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“…human genes are not ordinary
molecules but are fundamentally
unique because they transmit the
instructions for creating humans…”
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PROGERIA - HGPS

Hutchinson, Medicochirurgical Trans 1886;69:473
Gilford, Practitioner 1904;73:188



Human mutation rate revealed
• 100-200 new mutations

from one generation to
the next;

• One mutation in every
30 million base pairs;

Xue, Y. et al. Curr. Biol. (2009) doi:10.1016/j.cub.2009.07.032.



ED Green et al. Nature 470, 204-213 (2011) doi:10.1038/nature09764

Genomic achievements since the Human Genome Project

First genome-wide association
study published

NCBI’s Database of Genotypes and
Phenotypes (dbGaP) launched

Publication of finished
human genome sequence

Human genetic variation is breakthrough
of the year

First personal genome sequenced
using new technologies

500th genome-wide association
study published

Major syndrome gene discovered
by exome sequencing

1000 Genomes pilot
project complete



Dissected OMIM Morbid Map Scorecard
(Updated September 14th, 2016) :

• Single gene disorders and traits: 4,791

• Susceptibility to complex disease or infection:  701

• Somatic cell genetic disease: 205



I test genetici
Human Genetic Commission: A common framework of principles for direct-to-consumer genetic testing services, 2009

http://www.hgc.gov.uk/Client/Content.asp?ContentId=816.

diagnostici
portatori sani

presintomatici

predittivi

farmacogenetici

test di compatibilità
genetica

test comportamentali
e di orientamento sugli

stili di vita test di nutrigenetica

test fenotipici

test per la definizione
dei rapporti di parentela

test ancestrali



Preimplantation Genetic Screening





Potential applications of ctDNA.



Sequencing gets cheaper and
faster

Cost of one human genome
• HGP: $ 3 billion
• 2004: $30,000,000
• 2008: $100,000
• 2010: $10,000
• 2011: $4,000
• 2012-13: $1,000
• ???: $300

Time to sequence one genome:  years  days

Massive parallelization.

courtesy: Batzoglou



Three Strategies for Exome Sequencing in Gene Discovery.

Mefford HC et al. N Engl J Med 2012;366:733-743.



Studies Using Massively Parallel Sequencing to Identify Genes Associated with Intellectual
Disability and Autism.

Mefford HC et al. N Engl J Med 2012;366:733-743.





Pathogenic Variants for Mendelian and Complex Traits
in Exomes of 6,517 European and African Americans

• 70 genes analyzed by ES:
– identified 10,789 variants
– 399 validated pathogenic variants.

• The mean number of risk alleles per individual was 15.3;
• Every individual had at least five known PGx alleles;
• 99% of individuals had at least one ARMD risk allele;
• 45% of individuals were carriers for at least one pathogenic NBS

allele;
• The carrier burden for severe recessive childhood disorders was

0.57;

• Our results demonstrate that risk alleles of potential clinical utility
for both Mendelian and complex traits are detectable in every
individual.

The American Journal of Human Genetics, Volume 95, Issue 2, 2014, 183 - 193



….Many parents of children in pediatric genomic
research indicated a strong desire to receive a
broader range of results …..….

 No difference was found in results between participants with cancer and
those with orphan diseases.

 92% indicated that genomic research for childhood-onset conditions
should occur.

 The majority wanted incidental results predicting susceptibility even to
untreatable fatal conditions (83%), to multiple conditions (87%), or to
those with uncertain impact (70%).

 Most felt sibling genomic results showing serious conditions, whether
treatable (93%) or not (88%), and/or results discovered after death of the
proband should be shared with family (74%).

Genetics in Medicine (2014) 16, 633–640
doi:10.1038/gim.2013.201



l’arrivo dei “non pazienti”….
• “sono persone che non presentano sintomi

evidenti e che condividono predisposizioni
genetiche, vivendo nell’attesa
probabilistica di comparsa di qualche
segno di malattia, organizzando la loro
vita in funzione delle visite mediche o
delle analisi di laboratorio, e che poi
finiscono per sentirsi ammalati o
addirittura che sviluppano sintomi
psicosomatici”. Novelli G., Quotidiano on line

di informazione sanitaria
Martedì 14 APRILE 2015





Genetic Superheroes?

