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HMGJ (Human MetaGenome consortium, Japan) launched in 2005
NIH HMP (Human Microbiome Project) launched in 2008
EU MetaHIT Project with BGI (China) launched in 2008

Outline of human microbiome research

’ Healthy subjects and disease-afflicted patients ‘
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Microbial composition of 106 Japanese gut microbiomes

At the genus level (a high inter-individual diversity in the microbial composition)

Other genera @Erysipelotrichaceae_genus ™ Prevotella Dorea Collinsella
H Parabacteroides  Clostridium " Faecalibacterium  Eubacterium u Blautia
 Ruminococcus = Bifidobacterium  Bacteroides

Bifidobacterium: most abundant
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Variations in human gut microbiomes across the 12 countries
Ave. 3.4 Gb/individual (350 Gb/106 Japanese)/MiSeq, lonPGM/Proton, 454
Mapped 1 M reads to

reference genomes
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Nishijima S et al. 2016

Comparison of gut microbial compositions between individuals

The overall gut microbiome structure of individuals in the same country is significantly more similar
than those between different countries, indicating existence of the population (country)-level
diversity in the human gut microbiome.

The observed diversity is not significantly affected by methodologies (sequencers, fecal storage
conditions, and DNA extraction methods).
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A set of 214 genera or 218 species has the ability to significantly differentiate the countries

All countries 90 genera tested
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Hierarchical clustering of the 12 countries based on the average
microbial abundance
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Meal information of the 12 countries from FAOSTAT

Meal information in FAOSTAT
(g/capita/day)
Food and Agriculture Organization of the United Nations

119 food items of 245 countries from 1961

Average food intake from 2003 to 2012

Three major nutrient

119 food items Japan Russia Sweden USA China 100% 15 1 .

Milk - Excluding Butter 203 481 979 700, 82|

Vegetables, Other 228 240 170 186| 766

Wheat 131] 358 218 222 18 80% I I I
Milk, Whole 127| 350 193 310 75 g

Potatoes 58 312| 159 147| 101 H 60%

Beer 73 211 113 229 71 B

Rice (Paddy Equivalent) 222, 21 23| 34 314 » -rl:

Sugar, Raw Equivalent 75 97| 109 175 17| 2 40%

Maize 31 2 3 35 19 B

Sugar (Raw Equivalent) 47 87 101 91 16| E

Pig meat 54 54 99 82 101 20%

Sugar, Refined Equiv 43 80 93 84 15

Rice (Milled Equivalent) 148 14 16| 23] 209 N

Poultry Meat a6 62 42| 134 35 e ssgsrsacays
Oranges, Mandarines 28 22 139 83 27| :% a%' § § T E g g o Q r_r: S
Fruits, Other 28| 60 62| 62| 79 e 2geE"” S
Tomatoes 23 64 61 121 78 L g

Bovine Meat 24 48| 68| 109| 13| 5

Cassava 0 0 0 5

Nishijima S et al. 2016

Proteins M Lipids ® Carbohydrates

Food seems not to be the primary factor affecting the human gut microbiome

Relation based on microbiome data

Japan
Austria
— Bifido-rich
France
Sweden

Russia

Spain

Denmark — Bacteroides-rich
China
United States

Peru

Venezuela — Prevotella-rich

Malawi

Nishijima S et al. 2016

Relation based on food intake data*
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* Average of FAOSTAT data in 2003-2012

Effect of traditional vegetable dishes (VD; #5#£#42) on the human gut microbiome
Comparison of gut microbiomes between healthy monks of Sojiji Temple (¥23¥3F) and ordinary adults

