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«Omic»-based approaches

Genes MRNAS Proteins Metabolites
Genome Transcriptome Proteome Metabolome
GENOMICS TRANSCRIPTOMICS PROTEOMICS METABOLOMICS
(Genotype) ~ (Phenotype)
« What might happen » « What is happening »

« How it is regulated »

Metabolomics deals with the comprehensive analysis of the set of small molecules or metabolites

present in a given cell, tissue or organism 2



The metabolomic workflow
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Metabolites??? : Any small organic molecule detectable in the with a

molecular weight generally less than 1000 Da (or slightly larger,...)
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http://www.genome.jp/ligand-bin/strsearch_view_compound?ENTRY=C00041
http://www.genome.jp/ligand-bin/strsearch_view_compound?ENTRY=C00078
http://www.genome.jp/ligand-bin/strsearch_view_compound?ENTRY=C00031
http://www.genome.jp/Fig/compound/C00002.gif
http://www.genome.jp/tools-bin/strsearch_view_compound?ENTRY=C00158
http://www.genome.jp/tools-bin/strsearch_view_compound?ENTRY=C00042
http://fr.wikipedia.org/wiki/Fichier:Cortisol.png
http://fr.wikipedia.org/wiki/Fichier:(S)-Thyroxine_Structural_Formulae.png
http://fr.wikipedia.org/wiki/Fichier:Noradrenaline.png
http://fr.wikipedia.org/wiki/Fichier:Gamma-Aminobutters%C3%A4ure_-_gamma-aminobutyric_acid.svg
http://www.genome.jp/Fig/compound/C07049.gif
http://fr.wikipedia.org/wiki/Fichier:DDT.svg
http://fr.wikipedia.org/wiki/Fichier:Dioxin-2D-skeletal.svg

("~ We don’t know how many metabolites could be detected in )
biological media

Metabolomics is far more complex than metabolic pathway maps

Metabolites also range in concentration from fM to mM:
AL ~12 orders of magnltude ' W,
“““““ I\/Iost MS features (= 90%) detected present In

LC/MS data are not characterlzed
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Annotation of peak lists is required to help for
metabolite identification

Samples

>

J5T J5T J5T J5T J5T J5T

-~

Peak Nr_| Ret{min} | Wass 06030302 | 06030303 | 06030304 & 06030305 | 06030321 & 06030322

1 13.24 100 | 1.8E+03 1.5E+03 24E+05 1.7E+03 20E+03 T.9E+04

2 13.98 100 | 1.8E+03 1.5E+03 2.0E+03 1.7E+03 20E+03 1.5E+04 ?

3 42.25 106 | 2.0E+05 | 43E+04 2.9E+05 3.5E+04 18E+05 2.0E+03 "

4 16.65 114 20E+03 | 3.JE+04 4.5E+04 1.0E+04 3IE+05 2.5E+04

5 16.92 114 20E+03 | 3JE+04 4.5E+04 21E+05 8.3E+04 2.5E+04 ?

6 17.26 114 20E+03 | 3.7E+04 4.5E404 1.6E+05 2.5E+05 1.2E405 "

i 17.54 114 20E+03 | 3.JE+04 2.3E+405 14E+05 43E+04 2.5E+04

8 18.01 114 20E+03 | 3.7E+04 2.8E+05 1.0E+04 43E+04 2.5E+04 ?

9 419 126 | 94E+04 1.6E+03 6.4E+04 1.TE+04 2.3E+03 1.2E+04 "

10 4.66 126 | 14E+05 1.6E+03 1.3E+05 1.TE+04 2.3E+03 1.2E+04

1 493 126 | 21E+03 1.6E+03 24E+03 1.7E+04 2.3E+03 1.2E+04 f)

12 507 126 | 1.8E+05 1.6E+03 24E+03 1.TE+04 2.3E+03 1.5E+05 '
o) 13 540 126 | 1.3E+05 1.6E+03 1.1E+03 1.7TE+04 23E+03 2.2E+04
9} 14 5.86 126 | 2.1E+03 1.6E+03 1.1E+03 1.7TE+04 23E+03 4.9E+04 f)
(7)) 15 6.32 126 | 1.5E+04 1.6E+03 24E+03 1TE+04 2.3E+03 1.2E+04 '
(G 16 10.56 126 | 1.9E+05 1.6E+03 2.0E+05 9.1E+03 2.3E+03 1.2E+04 f)

