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Abstract
Interstitial lung diseases (ILDs) are common respiratory diseases with limited treat-
ment options and poor prognoses. Early and accurate diagnosis of ILD is challenging
and requires a multidisciplinary discussion. We report a 32-year-old patient admitted
to our hospital with cough and increasing dyspnea on exertion. Computerized tomog-
raphy scan of his chest demonstrated diffuse interstitial abnormalities, emphysema-
tous changes, and a pneumothorax. Whole-exome sequencing (WES) and Sanger
sequencing indicated a compound mutation of heterozygosity in RTEL1 gene
c.2992C > T(p.Arg998*) and c.482T > C(p.Val161Ala). In-silicon analysis revealed
the pathogenic nonsense mutation c.2992C > T, which introduced a premature stop
codon in exon 30 of RTEL1. The patient is still alive with progressive dyspnea to now.
We reviewed the pathophysiology of ILD patients carrying RTEL1 mutations and the
roles of RTEL1 mutation in guiding treatment and prognostication in ILD.
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INTRODUCTION

Interstitial lung disease (ILD) represents a large and
heterogeneous group of pulmonary disorders. Idiopathic
pulmonary fibrosis (IPF), the most common of the idio-
pathic interstitial pneumonias, is a chronic and progres-
sive disease which is associated with high morbidity and
early mortality.1 There is accumulating evidence2–8 that
pirfenidone and nintedanib are equally efficacious in
slowing disease progression in IPF. Given these promis-
ing results, early and accurate diagnosis of ILDs could
potentially improve outcomes through early initiation of
appropriate management and timely referral for lung
transplantation.9

The past decade has witnessed the emergence of rare
genetic variants responsible for the genesis and development
of ILD. Among rare genetic mutations, the heterozygous
regulator of telomere elongation helicase 1 (RTEL1) muta-
tions has been evidenced in 5%–9% of familial ILD by three
independent research groups.10–12 RTEL1 is essential in
telomere-length regulation, DNA repair, and the mainte-
nance of genomic stability.13 Mutations of RTEL1 are
related to pulmonary fibrosis including familial and idio-
pathic pulmonary fibrosis.14 However, the age at onset,
symptoms, disease severity and prognosis of ILD with
RTEL1 mutations are highly variable.

In this study, we report a novel compound heterozygous
mutation in the RTEL1 gene (c.2992C > T and c.482T > C)
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in the proband, which was associated with fibrotic intersti-
tial abnormalities and emphysematous changes.

CASE REPORT

A 32-year-old man presented to the pulmonary clinic with
12 months of cough and 3 months of increasing exertional
dyspnea in late February 2021. Four days before this

presentation, he noted an abrupt worsening of dyspnea and
right-sided chest pains. He had no history of atopy, parasitic
infection, malignancy, and immune dysregulation. He had
no known drug allergies. He lived in an apartment in an
urban area of Hangzhou and had not travelled outside for
many years. He smoked 10 cigarettes/day for 12 years but
did not drink alcohol, or use illicit drugs. His mother died of
lung cancer at 41 years old. His father and two sisters were
healthy.

F I G U R E 1 Serial chest CT images at different timings. (A) Initial chest CT scan (27 February 2021) showed diffuse bilateral reticular abnormalities,
a pneumothorax in the right, bilateral pleural thickening, and mediastinal emphysema. (B) Chest CT scan three-month post-initial (4 June 2021) showed
improved, ongoing diffuse interstitial inflammation tending to be chronic and fibrotic combined with pulmonary emphysema. CT, computed tomography
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On examination, his respiratory rate was 30 bpm, and
oxygen saturation was 90% while breathing ambient air.
Lung auscultation revealed decreased breath sounds on the
right upper chest and bilateral velcro-like crackles at the
lung bases. Hair greying has been remarkable since his teen-
age years. But there was no mucocutaneous triad of abnor-
mal skin pigmentation, nail dystrophy and leukoplakia.

