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'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: 0Ao to owkocuotnua (habitat) Twv pkpopyaviopwv
nov edpevouV HovIpa oTo avBpwrilvo cwa (f o pia Beon avtou)
® 310 pKpoBiwpa mepthapfdavovtal EKTOC Ao TOUC HIKPOOPYAVIOHOUC auToUC Kad’
£0UTOUC KAl TO YOVISLwHA TOUC KaBwC Kal To «TIEPLBAAAOVY TOU OLKOOUOTAMATOG
(emopévwg ko otolyeia Tou EgvioTn T TO HLKPORiwHa TOU eVIEPOU TEPLAAUPAVEL KOl
Ta €MIONALAKA KUTTOPO TOU EVIEPOU)
" Human microbiota: 0Aa ta yovidia kat ta yovidiaka ripoiovta (RNA,
NMPWTEIVEC, LETABOALTEG) TWV HOVIUWVY HLKPOBLOKWY KOWVOTATWVY
° Amnaptiletal amno TG UKPOoBLAKES KOWVOTNTEC TTOU £6pelouv ota dLadopeTLKA
«OLKOOUOTHLOTO» TOU aVOpWTivou OWHATOC
* M.x. gut microbiota, lung microbiota, skin microbiota
" Duololoykn YAwpida — o 6poc¢ eykataleinetal adou oL TEPLOCOTEPOL ATIO
TOUC TIALPATIAVW HLKPOOPYAVIOUOUCS SV aviKouv oTo PUTIKO BaoiAelo



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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Microbiome

This term refers[ to the entire habitat}including 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
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MeSH MesSH ¥ | 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 biclogical niche such as an organism, soil, a body of

water, etc.
Year introduced: 2014

PubMed search builder options
Subheadings:

U drug effects L genetics
I eticlogy L immunelogy

L Restrict to MeSH Major Topic.
! Do not include MeSH terms found below this term in the MeSH hierarc

Tree Number(s). G0G6.755, G16.500.275.157.049.100.500, M06.230.124.04
MeSH Unigue ID: DOS4307
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.nlm.nih.gov/mesh, Mayo Clin Proc 2014;89:107



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

Epuyvevtind Aséiwd Evropoiopmdry Qpay — K. Mrovyéioc M

metopidivm, petoaibwov ot Membracidae (IHem.: Auchenorrhyncha) n enucivng
aven emupavene tou prothorax

micans { mica = papuapuyiog), Mprov pLglabruos, nitid, pollitus

micellae, puciiiug, ETPNKN DTOMKPOSKOTIKE KPUGTUARLKG LEPT) TOWV WOV NS
ytivng ce mapdiinin duitaln pe tovg aloveg Toug

micraner, (fuxpoc + avijp), aowvithote wkpd & pupprykl {Hym. Formicidae)

microbiota, wikpoPiote, 1 pkpoyhopido Ko peporovido EVO5 0P i ot ]

Microcorvphia = Archamgnaﬁm

microcephalic phase, wkpokepoioa paog ote Muscomorpha (Dipt): n zpwiun
ipicg Tou phanerocephalic substage xotd tv onoioy 1 KeQols) Tow evidpon
EIVIL TOAD [IKPT)

microchaeta, wkpoyoitn (pucpn tpiyo), setula



EmmAgov opuojiol & oulBUOELS

" YupuBlwTikoc (Symbiotic): o pLIKpoopyavIoUOG TTOU
BplokeTal og otevn Kol pokpoxpovia aAAnAemntibpaon Ue Domain
Tov £gVIOTN TOU x

®* Mutualism vs Commensalism vs Parasitism

* Commensal: 0 HKpoopPyavIoUOG TTou entwdeAeital amno Tov
EevioTn TOU XwpLc va tov BAArTeL
® Parasite: 0 LLKpOOPYOVIOMOC TToU emwddeAe(ToL amo tov
Eeviotn BAATOVTAC TOV
" AvoBiwon (Dysbiosis): n dtatapayn otnv Loopporia Twv
LLKPOOPYOVIOUWY OTO OWLAL




Zuvopotagia fj pUAo Opotafia i kAaon Ta&n Owoyéveia lévog
Proteobacteria Alphaproteobacteria 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

Firmicutes

Actinobacteria

Fusobacteria

Bacteriodetes

Verrucomicrobia

Epsilonproteobacteria

Clostridia

Bacilli

Actinobacteria

Fusobacteriia

Bacteroidia

Flavobacteriia

Verrucomicrobiae

Enterobacteriales

Pasteurellales

Campylobacterales
Clostridiales
Bacillales

Lactobacillales

Actinomycetales

Bifidobacterales

Fusobacteriales

Bacteroidales

Flavobacteriales

Verrucomicrobiales

Enterobacteriaceae

Pasteurellaceae

Campylobacteraceae

Clostridiaceae
Lachnospiraceae

Rumminococcaceae

Staphylococcaceae Bacillaceae

Lactobacillaceae

Corynebacteriaceae
Mycobacteriaceae
Micrococaceae

Bifidobacteraceae

Fusobacteriaceae
Leptotrichiaceae
Bacteriodaceae
Porphyromonadeceae

Prevotellaceae

Flavobacteriaceae

Verrucomicrobiaceae

Enterobacter

Salmonella

Aggregatibacterium
Haemophilus
Pasteurella

Campylobacter

Clostridium
Lachnospira

Faecalibacterium
Ruminococcus

Staphylococcus

Bacillus

Lactobacillus
Pediococcus

En

Streptococ
Lactococcus
Campylobacter
Mycobacterium
Microbacterium

Bifidobacterium

Fusobacterium
Streptabacillus
Bacteroides

Porhyromonas

Prevotella

Flavobacterium

Verrucomicrobium

Avtinpoo®@neutkd yéun
uvi @ulo

= Proteobacteria: Brucella,
Neisseria, Legionella,
Pseudomonas, Escherichia

" Firmicutes: Campylobacter,
Clostridium, Staphylococcus,
Streptococcus

= Actinobacteria: Mycobacterium,
Bifidobacterium

" Fusobacteria: Fusobacterium,
Streptobacillus

= Bacteriodetes: Bacteroides,
Prevotella

® \Verrucomicrobia:
Verrucomicrobium



MERETH KAI NEPINTPADH TOY MIKPOBIOMATOL



ML TOU HIKPORLMUNTOS

Predict genes .
Sequences clustered into OTUs are compared to based ongspecies Predict pathways based
OTUs based on similarity reference databases " on genes and functional
composition databases
16S gene amplification
ATCCGTACGTA CGTAGCACTAG
3 ATCCGTACGTA CGTAGCACTAG
: NGS ATCCGTACGTACT CGTAGCACTAGA [r—
ATCCGTACGTA
i I E i — Sequencing — com orn — o e—
s _—
T i TCAGCTGCATCATACTC _—
- TCAGCTGCATCATACTCT [ ]
165 rRNA gene TCAGCTGCATCATACT
based approach oz

"Mg the microbiomal
[z]  community o DIVERSITY COMPOSITION

oS-

All microbes All microbes

— ® * / Limited by primer design | I Limited to known species
DNA isolation from
\ ANALYSIS TAXONOMIC ANALYSIS FUNCTIONAL

Whole-genome shotgun-

based approach
[ e— NS D Genes are identified Predict pathways
— > 2 | —_— comparing sequences — based on genes and
— — equencing to reference databases functional databases
——
—

All microbial genes OTU: Operational Taxonomic Units

amplification

Biochimica et Biophysica Acta 2014;1842:1981



ML TOU HIKPORLMUNTOS

In situ function
“what are they doing?”