7 11.05 126 | 21E+03 1.6E+03 24E+03 9.1E+03 2.3E+03 1.2E+04 K
E 18 11.33 126 | 1.0E+05 1.6E+03 1.5E+05 9.1E+03 2.3E+03 1.2E+04
1 19 11.80 126 | 24E03 1.6E+03 24E+03 9.1E+03 2.3E+03 1.2E+04 ?
+ 20 16.36 126 | 2.0E+03 1.6E+03 24E+04 9.1E+03 2.3E+03 1.2E+04 K
m 21 9.04 138 1.9E+03 | 3.9E+04 2.1E+04 14E+04 23E+03 2.7E+04
N— 2 439 143 2.9E+05 | 24E+05 2.8E+03 29E+05 29E+04 2.5E+05 ?

3 5.07 143 2.3Es03 | 2.1E+03 2.5E405 2.3E+03 1.9E+05 3.2E+05 K
0 bl 5.20 143 55E+05 | 2.1E+03 1.1E+05 3.6E+04 29E+04 JAE+05
(] i) 26.39 U3 13E«04 | B3E+04 5.8E+04 2.3E+03 2.9E+04 1.2E+05
ey 26 6.58 153 | LOE+04 1.1E+06 8.9E+04 9.9E+04 34E+04 4.5E+04
Q0 n 7.12 153 4.0E+04 | 2.6E+03 8.9E+04 6.1E+04 1.9E+05 3.TE+04
(G 28 6.72 154 | 42E+05 | 5.0E+05 2.9E+03 20E+04 31E+03 3.9E+04
— 29 6.98 154 | 5.3E+05 | 2.0E+03 6.3E+05 20E+04 28E+05 2.1E+05
= 30 7.66 154 | 22E+03 | 6.JE+04 2.9E+03 20E+04 28E+05 21E+04
fU 3 17.54 159 | 23E+03 | 2.0E+03 2.8E+03 3.0E+05 2.7E+03 3.8E+04
> 17.87 159 | 2.3E+03 | 2.0E+03 2.8E+03 28E+04 2.TE+03 1.1E+05

e
R

18.42 159 | 2.3E+03 | 2.0E+03 2.8E+03 4.2E+05 2.7E+03 3.8E+04

10,000+ variables... ...Few hundreds of metabolites ??

1. Matching of experimental m/z to theoretical masses from chemical and
biochemical databases: KEGG (www.genome.jp/kegg), Metlin
(www.metlin.scripps.edu), HMDB (www.hmdb.ca)

2. Matching of experimental m/z, CID spectra and RT to those of spectral
databases



Metabolomics (2007 ) 3:211-221
DOI 10,1007 /511 306-0070082-2

ORIGINAL ARTICLE

Proposed minimum reporting standards for chemical analysis

Chemical Analysis Working Group (CAWG) Metabolomics Standards Initiative (MSI)

Llovd W. Sumner - Alexander Amberg - Dave Barrett - Michael H. Beale -
Richard Beger - Clare A. Daykin - Teresa W.-M. Fan - Oliver Fiehn -
Royston Goodacre - Julian L. Griffin - Thomas Hankemeier - Nigel Hardy -
James Harnly + Richard Higashi - Joachim Kopka + Andrew N. Lane -
John C. Lindon - Philip Marriott - Andrew W. Nicholls - Michael D. Reily -
John J. Thaden - Mark R. Viant

b

Identified compounds (see below).

Putatively annotated compounds (e.g. without chem-
ical reference standards, based upon physicochemical
properties and/or spectral similarity with public/com-
mercial spectral hibraries).

Putatively characterized compound classes (e.g. based
upon characteristic physicochemical properties of a
chemical class of compounds, or by spectral similarity
to known compounds of a chemical class).

