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General view on genetic testing

d

Physicians’ perspective Patients’ perspective
+ Understand disease mechanisms + Understand its own disease
+ Refine diagnosis + Know whether relatives are at risk (planning)
+ Identify patients at risk + Expected evolution/treatment results
+ Genetic counselling, prevention N Burden, fear, feeling of guilt
+ Theragnostic N Socio-economic consequences
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McGowan et al. Pers Med 2013 Lid van het netwerk H u nl



Clinigues universitair

l: SAINT-LUC

UCLouvain BRUXELLES

Patients’ concerns on genetic testing

“It would be good in the fact that there may
be things that you could do to help prevent it in
the long term. 1 ould be that you
are constantly t/ St ress ;.4 worrying

about Am [ going to develop this? Am I going to
get this?””

“Well, I don’t think anyone would want to
know...I mean, it’s not something you would sign
up and say start having

symptoms, Uncertai nty Why is this
happening? So if you had something, symptoms,

ok do the test and just tell me what’s going on.”

“l would be very concerned about the conse-

quences, my own personal consequences in the “Just because you say Yeah, it looks like you
INSUrG=m Hheioooe e LT Lot ey might be susceptible to all these genetically,” that
person CO nfl d e nt I1a | Ity 1owing doesn’t mean fi we know now,
- vey or possibly eve Reliabil |ty o-released test,

worried about t/?f mea'zml profession sharing that

informasin and s beingoutshere® that it’s a guaranteed thing. Nothing’s really guar-

anteed until it happens.”

Membre du résas
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Familial pulmonary
fibrosis



Pulmonary fibrosis

Wells et al. Eur Respir J 2018
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Pulmonary fibrosis
Drug-
induced

Sarcoid

CTD-ILD

Unclassifiable
ILD

Fibrotic HP
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Interstitial lung diseases classification

[ Interstitial Lung Diseases (ILDs) other than Idiopathic Pulmonary Fibrosis (IPF) ]
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Pathophysiology of lung fibrosis

Froidure et al. Eur Respir Rev 2020

REGENERATION
orderly activation

of repair pathways
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Evidence of familial clustering in IPF
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Allele frequency and effect on IPF
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Allele frequency and effect on IPF

34% familial fibrosis
38% IPF
9% controls

50.0

High

I 3.0 \PARN, SFTPA2
g Intermediate e
Modest
1.1
Low

Very Rare 0.001 Rare 0.005 Low Frequency 0.05 Common
Allele Frequency

Evans et al. Physiol Rev 2016 Hemtve Gl retedi H u nl 1 0



Common variant of MUC5B promoter

Seibold et al. New Engl J Med 2013
Evans et al. Physiol Rev 2016
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Familial pulmonary fibrosis (FPF)

EUROPEAN RESPIRATORY JOURNAL
ERS OFFICIAL DOCUMENTS

R. BORIE ET AL

European Respiratory Society statement on familial
pulmonary fibrosis

Raphael Borie @', Caroline Kannengiesser ©*, Katerina Antoniou”, Francesco Bonella ©*,

Bruno Crestani @', Aurélie Fabre®, Antoine Froidure ©°, Liam Galvin’, Matthias Griese®, Jan C. Grutters™'?,
Maria Molina-Molina'', Venerino Poletti***?, Antje Prasse @'"**, Elisabetta Renzoni*®'’,

Jasper van der Smagt'® and Coline H.M. van Moorsel®

Narrative Question 1: Which patients may benefit from genetic sequencing and clinical counselling?