* Sojiji healthy monks (SJ20) with VD for three months Daily intake S120 HC60
* Ordinary healthy adults (HC60) with free diet Total energy (kcal) 1,311 2,222
Proteins(g) 34.4| 78.3|
* Many had large weight loss. Lipids (g) 26.6 72.0
* Some felt reduction of allergic manifestations. Carbohydrates (g) 232.5 298.9
* But, no large difference in the gut microbiome structure |[2et2r fiber(g) 203 13.1
A, B1, B2, C(mg) 42.912 73.743

between the two groups
UniFrac PCoA P1 vs P2 (Weighted)
o

No statistical significance

PCo2 - Percent variagion explained 11.5%

PCol - Percent variation explained 17.9%

SJ: no pork, beef, and chicken

UniFrac Distance Weighted

No statistical significance H
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*High stability and robustness of the healthy gut microbiome against change in diet?
*Same foods did not always make the gut microbiomes more similar than different foods?
*Traditional Japanese vegetable dishes (¥& £} IE) are sufficient for health maintenance of Japanese?




Dietary restrictions changed the gut microbiome of obesity patients
In American people, the ratio of Firmicutes/Bacteroidetes is significantly higher in obesity

patients than that of leans

Change to lean-type from obese-type gut microbiome with low-calories
diets (low carbohydrates) for 52 weeks

[ Firmicutes [l Bacteroidetes

Reduction of
obesity

~1

Obese gut
microbiome

12 26 52
Weeks on diet

Nature, 2006

*Diet largely affected the gut microbiome in obesity patients.
*Dysbiotic (obese) gut microbiome is more sensitive (unstable) to change in diet than
healthy gut microbiome?

Association between dysbiosis of gut microbiome and various diseases

Metabolism system, immune system,

and nervous system (brain function)

*Obesity*
*Diabetes*

*Heart failure*

*Metabolic syndrome
*Renal insufficiency* Healthy

/ Disappearance of obesity

*IBD*

=IBS (Irritable bowel syndrome)*
*Rheumatoid arthritis
= Arteriosclerosis

=Allergy

=Premature birth / premature

infant

™~

Dysbiosis of gut
microbiome**

**including
mouse data

= Autistic spectrum
*Multiple sclerosis*
*Dementia
*Parkinson's disease
*Alzheimer's disease*

=Colon cancer
*Liver cancer
=Liver cirrhosis

*Our collaborative work

Change in overall microbial abundance
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Schematic view explaining “dysbiosis” of gut microbiome

A cluster of samples
with disease A

® Aperson

A cluster of
samples with
disease B

A cluster of

health |
ealthy samples A cluster of

samples with
disease C

Clustering of gut microbiomes of healthy subjects in 12 countries with those of Swedish and

Inter-country variations in the gut microbiome are higher than variations
between disease and healthy gut microbiomes in the same country
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Chinese T2D, and Japanese and Spanish IBD patients
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H: Healthy subject

T2D: Type 2 diabetes (CN & SW)

IGT: Impaired Glucose Tolerance (SW)
UC: Ulcerative colitis (SP & JP)
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¥ Dorea

B @Lachnospiraceae_genus
Ruminococcus

H Clostridium

 Parabacteroides

H Alistipes

= Bifidobacterium

™ Faecalibacterium

[ Prevotella

M Eubacterium

H Bacteroides




Schematic view explaining “population-level variations between different countries are higher Ectopic colonization of oral bacteria in the intestine drives TH1-cell induction and
e . g . A . X
than those between healthy individuals and patients with diseases in the same country’ inflammation. Atarashi K. et al, Science, 2017 Collaboration with K. Honda, Keio Univ.
Evaluation of gut. microbiomes of patients with diseases requires data of More salivary species in fecal samples of patients with various diseases than those of healthy control.
healthy controls in the same country.
A cluster of samples Patients with various diseases
@ Aperson Healthy individuals r A \
| ( \
\
A cluster of 1e00
samples with 1400
disease B 1200
A clustefio 800
samples with [ A Acluster of w00
disease B samples with 400 | L | | | | | ‘
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Human salivary microbiome-derived gnotobiotic mice (HSM) Human salivary species that stably persist in the mouse gut

Human

saliva *Gut microbiome analysis
———> HSM mice —> . | Healthy 18D
*Immunological analysis inoculum _inoculum

