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2-20 million
microbial genes

We neglect 99%
of the system!
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“Every dollar we spent to map the human genome has returned

$140 to our economy — $ | of investment, $ 140 in return.”
—President Obama, Remarks by the President on the BRAIN
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NIH HUMAN
MICROBIOME
PROJECT

up to |8 sites

242 people
up to 3 timepoints
4.5 trillion bases
Shotgun + |6S
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Kak cTaTb y4aCTHMUKOM MPoOeKTa
«AMEpPUKAHCKUN MUKPODUOM»
(HApPOAHbIN HAay4YHbIN NPOEKT)

1.MepeBeanTe Ha CYET NpoeKTa CyMMY, KOTopas NOKPbIBAET
CTOMMOCTb NOArOTOBKM NPOObI, MPpOBEJEHNE FrEHETUYECKOrO aHanmnaa

N aHann3 Nony4YeHHbIX AaHHbIX
2.Mbi BbilLNemM Bam Habop ansa cbopa 6mo-obpasua no noyre

3.Cobepun cBon obpasLbl, OTBETb HA HECKOMNbLKO BOMPOCOB O CTUNE
XU3HU N OoTnpaBbTe HAOOpP € Npobon B Hall agpec

4.Mbl npoaHanu3anpyem obpasubl 1 3arpy3mm pesynsratbl Ha Baw
MHOMBUOYaNbHbIN NopTarn



CocTaB 1 NIOTHOCTb MUKPOOUOTHI

Density

101 - 103
101 - 103

104 - 107
1010 - 1013

Mwukpo6/mn

Compositian Intrinsic factors Extrinsic factors
Streptococcus . r :
Lactobacillus Gastric acid Diet, Pre and
probiotics
0,
e PPIs, H2 blockers
Motility L
__ Streptococcus Antibiotics
Lactobacillus Mucus = a
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Eubacterium peptides OpIOIdS
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., Colon contractions
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Stomach

Small intestine
(facultative anaerobes)

Colon
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Simren et al., Gut 2013;62:159-176



PasHoobpa3sne mnukpobrnoma y

I'Ipe,EI,CTaBI/ITeJ'IeI7I PA3HbIX KYJIbTYP
Fecal microbiome alpha diversity across cultures
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Faith's philogenetic diversity

Yano'rnami Guahlbo Malawu

EI

Westernization

Clemente et al. 2015
Science Advances




Mukpobuom Ha 2-u geHb Nocne PoXaeHUsa BaruHaribHoOro (cresa) u

nytem KecapeBa ceuyeHus (cnpasa)
Feces baby-vaginal (day 2) Feces baby—C-section (day 2) Keith Martinez
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Dominguez-Bello “Microbiom impacts and
restoration” Lecture at NIH 08.08.2017
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Following Surgery Than Follow

Diversity Across Time: PD Whole Tree

Surgery
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Surgery. 1958 Nov,44(5):854-9

Fecal enema as an adjunct in the treatment of pseudomembranous enterocolitis.

EISEMAN B, SILEN W, BASCOM GS, KAUVAR AJ.

PMID: 13592638

« Ben Eiseman, MD, surgeon
In Denver in 1958

« 4 patients with
pseudomembranous colitis
(preceded identification of
Clostridium difficile)

« Treated with fecal enemas
from healthy individuals

« All 4 responded and were
discharged within days




55 years later...

e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JANUARY 31, 2013 VOL. 368 NO.S

Duodenal Infusion of Donor Feces for Recurrent
Clostridium difficile

Els van Nood, M.D., Anne Vrieze, M.D., Max Nieuwdorp, M.D., Ph.D., Susana Fuentes, Ph.D.,
Erwin G. Zoetendal, Ph.D., Willem M. de Vos, Ph.D., Caroline E. Visser, M.D., Ph.D., Ed J. Kuijper, M.D., Ph.D.,
Joep F.W.M. Bartelsman, M.D., Jan G.P. Tijssen, Ph.D., Peter Speelman, M.D., Ph.D.,
Marcel G.W. Dijkgraaf, Ph.D., and Josbert J. Keller, M.D., Ph.D.