Statement

In the following clinical contexts, the Task Force members usually offer genetic sequencing:

= Any patient with fibrotic ILD and one or more first- or second-degree family members with fibrotic
ILD

« Any patient with a relative carrying a pathogenic/likely pathogenic variant known to cause ILD

« Any patient with suspected short telomere syndrome (table 3) [18)

« Any patient with an idiopathic fibrosing ILD before the age of 50 years

Borie et al. Eur Respir J 2023
Froidure et al. in prep
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PROOF-Next 2013-2020

N=690

Excluded (missing data)
N=72

Available data on familial status

N=618

l

Familial pulmonary fibrosis

N=76 (12%)

2 1 relative with

pulmonary
fibrosis

N=70

Both criteria

N=1

4

Sporadic IPF
N=542 (88%)
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Familial pulmonary fibrosis

al TERT 15% b)

Telomeres 25-30%

TERC 5%

RTEL1 9%

PARN 4%

TINF2 1%
NAF1/DKC1 1%
COPA 1%
STING-FAM111B 1%
SFTPAT 1%

SFTPC 1%
SFTPA2 1% Unknown 60%

N Surfactant 3-5%
Other syndromes 3-5%

ABCA3 1%
Unknown 60%

. . " i r .
Borie et al. Eur Respir Rev 2017 L st netmer H u nl 1 3



Genes associated with FPF

TABLE 1

Telomere- and surfac

tant-related ge

ted with interstitial lung disease (ILD)
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Gene Mode of Age of presentation Non-ILD pulmonary and Frequency Most frequent radiological Implication for management/therapy References
inheritance of pulmonary extrapulmonary phenotype patterns for pulmonary disease”
symptoms
Telomere-related disease
TERT AD" >30 years in cases Mucocutaneous features: buccal 15-22% UIP, NSIP, HP, PPFE or an Antifibrotic drugs according to (3, 8, 10, 58,
TERC AD* with ILD as singie leukoplakia, abnormal 2-5% indeterminate pattern guidelines/market agreement. Lung 134-136)
RTELI AD" manifestation of pigmentation, nail dystrophy, 5.10% transplantation may be considered [3, 10, 21,
short telomere premature hair greying (canitia); with specific concemn about 30, 88, 137,
syndrome aplastic anaemia, myelodysplastic haematological disease and 138)
PARN AD" syndrome, leukaemia; liver 1-5% cytomegalovirus infection. {10, 58, 88,
disease; osteoparosis 139, 140|
DKC1 X Rare [141, 142]
TINF2 AD Rare |143-145]
NOPIC AD Ultra-rare [146]
NHP2 AD Ultra-rare [147)
ACD AD Ultra-rare [148]
NAF1 AD Ultra-rare [149]
ZCCHCS AD Ultra-rare [150]
RPA AD Ultra-rare [151]
POT1 AD Ultra-rare [152]
Surfactant-related disease
SFTPAL AD All ages, rare Lung cancer <5% Unclassifiable pulmonary Optimal treatment in childhood ILD [11, 58, 80]
in children fibrosis: predominant diffuse may differ from adult ILD. No cohort
SFTPA2 AD All ages, rare Lung cancer <5% ground-glass opacities, septal evaluation of drug effects in adults, {11, 79, 81]
in children thickening and bilateral cysts of Steroids? Hydroxychloroquine?
SFTPC AD All ages, more <5% variable size, with a preferential Macrolides? Antifibrotic drugs? Lung [73, 153]
frequent in children distribution in the upper lobes transplantation may be considered,
NKX2.1 AD All ages, mainly Lung-brain-thyroid syndrome: Rare and in subpleural areas |76, 154]
in children chorea and hypothyroidism
ABCAZ AR All ages, mainly Rare [59, 61, 74,
in children 75)

AD: autosomal dominant; AR: autosomal recessive; X: X-linked; UIP: usual interstitial pneumonia; NSIP: non-specific interstitial pneumonitis;, HP: hypersensitivity pneumonitis; PPFE:

pleuro-parenchymal fibroelastosis. *: see Narrative Question & for background information; %: AR in severe cases.

