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Microbiome

IN NUMBERS

Microbiome
Ireland
Interfacing Food & Medicine

The microbiome is more
medically accessible

and manipulable than the
human genome
itis

thought that

%

of disease can be linked in some
way back te the gut and health of
the microbiome

5:1

Viruses:Bacteria
in the gut microbiota

Tha number
of times
] your body’s

microbes would circle tha earth
f positicnad end to end

» - The human body has

100 Trillion s
there are stars in the

milky way

Symbuotic microbas live in and on eveary
person and make up the human microbiota

of our microbiota is located in the Gl tract

150:1;.

The genes in your microbiome cutnumber the
genes in our genome by about 150 to one * )

The surface area

' of the Gl tract is  ygou have
. 4 the same size
| 7L 2 tennis courts1 3

~ more microbes than human cells ==
/—/a\"'\\
> Each individual has a unique m
The gut microbiota can
Numbsar of diferent mic rrh &l spacks that esaarchears weaigh up to 2Kg gut m'cmb'Ota as ’//)
heva idansfiad iving in and on the human body personal as a flngemﬂnt



Microbiome as an ecosystem
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How do we study the microbiome?
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Welcome 10 MiSeq Control Software
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Sample

'S
DNA extraction

Sequences can also be identified
by comparnson with 8 refarance
dataset such as HOMD and the
propartions of, for exampia, phyia
and genara displayed graphically

-
—
—

16S rRNA gene
fragment amplification
with barcoded primers

Bactarial DNA encoding tha 168
ribosomal RNA gene is ampliad from
all bacteria in the sample using primers
with universal specificity that also
attach an identifying barcode to all
genes amplified from that sample

The composition of the
samples can then be compared
and displayed graphically

The sequences are separated by
sample by reading the barcodes

Table prepared

Atable is prepared

that shows the relative
abundance of sach OTU
In @ach sample

Sequences are grouped together by
their similarity into operational
taxonomic units (OTUs),

which are equivalent to species
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Different niches for the human microbiome

| Compasition
| | largely
| | dependent
/" on body part

Viruses Bacteria

[ Bactreriophages B Actincbacteria

B Eukaryotic vinses [[] Bacrercidetes
. Cyancbecteria

Fungi . Femscutes

Aspergilbus . Fusobacteria

B Condida ] Protecbacteria

. Clodrosporium

[ Malassezia

B Others

[l Sccchoromyces



Alteration of the microbiome (dysbiosis) can be an important factor in disease

Dysbiosis Defined
Symbionts Commensals Pathobionts
- - =
(o Y =} = oo
(—1-=1— 1 (=Y ) OO

An alteration in the —_— e Y e Yol am) —T—_T—T—N
microbiome
causedby a
change in the
composition of the
microbiota, a Symbigy, 4 A
change in ts
microbial metabolic - C
activity, and/or a 4{‘9$ 2 om"’ensa,s
shift in local
distribution of
communities of
microbes.

Round JL, Mazmanian SK. The gut microbiota shapes intestinal immune responses during health and
disease.Nat Rev Immunol. May,9(5):313-23.




Microbiome and Cancer
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Primed immuno-
suppressive cells (Tregs)

INFLAMMATION
INHIBITORS

inflammatory
response

RESIDENT PEACEKEEPER
F. prausnitzii colonizes the mucous layer

and produces by-products such as butyrate via

fermentation. These short-chain fatty acids seem to have an
anti-inflammatory effect by inducing regulatory T cells (Tregs),

which in turn control aggressive aspects of the immune system.

The absence of F. prausnitzii and other microbes that perform similar
functions often correlates with diseases, such as inflammatory bowel disease
and obesity. Some of its relatives, called clostridial clusters, have similar properties.

immune system well calibrated.

