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MikpoBiakn xXAwpida
VS
MikpoBiwpua



MuwpofBiwpa
* To oUVOAO TOU YeVETLIKOU UALKOU (DNA) twv
LLLKPOOPYOVIOUWV ATIOTEAEL TO MthoBiwua

* Omnwc to cUVOAO TOU YEVETLKOU UALKOU TWV KUTTAPWYV O
anotekel to FOVLOLW MO pag



MuwpoBrakn XAwpida
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(Wendy S. Garrett. J Cell Biol. 2015;210:919-920)




Mikpofiakn XAwpida
e 10%% Baktnpla TOU CWHATOC KOG (3% TOU CWHATLKOU

Bapouc) > 10 X 10! avBpwrnela KUTTAPO

e Baktnpdlaka yovidia (3,000,000) >100 X avBpwreLa
yovidla (23,000) (Costello et al Science. 2009)

...more recent research

estimates that to 3:1...
Nature 2016

human cells bacteria
(PLOS Biology 2016)

: 0.2 W erythrocytes ([Jothers ® bacteria

M adipocytes B muscle cells
Fig 3. Distribution of cell number and mass for different cell types in the human body (for a 70 kg adult man). The upper bar displays the




MuwpoBrakn XAwpida

* Yrtapyxouv 100 TpLoEKATOUMUPLO ULKPOOPYOVLOUOL
0TO cwpa Tou avBpwrou... 10 popEc neploocoteEpa
armo avlpwriva KuTTOpa.....

THE HUMAN MICROBIOME PROJECT SAYS THE HUMAN BODY
HAS 100 TRILLION MICROSCOPIC L1FE FORMS LIVING IN IT.
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/0% TWV UIKPOOPYAVIOUWY TNC XAwPIdAC uag
TTAPAMEVOUV “UN KOAAIEpYNOIUA”

cultivated fraction

= Avaykn yia Tnv
QAVATITUCN VEWV
QAVECAPTNTWYV TEXVIKWV




AVIXVEUON HLKPOBLWUATOC

* 2NMEPA N AVATITUCN TWV TEXVIKWYV TNC
Moplakn¢ laTtpikn¢ pag Oivel TNV duvaToTnTd
Va CETTEPACOUME TA TTPORBAAUATA TWV
KOAAIEPYEIWV.

 Opwc¢ akoun N un TauToTToinCn TOU
LIKPOBIWPATOC OAWYV TWV MIKPOOPYAVIOHWYV
TTAPAUEVEI Eva PeyaAo (nTnua.



EVfGXl)G!] B(IKTT]plﬁl(lKOl') DNA ° KaipeTtg npoodatec pebodoug
yovotuUnnong tovu yovidiouv 16S (ukpn)

* Twthoddtnon (Sradoykés pLBocwHLKN uTtopovasda), pTavouue

, , LEXPL SLOKPLTLKN G LKAVOTNTOC
* aparecElg DNA KOZp (IV(DV) TOLUTOTIOLNONC TOU YEVOUC, AAAQ OXL TOU

eldouc.

e Ko av B€Alovpe peyoAutepn avaiuon,
WTOPOULLE VAL YOVOTUTIF)OOUE OAO TO

(a]: 164 ng/ul LULKPOPLAKO YEVETIKO UALKO e shotgun
sequencing.
[b] 1.64 ng/l-ll How animals are classified
Domain (Domaing)
[c]: 164 pg/ul

Kingdom (Kingdoms)

[d]: 16,4 pg/ul Phylum {Fhyla)

- (e

[f]: 164 fg/ul

Class (Classes)

1 6 S Crder (Orders)

Family (Families)

Genus (Genera)

Species (Species)
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H cVv0e0o1 Tov «@UGLoAoyLKOV» aVOp@TLVOV
EVTEPLKOV HKPOBLONATOC
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Biology as Information Science: in Large Scale!

C\ sequence Genome
DNA l

l expression Transcriptome
RNA l
l structure
g 1 Proteome - ‘

function G |
l - = A .‘:A tul&.
\ / Systems biology

» system . (Regulome, Epigenome, Metabolome Physiome...)



Bioinformatics:
Transforming bio-information to knowledge

NEW INSIGHTS

NEW BIOLOGY
HYPOTHESES Ve .
2 f:. g Bl D
=
o 1
i NEW
: ‘{f\_ BIOLOGICAL
NEW A QUESTIONS
SOFTWARE P
COMPUTATION PX. 7/ /]
NEW ' NEW TECHNOLOGIES
© Institute for DATA @@=

Systems Biology



4 Journal of
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I Personalized ml\l)l’l

Medicine Z

Commentary

Personomics: The Missing Link in the Evolution from
Precision Medicine to Personalized Medicine

Roy C. Ziegelstein

Johns Hopkins University School of Medicine, Baltimore, MD 21205, USA; rziegel2@jhmi.edu;
Tel.: +1 410-955-8401

derived from knowing the patient as a person. These unique personal characteristics are defined
by the tools of personalized medicine—personomics—which take into account an individual’s
personality, preferences, values, goals, health beliefs, social support network, financial resources,
and unique life circumstances that affect how and when a given health condition will manifest in
that person and how that condition will respond to treatment. In this paradigm, precision medicine
may be considered a necessary step in the evolution of medical care to personalized medicine,
with personomics as the missing link.

(J. Pers. Med. 2017)



The concept of the IBD interactome

Genomic Rx:

« Not yet available
= Target selective
* Unknown
effectiveness

« Unknown risks

1

Omics
analysis

Microbial Rx:
* Occasional efficacy
= Not target selective
* Predictable side
effects

* Limited time use

Environmental Rx:
« Targets largely unknown

* Hard to implement (behavioral
modifications)
« Lifetime implementation

« Selective efficacy (e.g., smoke cessation)

Exposome

Immune Rx:

= Reasonably effective
* Limited target
selection

« Common side effects
*» Loss of efficacy

1

Multiomics
Integration of

\_ IBD networks

IBD
interactom?’

Personalized Rx:

« Correct target
identification

« Absolute specificity
» Potentially curative

(Danese et al. Gut 2016)



Systems biology in inflammatory bowel diseases: on the way to

precision medicine

Nikolas Dovrolis, Eirini Filidou, George Kolios

Democritus University of Thrace, Alexandroupolis, Greece

(Annals of Gastroenterology 2019)
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Evtepkn xYAwpida tov avOpwrnou



i GUT MICROBIOTA

A huge quantity (hundreds of trillions) of bacteria and other
microorganisms inhabit your intestines; they are key for your
health and wellbeing.
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@uaorodoyikn xYAwpida Tou nentikol cwARva

e
l'
\ \ Mouth
) —
= ! o
,./ U -\-.. Esophagus
|' \ |
\ | x
, \\/\'l ~,‘ Stomach
," \ [’&JJ ) . e adiaki
| Y I\ lleum
A L
‘ui ‘1/ '." \ O/“ ’/ \|' \ \ Rectum
( '|' || 8 0 2 4 6 8 10 12
/| I
e, || W

| Log organisms/mL contents, n
' [ |

(Laissue & Gebbers. Curr Stud Hematol Blood Transfus 1992)



QuooAoyikn xAwpeida Tov MENTIKOU CWARVA

-

Bacteroides Prevotellaceae
Clostridium TM7
Lachnospiraceae Fusobacteria

Lactobacillus Proteobacteria Verrucomicrobium

Streptococcus Actinobacteria

Enterococcus

Yeast species

N =

“diversity- Btonou(t)\ornta

Streptococcus
Lactococcus \_/ lleum _
Staphylococcus ;

Segmented fllamentous
bacteria
Enterobacteriaceae
Bacteroides

| Clostridium

Duodenum

Increasing numbers and diversity of microbiota

(Brown et al. Nature Immunol 2013)



O poAoc¢ tnc Evtepiknc XAwpidog

e H evtepikn YAwpida Kal o evtepLKOC BAevvoyovoc elvall
SU0 cuUPLWTIKOL OpyOVLIOUOL.

e [MMTou avamtuxOnkav napaAAnAa pEcA
otnVv £€EALKTIKN MOPELQAL.

e O eVTEPLKOC LUAOC TTAPEXEL EVVOIKEC CUVONKEC
QVATITUENC KOl BPETTTLKA UALKAL.

e HyAwpida tpodiko/petafoAlkd poAo Kal mpootaocia
aro maboyovouc apayovTEC.



