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Malattie Mendeliane o Monogeniche e Malattie
Complesse o Poligeniche
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Malattie Mendeliane o Monogeniche

Correlazione diretta
genotipo-fenotipo

Estrema Variabilita
Fenotipica



Malattie Complesse o Poligeniche

Interazioni INnterazioni

genotipo-ambiente tra geni diversi
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1960’s - 1990’s

Descriptive epidemiology
Familial aggregation
Heritability studies
Segregation analyses

Ethnic variation in disease risk

Risk among immigrants Estimates the genetic model of a

disease/trait by looking at
multigenerational family data.

Estimates the recurrence risk of a -
disease/trait between family members

relative to the risk in the population
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1990’s - 2017

Candidate gene approach

Association analyses between a genetic
variant and a trait/disease
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Candidate gene approach

= hypothesis-driven, based on the current understanding of the biology and
pathophysiology of the trait/disease
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Milestones in Human Genomics & Disease
Susceptibility

Achievements

Human Genome Project

Overall Impact

-

> Human Reference

International HapMap Project =

Assemble Dense Markers
for Association/Linkage

Robust genomic analysis
technologies

Annotation of Common

Genetic Variation

-

Conduct Association &

Linkage Studies

Assess: Copy number of

-

> changes, expression
profiling



Genome-wide scans

= hypothesis-free, to identify new, unanticipated, genes and thus expand the view of the
biology and physiology of disease/trait
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Basic Principle of Genetic Association Studies In

Unrelated Individuals
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Genome-wide association study

STAGE 1 - Discovery stage

300,000 up to 1,000,000 genetic variants (SNPs)

Case-control or cohort studies

Large amount of tests - significance threshold p < 0.0000001

15 Type 2 diabetes
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STAGE 2 ¥f RO low-up stage

- 1-100 SNPs that represent top loci
- Case-control or cohort studies — at least equal size of discovery panel
- Meta-analysis of stage 1 & 2 results




Genome-wide association study of 14,000
cases of seven common diseases and
3,000 shared controls

The Wellcome Trust Case Control Consortium*

Nature 2007, 447: 661-678
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GWASs In IPF

Noth et al. Fingerlin et al.
Lancet Respir Med 20013 Nature Genetics 2013

N = 1584 N = 6299

600K SNPs 600K SNPs
European-Americans White Europeans

N = 2257 N = 2766
Europeans-Americans White Europeans
MUC5B (11p15.5) TERT (5p15.33)
TOLLIP (11p15.5) MUC5B (11p15.5)

SPPL2C (17g21.31) TERC (3026.2)



Dall’Associazione Genetica alle Ipotesi Patogenetiche

Chronic injury
Tobacce smoke; infection;
gastroesophageal reflux

\

“ Intrinsic epithelinl valnerability
Mutations in tebomerase comples genes;
‘* MUCHE promoter polymorphisms; others

) [ Avermantropur

Enhanced AEC gpopiosis

Stem cell exhaustion

Aberrant activation of developmental pathways
Release of profibrotic mediators

Exaggerated collagen and
extracellular matrix deposition

Progressive lung remodelling

R

Fibrohlast migration, proliferation and differentiation  ee——— M yofibroblasts




PULMONAR

Genetic Evaluation and Testing of Patients and Families with Idiopathic
Pulmonary Fibrosis

Jonathan A. Kropski', Lisa R. Young'#, Joy D. Cogan®, Daphne B. Mitchell', Lisa H. Lancaster', John A. Worrell*,
Cheryl Markin', Na Liu', Wendi R. Mason', Tasha E. Fingerlin®, David A. Schwartz®, William E. Lawson'"’,
Timothy S. Blackwell”-®2, John A. Phillips II*'?, and James E. Loyd'



Indicazioni al test genetico nei pazienti

Diagnosis of IP }

L i

Family History of lIP

Mo
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con IPF

Disease onset
before age 18 in
family™

Mo
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Personal or family history of cryptogenic cirrhosis,
aplastic anemia, or premature graying

Mo

¥

Mo genetic testing
offered
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Yes
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PBMC telomere
length testing

Mo
Mutation
detected

Genetic testing for

surfactant -
mutations Mutation
detected
Screen for extra- Offer genetic testing to

pulmonary disease

extended family
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Mutation
detected
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telomerase
mutations
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Box 1 Pulmonary and extrapulmonary features

of telomere syndromes

Pulmonary manifestations

Idiopathic pulmonary fibrosis

Non-specific interstitial pneumonia
Hypersensitivity pneumonitis

Bronchiolitis obliterans organising pneumonia
Unclassifiable pulmonary fibrosis
Premature-onset emphysema

Combined pulmonary fibrosis and emphysema
Haematological manifestations

Macrocytosis

Cytopenias (mostly thrombocytopenia)
Aplastic anaemia

B, T and natural killer cell immunodeficiency
Malignancies (myelodysplastic syndromes, acute myeloid
leukaemia)

Gastrointestinal manifestations

Cryptogenic liver fibrosis/cirthosis

Nodular atrophic liver

Liver transaminase elevation

Splenomegaly

Cutaneous manifestations

Premature hair greying/loss

Nail ridging

Bone manifestations

Osteoporosis

Avascular necrosis

Increased cancer risk (mainly epithelial cancers)
Chemotherapy/radiotherapy intolerance



Il Test ed Il Counseling genetico nei
pazienti con IPF: prospettive

- Consentire la diagnosi negli stadi iniziali o subclinici
- Predire 'andamento clinico della malattia

- Predire la risposta al trattamento (PANTHER-IPF ;
GERM’O’P)



Il Test ed Il Counseling genetico nei
pazienti con IPF: limiti

Incompleta penetranza e variabilita fenotipica

Rilevazione di varianti geniche rare di significato
biologico incerto (VUS)

Necessita di eseguire comungue un attento follow up
iIndipendentemente dal risultato del test genetico
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Rare variants

ap
SFTPC SFTPA1/2
TERT

CIIDD) RTEL1
CIIID
—

Common variants
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Next Generation Sequencing

15Gb/3.5 days 750Gb/3.5 days



Conclusioni

- Negli ultimi 2 numerosi nuovi loci di suscettibilita per
malattie complesse, incluso I’ IPF, sono stati identificati

- La maggior parte sono loci ‘inattesi’ - che promettono di

evidenziare nuovi meccanismi biologici

Genetic epidemiology Physiology/Biology



GWAS Studies:
Just the Start......

“This is not the end. It is not even the beginning of the end.
But it is, perhaps, the end of the beginning.”

Sir Winston Churchill @ Lord Mayor's Luncheon,
Mansion House following the victory at El Alamein in North Africa
London, 10 November 1942.
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