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CASE REPORT

Telomerase-related monogenic lung fibrosis presenting with subacute onset:
a case report and review of literature
Thomas Planté-Bordeneuve a*, Hanae Haouas b*, Kim Vanderheydeb and Antoine Froidurea

aService de pneumologie, Cliniques Universitaires Saint-Luc, Brussels, Belgium; bService de pneumologie, Hopital Notre-Dame de Grâce,
Gosselies, Belgium

ABSTRACT
Objectives: Monogenic pulmonary fibrosis related to telomerase mutations is characterized by
a large spectrum of clinical presentations. The disease may affect several organs including bone
marrow, liver and skin. This case illustrates some of the most salient features of telomere-related
Interstitial Lung Disease(ILD).
Methods: Single case study and review of the litterature.
Results: We report the case of a 44-year-old man admitted to our unit for subacute pulmonary
fibrosis. No underlying cause could be identified. Personal and familial historywas highly suggestive
of monogenic telomere related lung fibrosis. Genetic investigation confirmed a mutation in the
TERT gene, coding for one of the components of telomerase. Given the severe hypoxemia unre-
sponsive to supportive treatment, hewas referred for urgent lung transplantation, with a favourable
outcome. Genetic counselling was proposed to his family.
Conclusions: Telomerase-related monogenic lung fibrosis may present with a subacute
onset, requiring urgent lung transplantation. Extra-thoracic clinical manifestations and familial
history are key elements pointing towards the diagnosis.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic and lethal
respiratory disease that affects about 3 million people
worldwide [1]. Although precise mechanisms underlying
the disease development remain elusive, several risk fac-
tors have been identified, including male sex, active or
former smoking and exposure to occupational dust [2].
Besides, genetic factors are thought to be responsible for
up to 35% of IPF development [3]. Genome-wide associa-
tion studies have revealed that common polymorphisms
in the promoter of MUC5B were present in more than
35% of IPF patients as compared to 9% in the general
population [4]. A polymorphism in the TOLLIP gene has
been associated to potential response to N-acetylcysteine
treatment, although this needs to be confirmed [5]. The
risk to develop an interstitial lung disease is increased
when amember of the family has IPF, as about 10%of IPF
patients report at least one case of ILD in their first-
degree relatives [6]. In total, familial pulmonary fibrosis
(FPF), defined by the occurrence of at least two cases of
lung fibrosis among first-degree relatives or the occur-
rence of lung fibrosis below the age of 50 years, affects 2–
10% of patients. Mutations in genes encoding for surfac-
tant proteins (SFTPA1 and SFTPA2) [7,8] and for telomer-
ase (TERT, TERC, RTEL1 and PARN) are associated with
FPF; however, the causal mutation remains unidentified

in more than half of the patients with suspected mono-
genic fibrosis [6]. Telomeres are repetitive nucleotide
sequences present at the end of chromosomes, protect-
ing them from deterioration during cell division.
Mutations may effect enzymes involved in the telomer-
ase complex, responsible for telomere production and
stability. The peculiarity of telomerase mutations is their
ability to affect several organs, leading to a wide variety
of clinical presentation. Furthermore, telomerase-related
FPF is usually more aggressive than sporadic IPF [9]. We
report the case of a telomerase-related fibrosis present-
ing with a subacute onset requiring rapid admission to
intensive care unit and referral for transplantation.

Case report

A 44-year-old man, of Turkish origins, presented at the
outpatient clinic of pneumology with dyspnoea at rest
which had been evolving for 2 months. Other symptoms
included dry cough and a weight loss of 15 kg in 6 weeks.
He had no prior medical history except a depression trea-
tedwith antidepressivemedication and neuroleptic drugs.
He was a never-smoker. He worked as a mason and had
been exposed for 10 years to stone dust and possibly
asbestos. Of note, there were several cases of death from
so far unidentified lung diseases in his family (Figure 1).
Furthermore, one of the patient’s brothers died fromacute

CONTACT Thomas Planté-Bordeneuve thomas.plante@uclouvain.be Service de pneumologie, Avenue Hippocrate 54/B1.54.04, Bruxelles,
Woluwe-Saint-Lambert 1200
*These authors contributed equally to the present work.
This article has been republished with minor changes. These changes do not impact the academic content of the article.

