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Mikroby — vedeéli jste, ze?

e Bakterii mame v téle vice, nez vlastnich bunék

e Bakterialni geny prevysuji poctem geny lidske 100:1
* Ve strevé zije vice nez 1000 druht bakterii

* Na zakladé mikrobiomu lze identifikovat ¢lovéka podobng, jako
pomoci otisku prstd

e Kazdy ¢lovek ma individualni slozeni strevniho mikrobiomu, lisi se z
o)
80-90% DNA: 99.5 %

)

Mikrobiom: 20 %

q
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Vyznam mikrobiomu

Stimulace imunitniho i
systému B - e —

~—@» Commensal

—~~—a» Pathogen
€ Neurotransmitter

JTrénink” imunitniho
systému po narozeni

Vliv na vyvoj mozku
Il Epithelial junction

@ Antimicrobial compound
A Epithelial defence
B Harmful compound

Sommer, F. & Backhed, F. Nat. Rev. Microbiol. Publ. Online; 2013

Prevence pred
pomnozenim
choroboplodnych bakterii

ve stfevech

Traveni potravy

Spravny vyvoj stfevni stény Vliv na ukladani tuku

Syntéza vitaminu (K a B)
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Mikrobiom v nemoci i ve zdravi

Zdravi

Rovnovaha

ﬁzxternl’ faktory:
* Strava
* Prebiotika
* Probiotika M,\',:z::{:
. Ant|b|o.t|ka Riznerodost
* Nemoci Akfivita
* Zivotni styl '
+ Zivotni

\ prostredi

Rakovina:

* Rakovina
tlustého streva

* Rakovinaprsu

/ Nemoci zazivaciho \

traktu:
Crohnova choroba,
Ulcerdzni kolitida
* Syndrom
drazdivého
tracniku
Potravinové alergie

Metabolicka

onemocneéni:
* Obezita

Interni faktory: \
Vék

Genetika

Stres

Fyziologické
procesy
Anatomicka
struktura a
fyziologie
zazivaciho trakty

Neurologicka
onemocnéni:
Autismus
Deprese

K Celiakie

* Cukrovka
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Rakovina tlustého
streva

« 2. nejcastéjsi nadorové onemocneni v
CR (3. na svéte)

« Velice heterogenni (raznorodé)
« Nadory se stejnymi klinickymi

charakteristikami maji uplné jinou
odpoved na lecbu

. Reseni se hledaji na molekularni
urovni!

. Studuje se teda genom, transkriptom,
epigenom, proteom .... noveé i
mikrobiom nadoru




Nadory tlustého strfeva se liSi aktivitou svych genu
— rozdily jsou patrné na molekularni urovni

Single expert teams subtyping approaches

Sage Bionetworks

Six expert teams D'ﬁ:{g‘x: 2:25’ Distinct colorectal cancer
N ] — pai molecular subtypes
subtyping methods
Number of Budinska et al. Marisa etal. Roepman et al. De Sousa e Melo etal. Sadanadam et al. Schlicker et al.
subtypes n=5 n=6 n=3 n=3 n=5 n=5

Multiple expert teams subtyping approach

(Central repository/\.

Normalized
data

18 data sets
_ (n=4,151)

= Predicted subtypes
i (n =3,962)

s Aggregated
data (1 matrix)

p— a Independent expert team
subtyping prediction

Jaccard distance
* + MCL clustering
x 1,000

Network analysis for
consensus subtype identification
\

A

Core consensus
samples (n = 3,104)

Consensus
subtypes

Annotated samples
(n =3,325)

d Molecular and clinical 3
subtype characterization %

Classifier construction and application
in non-consensus samples

Random forest g;fg

algorithm a0 14 | ﬁ:
80%
025 0s 075
1 Labeled samples
(n =3,443)
Classifier
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CMs4

Mesenchymal

CMS1

MSI Immune

Canonical

CMS2

CMS3

Metabolic

Non-consensus

CMs2 CMS3 CMs4
Canonical Metabolic Mesenchymal
37% 13% 23%
N MSI CIN-
forme d'instabilité CIMP CIN+++ cIMP CIN+
moléculaire
Hypermutateur MSl(rare)
mutations BRAF __KRAS
Infiltration et activation  Vpies dnigues Dérégulation TGFB angiogenése,
signatures immunitaire Wnt et MYC métabolique infiltration stromale
Célon droit Célon gauche Stade II1/IV
clinique Femme Homme Homme
Plus agés Plus jeune
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Proportion event-free

a také z pohledu preziti pacientdu...