Perhaps you or someone you know is a
genetic superhero and simply doesn’t
know it yet.



Superheroes of disease
resistance

NATURE BIOTECHNOLOGY, 2016
870 mutations,
causing 580
mendelian
conditions



The Escapers

• PCSK9, loss of function protected against high
lipid levels

• CCR5/HIV, resistence to HIV infection
• ZNT8, protects even obese from diabetes
• PLS3, rescue the spinal muscular atrophy

patients in SMN deleted
• Stabilizing Effects of Interruptions on

Trinucleotide Repeat Expansions



Genoma Personale- carta del DNA ?

Stephen Quake

• Alto rischio genetico di Infarto del Miocardio.

• Alto rischio genetico di sviluppare Diabete di tipo 2.

• Alto rischio genetico di sviluppare cancro alle paratiroidi e
iperparatiroidismo.

• Alto rischio di obesità.

• Rare varianti in tre geni (TMEM43, DSP, e MYBPC3),
associati a morte cardiaca improvvisa.

• 63 variazioni che modulano la risposta ai farmaci

Sequenziamento del genoma

Basso rischio genetico di sviluppare l’ AlzheimerBasso rischio genetico di sviluppare l’ Alzheimer

Ashley et al., Lancet 2010



Nuove tecnologie = generazione di grandi
quantità di dati.
In questo ambito si collocano anche i
cosiddetti “incidental findings”.



Phenotype determination

• 1. Different Genes/Mutations
• 2.  Different Populations
• 3.  Individual “genometype”
• 4.  Different Environments



Psoriasis, Type 2 Diabetes Mellitus, and Obesity
Weighing the Evidence

Gelfald, 2016

450× 300 -
qsota.com



Samoan today



Thrifty gene or drifty gene?



FLG Genotyping combined R501X e 2282del4

ATOD

PSO



a causa di siccità, carestie e
scarsità di acqua potabile,
soffrono la fame e la sete, e
dove un agricoltore su 20 si
ammala di podoconiosi

Wolayta





CDC: Zika Causes Microcephaly
The virus is also to blame for other birth defects, the US Centers for
Disease Control and Prevention concludes.



Lupus Eritematoso Sistemico (LES)

75% 60% 25%50%30%

 Malattia infiammatoria cronica, di natura

autoimmune, ad eziologia complessa.

 Il LES è caratterizzato dall’interessamento,

anche non contemporaneo, di numerosi

organi ed apparati e da un’importante

disregolazione del sistema immunitario.



• Analisi di linkage

• Studi di associazione su geni
candidati

• Studi di Genome-Wide Analysis
(GWAS)

Individuazione fattori genetici nel LES

Identificati diverse decine loci coinvolti nel
meccanismo patogenetico del LES



TRAF3IP2
TRAF3IP2 codifica per ACT1 che funge da:

• regolatore positivo dell’attivazione di NF-κb dipendente da IL-17

• regolatore negativo dell’immunità umorale.



 I nostri dati mostrano per la prima volta il contributo di TRAF3IP2

nella suscettibilità al LES: il gene TRAF3IP2 conferisce un rischio

aumentato di circa 1,7 volte di sviluppare il LES (OR= 1.7; 95%

C.I. 1.08-2.72).

 Soprattutto che le varianti di questo gene contribuiscono a

sviluppare Pericardite nei malati LES (OR=2.59; 95% C.I. 1.39-

4.80; OR=2.38; 95% C.I. 1.19-4.79; OR=2.44; 95% C.I. 1.21-

4.93 per gli SNPs rs33980500, rs13190932 e rs13193677

rispettivamente).

 Questo risultato conferma che varianti comuni nei geni coinvolti

nella risposta immunitaria sono importanti sia nella suscettibilità

al LES che nella modulazione del fenotipo malattia.



