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Antibiotics

Bacteriophages

Probiotics (single species)
Multispecies/designer
communities

Prebiotics

Synbiotics

Nutritional therapy

Community replacement,
“microbiota restoration”

Target specific members or groups of the microbiota and
suppress them, allowing expansion of desirable species

Use naturally occurring bacterial viruses to target specific
members of acommunity that are disruptive or are carrying out
pathogenic processes

Replace a presumably missing organism and thus a missing
function in the form of an organism

As with single species probiotics, use a collection of organisms to
replace a missing function in the microbiome

Supply a complex food product (often carbohydrates) that is
not digestible by the host to stimulate specific members of the
microbiota. The prebiotic is meant to be metabolized by the
microbiota to compounds beneficial to the host

Supply a complex of a microbe or microbes along with a prebiotic
that is meant to be used by these organisms replace a missing
function in a microbiome

Complete redesign of a diet to promote beneficial microbial
communities and function

To restore a “deficient” microbiota, harvest a presumably normal
microbiota from a healthy person and administer it to a patient

Small intestinal bacterial overgrowth
Hepatic encephalopathy

Pathogen targeted therapy to spare
the microbiota from collateral damage
Sacchromyces boulardiifor prevention

of antibiotic associated diarrhea

Feces derived communities,
multispecies

Inulin, resistant starch

Low FODMAP diet for IBS. Exclusive
enteral nutritional therapy for IBD

Fecal transplantation

FODMAP=fermentable oligosaccharides, disaccharides, monosaccharides, and polyols; IBS=irritable bowel syndrome; IBD=inflammatory bowel disease.



TTpopioTika

20gpwva pe 10 WHO, o0 06poc «mpopioTika»
xphotgotoleital yia (WVTEC HIKpoopyaviopoUug, TTou oTav
xopnyouvTtdl o€ €TAPKEIC 000EIC €XOUV €UVOIKA Opdon
oTOoV avOpWTIVo opyaviouo.

Ta TeploodTEPA TPOPIOTIKA TAPAYOUV AAKTIKO 0&U,
omwc Ta €idn Lactobacillus kai Bifidobacterium. AAAa,
onwg Streptococcus, Bacillus, kai Enterococcus
species XpnoldoToloUVTdl €TiONG, AV Kdl h XopAynoh
TOUC ¢€ivar umo apeioPAThon, agoU civar OuvNTIKA
TTaBoyova.

AKOUN,  HUKNTEG  Tou  Yévoug  Saccharomyces
xopnyouvTtal w¢ TpopioTiKA.



TTpopioTika:Lactobacillus kat Bifidobacterium

Lactobacillus xpnoigomoicitar yia Thv mpoAnyn
TNG oxeTiCodevng pe avTtipioTikd 01dppoldg He
ETITUXIA.

H xophynon Lactobacillus rhamnosus GG and
Bifidobacterium lactis Bbl2, oxeti(etar e
KaAUTepn EkPpaon oe Aoigwen amo rotavirus.

O Lactobacillus casei oupupdAAel oTnv avacToAn
TnG avdmtu¢ng Tou Helicobacter pylori.

AAa ¢€idn Lactobacillus xpnoipgotoioUvral
ohpepa yia tn Bepameia NAFLD, oakxapwdoug
diaPphTn TUTOU 2, oupoAoipwe ewv Kal othv HIV
Aoipwén. 4



Studies in which use of probiotics prevented Clostridioides (formerly Clostridium) difficile infection

al (2008)

of the antibiotic course

outpatients)