- ALL OTU00645 : Actinomyces naeslundi : 99.37 = 100

Actinobacteria ALLOTUO2106 : Actinomyces
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ALL OTU02789 : Bifidobacteriun|
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Input salivary microbiome
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AL oTuonos:  cremienind Staphylococcus |

=@= +Healthy M ALL OTU00241

a
ria ALL OTU00053 : Lactobacillus rhamnosus : 99.41 : 100

b "
150 @ - 4 rroteobaciq ALL.OTU00123 : Enterobacteriad 100
3 /Feces Healthy07 U [ Lot Kevwoinmes| Klebsiellr
/ALL_OTUO0049 : Streptococcus
* =@= +Healthy17 ALL.OTU00606 : Streptococcus salvarius - 9843 < T00
Firmicutes

120 1 e e ALL OTU00463 : Streptococcus sp. 10aVMg3 : 97.77 : 100
@ [ ] ALL.OTUOO00! : Streptococcus gordonii : 99.38 : 100
* * +Healthy24 AL oTUBDI90 i 18355 - 2204

90 \ =@= +|BD029
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ALL.OTUO0858 : Streptococcus
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Number of species
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Relative abundance (%)
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Mouse feces after six weeks




Intestinal inflammation in mice colonized by salivary species
R e e [ e e e
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cul d ) Germ-free mice  Some of isolated Klebsiella strains induced TH1 cells
ultured strains (Other Klebsiells strains did not.)

Klebsiella = SPF mice = No TH1 induction ) ) +antibiotics
Klebsiella = SPF mice (IL10-) =»
Klebsiella = SPF mice = TH1 induction w/o inflammation TH1 induction with inflammation
=+ antibiotics

Klebsiella=*Multi-drug resistance

Possible mechanism for TH1 induction by a Klebsiella strain in SPF mice with or
without antibiotics administration

<In oral cavity> Multidrug-resistant Klebsiella relatively increases by antibiotics
administration, resulting in increase in Klebsiella reaching the gut.

<In the gut> Antibiotics administration disturbs normal gut microbiome to reduce
the ability of colonization resistance, resulting in increase in Klebsiella in the gut.

avd

Salivary Klebsiella With antibiotics

Without antibiotics Cg Colonization and proliferation CB

Prevention by normal gut microbiome f of Klebsiella in the gut i

from colonization of Klebsiella ~
~N el - B ~
EREE e =4 Antibiotics J <
[ = e [ ®
a (N, < a A ? A =

Norma gut microbiome Disturbed gut microbiome

N

Induction and activation

TH1 cells

@ => Inflammation
Science, 2017
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*van Nood E et al: Duodenal infusion of donor feces for recurrent Clostridium difficile.
N Engl J Med. 368: 407-415 (2013).
*Mole B: FDA gets to grips with faeces. Nature 498: 147-148 (2013).
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Th17 cells(REFIER) Treg cells ( 2$fiE % HN])
Ivanov, Honda et al: Cell, 2009 Atarashi et al, Science, 2011

Prakash, Hattori et al: Cell Host Microbe, 2011 Atarashi et al: Nature, 2013
Atarashi et al: Cell, 2015
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HEETHIRR (Treg) 2338 I SEMNGRNME O EIE &2 8

Treg induction by a rationally selected mixture of Clostridia strains from the human microbiota.
Atarashi K, Honda K, et al: Nature 500, 232-236 (2013)
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17 isolated strains

Hydrogenoanaerobacterium
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Clostridium 7 3 54FAA
Ruminococcus sp. ID8
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Clostridium ramosum
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Clostridium sp. 14774
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Clostridium hatheway
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Genome sequencing of 17 Treg-inducing strains