Borie et al. Eur Respir J 2023

Mambre du résasy e
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The Nobel Prize in
Telomere: pPhysiology or Medicine
2009 -
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[ s

e e

INA primers

> s3'

|._1—l

parental strand

/ Photo: U. Montan Photo: U. Montan Photo: U. Montan

Elizabeth H. Carol W. Greider Jack W. Szostak — e
~ Blackburn Prize share: 1/3 Prize share: 1/3 cell
Repeated G-ric  prize share: 1/3 generations
double-strande -
DNA sequence l
The Nobel Prize in Physiology or Medicine 2009 was awarded jointly .y CRISIS

to Elizabeth H. Blackburn, Carol W. Greider and Jack W. Szostak "for
the discovery of how chromosomes are protected by telomeres and
Blackburn, Nature 1991 the enzyme telomerase”.

Blackburn et al. Science 2015 Ll Van et et Hunl 15



Telomerase complex

Telomerase
assembly in
Cajal body

Telomerase holoenzyme
1
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elongation
— CST complex

Proposed role in lagging-strand synthesis

Armanios & Blackburn, Nat Rev Genet 2012
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Gene name Protein

TERC Telomerase RNA component
TERT Reverse transcriptase

RTEL1 Helicase

PARN Poly-A specific ribonuclease
DKC Dyskerin pseudouridin synthase

r/mr e du rés .<-|L.
van het netwer I
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Short telomeres syndrome

r Y ™

Proliferative tissues

Stem cell exhaustion

Aplastic anaemia
N\ _J

Non-proliferative tissues )

Variable
Senescence
Organ defects = penetrance

Pulmonary fibrosis

) \Liver fibrosis )

______________________

Telomerase complex Exocytosis defect

mutation Langerhans 8 cells

Short telomeres H Genetic anticipation }7

o L - —

iu NNL.
s Huni |17



Telomere Length (kb)

Short telomeres syndrome

Long Telomere Syndromes?

® Familial melanoma-glioma

99%
90%

50%

JImmunodeficiency
10%
44 @ s} (&)
i i : 1%

' Bone marrow failure Liver disease Pulmonary fibrosis
ol Emphysema

. Short Telomere Syndromes
0 1 1 Ll 1 T I 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70

Age (years)

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

@ ﬂ Pulmonary fibrosis

1.1 1.2
75 years 83 years .
J Liver cirrhosis
] Early hair greying
* .
.1 1.2 I3 1.4
74 years 88 years 69 years 85 years
") O
.1 .2 .3
59 years 61 years 58 years
TL<P25 TL<P1
V.1 V.2
29 years 34 years
TL=P5 TL<P1
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Telomere length measurement

% Cliniques universitaires Y

L SAINT-LUC e \
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denatures DNA target sequence Washing removes v
unbound probe.
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Beh et al, Nucl Ac Research 2018 L3 van et netwerk H u nl 1 9
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Telomere length measurement

Telomere length in IPF (N=97) -

l‘ttll]

o Centiles
0,50 = NI - 0.01-0989
il -== 0.025-0.975
- -=- 0.05-0.95
045 0.10-0.20

0.40 A
A Familie

A Familia

0.35

0.30

0,25

Lymphocytes/Thymocytes

RESULTAT
m >P10 = P2,5-P10 ®<P2,5 Géne  Position Exon | Mode de transmission | Statut | Classe
TERT €.25627>G, 9 Autosomique dominant Hétérozygote v
(NM_198253.2) p.{(Phe854Lleu)

Identification d'une substitution faux-sens a I'état hétérozygote: ¢.2562T>G (p.(Phe854Leu); pas de rs) dans I'exon 9 du
géne TERT.

L]
. Membre du résesy
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Practical patient management

e Consider genetic
testing

Multidisciplinary management!

