
The MUC5B promoter risk allele for
idiopathic pulmonary fibrosis predisposes
to asbestosis

To the Editor:

Asbestosis is a fibrosing interstitial pneumonitis, which can develop following occupational asbestos
exposure and a lengthy latency period [1]. Even after strict regulations on the asbestos industry, an
estimated 3400 individuals worldwide died as a consequence of asbestosis in 2017 [2].

Asbestosis shows several similarities with idiopathic pulmonary fibrosis (IPF), with both patient groups
consisting of predominantly older, former smoking males [3]. Furthermore, it has been reported that
patients with end-stage asbestosis can demonstrate a usual interstitial pneumonia (UIP) pattern on
high-resolution computed tomography (HRCT), a pattern that is characteristically diagnostic for IPF if
known causes of interstitial lung disease (ILD) are excluded [4].

IPF is more thoroughly investigated than asbestosis and several genetic risk factors are implicated in the
pathogenesis of IPF. One of the strongest genetic risk factors is a single nucleotide polymorphism (SNP)
located in the promoter region of MUC5B (rs35705950). SEIBOLD et al. [5] demonstrated that, for IPF, the
odds ratio (OR) for individuals who were heterozygous for this SNP is 9.0 (95% CI 6.2–13.1). In the
current study, a possible association between the minor allele of MUC5B (rs35705950) and asbestosis was
investigated in multiple cohorts.

Patients were included between April 2014 and December 2017. Asbestosis is defined according to American
Thoracic Society guidelines [1] and includes thorough occupational history, appropriate latency period and
HRCT findings. Three cohorts of patients with asbestosis were included: a discovery cohort from the St
Antonius Hospital Nieuwegein, the Netherlands (n=29); replication cohort I recruited via the Institute for
Asbestos Victims located in The Hague, the Netherlands (n=28); and replication cohort II consisting of 21
patients from the Bichat-Claude Bernard Hospital Paris, France. Furthermore, a pleural plaque cohort
(n=25) without evidence of interstitial fibrosis was included as a reference population for genotype analysis.

Healthy, white, unrelated Dutch (n=300) and French subjects (n=300) were included for comparison with the
Dutch and French patients, respectively. All subjects provided written informed consent and ethical approval
was received for this study (Dutch: R-05.08A; French: CPP 110104 and 0811760). The MUC5B rs35705950
polymorphism was genotyped using a pre-designed Taqman SNP genotyping assay (Applied Biosystems,
Foster City, CA, USA) on DNA isolated from whole blood. Our smallest patient cohort consisted of 21
individuals. Based on the reported minor allele frequencies (MAFs) of 37.5% in IPF and 9.1% in healthy
subjects [5] and the use of 300 healthy controls, we obtained a power over 80% in this and our other cohorts.

In total, 78 patients with asbestosis were included with male predominance (97.4%) and median age of
72.2 years. The mean±SD forced vital capacity (FVC) was 81.8±20.4% of predicted and diffusion capacity of
the lung for carbon monoxide (DLCO) corrected for haemoglobin level 52.8±14.6% of predicted. There
were 67 (85.9%) former or current smokers with an average smoking history of 21.4±14.5 pack years. The
majority of patients (90%) reported prolonged occupational exposure to asbestos and all patients
demonstrated pleural and/or diaphragmatic plaques on HRCT. A UIP pattern was present on HRCT in 36
patients (46.2%), a probable UIP pattern in 20 patients (25.6%), indeterminate UIP pattern in 16 patients
(20.5%), and a pattern suggestive of an alternative diagnosis in six patients (7.7%). No lung biopsies or
lung transplantations were performed.
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For each cohort, the MUC5B rs35705950 SNP was in Hardy–Weinberg equilibrium. MAFs in the
discovery, replication I and replication II cohorts were 33%, 27% and 29%, respectively. The minor allele
of rs35705950 showed significant association with asbestosis in the discovery cohort, replication I cohort
and replication II cohort when compared with healthy controls. Pooled analysis demonstrated that the
MAF in patients with asbestosis was 29% compared to 11% in healthy controls (table 1). MAF in patients
with pleural plaques was 14% and significantly different from patients with asbestosis (OR 2.6, 95% CI
1.1–6.1; p=2.9×10−2), but did not differ from controls.