Strain Total cpnﬁg lember of Vo Sl S .ngome .Siz,e of |16S Aidentity

length in Mb | predicted genes similar strain in Mb in %
Strain_01 3.28 3,171 Clostridium ramosum DSM 1402 3.23 96.6
Strain_03 5.16 4,897 Flavonifractor plautii ATCC 29863 3.81 99.8
Strain_04 7.40 6,717 Clostridium hathewayi DSM 13479 6.63 95.3
Strain_06 6.21 5,662 Lachnospiraceae bacterium 6_1_63FAA 2.72 96.5
Strain_07 6.06 5,968 Clostridium bolteae ATCC BAA-613 6.56 99.5
Strain_08 3.39 3,312 Erysipelotrichaceae bacterium 2_2_44A 4.97 92.9
Strain_09 3.51 3,619 lAnaerostipes caccae DSM 14662 3.61 97.7
Strain_13 3.56 3,660 IAnaerotruncus colihominis DSM 17241 3.72 100.0
Strain_14 3.16 3,251 ICoprococcus comes ATCC 27758 3.24 93.3
Strain_15 6.27 6,076 Clostridium asparagiforme DSM 15981 6.22 99.7
Strain_16 5.44 5,275 Clostridium symbiosum WAL-14163 5.35 99.9
Strain_18 3.60 3,692 Clostridium ramosum DSM 1402 3.23 100.0
Strain_21 5.40 5,139 Clostridium sp. D5 5.35 98.9
Strain_26 3.93 3,935 Clostridium scindens ATCC 35704 3.62 99.6
Strain_27 7.05 6,724 Lachnospiraceae bacterium 3_1_57FAA_CT1 7.69 97.5
Strain_28 6.96 6,736 Clostridiales bacterium 1_7_47FAA 6.51 99.7
Strain_29 7.55 6,912 Lachnospiraceae bacterium 3_1_57FAA_CT1 7.69 99.6

[FEAELRIORMN DD LZRDYISRE— IV, XIV, VILIZET 5E

VE202-01 (Clostridium saccharogumia DSM 17460)
VE202-06 (Clostridiales bacterium VE202-06)
VE202-09 (Clostridiales bacterium VE202-09)
VE202-13 (Anaerotruncus colihominis DSM 17241)
VE202-14 (Clostridiales bacterium VE202-14)
VE202-15 (Clostridium asparagiforme DSM 15981)
VE202-21 (Clostridiales bacterium VE202-21)
VE202-26 (Clostridium scindens ATCC 35704)
VE202-27 (Clostridiales bacterium VE202-27)
VE202-28 (Clostridiales bacterium VE202-28)

microbiota.

SRE— IV, XV, VIIIZE T 58

2H6, VE202-18 (Erysipelatoclostridium ramosum DSM 1402)
2H11, VE202-03 (Flavonifractor plautii ATCC 29863)

1F8, VE202-04 (Clostridium hathewayi 12489931) <
1F7, VE202-07 (Clostridium bolteae 90B8)
1C12, VE202-08 (Dielma fastidiosa)

1A9, VE202-16 (Clostridium symbiosum WAL-14163)

2G4 (Clostridium innocuum 2959)

2G11 (Bacteroides dorei CL02T12C06)
2F7 (Clostridiales bacterium 2F7)

2E3 (Clostridiales bacterium 2E3)

2E1 (Anaerostipes caccae DSM 14662)
2D9 (Ruminococcus gnavus CC55_001C)
1E3 (Coprobacillus sp. D6)

1E11 (Clostridiales bacterium 1E11)

1D4 (Clostridiales bacterium 1D4)

1D2 (Clostridiales bacterium 1D2)

1D10 (Clostridiales bacterium 1D1)

1D1 (Clostridiales bacterium 1D10)

1C2 (Bifidobacterium breve DSM 20213 = JCM 1192)
1B11 (Bifidobacterium pseudolongum 1B11)

Th17 Cell Induction by Adhe

(2015).