ACTA CLINICA BELGICA
https://doi.org/10.1080/17843286.2018.1545375

© 2018 Acta Clinica Belgica

http://orcid.org/0000-0001-7154-9437
http://orcid.org/0000-0001-8985-662X
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/17843286.2018.1545375&domain=pdf


lymphoid leukaemia. Finally, two relatives had canitia,
which is defined by early hair greying. The patient himself
had grey hair since the age of 25 years. He had no fever or
other sign of infection and no extra-thoracic symptoms.

On physical examination, the patient was polypneic
(20 respiration per minute at rest) and desaturating
(SaO2 70%, pO2 39 mmHgwithout oxygen supplemen-
tation). Diffuse crackles could be heard at lung auscul-
tation, without squeezes or wheezing. He displayed
high levels of inflammation with a C-reactive protein
level of 126 mg/L (normal levels <5mg/L). The initial
workup revealed an underlying lung fibrosis with
a high-resolution thoracic CT displaying an extensive
fibrosis with ground-glass attenuation, traction
bronchiectasis and enlarged lymph nodes (Figure 2).
This pattern was incompatible with usual interstitial
pneumonia (UIP) according to the the 2011 ATS-ERS
guidelines [10] (or undetermined following the recent
2018 criteria [11]). Lung function test demonstrated
a marked restrictive disease with a Forced Vital
Capacity (FVC) of 20%. Other spirometric tests, espe-
cially lung diffusion capacity, were not performed due
to the severe respiratory insufficiency.

Given his severe hypoxemia, the patient was
directly admitted to a critical care unit. He received
broad-spectrum antibiotics. Broncho-alveolar lavage
performed by flexible bronchoscopy showed 44%
neutrophils, 43% macrophages and 12% lympho-
cytes and failed to demonstrate any infection.
Finally, in the hypothesis of an exacerbation of fibro-
sis, the patient received intravenous corticosteroid
pulses (1000 mg per day for three days), without
any improvement. Extensive workup led to the dis-
covery of mild liver fibrosis, and the patient devel-
oped a transient thrombopenia during his stay in
the intensive care unit. The origin of this feature is
difficult to determine as it could be related to the
adverse effects of his medication or the critical state
of his illness. However, telomere syndromes are also
characterized by a higher prevalence of drug-related
bone marrow failure [6].

As personal and familial history pointed towards
a telomerase mutation, genetic sequencing was per-
formed and demonstrated a never-identified missense
mutation of TERT (p.Gly932Ser) which was defined
deleterious by the predicting software (PolyPhen-2).
In light of the familial and clinical context, this variant
was deemed highly susceptible of being pathogenic.

Multidisciplinary discussion with an expert centre
(APHP Bichat-Claude Bernard, Paris, France) led to the
decision to list the patient for lung transplantation.
Due to rapidly progressive hypoxaemia, he was put
on the emergency waiting list and successfully under-
went bilateral sequential lung transplantation within
a month.

Discussion

This case illustrates some of the salient features of telo-
mere-related lung disease such as early onset pulmon-
ary fibrosis, a multi-organic involvement, a familial
distribution and a decreased age of onset of symptoms
along with passing generations. We propose to review
some of the most important features of telomere-
related lung fibrosis.

Figure 1. Family tree pedigree of the patient showing multiple relatives affected by respiratory, haematological and hepatic
involvement. The anticipation phenomenon is illustrated by the younger age of disease onset of the second generation.
Arrowhead represents the proband.

Figure 2. Thoracic CT scanner of the patient. The image is
incompatible with a UIP pattern with an apical predominance
and extensive ground-glass opacities.
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Telomeres are non-coding, 9–15-kilobase-long struc-
tures found at the extremities of chromosomes which
exert a protective desoxyribonucleic acid (DNA)-
stabilizing role. Without telomeres, the end of chromo-
somes would resemble DNA double-strand breaks and
would trigger DNA-repair mechanisms, potentially
leading to deleterious chromosome fusions and
genetic instability [12]. Without the action of the telo-
merase, the anti-sense DNA string would be shortened
at each replication. Indeed, this ribonucleoprotein uses
an RNA subunit (Telomerase RNA Component or TERC)
as a template to add a DNA sequence at the end of the
chromosome through its reverse transcriptase
(Telomerase Reverse Transcriptase or TERT), thus pre-
serving telomere length. A detailed description of the
underlying mechanisms is beyond the scope of this
article, but a complete review can be found in [13].

