya group also attended

11th Meeting of Society of Genome Microbiology Japan to learn novel analysis methods for bacterial

genomics.

II. ERROIME~DFHEE

(1)

(2) %

1.

2.

TR - MESEICR T o % (ENEE 0 fF EESE 4 1)

Kamo T, Akazawa H, Suda W, Saga-Kamo A, Shimizu Y, Yagi H, Liu Q, Nomura S, Naito
AT, Takeda N, Harada M, Toko H, Kumagai H,4, Ikeda Y, Takimoto E, Suzuki JI, Honda K,
Morita H, Hattori M, Komuro I. Dysbiosis and compositional alterations with aging in the
gut microbiota of patients with heart failure. PLoS One (2017)
doi:10.1371/journal.pone.0174099

Kasahara K, Tanoue T, Yamashita T, Yodoi K, Matsumoto T, Emoto T, Mizoguchi T, Hayashi
T, Kitano N, Sasaki N, Atarashi K, Honda K, Hirata KI. Commensal bacteria at the crossroad
between cholesterol homeostasis and chronic inflammation in atherosclerosis. J Lipid Res.
(2017) 58:519-528

Thaiss CA Levy M, Korem T, Dohnalova L, Shapiro H, Jaitin DA, David E, Winter DR, Gury-
BenAri M, Tatirovsky E, Tuganbaev T, Federici S, Zmora N, Zeevi D, Dori-Bachash M,
Pevsner-Fischer M, Kartvelishvily E, Brandis A, Harmelin A, Shibolet O Halpern Z, Honda
K, Amit I, Segal E, Elinav E. Microbiota Diurnal Rhythmicity Programs Host Transcriptome
Oscillations. Cell (2016) 167(6):1495-1510

Jones L, Ho WQ, Ying S, Ramakrishna L, Srinivasan KG, Yurieva M, Ng WP, Subramaniam
S, Hamadee NH, Joseph S, Dolpady J, Atarashi K, Honda K, Zolezzi F, Poidinger M, Lafaille
JdJ, Curotto de Lafaille MA. A subpopulation of high IL-21-producing CD4(+) T cells in Peyer's
Patches is induced by the microbiota and regulates germinal centers. Sci Rep. (2016) 6:30784.

2 VURTY T LEIIBITA A« RAX —RE

['T cell stimulatory bacteria colonizing in the human oral cavity], [15H, KenyaHonda, Cold
Spring Harbor ASIA: Frontiers of Immunology in Health & Disease, 2016/10/3, [EW.

[Gut microbiota in immune activation |, [18H, Kenya Honda, 4th Annual meeting of the
International Cytokine and Interferon Society, 2016/10/17, [E4+.



3. [Regulation of the immune system by the gut microbiota |, 188, Kenya Honda, Cold Spring
Harbor Asia Conferences. Alberta- AMED Workshop for Medical Innovation, 2017/2/25. [E4}.

4. FEBEWMLE L TO~Y—Fty NORMELIREET A~DOISM, ABH, H E&ESE, 5§ 5 [BIFERE)
WRFY R YD N TR 2 XA 5 FREW R - VHE- | 2016/10/21, [EA.

(3) TEEREOFF - Heffrdihittz ) (x4 200 A

1. 2017 3 U —X BHLWARDD AR — T« Rig - AECHET T - 6\ A LG
W, AH Bth, VA NIKKEL S 1 K RP 7, 2017/3/6, [EHN.

2. EFHRICERT /ML axr~—Fty b, HEESR JIEHTVAA =27 2@
RIS A A 7 a v k, 2016/12/9, [FHA.

(4) FFFFHiRE
INBAAT SRR IR - ML



(A4 )

I EAER

WFFERA JE SRS S

WHIERASEH G A

ATE ik KA

= %ﬁ gﬁ Ml :
Sy FHBFFSE
BRIERRES
WFIEBASE Sy

e Bk K4

[FREES PE% -] 16gm0010003h0101
Rk 294F 4 H 1 H

TRk 2 8 R EFEM SRR KR WL &

(AAGEE) SRt JEp R SR A Y F a2 _X— AT

(#  F&) Advanced Research and Development Programs for Medical Innovation

(RAEE) WBINRIEERS 2 7 A% A B SR o Al

(I EE) Development of therapeutic cocktails of bacteria isolated from the

gut microbiota

(A AR
(ZE &F)

Rk 284 10H 1 H ~ Fpk 294 3 H 31 H

(HARGE) NG ORE~ v 7 O X OREREMEGE Y O [F E
(3% FE) Construction of the metabolic pathway map and identification of

functional metabolites produced by the gut microbiota

(HAGFE) ESCHFZEBAsE NBML 2T e AEmER T v # —
ABRR— LT — L F—LV—F— FHH W
(3%  EE) Riken IMS * Team leader * Makoto Arita

I FBROBME (RIEHERE)

IR AR « BIERBRFET WY - oEFHE Al Bih  RIEEas 228,




III. RO~ DFEE

(1) %28 - WESICBY 2%hC % (HNE 0 1, [EksS

B

(2) &« L URYTLEIIBITHAMHE - RNAY —FFE
ML

(3) TEREORZF - Hifrclaitt s 1ISxb3 2 H00 1A
LD

(4) Frafii
INPRAT SRR - L

0 )



(A4 )

I EAER

WFFERJEARE S

WFIERZEH Y &

g Bk K4

E ] BV TS

Sy BRI

PrHIE IR

WFFEPHFE

AT Bk K4

(B ARE
C

(A AGE

C

(HAGE
C

[FREES PEZ -] 16gm0010003h0201
Rk 294F 4 H 1 H

2 8 M EFEHJER R R WM E &

FRTHSEb FEBR R SR A v F 2N b I AT

Advanced Research and Development Programs for Medical Innovation

IR 2 7 7 v 2 O T BT SR S O Al
Development of therapeutic cocktails of bacteria isolated from the

gut microbiota

BRERBNFAETSE MAEWY: - REFHE Bl

Department of Microbiology and Immunology

>
H
R
=

Keio University School of Medicine

Professor Kenya Honda, M.D., Ph.D.

