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I e ‘ Ien I Ist antigenome immunogenome plastidome
bacteriome immunome plerome

EXPLORING LIFE, INSPIRING INNOVATION basidiome haptenocme proteinocme
biocme karyome protecme
News ~ Magazine ~ Multimedia ~ Subjects ~ Surve cardiome lartame psychome
caulome <Microbloma™ regulome
chondriome \'-vn—ne‘“’ rhabdome
cladome mycetome rhizome
coelome neursme stereome
epigenome odontome thallome
erythrome osteome tracheome
genome pharmacogenome transcriptome
geome phenocme trichome
hadrome phyllome vacuome
histome physiome
The Scientist » Magazine » Commentary

'Ome Sweet 'Omics-- A Genealogical
Treasury of Words

"So intricate and inscrutable a mystery is the origin of language that in 1866 the French
Society of Linguistics formally banned further research on the subject.” --1. H. Dirckx, 1977.
(Dx + Rx: A Physician's Guide to Medical Writing) Genomics and Proteomics are the buzzwords
of the dawning millennium. There is no counting of www.-ics.com and www.-ix.com sites to be
found on the Web. That most of these terms, old and new, have been contrived as slogans to
attract attention, does not diminish t

By Joshua Lederberg | April 2, 2001



®" Human microbiome: 6Ao to oltkooUotnua (habitat) Twv pkpopyaviopwv
nou edpelouv povipa oto avBpwrivo cwpa (n os pia 6€on avtov)
® 310 pkpoBiwpa eplhapBavovtal EKTOG Ao TOUG ULKPOOPYAVIOUOUG autoug Kab’
£0QUTOUC KaL TO YOVISLWHA TOUC KABwG Kal TO «TtEPLBAAAOVY» TOU OLKOGUOTAHLOTOG

(emopévwc Kat oTolyela Tou EevioTr) TIX TO ULKPOPLwHA TOU eVTEPOU TtEPLAAUBAVEL KOl
Ta ETUONALOKA KUTTAPO TOU EVTEPOU)

* Quololoyikn xAwpida — o 6poc¢ eykataleinetal adpou oL TEPLOCOTEPOL ATIO TOUG
TIOPATIAVW HLKPOOPYAVIOHOoUG 8V aviikouv oTto puTLKO BaoiAelo
" Human microbiota: oAa ta yovidia kat ta yovidiaka mpoiovia (RNA,
NPWTEiveg, petaPfoliteg) Twv poVipwV HIKPOBLOKWY KOWVOTATWY
* AnapTtileTal amo TIC PLKPOPLAKEC KOLVOTNTEC TTou e6pelouV oTa SLodOPETIKA
«OLKOOUOTAMOTO» TOU avOpWIivou CWHLATOC

* [1.x. gut microbiota, lung microbiota, skin microbiota



Marchesi and Ravel Microbiome (2015) 3:31
DOI 10.1186/540168-015-0094-5

The vocabulary of microbiome research: a

proposal

Julian R. Marchesi? and Jacques Ravel**

Microbiota

The assemblage of microorganisms present in a defined
environment. The term microbiota was first defined by
Lederberg and McCray [1] who emphasized the import-
ance of microorganisms inhabiting the human body in
health and disease. This microbial census is established
using molecular methods relying predominantly on the
analysis of 16S rRNA genes, 18S rRNA genes, or other
marker genes and genomic regions, amplified and se-
quenced from given biological samples. Taxonomic as-
signments are performed using a variety of tools that
assign each sequence to a microbial taxon (bacteria, ar-
chaea, or lower eukaryotes) at different taxonomic levels
from phylum to species.
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1’“‘D Microbiome

@ CrossMark

Microbiome

This term referi to the entire habitat,jincluding the micro-
organisms (bacteria, archaea, lower and higher eurkaryotes,
and viruses), their genomes (i.e., genes), and the surround-
ing environmental conditions. This definition is based on
that of “biome,” the biotic and abiotic factors of given envi-
ronments. Others in the field limit the definition of micro-
biome to the collection of genes and genomes of members

of a microbiota. It is argued that this is the definition of
metagenome, which combined with the environment con-

stitutes the microbiome. The microbiome is characterized
by the application of one or combinations of metage-
nomics, metabonomics, metatranscriptomics, and metapro-
teomics combined with clinical or environmental metadata.

Microbiome (2015) 3:31



Resources [¥] How To [~

MeSH MeSH * | microbiome

Save search Limits  Advanced

Display Settings: [~ Full

Microbiota

Send to:

The full collection of microbes (bacteria, fungi, virus, etc.) that naturally exist within a particular biclegical niche such as an crganism, scil, a body of

water, etc.
Year introduced: 2014

PubMed search builder options

Subheadings:
- drug effects I genetics
I eticlogy limmunology

L Restrict to MeSH Major Topic.

! Do not include MeSH terms found below this term in the MeSH hierarg

Tree Mumber(s): G05.755, G16.500.275.157.045.100.500, N06.230.124.04
MeSH Unique 1D: DOG64307
Entry Terms:

« Microbiotas

+ Microbiome

+ Microbiomes

« Human Microbiome
« Human Microbiomes
+ Microbiomes, Human
« Microbiome, Human

MAYO CONCISE REVIEW FOR CLINICIANS
CLINIC

Y

A Clinician’s Primer on the Role of the
Microbiome in Human Health and Disease

Sahil Khanna, MBBS, MS, and Pritish K Tosh, MD

The term microbiome refers to the total
number of microorganisms and their genet-
ic material and is contrasted from the term
microbiota, which is the microbial population
present in different ecosystems in the body.

http://www.ncbi.nIm.nih.gov/mesh, Mayo Clin Proc 2014;89:107



http://www.ncbi.nlm.nih.gov/mesh

Epuyvevtive Aedivd Evropoiopiway Opawv — K. Mrovyéioc M

metopidivm, peroridiov: ora Membracidae (Hem.: Auchenorrhyncha) n enuciavig

avor emupavele tov prothorax

micans { mica = popuopuyiog), Maprov pi.glabrus, nitid, pollitus

micellae, Py, ETNKN DTOUKPOTKOTIKG KPUMFTOARLKE LEPT) TV VIV NS
YITIVIS Gk mapadinin duitain pe toug afoves toug
micraner, (fukpdc + avip), covifoto pkpd & poppiykt (Hym, Formicidae)

microbiota, kpofiote, 1 pkpoyhopide Ko n ukpotavito avog opyeviapon ]

Vlicrocorvphia = Archamgnama

microcephalic phase, pikpokepoiicn pacg oo Muscomorpha (Dipt.): n zpoipn

ipicg Tou phanerocephalic substage kotd v omoioy 1 KEQEAT) TOU EVTOUOD

EIVOL oA LK)

microchaeta, Lkpoyoitn (pupn tpiye), setula



EmmAgov oplojiol & oulBaoeLs

" SupPBuwTtikog (Symbiotic): o puKpoopyaviopog mou
Bploketal o otevn Kal pokpoxpovia aAAnAenidpaon pe
Tov &gviotn Tou

®* Mutualismvs Commensalismvs Parasitism

®* Commensal: o pikpoopyaviopognou enwddeAeital amo tov
EevioTtr Tou Ywplc va tov BAATeL

® Parasite: 0 LLKPOOPYOVIOUOGC TTOU eMwdeAELTAL ATIO TOV
¢eviotn BAAmTovTAgTOV
" AvoBiwon (Dysbiosis): n dtatapaxni otnv Loopporia Twv
LLKPOOPYQVLIOLLWY OTO CWUOL




Zuvopotafia n pulo Opotafia ) khaon Ta&n Owoyéveia lévog
Proteobacteria Alphaproteabacteria Rickettsiales Rickettsiaceae Ricketsia
Rhizobiales Brucellaceae Brucella
Betaproteobacteria Neisseriales Neisseriaceae Neisseria
Burkholderiales Alcaligenaceae Bordetella
Gammaproteobacteria Legionellales Coxiellaceae Coxiella
Legionellaceae Legionella
Pseudomonadales Pseudomonadaceae Pseudomonas
Vibrionales Vibrionaceae Vibrio
Aeromonadales Aeromonaceae Aeromonas
Enterobacteriales Enterobacteriaceae Enterobacter,
Escherichia
Salmonella