Unknown compounds—although unidentified or
unclassified these metabolites can still be differentiated
and quantified based upon spectral data.

chIHﬂ’IpI ﬂ]ﬂl
{eNnce &ecnnoroqy

Identifying Small Molecules via High Resolution Mass Spectrometry:
Communicating Confidence

Emma L. Schymemskj,*"r Junho _](:011,‘b Rebekka Guldlc:,‘r’i Kathrin FC]]I]C[,‘i-’i Matthias Ruff,'r

: . T . R X
Heinz P. Singer,” and Juliane Hollender™ "~

Metabolomics (2014) 10:350-353
DOT 10.1007/511306-014-0656-8

OPINION

Metabolite identification: are you sure? And how do your peers
gauge your confidence?

Darren J. Creek - Warwick B. Dunn « Oliver Fiehn + Julian L. Griffin -
Robert D. Hall -+ Zhentian Lei * Robert Mistrik + Steffen Neumann *
Emma L. Schymanski + Lloyd W. Sumner + Robert Trengove + Jean-Luc Wolfender



Identification of pantothenic acid in rat urines:
based on reference compound, RT, accurate mass and MS?
LEVEL 1

(2 stereosisomers on HMDB)

2
EIC at m/z 220 (ESI+, RP/LC-HRMS) MS® spectra
e (LTQ-Orbitrap Discovery, at a mass resolution of 7500, FWHM)
00 1669 \ X5 \
“ 100 184.09719
70 Rat urine i _
60- 80| Rat urine
’
60|
20| |
127 5.40  15.67 h22A5273.40 30.84 39.26 45.02  53.68 40; 142.08651
. 156.10193
90 207 00.05494 116.03427
80 ]
o | Reference 1 72.04433 201 85446
| compound in S AP A O R W T 55
- solvent (1 pg/ml) 100 184.09723
20: 805
J}\ 1 Reference
wo,  ws=o | - compound in
oo | 60—
" 1 solvent (1 pg/ml)
40 142.08658
: : - 156.10229
o Rat urine spiked . 00.05401 11603442
with Reference 20— '
30| | 72.04417
compound o | \ | 201.86206
] J s 100 150 %0
0 10 20 Tim:(()min) 40 50 m/Z

(Werner E et al., J. Chromatogr. B, 2008)
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Identification of L-Urobilinogen (or L-Stercobilinogen) in human urines

(m/z 595.3463)
XCMS output CAMERA output
: - Inter-sample . .
Variable Retention . . Public database annotation
m/z i . isotopes adduct pcgroup correlation
number time (min)
1806 303.1443 9.33 ** o 531 NA *
4663 593.3312 9.34 {[681][M]+ o 512 NA L-Urobilin
4668 594.3368 9.34 {[681][M+1]+ i** 512 NA *
4679 595.3463 9.40 {[650][M]+ [M-H]- 394 1.00 C-Curarine / L-Urobilinogen
4682 596.3514 9.40 {[650][M+1]+ i** 394 0.98 >
4878 631.3256 9.40 |** [M+CI]- 394 0.96 *
3797 481.2789 9.46  {** * 552 NA GPCho(10:0/4:0) / GPCho(12:0/2:0)
2763 381.1910 9.563 = * 627 NA *
3834 485.1792 9.61 i** ki 544 NA Rutaevin / Nafenopinglucuronide
1255 253.1440 9.67 |** * 556 NA *
523.33 M-H1-
551.35(-CO;) 4o (-CsH,0,) [ ]
595.34924

[(M-H)-(C1gH24N-03)-
(CO)]-

259.18146

0
291.17

H;C

H,C

HO

259.18
(-C16H24N,05) (-CO,)

Iz

[(M-H)~(C47H24N,0,)]-

291.17117

[(M-H)-(C;H,0)]-

523.32935

[(M-H)-(CO,)]-

LEVEL 2 by diagnostic evidence

- No reference compound available in our library
- No MS? spectra in MassBank and mzCloud
- No isomers in HMDB and KEGG

550

T
250 300 500

(Roux A. et al., Anal. Chem., 2012)