natients and 7.5% of patients in placebo group (RR 0.33,
05% C10.10-L1),

Similar
Publication e . . o commerciall
Probiotic regimen studied Study population Study findings ( , ¥
date available)
product*
Studies in adults
Beausalel et al | Lactobacillus acidophils and Lactobacils casei (25 x 10° | 89 adults (inpatients) Antibiotic-associated diarrhea occurred in 16% of treated | Blo-K
(2007) CFU/day for 2 days, then 50 % 10° CFU/day for duration of natients and 36% of patients in placebo group (OR 0.3,
the antibiotic course| 05% (10.12-0.94),
ickson etal | L casel (19 % 10° CFU/day), Lactobacilus bulgaricus (1.9 | 135 adults (inpatents) Antibiotic-associated diarrhea occurred in 12% of treated | Actimel (als0
(2007) 10% CRU/day), and Streptococcus thermaphits (19 10° natients and 34% of patients in placebo group (R 0.25, | known a5
CFU/day) within 48 hours of starting antibiotic therapy until 05% C10.07-0.85). Danactive in United
7 days after discontinuation States and
Canada)
Studies in children
Kotowska et al | Saccharomyces boularli (10 x 10° CRUJday) for duraton of | 269 chldren (72 inpatients and 197 | Antibiotc-associated diarthea occurred in 3% of treated Florastor
(2005) the antibiotic course outpatients) natients and 17% of patients In placebo group (RR 0.2, 95%
C10.07-0.5),
Ruszczyfis et | Lactohacils rhamnosts GG (2.x 101 CFU/day)forduration | 240 chidren (134 inpatents and 106 | Antiotc-associted diarhea occured in 2% treated. | Culburell




Saccharomyces boulardii

e 2 & Wa peta-avaAuon mou mepiéAape 354
acBeveic, N xopAynon HUKATWY S.
boulardii oxeTioBnke pe peiwon TN
emaveppavionc CDI.

McFarland LV. Meta-analysis of probiotics for the
prevention of antibiotic associated diarrhea and the
treatment of Clostridium difficile disease. Am J
Gastroenterol 2006 101: 812,
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Bifidobacterium

Ymdpxouv TouAdxiotov 9 €idn Bifidobacterium
OTO EVTEPO.

2 ¢ TaBoAoYIKEC KATAOTAOEIC, OTTWC O KAPKivo
evrépou, IBNE kar ceuepéBioto  évTepo
TTdpATNEEITAI CNUAVTIKA HEiwon AUTWV.

Exel Ppedei 611 To B. Longum ocuppeTéxel atnv
ékppaon Tou TNF-a kai Tn¢c IL-1a oe aoBeveic
e eAkwOn KoAiTida.



TTpoPioTikA KAl KAPKiVOC

Ta mpopioTIkA @aiveTdl va HEIWVOUV TIC TIAPEVEPYEIEC,
aAAd Kai va au€dvouv Thv amoTEAEOUATIKOTNTA HEPIKWY
XNHEIOODEPATTEUTIKWV.

Mepikd TpopioTikA @aiveTdl va pgeiwvouv Th 01dppold, Tn
BPAevvoyoviTida Kai Tnv amwAeia Pdpouc mou oxeTileTal
HE Th XOPAYNON IpIvoTeKAvne Kail 5-FU.

H xopnynon Akkermansia muciniphila DPeAtiwoe Tnv
amdvrnon othv avoooBeparteia pe anti-PD-1 o movTikia
pHe peAdvwpa, evw e€€ioou amoTeEAEOHATIKA ATAV Kdl h
xopnynon Bifidobacterium otc movTikia pe peAdvwpa,
mou €AaPav anti-PD-L1 therapy.



T2DM

Akkermansia )
DYSBIOSIS C muciniphila |
Butyrate-
LPS producing

bacteria |



TTpoepioTIKA

«TTpeploTika» eival yn Plwoiga ouoTdTika ThG TPOPAC, TTOU
EXOUV €UVOIKA dpdon oTnv uyeia Tou avOpwTou, TTpodyovTac
Tnv avdntuén A Tnv £Kppacn €voC N TEPICGOTEPWY
HIKPOOPYAVIOUWY OTO EVTEPO.

TTpokeiTal ouvhABWC via QUTIKEC IVEC, KAl OUXVOTEpA Yid
udaTavOpakeg Tou PTAvouv ATETTOI 0TO TAaXU €vrepo, OTIOU
kKal vgpiotarar (Upwon amé HIKPOooPYavioHoUC TOU EVTEPOU.
AUTA n diadikacia odnyei oThv mapaywyn short-chain fatty
acids (SCFA), mou peivouv To evTepikd pH, mpodyovtag Thv
avdmTun HIKPOOPYAVIOHWY, «QIAIKWV» Yid TOV eVIOTH, OTTWC
Lactobacillus kai Bifidobacterium.

TTio yvwoTo eival To duuho, TTou é€xel Thv 1016TNTA va auidavel
TV avdmTtuln HIKpOOPYaAvIoPWY, TToU Tdpdyouv POUTUPIKO,
ougid HE AVTIKAPKIVIKEC KAl aVvTIPAEYHOVWOEIC 1010TNTEC.