O poAog tng Ducrodoykng EvtepLking
XAwpidac

Protective functions Structural functions Metabolic functions ‘

Pathogen displacement Barrier fortification Control IEC differentiation = Ferment non-digestible

Nutrient competition Induction of IgA and proliferation dietary res!?’:: eraln : epdc()j-

Receptor competition Apical tightening of Mete.lbolize dietary ?neungjis FpERisEasINe
tight junctions SAICINO0SS

Production of anti-microbial lon absorption

Synthesize vitamins

factors e.g., bacteriocins, Immune system biotin. folat Sal ¢
lactic acids development Q.- DIDIN, [O:ale aivage onenerdy
=y IgA Short-chain Mg2+ Vitamin K
: b+ A fatty acids Ca2+ Biotin
Commensal bacteria N 4 Fe2+ Folate

(O’Hara & Shanahan. EMBO reports 2006)



Avamntuén tov BAevvoyoviou avocoAoyLlkoU GUOTIHOTOC

a Splenic CD4 b Intestinal CD4 C |Intestinal IgA
(inset: splenic CD8) (inset: intestinal CD8) (inset: Peyer's-patch IgA)

Germ-free mouse

Mouse colonized
with intestinal bacteria

(Macpherson & Harris. Nature Reviews in Immunol 2004)



H teAwkn dtapopoTttoinon Twv BAEVVOYOVIKWVY

AEQPOKUTTAPWYV eTNPeAlETAL ATIO TNV
HIKpOXAWpPLOX

segmentous filamentous bacteria type 17 T helper (TH17) cells
Clostridia Treg cells

Bacteroides fragilis type 1 T helper (TH1) cells

Hooper, L. V., Science 336, 1268-1273 (2012)




‘EppEeoN Kaw apeon cupoAn tne xAwpidacg otnv avtiotaon

Microbiota strategies

Pathogen strategies

KOTA TwV nadoyovwv
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(Kamada et al. Nature Rev Immunol 2013)



Mnxaviopotl avoxng

7 J = Luminal bacteria / Intestinal lumen
> y Villus

“¢B7,\ =

& CD103*DC
CD11b*
TLRS DC > RA, TGF-} No IL-12,
( i ) IL-23

ATP Flagelin  CD70* APC a \LVC @
Y ? Y\ s Treg Thi cell Th17 cell
@@ CD103° DG
Th17 cells T cells Activation
e @ l“"' (i
0&7@ ] i: ; RA, TGF-B @
Treg Macrophage freg
LP MLN 1
CX3CR1"
CD70° DC
i
(Rescigno & Sabatino. J Clin Invest 2009) &

Th17 cell



Avoyxn (tolerance)

Lamina propria
(Niess et al. Science 2005)




Identification of subepithelial mesenchymal cells
that induce IgA and diversify gut microbiota

Kazuki Nagashima!, Shinichiro Sawal-2, Takeshi Nitta!, Masanori Tsutsumi', Tadashi Okamura®*,
Josef M Penninger®©, Tomoki Nakashima®® & Hiroshi Takayanagi!
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(Nature Immunology 2017)



 Methods Primary SEMFs were isolated from endoscopically-obtained
colonic biopsies from healthy individuals and were found a-SMA and
vimentin positive and desmin negative by immunofluorescence.

« Healthy SEMFs were stimulated with 102, 104, 108 BU/mIl of a mix of
Lactobacillus Plantarum, Saccharomyces Boulardii,
Bifidobacterium Lactis, Lactobacillus Acidophillus for 6 or 48
hours. Total RNA was collected at 6h and mRNA transcripts for
profibrotic factors were measured by reverse transcription quantitative
PCR. At 48h, supernatants were collected, and total collagen protein
secreted was measured by Sircol Assay.

cSEMFs Characterization
a-SMA Vimenti | Desmin

(Unpublished data)



‘EAeyxoc¢ Buwopotnrac pe Trypan Blue

A. Oh 24h 48h

Yxedov OAa ta KUTTOPQ
napEpevay {wvtovad, Kabwe  40x
dev Badtnkav pe Tn xpwon He @ °
Trypan Blue: 10um

A. peiypa Twv oteAexwv

Lactobacillus acidophillus, 100x "‘ R NS
Lactobacillus plantarum, & | - -
Bifidobacterium lactis, ‘ 10um
Saccharomyces boulardii B. Oh 24h 48h

B. Lactobacillus plantarum.
100x ' ,

10pm



Collagen type |, lll, and total protein

The mix of Lactobacillus Plantarum, Saccharomyces Boulardii, Bifidobacterium Lactis
and Lactobacillus Acidophillus resulted in decreased:
collagen protein expression (102 BU/ml: 3.057-fold, 2.586-2.894, p<0.01)

MRNA collagen type | expression (104 BU/ml: 2.717-fold, 0.05231-0.05731, p<0.05; 108
BU/ml. 2.265-fold, 0.02628-0.09979, p<0.05) and
MRNA collagen type Il expression (104 BU/ml: 2.378-fold, 0.1272-0.1317, p<0.05; 108
BU/ml; 2.717-fold, 0.01924-0.1363, p<0,05)
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(Unpublished data)




Fibronectin, tissue factor, a-Smooth

Muscle Actin

The mix of Lactobacillus Plantarum, Saccharomyces Boulardii, Bifidobacterium Lactis

and Lactobacillus Acidophillus resulted in decreased:
« mMRNA Fibronectin and a-SMA expression (although not statistically significant)

And in increased:

« mMRNA Tissue Factor expression (102BU/ml: 2.717-fold, 10.74-11.12, p<0.05)
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p<0.05
|

e
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(Unpublished data)




Emidpaon Tou L. plantarum oto A on 24h ash
METAVAOCTEUTIKO puBuo Twv EYM

, , . , Control | e e R s
To pepovwuévo oTéEAexog Lactobacillus plantarum odriynoe otn e
dococfapTwWHEVN oauénorn Tou pPuBPOU HETAVAOTEUCNG TWwV
EYM: .
» 102cfu/ml: petd@ amo 24 wpeg katad 128.30%, IQR: 100.60 — 161.80, TeF8 | e
p<0.05, Sng/ml T

» 104 cfu/ml: petd amd 24 wpeg katd 124.10%, IQR: 96.09 — 156.10,
p<0.05 kai petad amd 48 wpeg karad 146.90%, IQR: 101.80 — 175.20, _ PRER
p<0.0001, | = st

> 108 cfu/ml: peTd om6 24 WPEG KaTd 222.20%, IQR: 153.10 — 271.00, o0

p<0.0001 kai peta atd 48 wpes kKatd 162.70%, IQR: 146.30 — 179.90,

%0.0001- C. .p"-OOS
300+ R 300+ ..."’?':0 01 S
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e g joy hkk
.0 200~ : - S 200+ o - : - | —
~— — " L . ,
o 2 v : 3 fs S5 S
A 4 1 > ] L. plantarum ' g
E1 E 104 cfu/ml s
s 100 se 100 ﬁ ﬁ . s
0~ 0 L. plantarum— :

R A S S 0 o k * S & 8 10% ctw/mi
© Probiotics © Probiotics

(Unpublished data)



EuBiwon ko duoBiwon

Homeostasis Inflammatory bowel disease
Genetic factors (for
example, mutations in Environmental factors
NodZ, Atg16l1 and H23r)| |(diet, stress and infection)
L ]

Iransmissable

v

Symbiont Dysbiosis to healthy host
! 1
Unclassified Beneficial Pathobionts
bacteria bacteria /
T =D % #f

Lamina o M T, 17 cells| |*+ T;  cells
propria o Mt T 1cells | [*41L-10
v v Y * L REGlIly
* GALT development ® T Tq.qcell Unknown — .
et T 17 and T, 1 cells | | » T1L-10 contribution Chronic inflammation

1 Barrier function « T REGIky
o T REGIlly

(Kamada et al. Nature Rev Immunol 2013)



TuttoL duofilwong

@ EAAtTWoN BLO-TIOKIAOTNTOC EVTEPLKAC YAwpLdoC

@ MetaoAn Tng oxeTkNg cvotaonc Tt xAwpidac (avaloyikn
ouppeTOXA GUAWV)