Metabolomics

Proteomics

Transcriptomic
sequencing

Cultivation

Fluorescent in situ
hybridization (FISH)

Phylogenetic Functional Metagenomic
microarrays metagenomics sequencing

16S rRNA gene
sequencing genome
sequencing

Single cell

Taxon targeted qPCR
Structure Functional potential
“who is there?” “what can they do?”

BMJ 2017;356:j831



KUpuKUPLOTIKE TOU HIKPOBLGIUTOC

" MéeyeBocg pikpoBLwpatog
* ~90x10'2 pikpoopyaviopot (Baktrpla, apxaiofakTipLa, Lol KOl LLKPOEUKAPUWTLKOL
opyavicpol)
* AplBuoc kuttdpwy: >10X TWV KUTTAPWVY TOU avBpwrivou cwuatog
* MéeyeBoc yoviSLwuaToG UKpOoBLWHATOC: >250X TOU avOpwIvou YOVISLWHLOTOC

" Y0otoon
* Aladopec owkoouoTnuATwy: o€ KaBe olkoovotnua (habitat) undpyxouv dtadopetika
eldn HIKPOOPYAVIOUWV TIPOCAPUOCHEVO OE AUTO
* AdBovia (abudance): n oXeTIKA TOCOTNTA TWV ULKPOOPYOVIOUWYV O SLohOPETIKA
OLKOOUOTHLOTO TOU avBpwIivou CwHATOC
* Avtutpoowrnevon (ubiquity): mapouoia evoc pikpoopyaviopou o SLadpOopETLKA ATOMO



Kut aAAn opoRoyiu !

" Alpha diversity (Within-samples taxonomic diversity): To eUpoc tng
TIOLKLALOLC TWV HLKPOOPYAVIOMWYV KOl N OXETIKA Touc adBovia og pia
LLLKPOBLOK) KOLVOTNTA TTY O€ LA AVOTOLKA B€0n €VOC atopou

® 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-samples taxonomic diversity): ot dtadopéc otn

ouvBeon SVO ULKPOPLAKWY KOLWVOTATWYV TtX LETAEL SUO avVaTOULKWY BECEWVY

N LETAEL TNC L6lac avatoplknc B€ong SUo ATOUWY

® Bray-Curtis dissimilarity

* Jaccard distance

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



Buxunpluxi Katavon IKpofLm oS uvi 8¢

Blood Eye
1% 0%

Urogenital
9%

Gl Tract = Tot AEYOUEVOL KKOVOVLKA»
naboyova avtutpoowevovTal
EAAXLOTO OTO ULIKPOPLWHO TWV
UYLWV EVNALKWY

Airways
14%

= E¢alpéoelg: Staphylococcus
aureus, Escherichia coli

= AvtiBeta ta Aeyopeva
«KEUKOLPLAKA TIOLBoYyOVa» £XOUV

EUPELO AVTUTPOOWTIELON
Skin
21%

Oral
26%

Genome Research 2009;19:2317



HUMAN MICROBIOME PROJECT

= AvaAuvon tou BaktnplakoU pikpoBlwpatog evnAikwyv avdpwv (15
B€oelc) kat yuvalkwy (18 B€oeLg)
° 4,788 delypata amnod 242 seviAikeg (129 avdpec kat 113 yuvaikec)

" KaBe B€on mepleXel pla SLAKPLTA KOWOTNTA HIKPOOPYAVLIO LWV

" Kapld taén Baktnplwv dev umnpxe o€ OAeC TIC BE0ELC KaL o€ OAa T
atopa

" H oyeTIKA KATOVOUN TwV SLapopeTIKWY HeETABOAIKWY 0dwv NTav
nopopoLa, LOLkA og opadeC e Ko GUAETIKN N €OVIKA KaToywyn

* H pikpoBLakn mokihotnta dev e€nyeital LkavorolnNTKA At AAAEC KALVLKEC
HetaPAnteC onwc nAwkia, VAo, BMI, aptnplakn mieon

Nature 2012;486:207



Relative Streptococcus species abundance (%)

40
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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
. parasanguinis

127 tongue dorsum samples

To kaBe gidoc¢
eudavilel peyalo
gUPOC SlakuaAvVong
W¢ TTPOG TNV
adBovia Tou evtog
EVOC OUYKEKPLUEVOU
OLKOOUOTAMOTOC

Nature 2012;486:207



Nostril

H. pylori (-)

Oral cavit
y stomach

Aui@opes 0TN CUOTUOT) TOU HIKPOM@NUTOS AV HVITONKT BE0n /7
Ta unAov erunedou

@ Hair
® TOELVOLLKAL
@ XOPAKTNPLOTIKA (TTX

Hpvioriv) - pUA) Epdavifouv

Esophagus smrah

XPOVLIKA oTtaBepotnTa
oto (6Lo atopo, os

OUYKEKPLUEVEG
& OVOTOMLKEC BEOELC
Actinobacteria

¥ Firmicutes
Proteobacteria

Il Bacteroidetes

B Cyanobacteria
Fusobacteria

Skin

Nat Rev Genet 2012;13:260



1ov@con mxpopLeuTos

" To avBpwrivo pkpoBiwpa exel e€eAyBel mapaAAnAa tpoc to
avBpwrivo €idoc pe TNV avamtuén eWOIKWV UKPOBLOKWY KOWVOTATWV
Nou KataAapPavouv elOLKEC avaToULKEC dwAEEC (niches) oto
avOpwrivo cwua

" O aplOuoc kat N molkhia Twv Paktnplwyv avéavouv amo tov oloodayo
TPOC TO ToXU EVTEPO.

" H gUvBeon TOU ULKPOPBLWHATOC — EKTOC OO TO YEVETIKO UTTOOTPWA -
eTMNPEALETAL KOL ATTO EEWYEVELC TTOPAYOVTEC OTIWCE KOLWVWVLKEC
ocupuneplpopee, dtatpodn, cuvBNKeC LYLELVAC, EMPoALlacuol, AnPn
OVTLULKPOBLAKWY DOPUAKWV

Mayo Clin Proc 2014;89:107



EESNEN 10U IKpOBIMIUTOS 0TI SUIPKELN TS {MIC

O QMOLWKIOUOG UE CUUBLWTLKOUG ULKPOOPYAVLIOHOUC apXilel AUECWC LETA TN
YEvvnon

* 'EkBeon oto pikpoBiwpa Tou pntpLlkol KOATTOU

* 'EkBeon oto pikpoBiwpa Tou pNTPLKOU YAAAKTOC

* Emadn Ue TO pUNTPLKO Sépua
2tn Bpedikn nAkior 0 AmOLKLOPOG cuveXileTal LEOW TWV cuVABWV
SdpaotnplotNtwv (oition, emadn pe aAla dtopa)