F. PRAUSNITZII
AND/OR FIBER ABSENT

a
Aced
e mucous layer

S
S5, J

FAECALIBACTERIUM PRAUSNITZII DISRUPTED MICROBIOME
When the mucous layer is
Other benian bacteria reduced, opportunists can move

close to the gut lining, inciti
Outer mucous layer inﬂammation? Ferm';?\tationmcg
fiber seems to keep the mucous
Inner mucous layer layer intact. So does the presence
of peacekeeping microbes, such

as F. prausnitzii. Fiber may keep
= the peacekeepers healthy, the
—— J mucous layer thick and the
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microbes may be involved in the origin and/or
progression of other diseases, i.e. cancer.
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Colibactin or
CDT producers

Genotoxin

* NLRs
« Inflammasomes| © @ ® MAMP 9
TLR / Bacterial H,S
& and ROS
* ROS production
o * RNS r

Myofibroblast

‘ |
Proliferation b E;zvpeonrfigrs]is
(0)5L0 S Nl
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* Generation of
short-chain

~ fatty acids

» Biological




Resisting
cell death

Sustaining Evading
proliferative growth
suppressors —gp  Augments Hallmark

s BFT
=2

< Colibactin

= |nhibits Hallmark
@ pks+E. coli

Avoiding R Enabling
immune e replicative Enterotoxigenic
destruction mortality o Bacteroides fragilis
) @  |NTESTINAL .. | FE  Fusobacterium nucleatum
MICROBIOTA @ () Enterococcus faecalis
TLR il
p;‘:::::;g .. ° ligands Inducing @D iistipes spp.
A % angiogenesis . .
inflammation il .. ’ Butyrate gloge @@ Bifidobacterium spp.
@D ap Bacteroides thetaiotamicron
Colibactin -

and B. fragilis

ot Deregulati
i ce?lular"g an . Other commensals
ks Activating energenetics o
% . i .
invastion & o* o Toxins (BFT or colibactin)
metastasis

BFT indicates Bacteroides fragilis toxin; pks+, colibactin-producing; TLR, toll-like receptor.

A growing body of clinical evidence has uncovered links between the microbiota and the Hallmarks of Cancer. These include butyrate, a short-
chain fatty acid; colibactin, a genotoxin; and FadA and FapZ2, bacterial mechanisms of Fusobacterium nucleatum.

Fulbright LE, Ellermann M, Arthur JC. The microbiome and the hallmarks of cancer. PLoS Pathog. 2017;13(9):e1006480. doi :10.137 1/journal.ppat. 10064 80.



Clinical applications of the microbiome

diagnostic tests treatment response

choline emuisifiers?
fOOd red meat |ow Ca?*

fiber (SCFA)
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COLORECTAL CANE
FACTORS

Gut epithelia \ Chronic

Environment

Proteobacteria Shigella spp (-)

Other Treponema spp (-)
Firmicuites Ruminococcus spp (-)

dysbiosis driverbacteriainflammation P?***"9" ADENOMA CRC
i C C | e
Colon dysbiosis in CRC imbalanc
. Bacteroidetes
Firmla.ltes . Firmicutes Alistipes spp (+)
Faecalibacterium spp (+) _— 4 Staphylococcaceae (+) Porphyromonadaceae (+)
Streptococcus spp (+) ey expn:esse Enterococcus faecalis (+) Proteobacteria
Fusobacteria Parvimonas micra (+) Shigella spp (+)
F Nuclet.ztum Solobacterium moorei (+) Other
Bacteroidetes 3 Peptostreptococcus stomatis (+) Akkermansia (+)
BFT-producing-B.fragilis Methanombacteriales(+)
Prevotella spp.
)
8 Firmicutes
'2 Lactobacillus Actinobacteria Bifidobacteriumspp (-)
©  Firmicuites Pseudobutyrivibrio (-) Roseburia
5
5
h

sisoIqsAp [001S

Saus E, et. al. Microbiome and colorectal cancer: Roles in carcinogenesis and clinical potential. Mol

Aspects Med. 69:93-106. doi: 10.1016/j.mam.2019.05.001.
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10 years

Mucosa at risk Tubular High-grade Adenocarcinor
Normal— Aperrant crypt —»Adenoma — Dysplasia —s
foci
Germ o Protooncogene Homozygous loss Additional mut, gros
line/aquired : mut K-RAS suppressor genes chromosome alt,
somatic “first Me.thylgtlop/ - CIN or MSI p53, LOH18q, telomerase, 1genes
hit" APC acUvaon/ ALt SMAD2,4,1COX2

APC/b-catenin
Progressive accumulation of mutations (APC, RAS, p53, etc...)