Telomere (European level)
FLOW-FISH
length *

?espl F IL

sequencing
(telomere
panel)

Filiere Maladies Respiratoires Rare

Consider

surfactant
panel

Lui rény
s Hunl | 21
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Genetic counselling

Indexcase ~ - —-—-—-—-"—-"=—-"—"-"—"=—"=—"—"——-—“————=——===--=- > Relatives
Pulmonary fibrosis workup ﬂl Specific management Genetic counseling
Pulmonary fibrosis workup > v Telomere length < .
v Exome sequencing N Counseling in hematology \ Screening
+
\\4
. Identified mutation
Baseline workup* < : )
in a relative
+
Haematological workup 7 Specific management Telomere length
Blood disease (aplasia, leukemia) > v Telomere length <$
v’ Exome sequencing Counseling in pneumology

*Baseline workup:

v Hemogram, liver enzymes
v" Pulmonary function tests
v" High resolution chest CT
v’ Fibroscan

v’ Lifestyle advices (smoking cessation, limitation of exposures...) Lo van het netwerk I-l u nl 22
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Tackling patients’ concerns

“It would be good in the fact that there may
be things that you could do to help prevent it in
the long term. 1 ould be that you
are constantly t/ St ress ;.4 worrying

about Am [ going to develop this? Am I going to
get this?””

on’t think anyone would want to
, it’s not something you would sign
start having

Uncertainty ;, ;. ,;

ou had something, symptoms,

Pulmonologist

ust tell me what’s going on.”

Interdisciplinarity \

“l would be very concerned a

quences, my own personal conse, Expertise cause you say ‘Yedh, it loo/es lz'ke you
INSUrg """ ety ble to d[l l’/?é’Sf genetz'mlly, ,l'hdl'
rerson CO Nfi Confidentiality we know now,
and »

s S

Other clinicians

bl I | y o-released test,
ng. Nothing’s really guar-

worried about t/7e mi

Geneticist Radiologists

information Biologists

il it happens.”
v \/

uuuuuuuuuuuuuuuuuuu Hunl 23
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Conclusions

10% of patients with pulmonary fibrosis fulfill criteria for FPF
v' 1st or 2" relative with pulmonary fibrosis
v" Fibrosis occuring <50
v" 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

. L]
Mambre du résssy
Lz van het netwerk l
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Emphysema

DETOXIFICATION
EPHX1 GST-P1 GST-M1
HMOX1 SOD3

GROWTH

FLCN ADAM33 p53 p21

SMOKE

Lomas DA, Ann Am Thorac Soc 2016

INFLAMMATION
TNF GC DEFB1 VEGF IFNG
IL1BIL4 IL4RIL6 IL10IL13
TLR4 TLR6

ANTI-PROTEASE
SERPINA1 SERPINE2
TIMP2
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a1-antitrypsin deficiency (AATD)

« Classical » emphysema Antiproteases defect
et Emphysema AT Emphysema
parenchyma PRy parenchyma Phy

Antiproteases

uuuuuuuuuuuuuuuuuuu Hunl 27



Genetic mutations causing AATD

Chromosome 14

CICOE I

. SERPINA1 gene
Exon la Iblc Il

Il \VARRY
: m m
° F 5
Macrophage ATG TAA
L Hepatocytes ) ‘Sallele Z'allele
Transcriptioln promoters
Genotype (co-dominance) Phenotype Prevalence
PI*MM Normal 95%
PI*MZ, MS, M Null A risk 4% caucasian
PI*ZZ, PI*ZS, PI*S Null, PI*Z Null Disease 1/2000

Greene et al. Nat Rev Dis Primers 2016
Gooptu et al. Eur Respir J 2009

Pathogenic
mutations (Z) (>50%)
\Misfolding
and
v breakdown
/ Polymerisation
v \
Sequestration of Circulating deficiency | terstitial Systemic
polymers in ER .. Polymers polymers
Hepatocytes (1e=15%)
v L9
Reduced pulmonary P
antiprotease levels v
Hepatic Type Il Interstitial Panniculitis,
disease pneumocytes ngutrophil_ia. +/- ANCA. +ve
/ direct toxicity  vasculitides
Emphysema
s Huni | 28
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Clinical spectrum of AATD

Low levels of AAT

Lung disease

ER stress, auto-immunity, inflammation
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Pathophysiology of AATD