SRk 284 10H 1H ~ Fpk 294 3 H 31 H

(HAFE)
C )

(A AFE)
€ ))

HWAEERE T/ b - ST WRAT

Genomics and transcriptomics of microbiomes

AR HRSFE TN e e TR P ekt B i =

Waseda University « Professor « Masahira Hattori

I FBROBME (RIEHERE)

WFEBHRIRE LI L o M D HE

W FEBIHE N L D M DS e

IR AR « BIERBRFET WY - pEFHE Al Bih RSS2 28,




III. RO~ DFEE

(1) %23 - MEESICB 2% (EWeE 0 . Bk 0 1)

B

(2) &« L URYTLEIIBITH A« RNAY —FFE
ML

(3) TERE OB « Hiffiiitt ) 1ok 2 5 #A4
BALAP

(4) FFFFHiRgE
NPT AR IR - ML



(A4 )

I EAER

WFFERA JEARE S

WHIERSEH Y &

PrE i KA

ESID R
Sy BRI
PHIERE S
WFFEPHFE

e felie K4

—
=113

AP 5] 16gm0010003h0301
SRk 284 5 H 19 H

Wk 2 8 AR EGLAF SR B %8 K R Wl E

(HAGE) FoHTih e imhll JE B 8 S 35 2

(F &) Advanced Research & Development Programs for Medical Innovation

(HAZE) MENAMERED 7 T V% - i E SR oAl H
(% &) Development of therapeutic cocktails of bacteria isolated from the

gut microbiota

(BAGE) BIERBRFET MAEYY - EFHE #2d% AH B
(I  F&) Department of Microbiology and Immunology
Keio University School of Medicine

Professor Kenya Honda, M.D., Ph.D.

Fpk 284 10H 1H ~ ¥Rk 294 3 H 31 H

(HAGFE) ~—F¥ vy FEHWZENMENIEO 72O OB A i
(3%  FE) Establishment of animal technology for gut microbiota research with

common marmosets

(FAH) AR A IR SFFIETT ~—t v NI e 7 A
H#E HFEES
go  FE) Takashi Inoue, Laboratory head, Disease model animal laboratory

Marmoset research department, Central Institute for Experimental Animals

I FBROBME (RIEHERE)

- WEFER KA IS L D HEDHE

- WEEBRRE A K LW D

AN
IR AR « BIERBRFET WY - pEFHE Al Bih RSS2 28,




III. RO~ DFEE

(1) 25 - MEEICB 25 c—% (ENGE 0 4, EEEsE o 1)
BAL. 3P
(2) & - VRV LFEIIBITDHHEE - RAX —H3FEK

1. EREWE L TOY—Fty NOREEERETFA~OMH, O, JELES, § 5 [BERS)
MRl R T A TR 2 3 2 5 FEEREN AL -5V EE-] . 2016/10/21, [EN.
(3) TERE DR - Hificzitt e 129 2800 #a
1. EZpgeicEm T /08y lasr~—tty b, HEEL, JIBHYA 2 H 7@

RIS A A 7 a v k, 2016/12/9, [FHA.

(4) e
INBAAT AR I - ML



(A4 )

I EAER

WFFERJEARE S

WHFERSEH 4 &

e ek KA

ESIND TR I
VAR ELT R
PHIERRES
WHIERHFE Sy 1

FTiE eik Ko4

[FREE& PE% -] 16gm0010003h0401
Rk 294 4 H 28 H

Wk 2 8 AR EGLAF SR B %8 K R Wl E

(AAGR) Rt JEp s SR A VY Fa_X— I AT

(F &) Advanced Research & Development Programs for Medical Innovation

(HAZE) MENHMERED 7 T V& - i E SR S o Al H
(3 &) Development of therapeutic cocktails of bacteria isolated from the

gut microbiota

(AT BERIIHESRD BEWs - S s s s0e KM K
(I F&) Department of Microbiology and Immunology
Keio University School of Medicine

Professor Kenya Honda, M.D., Ph.D

TR 284 10H 1H ~ SFpk 294 34 31H

(AAGEE) L2 REFIC AN, BRI - 0B PLRERAN - AP
B PEA BT OBHFE

(3% FE) Development of intestine bacterial culturing methods, basic techniques

for quality management and production technology for physiologically

active substances

(HAGE) JSR ikttt BIEE R0 1

(3=  3E) JSR Corporation, Researcher, Hirotaka Kumagai

I FBROBME (RIEHERE)

W FEBIHE AN L D WA D e

IR AR « BIERBRFET WY - pEFHE Al Bih RSS2 28,




III. RO/ ~DFE

(1) 258 - MEEFICB T 2 —% (HNFE o, EESRE 01
L

(2) & VURVTLEICREITDAHE - RAY —FFK
mL

(3) TERE ORI - Hifrclaitt s 1ITxb3 2000 A
L

(4) FReEFHRE
L



	16gm0010003h0001【報告様式4】慶應大_本田
	16gm0010003h0101【計画様式4】理研_有田 
	16gm0010003h0201【報告様式4】早大_服部
	16gm0010003h0301【報告様式4】実中研_井上
	16gm0010003h0401【報告様式4】JSR_熊谷 