Firmicutes

Actinobacteria

Fusobacteria

Bacteriodetes

Verrucomicrobia

Epsilonprotecbacteria

Clostridia

Bacilli

Actinobacteria

Fusobacteriia

Bacteroidia

Flavobacteriia

Verrucomicrobiae

Pasteurellales

Campylobacterales

Clostridiales

Bacillales

Lactobacillales

Actinomycetales

Bifidobacterales

Fusobacteriales

Bacteroidales

Flavobacteriales

Verrucomicrobiales

Pasteurellaceae

Campylobacteraceae

Clostridiaceae
Lachnospiraceae

Rumminococcaceae

Staphylococcaceae Bacillaceae

Lactobacillaceae

Enterococcaceae

Streptococcaceae

Corynebacteriaceae
Mycobacteriaceae
Micrococaceae

Bifidobacteraceae

Fusobacteriaceae

Leptotrichiaceae

Bacteriodaceae
Porphyromonadeceae
Prevotellaceae

Flavobacteriaceae

Verrucomicrobiaceae

Aggregatibacterium
Haemophilus
Pasteurella

Campylobacter

Clostridium
Lachnospira

Faecalibacterium
Ruminococcus

Staphylococcus
Bacillus

Lactobacillus
Pediococcus

Enterococcus
Streptococcus
Lactococcus
Campylobacter
Mycobacterium
Microbacterium

Bifidobacterium

Fusobacterium

Streptobacillus

Bacteroides
Porhyromonas
Prevotella

Flavobacterium

Verrucomicrobium

AVTINPOo@IEUTIKE YEm
vt @Ulo
" Proteobacteria:Brucellg,

Neisseria, Legionella,
Pseudomonas, Escherichia

= Firmicutes: Campylobacter,
Clostridium, Staphylococcus,
Streptococcus

= Actinobacteria: Mycobacterium,
Bifidobacterium

" Fusobacteria: Fusobacterium,
Streptobacillus

= Bacteriodetes: Bacteroides,
Prevotella

= \Verrucomicrobia:
Verrucomicrobium




MERETH KAI NEPITPAGH TOY MIKPOBIOMATOL



Genetics
highlights

m'gcl:ﬁ;;‘ot:‘e Discovery of bacteri

Experiments on chicken 3
argued a 1€ = < ers inheritance in pea plant experiments

Spallanzani's methot( (DNA) by Friedrich Miescher

Culture dependent helix model of DNA structure

Agar plate de 3 t full DNA genome

ic studies

phage $X174)
First human gut

quencing methods
Ilya Metchnikov's theory on role of

\ situ hybridization (FISH)
ction (PCR) method developed by Kary Mullis
First complete genome sequence of d DNA sequencing machine

: hi
First human fecal ed sequencing machine

study o micmb'm'ﬁ_"m‘:"

- Start human microbion e eq
First study of | mme available sequencing method -

and disease

e PCR (qPCR) method developed

| sequencing available_Igffdule sequencing trials (NIH)

ng method developed

ome unraveled

uencing (NGS)

uencing (454 Life Sciences/ Roche)
Study of s (lllumina)
adaptation to tion (SOLID)

Biochimica et BiophysicaActa 2014;1842:1981



MENETI TOU HIKPORIMUITOS

Sequences clustered into OTUs are compared to b:sree::::l gse::::es Predict pathways b'ased
OTUs based on similarity reference databases P on genes and functional
composition databases
16S gene amplification
ATCCGTACGTA CGTAGCACTAG
3 ATCCGTACGTA CGTAGCACTAG
4 NGS ATCCGTACGTACT CGTAGCACTAGA * . + " —_—
el ATCCGTACGTA +
i IE i —6 Sequencing —é P oruz —» wtir o —+ _—_- —+
. 5 TCAGCTGCATCATACTC ' . . * - — _—
- TCAGCTGCATCATACTCT » M
165 rRNA gene TEAE(TG(AT(QTiCT
based approach orus
— ® * Limited by primer design | | Limited to known species
DNA isolation from ANALYSIS TAXONOMIC ANALYSIS FUNCTIONAL
k‘ the microbiomal DIVERSITY COMPOSITION
// community g
5/ ® -m
l/ All microbes All microbes
[ ]
Whole-genome shotgun-
based approach
NGS ‘ Genes are identified Predict pathways
— ] —_— PR encing — tcomparing sequences — base.d on genes and
— o reference databases functional databases

All microbial genes OTU: Operational Taxonomic Units

amplification

Biochimica et Biophysica Acta 2014;1842:1981



MENET ToU IKPORLGIITOC

In situ function

“what are they doing?”

Metabolomics

Proteomics

Transcriptomic
sequencing

Fluorescent in situ
hybridization (FISH)

Functional
metagenomics

Phylogenetic
microarrays

16S rRNA gene
sequencing

Taxon targeted qPCR

Structure
“who is there?”

Cultivation

Metagenomic
sequencing

Single cell
genome
sequencing

Functional potential
“what can they do?”

BMIJ 2017;356:j831



KupuxtnplotiKi 1o MKpoRIINTOC

" Mégyebo¢ ULKPOPLWUATOC
* ~90x10%? wikpoopyaviopol (Baktrpla, apyaia, LOL KoL LLKPOEUKAPUWTLKOL
opyoviouol)
* AplBuoC KUTTAPWV: >10X TWV KUTTAPWY TOU avOpWTILVOU CWHATOC
* Méyebog yovidlwpatoc: >250x Tou avOpwriivou yovISLWHATOC

" YUotoon

* AladpopEC olkoouoTnUATWYV: o€ KABE olkooUotnua (habitat) umapyouv
SLaPOPETIKA €LON ULKPOOPYAVLOUWY TIPOCAPOCUEVO OE AUTO

* AdpOovia (abudance): n oxeTIKA TOCOTNTO TWV ULKPOOPYOVIOUWY OE
SLaLPOPETIKA OLKOOUCTAUTO TOU AVOPWTILVOU CWHLOTOC

* Avtupoowrievon (ubiquity): mapouoia evoc pikpoopyaviopol o€
SladpopeTika ATopa



Km aAAn opoloyiu!

= Alpha diversity (Within-sample taxonomic diversity): 1o eUpoc¢ TnG MOLKIALOG
TWV ULKPOOPYOVIOUWYV KOl N OXETIKA Toug adBovia o pia pikpoBLakn
KOLVOTNTO TTY O€ L0l OVOTOULKE) BE0N €VOC aTOMOU
® Shannon diversity index: combines richness and diversity. It measures both the

number of species and the inequality between species abundances. A large value is
given by the presence of many species with well balanced abundances.

®* Shannon evenness index: a pure diversity index, independent of species richness. It
measures how evenly the microbes are distributed in a sample without considering
the number of species. Values can range from zero to one: from high dominance of a
single species to perfectly equal abundances across all species.

" Beta diversity (Between-sample taxonomic diversity): ot dtapopéEc otn

ouvBeon SU0 PULKPOPLAKWY KOLVOTATWV Tt LETAEL SUO aVATOULKWY BEcEWV

N MLETaEL TNC LdLac avatoptkne 6€ong SV AToOpUwWV

® Bray—Curtis dissimilarity

® Jaccard distance

http://www.metagenomics.wiki/pdf/definition/alpha-beta-diversity



Bukinpuukn Kavavopn IKpofLeuutos uvi 8ec

Blood Eye
1% 0%

Urogenital
9%

Gl Tract

e " T AEYOUEVA KKAVOVLKA»

nadoyova
OVTUTPOCWTIEVOVTOL EAXLOTA
OTO ULKPOPLlwHa TWV LYLWV
evnAlkwv

Airways
14%

= E¢alpoelc: Staphylococcus
aureus, Escherichia coli

= AvtiBetata Aeyoueva
«ELKOLLPLOLKA TTaB oYy OV
€XOUV gupeia
QVTLUTPOCWTIEUON

Skin
21%

Oral
26%

Genome Research 2009;19:2317



" AvaAuvon tou Baktnplakou pkpoBuwpatog evnAikwy avépwv (15
B<€oelg) kat yuvalkwy (18 BeoeLg)
* 4,788 delypata oo 242 eviAikec (129 avdpecg kot 113 yuvaikec)