T
00



Characterization of a dicarboxylic acylcarnitine in human urines
(m/z 346.2215, ESI pos)

m/z Rel. Int. (%) Delta(ppm) Composition Attribution Interpretation
60.0814 14.15 9.5 C3HION [carniting*H-C4HBO3]+  |fragment ion ofcarnitine
84.0447 1.78 3.76 CAHEON Msz HCD) spectrum
85.0287 10.19 3.58 C4H5 02 [carnitine+H-C3HIN-H20]+ [fragment ion ofcarnitine ( ) p
88.0396 3.73 336 €3 HE 02 N
121.1011 1.87 0.3 €9 H13
130.0497 19.2 -1.49 C5HB03 N 34622154
100 139.1115 631 1.91 C9HI50 C17H3206N
] 144.1017 259 1.79 C7H14 02N
90 185.1170 115 1.46 ClOH17 03  |[M+HC7H15NO3]+ diagnostic neutral loss of
] acylcarnitine
80 203.1275 35.6 1.53 C10HI9 04  |[M+H-CTHI302N]+ could corrrepondto a dicarboxylic
] acid such as sebacic acid
70_: 241.1429 3.96 2.2 c13H21 04
° ] 269.1378 567 2.2 €14 H21 05
Q ] A -
§ 60 287.1481 18.9 3 C14H2306 |[M+H-C3HON]= diagnostic neutral loss of
'g ] acylcarnitine
a3 ] 346.2215 100 252 C17H32 06N |[M+H}+ Parent ion
< 507
g -
= ] 20312748
s 407 CioH190y4
o ]
30 217.02375
1 130.04968 287.14805
0] 60.08135 CsHsOzN C1aHz3 06
1CsH1oN 8502871 185.11895
1 CaHs0o 139.11148  C1o0H17 03 269.13776
101 40 CoH1s0 241.14291 2520577
] — CiaHp1 Og T14 721 -0 328.09105
1 19403236 | L | 305.01547 362.30817
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
50 100 150 200 250 300 350
miz

LEVEL 3

Could be sebacylcarnitine. However, the dicarboxylic acid moiety (C10H1804) is not characterized




Non-targeted metabolomics:

Metabolic phenotype (host-environment interactions)
Impact of the microbiota
Chemical exposome

=~ 250-350 metabolites annotated/identified in humans
biofluids from several thousands of features

/ Metabolites detected in plasma using LC/HRMS based metabolomics\
Naciooside Anslogues " —
N
I

Amino Alcohols

Phenol and derivatives
Keto-Acids

Aromatic Acids

Benzoic acid and derivatives
Sulfate esters

Polypeptides

Purines and purine derivatives
Indoles and Derivatives

[ HWetabolites detected and reported in serum for the 1st time
I according to HMDB and Pubmed

Metabolites detected and already reported in serum according to

(I HWMDB/PubMead

Bile Acids ] HEm HMetaboltes expected to be detected in serum according to HMDB
Alcohols and Polyols I
Amino Ketones | ]
Acyl Glycines
Fatty Acids |

Dicarboxylic Acids
Hydroxy Acids
Carbohydrates

Carnitines and derivatives

Amino Acids and derivatives I
T T T 1
-50 ] 100 150
Number of metabolites (Boudah S., J. Chromatogr. B, 2014)

= Hl_lmﬂl—ll_l.—..—. — |_|.—|r| —[1 |




Why measuring metabolites?

Late biomarkers
of disease/effect

Biomarker discovery HL

Early biomarkers A ﬁ}
of disease/effect

Jia) hostic Disease
markers

Onset of

disease/effect \ﬁ!_)
\ A

Prognostic - I Healthy

F’redi:jﬁ sitioffl !
markers

\ﬁﬁgrk rs

Changes in 5§tﬁ\z\;a} dynamics
to maintain homeostasis
van der Greef et al, Curr Opin Chem Biol 2004

Systems biology

W I

Q — o

mm-*g/gmnm L

personalized medecine ' frite—az . .
* * * E ﬁ w_’ %\g F\ F’n\ == FGFR4_mutation %‘g
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Metabolomics in the field of hepatology