® e nAia 2,5 etwv 10 pKkpoBiwpa potdlel ToAU pe auTto Tou VALK

O amolklopog pOAvVeEL 0TN LEYLOTN TTOKIAOTNTA TOU KaTA TV £PnPLkn
nAlkia kot mapapével adpd otaBepog otnv untoAounn {wn
2TN YEPOVTLKA NALKIOL N TTOLKIAOTNTO LELWVETOLL KOl TO HLKPOPlwpa yiveTal
TIEPLOOOTEPO AOTAOEC

* Ot nAKLWHEVOL ElvalL TIEPLOCOTEPO EUTIOOEIC O KATAOTACELS TTOU OXETI{OVTOL HIE
TIEPLOPLOEVN TTOLKIAOTNTA TIY Aoipwén amo C. difficile



Effect of
maternal
exposures

Dental
amalgaml Bottle feeding

Environment
* Antisepsis
e Antibiotics

¢ Diet ' ' -

B Bids Mamm.ary, through breastfeeding N
. . (selection)

Epigenetics

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

Nat Rev Genet 2012;13:260



EESAEN TOU IKpOBLGONUTOC 0T SLapKeLn TS oI

CHILDHOOD ADULTHOOD

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

pr— ProteobacteriaT

PREGNANCY
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Staphylococcus, o
Corynebacterium, z
Propionibacterium spp. <
Sterile Gl = Bifidobacteria Bacteroidetes Bacteroidetes
tract in utero > Enterobacteria —> “pa teroides > Firmicutes Firmicutes
Lactobacillus, 2
Prevotella, one
Sneathia spp. CarbohydrateT s|2
utilization 0 © Bacteroidetes
Vaginal S| ™  Firmicutest
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S
(&)

| et

Cell 2012;148:1258



MikpoBiwu Ku yipus

Gut microbiota composition correlates
with diet and health in the elderly

Marcus J. Llamfgonl 2% , lan B. Jgffuvl 2 , Susana Conde® , Susan E. Power , Eibhlis M. O’ C,(mnoll2 Siobhan Lu%agh

Hugh M. B. Hlnn‘; , Mam,ad (Joal\lw Bhummmuum Lahghnunamvtmﬁm Orla O’Sullivan®, Gerald F. Fitzgerald'*

Jennifer Deane', Michael O’Connor™®, Norma Harnedy™®, Kluan O’Connor®” , Denis O’ Vlahonvs’ 6.8 Douwa van Sinderen™?
Martina \-’\-’allaceg, Lorraine Brennnm Catherine Stanton® Juhan R. Marchesi'® , Anthony P. Fltzguald Fu gus Shanahan® 12
Colin Hill"?, R. Paul Ross®>* & Paul W. O’ Toole!2

The individual microbiota of people in long-stay care was
Alterations in  Significantly less diverse than that of community dwellers. , .04
inflammatory | oss of community-associated microbiota correlated with atof younger

adults. Here " . . relating with
residence loc increased frai Ity er, clustering
of subjects by of microbiota

composition 51gn1tlcant1y correlated with measures of trallty, 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 mKpoRimIIU TOU OTONUTOS

" MowkiAo kal adpBovo
* Aslypota amo 98 vyleic evAkec: 2e eninedo eidouc BpeOnkav 3621
Stadopetikol pulotuTioL oTo 0AALO Kol 6888 otnv 0dovTiKA TAAKA
" [elTOVIKEC OAAA OLAPOPETIKEC BEOCELC EVTOC TNC OTOMATIKAC
KolAoTNTOC £XOUV OLAPOPETIKO HLKpOBiwpa
* To pikpoBiwpa twv apuydaAwv eivat SladopeTiko amo auto ¢ YAwooog Kot
QO QUTO TNG UTIEPWOLS
" Human Microbiome Project: oxebov 70 SLadopEeTIKA YEVN
LLLKPOOPYQVIO WV
* Actinomyces, Bacteroides, Prevotella, Streptococcus, Fusobacterium,

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



MikpoBimnu dEpnuroc

" AmoteAeital amo opAdeC SLaKPLTWV TOTIKWY OLKOCUCTNUATWY Kol GWAEWV
* AladopéEcg Bepuokpaoiag, uypaociag, katavoun adévwy dEpuatoc (my
OUNYHATOYOVWV)
® Y& TEPLOXEC TMAOUCLEC OE OUNYHATOYOVOUC adEVeC TO pIKpoBiwpa epmAoutiletal o€
Propionibacterium spp, oe vypéc neploxec oe Corynobacterium, evw o€ Enpec oe B-
proteobacteria.
" To uLKpoBtwua ToU SEPUATOC lval auTo Mou SLadEPEL TIEPLOCOTEPO UETAED
TWV LYWV atopwy (beta diversity)
* HAwia, pUAO, TOTIKO KALpa Kol yewypadikn BEan, avOoOmoLNTIKO CUCTNMA KOl
VEVETLKOL TIAPAYOVTEG TOU EEVLOTH, ETIAYYEALQ, TIPOCWTILKA UYLELVN
= Kupiapyxa ¢uAa: Actinobacteria, Firmicutes, Verrucomicrobia

® YuvnOn €ibn: Corynebacterium, Eubacterium, Propionibacterium, Staphylococcus,
Streptococcus, Malassezia spp.

* H olotaon tou ival pLlka StadopeTikn amod AN CUCTHUATO, AKOUO KOl OE €TtineSo
dUAwV: Tty Kupilapxa pUAa oto Eviepo: Bacteroidetes, Firmicutes, Proteobacteria



MkpoRimuu uecpuymyyv Kut meujiovos

To MoALO SOV TO OVOLTIVEUGTLKO CUGTNHOL KATW OTto TG pwVNTIKEG XOPOEG elvaut
oteipo

H peA€tn tou pikpoBlwpatog tou nivevpova dev amoteAel pEpocg tov Human
Microbiome Project

H xprion KN KaMLepvntLva texvmwv €6ele TNV napouota LLKDOOPYOQVIOLWVY O€
KAAALEPYNTIKA oTEipa Selypata amd To aVATTVEUOTLKO

* Asiypota: anod pwodapuyykad swabs pexpt BpoyxokupeAtdiko exkmAvpa (BAL)
To BOKTNPLOKO TIEPLEXOUEVO RTAV LLKPOTEPO OTLC BaBUTEpeC BECELC OTOV ITVEL HOVA
Kuplapxa ¢pUAa oto BAL: Firmicutes & Bacteroidetes

® Prevotella, Veillonella

Mpokettal yo {wvta Baktipla A TUNHOTA VEKPWVY Baktnplwy;

* Ta unapyovta dedopéva ouykAivouv UTIEP TNG Ao ng OTL IPOKELTOL Yo {WVTEG
HULKPOOPYQAVLOUOUC

* Hmbavotepn nnyn €lval To AVWIEPO AVATIVEUOTLKO



KuBopiotes 10U MKpOLLGINTOC TOU MVEVHIOVH

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




MiKpoBimuu nEMUKOU 06ANVI

" MNepldpepkd AKPO OLCOPAYOU: OXETIKA TIEPLOPLOUEVN TIOLKLALAL
(Firmicutes — Streptococci)
* Au&non tn¢ molkAlag Kol Tou pkpoPLakol doptiouv oxetiletal pe moBoAoyia
otov olcodayo (oloodayitida, olcodayoc Barrett)
" Ytopaxoc: MNeploplopévn notkidia. Kupiapyo eidoc H. pylori aAAa
£XYouv avixveuBei pe avaAvon 16S rRNA 128 Baktnplokoi puAotuTol
* Alatapaxec otn olVOEDN TWV ULKPOPLOKWY KOWVOTHTWY OTO OTOUOXO UTTOpPEL
va odnynoouv os oeila 1 xpovia yaotpitda
°* Aqn PPI A axAwpubpia 06nyouv o€ BaktnpLak «UMEPAVATITUEN» Kall
TIOLKLAOTNTA KOl £XOUV CUOXETLOOEL e yaoTPLKO KapKivo.