075
050-
025-

0-

0O Female B8 Male

f

:

o

~

wn
1

HR (95% Cl)  Pvalue
CMS4 vs. CMS1 1,55 (1.19-2.01) 1.03x 10
0.25 4CMS4 vs. CMS2 1.94 (1.58-2.36) 6.85 x 10~""
CMS4 vs. CMS3 1.72 (1.27-2.23) 1.06 x 107

04 Log-rank P value: 3.55 x 1010

Proportion event-free

1 L) 1 L) L] L)

0 12 24 36 48 60 72
Time (months)

Number at risk 2,129 1,842 1,623 1,442 1,237 1,009 767

MMCI
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§ 075~
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"ORight ©Left @ Rectum

1.00 -

e

~

o
L

HR(95% Cl) P value

CMS4 vs, CMS1 1,77 (1.34-2,34) 525 x 10°%
0.25 - CMS4 vs. CMS2 1.70 (1.39-2.08) 3.24 x 10°Y
CMS4 vs. CMS3 1.74 (1.29-2.33) 2.18 x 107

04 Log-rank P value: 1.69 x 1077

' Al Ll Ll i Al 1

0 12 24 36 48 60 72
Time (months)

1,785 1,571 1,332 1,168 992 820 693

Proportion event-free

or g amawv

1.00 4

0.75 4

<)
i

0.25 4

Log-rank P value: 4,01 x 1

o |
8 (WOWAE B e
g 0.5() ~#reee! kesasusssesisress suust rassren
o 025- ...................................
0~
01 @2 @83
HR (95% CI) P value

CMS4 vs. CMS1 0.60 (0.40-0.88) 9.04 x 10-%
CMS3 vs. CMS1 0.60 (0.38-0.97) 3.71 x 10°%
CMS2 vs. CMS1 0.35 (0.24-0.52) 1.26 x 10°%7

405 277

L) L) L) L L]

24 36 48 60 72
Time (months)

185 111 64 32 27
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Vliv mikrobiomu na vyvoj rakoviny tlustého streva

Bakterialni ,, driver-passenger” model

Strevni epitel

Normalni Hyperproliferace

Adenom

=—————————————————

Nachylnost k rozvoji KRK zpUsobena:

- Spatnym Zivotnim stylem

- Genetickou predispozici

- Poskozenim strevni mukdzy
infekci nebo poranénim

Iniciace premalignantnich
lézi, kumulace mutaci

e ———

Zména permebility
a mmm) 7ména mikroprostiedi

stfevni stény
bunééného
metabolismu

Karcinom

Driver-passenger” model
,Driver”

-

,Drivers” zplsobuji

- Perzistentni zanét

- Bunécnou proliferaci

- Produkci
genotoxickych latek

Zastupci:

Enterobacteriaceae

ETBF

Enterococcus

—

,Passenger”

,Passengers” zpusobuji

Zastupci

+ Coriobacteriaceae

- Progresi tumorigeneze
+  Potlaceni tumorigeneze

- Fusobacterium, Strepotococcus

Klin Onkol 2019; 32(4): 261-269. DOI: 10.14735/amko2019261.
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Komplexni pohled na ruznorodost rakoviny tlusteho streva

Tumour r Patient

Peripheral blood

resection \
15mm3
sections

samplin " ﬁ )
Q@Omicrgbigm . J _.J\ Normal mucosa Complete

] & stool immune profile
Each sampling
section » microbiome
A/ Microbiome
165 rDNA _ profi[e

sequencing I ‘
@

Hlstologlcal
slides Antibody Immu.nfa cell
" specific composition and
taini distribution
MSI-H status TruSe staining %
utational RNAseq H&E ‘0
panel \L taining
Selected Transcriptomics -
mutational TRRTTT Pathological
AT iables
MASARYK markers BIANES, varia
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Cile projektu Strevobiom

e Zjistit jaky mikrobiom je na nadorech a jak to souvisi s jejich
molekularnim profilem, agresivitou