> 2000 publications (Pubmed database)

500 hepatocellular carcinoma |

450
. 400 liver transplantation [N
-§ 350
S cirrhosis [
= 300
>
2 250
s virus AND hepatitis |GG
5 200
o)
£ 150 Alcohol* AND hepatitis [l
< 100

>0 NAFLD [N
0
1995 2000 2005 2010 2015 2020 0 50 100 150 200 250 300 350
Years Number of publications

Search query: (metabolom*[Title/Abstract] OR metabonom*[Title/Abstract]

OR metabotyp*[Title/Abstract]) AND ((liver disease)[Title/Abstract] OR

hepatitis[Title/Abstract] OR cirrhosis[Title/Abstract] OR (liver

transplantation)[ Title/Abstract] OR (hepatocellular

carcinoma)[Title/Abstract])

Recent developments: multi-omics integrated studies ++

iImpact of the gut microbiota ++



ARTICLES

nature,, .
medicine

https://doi.org/10.1038/541591-018-0061-3

Molecular phenomics and metagenomics of
hepatic steatosis in non-diabetic obese women

Lesley Hoyles ®'°, José-Manuel Fernandez-Real?'’*, Massimo Federici®*%*, Matteo Serino %3,
James Abbott @, Julie Charpentier*®, Christophe Heymes*3, Jéssica Latorre Luque®?,

Elodie Anthony®, Richard H. Barton', Julien Chilloux®?, Antonis Myridakis®’, Laura Martinez-Gili®",
José Maria Moreno-Navarrete?, Fadila Benhamed?®, Vincent Azalbert*?, Vincent Blasco-Baque*?,
Josep Puig?, Gemma Xifra?, Wifredo Ricart?, Christopher Tomlinson®', Mark Woodbridge ™7,
Marina Cardellini?, Francesca Davato?, Iris Cardolini?, Ottavia Porzio™®, Paolo Gentileschi’,

Frédéric Lopez*?, Fabienne Foufelle®, Sarah A. Butcher®’, Elaine Holmes', Jeremy K. Nicholson',
Catherine Postic®, Rémy Burcelin®*™* and Marc-Emmanuel Dumas®@™

Shotgun sequencing of fecal metagenome
Host phenome (hepatic transcriptome, plasma and
urine metabolomics)

Molecular networks linking the gut microbiome and
the host phenome to hepatic steatosis.

Steatosis: low microbial gene richness, hepatic
inflammation, dysregulation of aromatic and
branched chain AA metabolism.

Microbiota transplants and chronic treatment with
phenylacetic acid trigger steatosis and dysregulation
of BCAA metabolism

a Patient recruitment and clinical data

Clinical Primary phenotype: steatosis Confounder & modifier analyses

recruitment (liver histology) (age, BMI, country)
. Inclusion criteria: Spearman’s partial
Spain (ned4) Obese women, caucasian origin, body weight stable cgrrelratio;s f%, hlopatic
> 3 months, no antibiotics < Tmonth steatosis, adjusted for age,
ltaly (n=61) | BMI and country with
Alcohol consumption > 20 g/day, iron overload Benjamini and Hochberg
hepatitis B & C, auto-immune hepatitis, thyroid multiple testing correction
dysfunction, type 2 diabetes, cancer
1 hepatic | steatosis |
b c d

Metagenome-wide association Transcriptome-wide association Metabolome-wide association

Taxonomical abundance (394 species)
Microbial gene richness (10 M genes)
Microbial gene functions

Genes associated with steatosis and MGR
Pathway enrichment
Gene network topology

Urine and plasma 'H NMR
Plasma UPLC-MS/MS
Metabolites associated with steatosis and MGR

gas
il o I
:., " '..: _.l‘. - -;: gene richness : g s L» 4
PRELERE T /e i i e
. -5
¢ w -" : i3 T 3 T 3
“'h*’ | -
I ]
; '
e f

Integrative modelling

Multi-omics predictive O-PLS-DA models
7-fold crossvalidation, 10,000 HO permutations
Bootstrapped ROC analysis