@ Yniepavarmntuén duvntikwyv ntaboyovwv/e€adavion MPOoTATEUTIKWY
LULLKPOOPYOAVLIO WV

@ MetapfoAec otn Aettoupykn ouvBeon tng xAwpildog

@ Alotapaypevn avayvwplon tng xYAwpldac amo to BAevvoyoviko
OVOOOAOYLKO cUOTNHO



Baokd XapaKTNPLOTIKA TOV MKPORWHATOC

AgOovia OpoAoTNTO
(richness) (eveness)

BlomolkiAotnTXX
(diversity)




Evtepikn xYAwpida tou avOpwrmovu
Kot TEPLBAANOVTIKEC EMOPACELC



Inflammatory activity of IBD

0 10 20 30 40 S0 60 70

Years

Disease Diagnosis Flares Controlled
onset disease

Pre-clinical Clinical

(Rogler & Vavricka Inflamm Bowel Dis. 2015;21:400-408)




ECmyevelg emopacelc otny
EVTEPLKN YAMOPLOW

Atlarto,
HM Kla
Dappoxkao
Kavoveg Yyiewvng
Enrayyelno
Ieprparrov

— E. Coli serogroups

Kwnrikotnrto tov
EVTEPOV

Kvnon

Dlreynoveg
AV0GOAOYIKO GOGTNNO
Xpovia Voo HoTa.

— AAKOOAMGHOG

— Awprng

(Ogra PL. Adv Exp Med Biol. 2009)



[Tévvnon: 10 EvTEpPO gival “oTEIPO”

) , MepiBaAAov Kkai
ETToIKIONOG a1TO

; TTAPAYOVTEG
BakTApla EEVIOTH
ATTO

KTr]on XAWPIidag Tou evnAikou (2 €Tn)

12 months

(Marie-Claire Arrieta Front Immunol. 2014; 5: 427)




Mother's body habitat:
@ Oral mucosa
Vagina
' Skin

Baby's devry mode Vaginal delivery:

® Vaginal

St v'intestinal colonization reflective of
maternal vaginal flora

v’ Lactobacillus
v Prevotella

2
Q0
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oY
O
o

ot 1o, Cesarean delivery:

v Epidermal colonization
v Clostridium

Streptococcus /

Staphyloc S h l

ol A taphylococcus
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v'Propionobacterium
. v Corynebacterium

e v' | anaerobes: lower numbers of

"Co ryneb acte
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" Bacil Iales
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Fraction of sequences
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orm as:
Nat Med. 2016 March : 22(3): 250-253. do1:10.1038/mm.4039.

Partial restoration of the microbiota of cesarean-born infants via
vaginal microbial transfer

Maria G. Dominguez-Bello'-2.", Kassandra M. De Jesus-Laboy2, Nan Shen?g, Laura M. Cox',
Amnon Amir®-7, Antonio Gonzalez®’, Nicholas A. Bokulich', Se Jin Song®#4, Marina
Hoashi®, Juana I. Rivera-Vina®, Keimari Mendez® Rob Knight3.7, and Jose C. Clemente®.9.’
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Figure 1. Restoring the maternal microbiota in infants born by C-section




Mntpko yala

Praveen ef al Microbvorne (2015) 3:41

DO 10.1186/540168-015-0104-7 ﬁ Microbiome

RESEARCH Open Access

The role of breast-feeding in infant @
immune system: a systems perspective on
the intestinal microbiome

Paurush Praveen’’, Ferenc Jordan', Corrado Priami™ and Melissa J. Morine ™

g__Bifidobacterium
f__Bifidobacteriaceae

B Breast-Fed
B Formula-fed

a:

b:

c: o__Bifidobacteriales

d: g__Collinsella

e: g__Eggerthella

f: f__Coriobacteriaceae

g: o__Coriobactenales

h: g__Bacteroides

i: f__Bacteroidaceae

j: o__Bacteroidales

k: g__Enterococcus

I: f__Enterococcaceae

m: g__Lactobacillus

n: f__Lactobacillaceae
__Streptococcus

n
>y

o:
p: f__Streptococcaceae
q: o__Lactobacillales
r: g__Eubacterium

s: f__Eubacteriaceae

t

__Anaerostipes
72 B u: g_ Roseburia

B a0: f__Erysipelotrichaceae
B al: o_ Erysipelotrichales
Bl a2: g__veillonella

EEl a3: f_Veillonellaceae
I a4: o__Selenomonadales
Bl a5: g__Sutterella

Il a6: f_Sutterellaceae

El a7: o_Burkholderiales
B a8: g_ Enterobacter

Conclusions: Our findings revealed that there
IS co-expression of more genes in breast-fed
samples but lower microbial diversity
compared to formula-fed.

B a9: g_ Escherichia
B b0: g_ Klebsiella
Il bl:f Enterobacteriaceae




Naxvoapkia uNTtepac Ka
HKpoBiwpa eppuov

Matomal health

1 BMI, T nsulin rosistanco,
1 GWG, HFD/WSD, DM or GOM Breastfeeding (T HMOs)

Increasad risk of Altered SCFAs. T LPS
[ Later life obesity ] 1 Lipogenesis 1 Inestinal barrier lunction
Immunological dysfunction Hopatotoxicity Abnomal immune programming
The metabolic syndrome Chronic inflammation Changes in gut satiaty hormonas

NAFLD 1 Energy extraction

N, A N P

(Gohir et al. Pediatr Res. 2015)

(Soderborg et al. Diabetologia 2016)



The influence of antibiotics and dietary components
on gut microbiota

Ruth K. Dudek-Wicher, Adam Junka, Marzenna Bartoszewicz

Department of Pharmaceutical Microbiology and Parasitology, Medical University of Wroclaw, Wroclaw, Poland

Gastroenterology Rev 2018: 13 (2): 85-92

Factor Alteration Clinical relevance

Fluoroquinolones and Decreased microbial diversity, reduced number Systematic use of antibiotics can reshape the

B-lactams [24] of taxa, changed Bacteroidetes/Firmicutes ratio, microbiota in favor of resistant bacterial strains in
increased average microbial load [24] the long term [24]

Clindamycin [25] Reduced resistance to colonization High risk of pseudomembranous colitis due to

by pathogens [25] Clostridium difficile overgrowth, gastritis and
diarrhea, bloating and intestinal pain [25]
Moxifloxacin, cefazolin, Qualitative and quantitative changes in genera [27] Increased risk of opportunistic infections caused by
ampicillin/sulbactam, Escherichia spp. or Klebsiella spp. [27]

amoxicillin, penicillin G/
clindamycin [27]

Antibiotic treatment Fucose, sialic acid liberated from mucins [28, 29]. Expansion of the opportunistic pathogens
(17, 28, 29] Alteration of intestinal commensal bacteria causes  Salmonella typhimurium, C. difficile and E. coli [28,
immune defense modification [17] 29]. Allergy and viral infection promotion [17]



Effects of Antibiotics on Gut Microbiota

Kathleen Lange? Martin Buerger? Andreas Stallmach®® Tony Brunsa'l Dig Dis 2016;34:260-268

3Department of Internal Medicine IV (Gastroenterology, Hepatology, and Infectious Diseases), and °The Integrated
Research and Treatment Center for Sepsis Control and Care (CSCC), Jena University Hospital, Jena, Germany

Healthy Alternative
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Stomach microflora

Bacterial

oa
Oxygen pH AMPs SCFAs (log cfu/q)
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Proton pump inhibitors

Adverse drug reactions

* To teAevtala XYpovia, LEAETEC €xouv Oeléel OTL N
eviepLkn YAwpida aacBevwv nou kavouv xpnon PPls
eudavilel onUAVTIKA LELWON TNE BLomolKIAOTNTOC TN,
LLE cadr TPOTIOTMOLNCN OPLOUEVWV TAEEWV
LLLKPOOPYOVLOUWV.

* H aA\ayn avtn paivetol va oxetiletal pe avénpevo
Kivouvo dlatapoxwVv Tou MEMTIKOU, OTtWC AOLMWEELC LE

KAwotnpolo Difficile. (Freedberg et al. Clin Lab Med 2014;
Seto et al. Microbiome 2014;
Clooney et al. Aliment Pharmacol Ther 2016;
Jackson et al. Gut 2016)



a-Diversity Indices
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(J. Clin. Biochem. Nutr. 2018)
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Environmental and Physical
Stressors on the Gut Microbiota

J. Philip Karl'*, Adrienne M. Hatch', Steven M. Arcidiacono?, Sarah C. Pearce?,
Ida G. Pantoja-Feliciano?, Laurel A. Doherty? and Jason W. Soares?