MiKpoBimuu nEMUKOU 06ANVI

" H noktAotnTta avéavel amo 1o SwOeKAdAKTUAO MPOC TO TtaVU EVIEPO
* AwdekadakTuAo Kal vAoTLda: TLEPLOXEC XOLUNANC TTOLKIAOTNTOC
® TeAlkog €lAeOC KaL TepldeplkoTEpa: UPNARA TTOKIAOTNTA

= AEMTO £VTEPO: KUPLapxoUV Gram(+) Baktipla tou puAou Firmicutes
(vévn Streptococcus, Veillonella, Clostridium)

" Mayv €vtepo: KuplapxoLv ta duAa Bacteroidetes (yeEvoc Bacteroides)
kat Firmicutes (yévn Clostridium, Faecalibacterium, Lactobacillus, ko
Ruminococcus).
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MIKPOBIOMA KAI ANOLOMOIHTIKO LYITHMA



To HiKpoBimMIN KL T0 HVOCOMOUNTIKG 0UCTNIIN TOU
ZeVioT)

" To avoooTmoLNTLKO HoG cuoTnpa (puoLkn KoL ETKTNTN avooia) £XEL
e€eAOel wote va xpelaletal PKPOoPLaKEC AAANAETILOPACELS YL TNV
QVATITUEN TOU

* Germ-free mice: HELWUEVN EKKPLTLKN IgA 0TO €vtepO, EAAELUMATLKY avarttuén GALT,

ULKPOTEPEC TTAAKEC TOU Peyer kat peoevteplol AsppadEvec, EAAELUUATLKA AVOOLOKN)
anokplon oe naboyova

° |gA: onUAVTLKOC POAOC 0TV BAEVVOYOVLO OVOCLOL — ETIAYETAL OE ATAVTINON OE LKA
OUMBLWTLKA BakTrpla Kol pooTateVEeL TIG PAevvoyovieg emldaveleg (PppayUog LeETAEY
EevVLOTH Kal HULKPOBLWHATOC)

" Ta CUMBLWTLKA BAKTAPLO CULUETEXOUV OTNV EKTtaidevon Kal ot
AELTOUPYLKN pUBULON (tuning) Tou avoooToLNTIKOU — AELTOUpYOUV cav
OVOOOEVLOXUTLKA (adjuvants) ylot Tto cUVOAO TOU AVvOOOTIOLNTLKOU
OUOCTAMATOC



To ovotnua tTNS dUOLKNG avooiac avayvwpilel SopEc Twv naboyovwv
(Pathogen-associated molecular patterns) peow twv vmtodoxEwv
avayvwplong popdwv (rtx Toll-like receptors — TLRs, Nod-like receptors -
NLRs)

Ta cupBLwTika Bakthpla ptopoUV va KATAoTEAAOUV TIC GAEYUOVWOELG
QTIOKPLOELG KAl val TTPOAYOUV TNV AVOCOAOYLKN avoxh

To pkpoPlwpa poeTolpalel Ta KUTTAPA TNG PUCLKAC AVOOLAC WOTE va
avtamnokplBolv TaxEwc otnv mapouvoia naboyovwyv



" Ta oUpPBLWTLKA BakTRpla ArtoTEAOUV KPLOLUOUC KoL EVEPYOUC ETTAYWVYELC
PUOULOTIKWY amokploswv
* H ebpaiwon tTng avoooAoYyLKN G avoxXN G elval aduvatn xwpic tnv nmapouvaoio Twv
ONUATWYV TWV CUUPLWTIKWY BakTnpiwv Tou eviépou
" O yaOoTPEVIEPLKOC CWANVAC amoTEAEL TTpovopLloU)o BEon emaywyng
puBuloTtikwy T kuTTApwWV (Treg)
* Hbavikn emaywyn twv Tregs oto nepLPAANOV TOU TTaXEOC eVTEPOU Paaciletal oTn
OUVEPYLKN 8pAon TWV HLKPOOPYAVIOUWY
" H gmaywyn | o0 moAAamAacLlaopog Twv Tregs EXeL mTpoTtaOel oav Evag
nBavoc LNXaVIoHAS SpAonc Twv PO BLOTIKWY

° MBavwe ta TPOoPLOTIKA prtopolv va wBrioouv ta BAevvoyovia SevopLtika KUTTapa
T(POC TIPO-PUBLLLOTIKEC SpACELC

® BAon yla Tov «OXESLAOUO» TNG ETTOUEVNC VEVLAC TIPOBLOTIKWVY



" Tol CUMPLWTLKA PAKTHPLOL TOU EVIEPOU CUUUETEXOUV OTNV SLACOTIO0N
QTENMTWVY OTOLXELWV OTIWC Ol PUTLKEC LVEC =2 Ttapaywyn Autapwy
o¢ewv Ppaxeiac aAboou (SCFA)

" SCFA / Boutuplko 0€U: puBuilel To puéyeBoc kat tn dpaon tou Siktuou
TwV Tregs oto eEPLBAANOV TOU TTIOXEOC EVIEPOU

® Emuyevetikni pubuon tng ékdppacn yovidiwv



AvtioTuon uanowKionou
(Colonization resistance)

" Mpootaocia tou Eeviotrn amo &wyevn maboyova HEow TwV
oUUBLWTIKWY BakTnplwv Tou
* AVTayWwVLOMOC yLa TNV dla otkoAoylkl dwAead
* Ta cupBLwTika BaktrnpLa epLopil{ouV TOV ATIOLKIOUO oo taBoyova LECW
QVTAYWVLOHOU yla oplopévouc petaBoAitec = ANTIZTATIH ANOIKIZMOY
(Colonization resistance)
" Tpomornoinon tng dtabeoipotnTag SLoTPOoPLKWY TTAPAYOVIWVY OO TO
HUIKpoBiwpa
" Mpoiovta petofoAlopol Tou pkpoBlwpatoc (ry SCFA) = KataoTtoAn
NG ekPppaonc yovidiwv Aopoyovikotntag naboyovwy (rx Salmonella
enterica)



Avtiotuon uanowKionou

" To pkpoPilwpa pmopet va mpoadyet tnv SnpLovpyia evog
nepBarlovtoc akatadAAnAou yia ta ntaboyova
* OLyoAaktoBakiAAoL epnodifouv Tov AmoLKIOMO ToUu KOATIoU amto raBoyova
LELWVOVTOC TO TOTILKO pH
" To pikpoBiwpa pmopet va mapayel avtipikpoBLokad memntidia ta onoia
otpEdovTal KOTA Twv maboyovwyv