" KaBe Beon meplEXeL pa SLOKPLTH KOWVOTNTA HULKPOOPYOVIOLWV

" Kapia taén Baktnpiwv dev umripxe o€ OAeG TIC BEOELG Kal og OAa Ta
atopa

" H oxetikn katavopn twv StadpopeTkwV HETAPOAIKWY 0wV NTav
nopopoLa, EOIKA o€ OAdEC e Kowvr) GUAETLKA 1 €BVIKA KaToywyn

* H pkpoPLakn motkthotnta dev e€nyeital LKAVOTIOLNTLKA oTtO AAAEC KALVLKEC
HeTABANTEC OTWC NALKia, dUAO, BMI, aptnpLakn mieon

Nature 2012;486:207



Relative Streptococcus species abundance (%)

1
o

N
o

w
o

N
o

—
o

Average relative
Streptococcus abundance

S. mitis \

w Other
m S. sanguinis
m S. gordonii
S. oralis
m S. thermophilus
m S. mitis
m S. peroris
S. vestibularis
m S. australis
m S. infantis
m S. salivarius
m S. parasanguinis

127 tongue dorsum samples

To kA B¢ €idocg
gudavilel peyalo
gupoc Slakvpavong
WG IPOC TNV
adBovia Tou evtog
EVOC OUYKEKPLUEVOU
OLKOOUOTAMATOC

Nature 2012;486:207
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@ Hair
H. pylori (—)
et ToudnAou enutédou
TOELVOLLLKAL

d
lap. 183]

Nostril

Oral cavity

XQLPOKTNPLOTIKA (TTY
Ay HUAQL) Epdaviiouv

Esophagus stomach

XPovikn otafepotnta
oto dlo atopo, oe

OUYKEKPLULEVEC
Colon OVATOULKEG OE0ELC
Actinobacteria

I Firmicutes
Proteobacteria

Il Bacteroidetes

I Cyanobacteria
Fusobacteria

Skin

Nat Rev Genet 2012;13:260



Iov@con InxpoflmMUNTOS

" To avBpwrtvo pkpoPlwpa £xeL e€eAlxBel mapAaAAnAa tpog to
avBpwTtLVO €160C PE TNV AVATTTUEN ELOKWY ULKPOBLAKWY KOWVOTHTWV
ToU KatoAapPavouv eOLKEC avaTouLKEC PwAeEC (niches) oto
avBpwrivo ocwpa

" O aplBpog kat N mowkkia Twv Baktnpiwv auéavouv ekBETIKA amod TN
OTOMOTLKI KOWOTNTO ITPOG TO TtaXV EVIEPO.

" H oUvBeon TOU LIKPOBLWUATOC — EKTOC OTTO TO YEVETLKO UTIOOTPWHUA -
ETMNPEACETOL KO ATTO EEWYEVELC TIAPAYOVTEC OTIWC KOLWVWVIKEC
ocupuneplpopec, dStatpodn, ouvBnKec vylewvnc, epBoAtlacpol, AnPn
OVTLULKPOPBLOKWVY dOop LAKWV

Mayo Clin Proc 2014;89:107



EESNEN 10U IMKPOBLANUTOS 0T SApKELN TS oIS

O QTOLKLOMOC ME CUUPBLWTIKOUC ULKPOOPYOVIOUOUC apXLllel AUECWE ETA TN
YEvvnon

® 'EkBeon oto pkpoPBlwpaTou UNTPLKOU KOATIOU

* 'EkBeon oto pUKpOoPBlwpa Tou UNTPLKOU YAAOKTOC

* Enadn e TO UNTPLKO SEpua

21N Bpedikn NALKiol 0 ATTOLKLOUOC cuVeEXL{ETAL LECW TWV oUVNOWV
Sdpaotnplotntwv (oition, emadn pe aAAa Atopa)

® YenAkia 2,5 etwv To pkpoPlwpa potdlel oAU pe auto Tou VALK

O ATOLKLOUOC cbeava OTN HEYLOTN TIOLKIAOTNTA TOU KaTA TNV £pnPLKA
NAKia kat Ttapapével adpad otabepoc otnv umtoAounn {wn

2TN YEPOVTLKN NALKLOL N TIOWKIAOTNTO LELWVETOL KoL TO pKpoBiwpa yivetal
TIEPLOOOTEPO OLOTAOEC

® Ol NAKKLWPEVOLELVAL TIEPLOCOTEPO eUTTAOELG OE KATAOTAOCELG TTOU oxeTi{ovTal UE
TLEPLOPLOULEVN TTOLKLAOTNTA TiY Aolpwén amo C. difficile



Acquisition of the microbiome in early life hy vertical transmission, and
factors modifying mother-to-child microbial transmission

Effect of
maternal
exposures

Dental
amalgaml Bottle feeding

Environment
* Antisepsis
® Antibiotics
e Diet
Other hosts
Epigenetics

\

Mammary, through breastfeeding
(selection)

Vaginal o
(passage through birth canal)
Early-life
Early/ antibiotics
extensive
bathing Caesarean section

Nat Rev Genet2012;13:260



EESAEN TOU IIKPORIMIUTOS 0T SLApKEUT TS {6di)

CHILDHOOD ADULTHOOD

Solid food
0~1month 1~6 months 6~24 months @

—— ProteobacteriaT

PREGNANCY

[
a a 0
2
2|3
I|S > Bacteroides
Staphylococcus, o)
Corynebacterium, =
Propionibacterium spp. ||
Sterile Gl = Bifidobacteria Bacteroidetes ‘ Bacteroidetes
tract in utero > Enterobacteria —> “pa teroides > Firmicutes 2 Firmicutes
Lactobacillus, 2
Prevotella, 213
Sneathia spp. CarbohydrateT S|
utilization » © Bacteroidetes
Vagina| -3 == Fil'micutes T
delivery =
S
(&)

— | et

Cell 2012;148:1258



MiKpoBimnu Kt yipus

Gut microbiota composition correlates
with diet and health in the elderly

Marcus J. Claesson™*, Ian B. Jefferyl’z*, Susana Conde®, Susan E. Power!, Eibhlis M. O’Connor™?, Siobhan Cusack!,

Hugh M. B. H;n‘risl, Mairead Coakle\f‘l, Bhuvaneswari Lakshmin;—n‘aymlml“, Orla O’Suﬂiv;—m4, Gerald F. Fitzgeraldl'z,

Jennifer Deane', Michael O’Connor™®, Norma Harnedy™>®, Kieran O’Connor®”®, Denis O’Mahony™>®®, Douwe van Sinderen'?,
Martina Wallace®, Lorraine Brennan®, Catherine Stanton”*, Julian R. Marchesi'°, Anthony P. Fitzgel’;lld3’1l, Fergus Shanahan®'?,
Colin Hill"*2, R. Paul Ross®* & Paul W. O’ Toole?

The individual microbiota of people in long-stay care was
aneratic SigNificantlyless diverse than that of community dwellers. uding obesity and
inflamm | oss of community-associated microbiota correlated with 2n that of younger

adults. | 5, correlating with
residenc increased frai |ty. wever, clustering
ofsubjec. i s ; T __ation of microbiota
composition significantly correlated with measures of frailty, co-morbidity, nutritional status, markers of inflammation
and with metabolites in faecal water. The individual microbiota of people in long-stay care was significantly less diverse
than that of community dwellers. Loss of community-associated microbiota correlated with increased frailty.
Collectively, the data support a relationship between diet, microbiota and health status, and indicate a role for
diet-driven microbiota alterations in varying rates of health decline upon ageing.

Nature 2012;488:178



To mxpoBLGd|IK TOU OTONUTOC

" MNowiho kot adpBovo
* Asiypato oo 98 vyleic eviAikec: 2 emtinedo eibouc Ppednkav 3621
Sdladopetikol puAoTUTOL 0TO GAALO KoL 6888 aTNnNV 060VTLK MAAKQ
" [elToVIKEC AAAQ HLODOPETIKEC BEDELC EVTOC TNC OTOUATIKNG
KOW\OTNTOC £XOoUV OLOPOPETIKO HLIKpOBiwpa
* To pkpoBiwpa twv apuydoAwv eivarl SLapopeTko armo auTo TS YAWCooC Ko
QTtO OLUTO TNG UTTEPWOLG
" Human Microbiome Project: oxedov 70 dtadopeTikad yEvn
LLLKPOOPYQVLIO LWV
* Actinomyces, Bacteroides, Prevotella, Streptococcus, Fusobacterium,

Leptotrichia, Corynebacterium, Veillonella, Rothia, Capnocytophaga,
Selenomonas,and Treponema, TM7 lineage, Methanobrevibacter spp.