' Miditary Nutrition Division, U.S. Army Research Institute of Environmental Medicine, Natick, MA, United States,

Military training
Karl et al., 2017a

Circadian disruption/
Benedict et al., 2016

High Altitude
Kleessen et al., 2005

Noise

Food Restriction

Psychological stress
Knowles et al., 2008

Kato-Kataoka et al., 2016

Travelers’ diarrhea
Kampmann et al., 2016

Diet

Diet Composition

L # @ » = beneficial metabolites
& ® # = harmful metabolites
«" w* = antimicrobial compounds
e = pro-inflammatory bacteria
= beneficial microbes
we. = [nflammation
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AilciTa

H tpodn eivat o cuvdeouocg TNC evieEPKNC XAwpLldac Ue to
neplBaiiov

* H duatpodn elval Kuplapxog mopayovtac, ou ennpealel
TN oUvBeon Katl tn SpacTNPLOTNTA TNC EVIEPLKNC
XAwpildac.

* Tooo n BlromolkiAoTNTa 000 Kol oL LETABOALKEC artoSOCELC
NG evtePLKNC YAwpidac petafallovtol peca o€ Alyeg
NUEPEC META Ao aAAayeC TNC dlattag,

* £VOL QTTOTEAECHO TIOU TILOTEVETOL OTL CUMPBaivVEL HEOCW
MOAAATAWYV AAANAEVOETWVY 0O WV.

(David et al Nature 2014; Read and Holmes, Front Immunol. 2017)



A Bacteria Fungi

Read fraction Read fraction
Nature. 2014 January 23; 505(7484): 559-563. doi: 10, 1038/nature12820, 20% % % %% % %
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Diet rapidly and reproducibly alters the human gut microbiome Cheddar (rind)
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'FAS Center for Systems Biology, Harvard University, Cambridge, MA, 02138, USA.
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Abstract O T —— : r—
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Long-term diet influences the structure and activity of the trillions of microorganisms residing in ?? 6 e P Y6 e
the human gut! 3, but it remains unclear how rapidly and reproducibly the human gut microbiome Read fraction Read fraction
responds to short-term macronutrient change. Here, we show that the short-term consumption of o | B Lactococcus lactis (s)
diets composed entirely of animal or plant products alters microbial community structure and -g W Pediococcus acidilactici (s)
overwhelms inter-individual differences in microbial gene expression. The animal-based diet T | mmm Staphylococcus (g)
increased the abundance of bile-tolerant microorganisms (Alistipes, Bilophila. and Bacteroides) 8 WM Streptococcus thermophilus (s)
and decreased the levels of Firmicutes that metabolize dietary plant polysaccharides (Roseburia, | mmm candida sp. (s)
Eubacterium rectale, and Ruminococcus bromii). Microbial activity mirrored differences between | mm Debaryomyces (g)
(L | = Penicillium (g)
I Scopulariopsis (g)




Colonization of the human gut by bovine bacteric
present in Parmesan cheese

Christian Milani® !, Sabrina Duranti', Stefania Napoli?, Giulia Alessandri®, Leonardo Mancabelli?,

study showing that Bifidobacterium mongoliense strains from cheese can transiently colonize
the human gut, a process that can be enhanced by cow milk consumption.

Stool Milk Litter Cheese
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(NATURE COMMUNICATIONS | (2019) 10:1286 )




EvTepIKN XAWPIOA KAl VOOOAOYIX



MuikpoBiwpa — O péAog tou otnv vysLa?

Aswtovpyio KNZ
N'vwoTtiki Aettoupyia
AwaBeon
Afovag Avxoc
MwkpoBLwpatog —AvoGoAoyLKWV SLatopaxwvV grress
Atovag Afovag
MwkpoBlwpatog —MetaBoAlkwv voowv MuKpOBLEHATOG —
Eykedalov
, Evtepikni Asttoupyia
MetaBoAlopog

(" Kwnuikétnta evtépou \

MpooAnyn/anobnkevon

EVEPYELAG
Napaywyr) SCFA
Z0vOeon Brtapwvwv

(American Society for Nutrition Adv. Nutr. 2016;7:323-330)

EriOnAakog dppaypoc/Asitovpyia
Npootacia anoé naboyova
Avantuén Kkal opoiléotacn
OLVOGOTIOLNTLKOU GUOTHLOTOG
PUBMLoN pAsypovig
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AvcBiwon w¢ voooyovoc HNXOVIGLOG

To paopa twv madbnoswv pe mbavn CURHUETOXN TOU LKPOBLWHOTOC
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Disease associations with the intestinal microbial community (examples).

References
Allergies/Allergy protection [23,59,64-66]
Atherosclerosis/Thrombosis/Cardiovascular Diseases 46-48,67-70]
Cancer [40,71,72]
Diabetes mellitus 42,73 ]

Immune-Mediated Inflammatory Diseases
—Inflammatory bowel diseases
—Multiple sclerosis
—Rheumatoid arthritis
—Psoriasis
Kwashiorkor
Liver Diseases
Metabolic Syndrome/Obesity
Neurodevelopmental, Psychiatric and Neuro-
degenerative diseases
—Autism
—Depression
—Alzheimer’s Disease, Parkinson’s Disease

26,27,30,31,74,75]
76,77]

78]

79]

(43,44]

80,81]

41,82-85]

(49,86]
(49,87]
[49,53,54,88,89]

(Hubert E. Blum. Advances in Medical Sciences 2017)



Inflammatory Bowel Diseases

Environmental Factors:
diet (high fat & sugar,
processed foods), infections,
antibiotics, smoking,
geography, socio-economic

Genetics development,
163 susceptibility genes: sanitation

bacterial recognition, autophagy,
defensin, immune regulation,
mucosal barrier function
(NOD2, ATG16L1, IRGM,
FUT2, PTPN2)

Gut Microbiota

Dysbiosis

Nutr Clin Pract 2015

Altered Innate and Adaptative Immunity
}




Increased in IBD Decreased in IBD

e Mucosal bacterial numbers e Diversity
e Adherent-invasive Escherichia coli e Bacteriodes
e Enterobacteriaceae e Clostridia
e Fusobacteriaceae e Bifidobacteriaceae
e Mycobacterium avium paratuberculosis e Faecalibacterum prausnitizi
e Clostridium difficile
e Archaea???
Lifestyle & Environment  Loss of ancestral organisms
(‘old friends’)
* Antibiotics '

« Sanitation & hygiene
» Urbanisation
* Reduced parasitism

« Decline in H. pylori , Intestinal &

Immune

ér_/ | Development

(Sheehan & Shanahan. Gastroenterol Clin N Am 2016)

* Family size

» Refrigeration
* Diet

» Sedentary life




Gut microbiota in the pathogenesis of inflammatory bowel disease
Atsushi Nishida'© - Ryo Inoue? - Osamu Inatomi’ - Shigeki Bamba' - Yuji Naito® - Akira Andoh'

< Dysbiosis in IBD @come in host immune syste)
and mucosal integrity

- Reduceddiversity of the microbiota
(Decrease of Firmicutes)

 Decrease of energy source

. Decrease of SCFA-producing bacteria in epithelial cell growth and differentiation

(Decrease of Clostridiumcluster IV, XIVa, XVI|

and Faecalibacterium prausnitzzi) * The alteration of regulatory T cell differentiation

+ Degradation of mucus

* Increase of mucolytic bacteria s :
* Increase of bacterial invasion

(Ruminococcus gnavas, Ruminococcus torques)

* Enhancement of epithelial cells damage

* Increase of sulfate-reducing bacteria : g :
* Induction of mucosal inflammation

(Desulfovibrio)

- Increase of pathogenic bacteria * Alteration of mucosal permeability

(Adhesion/invasive E. coli)

(Clinical Journal of Gastroenterology 2018)
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Gut Microbial Signatures Underline Complicated Crohn's
Disease but Vary Between Cohorts; An In Silico Approach

Nikolas Dovrolis, MSc,** loannis Drygiannakis, MD, PhD," Eirini Filidou, PhD,*
Leonidas Kandilogiannakis, MSc,* Konstantinos Arvanitidis, PhD,* loannis Tentes, PhD,*
George Kolios, MD, PhD,* and Vassilis Valatas, MD, PhD'

a-Diversity (OTU level)

p<107?

pNS A

- ¥ \ Overall Test (p <1014)

B1-NSNP

B2-Stricturing B3-Penetrating Healthy Controls
(Dovrolis et al. Inflamm Bowel Dis. 2019)



Irritable bowel syndrome: a gut microbiota-related disorder?