* E. coli: mapayel bacteriocins ot onoie¢ avaoteAAOUV TNV avantuén tou idlou
N TIOLPOUOLWV BOKTNPLAKWY OTEAEXWV = QVAOTOAN TNC AVAITUENC Tou
gviepoaLpoppaytkou E. coli

° Staph epidermidis: mapayet avtipikpoBlakd nemtidia mou epmodilouv to
oxnuatopo tou biofilm tou Staph aureus



MIKPOBIOMA KAI NAGOROIIKEL KATALTALEIL



“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”

Principles and Practice of Infectious Diseases 8t Ed, 2015;Ch 2:11



2E TIEPLOXEG OTIOU TO LKpOoBLwpa EXEL PUGCLOAOYLKA
XONAN motktAla, N avénon thnc moLKtAoTnTac odnyEL
o€ TTOOOAOYIKEC KATAOTAGELG

AvtioTpoda GE MEPLOYEC OTTOU UIMOPXEL PUGLOAOYLKA
MEYAAN TOLKLALO, N HELWON TNG TOLKLAOTNTOC 0ONYEL
o€ MAOOAOYLKEC KATAOTOAGELG

Principles and Practice of Infectious Diseases, 8t Ed 2015;15



MOBuveS ouoXEUOELS NKPOBLMINTOS Kt
NuboAoYIK®V KUTUOTHOE WY

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

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

CDl 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 Tnals 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 bamier Animal and human studies None

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

Mayo Clin Proc 2014;89:107



dAEYHOVMINS svTEpoNuHdeLES

" XpOvIeC PAEYUOVWOELC KATAOTAOELC TTOU TtPOCBAAAOUV KUPLWC TO
YOOTPEVTEPLKO owANva, ouvnOwg pe e€APOELG Kal UDECELG
* EAkwdng koAitda — Nooog tou Crohn
" EEwevTePLKEC EKONAWOELC:
* Nepidpepkn apbpitda, orntovduALTtIda, LepoAayovitida
* Payoelbitidba, okAnpitida, enokAnpitida
* Asppatika €AKn, yayypawvwdec muodepua, olwdec eplONUa
® XoAoABiaon, mpwtomabrc okAnpuvtLkn xoAayyeLtida



AvogoloyiKi) puOon oto SVTEp0

" 310 dUCLOAOYLKO — LN dAeyuaivov- evtepo ta avoookuttapa Bplokovtal o
LLLOL KATALOTOLON TIEPLOPLOUEVN G EVEPYOTIOLNONG
* YIIAPXOUV LOXUPEC PUBLILOTIKEC eTOpAoELC [T puButotikd kuTtapa FoxP3(+)] pe
OTIOTEAECA Ol ALTIOKPLOELG OTO UIKPOBLwHA TOU EVTEPOU KOl OTOL OVTLYOVA TWV
TPodwWV va elval TTEPLOPLOEVEC.
® Je nsptntwcn Aomw&:wq TOU EVTEPOU 1 AAAWV epeetouatwv aro 1o nepLBailov n
OPXLKN AVOOOAOYLKH QTOKPLON KATOOTEAAETAL YprAyopQ.
" Ytn dAeypovwdn evieponabeta uTtapyeL dtatapaxni TNG AVOOOAOYLKAG
pLOuLONC o€ Tpla emimeda
* Evteplko emiBnAlo: BAEvva, SLamepatoTnTa, AVIATIOKPLON OTO stress
* AvoookUTttapa: avénuevog aplOpuocg kat evepyormoinon — T kuttapa, B kuttapa, NK
kOTTapa, oudetepodpiha. Avuénpuevn Ekbpaon popiwv TTPOSKOAANONG
* Ekkplvopevol pecolafntec: avénon kuttapokivwy Thl (IFN-y, TNF-a), StatapaxEg
Th2 & Th17



Microbial flora

IBD: moAumupuyovtiki) muoloyia

Genetic susceptibility

TLR4
IL23R, IL12B, JAK2, STAT3, CCRe, . : 4 :
p NOD2, TLR4, CARDS, IRFS5, levetikn mpodlabeon:
XBP1 EOM ATG16L1,IRGM, LRRK2 o 1CO L
NOD2 LN TNFSF15, TNFRSF6B 15% twv aoBevwv Exouv
ATG16L1 TNFAIP3, PTPN2/22 .
SLosere NLRP3, IL18RAP Guyyevn He IBD.
ICOSL, ARPC2, STATS, IL10 :
PTGER4 ’ PO * MetalAageig NOD2/CARD15

oto 30-40% twv a.cOsvwv

* MetaAldgelg yovidiwy mou
adopolV TNV aKkepaLOTNTA

A
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v
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Immune dysregulation TOU B}\EVVOVC’)VOU KoL T

Enteropathogens
Antibiotics

NSAIDs, smoking

Diet, hygiene

Stress

Diet, hygiene

Environmental factors

pLOULON TWV ATIOKPLOEWV TNG
dUOLKNG KOL TNG EMIKTNTNG
avootiag
= Xpovla PEPLKN EVEPYOTIOLNON
Tou BAevvoyoviou
OVOOOTIOLNTLKOU CUOTHUOTOC

* Aev €xeL tavtomnolnOel
OUYKEKPLUEVO TTaBoyovo

Harrison’s Principles of Internal Medicine 2020 Ch 319
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MikpoBicouu kut IBD: Acdousva

" H IBD cuoyetiletal pe peyaAeg aAAayEC oTn cUOTOON TOU EVTIEPLKOU
ULKPOBLWMOTOC
* Mewwpevn tukvotnta (density) kot mowkthotnta (diversity) oto €vtepo

* Au€énon tn¢ aviutpoowrnievonc twv Proteobacteria (kupiwg tNG owKoyEveLag
Enterobacteriaceae)

® AELTOUPYLKEG SlaTtapaxEC pikpoPBLwpatod (0€eldwTko stress, dtatpodikn) puOuLon)
* H petadopd tou pikpoPLokol MANBUCHOU Tou eVIEPOU aloBevwy pe eEAKWON KoATda

enayeL anokpioelc Th17 (mpodAeypovwdelg) o movtikia = poAog otn dlatapayh Twv
T KuTTAPLKWY amokpicewv otnv IBD;

" H MELWUEVN TIOKIAOTNTO UTTOPEL VAL OUVELOPEPEL OE TIEPLOPLOUEVN
QVOOOTPOTIOTIOLNTIKA 6PAoN TOU HLKPOPBLWUATOC KoL LELWHEVN avTioTtaon
OTa EVTEPLKA TTatBoyova = tpodLlabeon yLo EVIEPLKEC AOLUWEELC



MikpoBiconu kut IBD: Acdousva

" OLaoBeveic pe IBD epdavilouv ocuxvotepa AVILOWUATA EVAVTL
aAAnAouxlwv Baktnplakou DNA o oUykpLon Ue Toug paptupeg (54%
vs 4-10%)

* H napovoia avtiowpdtwyv paivetol va oxetiletal e eMOTIKOTEPN TTOPELQ
NG vOoou

* MeyaAUtepn €kBeon ota eviepkad Bakthpla €attiog Tne dStatapayxnc Tou
emOnALakoL ¢ppaypou r/Kal og EVICXUMEVN avTOpaOoTIKOTNTA TWV
OVOOOKUTTAPWYV TOU EVIEPOU oTa NAaiola TnG PAEYUOVAC;

" Y& LOVTEAQ KOALTLOOC O TPWKTLKA N evteplkn dAeyovn epdaviletal
OTOV UTIAPXEL PUGLOAOYLKO ULKPORiwpa AN OXL o€ {wa XWPLS
LLKPOOPYOVIOUOUC 0TOo £viepo (germ-free).