The white-cell count was 5800 (reference range
3500–9500 per μl), with a mean corpuscular volume (MCV)
of 105.4 (reference range 80–100 fl) platelet 123,000 (refer-
ence range 125,000–350,000 per μl), and C-reactive protein
8.0 (reference range <8.0 mg/L). D-dimer was elevated at
1330 (reference <500 ng/ml). The serum CYFRA 21-1 level
was 5.54 (reference 0–3.5 μg/L), suggesting an increased
cancer risk. The ESR level was 33 (reference 0–15 mm/h).
Serum total immunoglobulin E was elevated at 1925
(reference 0–87 kIU/L). The serum immunoglobulin IgA
level was 4.06 (reference 0.69–3.82 g/L). Other routine labo-
ratory examinations were normal. He was negative for HIV
and multiple respiratory pathogens, including influenza A
and B viruses, respiratory syncytial virus, adenovirus, myco-
plasma pneumonia and chlamydia pneumonia. The cultures
of sputum and blood, and the sputum acid-fast bacillus test

were negative. Hypersensitivity pneumonitis screens were
negative, as were tests for autoantibody profile. The chest
CT scan showed diffuse interstitial abnormalities as well as a
pneumothorax and emphysematous changes in the medias-
tinum (Figure 1A). Transthoracic echocardiography
revealed a left ventricular ejection fraction of 51% and mild
tricuspid regurgitation. Abdominal and urinary B-ultrasonic
and ECG were normal.

Bronchoscopy was not performed because of the pres-
ence of the pneumothorax and mediastinal emphysema. A
surgical lung biopsy was recommended but rejected. The
multidisciplinary consensus diagnosis was that he had a
genetically related ILD. The whole exosome sequence subse-
quently demonstrated compound heterozygosity for two
mutations in the RTEL1 gene [NM_032957.4: c.2992C > T
(p.Arg998*) and NM_032957.4: c.482T > C(p.Val161Ala)]
as shown in Table 1. Bioinformatics analyses predicted that
the variant p.Arg998* was pathogenic (Figure 2A). This
nonsense truncating mutation causes early termination of
protein RTEL1, resulting in the deletion of the PIP motif
(Figure 2B). However, another novel variant, p.Val161Ala,
located in the helicase ATP-binding domain, has never been
reported (it is a variant of uncertain significance). The

T A B L E 1 Overview and bioinformatic prediction of the compound RTEL1 mutation

Genomic
position on chr.

Exon/
CDS cDNA change

Protein
change

Hom
/Het

Mutation
type

1000
genome ExAC Gnom AD

Mutation
taster

chr20:6232 4564 EX30 /CDS 29 NM_032957.4:
c.2992C > T

p.Arg998* Het Nonsense Not found 0.000017 0.000028 Pathogenic

chr20:6229 3913 EX5/CDS 4 NM_032957.4:
c.482T > C

p.Val161Ala Het Missense Not found Not found Not found VUS

Abbreviation: VUS, variants of uncertain significance.

F I G U R E 2 (A) Family map and sanger sequencing. The red arrow indicates variant information in sanger sequencing. (B) Schematic illustration is
drawn to scale of the two variants of RTEL1. (C) Position of p.Arg998* and p.Val161Ala in pink on the three-dimensional structure of RTEL1 modelled by
AlphaFold. RTEL1, regulator of telomere elongation helicase 1
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three-dimensional structure of the wild-type RTEL1 protein
was generated by the AlphaFold15 online server and the
position of p.Arg998* and p.Val161Ala were located
(Figure 2C).

Supplemental oxygen and nebulized treatment with
budesonide and acetylcysteine, methylprednisolone, and
intravenous fluids were initiated. Pirfenidone was started
after further discussions. A referral for lung transplantation
was made. His symptoms of cough and shortness of breath
improved. Further chest CT scans on 4 June 2021
(Figure 1B) revealed resolution of the pneumothorax and
emphysematous changes. However, the interstitial abnor-
malities and emphysematous changes remained unchanged.
The pulmonary function test was refused by the patient at
his last visit to our outpatient clinic 3 months after discharge
from hospitalization. He returned to his home in Anhui and
started home oxygen therapy shortly thereafter. He is still
alive with progressive dyspnea to now.

DISCUSSION

RTEL1 heterozygous mutation has been reported to be pre-
sented with dyskeratosis congenita (DC), myelodysplastic
syndrome (MDS) and various lung phenotypes.14,16–18

A series of extrapulmonary manifestations including prema-
ture hair greying, nail dystrophy, haematological abnormali-
ties, and liver function abnormalities, suggest a diagnosis of
telomeropathy and the need for more detailed testing.19,20