Yogesh Bhattarai,'? David A. Muniz Pedrogo,'? and Purna C. Kashyap™'2

Gastrointestinal motility and sensation Gut brain axis

) §-r}->,3 '_"-' @l
#\ "’ ? o © '4,

Potential effect
of gut
microbiota

Intestinal barner function
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Immune activation

5‘_}' v -v—‘

Mast cellsl
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(Am J Physiol Gastrointest Liver Physiol , 2016)



Similar Fecal Microbiota Signatures in Patients With
Diarrhea-Predominant Irritable Bowel Syndrome and
Patients With Depression

§6395988ERRETROTROLE Wﬁ@@:':ﬁjﬁﬁﬁmmmﬁimﬁiﬁ’im
amwf“mm ) e

Clinical Gastroenterology and Hepatology 2016;14:1602-1611



Computational profiling of the gut-brain axis:
microflora dysbiosis insights to neurological disorders

Nikolas Dovrolis, George Kolios, George M. Spyrou and Ioanna Maroulakou

Corresponding author: loanna Maroulakou, Laboratory of Genetics, Department of Molecular Biology & Genetics, Democritus University of Thrace,

Alexandroupolis, 68100, Greece. Tel.: +30-25510-30666; E-mail: imaroula@mbg.duth.gr

Neural,
immunological,
endocrinal,

microbial
pathways

Gut- Brain Axis

Metabolism
Iimmunity

Brain
function

Inflammation

[).gcstton

(Briefings in Bioinformatics, 2017)
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New perspectives of Lactobacillus plantarum as a probiotic:
The gut-heart-brain axis (Liu et al. Journal of Microbiology 2018)

Table 1. Lactobacillus plantarum strains with efficacy against inflammatory bowel diseases (IBD), dyslipidemia, hypercholesterolemia and diabetes in in vivo

models

Strains of Lactobacillus plantarum  Experimental model Dose used in the study Mechanisms/Efficacy Reference

Alleviation of inflammatory bowel diseases (IBD)

Lactobacillus plantarum 21

(LAB21)

Lactobacillus pl,

Lactobacillus pl

Lactobacillus pl,

1. Immunomodulation: upregulated IL-10 and
Colonic injection of TNBS Oral administration of downregulated IL-1.
(31 mg/kg) induces UCin 1 x 10" CFU/rat/day 2. Antioxidation: increased the glutathione

farmala Wisctae rate faw D wraslie rancantratinn and dasvancad liniAd

the classification and taxonomy, and the relation of these
with safety aspects are introduced. Characteristics of L. plan-
tarum to fulfill the criteria as a probiotic are discussed. Em-
phasis are also given to the beneficial functions of L. plan-

Satish Kumar
et al. (2015)

tarum in gut disorders such as inflammatory bowel diseases,

metabolic syndromes, dyslipidemia, hypercholesteromia, ob-
esity, and diabetes, and brain health aspects involving psy-

Lacobaciliespi.- Chological disorders. al.
CCM7766

inﬂammation in fema]e . CONnCTnurauons ol 11.-4, 1.-0, 11.-1/, danu

S Dawlev (S TNF-a

prague Dawley (SD) rats.
1. Anti-inflammation: reduced colonic MPO

Male ICR mice intrarec-  Oral administration of activity, iNOS, COX-2, TNF-q, IL-6, and
Lactobacillus plantarum tally injected with TNBS 1 x 10 or 1 x 10’ IL-1P. Jang et al.
CLP-0611 (2.5 mg/mouse) to induce CFU/mouse/day 2. Inhibition of the NF-xB and MAPK (2014)

colitis. for 3 days signaling pathways.



Gut microbiota

@ ORIGINAL RESEARCH
Efficacy of faecal microbiota transplantation for

®
OPEN ACCESS . g5 G4 ; 4
patients with irritable bowel syndrome in a g
ot 2090 randomised, double-blind, placebo-controlled study 5
u g
( ) Magdy El-Salhy @, Jan Gunnar Hatlebakk,” Odd Helge Gilja,’ B
Ania Rrathen Krictaffersen 3 Trvave Haticken? =
Response *‘a‘f;ter FMTW
1007  +——p _ _
Design This randomised, double-blind, placebo- w S e Eiﬁfgg
controlled study randomised 165 patients with IBS 9 . e - — O FuT 603
to placebo (own faeces), 30g FMT or 60g FMT at S 604 44|
a ratio of 1:1:1. The material for FMT was obtained g'
’ 404
from one healthy, well-characterised donor, frozen and 2 255 236
administered via gastroscope. The primary outcome was 201
a reduction in the IBS symptoms at 3 months after FMT LIl ' :
(response). A response was defined as a decrease of 2 weskn 1;";‘";" 3 months

50 or more points in the total IBS symptom score. The : . - - = gz
secondary outcome was a reduction in the dysbiosis Conclusions FMT is an effective treatment for patients

index (DI) and a change in the intestinal bacterial profile, with IBS. Utilising a well-defingd dpnor With_ d normgl DI

analysed by 16S rRNA gene sequencing, at 1 month and favourable specific microbial signature is essential

following FMT. for successful FMT. The response to FMT increases with
the dose.



Broken Biome or Broken Host?

Is this an abnormal immune response to a normal microbiota
or is this an appropriate response to an abnormal microbiota?

It iIs now clear from various animal models that both situations
may arise and may overlap.

Genetically determined anomalies of the innate immune
system can lead to a modification of the microbiota, which
becomes colitogenic upon transfer to an otherwise normal
recipient.

In addition, because the microbiota shapes the maturation of
the immune system in early life, any disruption of the
microbiota such as that caused by antibiotic exposure may
lead to suboptimal immunity and/or risk of IBD in later life

(Sheehan & Shanahan. Gastroenterol Clin N Am - (2016)



New Aspects on the Metabolic role of Intestinal

@ CrossMark

Microbiota in the Development of Atherosclerosis

Ioannis Drosos, Anna Tavridou®, George Kolios

Intestinal Microbiota
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(Drosos et al. Metabolism 2015)




Nature. 2011 April 7; 472(7341): 57-63. doi:10.1038/nature09922.

Gut flora metabolism of phosphatidylcholine promotes
cardiovascular disease

INTESTINE LIVER

ol
H,C—N*t CHs; CH-CH> C-OH

th, oM o %

L-Carnitine

flavin monooxygenase

CH, T CH,
H-N"— CH, HO—N=CH,
EH, EH,

?':3 & Trimethylamine Trimethylamine-N-oxide
HO—CHz—CHz—I}I —CH,4 (TMA) (TMAO)
CH;,

Choline (Ussher et al. Atherosclerosis, 2013)



Myocardial Infarction, Stroke,

Kaplan—Meier Estimates of Major Adverse Cardiovascular
Events, According to the Quartile of TMAQO Level

25+

TMAO
P<0.001 by log-rank test
ile 4
20~ A The quartiles of TMAO levels
are as follows:
X 15- v'quartile 1, less than 2.43 pM;
- Quartile 3 v'quartile 2 2.43 to 3.66 pM;
3 i Quartile2  v'quartile 3, 3.67 to 6.18 uM; and
5 Quartile 1  v'quartile 4, more than 6.18 pM.
5
n=4007
0 1 1 1 |
? : 2 ? (Wilson Tang et al. NEJM 2013)

Years

Table 2. Risk of a Major Adverse Cardiovascular Event at 3 Years, According to Quartile of TMAO Level.*

Risk of Event TMAO Level
Quartile 1 Quartile 2 Quartile 3 Quartile 4
hazard ratio hazard ratio hazard ratio
reference (95% Cl) P value (95% Cl) P value (95% Cl) Pvalue

Unadjusted hazard ratio 1.00 1.24 (0.93-1.66) 0.15 1.53 (1.16-2.02) 0.003 2.54 (1.96-3.28) <0.001



Effects of a Phosphatidylcholine Challenge and Administration
of Antibiotics on Mean Levels of Trimethylamine-N-Oxide
(TMAOQ) and Its d9 Isotopologue (d9-TMAO).