Hayka «gokatunacb»
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, Youngster et al. , Clin Infect [ 2
FMT: an open-label metagenomic study 8
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Donors Patients 90% patients were cured after one or two
treatments of FMT

t
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Funded by National Institute of Allergy and Infectious Diseases

Libby Hohmann, M.D. (MGH :
@ llan Youngster, M.D. (MGH) jj Dirk Gevers (Broad) 3
lenoyu Sauk M D (MGH) Ramnik Xavier (Broad, MGH) 4

Dr. Alm, MIT, Lectures in NIH, 18.08.2017



treated patients are distinct from donor and pre-FMT self

Chris Smillie
CSBi graduate

Dr. Alm, MIT, Lectures in NIH, 18.08.2017
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Classifying lean/obese:

57% accuracy from human genes

VS

- . .
90/0 accuracy from microbial genes
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Kang et al. Microbiome (2017) 5:10

DOI 10.1186/540168-016-0225-7 MIC]' ObiOme

RESEARCH Open Access

Microbiota Transfer Therapy alters gut @
ecosystem and improves gastrointestinal
and autism symptoms: an open-label study

Dae-Wook Kang'®, James B. Adams®’, Ann C. Gregory™'>", Thomas Borody®, Lauren Chittick™'>, Alessio Fasano®,
Alexander Khoruts’®®, Elizabeth Geis’, Juan Maldonado', Sharon McDonough-Means'®, Elena L. Pollard?,
Simon Roux™'>, Michael ). Sadowsky™' ', Karen Schwarzberg Lipson'?, Matthew B. Sullivan™">'%",

). Gregory Caporaso'*'®" and Rosa Krajmalnik-Brown''“'@

Rob Knight Establishing Causality in
Microbiom Studies NIH Lecture 14.11.2017



Gut bacteria from multiple sclerosis patients modulate
human T cells and exacerbate symptoms in
mouse models

Egle Cekanaviciute™'“, Bryan B. Yoo™', Tessel F. Runia®™’, Justine W. Debelius®, Sneha Singh®, Charlotte A. Neison®,
Rachel Kanner®, Yadira Bencosme®, Yun Kyung Lee®™”, Stephen L. Hauser®, Elizabeth Crabtree-Hartman®,

llana Katz Sand®, Mar Gacdias®, Yungjiao Zhu®, Patrizia Casaccia®™”, Bruce A. C Cree®, Rob Knight®, Sarkis K. Mazmanian®,
and Sergio E. Baranzini*®
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NMpouecc dbepmeHTaLMM BONMOKOH, Kpaxmaria u Apyrux CrioXXHbIX yrrneesonoB

B TOJICTOM KULWLeYHUKe

July 2001 SHORT-CHAIN FATTY ACIDS AND HUMAN COLONIC FUNCTION
Small intestine Large intestine
Starch
NSP
Unabsorbed secretions
Comminuted Digestion High Low
Fon_.d > Protein CHO nutnents B femlentatmn fermentatmli:>
\ \ \ \ Oligosaccharides
R RARART
Fat Amino  Mono-  Other A
acids  saccharides nutrients U v
Absorption
SCFA absorption

gradient

Topping, Clifton, Physiol Rev 81.:

Feces

Voided undigested
carbohydrate, lignin, biomass
and unabsorbed nutrients

1031-1064, 2001.



Gut Microbial Metabolites & Cancer

Prevention

Scott Bultman, Department of Genetics, Lineberger
Comprehensive Cancer Center, UNC-Chapel Hill

components

Dietary/digestive

Gut microbiota

Metabolites
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NIH Lecture
08.08.2017




Butyrate is a Causal Factor

No butyrate producer

High-
Fiber Diet

Butyrate l

J
Histone acetylation l, \l
T

Tumor burden 1\

Wild-type butyrate producer

High-
Fiber Diet

T
T

e

Mutant butyrate producer

No butyrate producer

NIH Lecture
_08.08.2017

attenuated tumor-suppressive effect




Pleiotropic Metabolites Act Via Multiple
Mechanisms

Barrier function
Tumor-suppressive

metabolite \

Metabolism Epigenetic factor Signaling factor
(energy source) (HDAC inhibitor) (ligand for GPCRs)

Anti-inflammatory properties
/ (including induction of Treg cells)

NIH Lecture
08.08.2017




$15
5 JANUARY 2018

sciencemag.org

Scien

GUT MICROBES
AND CANCER

The microbiome influences patient
response to |mmunotherapy
pp. 32,91, 97,& 104




The intestinal microbiota influences
the efficacy of PD-1 blockade

The enrichment of specific microbial taxa in intestines correlates with response
to PD-1blockade in cancer patients. FMT from responders into tumor-bearing
mice improved responses to anti-PD-1 therapy and correlated with increased
antitumor CD8' T cells in the tumors. Mice receiving FMT from nonresponders
did not respond to anti-PD-1 therapy, and tumors had a high density of
immunosuppressive CD4* T,,, cells.