According to a retrospective study,14 the interstitial lung dis-
ease (ILD) subtype most commonly found in RTEL1 muta-
tion carriers is idiopathic pulmonary fibrosis (IPF), but
other types of ILD, including chronic hypersensitivity pneu-
monitis (HP), pleuroparenchymal fibroelastosis (PPFE),
unclassifiable fibrosis and connective tissue disease
(CTD)–ILD were also observed. Combined pulmonary
fibrosis and emphysema were reported in 24.4% of patients.
In our case, the patient presented none of the three features
that are characteristic of DC. He showed hair greying with-
out any other extrapulmonary manifestations. The initial
complete blood count (CBC) suggested no aplastic anaemia
or bone marrow failure (BMF). Subsequent serial CBC
revealed gradually reduced levels of haemoglobin and plate-
lets. The examination of bone marrow smear and biopsy
was normal. Moreover, the rapid-onset thrombocytopenia
and anaemia were partially relative to the side effects of the
TMP/SMX and piperacillin/tazobactam which were empiri-
cally provided before diagnosis was made. It is not uncom-
mon for DC-associated PF to occur later in life without
significant skin abnormalities and BMF. Pulmonary compli-
cations have been reported in up to 20% of patients with DC
and related TBDs.21 According to a recent study,22 about
50% of patients showed an atypical UIP pattern with the
presence of upper-or mid-lung predominance, multiple
cysts, or diffuse ground glass opacity. Therefore, fibrotic
interstitial lung disease due to DC should be kept in mind
during the follow-up, and correct the diagnosis if necessary.

The chest image of our patient showed significant emphyse-
matous changes, which occurred as characteristic features in
α-1 antitrypsin deficiency. However, the patient presented
neither liver disease nor necrotizing panniculitis, the C-
ANCA was negative, and the whole exosome sequence indi-
cated no pathogenic variants in SERPINA1.

The pathophysiology of ILD in patients carrying RTEL1
mutations is not yet fully understood. The full-length
RTEL1 is essential for the elongation of the single-stranded
telomeric overhang by telomerase.23 Vannier et al. observed
that mouse cells disrupted for the RTEL1-PCNA interaction
(PIP mutant) exhibited accelerated senescence, replication
fork instability, reduced replication fork extension rates, and
increased origin usage.24 Therefore, it is reasonable to specu-
late that loss of function of the C-terminal helicase domain
underlies the short telomeres phenotype. When telomere
dysfunction causes alveolar stem cell failure, it is sufficient
to provoke regenerative defects, inflammatory responses and
susceptibility to injury.25 Furthermore, immunohistochemis-
try showed that RTEL1 was expressed by bronchial and
alveolar epithelial cells, suggesting that RTEL1 alteration is
involved in alveolar epithelial dysfunction.14

Pirfenidone and nintedanib have been associated with a
reduced decline of FVC in IPF patients with a rare telomere
related gene (TRG) variant.26,27 Several studies confirmed
the safety and effectiveness of antifibrotics in patients with a
TRG mutation, and no difference was observed between pir-
fenidone and nintedanib in terms of efficacy.3,6,27,28 More-
over, the side effect profile of antifibrotic treatment in
patients with TRG mutation is similar to those observed in
the general IPF population.3,6 In our case, steroids tempo-
rarily relieved the symptoms for a few months, but dyspnea
continued to worsen afterward, and antifibrotics failed to
slow the progression of fibrosis. Elevated serum D-dimer is
associated with an increased risk of acute exacerbation of
ILD,29 and significantly elevated serum total immunoglobu-
lin E makes the immune microenvironment complicated.

TRG mutation carriers are frequently potential candi-
dates for lung transplantation (LT) because of their younger
age of onset and lower transplant-free survival.30,31 However,
it has been shown that patients with telomerase complex
mutations suffer an increased risk of severe haematological
complications and poor survival after LT.32,33 In addition,
reduced telomere length has also been associated with a
shorter time to onset of chronic lung allograft dysfunction
(CLAD).34 However, a recent study35 found no difference in
the overall post-LT median survival between the groups with
(3.75 years) and without (3.0 years) TRG mutation. Univari-
ate analysis showed the diagnosis of myelodysplasia and a
reduced telomere length before LT in TRG mutation carriers
were the only factors significantly associated with overall sur-
vival, suggesting that LT is hazardous but might be offered to
TRG mutation carriers after careful immune-haematological
evaluation.

A post-hoc analysis of randomized clinical trials showed
that patients with a rare variant of TERT, PARN, TERC or
RTEL1 had a more rapid decline in FVC than patients
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without mutations.26 Justet et al.28 reported a decline of
FVC (314.5 � 107.6 ml�year�1) in TRG mutation carriers,
similar to that measured by Newton et al. in another study
(300 ml�year�1).18

In conclusion, early-onset ILD should prompt consider-
ation of ILD genetic testing, particularly if there is a family
history of lung disease. Patients with RTEL1 mutation can
be associated with various types of ILD and exhibit a more
rapid decline in pulmonary function. Antifibrotic treatment
is of benefit in this subgroup. LT might be offered after a
careful genotype–phenotype assessment.
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