N

Ricerca genomica e ICT in Sanita:
possibili sinergie

Giovanni Tonon
Ospedale San Raffaele

Head, Functional Director, Center for Translational
Genomics of Cancer Unit Genomics and Bioinformatics
CONVEGNO ANNUALE AISIS
Cagliari

13 Ottobre 2016



Nucleus

Ribosome
Nuclear envelope :

Rough endoplasmic

reticulum
Nucleolus

Chromatin
Plasma
membrane

Nuclear pore

Cell coat

Smooth
endoplasmic
reticulum ), R

Cytoplasm

Free ribosome

Golgi body

Centriole Mitachondrion






o —|‘

e K L Il L RINs e )

s sy e — e ..
b T e e St I Lot 1

JARID1C Ab1

JARIDIC Ab2
H3KSma3 Ab1
| ‘o - . b el ..
H3KSme3 Ab2
, - S chostlile . . b i)
H3K4me3

|1 a4 ! ) NSRS STV T W T (.

H3K4me1

179,650.000

300,000

Knight, D. (2007). "Kinds of minds." Nature 447(7141): 149.



—
R T VLS S TENE AN - S DS

- > <
- — .— I —_—— -
L B a
-

——— - Epesy o=
.<r -

lﬂﬁluhﬁa PR he T s S s b o



Health Disease
Blood
Saliva Biopsies
Feces

Hair



Genome

Transcriptome
Proteome
Metabolome

Microbiome

Epigenome

Exposome
Social graph

Biosensors
Imaging

Topol, Cell, 2014
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Quanti geni ci sono nel genoma di...

E. coli 0O157:H7 (batterio)

prokaryotes one-celled  fungi/ invertebrates chordates vertebrates bumans
eukaryotes  plants




Individualized genomic medicine
From prewomb to tomb
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Cost per Raw Megabase of DNA Sequence
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Next Generation Sequencing

Eariochment visualization in Genome browsers
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Contact Us »

Get Email Updates « 5

The Precision Medicine Initiative: Data-Driven Treatments
as Unique as Your Own Body

Health Care

WHITEHOUSE.GOV IN YOUR INBO)

Sign up for health care updates

Your Email Address

Lindsay Holst

January 30, 2015

09:19 AM EDT

PHOTOS OF THE DAY
Share This Post
E-Mail
’ Tweet
n Share

N MEDICINE INITIATIVE
+

Watch Jo Handelsman, Associate Director for Science in the Office of

- b . = e o b VIEW PHOTO GALLERIES »
Science and Technology Policy, explain the Precision Medicine Initiative
and its significance.



Medicina Personalizzata

"’ \Pattent group M

Drug toxic but
NOT benelicial

Drug toxic but
beneficial

l’_

/ \ !5}$(
.\; E{I Same diagnosis,

same prescription * ‘j
Drug NOT toxic and Drug NOT toxic
NOT beneficial and beneficial

“In the future, a family physician might routinely order a
whole genome scan, or deploy algorithms that query
pharmacogenetic or Mendelian carrier data, or interrogate

genomic information.”
Scott et al., Nature Biotechnology, 2012
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Stage Human Microbiome  Biologic functions
inlife  developmental stage composition of the microbiome

Fetus Developing Minimal ?

R Child Developing Developing  Choreography

of development

Adult Reproduction Mature Homeostasis,
GE I‘l \I!'l:.I Fii\\_\iil IV host fitness
Elderly Aging Senescent Neutral or
person negative fithess

Blaser, Journal Clinical Investigation, 2014



Table 1. Range of currently envisioned uses of NGS. “Expected use” has some similarities to ™

the FDA regulatory term “intended use,” but because there are differences in the details, we '

simplify here to “expected use.”
Test

Noninvasive fetal testing

Targeted gene panels to test a
patient’s tumor

Carrier tests for individuals of
reproductive age

Whole-genome sequencing tests
for children with congenital diseases
or conditions

Whole-genome sequencing tests
for patients with end-stage cancers

Whole-genome sequencing tests for
individuals to calculate risk of
common disease

Expected use

To report chromosomal abnormalities
known to be associated with harmful
or lethal phenotypes

tusses the Precision

To report any somatic mutations
in known cancer driver genes

To report whether an individual carries
known or new pathogenic mutations in
known heritable disease genes