* Definovat nové molekularné-imunitné-histopatologicko-mikrobialni
podtypy
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MMCI

Tumour

Patient

resection | \ Peripheral blood
2tod | /
15 mm3 \_\\ o \
sections i N\
sampling A )
microbiom Normal mucosa Complete
. & stool immune profile
Each I ( sampling
section : microbiome
Microbiome
V 165 rDNA profile
Frozen sequencing
sample ’ ‘
NS
Histological
slides Antibody Immu'r:e cell ;
< specific cor(;\-ptoi 'ct’_n an
. istribution
MSI-H status staining 6
" taining
Selected Transcriptomics .
mutational TRR T Pathological
markers ROy variables
l.:;.""l I‘u“u‘ ‘;r‘n
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Bakterialni rody se zménou abundance mezi
ruznymi nadory ruznych stadii

Bacteria; G_Fusobacterium
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Bacteria; G_Cal

Bacteria; G_Campylobacter
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0.03

Bacteria; G_Peptoclostridium

1

0.00077

0.026

0.013

Bacteria; G_Peptoclostridium




Bacteria; G_Clostridium sensu stricto 1
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Bakterialni rody a pozice nadoru

Bacteria; O_Bifidobacterium

Bacteria; G_Selenomonas
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Bacteria; G_Prevotella

Bacteria; G_Prevotella
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Bakterie
vyznamne
Casteji se
vyskytujici na
nadorech v
porovnani se
stolici a jejich
asociace s
klinickymi
promeénnymi

Genus

G_ Lachnoclostrldlum
G_Bacteroides
G_Escherichia-Shigella

G_Collinsella

G Pegtoclostndlum
treptococcus
utterella
G_Haemophilus

G_Veillonella
G_Coprobacter

Laotot
G_Erysipelatoclostridium
G_Slackia

G Hungatella
G_Alloprevotella
G_Mogi acterlum

F_Erysipelotrichaceae; G Incenae Sedis
G- Pseudomonas

G_Tyzzerella 4

G El'senberg\ella

1
G_Massilia

G Dielma
G_Neisseria

G Eggerthella
G_Treponema 2
G_Enterococcus
G_Faecalitalea

G_Actinobacillus
G P?Ptostreptococcus
oplonlbacterlum

G_Oribacterium
G_Sfaphylococcus
G_Aeromonas

G Romboutsia

G (Ewact ]%pubpscmm
ubacterium] brachy grou

G Acme%bactepr
F_Veillonellaceae; G_uncultured
G_Filifactor
F_Erysipelotrichaceae; G_Unassigned
G_Lachnoanaerobaculum
Morganella

G_Eubacterium

G_Catonella

G_Deinococcus
G_Phocaeicola
G_Shewanella
G_Johnsonella

G_Tatumella

G Helbcobacter

ntipeda

G_Prevotellaceae UCG—OO3
G_Kingella

F_Peptostreptococcaceae; G_Unassigned

G_Mycoplasma
G_Erysipelotrichaceae UCG-006
G_Stomatobaculum
G_Pseudoramibacter
G_Methylobacterium

Pasteurella

F_Comamonadaceae; G_Unassigned
rachymonas

G Chryseobactenum
G_Rhodococcus

MASARYK
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% of tumours with the genus
detected

Abundance (%) in the samples Association with
with the genus detected

the clinical variables
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Enriched in tumours compared to
both stool and adjacent normal mucosa

G_Lachnoclostridium
G_Bacteroides
G_Escherichia-Shigella
G_Fusobacterium
G_Collinsella
G_Peptoclostridium
G_Streptococcus
G_Sutterella
GfHaemoPhllus
| ractor
G_Veillonella
G_Campylobacter
G_Gemella
G_Coprobacter
G_Parvimonas
G_Leptotrichia
G Erysmelatoclostndlum
_Slackia
Solobacterium
Howardella
Hungatella
Alloprevotella
Mogibacterium
Granulicatella
Selenomonas
_Erysipelotrichaceae; G_Incertae Sedis
Pseudomonas
Tyzzerella 4
isenbergiella
G_Eikenella
G_Selenomonas 3
G_Aggregatibacter
G_Selenomonas 4
G_Fretibacterium
Massilia