Treg-inducing 17 strains

Treg induction by a rationally selected
mixture of Clostridia strains from the human

Atarashi K, et al: Nature 500, 232-236 (2013)
* [FEAENIORNIOYLRDY

Six strains are overlapping

Th17-inducing 20 strains

sion of

Microbes to Intestinal Epithelial Cells.
Atarashi K, et al. Cell 163, 367-380

Maria-Luisa Alegre,* Jason J. Luke,* Thomas F. Gajewski"*

Science 359, 104 (2018)

associated with anti-PD-1 efficacy in
metastatic melanoma patients

Vyara Matson,'* Jessica Fessler,'* Riyue Bao,** Tara Chongsuwat,* Yuanyuan Zha,* ﬁ

HARANRIEMHGESE (IBD) BEEDBERME R ClETree FERENEEICE D
(A51TEMNED . SBIMNEEIZED)
*P<0.05
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The Commellsal micrObiome iS A Nonresponders (n = 26) Responders (n = 16)

Univ. of Chicago

Anti~PD-1-based immunotherapy has had a major impact on cancer treatment but has
only benefited a subset of patients. Among the variables that could contribute to

e 1] “H\‘ \‘

is ion of the patients’ microbi which

has been shown to affect antitumor immunity and immunotherapy efficacy in preclinical
mouse models. We analyzed baseline stool samples from metastatic melanoma patients
before immunotherapy treatment, through an integration of 165 ribosomal RNA gene

reaction for selected bacteria. A significant association was observed between
microbial composition and clinical response. Bacterial species more abundant in
responders included Bifidobacterium longum, Collinsella iens, and

faecium. Reconstitution of germ-free mice with fecal material from responding patients
could lead to improved tumor control, augmented T cell responses, and greater efficacy of
anti~PD-L1 therapy. Our results suggest that the commensal microbiome may have a
mechanistic impact on antitumor immunity in human cancer patients.
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Fig. 1. Distinct commensal microbial communities

17 in anti-PD-1 responding patients and nonrespond-
i ing patients as assessed with 165 rRNA gene
s amplicon sequencing. (A) Relative abundance of
s differentially abundant taxa in responders versus non-
responders; 62 OTUs were identified as different with
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Translocation of a gut pathobiont drives autoimmunity in mice
and humans.
Manfredo Vieira S et al. Science, 359, 1156-1161, 2018.

=Translocation of Enterococcus gallinarum to the liver and other systemic tissues triggers
autoimmune responses in a genetic background predisposing to autoimmunity.
*E. gallinarum-specific DNA was recovered from liver biopsies of autoimmune patients.

Klebsiella pneumoniae strains enriched in primary sclerosing cholangitis (PSC)
trigger bacterial translocation and pathologic Th17 priming in the liver

Under revision Collaboration with Kanai lab, Keio Univ.

*PSC is a rare, chronic liver disease highly associated with ulcerative colitis (UC).

Feces of UC patients - Gnotobiotic mice - no liver inflammatory response
Feces of PSC patients - Gnotobiotic mice - liver inflammatory response (Th171")

PSC-fecal gnotobiotic mice
- Cultured bacterial in the mesenteric lymph nodes (FZRFE!) >/ &)
-» Isolated Klebsiella pneumoniae, Proteus mirabilis, and Enterococcus gallinarum.

*The epithelial-damaging effect of KP was strain-specific and associated with the
presence of Type VI secretion system.
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Precision Medicine Initiative (PMI)

@ Office of Science and Technology Policy PMI announced by President Obama
Ao OSTP | Brasoom | 05TPBlg | Div s | NSTC | PCAST | Conacts January 30, 2015
% https://www.whitehouse.gov/the-press-office
2015/01/30/fact-sheet-president-obama-s-precision-
medicine-initiative
H & : AMED-CREST/LEAP/PRIME
2016.10~
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Youtube video about PMI, including microbiome ﬁ +|97 - ’n‘
https://www.youtube.com/watch?v=RIzbg8REzGw | Fsazera £FWR, RN RiE, WL, R
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Thank you for your attention
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