N s s—— — = 4’




Invitation procedure

- . - FIT report
— — >~ Invitation

— in2years

FIT mailed \

(Fecal Immunologic Test)

SN — Negative test
e —

Presentation
f——]

letter DEIDE[D
+/- invitation =
+/-

information FIT delivered
brochure




Endoscopic finding in FIT-positive participants

preteeteee eeeeeeeeeeaeeteneeeeeeeeeeeeeeeeeeeet
peeteeteee ettt eeete aeeteeeeteeeeteeeeteeeeeeet

pReeeeeeee eeeeeee et aeeteeeeteeeeeeeeeteeeeeeet
treteet 6-7%

ADVANCED LOLORECTAL NEOPLAM
(CRC and high-risk adenoma) HEMORROIDS

LOW-RISK ADENOMAS DIVERTICULA
l OTHERS

]

/oo o oo ) ®
Y Pt ioN e =N
Advanced adenoma:
+ Size 21 cm
+ Villous component

* High-grade dysplasia
|

ABNORMAL COLONOSCOPY IRRELEVANT
Courtesy of Dr. IM. Augé (H. Clinic)



Since 2000: Program of early detection of
CRC implemented in Catalunya

4

Men / Women aged 50-69
Fecal Immunochemical Test (FIT)
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Colonoscopy

4

~5% CRC or clinically relevant

Microbiome

profile
Germinal genetic Environmental
variants factors
RISK
SCORE

®. PERISH
PHASE 1 PHASE 2

892 samples 2,072 samples



PHASE 1 PHASE 2

892 samples 2,072 samples

Colonoscopy results for FIT + samples:

G ChaTorb s saeras Pie Chart of Phase 2 samples

LRA: High Risk Lesion

LNAIR: Lesion Not Associated to Risk
CRC: Colorectal cancer

Carcinoma in situ

Negative: Negative result in colonoscopy LNAIR
LRI: Intermediate Risk Lesion 32

LRB: Low risk lesion LNAIR

33
CRC

CRC
55

Carcinoma in situ 4garcinoma in situ

12

LRI
180




0 Sample

DNA

I
16S rRNA gene r (Irrl
fragment amplification ll - —
with barcoded primers X

'S

DNA extraction Bactarial DNA encoding tha 168 Tha amplified gancs The sequences are separated by
ribasomal RNA gene is ampliad from are purifiad and mixed —_— sample by reading the barcodes
all bacteria in the sample using primers together in equal ey
with universal specificity that also proportions AT 1 —
attach an identifying barcode to all
genes amplified from that sample The genes are sequenced

': 1

] - l it Table prepared

Sequences can also be identified The composition of the Atable is prepared Sequences are grouped together by
by comparnson with 8 refarence samples can then be compared that shows the relative their similarity into operational
dataset such as HOMD and the and displayed graphically abundance of esach OTU taonomic units (OTUs),
propartions of, for exampie, phyla In @ach sample which are aequivalent to species

and genara displayed graphically



scientific reports

CriPrev Spanish_gut_microbiome
100
Phylum
. Actinobacteria
Bacteroidetes
Cyanobacteria
e Elusimicrobia

Epsilonbacteraeota
Firmicutes
Fusobacteria

50 Kiritimatiellaeota

Lentisphaerae

Abundance

Patescibacteria
Proteobacteria
Synergistetes
25 y
Tenericutes
unclassified.P1
unclassified.P2

\Verrucomicrobia

OPEN The Spanish gut
microbiome reveals links
between microorganisms
and Mediterranean diet

Adriel Latorre-Pérez' °, Marta k 2%, Jose 6 ias?, Javier Moran?,
Javier Pascual’, Manuel Porcar™*, Cristina Vilanova® & Luis Collado®
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Dim2

20~

10~

-10-

-30~-

Adonis
Covariates: Sex and Age
(P =0.001)

O
x

Carcinoma in situ
CRC

LNAIR

LRA

LRB

LRI

Negative

G S e e

LRA: High Risk Lesion

LNAIR: Lesion Not Associated to Risk
CRC: Colorectal cancer

Carcinoma in situ

Negative: Negative result in colonoscopy
LRI: Intermediate Risk Lesion

LRB: Low risk lesion
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APC inactivation KRAS mutation 18q, SMAD2/4 loss TP53 mutation
and loss 45

Normal mucosa Early adenoma Intermediate adenoma Late adenoma Carcinoma

MMR mutation; BRAF mutation TGFBR2, IGF2R, BAX mutation
MLH1 methylation

MSI - Microsatellite Instability pathway




COLONOSCOPY
Is it a CR outcome?