The regulation of telomere biology is a complex
process involving several proteins, such as DKC1 [14],
regulator of telomere elongation helicase 1 (RTEL1)
[15], poly(A)-specific ribonuclease (PARN) [16] and the
shelterin complex, composed of six different elements
(Telomere repeat Binding Factor (TRF1 et TRF2), repres-
sor/activator protein 1 (RAP1), TRF1-interacting nuclear
factor 2 (TINF2), TINT1/PTOP/PIP1 (TPP1) and protec-
tion of telomeres 1 (POT1)). Mutations in one of those
components lead to impaired telomere regulation,
shortening of these protective structures with each
mitosis and activation of protective cellular mechan-
isms resulting in cellular senescence or apoptosis. The

relative proportions of each telomere mutations found
in FPF have been recently evaluated in a large cohort
by Borie et al. and telomere mutations were identified
in 35% of all FPF cases. The more frequent mutations
affected TERT (43%), RTEL1 (26%), TERT (14%) and
PARN (11%). DKC1 and TINF2 mutations accounted
both for 3% of cases (Figure 3) [6].

When present, those mutations are expressed in all
cells of the organism, meaning that any organ can
potentially be affected. The development of overt clin-
ical involvement is caused by the loss of replicative
potential of progenitor cell subpopulation, in particular
in high turn-over tissues where replications are fre-
quent and telomere shortening thus accelerated.
Paradoxically, slow turn-over organs such as the lung
are also involved in this pathology. In these organs,
a second environmental hit, for example cigarette
smoke or certain particles, will lead to cellular toxicity,
increase in cellular turn-over, exhaustion of certain cell
subpopulations and finally development of specific
organ pathology. This additive effect of noxious stimuli
explains the incomplete penetrance of the disease, as
for example, some members of a same family will be
exposed to a certain toxics while others will not.
Finally, in affected families, the telomere length is
transmitted vertically, meaning that each generation
will have shorter telomeres than the preceding one.
This will lead to a phenomenon of anticipation defined
by an earlier onset of disease with each passing gen-
eration (Figure 4).

Figure 3. Relative proportion of the different telomere mutations in FPF cases where a telomere mutation was identified.
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Interstitial lung disease is the most frequent man-
ifestation of telomere-related disorders in adults [17].
Telomere-related fibrosis displays a cumulative effect
of age and environmental triggers. In a cohort of
TERT-mutation carriers, no patient under 40 years
had developed an idiopathic interstitial pneumonia
(IIP), while 50% of women and 60% of men above
60 years presented IIP-compatible features [18]. The
type of mutation also seems to influence the age of
onset as TERC mutation carriers are diagnosed
younger than PARN-mutated patients (mean age
51 years vs. 64 years) [9]. Overall, in patients present-
ing with an IPF phenotype, telomere-mutated cases
are diagnosed younger than in the sporadic form [19].
Additionally, a vast majority of patients report exposi-
tion to at least one pneumotoxic compound [18,20]
stressing the importance of the environment.

Although a UIP pattern is encountered in 47–74% of
cases onhigh-resolution CT scan [9,18], at least 13–20%of
patientswill presentwith an incompatible image [9,18]. In
the presented case, an undetermined pattern was pre-
sent, accompanied by enlarged lymph nodes. A study by
Attili et al. [21] found up to 52% of non-specific lympha-
denopathy in ILD. After correlation between clinical, radi-
ological and histological data, IPF is the most common
diagnosis, representing 46–86% of the cases [9,18,20]. In
the remaining group, there is an important diagnostic
heterogeneity, with reports of hypersensitivity pneumo-
nitis, non-specific idiopathic pneumonia, pleuroparench-
ymal fibro-elastosis, unclassifiable pneumonias or
desquamative interstitial pneumonitis [9,18,20]. This vari-
able presentation is further complicated by a poor geno-
type–phenotype correlation, as patients affected by
a same mutation can present with different types of
IIPs [18]. Despite this heterogeneous presentation, pul-
monary decline is consistently accelerated, with a 1.5–
2-fold decrease of FVC compared to placebo arms of
clinical trials [9], and mortality is uniformly distributed
among the different genotypes and phenotypes.