G
G
G
G
G
G
G
G
E
G_
G_|

_Dielma

_Neisseria

_Rothia

_Eggerthella

_Treponema 2

_Enterococcus

_Faecalitalea

_Bergeyella

_Actinobacillus

_Peptostreptococcus

_Propionibacterium

boneC3G7; G_uncultured Fusobacterium sp.
G_Oribacterium

_Staphylococcus

_Aeromonas

_Romboutsia

_Epulopiscium

ubacterium] brachy group

_Acinetobacter

Veillonellaceae; G_uncultured

Filifactor

_Erysipelotrichaceae; G_Unassigned
7Lachnoanaerobacu|um

_Morganella
_Eubacterium
_Catonella
_Deinococcus
_Phocaeicola
_Shewanella
_Johnsonella

'”G)OG)OOG)OG)OOG)O

Tatumella

Helicobacter

Centipeda
Prevotellaceae UCG-003

“OOOOOOOOOOOOO“O"WOOOOOO

?ostreptococcaceae G_Unassigned
Myco lasma
7EryS|peIotrlchaceae UCG-006
_Stomatobaculum
_Pseudoramibacter
_Methylobacterium

Pasteurella

Comamonadaceae; G_Unassigned
5_Brachymonas

_Chryseobacterium

_Rhodococcus

G)G)G)"WG)OG)G)OG)
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Shlukovani
nadord na
zakladé
bakterii
které jsou
na jejich
povrchu

G_Lachnoanaercbaculum

P_Sacchanbacteria; F_Unknown Class; C_Unknown Or
G_Bergeyella

G_Oribacterium

O_boneC3G7; G_uncultured Fusobacterium sp.
O_Erysipelotrichaceae; G_Unassigned
G_Granulicatella

O_Rothia

G_Selenomonas 4
G_Fretibacterium
G_Selenomonas
G_Howardela
G_Slackia

G_Parvimonas
G_Solobacterium
G_Gemella
G_Campylobacter
G_Leptotrichia
G_Selenomonas 3
G_Eikenella
G_Hungatella

MASARYK
M M I MEMORIAL CANCER INSTITUTE

G_Fusobacterium
G_Streptococcus
G_Flavonifractor
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Shlukovani
nadord na
zakladé
bakterii
které jsou
na jejich
povrchu

Mikrobiom ustni dutiny,
patogeny zpUsobujici infekce
v ustni dutiné.

G_Lachnoanaercbaculum ¢——

P_Saccharbacteria; F_Unknown Class; C_UnknW
G_Bergeyella «—

G_Oribacterum <+——

O_boneC3G7; G_uncultured Fusobacterium sp. «——
O_Erysipelotrichaceae; G_Unassigned

G_Granulicatella <«——

O_Rothia D E—

G_Selenomonas 4
G_Fretibactenium <«——
G_Selenomonas
G_Howardela

G_Slackia —

G_Parvimonas <«—
G_Solobacterium <+—
G_Gemella <«
G_Campylobacter ¢
G_Leptotrichia +——
G_Selenomonas 3

G_Eikenella +——
G_Hungatella <+—

MASARYK
M M I MEMORIAL CANCER INSTITUTE

G_Fusobacterium
G_Streptococcus
G_Flavonifractor
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Shlukovani
nadord na
zakladé
bakterii
které jsou
na jejich
povrchu

MASARYK
M M I MEMORIAL CANCER INSTITUTE

Selenomonas +
Oral

microbiome +

Selenomonas -
Oral
microbiome +

oral cavity microbiome,
mostly known (opportunistic)
pathogens (periodontitis,
gingivitis... etc)

G_Lachnoanaercbaculum ¢——

P_Saccharbacteria; F_Unknown Class; C_UnknoW
G_Bergeyella «—

G_Oribacterum <+——

O_boneC3G7; G_uncultured Fusobacterium sp. «——
O_Erysipelotrichaceae; G_Unassigned