PD-1 blockade PD-1blockade
NONRESPONDER RESPONDER

T Bacteroidales - T Bifidobacterium
T T Akkermansia

T Faecalibacterium
v
PD-1 blockade
Tumor immune
microenvironment

T CD4" T, cells @008‘ Tcells

Antitumor response Antitumor response

POOR EFFECTIVE

Tumor




Differential effects
iXi
SO |
No significant differences
in clinical parameters

in crossover trial
A A

lnter ersonal variability Microbiome predictive
in glycemic response
¥o bread type of ‘better” bread

) Vs, CE
Sourdough bread White bread
o
-
o0 0 O
Bread affects Microbiome is resilient and
clinical parameters remains person-specific

Combined effects

Korem et al., 2017, Cell Metabolism 25, 1243-1253



TecT Ha nakTa3Hyl HeOOCTaTOYHOCTb

Test meal Expired
10 g Lactulose H, gas ppm
+

20 MBq 99mTc-sulfur
colloid Colonic

fermentation:

Gamma
camera
collimator

Cecal radioactivity

Threshold Breath hydrogen (ppm)
for abnormal

HZ breath test

0 20 180
Simren et al., Gut 2013;62:159-176



CpaBHUTENBLHbIE pa3Mepbl
Pa3NMNYHbIX aHTUOKCUOAHTOB

Glutathione

309
Coenzyme Q10

863

Molecular
Hydrogen Catechin

2
290

Relative Sizes of Anfioxidants

http://primoh2.com/molecular-hydrogen-101/



Xuejun Sun - Shigeo Ohta
Atsunori Nakao Editors

Hydrogen
Molecular

Biology and
Medicine




B3anmogenctne MmonekyndapHoro sogopoaa
C rMapokKcun pagukanom obpasyet soay

°,, ¥

H2 Neutralizes Two Hydroxyl Radicals Into Two Water Molecules



MexaHn3mbl 1eCTBUSA
MOJIEKYNApPHOro Bogopoaa

Master Downstream Biological effects  Disease control
regulators regulators
e -
Radical (*OH, ONOO ) 4 . W £ . Preferred effects
scavenging effect Oxidative anti-oxidative stress ——

Free radical chain siress Ammelioration of
reaction for lipid / \ anti-inflammation diseases
peroxidation (?) _ . . /

H2 -5 - | Signal Gene || ant-apoptosis
Unknown regulator 1 tranduction expression . k..
Unknown regulator 2 / antl-dlysmetab *+4 Unfavorable effects
Unknown regulator 3 ° I§m Undisclosed toxic
- Or;the_r = effects of H2
- mechanisms
4 )\ 4\ y,
Direct interaction Indirect interaction
with Hj with Hj

Fig. 3 Schematic summary of molecular mechanisms of hydrogen

Ichihara et al. Medical Gas Research (2015)
5:12
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Matsumoto et al., Journal of Functional Foods 35 (2017) 13-23



BnunsiHne pasnnyHbiX NULLEBbIX
BOJIOKOH Ha obpa3oBaHune
BOAOpOaa

Volunteer No.

1 2 3 < 5 6 7 8 9 10

Galactooligosacc haride 03 08 0.8 0.1 59
Maltitol . 2.6 8.4 0.8

Glucomannan 1.8 16 1.9 7.6 8.2 92 7.3

Matsumoto et al., Journal of Functional Foods 35 (2017) 13-23




Y MYy>XUMH ©65-79 neT cMepTHOCTb

18.7 (He NbOT Monoka)  -23 706 4ven

13.8 (NbOT Monoko 3-4 pasa B
Heaen) -14 273 yen

CTtaHgapTHO B Mosioke 5% NnakTo3bl

Wang et al., J Epidemiol 2015;25(1):66-73



| VAVVULLA VL 1AV https://doi.org/10.1038/541928-017-0004-x

Nature Electronics | VOL 1 | JANUARY 2018 |
79-87 |

A human pilot trial of ingestible electronic capsules
capable of sensing different gases in the gut

Kourosh Kalantar-Zadeh™, Kyle J. Berean', Nam Ha', Adam F. Chrimes', Kai Xu', Danilla Grando?,
NATURE ELECTRONICS ARTICLES
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3akoyeHue

* MnKpobuom TONCTOro KMLLIEYHUKA ABNAETCS
Ba)KHbIM KOMMNOHEHTOM BCEN CUCTEMBI
NnULLEeBapeHNs, BO MHOrOM Onpeaensiowmm
cyabby Makpo- 1 MUKPO-HYTPUEHTOB B
OopraHu3me

* Mukpobrom BO MHOrom onpeaensieT BrusaHme
YyrneBogoB Ha 0OMeH NMNUAoB B OpraHn3me

* Munkpobnom, reHepmnpysa MONeEKYNAPHbLIN
BOAOPOA ABNAETCA BaXXHbIM KOMMNOHEHTOM
aHTUOKCMOAaTUBHOW CUCTEMbI OpraHm3mMa



