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Le definizioni

Metabonomica “...misura della risposta metabolica dinamica multiparametrica di
sistemi viventi a stimoli patofisiologici o modificazioni genetiche ...” J. Nicholson et al., 1999

Metabolomica “...il set completo di metaboliti od intermedi a basso peso molecolare,
che sono contesto-dipendenti e variano secondo lo stato fisiologico, patologico o di
sviluppo di una cellula, un tessuto, un organo od un organismo ...” Oliver 2002
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Multivariate data analysis as applied to NMR results: a window on biological
complexity
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La Systems Biology e la nascita delle discipline
“‘omiche”

Genomica

» Studio dei geni — I’unica -omica non contesto dipendente
Trascrittomica

¢ Tutti gli mRNA in una cellula/tessuto/organo/organismo
Proteomica

» Tutte le proteine in una cellula/tessuto/organo/organismo
Metabonomica/Metabolomica

» Tutti i metaboliti in una cellula/tessuto/organo/organismo

Genome

Environment .——— Transcriptome «——

~. |

—  Metabolome «—— |
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Different spectroscopic method
used in metabolomic analysis

Gas chromatography-mass spectrometry (GC-MS)
eLiquid chromatography-mass spectrometry (LC-MS)
Nuclear Magnetic Resonance (NMR)
spectroscopy

eFourier-transform infrared (FT-IR) spectrometry

*Metabolite arrays
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Biological samples and Biofluids

LIQUIDS

v

FLUIDS:
*Plasma
*Serum
*Urine
*CSF

Page 1
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DIAGNOSTIC SPECIALIZED

FLUIDS: FLUIDS:
*Saliva *Ascites
*Gastric *Cystic
*Bile *Blister
*Pancreatic

*Amniotic

*Follicular

*Milk

*Seminal

*Prostatic

© Imperial College London

PATHOLOGICAL VIRTUAL

FLUIDS:
*Cell extracts
*Bronchiolar lavage
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TISSUES—l

Liver
*Kidney
*Prostate
*Brain
*Gut
*Blood
*Muscle
*‘Bone
Cartilage
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Unsupervised Supervised analysis
analysis confidence intervals

Projections (PCA),
clustering

Regressions: OPLS, linkage
analysis

Bayesian frameworks

Michaolson JK, Connelly J, Lindon JC, Holmes E Hat Rev Drug Discov. 2002 Feb;1(2):153-61.
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Mortali

e progression

Early bior
of disease
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CLINICAL METABONOMICS

Diagnosis

- Identifying new biomarkers
- Clinical diagnosis where no simple test exists
- Screening subjects for clinical trials

Prognosis

Monitoring therapy

- Understanding basis of drug efficacy
- Toxicology

- Pharmacometabonomics

- Clinical monitoring

Designing therapy

- New insights into physiology and pathology
- Validating animal models of disease
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Bioinformatics
Data Mining
Pathway Mapping

Metabolomics
Proteomics
Transcriptomics

Genomics

-Omic
Assessment

Clinical
Assessment

\
Databases

Metabolic
Phenotype

Factors affecting
metabolic phenotype

Data Storage

Annotation

Interpretation
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Metabolomics in precision medicine

|dentification of prognostic and dynamic biomarkers which can be used to respectively predict and describe
the inter-individual variation in disease progression and treatment response.

Longitudinal
metabolic signatures

Treatment individualization
biomarkers

fine

Metabolic signatures

Dynamic biomarker

: Longitudinal metabolite profiles describing i

dynamics and inter-individual variation in
clinical response

Multiple time points

Metabolomics
biomarker

Static prognostic biomarker

Single metabolite profile predicting inter-
individual variation in clinical response

Metabolomics
biomarker

Time

Clinical outcome
[binary or time course] '
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Evidence-based medicine (treatment-failure approach)

_ _ Treatment A Treatment B
Patientarrival £ % Follow-up Lo _4 Follow-up

Treat

[ )
Personalised medicine (prediction of EBM-benefit)
) }‘_A_?\/ Personalized Treatment
Patient arrival ( g2 Follow-up L :
- —"\,» : 4./

Préa_iﬂctive

patient profile _
Metabolite profile, clinical and
lifestyle data

Precision medicine approach using metabolomics as compared to treatment-failure evidence-based
medicine approach in clinical practice. ‘Personalized profile’ based on metabolomics as well as other
clinical and lifestyle data will be used to predict the patients’ responses to specific treatments and thus
help select the best treatment regimens

Beger RD et al Metabolomics 2016
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» Caratterizzazione del profilo metabolico urinario di pazienti con fibrosi da virus dell’epatite C (HCV) (23
maschi, genotipo virale tipo 1 a e 1b)
e Valutazione delle variazioni indotte dall’eradicazione farmacologica mediante farmaci antivirali diretti
(DAAs) a 4, 8 settimane di trattamento e follow up 12 e 24 settimane
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RISULTATI: Analisi Multivariata PLS-DA
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» Profili metabolici urinari dei pazienti con

HCV con fibrosi epatica grave rispetto a
CTRL (A)

» Variazioni influenzate dal trattamento con

DAA sui profili metabolici dei pazienti con
HCV (B; C);
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RISULTATI: Analisi Univariata

Natura provvisoria o persistente dei metaboliti discriminanti (analisi univariata delle
modifiche che confrontano CTRL, pazienti BTO, EOT, FU1 e FU3)
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Metaboliti associati alla grave fibrosi epatica e non influenzati dal trattamento
con farmaci antivirali diretti

. Hdas

0 N
i B A A A

o

pmol/mmol Crt
.
B S

pumol/mmol Crt

£y

i

R

Ctrl BTO EOT FU1 FU3
1-MNA

Ctrl BTO EOT FU1 FU3
3-HMVB

Metaboliti associati alla eradicazione virale mediante farmaci antivirali

diretti
25 R 25
. .
20 . 20 . .
. ® " .
£ e =
S s . S s T
g 2
£ 3 £
glm g 10
. 1
5 5 . . .
A A H A A A A 8 % A
0 0
Ctrl BTO EOT FU1 FU3 Ctrl BTO EOT Fu1 FU3
3-HIB 2,3-DH-2-MB
& 300
.
70
= 250
60 - .
. .
= 200 .
§ 50 @ . 5
S ° . .
€ w0 £ 150 e
£ 30 13
ES = 100
20
1 2 . . 50 B
10 0 B 5 .
A® A B A A A A
[ 0
Ctrl BTO EOT FuU1 FU3 Ctrl BTO EOT FU1 FU3

Threo-2,3-DHB

Gly

Metaboliti associati agli effetti sistemici indotti dalla terapia
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Normazed Intensiy
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SPECTRAL REGIONS
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Urinary identification of active and inactive
RBV metabolites in HCV patients: towards

the personalized therapy
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Individuazione di due cluster di pazienti HCV con fibrosi sulla base della
capacita metabolica della RBV

Miccheli A et al 2019
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