One of the major characteristics of telomere-
related lung fibrosis is the multi-organic involvements.

In patients with telomere-related interstitial lung dis-
ease, haematological implication is reported in
17–50% of patients [18,20] under the form of anae-
mia, thrombopenia or macrocytosis [9,20]. More
severe haematological diseases, such as myelodys-
plastic syndrome, aplastic anaemia and acute myeloid
leukaemia, have also been described in this popula-
tion [9,20]. Moreover, those patients are at increased
risk for developing liver cirrhosis and nodular regen-
erative hyperplasia [6]. Additionally, dermatological
involvement, mainly under the form of premature
hair greying (defined as hair greying before
30 years), is present in 15–40% of patients [6].

As illustrated by this case, a genealogic history will
enable the documentation of multi-organic involvement
in members of the family as well as recording of an
anticipation phenomenon. The combination of haemato-
logical or hepatic involvement with IIP in different family
members is highly suggestive of a telomere-related dis-
ease and should prompt careful genetic evaluation. There
are currently no clear guidelines regardinggenetic testing
and counselling of patients, and recommendations are
based on expert opinions. Patients presenting at an age
younger than 50 years with unexplained multi-organic
involvement or premature hair greying and patients
with a clear familial history of IIP shouldbeofferedgenetic
counselling [6]. As 10–20%of patients will have preserved
telomere length [9,18], both length measurement (by
Southern blot or flow-fluorescent in-situ hybridization)
and mutation analysis should be performed.
Importantly, only 40% of cases will have a (likely) patho-
genic mutation. Testing of family members of affected
patients is a matter of discussions and should be pro-
posed after evaluation of benefit and risk.

Patients with an IPF presentation are eligible to pirfe-
nidone and nintedanib, two anti-fibrotic agents reducing
FVC decrease [22,23], although a recent study has
reported a lack of efficacy of the former in this specific
population [24]. Further evaluation of those treatments in
this particular group is warranted in order to confirm their
efficacy.

Figure 4. Illustration of the ‘telomere syndrome concept’. Mutations affecting the telomerase complex lead to (a) different organ
involvement and (b) transmission of short telomeres to the offspring. Those features underlie the phenomena of incomplete
penetrance and genetic anticipation, respectively.
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Androgens can increase telomerase activity and
TERT gene expression through a mechanism which is
not yet fully understood but implicates the oestrogen
receptor signalling [25]. Recently, a trial with danazol,
a synthetic androgen, was halted early because the
primary end point, reduction in telomere attrition,
was reached in all evaluable patients [26]. Although
diffusion capacity was stabilized in the treated group
and haematological parameters improved, this was at
the cost of a high rate of side effects. Since only high-
dose medication was used, complementary studies are
necessary to define dosing and role of this treatment in
disease treatment. Of note, low-dose danazol is cur-
rently evaluated in a clinical trial (NCT03312400).

As those patients present at a relatively young age,
they are often eligible for lung transplantation. Special
care should be taken regarding this subgroup, as an
increase in acute and chronic kidney insufficiency [27],
haematological complications (anaemia, thrombope-
nia) [27,28] and rare pharmacological toxicities have
been reported [29]. Those effects are due to the cyto-
toxic nature of the administered drugs and the failing
compensatory mechanisms in these mutated cases. As
in dyskeratosis congenita, one of the most frequent
telomeropathies, specific drug schemes could be used
in order to diminish the frequency of those adverse
events [30]. Although patients with telomeres <10th
percentile displayed a decreased survival compared to
patients with telomeres above this limit in one study
[31], definitive conclusions are difficult to draw, given
the scarcity of the data and the somewhat contra-
dictory results of the published studies [28,32].

Conclusion

Patients affected by telomerase mutations-related ILD
represent a complex subgroup with increased mortal-
ity and features of multi-organic involvement, trans-
generational anticipation phenomenon, incomplete
penetrance as well as increased drug-related adverse
events. In patients in whom this condition is sus-
pected, telomere length measurement and muta-
tional analysis should be performed. The follow-up
of these patients should be undertaken by specialized
tertiary centres with experience in the multidisciplin-
ary management that is required. Although the life
expectancy is still reduced, specific treatments and
adapted medication regimens should bring some
improvement in the coming years.
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