TTpepbioTIKA KAl KAPKIVOC

H 1vouAivn éxer pPpeBei va peATiwvel Thv
amoTeAeopaTikoTNTa TNC doopouPikivne.

AAMa mpePioTikd Tou TtapdyovTdl dTO QUTIKEC
iVEC HEIWVOUV TNV ToCIKOTNTA ThC HEBOTPECATNC
(81dppoia kai pAsvvoyoviTida).

To id10 ouppaivelr kar pe aAAa mpeploTikd, TIOU
LEIWVOUV TNV TOCIKOTNTA TNC 1PIVOTEKAVNG, HEOW

TG aulnuévne mapaywyhe PouTtupikoU océoc,
TTOU ETTITUYXAVOUV.



MeTapioTikd

MeTaPpioTikd civar 01dAutd TpoidvTa Kdal HeTaPoAiTec,
Tou TpoépxovTtal amd (wvrtavoUC HIKpoopyaviopoug Kdal
TTOU £X0UV €UVOIKNA dpdon oTov dvBpwTo.

To MO avTITIPOOWTEUTIKO Trapddeiypa eivar Ta SCFA,
OTTWC TO POUTUPIKO OEU.

AUo TéTo1a peTaPiloTikd, Tou mapdyovTail amé wvtavoucg
HIKpoopyavioHoUC £xel PpeBei va peiwvouv Tn ouxvoTnTd

TnC PAevvoyoviTidd¢ Tou TtapaTnpeiTal HeTd Bepateia pe
5-FU.

lNivovtar épeuve¢ vyia TO dav Tpodyouv Kdl Thv
KuTtTadpoTolikn O&pdon Tn¢ DFU, dnAadn yia Tto av
emmauldvouv Thv amoTeAEopaATIKOTNTA ThC Oepameiac pe
5-FU.



Probiotics . | .
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rategies to modulate microbiota and the outcome of anticancer therapies
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Fecal microbiota transplantation
Donor with

The gut microbiota is the collection of microorganisms healthy gut
that live in the stomach and intestines. microbiota

When the healthy gut microbiota is altered,
C difficile may cause an infection that can
be difficult to cure.

e e

, C difficile
\ infection

L from a healthy
nor is transferred
to a patient with

cu rent C difficile

A healthy mlcroblota
Is restored in the
patient’s colon.
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Figure 4. Gut Microbiota and Specific Commensals as Potential Preventive or Therapeutic Agents.

Clinical studies are indicated in blug, and preclinical {mouse) studies in red.




Microbiome therapy
Fecal microbial transplantation

Biomarkers Precision medicine
Sequencing stool samples Computational biologist

mll[- ¥

IR

Q
< %
Therapy optimization (9 %) Cf;:)é Drug discovery

Immunotherapeutic effects 6‘? Microbiome-derived compounds or
microbiome -targeted drugs
oY

Toxicity




Composition Function

Biomarker profiling Metatranscriptomics

Microbiota composition Microbial functional gene expression
Based on: DNA Based on; RNA

Platform: NGS Platform: NGS

Pros: Cost-effective; semi-quantitative Pros: Host and microbial gene transcripts

Cons: Lacks functional information Cons: Samples require RNA preservation;

host genes may predominate signal

Productivity
Metagenomics Metabolomics " | Metaproteomics
Microbiome functional gene capacity Metabolc productivty s f. Protein expression
Based on: DNA Based on: Netaboltes <% | | Based on: Prteis
Platform: NGS Platform; LC/GC - MS Platform: LC/GC-MS
Pros: Strain-level resolution Pros: Semi-quantitative, targeted or Pros: Semi-quantitative
Cons: Expensive; computationally Untargeted Cons: Qrigin of proteins unclear
intensive Cons: Origin of metanolite Unclear
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Autism
Depression
Anxiety

Asthmal/atopy
Exagerrated immune
response

Cardiovascular disease
Hypertension
Ischemic
Heart disease

Peripheral vascular ‘

Biliary disease
Altered enterohepatic
2 circulation of bile

Colon cancer

_Obesity.'melabolic syndrome
Altered energy metabolism
Altered lipid metabolism

‘ Altered drug metabolism
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Activation of specific microbial species
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Figure 3: Systemic diseases directly influenced by gut microbiota.

Several human disease are associated with disorder of microbiome. Diseases that are directly influenced by the gut microbial content are highlighted [10].
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From leaky gut to disease
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GUT REACTION: The Surprising Power of Microbes
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