Antibiotics
(gut flora suppression)
Visit 1 = Visit 2

Reacquisition of gut flora

= Visit 3

C Plasma TMAO

Plasma TMAO (uM)

Visit 1 Visit 2

Visit 3

Dietary phosphatidylcholine challenge:
v'deuterium-labeled phosphatidylcholine
(250 mg d9-phosphatidylcholine) and

vtwo hard-boiled eggs
(appr. 250 mg of total choline each).

o 4 L cbedde—i—a o z
Houra Hlomes Haes Broad-spectrum antibiotics
D Plasma d9-TMAO for 1 week:
Visit 1 Visit 2 Visit 3 : H :
s o o /metronldazple (500 mg twice d_ally)
] I W } v'ciprofloxacin (500 mg once daily)

Plasma d9-TMAO (nM)

150

[

CONCLUSIONS

The production of TMAO from dietary phosphatidylcholine is dependent on me-
tabolism by the intestinal microbiota. Increased TMAO levels are associated with
an increased risk of incident major adverse cardiovascular events.

(Wilson Tang et al. NEJM 2013)



Archaebiotics

Proposed therapeutic use of archaea to prevent trimethylaminuria and
cardiovascular disease

i Mathenol  COyoly Ansiate
1

1
GUT i Dimethyl sulfide H,
/ I? : TMA Depletion by ,
haeblotics
Diet { - HsC— NG = IR Release
/ .
\i\) _E" HaC CH,-5-CoM =3 CH,, I Cl--l4
E / Archaebiotic cell

-m : (7" order of methanogens)

.u 4-.,'\0»* LAY

(010 000

U000 6004 .:uw»--
|

[)s] o ole 41

Non Functional FMO,
(genetics / acquired )

TMA

Fish-Odor Syndrome  TMA TMAO
TMAU —— —_—
Increased level of TMA in Bload vessel
Increased plasma CVD: Atherosclerosis
s LIVER level of TMAO

(Brugere et al. Gut Microbes 2014)



Directed remodeling of the mouse gut microbiome
inhibits the development of atherosclerosis

of the mouse gut microbiome to discover molecules that can selectively modify bacterial growth. This approach was used to
identify cyclic p,L.-a-peptides that remodeled the Western diet (WD) gut microbiome toward the low-fat-diet microbiome state.
Daily oral administration of the peptides in WD-fed LDLr~/- mice reduced plasma total cholesterol levels and atherosclerotic
plaques. Depletion of the microbiome with antibiotics abrogated these effects. Peptide treatment reprogrammed the microbi-
ome transcriptome, suppressed the production of pro-inflammatory cytokines (including interleukin-6, tumor necrosis factor-a
and interleukin-1p), rebalanced levels of short-chain fatty acids and bile acids, improved gut barrier integrity and increased
intestinal T regulatory cells. Directed chemical manipulation provides an additional tool for deciphering the chemical biology of

e P =0.0003 WD + WD +
4 - p-6x10~° vehicle ‘
o

w
|
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|
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Aortic sinus lesion
volume (><108 pm3)
N
|

[o}
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& (Chen et al. Nature Biotech. 2020)
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Gut Microbiota and metabolic
disease

The gut microbiota can
contribute to:

host insulin resistance,
low grade inflammation, and
fat deposition

Obesity
through a range of N
molecular interactions with diseases %
the host and therefore can Eal
indirectly participate in the deposition

onset of obesity and
metabolic diseases

(Boulangé et al. Genome Medicine 2016)



Neuroendocrine function
Neurotransmission
Behaviour

Serotonin
Ach
NO

ViR N Appetite
7 Insulin sensitivity

G-l 7 Gut barrier
vy ) \ Fat mass
GLP-2

N Inflammation

(Cani & Knauf. Molecular Metabolism 2016)

SCFAs and Indoles are recognized by specific Gprotein coupled receptors expressed at
the surface of enteroendocrine cells such as L-cells, producing GLP-1, GLP-2, and PYY.

Secondary messengers, including NO, serotonin, acetylcholine (Ach) or vasoactive
intestinal polypeptide (VIP) release, are involved in the brain axis.

Pathogen-associated molecular patterns (PAMPs) are recognized by Toll-Like receptors
(TLR’s) regulate numerous metabolic functions such as for instance leptin sensitivity, gut
hormones signaling to the brain, hence controlling whole-body energy homeostasis.



Acetate mediates a microbiome-brain-(3-
cell axis to promote metabolic syndrome

Rachel . Perry', Liang Peng', Natasha A. Barry®®, Gary W. Cline', Dongyan Zhang®, Rebecca L. Cardone', Kitt Falk Petersen",
Richard G. Kibbey"®, Andrew L. Goodman?? & Gerald I. Shulman! ¢
Department of Internal Medicine, Yale University School of Medicine, New Haven, Connecticut 06520, USA

centrations may not fully represent the SCFA load presented to the
body, we developed a method to measure whole-body turnover rates of
acetate, propionate, and butyrate by gas chromatography-mass spec-
trometry (GC-MS; as described in the Supplementary Methods) and
found that, in contrast to propionate and butyrate, whole-body ace-
tate turnover as well as plasma and faecal acetate concentrations were
markedly increased in insulin-resistant rats after 3 days or 4 weeks on
a high-fat diet (HFD) (Fig. 1a, b and Extended Data Fig. 2a—j).

Next we sought to determine the source of the increased acetate turn-
over in HEN-fed rate We measnred tissie acetate concentrations and
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ectopic lipid deposition in liver and skeletal muscle, and liver and
muscle insulin resistance (Extended Data Fig. 1). The increased
acetate production that occurs when the gut microbiota are
exposed to calorically dense nutrients may mediate an important
positive feedback loop between the gut microbiota and the CNS
that promotes hyperphagia (due to increased ghrelin secretion) and
increased energy storage as fat (due to increased GSIS) in foraging
animals when they stumble across calorically dense foodstuffs in the
wilderness. However, in the setting of chronic exposure to calorically
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(Nature. 2016, Jun 8)



Microbial signals to the brain control
weight

Vagus nerve
Insulin

Nt
T gl N
“ SN\
L S O\ . . Obesity
‘ oe® T _ A iy !
P oeoo # L Ghrelin _
Gut microbiota Mouse brain \ Food Calories
intake
Figure 1 | A mechanism for microbiota-mediated weight gain. Perry secretion of the ‘hunger hormone’ ghrelin from the stomach, leading
et al.* report that, in rodents, production of acetate molecules from to increased food intake. The vagus nerve also potentiates glucose-
dietary nutrients by the bacteria that colonize the gut (the microbiota) stimulated insulin secretion from B-cells in the pancreas, promoting
increases the brain’s stimulation of the parasympathetic nervous system, calorie storage and fat gain. In this way, the gut microbiota influences
which includes the vagus nerve. Signals from the vagus nerve trigger obesity.

(Trajkovs K | & Wollheim. Nature 2016)
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(Clarke et al. Molecular Endocrinology 2014)




Naxvoapkia uNTtepac Ka
HKpoBiwpa eppuov

Matomal health

1 BMI, T nsulin rosistanco,
1 GWG, HFD/WSD, DM or GOM Breastfeeding (T HMOs)

Increasad risk of Altered SCFAs. T LPS
[ Later life obesity ] 1 Lipogenesis 1 Inestinal barrier lunction
Immunological dysfunction Hopatotoxicity Abnomal immune programming
The metabolic syndrome Chronic inflammation Changes in gut satiaty hormonas

NAFLD 1 Energy extraction

N, A N P

(Gohir et al. Pediatr Res. 2015)
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Germs and joints: the contribution of the human
microbiome to rheumatoid arthritis

Geraint B Rogers

Rheumatoid arthritis (RA) is a debilitating autoimmune disorder, the etiology of which is poorly understood. A new
study reveals dysbiosis in gut and oral microbiomes of affected individuals, potentially providing a basis for patient
stratification and clues to pathophysiological mechanisms of RA onset and progression.