G_Granulicatella <«——

O_Rothia D E—

G_Selenomonas 4
G_Fretibactenium <«——
G_Selenomonas
G_Howardela

G_Slackia —

G_Parvimonas <«—
G_Solobactenium <«—
G_Gemella <«
G_Campylobacter ¢
G_Leptotrichia <¢———
G_Selenomonas 3

G_Eikenella +——
G_Hungatella <+—

Selenomonas -
Oral
microbiome -

G_Fusobacterium
G_Streptococcus
G_Flavonifractor
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Jak ziskame informaci o druzich bakterii a jejich
abundancich v stérech z nadoru nebo ze stolice?

wasaRK MUNI | RECETOX



Klasické zpusoby studia mikrobu

Kultivace

Biochemické testy

Izolace Cistych \
kultur

RECETOX
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Prob

emy klasickych technik

Zdaleka ne vSechny bakterie Ize
jednoduse kultivovat!

Odlisné bakterie vypadaji stejné!

MM C | 85% cavcermsmmors MUNI|[RECETOX



Jak studujeme bakterie, které nelze kultivovat?

Pomoci sekvenace DNA (>99,9% bakterii je nekultivovanych - neznamych)

Millions to billions
sequences per sample

80-ta |éta — 12 bakteridlnich kmend, kazdy reprezentovan
kultivovanymi zastupci

Dnes: vice nez 100 bakteridlnich kmen( 2/3 nemaji
zadné kultivované zastupce
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Metagenomika

* Analyza genomu mikrobu nezavisla na kultivaci

* Metagenom = veskery geneticky material ve vzorku, sklada se z
genomU mnoha oraganizmu

Microbiome composition

YOO A

Culture-independent Culture-dependent
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Metody studia mikrobiomu

Cilené sekvencovani — gen 16S rDNA
Celometagenomové sekvencovani

Metametabolomika

. aP Keto-ocid
Metaproteomika
Methionine
Branched-chain amino acis
matx phenylatanine. tyrosine, Ghitamine
minE, yug, tyr8
yimethionine
(AdoMet)  AACP 2-Keto-4-methylthiob:
~ - 7 SNethythoproporste -
. ; / +foemate + O
5000
1.2-Dihydrox
i e
los

Celometagenomové sekvencovani
Metatranskriptomika

http://www.cbs.dtu.dk/researchgroups/metagenomics/metagenomics.php Meta p roteomika
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oTu Species Samplel [Sample2 |Sample3
1|E.coli 17 0 335
2|S.aurus 231 11800 45
3{unknown 30 0 0
Counts of OTUs
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bioinformatika
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Celometagenomove sekvencovani  [Kdo jetam?
— | Co tam déla?
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Genova exprese a mutace nadoru

* Analyza mutaci a genové exprese
nadoru s pomoci sekvencovani nové

generace

e Zarazeni nadoru do molekularnach

podtypu
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Jsou rozdily mezi bakteriemi a molekula

profilem?

Bacteria; G_Ruminococcaceae UCG-013
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Bacteria; G_Roseburia
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Bacteria; G_Stomatobaculum
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Bacteria; G_Ruminococcaceae UCG-010
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MUNI|RECETOX RECAM©O

Regiondlni centrum
aplikované molekulédrni
onkologie

KTO SA NA TOM PODIELAL

MMCI-RECAMO: Roman Sefr (head of surgery),
Rudolf Nenutil (expert pathologist), Lenka Dubska
(immunologist), Beatrix Bencsikova (clinician),
Roman Hrstka (molecular biologist), Veronika
Brychtova (molecular biologist)
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The Bioinformatics in Exposomics Group:

Barbora Zwinsova, Stanislav Smatana, Vlad Popovici
(image analysis), Jakub Jamarik, Hana Vespalcova

The Microbiome Group:

Petra Videnska (head), Kristyna §merkoyé, Lenka
Micenkova, Martina Hrivhakova, Petra Splichalova

The project is funded by Ministry of Health of Czech Republic (AZV 16-31966A)
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