" BaktApla armo ovTikia e KoATda mpodyouyv eviepikn AeypovN
otav xopnynbouv oe aAAa {wa.



MkpoBionu ku IBD: uoxston:

" OLdloTapaxEC TOU HIKpOoBLWHATOC Elval N MPWToyevAC dlatapayn
otnv IBD n to amnotéAeopa tng dAsypovng tou cuvodeveL tnv IBD;

" H tpéxovoa anon eivatl OtL ol SLATAPAXEC TOU EVIEPLKOU
LLKPOBLWHATOC MTTOPOUV VAL CUVELODEPOUV OTNV Evapén r/Kat
ebpaiwon tng dAeyuovic otnv IBD

IBD is currently considered an inappropriate immune
response to the endogenous (autochthonous) commensal

microbiota within the intestines, with or without some
component of autoimmunity (UpToDate 2020)




Gut microbiota alteration and immune responses in IBD

Healthy Microbiota
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Peuarocidins updpinidu

[eveTKOL TOPAYOVTEC: EpUNVEVOUV OVO £V LEPOC TNC eUTABEeLOC yia RA
* Genome-wide associations studies: eppnveia tou 16% tng nowkilopopdiog tng vooou

H yevetikn mpodiaBeon AEN onpaivel kat voonon ano RA

* YPnAOTEPN CUXVOTNTA TAUTOXPOVNG VOONONC 0€ LoVOolLUYWTIKOUC SLOUOUC

OUYKPLTIKA pe SLlluywTikoU¢ (12-15% vs 3,5%)
® JUVOALKA XaNAR ouxvoTNTa TAUTOXPOVNG voonong o€ SLOUOUG

Mo va e€nynBouv dladopEg otnv enimtwon TnNg vooou eivatl amapaitntn n

OUMHETOXN TIEPLBAAAOVTLKWY TTAPAYOVTWV
* OpUOVEC, KATIVIOUO, AOLUWEELC
Aolpwdnc attioloyia;
* Mycoplasma fermentans, Escherichia coli & Proteus mirabilis.

«MopLakn pipnon»: ouinteital yia toAAd xpovia aAAa dev €xel amodelyBel

OPLOTLKA

Nat Genet 2010;42:508-14



MikpoBica cTonutKiG KOOTNTUS Kl
PEUNUTOELONS upBpindu

" “Oral sepsis hypothesis”: eupeia Stadbwaon otic apxeg tou 20°V awwva
° E¢aywyn dovtiwv ocav Bepareia yia tnv RA
" ErdnuioAoylkn cuoxETIon LETAEL TIEPLOOOVTLKAC VOoOoU Kal RA
" Zwika povtela: ta meplodoviika naboyova Porphyromonas gingivalis
Kal Porphyromonas nigrescans eriibewvwvouv tn faputnta tng
apBpitdac anod koAhoyovo

® HIL-17 mou emayetol amno ta Baktipla cuoxetiletal pe tn faplTnTa TWV
0O0TLKWV SLaBpwoswv

Nat Genet 2010;42:508-14



PEUHUTOLIONS HpBpiTION KUl MEPLODOVTIKI VOO OC

" Meplodovtikn voooc: ekdnAwon duoBilwong Tou UKPOBLWHATOC TNG
OTOMOTIKAG KOWAOTNTAG
* MoAupikpoPLakn Aolpwén mou odeileTalL O€ EMEKTACN OPLOUEVWV LULKPOOPYAVLO LWV
HEoQ 0TO HLkpoBiwpa
® A&V UTTAPXOUV LLKPOOPYAVLOMOL TTOU va TtAnpoUV ta Kpttiptla tou Koch yla «aAndn»
naboyova
" Ytov avBpwro oL acBeveic e RA mpoodatng Evapéng Exouv uPnNAOTEPN
enintwon coBapng meptodovtitidoag mapd tn veaprn nALkia Toug, Ta xapunAd
TTOCOOTA KATIVIOUATOC KAl TLC PUCLOAOYLKEC CUVABOELEC OTOUATLKAC UYLELVAG.

* OLaoBeveic pe RA epdavilouv peyalltepn ouxvotnTa anwAelag Sovtiwy Ko
TEPLOSOVTIKAC EVOpUTTTOTNTOC

* H Baputnta tng neplodovtitidag oxetidetal pe tn Spaoctnplotnta tng RA
" H RA slval ave€aptnToc MPOoyvVwoTLKOC rapayovtag nepltodoviitidog

Nat Rev Cancer 2013;13:800-12



MikpopRicu Kt KttpouAAwvonoinon

" AVTLOWMOTO EVOVTL KUKALKWVY KITPoUAALWVoTIOlNUEVWY TteMTLOiwV (avti-CCP)
* E1dkoc¢ Blodeiktng RA — aviyvevovtal oto 70-80% twv acBevwv
* Yuoyetilovtal pe Xepotepn €kPaon
" H Porphyromonas gingivalis eival o povadLKOG TIPOKAPUWTLKOC OPYOVLIOHUOG
e eVIULKOUC UNXAVLIOMOUC LETATPOTING TNG apYLVivng o€ KITPOUAALvN
* H mopaywyn KITpoUAALVOTIOLNUEVWY TIEMTIOLWV UIopel va 08Ny oeL o€ amwAEgLa TNG
QVOOOAOYLKN G avoXAC Kal TNV rapaywyn avti-CCP
" O ouvbuaouocg YeEVETIKAC TpodLaBeonc pe tnv mapovaoia P. gingivalis oto
HULIKpOBilwpa TNG OTOUATIKAC KOLAOTNTAC UTTOPEL vaL 08NYNROEL OTNV avartuén
avt-CCP
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" Zwwka povteda pAeypovwdouc apBpitidoac (K/BxN T cell receptor
transgenic mouse model)

* Hrotepn KAWLIKA €lkova otav ta epapatolwa Pplokovtal os meptBaiiov
eAEVBEPO ULKPOOPYOVIOHWY 1 OTAV TpoTomoLnBel To pkpofiwpa Tou
EVTEPOU TOUC UE AVTLBLOTLKAL.