Mikpofiodnu dEppuToS

" AnoteAeital amo opadec SLAKPLTWV TOTIUKWY OLKOOU OTNUATWY Kot GWAEWV
* AladopéEcg Bepuokpaoiag, vypaoiag, katavourn adévwy S€ppatod (ry
OUNYHULOTOYOVWV)
® YeMePLOXEC MAOUCLEC OE OULNYUOTOYOVOUC OOEVEC TO ULKpOPLwpa epnmAouTileTal o
Propionibacterium spp, o€ vypéc nmepLoxéc oe Corynobacterium, evw o€ &npéc o B-
proteobacteria.
" To |J.LKpOBL(U|J.OL TOU O€pUATOC €lval AuTOo Tou SladEPEL TIEPLOCOTEPO UETAEV
TWV LYWWV atopwy (beta diversity)

* HAwia, cbu?\o TOTILKO KALpa KoL yewypadkn B€on, OLVOOOT[OLF]TLKO ouotnua Kot
YEVETIKOL TTApAYOVTEC TOU EVLOTH, EMAYYEALQ, TIPOOWTTILKH UYLELVA

" Kuplapya ¢puAa: Actinobacteria, Firmicutes, Verrucomicrobia

® YuvnBn €idn: Corynebacterium, Eubacterium, Propionibacterium, Staphylococcus,
Streptococcus, Malassezia spp.

® H ouotaon tou eival pulika dtadopeTikn oo AAAQ CUCTAUATA, AKOUO KoL O eTtinedo
dUAwV: Tty Kuplapya puAa oto Evtepo: Bacteroidetes, Firmicutes, Proteobacteria



MkpoBLodu uepuymywy Kit Iueulovos

To TaALo 60ypa: TO VAMVEUOTLKO GUGTNHO KATW OTtO TLG GwVNTIKEC XOPOEC Elval
oteipo

H peA£Tn Tou piKpoBLwpatogtou nmveupova dev amnoteAel LEpogTou Human
Microbiome Project

H xprion un KaMLepvr]tLva rexvu«uv £delée tnv napouota LLKDOOPYOVIOUL WV OE
KOAALEPYNTLKA OTElpa Selypata oo TO AVATIVEUOTIKO

* Asiypoata: ano pwvodapuyyikd swabs péxpt BpoyxokuPpeAdiko EkmAvpa (BAL)
To BAKTNPLOKO TIEPLEXOLEVO TAV ULKPOTEPO OTLC Babutepec BEoELC oTOV TTIVELLOVA
Kuplapya pUula oto BAL: Firmicutes & Bacteroidetes

* Prevotella, Veillonella
Mpokettat yla {wvta Bakthpla R THAMATO VEKPpWYV BakTtnplwy;

* Ta unapyxovta Sedopéva cuYKALVOUV UTIEP TNG AroPne OTL TIPOKELTOL YO {WVTEC
ULKPOOPYOVIOUOUG

* HmBavotepn mnyn €lval To AVWTEPO OVATIVEUOTIKO



KuBoplotes 10U MKPORLGINTOS TOU MUEULIOVH

Microbial immigration
Inhalation of bacteria, microaspiration, and
direct mucosal dispersion

Regional growth conditions
Nutrient availability

Oxygen tension

Temperature

pH

Concentration of inflammatory cells
Activation of inflammatory cells
Local microbial competition

Host epithelial cell interactions

Microbial elimination
Cough, mucociliary clearance, and
innate and adaptive host defences

Immigration and elimination Regional growth conditions

Lancet 2014;384:691



MKpoBimuu mentikou oAV

" MNepupeplkd AKPo olLoo0PAYOU: OXETIKA TIEPLOPLOMEVN TIOKIALDL
(Firmicutes — Streptococci)
* Auénontng motkAlag kot tou pkpoBLlakol dpoptiou oxetiletal pe moBoloyia
otov olcodayo (otcodayitida, olcodpayoc Barrett)
= Ytopaxoc: Meploplopévn notkhia. Kuplapyo €idoc H. pylori aAAa
gxouv aviyveuBel pe avaduvon 16S rRNA 128 Baktnplokol puAoturmol
* AloTapaXEC 0TN oUVOEC TWV ULKPOBLAKWY KOLVOTATWY OTO CTOMOXO UTTOPEL
va odnynoouv oe ofeia ) xpovia yootpitida
°* AqPn PPl R axAwpudpia odnyouv og BaktnpLokn «UTIEPAVATITUEN » KOLL
TIOLKLAOTNTOL KOLL EXOUV CUOXETLOBEL UE YOLOTPLKO KALPKLVO.



MKpoBimuu mentikou oAV

" H rokAotnta avéavel amno to SwdekadAKTUAO TtPOC TO TTaXU EVIEPO
* AwdekadAKTUAO KaL VIioTLOOL: TIEPLOXEC XOLNANC TTOLKIAOTNTOC
® TeAlKOG eLAeOC KaL TiepLdEPLKOTEPA: UPNAN TTOLKIAOTNTA

" Aemto €vtepo: Kuplapyxouv Gram(+) Baktriplo tov dUAou Firmicutes
(vévn Streptococcus, Veillonella, Clostridium)

" MoV evtepo: KuplapyxoLV ta dpUAa Bacteroidetes (yevoc Bacteroides)

kat Firmicutes (yévn Clostridium, Faecalibacterium, Lactobacillus, ko
Ruminococcus).
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MIKPOBIOMA KAI ANOLIONOIHTIKO LYITHMA



To HikpoBimuu Kl T0 HVOCOMOUITIKO oUCTIIIN TOU
oo

" To avooomolntiko pog clotnua (buotkn Kal mikTtnTn avooia) £xel
e€eAxOel wote va ypelaletal UkpoBLakeS aAANAEMLOPAOELC yLaL TNV
QVATTTUEN TOU

* Germ-free mice: pelWUEVN EKKPLTLKNA IgA 0TO €vtepOo, EAAELPMATLKA avartuén GALT,

ULKPOTEPEC TTAAKEG TOU Peyer kot peoeviéplol Aepdadevec, EANELUUATLKH OVOOLAK)
anokpLon oe maboyova

® |IgA: onuavTtlKOC poAog otnv BAEVVOYOVIO avooia — ETIAYETOL OE ATAVINON O ELOLKA
CUMBLWTLIKA BaKThpla Kol TpooTtateVEeL TG BAevvoyovieg eripavelec (bpaypocg petall
EevioTn Kal pkpoBLwpoatog)

" Tot CUMBLWTLKA BOAKTAPLOL CUMLLETEXOUV OTNV eKTTALOEUON KoL OTN
AELTOUPYLKN pUBULON (tuning) Tou avooomolnNTikou — Asttoupyolv oav
QVOOOEVIOYXUTIKA (adjuvants) yLa To cUVOAO TOU OVOGOTIOLNTLKOU
OUOTAMATOC



To ovotnua tnS $UOLKAC avooiag avayvwpilel SopEC Twv tabBoyovwy
(Pathogen-associated molecular patterns) péow twv utodoxEwv
avayvwplong popdwv (ry Toll-like receptors — TLRs, Nod-like receptors -
NLRs)

Tot cUMBLWTIKA BaKTApLa UITOpoUV va KATAOTEAAOUV TIC PAEYHOVWOELC
QTIOKPLOELC KAl val T(POAYOUV TNV aVOCOAOYLKN avoxi

To pikpoPlwpa mpoetoldlel Ta KUTTAPA TS GUOLKNAC 0VOOLAC WOTE Val
QVTOTTOKPLOOUV TAXEWC OTNV Imapouoia maboyovwv