Genetic Connections Among Human Traits
A study identifies genetic variants that are linked to multiple phenotypes





Why some individuals get sick more
easily?

Why is treatment succesful only in some
individuals?

Why are some individuals more prone to
adverse effects?

Simple but important questions
in medicine



“If you have cancer in 2014,
the first thing we do is a
genetic test for discovering
drivers mutations…..”

Nature 11 September 2014



“There are more paths to developing tumours than
there are stars in the sky”

R. Weinberg

Galaxy 200 billion
Universe 3,000 million billion

CML, APL, Her-2
(Ovarian, NB, Thyroid)

K-ras, p53, p16, smad4
(Breast/Pancreas/Colon)

EGFR, ALK, mTOR)
(Melanoma,
/Lung/Stomach)



PARP inhibitors in BRCA mutation-associated ovarian cancer
Andrew Clampa, Gordon Jaysona, Lancet Oncology  2014



Ovarian cancer with BRCA1 mutation
may be treatable with arthritis drug

 Auranofin, a thioredoxin
reductase inhibitor

 Auranofin exerts its
cytotoxic activity by
increasing the production
of reactive oxygen
species(ROS).



BM-based indications (oncology)

48



In un paziente sensibile a
everolimus, un inibitore del

complesso MTORC1, il
sequenziamento
del genoma tumorale ha rivelato una
mutazione nel gene TSC1 e una
mutazione nel gene NF2.



Drug repositioning for
personalized medicine



9/17/2016 51

Precise medicine:
“The right treatment for the right person at the
right time.”



Delayed Hypersensitivity Reactions (4)

• >30% of skin
blistered

• Two mucous
membranes
involved

• 30% mortality

• >30% of skin
blistered

• Two mucous
membranes
involved

• 30% mortality

Toxic Epidermal
Necrolysis



Source:  New England Journal of Medicine 2008;358:568-579

Italy
Pretesting 6%
Post testing 0%



HLA associationsDrug HLA association

Flucloxacillin HLA-B*5701

Co-amoxiclav HLA-DRB1*1501-DQB1*0602

Lumiracoxib HLA-DRB1*1501-DQB1*0602

Ximelagatran HLA-DRB1*07-DQA1*02

Lapatinib HLA-DQA1*0201

Abacavir HLA-B*5701

Carbamazepine HLA-B*1502



Fig.3.15 – Focomelia da talidomide (da Toxipedia).



Top-bottom & bottom-up

The New Science philosophy

multidisciplinarity & complementarity

Space for reflection and imagination !

Facilitates growth of knowledges …..



Patient

Family data
(diseases,

…)
Environmental and
Biochemical data

Genetic
data

Overall risk
profile of the

patient

Family profileFamily profile Biochemical profileBiochemical profile
Individual’s

genetic profile
Individual’s

genetic profile

Patient Profiling: RACE
a new methodology: fourth dimensional risk profile

Cultural data
(education,
social role,

…)

Cultural
profile

Cultural
profile
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Romeo, Novelli, Ferrari, Talamo, 2016



MPS I: Aldurazyme®, 27 July 2009

MPS II: Elaprase, 08 January 2007

Infantile-onset Pompe Disease: Lumizyme 1st Aug 2014

Drugs approved for neuromuscular disorders:
beyond replacement therapy

nm Duchenne MD: Translarna, 31st July 2014

Morquio A Syndrome - MPS Iva: Vimizim, 28th April 2014

Lipoprotein lipase deficiency: Glybera, 2014

Strimvelis, ADA-SCID , June 2016



Premature termination differs from
normal termination

Near-
cognate

tRNA

Normal
termination

codon

Premature
termination

codon

Ataluren

YIELD

Surveillance
Complex



Ataluren treatment for 28 days was
associated with improvements in

dystrophin expression in Phase 2a
trialPretreatment End of Treatment (Day 28)

61% of patients showed an increase in dystrophin staining
in 28 days of ataluren treatment









.. If only we could
read the language,
the DNA of tuna and
starfish would have
the word "sea"
written in the text ...
..

Richard Dawkins