I

Cross-matrix information

Shared variance across -omics
Av matrix coeficient

Biological validations

Fecal microbiome transplantations in mice
Oral metabolite gavage in mice

Metabolite treatment in primary human hepatocytes -

Transcriptome

Microbiome

Clinical

Urinary
Metabolome

True positive rate

—Z5 Plasma
&4 Metabolome

False positive rate



Orchestration of Tryptophan-Kynurenine  urparorocy,vor.s,no.4,2019
Pathway, Acute Decompensation, and

Acute-on-Chronic Liver Failure in e T B

. . 9 el T i1
Cirrhosis S

Joan Claria = | Richard Moreau,"* Frangois Fenaille,* Alex Amorés,! Cllristophe]unol‘,4 Henning Gronbaek,s N-formylkynurenine
Minneke J. Coenraad,® Alain Pruvost,” Aurélie Ghettas,” Emeline Chu-Van,* Cristina ]_‘cipez—Vicario,2 Karl Oettl,® Paolo Caraceni,” 1
Carlo Alessandria,'" Jonel Trebicka = ,"'""*> Marco Pavesi,! Carme Deulofeu,’ Agustin Albillos, ' Thierry Gustot,™*
Tania M. Welzel,'? Javier Ferndndez,? Rudolf E. Stauber,® Faouzi Saliba,'> Noémie Butin,* Benoit Colsch,* Christophe Moreno,™* 2
Frangois Durand,’ Frederik Nevens,'® Rafael Bafiares,'” Daniel Benten,'® Pere Gines,? Alexander Gerbes,'? Rajiv Jalan,? Kynurenic acid
Paolo Angeli,"*' Mauro Bernardi **' ,* and Vicente Arroyo'; for the CANONIC Srudy Investigators of the EASL Clif Consortium, 3
Grifols Chair and the European Foundation for the Study of Chronic Liver Failure (EF CIif) 4 v
i 3-Hydroxykynurenine
— Anthranilic acid
5 4
10244 \
v
12 3-Hydroxyanthranilic
2564 6

1284

2-Amino-3-carboxymuconate
semialdehyde

/ \
Picolinic acid Quinolinic acid

Quinolinic acid (a.u.)
w
N
'

CO,+ATP NAD’

Kynurenine pathway is activated in patient with acute decompensation and acute-on-
chronic liver failure

Confirmation by a quantitative LC-MS/MS assay for kynurenic acid, quinolinic acid, kynurenine and
tryptophan on 234 samples (validation cohort)



JOURNAL
OF HEPATOLOGY

Blood metabolomics uncovers inflammation-associated
mitochondrial dysfunction as a potential mechanism

un d e rlyl n g AC L F Richard Moreau'”*", Joan Claria"**', Ferran Aguilar'', Frangois Fenaille”", Juan José Lozano®,

Christophe Junot”, Benoit Colsch’, Paolo Caraceni®, Jonel Trebicka'”, Marco Pavesi',
Carlo Alessandria®, Frederik Nevens’, Faouzi Saliba'’, Tania M. Welzel’, Agustin Albillos",
Thierry Gustot'”, Javier Ferndndez"*“, Christophe Moreno'”, Maurizio Baldassarre®,

Giacomo Zaccherini®, Salvatore Piano', Sara Montagnese ", Victor Vargas'*, Joan Genesca ',

Elsa Sola**, William Bernal ', Noémie Butin®, Thais Hautbergue®, Sophie Cholet”,
Florence Castelli®, Christian Jansen'®, Christian Steib'’, Daniela Campion®, Raj Mookerjee ',
Miguel Rodriguez-Gandia'', German Soriano'”, Francois Durand”, Daniel Benten®”,
Rafael Baiares®!, Rudolf E. Stauber”?, Henning Gronbaek”’, Minneke J. Coenraad”*,
Pere Ginés’*, Alexander Gerbes'’, Rajiv Jalan"'¥, Mauro Bernardi®, Vicente Arroyo',

Patients with ACLF
n=181

L ]
mn
rﬁ| Patients with

A
f G

Healthy controls

T n=29

compensated cirrhosis

Persons involved in the study

Paolo Angeli""”, for the CANONIC Study Investigators of the EASL Clif Consortium, Grifols
Chair and the European Foundation for the Study of Chronic Liver Failure (EF Clif)