The oral and gut microbiomes are perturbed in rheumatoid
arthritis and partly normalized after treatment

Xuan Zhang!!3, Dongya Zhang?*!3, Huijue Jia2*!3, Qiang Feng?*%13, Donghui Wang>*!3, Di Liang"!3,

We carried out metagenomic shotgun sequencing and a metagenome-wide association study (MGWAS) of fecal, dental and
salivary samples from a cohort of individuals with rheumatoid arthritis (RA) and healthy controls. Concordance was observed
between the gut and oral microbiomes, suggesting overlap in the abundance and function of species at different body sites.
Dysbiosis was detected in the gut and oral microbiomes of RA patients, but it was partially resolved after RA treatment.
Alterations in the gut, dental or saliva microbiome distinguished individuals with RA from healthy controls, were correlated
with clinical measures and could be used to stratify individuals on the basis of their response to therapy. In particular,
Haemophilus spp. were depleted in individuals with RA at all three sites and negatively correlated with levels of serum
autoantibodies, whereas Lactobacillus salivarius was over-represented in individuals with RA at all three sites and was present
in increased amounts in cases of very active RA. Functionally, the redox environment, transport and metabolism of iron,
sulfur, zinc and arginine were altered in the microbiota of individuals with RA. Molecular mimicry of human antigens related
to RA was also detectable. Our results establish specific alterations in the gut and oral microbiomes in individuals with RA and
suggest potential ways of using microbiome composition for prognosis and diagnosis.

(Geraint B Rogers Nat. Med. 21, 839-841 2015; Zhang et al. Nat. Med. 21, 895-905 2015)



N Metagenome-wide association study of gut

OPEN ACCESS

microbiome revealed novel aetiology of rheumatoid

arthritis in the Japanese population

Toshihiro Kishika\rz\/a,"2 Yuichi Maedaff‘jakuro Nii,** Daisuke [\/1otooka,S

What is already known about this subject?

» Rheumatoid arthritis (RA) is one of the diseases
for which the microbiome may have an
important role in pathology. Gut microbiome
has been implied to lead immune abnormality
in RA patients such as the activation of immune
responses via Th17 cells by Prevotella copri.

Methods We conducted MWAS of the RA gut
microbiome in the Japanese population (n__=82,
n_...=42) by using whole-genome shotgun sequencing
of high depth (average 13 Gb per sample). Our MWAS
consisted of three major bioinformatic analytic pipelines
(phylogenetic analysis, functional gene analysis and

pathway analysis).

(Kishikawa et al. Ann Rheum Dis 2020)

What does this study add?

» Multiple Prevotella spp. other than P. copri were
related to RA etiology in the gut microbiome of
the Japanese population.

» A redox reaction—related gene (R6FCZ7) was
abundant in the gut metagenome of the
Japanese patients with RA.

» A population-specific biological pathway
link between the metagenome and the host
genome was identified by comparing the RA
metagenome-wide association study (MWAS)
and the RA genome-wide association study
(GWAS).

» Our study indicated a value of metagenome-
wide shotgun sequencing rather than classical
amplicon sequencing of 16S ribosomal RNA
(rRNA) genes of microbiomes.

How might this impact on clinical practice or

future developments?

» We revealed a novel link between the gut
microbiome, host genome and pathology of
RA. Our study will be a platform model of the
microbiome studies to elucidate etiology of
rheumatic diseases.



TasLE 1: The alteration of the gut microbiota in RA patients and animal models.

Interactions between Gut Microbiota and Immunomodulatory
Cells in Rheumatoid Arthritis
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(Xu et al. Med.Inflamm.2020)
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Troublesome friends within us: the role of gut microbiota
on rheumatoid arthritis etiopathogenesis and its clinical
and therapeutic relevance

» /“'\

Gut microbiota ,

\

\ IL-6, IL-1B,

' TNF-q, IL-17
Autoantibodies:
ACPAs

Dysbiosis: '\‘4‘ J 7
| Diversity E 5,
1 P. Copri ‘\
1 Lactobacillus
1 Collinsella

(Reyes-Castillo et al. Clin. Exp. Med. 2020)



(@) Post-translational modifications

Oral bacteria @Grernnunnnnnnns P Gl tract

Q e &2

Co— >200 citrullinated peptides
PPAD @0 Other PTMs in host proteome
—_— = by intestinal bacteria?

P t Protein
gingivalis  gitrullination

Post-translational modification (PTM) of host

’ proteins; oral bacteria such as Aggregatibacter a.
(A.a) and Porphyromonas g. augment protein
citrullination by leucotoxin-A (Ltx-A) production and
Porphyromonas-PAD (PPAD) enzyme activity,
respectively. More than 200 citrullinated peptides are
detected in colon and it is possible that some of
these in host proteome are mediated by intestinal

bacteria. (Reyes-Castillo et al. Clin. Exp. Med. 2020)



(b) Molecular mimicry

o @D

Prevotella spp. Autoreactive

. derived-antigens cutrulllnated B and T- cells
autoantigen
(GNS)
Molecular mimicry; \
the intestinal genus Prevotella spp. has antigens

that are structurally similar to an RA-citrullinated
autoantigen, N-acetylglucosamine-6-sulfatase
(GNS), which activates T and B cell responses in
about 50% of RA patients.

(Reyes-Castillo et al. Clin. Exp. Med. 2020)



Inflammatory responses;

In experimental arthritis, P. copri, segmented
filamentous bacteria (SFB) and Lactobacillus
species have demonstrated effects on CD4+ T
cells, specifically by increasing the numbers of IL-

. 17+ Th17 cells and activating Th1 cell responses.
(c)Inflammatory responses \

P

Gut

&
lumen @ : Coprj\‘, LaCtObaCI”US spp.?
Gut barrier ( ) )
Lamina IIIT—T;) S it
propria - (IFN-y, TNF-a)

(Reyes-Castillo et al. Clin. Exp. Med. 2020)



Intestinal permeability;

In RA murine models, C. aerofaciens treatment
was shown to promote intestinal permeability by
iIncreasing inflammatory mediators and
chemokines (IL-17A, CXCL1, CXCL5) and
reducing the expression of tight junction proteins
(ZO-1 and occludin), whereas P. copri colonization

iIncreased CD4+ (IFNy+) T cell numbers and (d) Intestinal permeability

induced colitis in mice. //
B (-

- o

s - Collinsella
lumen P. copri aerofaciens
Gut barrier

= 1 T CD4* | Tight junction proteins

- (IFNy*) (ZO-1 and Occludin)
Lamina % + Colitis 1 Gut permeability
Ghoi L 1 IL-17A, CXCL1, CXCL5

(Reyes-Castillo et al. Clin. Exp. Med. 2020)
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SPECIAL REPORT | ) Check for updates |

The role of gut microbiota in lupus: what we know in 2018?
Lorena Ruiz®, Patricia Lopez®<, Ana Sudrez®<, Borja Sanchez® and Abelardo Margolles?
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'Gut microbiota in colorectal cancer:

mechanisms of action and clinical

app||cat|ons (Nature reviews | GastroenteroloGy & HepatoloGy 2019)

Sunny H, Wong® " and Jun Yu®'2*
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Fig. 2 | Potential clinical applications related to qut microbiota in colorectal cancer. Several potential clinical

Altered Fecal Small RNA Profiles in Colorectal Cancer Reflect
Gut Microbiome Composition in Stool Samples

(©'Sonia Tarallo,?
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CANCER IMMUNOTHERAPY

Anticancer immunotherapy by CTLA-4
blockade relies on the gut microbiota

Marie Vétizou,"** Jonathan M. Pitt,"*” Romain Daillére,"*” Patricia Lepage,*

Protective Cooperative
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Trends Immunol. 2016 Jun; 37(6): 354—-363 Science, Nov 2015



CANCER THERAPY

Precision medicine using microbiota

Intestinal microbiota influence cancer patient responses to immunotherapy

therapeutic drugs. For example, bacteria
modulate the antitumor efficacy in pre-
clinical models of various chemotherapies
(2-4) and immunotherapeutic agents (5, 6).
Conceptually, these findings suggest that

PD-1 blockade PD-1 blockade
NONRESPONDER RESPONDER

¥ - . : > ‘v' l: .
. 1 i 1 ‘ £ ,»’ X N J
: s bl
T Bacteroidales EMT 1 Bifidobacterium
T Akkermansia
T Faecalibacterium

(Christian Jobin Science 2018)

immune system are essential for optimal
drug efficacy. However, there is limited in-
formation regarding the functional impact
of the composition of the human microbi-
ome and therapeutic outcomes in cancer
patients. On pages 91, 97, and 104 of this

b h

Tumor

PD-1 blockade

Tumor immune
microenvironment

T CD4* T, cells T CD8* T cells
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Gastroenterology 2021;160:600-613

Cancer and the Microbiome—Influence of the Commensal 2
Microbiota on Cancer, Inmune Responses, and Immunotherapy

Vyara Matson Carolina Soto Chervin  Thomas F. Gajewski
The University of Chicago, Chicago, lliinois
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.| The gut microbiota could
Modulate immunotherapy
outcomes by stimulating or
iInhibiting anti-tumor immunity.
The messengers could be:

1) bacterial metabolites;

Id!esllnaj
eplthellum

GALT:
Lamina propria
MLN

e ) Y 2) microbe-associated
o on o O _3?,,&, 2 s molecu[ar patterns {MAMPS);
wewboties e v 7 me@® e 3) whole viable bacteria;
4) immune cells conditioned

by sensing microbiota signals;
| 5) cytokines released in the
GALT in response to
microbial stimuli.