A total of 31 patients (39.7%) died during follow-up. Deaths were attributed to progression of pulmonary
fibrosis (64.5%), lung cancer (3.2%), non-respiratory (22.6%) or unknown causes (9.7%). Mean survival
after diagnosis was 1.9, 3.6 and 5.4 years for the discovery, replication I and replication II cohorts,
respectively. FVC and DLCO tended to be lower in patients from the St Antonius Hospital compared to the
other cohorts, but this was not significant. We speculate that patients from the St Antonius Hospital are
diagnosed at a later stage compared to patients diagnosed in other Dutch hospitals, as the St Antonius
Hospital is a tertiary referral centre. In addition, we hypothesise that the longer survival of the French
asbestosis cohort is due to shorter diagnostic delay as a result of nationwide screening programmes of
French asbestos exposed workers [6].

In the pooled asbestosis cohort, no differences were detected between baseline characteristics of carriers
(n=42) and non-carriers (n=36) of the MUC5B risk allele. Carriership of the minor allele of MUC5B
rs35705950 could not be identified as a predictor for death in the asbestosis cohort. However, replication
in a larger cohort is required to draw any definite conclusion.

In this study, we demonstrated that the MUC5B rs35705950 minor allele predisposes to asbestosis.
Previous studies showed that the MUC5B rs35705950 polymorphism is associated with other forms of
pulmonary fibrosis, such as IPF, idiopathic non-specific pneumonitis and rheumatoid arthritis-associated
ILD [5, 7, 8]. Our study complements these findings and point towards shared pathogenic processes
between asbestosis and progressive fibrosing diseases such as IPF. There is evidence that chronic
endoplasmic reticulum stress and alveolar epithelial cell apoptosis, pathological processes believed to be
involved in IPF pathogenesis [9], also play a role in the aetiology of asbestosis. KAMP et al. [10]
demonstrated that alveolar type II cells of rats exposed to asbestos fibres upregulate proteins linked to
endoplasmic reticulum stress. Moreover, they also reported that asbestos created a two-fold increase in
apoptosis in human alveolar epithelial cells (A549 cells) compared with control experiments.

A minority of subjects with inhalation exposure to asbestos develop asbestosis, however, many develop
pleural plaques. A lack of association was found between the cohort of only pleural plaques patients and
MUC5B rs35705950. This is in congruence with the general perception that development of pleural
plaques does not necessarily lead to other pulmonary diseases.

Our study highlights commonalities between IPF and asbestosis. Nevertheless, both diseases are treated
differently. In IPF, it was shown that immunosuppression is harmful [11, 12] and that antifibrotic

TABLE 1 MUC5B rs35705950 genotype, minor allele frequency, and odds ratio in patients with asbestosis

Pooled
cohort

Discovery
cohort

Replication
cohort I

Replication
cohort II

Pleural
plaques
without
asbestosis

Healthy
controls
I

Healthy
controls
II

Subjects n 78 29 28 21 25 300 300
Type of
subjects

Asbestosis Asbestosis Asbestosis Asbestosis Pleural plaques Controls Controls

Origin Dutch/
French

Dutch Dutch French Dutch Dutch French

GG# n 36 11 15 10 18 239 242
GT# n 38 17 11 10 7 58 51
TT# n 4 1 2 1 0 3 7
MAF % 29 33 27 29 14 11 11
OR (95% CI) 3.5 (2.4–5.1) 4.1 (2.2–7.5) 3.1 (1.6–5.8) 3.3 (1.6–6.7) 1.4 (0.6–3.2) NA NA
p-value 5.1×10−11 1.3×10−6 3.9×10−4 6.2×10−4 0.5 NA NA

MAF: minor allele frequency; NA: not available. #: genotype of MUC5B rs35705950, T is minor allele. Genotype results of the discovery cohort,
replication cohort I and pleural plaque cohort were compared with healthy controls I and replication cohort II with healthy controls II. The
pooled cohort was compared with genotype results of healthy controls I and II combined.
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treatment decelerates disease progression [13]. This treatment option is not yet available for patients with
asbestosis. However, the recently published INBUILD trial showed promising results of nintedanib in
non-IPF ILD, including patients with exposure-related ILD [14]. A Dutch multi-centre trial of pirfenidone
treatment in patients with asbestosis is currently being conducted (EudraCT number: 2018-001781-41).

A limitation of our study is the sample size, which is relatively small compared to numbers in genetic
studies with other ILDs. Nonetheless, each independent cohort was significantly powered (>80%) to detect
a genetic association in the range of that of IPF cohorts for the MUC5B risk allele.

In summary, we found a significant association between the minor allele of MUC5B rs35705950 and
asbestosis. This adds to accumulating evidence for a MUC5B-driven endotype of pulmonary fibrosis in ILD.
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