* Emdeivwon tng apBpitidac pe €kBeon oe Lactobacillus bifidus

* Nepapatolwa pe e€alewpn tov TLR2 epdavilav emideivwon pEow
KQATOLOTOANRG TWV AIAVTACEWV TwV Tregs

* Nepapatolwa pe e€alewpn tov TLRE epdavilav BeAtiwon peéow peiwonc
TWV ATOKPLOEWV pPeEow Twv Thl7



Peuputoctdns upBpinidu Kut MKpoBiduu 10U EVIEPOW ¢

" >tov avBpwro £xouv Bpebeil SUTPLWTIKEC AAAOYEC OTO pIKpOoBLlwua
TWV KOTIPAVWYV o€ aoBeveic pe veodlayvwopevn RA og cuykplon UE

aoBeveic pe vopvalyia pe peiwon twv Bifidobacteria kat
Bacteroidetes.

= AAANAovxlon tou 16sRNA twv Kompavwyv o€ aoBeveic pe mpoodatng
gvapénc RA €6elée €va SLakpLto TUTIO pKpoPLlwpatoc pe adBovia
Prevotella copri kot oxetikni €éAAewpn Bacteroides
® H P. Copri oxetiletal Loyupad pe tTn faputnta TG VOOOU 0€ 0.0OEVE(C e

npoodatnc evapénc RA — emtidpaon otnv evapén N otnv e€EALEN TNC
outooavooiogc;



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



MikpoBiwa, Ipo@i K maXuoupkia

" H gUvBeon tou pkpoBLlwpatog ennpealel tn dlaxeiplon ThC EVEPYELOC
TwV TPodwWV aro Tov EEVIOTN
* Oplopeva Gula pikpoopyaviopwv (ry Frimicutes) €xouv peyaAutepn
LKOLVOTNTA CUYKOMLONG EVEPYELOC ATIO TIC TPODEC
* H {Ouwon twv Tpodwv amo ta BaktApla mapadyel ovoieg (rty foutuptko ov)
TIOU OITOTEAOUV EVEPYELAKEG TINYEC
" To pkpoPlwpo pmopel val CUMMETEXEL 0TN METABOALKN pUOULON
* MuikpoBLakad apaywya Onwc Autapad ofca Bpaxeiac aAbcou entbpouv otnv
Ekbpoon onUAVTIKwY TEMTIOilwY puBULonC Tou petaBoAilopou (glucagon-like
peptide 1 & peptide YY)
" Avtiotpoda n ouvBeon tng TpodnC Unopei va emdpaocel otn olvOeon
TOU ULKPOBLwUaTOC.



MikpoRimuu K nuXuoupkia
LUK poviehu

" ZwikA povTteAa taxuoopKiag: Alotapoxn HLKPOPLWHUOTOC EVTEPOU LIE
avénon pExXPL kat 50% Twv Hkpoopyaviopwyv tou puAou Firmicutes
Kol Lelwon tou puAou Bacteroidetes

* H datapaxn autr odnyel oe av&npUéEvn LKAVOTNTA CUYKOULOAC EVEPYELAC OTTO
TG TPOdEC Kal avénon Ttou BAPOoUC ToU MEPAPATOlWOU

* METAUOOYXELON KOTIPAVWY OO TIOXUOOPKOL TTOVTIKLOL 0€ AEMTOOWLOL TIOVTLKLOL
eAeVBepa UIKpOOPYAVIOPWY Ta 0ONYel o eudavion moxUoapKiog



ARTICLE

d0i:10.1038/nature11400

Antibiotics in early life alter the murine
colonic microbiome and adiposity

Ilseung Cho'?, Shingo Yamanishil, Laura Cox”, Barbara A. Methé®, Jiri Zavadil®®, Kelvin Li*, Zhan Gao®, Douglas Mahana®,
Kartik Raju®, Isabel Teitler®, Huilin Li’, Alexander V. Alekseyenko™® & Martin J. Blaser">?

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 cholesterol. In this
model, we demonstrate the alteration of early-life murine metabolic homeostasis through antibiotic manipulation.

MovTikia Tov eKTEBNKOV OE veapn
NALKLQL o€ UTIOBEPATIEVTIKEC SOOELC
avTLBLotikwy epudavicav dtatapaxn
TOU ULKPOPBLWHOTOC TOU EVIEPOU

® JUotaon UIKPOBLWHATOC

® BLOOUVOETLKN LKAVOTNT

HLIKpoBLwpaTog

Ot dLatapaxec auTeG ouoxeT{otayv
LE ouoowpevon Altouc kol aAAaYEC
otnV £kdpacn yovidiwv oXETIKWV UE
TO UETAPBOALOMO TwV VdaTAVOPAKWY,
KOLL TOV NTTATIKO LETABOALOUO TWV
Atdiwv Ko Tng XoAnotepOAng

Nature. 2012;488:621-626



MikpoRimuu K nuXuoupkia
AvBpwmvu dcdoucvu

" Noayvooapka atopa: AvuEnuevn avaloyia Firmicutes n omola
amokaBiotatol HeTA oo anwAsla Bapouc N BapLatpLlkn XELPOUPYLKN
° O paLvoTUTIOC OLUTOC CUYKOMLONG EVEPYELAC LETAPEPETAL LE LETAUOTYKEVON

TOU ULKPOPBLWHATOC TOU TtaxUOoAPKOU OE LYLELC pn TaxuoapkoUg HOTEC

" H avtiotaon otnv wooulAivn BeAtlwOnke o€ maxVoopKa ATOLLOL TIOU
g\oBav pHOoYEUUA KOTIPAVWY OTTO AETITA ATOOL OE CUYKPLON HE QUTA
1ov €AoBav aUTOHOOXEULOTO. KOTIPAVWVY

" Qaivetal OTL UTTAPXEL LOXUPN CUCXETLON HETAEL TwV dlatapaywyV Tou
LULKpoBLwpatoc kot tou BMI, wotooo dev €xel tekpunplwOel
aLtLoAoylkn ocuvdeon



Looking for a Signal in the Noise: nevisitingBl)besitv 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/mBi0.01018-16



Mbuvoi INXuviouoi EMidpuoNs 10U HIKPOBLGIUTOS TOU
SUTENOU OTIV SHEIVLOT] MUXUOUPKLIS

" H ouvOeon TOU ULKPOPBLWHOTOG TOU EVTIEPOU OTA IaXUoApKa ATopa eival
TETOLO WOTE:
* Au&Aavetal n LKavoTnTa Tou EevioTtn va avtAel meploootepec Bepuidec amo tnv tpodn
mou vdiotatal mEYn
* HxAwpida emevepyel ko ota EMONALAKA KUTTAPA ELLUECO EAEYXOVTAC TNV
KATAVAAWGN EVEPYELOG KOL TNV AmtoBriKevaon tng
= AA\oL riiBavol pnxaviopol emidpaonc Tou UKPOPLWUATOC TOU EVTEPOU OTNV
geUdAvVION TTOXUOAPKLOC
° Emaywyn xopnAolU PBaBuol dAeypovig AOyw Twv AUTOTIOAUGAKXOPLTWY,
® PUBON Twv yovibiwv tou &gvioth Tou elval umteBuvaA yla TNV KOTAVAAWGCH Kal
TNV anobrKeuon evEpyeLa,