50-69 age

NO

sreak z 1a)y

FIT NEGATIVE

P FIT TEST
(4 - > 20 pg hemoglobin/g
- / / feces?
YES
FIT POSITIVE
IRL
N HRL
= cis
CRC _—
N —\
% LNAR Colon (intestino grueso)
LRL Colonoscopio




50-69 age

FIT TEST
> 20 yug hemoglobin/g
feces?
%
@
YES NO N
<
[
2
(7]
FIT POSITIVE FIT NEGATIVE

COLONOSCOPY
Is it a CR outcome?

IRL .
n HRL
= cIS
CRC .
- [ :
E— | \\{~/
% Colon (intestino grueso)—|
Colonoscopio

\

No clinical relevance (most outcomes)
False positives



50-69 age

FIT TEST
> 20 yug hemoglobin/g
feces?

COLONOSCOPY
Is it a CR outcome?

YES
FIT POSITIVE
IRL
) HRL
= cIS
CRC

Is microbiome informative .
Of colonoscopy outcome? =

\

Colon (intestino grueso) —|

Colonoscopio

Z

@
NO N

<

@

L

73
FIT NEGATIVE

No clinical relevance (most outcomes)
False positives



Differential analysis: CRC vs Non—-CRC

41 taxa are significantly differentially abundant,
Between CRC / non-CRC samples

Direction
. Over-represented in CRC
. Under-represented in CRC

-
=}
-
o

=}
o
o. IIIIIIIIIIIIIIIIIII

.0 0.5
Effect size

o

Differential analysis: CR vs Non-CR

I —
—
37 taxa are significantly differentially abundant, : =
Between Clinically relevant (CR) / non-CR samples | | =
E = Direction
:: = . Over-represented in CR
:: = . Under-represented in CR
! E—
] ]
’ —_
/ —
l [
:: |
L E —

0.00 025 0.50

Effect size

|
(ot
N
@



Features: Taxa clr + Clinical variables
Label: Diagnosis

- Machine Learning classification

X1, X2
B—rmmm— P
Ry Recall =
Data Build Model TP + FN
Y \ f(X1, X2) =Y
X1, X2
O— e
Predict
New Data
Use Model
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FIT TEST

> 20 pg hemoglobin/g >

feces? g

N

YES NO >

L

(7]

@ E] FIT POSITIVE FIT NEGATIVE
= _| 16S rRNA seq
ASV TABLE METADATA NO COLONOSCOPY
e SAVED
ML Classifier COLONOSCOPIES
FS +
Clinical variables

COLONOSCOPY




USA cohort
i ,ﬁi L ji J
i“E'"ﬂil"" il r'!: ::'
RN it

100 % CRCs classified
98.46 % CR classified

20 % saved colonoscopies
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VALIDATION

100 extra participants
L it i P - i !
Mg tigh ".'!'
INERA P r R PERTR
’.:HI jf,nr h J' “rr'! ‘

100 % CRCs classified

94 % CR classified

12 % saved colonoscopies

i Programa de’
. deteccid precog
- de cancer de .

“f icolon | rectev'~
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Different algorithm parameters balance sensitivity and saved colonoscopies differentially

Saved colonoscopies (%)

40

FIT_filter_4-4 taxa panel_adjW
®

4-Ataxa panel, adjw
[ ]

20
All_taxa
[ ]
10
0
88 90 92 94 96

CR Sensitivity (%)

98
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Conclusions

- Microbiome plays an important role in digestive cancers
- Microbiome-based diagnosis and therapeutic procedures are promising

- CRC population screening can be made cheaper and more efficient by
exploiting this information

- Future vision: fecal (or salival) microbiome profiling as a general purpose
routinary clinical test (i.e. as blood test)




THANKS

Thanks to all Gabaldén group,
particularly

In this project:
Ester Saus,
Olfat Khannous

Past members: Jesse Willis
Collaborators: COST action

Transcoloncan, Sergi Castellvi,
Hospitals in Barcelona

www.cgenomics.org

Funding:

= w;! GOBIERNO  MINISTERIO
S /3 DEESPANA  DECIENCIA
g 2 E INNOVACION

Tathy Ciberinfec

Centro de Investigacion Biomédica en Red e sr M . ”
Enfermedades infecciosas % FundaCIO la Calxa

European Research Council




