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Most cases of idiopathic pulmonary fibrosis are sporadic, that is they 
occur in individuals with no family history with the disorder. Familial pulmo-
nary fibrosis is defined by the presence of at least two cases of pulmonary 
fibrosis in the same family1,2. In that case the presence of multiple pulmonary 
fibrosis cases in a family may regard idiopathic pulmonary fibrosis alone, 
or idiopathic pulmonary fibrosis in association with pulmonary fibrosis of 
known etiology such as pulmonary fibrosis related to autoimmune rheumatic 
disease and chronic hypersensitivity pneumonitis or idiopathic pulmonary 
fibrosis and other idiopathic interstitial pneumonias such as desquamative 
interstitial pneumonia or pleuroparenchymal fibroelastosis3-5.

We now know that 2-20% of the idiopathic pulmonary fibrosis patients 
have a family history consistent with familial pulmonary fibrosis1 and a 
detailed family history for each patient with idiopathic pulmonary fibrosis 
is deemed necessary in quest of such traits in a family pedigree. The type of 
inheritance for the majority of patients is autosomal dominant with vertical 
transmission from generation to generation6,7. The last 15 years there has 
been great progress in the discovery of genes related to the development of 
familial pulmonary fibrosis. Some of these gene variants are very common 
and strongly related to the disease however they have a very modest size 
effect separately (polygenic inheritance), whereas other variants are quite 
rare but have a very high size effect for the development of the disease 
(monogenic inheritance)8-10. The most representative gene variants related 
to familial pulmonary fibrosis are those related to the telomerase complex, 
to the surfactant proteins and finally to the mucin 5B9,11 (Table 1).

The discovery of genes related to monogenic pulmonary fibrosis pro-
vided new clues on the pathogenesis of idiopathic pulmonary fibrosis both 
sporadic and familial12.

The first identified mutation was in SFTPC gene, the gene encoding 
surfactant protein C in a family with a mother with desquamative interstitial 
pneumonia since childhood and her baby girlwith non-specific interstitial 
pneumonitis4. The studies that followed discovered further mutations in 
genes encoding surfactant proteins C, A2 and A1 (SFTPC, SFTPA2, SFTPA1) 
as well as ATP binding cassette family A, member 3 transporter (ABCA3)13-18. 
The above mentioned surfactant proteins are exclusively expressed in 
alveolar epithelial cells (AEC) type II and have a cardinal role in lung al-
veolar structure maintenance and function whereas ABCA3 transporter is 
responsible for transporting SP-B and SP-C towards the cell membrane in 
lamellar bodies1,12. The effect of these genetic mutations in the pathogenesis 
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of pulmonary fibrosis are shown to be related so far to 
pathways implicating cellular senescence, endoplasmic 
reticulum stress, the unfolded protein response and the 
DNA-damage response as well dysregulation of numer-
ous immune responses12,19,20.

The discovery of surfactant protein mutations was 
followed by the identification of the telomerase complex 
mutations21,22. This time pulmonary fibrosis was examined 
as part of a rare multisystem disorder affecting mostly 
children called “dyskeratosis congenita” (DC) characterized 
by dystrophic nails, patchy skin hyperpigmentation and 
oral leukoplakia23. A subset of these patients develops 
severe bone marrow failure syndromes, liver disease and/
or pulmonary fibrosis23. Mutations in the genes encoding 
the telomerase complex were first described in DC and 
then in FPF patients24. Telomerase is a multimeric ribonu-
cleoprotein enzyme that catalyzes the addition of repeti-
tive DNA sequence to telomeres, specialized structures 
at the end of linear chromosomes and thus protecting 
chromosomes from genetic material loss during mitoses. 
Telomerase complex includes a variety of active parts 
such as dyskerin (DKC1), telomerase reverse transcriptase 
(TERT) and the telomerase RNA component (TERC)1,25. 
Mutations in these genes as well as in a number of other 
telomere-associated genes are implicated in FPF21,22,26-30 

(Table 1). Possible mechanisms through which telomer-
ase mutations increase the risk for the development of 
pulmonary fibrosis include mainly functional deficits in 
telomere maintenance (short telomere length) linked 
to epithelial cell senescence and impaired response to 
epithelial injury as well as non-telomeric effects related 
to lung injury response and fibrotic remodeling12,31-36.

The group of rare genetic variants with a high size ef-
fect for FPF described so far was enriched by the discovery 
in 2011 of a common genetic variant that increases the 
risk for IPF six to eight times: a common single nucleotide 
polymorphism (SNP) (rs35705950) in the promoter of the 
gene encoding for mucin 5B (MUC5B)37. This finding was 
validated in further studies38. Interestingly this polymor-
phism seems to be related only to idiopathic forms of 
pulmonary fibrosis and not to those related to sarcoidosis 
or scleroderma disease39. Mucin 5B is among the two major 
gel forming proteins in human airway secretions. In IPF 
patients it is found increasingly expressed in the distal 
small airways and in the cells covering the honeycomb 
cysts37,40. Its role in the pathogenesis of IPF seems to be 
related to injury, barrier function, innate immunity and 
impaired repair in the distal airway epithelium as well as 
to dysregulated inflammation and macrophage mediated 
responses in the lungs12,40,41.