* Emukolvwviol Tou eVTEPLKOU HLKPORLWHATOC KOL TOU EEVIOTH MEOW EVOOKPLVIKWV
KUTTAPWV



MikpoRimuu km aAAEpYin

H utoBeon tng uylewvnG: n €kBeoN 0 ULKPOOPYAVIOUOUC 0Tn SLAPKELA TNG TTALOLKAG
nALlklag eivat kplolun yLa TNV avAamtuén Tou avoooToLNTIKOU GUOTHUOTOC
* [leploplOUEVN EKODEON OE PULKPOOPYAVIOUOUC UITOPEL var 08nynoeL o€ Slatapaxn oTnv AVATTuUén

TOU QLVOCOTIOLNTLKOU CUOTAMATOC LE ATOTEAECHUA EAAELLATO OTNV AVOGOAOYLKH avoXn —
OUTOAVOOO VOOT|LOTO KOl aAAEpYLTL

Yriapyouv dedopEva mou UTIOSELKVUOUV OTL O XPOVIOHOC KL O TPOTIOC ULKPORLOKOU

QTOLKIOMOU oTa mpwipa otadta tng {wnc (perinatal programming ) embpa otnv

aAAepyLkn tpodLaBeon

MeA€teg Seixvouv OTL OL LKPOOPYAVLIOUOL TOU EVTEPOU UIopouV va puBuiocouv
OUYKEKPLUEVOUC TTANOUOUOUC KUTTAPWY TOU OLVOCOTIOLNTIKOU CUCTAMATOC, TTX
kOTtapa NK, Baoceodpha kat puBuLotika T Aspdokuttapa ta onola eival KOUBLKAC
onpaoiog yla tnv aAAEPYLKN AmtoKpLon.

H €kBeon o LLKPOOPYAVIOUOUC KOTA TNV TIEPLYEVVNTLKY TIEPLOSO £XEL CUOYETIOTEL
LLE TNV ETILYEVETIKA pUBULON Yovidiwv Ttou epmAEkovTal oTtnVv aAAepyk GAeyuovi
KOl EMOUEVWCE TPOTIOTIOLOVUV TNV MpodLabeon yLa aAAEPYLKA VOO HOTA.

Curr Opin Gastroenterol 2012, 28:563-569



" YUotaon Tou pkpoBlwpatog os aoBeveic pe CDI

* Quloyevetikn avalvon Twv yovidlakwv aAAnAouytwv tou 16S rRNA oe
aoBevelc pe apyko enecodlo CDI (3), urtotporalovoa CDI (3) kal pAPTUPEC
(3)

* To pikpoBiwpa twv kompavwy o€ aoBeveic pe vmtotpornialovoa CDI Ntav
ETEPOYEVEC WC TIPOC TN cvotaon (oNUAaVTKEC SLadopEc HeTalL aoBevwv) Kat
eUPAVLIE ONUOAVTIKA LELWLEVN TTOLKIAOTNTA .

" >xeon pkpoBLlakwyv tagewv kat Aoipwénc aro C. difficile

* H Umopén oplopEVWY LLKPOoOopYavIopwV dpa mpootateuTtika yia tn CDI (my
Bifidobacterium spp) evw n vapén aAAwv dpa evodwTtika yia tn CDI (rty
Enterobacteria).

* Ol pkpoopyaviopot autol mowkiAouv avaioya pe tTnv nAtkia Tou acBevouc

J Infect Dis 2008; 197:435
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Study cohort

Infants

Elderly

Adults (variable age)

Observed correlation to CDI

Protective: negatively correlated
to C. difficile colonization

Bifidobacterium longum (17)

Bacteroides spp. (61, 62)
Prevotella spp. (61, 63)
Bifidobacterium spp. (61)
Enterococcaceae (63)
Leuconostocaceae (63)

Ruminococcaceae (64, 65)
Lachnospiraceae (64, 65)
Bacteroides spp. (65)
Porphyromonadaceae (65)
Bifidobacterium spp. (98)
Methanobrevibacter spp. (98)

Susceptible: positively correlated
to (. difficile colonization

Ruminococcus gnavus (17)
Klebsiella pneurnonia (17)
Lactobacilli (61)
Aerococcaceae (61)
Enterobacteria (61)
Enterococcal gr. (61)
Clostridiales:

Clostridium spp. (61, 63)
Enterobacteriaceae (64, 65)
Enterococcus (64, 65)
Lactobacillus (64)
Erysipelotrichaceae (65)

J Clin Invest. 2014;124:4182



Tt onuuivel nuBoyovo:

" [Tadoyovo: Evacg ULKPOPYAVIOUOG TTOU TPOKAAEL vOOO
" H voooc elvatl HOVo pLa oo TL¢ mBavecg ekBaocelc tng
aAAnAentidpaonc petafL tou EeVioTA KOl TOU HULKPOOPYAVLOMOU
* Coagulase negative staphylococci 2 Mé£poc tng puotoAoyiknc xAwpidacg n
naboyovo;
®* Commensals vs colonizers vs saprophytes
" H HeAETN TOU HLKPOPLWUOATOC HOG EXEL KAVEL VAL OLVAYVWPLOOU UE TOUG
oAUV ApPLOpoUC TapAyoVTEC Kal TIC aAANAETILOPAOCELC TTIOU TO
Stapopdpwvouv
* MuwkpoBLOAOYLKN TtPOCEYYLON: N LETAPANTH ELvVAL O HUKPOOPYOAVIOUOC
* AvoooloyLkn poogyyLon: n HetaPAntn eivat o Eeviotnc

Nature 2014;516:165-6



Pathogenicity Is a contextual state

H (kavotnto evoc eS0UEVOU ULKPOPYAVIOLOU,
OUUTTEPIAQUBAVOLEVWVY TWV ULKPOOPYOVIOUWYV TOU
UtkpoBLwuatoc, va TupodoTroouV 1 Vo ITPOooyouV VOOO
géaptatal amo TNV KATAOTAON EVEPYOTTOINCNC TOU
éeviotn, tn yevetikn npodiadeon tou éeviotn KAt TNV
EVTOTTILON TOU OUYKEKPLUEVOU ULKPOOPYOVIOUOU



LYMNEPALMATA

" OL MLKPOPLAKEC KOLVOTNTEC TTOU aTtolki{ouv Tov avBpwrvo
LLLKPOOPYAVIOUO PalveTAL VAL EXOUV EVEPYO POAO OE CNUOVTILKOUC
TOLLELC TNC AVOOLOKAC OTTOKPLONG

* To pKpOBLwHA ELVOL OTOPOLTATO VLA TNV «EKTTALOELGN Y TOU AVOCOTIOLNTLKOU
ovotAuatog (puolkng Kat emikTtnTng avooiag)

" Ta pEXPL TWpa SeSOUEVA TTOU EXOUUE TEKMNPLWVOUV CUCXETLON KoL
OXL OLTLOAOYLKN OXEON SLOTAPAXWY TOU ULKPOPLWUATOC LLE
OUYKEKPLULEVEC TIOLOOAOYLKEC KATOOTAOELG

* Q00TO00 N ALTLOAOYLKN CUCXETLON UMoPEL va otnpLxBel mabBoduacioloyika

* Hnepattepw SLeuKPLvVon AUTAC TNC CUCKETLONG UTTOPEL va aVOLEEL VEEC
BeparmeuTtikeg 060UG (TtY e€EAlYUEVA TIPOPBLWTIKA, PETAUOOXELON
HLKPOBLwHaTOoC)
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