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General view on genetic testing

McGowan et al. Pers Med 2013

Physicians’ perspective

+ Understand disease mechanisms

+ Refine diagnosis

+ Identify patients at risk

+ Genetic counselling, prevention

+ Theragnostic

Patients’ perspective

+ Understand its own disease

+ Know whether relatives are at risk (planning)

+ Expected evolution/treatment results

↘ Burden, fear, feeling of guilt

↘ Socio-economic consequences



Patients’ concerns on genetic testing

3McGowan et al. Pers Med 2013

Stress Uncertainty

Reliability
Confidentiality



Familial pulmonary
fibrosis
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Pulmonary fibrosis

5Wells et al. Eur Respir J 2018



Interstitial lung diseases classification

6Raghu et al. Am J Respir Crit Care Med 2022

% PF-ILD



Pathophysiology of lung fibrosis

7Froidure et al. Eur Respir Rev 2020



Evidence of familial clustering in IPF

8Hodgson et al. Thorax 2002



Allele frequency and effect on IPF
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Figerlin et al. Nat Genet 2013                                                                                            
Evans et al. Physiol Rev 2016



Allele frequency and effect on IPF

10Evans et al. Physiol Rev 2016

34% familial fibrosis
38% IPF

9% controls



Common variant of MUC5B promoter
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Seibold et al. New Engl J Med 2013                                                                                   
Evans et al. Physiol Rev 2016



Familial pulmonary fibrosis (FPF)
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Borie et al. Eur Respir J 2023                                                                                         
Froidure et al. in prep



Familial pulmonary fibrosis

13Borie et al. Eur Respir Rev 2017



Genes associated with FPF

14Borie et al. Eur Respir J 2023



Telomeres
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Blackburn, Nature 1991                                                                                               
Blackburn et al. Science 2015



Telomerase complex

16Armanios & Blackburn, Nat Rev Genet 2012

Gene name Protein

TERC Telomerase RNA component

TERT Reverse transcriptase

RTEL1 Helicase

PARN Poly-A specific ribonuclease

DKC Dyskerin pseudouridin synthase



Short telomeres syndrome
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Telomerase complex
mutation

Organ defects

Proliferative tissues

Stem cell exhaustion

Aplastic anaemia

Non-proliferative tissues

Senescence

Pulmonary fibrosis

Liver fibrosis

Exocytosis defect

Langerhans β cells

Short telomeres Genetic anticipation

Variable 
penetrance



Short telomeres syndrome
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Stanley & Armanios, Curr Opin Genet Dev 2016                                                                 
Borie et al. Eur Respir J 2023



Telomere length measurement

19Beh et al,  Nucl Ac Research 2018



Telomere length measurement

Telomere length in IPF (N=97)

>P10 P2,5-P10 <P2,5

20Muça et al. in prep.



Practical patient management

FPF
• Consider genetic

testing

Telomere
length • FLOW-FISH

Exome 
sequencing
(telomere

panel)

Consider
surfactant 

panel

21

Multidisciplinary management!
(European level)



Genetic counselling
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Index case Relatives

Pulmonary fibrosis workup

Blood disease (aplasia, leukemia)

Pulmonary fibrosis workup
 Telomere length
 Exome sequencing

Haematological workup
 Telomere length
 Exome sequencing

Specific management

Counseling in hematology

Baseline workup*

Genetic counseling

Screening

Identified mutation
in a relative

*Baseline workup:
 Hemogram, liver enzymes
 Pulmonary function tests
 High resolution chest CT
 Fibroscan
 Lifestyle advices (smoking cessation, limitation of exposures…)

Specific management

Counseling in pneumology

Telomere length

+

+



Tackling patients’ concerns
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Stress Uncertainty

Reliability
Confidentiality

Interdisciplinarity

Expertise

Confidentiality

Pulmonologist

Other clinicians

Radiologists

Biologists

Geneticist



Conclusions

• 10% of patients with pulmonary fibrosis fulfill criteria for FPF

 1st or 2nd relative with pulmonary fibrosis

 Fibrosis occuring <50

 Signs of « short telomeres syndrome » 

• Telomere-related genes variants are the most frequent

• Telomere length may serve as a screening tool

• Genetic counselling may be provided to relatives 
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Hereditary
pulmonary
emphysema
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Emphysema

26Lomas DA, Ann Am Thorac Soc 2016



Normal 
parenchyma

Emphysema
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α1-antitrypsin deficiency (AATD)

Normal 
parenchyma

Emphysema

« Classical » emphysema Antiproteases defect



Genetic mutations causing AATD
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Greene et al. Nat Rev Dis Primers 2016                                                                           
Gooptu et al. Eur Respir J 2009

Genotype (co-dominance) Phenotype Prevalence

PI*MM Normal 95%

PI*MZ, MS, M Null ↗ risk 4% caucasian

PI*ZZ, PI*ZS, PI*S Null, PI*Z Null Disease 1/2000



AATD

Clinical spectrum of AATD

29Pathpedia.com

Misfolded proteins Low levels of AAT

Liver disease Lung disease

ER stress, auto-immunity, inflammation



Pathophysiology of AATD
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• Polymers of misfolded AAT

• Proteotoxic stress

• ↓ circulating AAT

« Gain of function » 
liver disease

• Impaired anti-protease activiy

• Proteolitic damage

• ↑ inflammation

« Loss of function » 
lung disease

PI*ZZ

Neonatal jaundice
Hepatitis

Liver failure

Emphysema
Bronchiectasis

Metabolic
syndrome, alcohol

Smoking, fumes, 



Clinical spectrum of AATD
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Greene et al. Nat Rev Dis Primers 2016                                                                            
Strnad et al. New Engl J Med 2020



AATD diagnosis

• Underdiagnosed!!!

• We should test:

 Emphysema (especially early-onset)

 Non-responsive asthma

 Bronchectasis

 c-ANCA vasculitis

 1st-degree relatives of patients with AATD

• First step: measurement of AAT serum level (+CRP) 

 cut-off 1.1 g/L

32Miravitlles et al. Eur Respir J 2017



Genetic counselling

33Miravitlles et al. Eur Respir J 2017



Treatment of AATD

Control of risk factors COPD treatment

Augmentation therapy Organ transplantation

AATD
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Conclusions

• AATD is the leading cause of genetic emphysema and is underdiagnosed.

• Diagnosis is based on measurement of serum AAT levels and genotyping;

• Homozygous patients develop early emphysema and liver fibrosis.

• Heterozygous patients are at risk for chronic lung, liver and systemic diseases.

• Treatment combines control of risk factors, augmentation therapy and organ replacement.
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