Familial and sporadic pulmonary fibrosis may be clini-
cally and histopathologically indistinguishable. However 
meticulous studying of familial pulmonary fibrosis pa-
tients reveals many differentiating and original aspects 
concerning epidemiology, risk factors, radiographic and 
histopathologic presentation, natural history, extrapul-
monary manifestations and outcome that warrant special 
consideration1. Based on the literature, the number of 
family members with FPF affected in a family ranges 
from a minimum of 2 and overpasses sometimes 6 to 742. 
Familial pulmonary fibrosis is the strongest risk factor for 
idiopathic pulmonary fibrosis [OR=6.1 (95% CI 2.3-15.9)] 
whereas it increases significantly the risk of death from 
pulmonary fibrosis in first and second degree relatives 
(RR=4.7 and 1.92 respectively)43,44. In these family co-
horts, male smoker patients seem to be more frequently 
affected6. Both smoking and environmental exposures 
such as asbestos, welding, carpentry and sandblasting 
are significantly related to the development of the dis-
ease in FPF patients25. From another study comparing 77 
FPF patients with 50 sporadic ones it becomes obvious 
that although symptoms of disease at diagnosis such as 
dyspnea and cough are indistinguishable, the age both 
at symptom onset and at diagnosis is younger for the 

TablE 1. Genetic variants in familial pulmonary fibrosis vali-
dated through at least one independent cohort (table modified 
from reference 11)

Gene Protein Function Inheritance
SFTPA1 SP-A1 Surfactant monogenic

SFTPA2 SP-A2 Surfactant monogenic

SFTPC SP-C Surfactant monogenic

ABCA3 ABCA3 Surfactant monogenic

TERT TERT Telomere monogenic

TERC TR Telomere monogenic

RTEL1 RTEL1 Telomere monogenic

DKC1 DKC1 Telomere monogenic

TINF2 TIN2 Telomere monogenic

MUC5B MUC5B Mucin polygenic

SFTPA1, SFTPA2, SFTPC: genes encoding proteins A1, A2 and C 
of surfactant, ABCA3: ATP binding cassette family A, member 3 
transporter, TERT: reverse transcriptase of telomerase, TERC: RNA 
component of telomerase, RTEL1: human regulator of telomere 
elongation helicase 1, DKC1: dyskerin, TINF2: TERF-1 interacting 
nuclear factor 2, MUC5B: mucin 5B.
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FPF patients (57.97 years vs 63.85 and 61.43 vs 66.58 
respectively)45. In both FPF and sporadic cases diffusing 
capacity of the lung for carbon monoxide (DLCO) is found 
to be the most sensitive parameter to disclose impair-
ment45. In asymptomatic patients pulmonary function 
tests including DLCO may be normal and lung ausculta-
tion in combination with high resolution computerized 
tomography of the chest (HRCT) may reveal abnormal 
findings46 (Figure 1). In symptomatic FPF patients, HRCT 
of the chest findings are often atypical with reticulation 
either alone or in combination with ground glass opacities 
representing the most common findings (82%) whereas 
honeycombing lesions are encountered in less than 35% 
of cases47 (Figure 2). The distribution of the lesions may 
be more diffuse compared to the subpleural predomi-
nance of typical sporadic cases or even predominate in 
the upper lobes. Cystic lesions, micronodules and lymph 
node enlargement are also described47. More than half 
of patients are considered to have unclassifiable disease 
necessitating histopathological documentation. Among 
radiographically unclassifiable cases, many patients are 
histopathologically diagnosed as usual interstitial pneu-
monia disease whereas a significant number will still 
remain unclassifiable47.

FigurE 2. High resolution tomography of the chest of a 46 
year old male non-smoker patient demonstrating reticulation, 
ground glass opacities and traction bronchiectasis at the bases 
of the lungs. Open lung biopsy was performed at the age of 42 
and the histopathologic findings were compatible with usual 
interstitial pneumonia pattern. The patient had two first degree 
relatives with interstitial lung disease, one with idiopathic 
pulmonary fibrosis and one with pulmonary fibrosis related to 
rheumatoid arthritis. Genetic testing revealed TERC mutation.