To aid in discovery and mechanistic
elucidation of likely causal mutations

To detect neoantigens that can be
used for immune-therapy applications

To detect variants associated with risk for a wide
range of phenotypes, including rare diseases,
common diseases, and drug responses

www.ScienceTranslationalMedicine.org 20 April 2016 Vol 8 Issue 335 335ps10
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WHAT DOES IT
MEANTHAT | HAVE A
GENE THAT GIVES
ME ‘TYPICALODDS' FOR
HAVING RED HAIR?

| HAVE CHOSEN
NOT TO LEARN WHETHER
I HAVE A GENE THAT
INCREASES THE
RISK OF ALZHEIMER'S
DISEASE.

| CONSUME BEER,
BROCCOLI AND BRUSSELS
SPROUTS, EVEN
THOUGH | HAVE THE GENE
~ FOR TASTING THEIR
!( BITTERNESS.
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Your feedback is important to us, tell us what you think o
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Qualche dato..

* . 300.000 milioni campioni tissutali

mantenuti 1n banche tissutali USA (circa
1999) f '

* Aumentano ad una frequenza di pit di 20
milioni all anno

Eiseman,E.&Haga,S.Handbookof HumanTissue Sources (RAND, 1999).



Caratteristiche...
® Campioni (DNA, RNA, cellule, tissuti,
tumori, sangue ...)
Condizioni (specifiche patologie, tumori...)
Anatomia Cocchi, ossa, cartilagine..;)

“dati” (analisi molecolari, microarrays...)
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HUMAN HEALTH

Precision medicine:
Beyond the inflection point

1 Knowledge network
Nascent Genomics
curve:
Integration,
understanding  Microbiome
Precision
Medicine
Exposures
=P .
. U y Behaviors
Inflection
point Clinical tests
Participant
Incumbent < contributed
curve: data
Data collection,
description
within
disciplines \.

Hawgood et al., Sci. Transl. Med., 2015
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The precision-medicine ecosystem
a new role for the clinician

ectronic health record

l

Case-level database

» Genotypes
* Phenotypes and outcomes
» Family and medical history

m'

Research database
* Research-derived data

Researcher

////

¢ Knowledge sharing

Other

g j e Aronson and Rehm, Nature, 2015



The precision-medicine ecosystem

a hew role for ITC

Patient Clinician
i i

Electronic health record
e _______3

l I

Case-level database

Researcher - Genotypes Clinical laboratory
* Phenotypes and outcomes
D E— » Family and medical history .

g [
I

» Environment and exposures '
>

Research database

* Research-derived data
e _______3

¢ Knowledge sharing

Other

M— Aronson and Rehm, Nature, 2015



The precision-medicine ecosystem

a hew role for ITC

Clinicians Computer scientists Laboratory workers

4 [ J L J
¥ © 1
L

Multiple
implementations

linked by interface

Aronson and Rehm, Nature, 2015



Infrastructure

B ) Clinical Database
Research Database
Sistemi Informativi
Clinica

Direzione Sanitaria

Data Managers

#Pharmacy
Institutional Review Board
Peteasessssnsseen—tegll)

Cl | N iC Courtesy of C. Vivori
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Boycott et al., Nat.Rev.Genetics, 2013
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The NEW ENGLAND JOURNAL of MEDICINE

015

SOUNDING BOARD

Heterogeneous disease

Precision Medicine — Personalized, Problematic,

and Promising
J. Larry Jameson, M.D., Ph.D., and Dan L. Longo, M.D.

Discovery

Assay Design

Diagnostic
Tool

New diagnostic test

¢

Refined disease classification,
according to prognostic
implications

Subtype A
Subtype B
Subtype C

New targeted treatment

i

Clinical research
Outcomes
Safety
Cost

Clinical guidelines

Adoption by
physicians and ———|  Clinical implementation
health systems

Adoption by
patients

Adoption by
payers
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Cost

DNA Sequencing Economics
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e

Sequencing cost
dropping
~5X
per year

Informatics cost
dropping
~2X
per year

Informatics
is now
the bottleneck



Cell

Highly Parallel Genome-wide Expression Profiling of
Individual Cells Using Nanoliter Droplets

Single-cell genomics

Drop-seq single cell analysis

Microfluidic device

Cells
Distinctly . Barcoded
barcoded | bead
beads ‘..(] primers
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1000s of DNA-barcoded single-cell transcriptomes

Cell 161, 1202-1214, May 21, 2015



Our soul is cast intfo a body, where it finds number, time,

dimension. Thereupon it reasons, and calls this nature necessity,

and can believe nothing else

Blaise Pascal