To pLkpoPlwpa PTTOPEL VO TPOTIOTIOLNOEL TLG ATTOKPLOELS TNEG DU OLKNAC
avootiog Tou eviotn wote va BeATwoel Tn B€on Tou otnv avtiotowyn
dwAed

® Bacteroides thetaitaomicron: emayel Baktnploktova memntidia mouv otoxeUouV os
AAAa evtepLKA BakTipLa



" Ta cupBlwtika BaktipLa anoteAoUV KPLoLLOUC Kal EVEPYOU G EMAYWYELS
PUBULOTIKWY ATTOKPLOEWV

* Hebdpailwon Tng avoooAoyLKAG avoxnG lvat aduvatn xwplictnv mapouacia Twv
ONUATWYV TWV CUMBLWTIKWYV BakTnplwyv Tou evtEpou
" O yaOTPEVIEPLKOGC CWANVAC amoTeEAEL tpovopLloU)o B€on emaywyng
puBuotikwy T kuttdpwy (Treg)
® H bavikn emaywyn Twv Tregs oto meplBaAAov Tou maxeoc evtepou Baotletal otn
OUVEPYLKN §pAon TwV ULKPOOPYAVIOUWV
" H emaywyn N o toAAanAacLtaopoc Twv Tregs ExeL mpotadei cav Evac
TOavog UNXovIopog 6pacnc Twv NPoBLOTIKWV

° MBavwc Ta poBLoTika Pmopouv va wrjoouv ta BAevvoyovia devdpLtikd KUTTapa
T(POG TIPO-PUBOULOTIKEG SPAOELG

® Baon yLa Tov «oXeSLAoHO» TNC EMOUEVNC YEVLAC TIPOBLOTLKWV



" Ta CUMPLWTLKA BOKTPLOL TOU EVTEPOU CUMMETEXOUV O0TNV dLAoTaon
QTTETTWY OTOLXELWV OTIWC Ol GUTLKEC LVEC =2 TTapaywyn Autapwv
otewv Bpayeiac aAvoou (SCFA)

= SCFA / Boutuptko o€U: pubpuilel to peyeboc kot tTn Spaon Tou SIKTUoU
TwVv Tregs oto mepLBAAAOV TOU TIAXEOC EVIEPOU

® ETtLyeveTikni puOpon e Ekppaon yovidiwv



Avtiotuon umolKionou
(Colonization resistance)

" Mpootaoia tou Eeviotn amno eEwyevr) maboyova LECW TWV
OUUPBWTIKWY Baktnpiwv Tou
° Avtaywviopocylatnv idla otkoAoyikn pwAed
* Ta oUpBLWTIKA BakTrpLa tepLOpi{OUV TOV ATIOLKLOMO aTto taBoyova LEow

OVTAYWVIOUOU YL OPLOPEVOUG peTaBoAitec =2 ANTIZTAZH ANOIKIZMOY
(Colonization resistance)

" Tpomormoinon t¢ dtaBeopotntag SLaTpoP KWV TOPAYOVIWY OO TO
LkpoBlwpa =2 dtatopoxrn otnv ekbpacn yovidiwv AOLLOYOVIKOTNTOC
arno naBoyova (ry evtepoatpoppaytko E. coli N Clostridium difficile)

" Mpoiovta peTafoAlopou tou pikpoBlwpatog (ry SCFA) 2 KatootoAn
¢ €kdppaonc yovidiwv Aopoyovikotntac maboyovwy (ry Salmonella
enterica)



Avtiotuon umolKionou

" To pkpoBlwpa pmopet va poayel tTnv dnuoupyla evog
nepBarAovtoc akatdAAnAou yla ta toBoyova
* OtyaAoktoBakiAAol epnodilouv Tov AmoLKLoMO TOU KOATIOU artd maboyova
LELWVOVTOLC TO TOTILKO pH
" To UKpOPLwO UITOPEL va TTapAYEL AVTLULKPOPLOKA TiemTidLa TaL ool
otpEdovTal KATA TwV TtoBoyovwv

° E. coli:mapayetbacteriocins ot onolec avaotéeAAouv tnv avarmntuén tou idLou
N TTOPOUO LWV BAKTNPLOKWY OTEAEXWV = OLVA.OTOAN TNC AVATTTUENC TOU
gvtepoatpoppayikou E. coli

* Staph epidermidis: mapadayet avtipikpoflaka nemntidia ov epmodilouvv to
oxnUatiopo tou biofilmtou Staph aureus



MIKPOBIOMA KRI NRAGONOTIKEL KATAITALEIL



“Because of the paucity of data pertaining to a
definitive role of variance in the microbiome as the
source of disease, we limit the entirety of our
discussion in this chapter to co-occurrence and
associations, rather than presumptive causation”

Principlesand Practice of Infectious Diseases 8" Ed, 2015;Ch 2:11



2E TIEPLOYEC OTTOU TO LKPOPBLwo EXEL PUGLOAOYLKA
XOHNAN mowktAia, n avénon tnc motktAotntac odnyel
o€ MOLOOAOYLKEC KOTOLGTOLOELG

Avtiotpod o OE MEPLOXEG OTTOU UTTAPXEL PUCLOAOYLKAL
MEVAAN TOLKIALQ, N HELWON TNG TTOLKLAOTNTOC OONYEL
0€ MOLOOAOYLKEC KATOLOTOLOELG

Principlesand Practice of Infectious Diseases, 8™ Ed 2015;15



MOuves guoXetiosis HKPOBLWINTOC Kt
nuboAoYIK®V KUTHOTACE WY

TABLE. Diseases and Conditions With Potential Links to the Human Microbiome

Disease or condition Proposed mechanism Evidence Possible therapies available to alter microbiota

CDI Reduced microbial diversity Animal and human studies FMT for treatment of recurrent CDI and
questionable use of probiotics for
prevention of CDI

IBS Reduced microbial diversity Animal and human studies Probiotics for treatment of IBS
and decreased Bacteroidetes
Inflammatory bowel Reduced microbial diversity Human studies Probiotics (VSL #3) for treatment of pouchitis,
disease trials of FMT ongoing
Obesity and metabolic Reversed Firmicutes to Animal and human studies Trals of FMT ongoing
derangements Bacteroides ratio
Allergic disorders Reduced microbial diversity Animal and human studies Studies of probiotics ongoing
MDRO colonization Reduced microbial diversity Human studies Studies of probiotics ongoing
Neuropsychiatric illnesses Disruption of intestinal barrier Animal and human studies None

CDI = dostridium difficile infection; FMT = fecal microbiota transplantation; IBS = irritable bowel syndrome; MDRO = multidrug-resistant organism.

Mayo Clin Proc 2014;89:107



dAEYHOVmONCS euteponudeies

" Xpovieg GAEYUOVWOELG KOTAOTACELC TtOU TIPOoBAAAOUV KUPLWC TO
YOOTPEVTEPLKO OWAAVA, cLVNOWC pE €EAPOELC KoL UDEDELG
* EAkwdNnckoAtttda—Noococ¢tou Crohn
" EEwevtepLKEC EKONAWOELC:
° Mepidepikn apBpitda, omtovdUALTIOQ, LEpoAayovitida
® Payoelditida, okAnpitda, emtokAnpitda
* AeppaTikd EAKN, yoyypawvwdec muodepua, olwdec epuBnua
* XoAoABiaon, mpwtomabric ckAnpuvtikni xoAayyeLtida



Avogoloyiki) puoLIon 010 £VTENO

" >t0 PpuoLloAoYyLKO — un dAeyuaivov- Evtepo ta avoookuTtapa fplokovtol oe
LLLOL KOLTALOTOLON TIEPLOPLOUEVNG EVEPYOTIOLNONG
® YIapxXouv LOXUPEC pueutctu«-:q emdpaoelg [T pueutcmm KUTTapa FoxP3(+)] HE

QTOTEAECLO OL OTTOKPLOELG OTO HIKPOPBLWO TOU EVIEPOU KAl OTA AVILYOVA TWV
Tpodwv va eival MEPLOPLOUEVEC.