FigurE 1. High resolution tomography of the chest of a 64 year 
old non-smoker female. The patient had a family history posi-
tive for a father with liver cirrhosis, two sisters and one brother 
with idiopathic pulmonary fibrosis and a brother and nephew 
with leukemia. Although asymptomatic, clinical examination 
revealed velcro sounds at lung bases; the screening test with 
HRCT of the chest demonstrated minimal changes of interstitial 
lung disease with subpleural distribution. Results of genetic 
testing are pending 

As we already described, many pulmonary fibrosis 
cases with a heritable component were initially reported 
in the background of dyskeratosis congenita syndrome, 
highlighting the fact that patients with telomerase com-
plex mutations may also have extrapulmonary mani-
festations such as liver and/or bone marrow disease. 
There is evidence showing that patients with FPF but 
without any DC findings may also develop themselves 
or their family members bone marrow failure syndromes 
such as myelodysplasia and aplastic anemia or/and liver 
disease such as liver cirrhosis48-51. The risk of associated 
extrapulmonary manifestations is difficult to estimate1. 
Risk factors such as viral infections, toxic medication and 
alcohol may enhance presentation and should be avoided. 
Hematologic disease’s risk increase from generation to 
generation, a phenomenon called anticipation, due to 
short telomere inheritance1.

Another fact that we should take into consideration 
in FPF patients especially those with mutations of the 
telomerase complex is their fragility when they are re-
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ferred for lung transplantation. Two studies from centers 
of excellence one in the USA and the other in France have 
clearly shown that these patients have a shorter trans-
plant free survival time and that they are very vulnerable 
when exposed to post transplantation immunosuppres-
sive regimens, often developing bone marrow failure 
syndromes and succumbing prematurely due to hema-
tologic, infective and renal failure complications. These 
observations justify specific genetic, hematologic and 
hepatology consultation before lung transplantation in 
pulmonary fibrosis patients as well as selected adjustment 
of the post-transplantation regimens for those patients at 
increased risk52,53. Indeed a study performed in a context 
of pre-transplant evaluation for lung transplantation for 
patients with short telomere disease demonstrated that 
subclinical bone marrow and liver abnormalities are found 
in patients with pulmonary fibrosis and short telomeres 
even without clinically significant signs in peripheral 
blood counts and liver function tests54.

In general, patients with telomerase complex muta-
tions have poorer survival compared to sporadic disease 
patients irrespective of lung transplantation25. On the 
contrary, the MUC5B promoter polymorphism is associ-
ated with increased survival in both sporadic and familial 
pulmonary fibrosis patients55,56. Concerning FPF patients 
with surfactant protein and ABCA3 mutations, outcome 
ranges from asymptomatic disease to death. Phenotypic 
manifestations vary from severe respiratory failure at a 
very young age to only lung fibrosis, combined pulmo-
nary fibrosis and emphysema or lung fibrosis and cancer 
in adults16,57-59.

Investigating familial pulmonary fibrosis patients 
makes also scientists wonder whether early identification 
of the disease through screening of FPF families could 
positively influence its natural history which remains 
dismal besides new treatments and whether the genetic 
profile of each patient could bring in the future some 
kind of useful information regarding treatments and the 
response to them. For the time being what we know is 
that early screening of asymptomatic patients from FPF 
families may reveal interstitial lung disease changes in 
almost 14-25% of them46,60. Very recently, an exhaustive 
work-up with questionnaires, blood examination, chest 
HRCT, and bronchoscopy with bronchoalveolar lavage 
and transbronchial lung biopsy was undertaken in 75 
asymptomatic subjects at risk for familial interstitial pneu-
monia. The authors found that there was evidence of lung 
parenchymal remodeling and epithelial dysfunction in 

these subjects and that only longitudinal follow-up will 
explain its significance in the pathogenesis of pulmonary 
fibrosis60.

Even more recently, National Institute of Health sci-
entists published their observations concerning the 
treatment of patients with telomere disease, mostly bone 
marrow failure and/or pulmonary fibrosis with a synthetic 
androgen, danazol. Initial results were encouraging since 
telomere elongation was achieved with stabilization mainly 
of hematologic disease in certain patients61.

In the future we may have the opportunity to incor-
porate genetic signatures into therapeutic decisions 
for our patients by more accurately comprehending 
pathogenesis, severity, risk of progression and response 
to treatment2,62,63.

At present, what we mostly need is the wise utiliza-
tion of all this new genetic information concerning FPF 
patients64. Genetic diagnostic and counselling should be 
performed after written informed consent in a frame-
work of a multidisciplinary expert team that includes a 
geneticist and should apply in patients with a history of 
FPF, in patients with signs of short telomere syndrome, 
in young patients as well as to those referred for lung 
transplantation. Screening family members of affected 
individuals could prove meaningful in the future as well 
as counseling of avoidance of any exposure including 
smoking that could harm sensitive organs such as the 
lung, bone marrow and liver in the next generations1.

The progress that has supervened in genetics in IPF 
the last few years, has allowed new insights for sporadic 
and familial pulmonary fibrosis patients. Hopefully, next 
guidelines for diagnosis and treatment of idiopathic 
pulmonary fibrosis will appreciate and organize the ac-
cumulated new knowledge and will dedicate some lines 
to genetic diagnostic, counselling and management of 
familial pulmonary fibrosis patients as well.
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