Downstream effects on anti-tumor immunity and cancer therapy

Drug modification by Activation/desensitization of APC by T cell cross-reactivity | Polarization of immune cells towards
intratumoral bacteria bacterial metabolites or MAMPs a suppressive phenotype

(Gastroenterology 2021)



Targeting gut microbiota for precision medicine:

Focusing on the efficacy and toxicity of drugs

Wuwen Feng!?2, Juan Liu2, Hui Ao?, Shijun Yue3, Cheng Pengl2**
I heranostics 2020, Vol. 10, Issue 24 1128/
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Figure 4. The factors influencing the composition and function of gut microbiota. Gut microbiota can modulate the efficacy and toxicity of drugs. However, the
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Gut microbiome, big data and
machine learning to promote
precision medicine for cancer

Giovanni Cammarota®, Gianluca laniro(®», Anna Ahern, Carmine Carbone(®,
Andriy Temko(, Marcus J. Claesson, Antonio Gasbarrini and
Giampaolo Tortora

large scale naturally requires new analytical
tools, in addition to the formulation
of specific experimental questions, the
annotation and cleaning of open data and
the performance of appropriate retrospective
analysis by powerful software (such as
artificial intelligence (Al)-based models and
advanced machine learning (ML), which are
particularly useful in translational medicine).
ML-driven analysis of gut microbiota
could be particularly useful in oncology
owing to the plethora of evidence relating
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(Nat Rev Gastroenterol Hepatol. 2020 Oct;17(10):635-648)



Diet, Microhiome, and Epigenetics in the Era of Precision
Medicine

Gabriela Riscuta, Dan Xi, Dudith Pierre-Victor, Pamela Starke-Reed,
Jag Khalsa, and Linda Duffy

a =

treatment of multiple diseases including cancer. Many factors contribute to the response to an intervention.
The microbiome and microbially produced metabolites are capable of epigenetic modulation of gene
activity, and can influence the response through these mechanisms. The fact that diet has an impact on
microbiome implies that it will also affect the epigenetic mechanisms involving microbiota. In this chapter,

The concepts of precision medicine have evolved because of
advances in molecular or omics technologies such as genomics,
transcriptomics, proteomics, metabolomics, and metabonomics
which can potentially lead to unique patient phenotypes and inter-
individual differences in treatment responses [67]. The micro-
biome plays a crucial role in health and disease, as it influences
endocrinology, physiology, and even neurology, thereby altering
the outcome of many different disease states and augments drug
responses and tolerance [68]. There is a bldlrectlonal 1nteract10n

'a |

(Methods in Molecular Blology 2018)
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Precision medicine goes microscopic: engineering the

microbiome to improve drug outcomes

Kathy N. Lam'-*, Margaret Alexander'-*, Peter J. Turnbaugh'2:3"
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(Cell Host Microbe 2019)
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Precision medicine goes microscopic: engineering the
microbiome to improve drug outcomes

Kathy N. Lam'-*, Margaret Alexander'-*, Peter J. Turnbaugh'2:3"
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no treatment months metformin
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(Cell Host Microbe 2019)



Microflora-Microbiome

New players?



Diagnostic Potential and Interactive Dynamics of the

Colorectal Cancer Virome (MBio. 2018)

Geoffrey D. Hannigan,® *-'Melissa B. Duhaime,® Mack T. Ruffin IV,© Charlie C. Koumpouras,® ** Patrick D. Schloss®

“Department of Microbiology and Immunology, Ur
Our study cohort consisted of stool samples
collected from 90 human subjects, 30 of
whom had healthy colons, 30 of whom had
adenomas, and 30 of whom had carcinomas.
Half of each stool sample was used
to sequence the bacterial communities
using both 16S rRNA gene and shotgun
sequencing techniques. The other
half of each stool sample was purified for
virus-like particles (VLPs) before genomic
DNA
extraction and shotgun metagenomic
sequencing were performed.
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network hubs. These results prowde foundatlonal eVIdence that bactenophage com-
munities are associated with colorectal cancer and potentially impact cancer pro-

gression by altering the bacterial host communities.



The Potential Role of Gut Mycobiome .microo'g“"is"’s opy

in Irritable Bowel Syndrome Review , ,
The Mycobiome: A Neglected Component in the

Yu Gu', Guogiong Zhou', Xiali Qin, Shumin Huang, Bangmao Wang and Hailong Cao" Microbiota-Gut-Brain AXiS

Department of Gastroenteralogy and Hepatology, Tianin Medica! University General Hosportal, Tianin, China
Raphaél Enaud "2**, Louise-Eva Vandenborght ', Noémie Coron ', Thomas Bazin 2,
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PERSPECTIVE

Big Data: Astronomical or Genomical?

Zachary D. Stephens’, Skylar Y. Lee', Faraz Faghri®, Roy H. Campbell?, Chengxiang Zhai®,
Miles J. Efron®, Ravishankar lyer', Michael C. Schatz®*, Saurabh Sinha®*, Gene

E. Robinson®*

Table 1. Four domains of Big Data in 2025. In each of the four domains, the projected annual storage and computing needs are presented across the data

lifecycle.

Data Phase Astronomy
Acquisition 25 zetta-bytes/year

Storage 1 EBlyear
Analysis In situ data reduction

Real-time processing
Massive volumes

Distribution Dedicated lines from antennae
to server (600 TB/s)

Twitter
0.5-15 billion
tweets/year
1-17 PBlyear

Topic and
sentiment mining

Metadata analysis

Small units of
distribution

YouTube Genomics

500-900 million hours/year 1 zetta-bases/year

1-2 EBlyear 2-40 EB/year

Limited requirements Heterogeneous data and analysis

Variant calling, ~2 trillion central
processing unit (CPU) hours

All-pairs genome alignments, ~10,000
trillion CPU hours

Major component of modern user's  Many small (10 MB/s) and fewer massive
bandwidth (10 MB/s) (10 TB/s) data movement

(Stephens et al PLoS Biol. 2015)



20V CUNTTEPAC Q...

* O avBpwTtrog Kal N JikpoRlakr Tou XAwpida gival dUo
OUMBIWTIKOI OpYaVIOUOI,

* [lou £xouv atTOAUTN avayKkn O £Evag Tov GAAovV

* [lailel onuavTikd poAo oTnv TTaBogualoAoyia Kal avoooAoyia
TOU YOOTPEVTEPIKOU owANva.

* AIQTAPAXEC TNG EVTEPIKNG XAWPIOAC PaiveTal va EUTTAEKOVTAI
oTNV TTaBoyEvela TTOAAWY dIaTapaAXwV, TTEPAV TOU TTETTTIKOU.

* H duoBiwon TNG evrepIKNG XAwPIdAC PaiveTal VO CUVOEETA
AMECA PE TOUG TTABOYEVETIKOUC UNXAVIOWNOUC AVOOOAOYIKWY
OlATAPAXWV

o H mrepaimtépw PEAETNC TNG XAWPIDAC KAl TOU MIKPOBIWMATOC
mMOavov va pag atrokaAUWEl TTABOYEVETIKOUC JNXAVIOUOUC
N/Kal va atToTEAEDEI OTOXO VEWV BEPATTEUTIKWY OTPATNYIKWV.