* Yemeplmtwon AolHwEEWCS TOU EVIEPOU N AAAWV €peBLOPATWY aTtO TO TEPLBAAAOV N

OPXLKN AVOCOAOYLKI) OITOKPLON KATOLOTEAAETOL Ypryopa.
" Ytn dpAeypovwdn eviepomnabdela uTtaAPXEL Slatapayn TNG AVOOOAOYLKAG

pLBULONC o€ Tpia enimeda

® Evteplko emiBnALo: BAEvva, SLamepATOTNTA, OVTATIOKPLON OTO stress

® AvoookuTttapa: auEnuévoc aplBpocg kat evepyornoinon — T kuttapa, B kUttapa, NK
kKuTtapa, oudetepodha. Avénuévn ekdppaon poplwv MPookOAANoNC

® Ekkplvopevol pecoAhafntec: avénon kuttapokivwy Thl (IFN-y, TNF-a), dtatapoaxEg
Th2 & Th17



IBD: moAunupuyovtiki uwoAoyiu

Genetic susceptibility

SN

TLR4
IL23R, IL12B, JAK2, STAT3, CCRS6, 4 ! .
gfg; NOD2, TLR4, CARDS, IRF5, " Tevetikn npodlabeon:
XBP1 ECM1 ATG16L1,IRGM, LRRK2 ° o ' ’
NOD2 T TNFSF15, TNFRSF68 15% twv acBevwv £xouv
ATG16L1 TNFAIP3, PTPN2/22 A
SDLA(;‘,QBZ# NLRP3, IL18RAP ouyyevn pe IBD.
PTGERs  ICOSLARPCZ STATS, ILT0 * Metala€eig NOD2/CARD1S
l oto 30-40% twv acBevwv

& * MetaAldéelg yovidiwy mou

adopolv TNV akepalotTnTa
Microbial flora . IEC < Immune dysregulation Tou BAevvoyovou Kalthn
pLOULON TWV ATTOKPILOEWV TNG
dUOLKAC KL TNG ETILKTNTNG
4 avoolog
EnteropRteRlls = XpOvLa LEPLKH EVEPYOTIOLNG
Antibiotics p u p , n pv r] n
Diet, hygiene NSAIDs, smoking Tou B}\‘C—VVOVOVLOU
Stress OVOCOTIOLNTIKOU CUCTHUOTOC
Diet, hygiene

* Aev €xeLtoutonolnOei
OUYKEKPLUEVO TTaBoYOVO

Environmental factors

Harrison’s Principles of Internal Medicine 2020 Ch 319



Genetic

susceptibility

$
1

Environmental

NOD-like receptors
Polymorphisms
HLA/MHC

Cytokines

Immune

‘ g Gut microbiota

dysregulation

Metabolites

Diet
Smoking
Stress

factors

Ann Gastroenterol 2011;24:164-72



MikpoBimuu Kut IBD: Asdousva

" H IBD ocuoyxetiletal pe LeYyAAEC AANAYEC OTN CUOTOON TOU EVIEPLKOU
HULIKpOBLwpaTOoC
* Melwpevn tukvotnta (density) kat mowkihotnta (diversity) oto €vtepo

® AUénon tng avtmpoowneuong Twv Proteobacteria (kuplwg TNG olKOyEVELQG
Enterobacteriaceae)

® AELTOUPYLKEC SlatapaxeC pkpoPLwpatog (o€etdwTtiko stress, Statpodikr puBuLon)
® H petadopd tou pikpoPLakol MANOBUCUOU Tou eVIEPOU a.0BevwY e EAKWEN KOALTLO

gnayel anokpioelg Th17 oe movtikia = polog otn datopaxi TwV T KUTTAPLKWY
anokpioewv otnv IBD;

" N. Crohn: loxupr cuoxEtion Le TNV UTopén oto pkpoBilwpa oL UBLWTIKWY
opyaviopwv pe pAeypovwdec Suvaputko mny Yersinia, E. coli, C. difficile

" H LELWUEVN TIOLKIAOTNTA UTTOPEL VAL CUVELODEPEL OE TIEPLOPLOUEVN
OVOOOTPOTIOTOLNTIKA §pAcn TOU UIKPOBLWHATOC KAl LELWHLEVN avTioTaon
oTa eVTEPLKA TtaBoyova =2 mpodlabeon yla EVTEPLKEC AOLUWEELC



MikpoBimuu Kut IBD: Asdousva

" OLaoBeveic pue IBD epdavilouv ocuxvotepa avilowpato Evavtl aAANAoUXLWV
BaktnplakoU DNA oe cUykplon UE TOuC LAPTUPEG (54% vs 4-10%)
* Hmnapouoia avTIOWHATWY PailveTal vo oXETI{ETAL UE ETUOETIKOTEPN TTOPELA TNG VOOOU
= Aev eival cadEC av n mopoucia Twv avilcwpatwy odelletal oe peyalutepn £kBeon ota
EVTEPLKA BakTtrpla e€altiag tng dtatapaxnc tou enBnAlakou ¢payuou r/kat o
EVIOYXUMEVN QVTLOPAOTIKOTNTA TWV 0lVOOOKUTTAPWY TOU EVIEPOU OTA TIAALOLA TNG
Aeypovng.
* Aev elval oad£C av Ta AVILOWUATO OLUTA CUMUETEXOUV otV naboyeveon ¢ IBD
" Y& povtEAa KOALTIOOC 0€ TPWKTLKA N eviepLkn dAeypov epdaviletal OTav UTTAPXEL
dUCLOAOYLKO pLIKpOoBiwpa aAAAG 0L o€ {wa XwPLG LLKPOOPYAVIOUOUC OTO EVIEPO (germ-
free).
" BoaktrApla armo movtikia e KoAlttda podyouv evteptkn dAeypovn otav xopnynbouv oe
aAAa (wa.
" O dlatapoaxEg Tou pIKpoBLwpatog eival n tpwtoyeving dtatapoyxn otnv IBD i to
anotéAsopa g $Asypovig nov cuvodevel tnv IBD;
* Hrtnévonoo amoihn sivar At o1 Siatanavec Ton sutsnikol) tknoRimiatoc nmronoliv va

IBD is currently considered an inappropriateimmune response to the endogenous

(autochthonous) commensal microbiota within the intestines, with or withoutsome component
of autoimmunity (UpToDate 2020)



Healthy Microbiota
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Front. Microbiol. 2018;9:2247 10.3389/fmicb.2018.02247



PEUlITOLIONG upBpitidu

[eveTIKOl TTOPAYOVTEC: EPUNVEVOUV LOVO Eva LEPOC TNG euTtdBeLacg yio RA
®* Genome-wide associations studies: eppnveia tou 16% tn¢ molkiAopopdiagng vooou

H yevetikn mpodidBeon AEN onpuaivel kat voonon amno RA

* YYnAOTEPN CUXVOTNTA TAUTOXPOVNG vOONOoNG 0 LOVOlUYWTLKOUG SLdUouUg
OUYKPLTIKA pE SLlluywTikoug (12-15% vs 3,5%)

® JUVOALKA XapnAr ocuxvotnta Tautoxpovne voonong os StdUoug

Ma va e€nynBoulv dladopeg otnv enimtwon tng vOoou eival amopaitntn n
OUMUETOXA TLEPLBAANOVTLKWVY TTAPAYOVTWY

® OpUOVEG, KATIVIOUO, AOLUWEELC
Nolpuwdnc attodoyio;

®* Mycoplasma fermentans, Escherichia coli & Proteus mirabilis.