Metabolic
syndrome, alcohol

e Polymers of misfolded AAT

« Gain of function » .
e Proteotoxic stress

liver disease

e | circulating AAT

e Impaired anti-protease activiy

« Loss of function »
lung disease

e Proteolitic damage
e I inflammation

Smoking, fumes,

€. SAINT-LUC
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Neonatal jaundice
Hepatitis
Liver failure

Emphysema
Bronchiectasis



Clinical spectrum of AATD

~ Poor feeding
Poor growth
Cholestatic
hepatitis

Hepatitis
Fibrosis
Cirrhosis
HCC

Liver failure

Asthma
Bronchitis

Pneumonia
Bronchiectasis

‘ Panniculitis  } @O Infants
O Allages
O Adults

Greene et al. Nat Rev Dis Primers 2016
Strnad et al. New Engl J Med 2020
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Table 2. Overview of Clinical Conditions Associated with AAT Deficiency.*

Disease Odds Ratio (95% Cl) Study

PI MZ Pl ZZ
ANCA-associated vasculitis 2.9 (2.2-3.9)7 ND Merkel et al.,*> Rahmattulla et al.*
Gallstone disease 1.3 (1.3-1.4) 1.3 (0.7-2.5) Ferkingstad et al.>
Emphysema (population-based studies) 1.4 (1.2-1.7) 28 (18-44) Ferkingstad et al.?*
COPD (population-based studies) 1-3 4.8 (3.0-7.9) Ferkingstad et al.,** Foreman et al.**
COPD (case—control studies) i 3-10 ND Molloy et al.*®
CFLD 5.0 (2.9-8.8) ND Bartlett et al.””
NAFLD cirrhosis 3-7 ND Abul-Husn et al.*
Alcoholic liver cirrhosis 3.4-6 ND Strnad et al.*®
Advanced liver fibrosis (general population) ND 9-20 Hamesch et al.*®

*

ANCA denotes antineutrophil cytoplasmic antibody, CFLD cystic fibrosis—associated liver disease with portal hyperten-
sion, ClI confidence interval, COPD chronic obstructive pulmonary disease, NAFLD nonalcoholic fatty liver disease, ND
not determined, Pl MZ proteinase inhibitor genotype MZ, and Pl ZZ proteinase inhibitor genotype ZZ.

1 Higher odds ratios have been reported for vasculitis associated with proteinase 3—reactive ANCA with cytoplasmic

staining (c-ANCA) and vasculitis associated with myeloperoxidase-reactive ANCA with perinuclear staining (p-ANCA).

i Higher odds ratios were reported for current and former smokers.

Mambre du résasy e
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AATD diagnosis

Quantitative analysis of AAT [and CRP] in plasma

* Underdiagnosed!!!
«  We should test:

v Emphysema (especially early-onset) Phenotyping for common variants (isoelectric focusing)
) and/or
v Non—responislve asthma Genotyping if primers are available
v" Bronchectasis
v" ¢-ANCA vasculitis g ’;{ inecsand
_ . . or null variant
v' 1st-degree relatives of patients with AATD expected

SERPINA1 exon sequencing

 First step: measurement of AAT serum level (+CRP) ;fthougf}t necessary
likel
> cut-off 11 g/L e

SERPINAT intron sequencing

. . . Mambre du résay *
Miravitlles et al. Eur Respir J 2017 L5 Van et netwerk H u n 1 32
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Genetic counselling

Parents®
Check partner |4 PiZZ » Check siblings
|
v + +
PiMZ PizZZ PiMZ
h 4 h k
. As for Check
Monitor ]
index partner
h 4
Check .
children B PIMZ

Miravitlles et al. Eur Respir J 2017 o et netmerk I'lur“ 33
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Treatment of AATD

[ N
I Control of risk factors COPD treatment EI,
=
AATD
= #%
Augmentation therapy Organ transplantation
- /

Membre du réseay e
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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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