~

AUC of metabolites for ACLF vs. AD
Hierarchical cluster analysis of AUCs

Metabolome
analysis
Biobanked
serum — kbl | - -
samples ———
PCAunsupervised

hierarchical cluster analysis of
blood metabolites between group

Liver failure
Inflammation

[ Acute-on

chronic liver failure
(ACLF)

] Precipitating events

Infla

Compensated
cirrhosis

nmation burst ﬁx

+ Active alcoholism (20-25%)
+ Bacterial infection (30-35%)
Unknowns (>40%)

Decompensated
cirrhosis

Time

\chte decﬁmpensaﬂoygscﬁes.ancaphalnpathy_ )

Eigenmetabolite cluster

<22x10"
1
0.1
7.8x10'2
1
0.019
1
04
1 1 1 1
HC ccC AD ACLF

Group

Data

processing

Automatic detection
of signals

Selection of
relevant features

|

Eigenmetabolites computation pairwise comparisons Annotation
databases
public/internal
Identification of a blood Identification of blood
metabolome fingerprint «——— metabolome changes -
specific for ACLF across study groups
ACLF associated metabolite cluster
- ~
B dm Bl d 88 R CERERREEERERERERERER
DENOIRND D o0 0 O0C0D0 000000000 0000000000 OO0 OO0
g 8 e el E e S R e85 Re e 28T LT3R EE R |AUCACLE
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Blood metabolomics uncovers inflammation-associated
mitochondrial dysfunction as a potential mechanism
underlying ACLF
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The ACLF associated metabolite cluster | | Lavsbiol
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correlates with systemic inflammation.
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It also reflects: \ e g oo
- increased proteolysis and lipolysis, m s
- changes in intracellular metabolism in |
response to the proliferation of innate crrors
Immunity cells, e —
- Reduced mitochondrial oxydation, e - 7

Fatty acid oxidation
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Assessing the role of amino acids in systemic inflammation and
organ failure in patients with ACLF
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Reanalysis of the blood metabolomic
data of the CANONIC study
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- Blood AA fuel protein and nucleotide synthesis
required for intense systemic inflammation.

- Extensive catabolism of ketogenic AA to
produce energy substrates in peripheral organs

//’;

$Glucose
Plasma membrane

» ‘D Glycerato‘\\

v
tRibose-5P¢————— Glucose-6P f

PPP  naD PPP
Glycolysis
PRPP NADH o
ffGlycme — 4——— 3-Phosphoglycerate ]
s 2-Phosphoglycerate 4
Nucleotides
*~ Phosphoenolpyruvate
ATP NADH NAD*
tPyruvate \NJ »*Lactate
ATP, . Lipids
vAspartate
[ OXPHOS , et
— ETC $Oxaloacetate Ace = _1‘CItrate
: 4 Yo A onitate
\ ) ¥ NADP
\ .1 thate 2 itk o
B ta-Retoglutarate
e } lutama
tSuccinat uccinyG
P 4Glutamine
\




Which questions do we now address? rIj:QICROB-PREDICT

B
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- Improve stratification power regarding the decompensation of cirrhosis

- Provide new insights into pathophysiology of ACLF (biomarkers of
precipitants and organ failure)
- Response to treatment

- Pronostic biomarkers that could be translated into clinics



Take home messages

Metabolomics tools are nowadays enough mature to be used in the field of clinical
research.

Improvement of data interoperability and reusability of untargeted metabolomic data

IS a key priority, which has to be addressed in a context of permanent and rapid
technological evolution.

How to translate complex metabolomic signatures into clinics and care practice?

. 4 e Rapid diagnostic tests...
Biomarker validation P i &
Biosensors??

Omics CRUCIAL STEP - e
Make it more reliable Multiplex quantitative ‘a £ B _ — C >
Share it better analyses on cohort ) e, il

Read the
results

Prick the finger Collect blood

Integrate it with other data
In situ analyses

Single cell technologies

sample diluent

samples
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