«Moplakn pipnon»: culnteitat yia mtoAAa xpovia aAAad Sev €xeL amodelyxOel
OPLOTLKA

Nat Genet 2010;42:508-14



MiKpoRicd |1t OTONUTIKIS KOUAGTITIS Kt
peunurosIdNs uppludu

" “Oral sepsis hypothesis”: eupeia Stadwon otic apxeg touv 20°V alwva
* E¢aywyn dovtlwv oav Beparmeiayia tnv RA

" EmONULOAOYLIKA CUCXETION METAEU TTEPLOSOVTIKIG VOOOU Kal RA

" Zwikad povtela: ta meplodovtikad ntaBoyova Porphyromonas gingivalis
KoL Porphyromonas nigrescans emdelvwvouv tn Baputnta tng
apBpitidoc amnd koAlayovo

® HIL-17 mou gmayetoL oo ta faktipla cuoxetiletal pe t Baputnta Twv
00TLKWV SLaPpwoswv

Nat Genet 2010;42:508-14



PEUnutoSIONC upBpitidu Ku nEPLOdOVTIKI] VOO OC

" MepLodovtikn voooc: ekdnAwon duoBiwong Tou pIKpoBLWHATOC TNG
OTOMOTLKAC KOLAOTNTAG
® MoAupikpoPLakn Aoipwén mov odpelleTal o€ EMEKTAOCN OPLOUEVWV ULKPOOPYAVIOUWY
LEOQ OTO ULKpOPlwpa
® A&V UTLAPXOUV ULKPOOPYAVLOUOL TTou va TTAnpoUV ta kpLtipla tou Koch yla «aAnBni»
noaBoyova
" Ytov avBpwro oL acBeveic pe RA mpoodatng Evapénc Exouv uPnAotepn
enintwon coPoapnc meplodovrtitidog napd tn veapn NALKLA Touc, Ta XapunAd
TTOCOOTA KATIVIOULATOC KAl TLC PUCLOAOYLKEG OUVNOELEC OTOUATIKAG UYLELVAC.

® OLaoBeveic pe RA epdavilouv peyaAUTEPN CLUXVOTNTA ATTWAELOC SOVTLWV KoL
TEPLOSOVTLKAC EVBPUTTOTNTAC
* H Baputnta tng nepodovritidac oxetiletal pe tn dpaotnplotnta tng RA

" H RA elval aveédptnToC TPOoYyVWOTLKOC mapayovtag rnepltodovtitidog

Nat Rev Cancer 2013;13:800-12



MkpoBimuua xm KttpouAAwonoinon

" AVTIOWUOTO EVAVTL KUKALKWVY KITPOUAALVOTIOLNUEVWY TIEMTIOWWY (OVTL-
CCP)
* Eldkoc BLodeiktng RA—aviyvevovtaloto 70-80% twv acBevwy
® Yuoyxetilovtal e XelpoTepn EKPoaon

" H Porphyromonas gingivalis €ival 0 LovadIKOC TIPOKAPU WTLKOG
OPYOVIOMOC UE EVIUULKOUC UNXOVIOMOUC LETATPOTIN G TNC apyLVivng o€
KLTPOUAALVN
* H napaywyr KITPOUAALVOTIOLNMEVWV TIEMTLOLWV Urtopei va 06 nynoeL o€

QTIWAELO TNC AVOOOAOYLKAC avVOoXNG KaLl TNV mapaywyn avtt-CCP

" O ouvOUAOUOC YEVETIKAC TipodLaBeonc pe tnv apovoia P. gingivalis
OTO HLKPORLWA TNG OTOMATIKAC KOWOTNTAC UItopEl va odnynoeL otnv
avartuén avt-CCP



PEunuToSIdNS upBpiTdn Kut MKPOBIGNN TOU EVIEPOW o

" Zwwa povieda pAeypovwdouc apbpitidac (K/BxN T cell receptor
transgenic mouse model)

® Hruotepn KALVIKA ELKOVO OTaV Ta TElpapatolwa Bpilokovtal o mepLBaAAov
eAEVOEPO ULKPOOPYOVIOUWV 1] OTAV TPoToToLNBei To pkpoBiwpa tou
EVTEPOU TOUC LE AVTLBLOTIKAL.

* Erbelvwon tng apBpitidac pe €kBeon oe Lactobacillus bifidus

* Mepopatolwa pe e€adewpntou TLR2 spdavilav etudeivwon HEow
KOTOLOTOAN G TWV ATAVINOEWV TwV Tregs

* Mepapatolwa pe e€adewpntou TLRE epdavilav BeAtiwon pEow pelwong
TWV amokploewv péow twv Th17



PEunuToSIdNS upBpiTdn Kut MKPOBIGNN TOU EVIEPOW o

" >tov avBpwro €xouv Bpebel SUOPLWTIKEC aAAAYEC OTO LLLKPpOPLwpa
TWV KOTPpAVwWYV o aoBeveic pe veodlayvwopévn RA og cUykplon e

aoBeveic pe wvopvoAyia pe peiwon twv Bifidobacteria kaut
Bacteroidetes.

= AAAnAouxwon tou 16sRNA twv KompAvwyv o€ aoBeveic pe mpoodatng
evapénc RA €del€e eva dlakpLto tuTo HikpoBlwpatoc pe adBovia
Prevotella copri kot oxetiky EAAewpn Bacteroides
* HP. Copri oxetiletaLoxupa pe tn Baputntatng vooou o€ acbeveic pe

npoodatngevapeénc RA — emtidpaon otnv evapén n otnv €EALEN TNC
autoavooiog;



Table 3 The main outcomes from studies assessing the
microbiome in RA

Microbiome
site Association with RA compared with control
Oral Porphyromonas Gingivalis and Porphyromonas

nigrescans aggravate animal models of arthritis
1 Prevalence of periodontitis in patients with RA
Evidence of periodontal pathogens in synovial
fluid of patients with RA

Intestinal Animal models of arthritis exacerbated or
rescued by changes in gut microbiome
Humans—| Bacteroidetes and Bifidobacterium

RA, Rheumatoid arthritis.

Gut 2015;64:332-41



MikpoBiw[iu, Tpo@I Km nuxvoupkin

" H gUvBeon tou HKpoPlwpatoc emnpedlel Tn Sloxeiplon tng EVEPYELOC
TwV TpodwV aro tov gvioTn
* Oplopeva dUAa pLkpoopyaviopwy (rx Frimicutes) €xouv peyaAutepn
LKOLVOTNTOL OUYKOULON G EVEPYELOC OTTO TLG TPOPEC
* HOpwon twv tpodwv aro ta faktripLa mapdyeLovoieg (ry Boutuplkod o€u)
TIOU ATOTEAOUV EVEPYELOKEG TINYVEC
" To UKPOPLWHO UTTOPEL VOL CUUUETEXEL OTN UETABOALKN pUBLLLON
* MuKpoBLaka mopaywyo omwc Aumopd ofca fpaxeiac aloou emdpouv otnv
EKppaon onUAVTIKwY entdiwv puBuong tou petaBoAiopou (glucagon-like
peptide 1 & peptideYY)
" Avtiotpoda n ouvBeon tng TpodPn¢ Umopel va emdpaoel otn cuvBeon
TOU ULKpOoPLwpaToc.



MikpoBicd I Kt muXuoupkiu
LUK povten

" ZwikA povteda axvooapkiag: Atotapayn MIKPOBLWUOTOC EVIEPOU UE
avénon HExpL katl 50% twv pkpoopyaviopuwy tou dUAou Firmicutes
Kol [Lelwon tou puUAou Bacteroidetes
* H dlatapaxni avth odnyel og auénUEVN LKAVOTNTA CUYKOULONC EVEPYELAC ATIO

TG TpodEC KAl avénon tou PApouc Tou MeLlpopatolwou
* MEeTAUOOXEVON KOTIPAVWYV aTtO TtaXU OO pKa TIOVTIKLOL 0€ AEMTTOOW O TTOVTiKLOL
eAeVBepa pLKpOOPYAVICUWVY T 08 NYEL o€ epdavion maxvoapkiog

" [eveTIKA Tpomomnolnpeva nelpapatolwa pe ENAewpn TLR5 spdavidouv
XOPOKTNPLOTIKA LLETABOALKOU CUVOPOUOU KOl ONMAVTIKEC AAAQYEC OTO
LULLKPOPLWMO TOU EVIEPOU TOUC

° OLdlaTapaxeC oto UKpoBilwpa Tou eVvtEpou o0dnyouv o xaunAou fabuou
dAeyUoVH LE TEALKO ATIOTEAEGUA TO HETABOALKO GUVOpPOUO



ARTICLE

d0i:10.1038/nature11400

Antibiotics in early life alter the murine

colonic microbiome and adiposity

Tiseung Cho™?, Shingo Yamanishi', Laura Cox®, Barbara A. Methe®, Jiri Zavadil®®, Kelvin Li*, Zhan Gao®, D
Kartik Raju’, Isabel Teitler’, Huilin Li’, Alexander V. Alekseyenko™® & Martin J. Blaser™**

ouglas Mahana®,

Antibiotics administered in low doses have been widely used as growth promoters in the agricultural industry since the
1950s, yet the mechanisms for this effect are unclear. Because antimicrobial agents of different classes and varying activity
are effective across several vertebrate species, we proposed that such subtherapeutic administration alters the population
structure of the gut microbiome as well as its metabolic capabilities. We generated a model of adiposity by giving
subtherapeutic antibiotic therapy to young mice and evaluated changes in the composition and capabilities of the gut
microbiome. Administration of subtherapeutic antibiotic therapy increased adiposity in young mice and increased
hormone levels related to metabolism. We observed substantial taxonomic changes in the microbiome, changes in
copies of key genes involved in the metabolism of carbohydrates to short-chain fatty acids, increases in colonic

short-chain fatty acid levels, and alterations in the regulation of hepatic metabolism of lipids and
model, we demonstrate the alteration of early-life murine metabolic homeostasis through antibiotic

cholesterol. In this
manipulation.

" Movtiklotou ekTEBNKOV O€ veapn

NALKLOL O€ UTTOBEPATIEVTIKEC
dooelc avtlBLloTtikwy epdavicav
Slatapaxr Tou pkpoBLwpartog
TOU EVTEPOU

° JUoTtOoon UKPOBLWHATOC

* BloouvBetikn wavotnta

HKpOBLwHaTOC

OLdLaTapaxEC oUTEC
OUOYXETL(OTAV LLE CUOCCWPEUON
Alou¢ kal aAAayEC otnv Ekbpoon
yovLO LWV OXETLKWV LLE TO
HETABOALOUO TV LOaTAVOPAKWY,
KOLL TOV NTTOTLKO LETABOALOUO TWV
Autdiwv kot tTng xoAnoTtePOANG

Nature. 2012;488:621-626



MikpoBimuu K muyuoupkia
AvBpwmyu dcdousvu

" MNaxvoapka atopa: Auénuévn avadoyia Firmicutes n omola
arokaBiotatal HeETA amo anwAela Bapouc N PapLlatpLkn XEPOUPYIKA
* O daLVOTUTIOC QLUTOC CUYKOULONC EVEPYELAC LETODEPETOALLLE LETALOOXEVON

TOU HLKPOBLWHATOC TOU MAXUCAPKOU O UYLELG N TtaxUoapkoUc SOTEC

" H avtiotaon otnv wooulivn BeAtuwBnke o mayVoapKa ATOMO TIOU
e\afav LOOYXEU O KOTIPAVWYVY OTIO AETITA ATOUOL OE CUYKPLON ME aUTA
Tou €AaPov AUTOUOOXEULOTA KOTIPAVWY

" Qaivetol OTL UTTAPXEL LOXUPI CUCXETLON METAEL TwV dlaTtapaywVv Tou
LULKpOPBLwpatog Kat Tou BMI, wotooo dev xel TekpunpLwBei
aLTloAoyLkn cuvdeon



Lookingfor a Signal inthe Noise: nevisitingBllllesilv and the Microbiome
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®= The hypothesis that variation in the gut microbiota can explain or be used to predict obesity status has
received considerable attention and is frequently mentioned as an example of the role of the microbiome
in human health.

= We assessed this hypothesis by using 10 independent studies and found that although there is an
association, it is smaller than can be detected by most microbiome studies.

= We directly tested the ability to predict obesity status on the basis of the composition of an individual’s
microbiome and found that the median classification accuracy is between 33.01 and 64.77%.

mBio. 2016;7(4) doi: 10.1128/mBio0.01018-16



Mbuvoi pnXmnopoi eNidpuoNs 10U HIKPORIMIUTOS TOU
SUTENOU OTNV EN@MACT TUXVOUPKIUS

" H oUvBeon ToU UIKPOBLWUOTOC TOU EVIEPOU OTA TOXUCAPKA ATOUA ELval
TETOLO WOTE:
® Aufavetal n Lkavotnta Tou EeVLoT va avtAel meplocotepec Bepuidec amnod tnv tpodn
Tiou udiotatal mEPN
* HyxAwpida enevepyei kal ota emOnAtakad KUTTAPA EUUECO EAEYXOVTAC TNV
KOTOVAAWON EVEPYELAC KAL TNV armoBrKkeuon tng
= AAM\ot rtiiBavol pnyaviopot enidpaong Tou HIKPOBLWUATOG TOU EVIEPOU OTNV
eudavion moxvoapKLag
* Emaywyn XapnAolU BaBupol dAsypovic AOyw TwV AUTOMOAUCAKXAPLTWY,
® PUBuLon Twv yovibiwv tou &eviot Tou €ival umtevBUvaA yLa TNV KATOVAAwoN Kol
TNV amoBrKeuon eVEPYELAC,

® Emkowvwvia Tou €VIEPLKOU ULKPOPLWUOTOC KOL TOU EEVLOTH LECW EVOOKPLVIKWY
KUTTAPWV



MikpoBimnua xm uAAEpYia

H untoBeon tng uyLlewvnG: n €kBeon o€ pKpoopyavIiopoUc ot SLAPKELD TNE TLALOLKAG
NALKLOC €lvail KpLon yLot TNV avAtTtuén ToU 0lVOOOTIOLNTIKOU CUCTALATOC
* Meploplopévn EKBeoN O€ UKPOOPYAVIOUOUC UTTopEel va 0dnynoeL og dlatapaxri oTtnv avamntuén

TOU QLVOOOTIOLNTIKOU CUOTIHUATOC HE OMOTEAECHA EAAELMUATA OTNV AVOGOAOYLKN avoxn —
autodvooa voonuata Kot aAAepyia

Yridpyouv dedopéva tou urtodeLKVUOUV OTL O XPOVIOHOC KOL O TPOTTOC ULKPOBLaKoU

amoLKLopoL ota mpwipa otadia tne wng (perinatal programming ) emdpad otnv

aAAepyK mpodLabeon

MeA€teg elyvouv OTL OL LLLKPOOPYOVIOMOLTOU EVIEPOU UTTOPOUV VoL pubpuiocouy
OUYKEKPLUEVOUC TTANOUCUOUC KUTTAP WV TOU AVOCOTIOLNTLKOU CUCTILOTOC, TTX
kOtTtapa NK, Baocsodpha kal puBuotika T AspdokutTopa ta omoia eivoll KOUPBLKAG
onuaociog yla tTnv aAAEPYLKN ATTOKPLON.

H €kBeon o€ IKPOOPYAVIOHOUC KATA TNV TIEPLYEVVNTLKY TLEPLOOO EXEL CUOXETLOTEL
LLE TNV ETLYEVETIKN pUOLLLON YovISiwv TTou eptAEkovTaL oTtnV aAAEpYLK dAEyUOVN
KOLL ETTOUEVWC TPOTIOTIOLOUV TNV TtpodLABeon yLot aAAEPYIKA VOO LOTAL.

Curr Opin Gastroenterol 2012, 28:563-569
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LYMNEPAIMATA

" OL ULKPOBLAKEC KOWVOTNTEC TOU amoKi{ouVv Tov avOpwTiLvo
LLLKPOOPYQVLOLLO daiveTal va EXOUV EVEPYO POAO OE CNUOVTLKOUC
TOMELC TNC OVOOLAKAC OITOKPLONG

° To pkpoBiwpa sivatamapaitnto yLa tnv «EKMaidgvuon» TOU LVOOOTIOLNTLKOU
ouoTAUATOC (PUCLKAGKAL ETILKTNTNG AVOGLaC)

" Ta pexpLtwpa 6edopEva IOV EXOUE TEKLLNPLWVOUV CUCYETLON KoL
OXL QLTIOAOYLKN oX€on SLoTapaywy ToU UIKPOBLWLATOC UE
OUYKEKPLUEVEC TIAOOAOYLKEC KATOLOTAOELC

* Q01000 N ALTLOAOYLKA CUCXETLON Htopeil va otnpxBel maboducLoloyka

* Hmnepaltépw SLeVKPLVION AUTHCTNG CUOXETLONG LITOPELVA AVOLEEL VEEC
BepameuTikeC 060U (Ttx e€EALlYEVA TIPOPLWTIKA, LETALOCXELON
ULKpOBLwpaTog)
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