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Procalcitonin: a new marker for acute phase reaction in acute
pancreatitis [in German]. Langenbecks Arch Chir 1997;382:
367–372.

7. Luo XL, Yang TL, Chen XP, Li YJ. Association of CALCA genetic
polymorphism with essential hypertension. Chin Med J (Engl) 2008;
121:1407–1410.

8. Lemos C, Mendonça D, Pereira-Monteiro J, Barros J, Sequeiros J,
Alonso I, Sousa A. BDNF and CGRP interaction: implications in
migraine susceptibility. Cephalalgia 2010;30:1375–1382.

9. Schoe A, Schippers EF, Ebmeyer S, Struck J, Klautz RJ, de Jonge E,
van Dissel JT. Predicting mortality and morbidity after elective
cardiac surgery using vasoactive and inflammatory biomarkers
with and without the EuroSCORE model. Chest 2014;146:
1310–1318.

10. Hildebrand F, Kalmbach M, Kaapke A, Krettek C, Stuhrmann M. No
association between CALCA polymorphisms and clinical outcome
or serum procalcitonin levels in German polytrauma patients.
Cytokine 2009;47:30–36.

Copyright © 2016 by the American Thoracic Society

Novel Genetic Susceptibility Loci for FEV1 in the
Context of Occupational Exposure in Never-Smokers

To the Editor:

Recently, we identified several novel and plausible genetic
susceptibility loci for impaired lung function levels in the context of
occupational exposure in a sample, including both never- and ever-

smokers (1). Previous studies suggest that effects of genetic variants
(2), occupational exposures (3), and their interactions (1) may be
different in never-smokers and ever-smokers. Yet never-smokers
generally make up a smaller proportion of subjects in general
population studies (including current, former, and never-smokers),
and effects solely present in never-smokers may therefore not be
detected. Hence, to unravel why and how never-smokers develop
impaired lung function levels and chronic respiratory diseases such
as chronic obstructive pulmonary disease, it is important to study
the effects of nonsmoking-related exposures without potential
interference of tobacco smoke exposure. With the current genome-
wide interaction study, we aimed to identify novel genetic
susceptibility loci for impaired levels of FEV1 in the context of
occupational exposure to biological dust, mineral dust, and
gases/fumes in a sample including never-smokers only.

We included never-smokers from two Dutch general
population-based cohorts: LifeLines (N = 5,070) and Vlagtwedde-
Vlaardingen (N = 431). First, in each cohort separately, genome-wide
single-nucleotide polymorphism (SNP)-by-exposure interactions
were assessed, using linear regression models specified as follows:
FEV1 = SNP (additive effect) 1 low exposure 1 high exposure 1
SNP 3 low exposure 1 SNP 3 high exposure 1 sex 1 age 1
height. To have a clear exposure contrast, we focused on the SNP-by–
high exposure interaction only. Subsequently, the SNP-by–high
exposure interactions from both cohorts were metaanalyzed using
effects estimates weighted by the SEs. SNPs with interaction P values
,53 1028 and with the same direction of interaction in both cohorts
were taken further for cis-acting expression quantitative trait loci
(cis-eQTL) analysis in lung tissue of 1,087 subjects (4). Finally, we
performed pathway analyses using all SNPs (5). More detailed
information about the cohorts, phenotyping, genotyping, occupational
exposure assessment, cis-eQTL, and pathway analysis can be found
elsewhere (1).

Subjects included from the LifeLines study had a median age of
46 years (range, 18–90 yr), with a mean FEV1 of 104% predicted
and mean FEV1/FVC of 78%. Subjects from the Vlagtwedde-
Vlaardingen study had a median age of 54 years (range, 36–79 yr),
with a mean FEV1 of 98% predicted and mean FEV1/FVC of 76%.

We identified four significant SNP-by–high exposure interactions,
one with mineral dust and three with gases/fumes exposure
(Table 1). No significant interactions were found with high exposure
to biological dust. For all four SNPs, highly exposed subjects had
substantially lower FEV1 levels compared with subjects without
exposure, yet only when carrying at least one copy of the risk allele
and not when carrying the wild-type genotype (Figures 1A–1D). None
of the four identified SNPs was a cis-eQTL in lung tissue. Finally,
the Biocarta pathways patched 1 and the natural killer cells were
suggestively associated (false discovery rate P value, 0.25) with FEV1

in the context of mineral dust and gases/fumes exposure, respectively.
The most significant interaction identified was between

gases/fumes exposure and SNP rs10223081 located nearby the gene
NMUR2, a G coupled–protein receptor for neuromedin U (NMU)
(6). NMU can induce mast cell degranulation leading to, for
example, early-phase inflammation, such as neutrophil infiltration in
inflamed sites (7), and can induce eosinophil infiltration in allergic
inflammatory sites in an antigen-induced asthma model. We found
modest expression of NMUR2 in lung tissue (data not shown), yet this
expression was not associated with the identified SNP. Importantly,
effects of high exposure on gases/fumes were large and of
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clinically relevant size (i.e., subjects with high exposure to
gases/fumes had up to 1,000 ml lower levels of FEV1 compared
with nonexposed subjects when carrying the risk allele; such
effects were not observed in subjects with wild-type genotypes).

Another interesting SNP identified was located nearby interleukin
10 (IL10). Although the interaction effect did not reach nominal
significance in the smaller Vlagtwedde-Vlaardingen cohort, effect
estimates in both cohorts were large and of similar magnitude.
Findings from the current study, together with findings from previous
studies, suggest IL-10 is an important anti-inflammatory mediator
with protective effects on lung function after exposure to noxious gases
and fumes. For example, the number of bronchoalveolar lavage fluid
polymorphonuclear leukocytes and nuclear factor-kB translocations
were significantly greater in IL10-deficient mice compared with wild
types after ozone exposure (8). Further, IL10 expression increased in
bronchial epithelium of healthy subjects when they were exposed
to NO2 (9). The SNP identified in the current study was not associated
with expression of IL10 in lung tissue, yet we were, unfortunately,
not able to assess gene expression after stimulation by gases and

fumes. The pathway analysis suggested that natural killer cells,
which produce IL-10 (10), may be involved in the development of
impaired FEV1 in the context of gases/fumes exposure, further
supporting a mediating role of IL-10.

The main limitation of the current study is the small number of
subjects with combinations of low-frequency genotypes and high
exposure (Figure 1). However, we believe that the clear
exposure–response patterns with clinically relevant effects on lung
function levels, as well as the previously shown involvement of
NMU and IL10 in inflammatory responses, justifies further
research into these genes as susceptibility loci for impaired FEV1 in
the context of gases/fumes exposure.

Of interest, none of the SNPs identified in the current study
were identified in the previous study investigating ever- and never-
smokers (1). In additional analyses in ever-smokers, we did not
observe significant interactions (P, 0.05) between identified SNPs
and occupational exposure (data not shown). This justifies the
rationale to assess SNP-by–occupational exposure interactions in a
sample of never-smokers only. Absence of interactions in
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Figure 1. Associations of low and high occupational exposure (no exposure was set as reference category) with the level of FEV1 (ml) stratified by
genotype in the LifeLines cohort (black dots) and Vlagtwedde-Vlaardingen cohort (gray dots). Linear regression models were adjusted for sex, age, and
height. CI = confidence interval; nLL = number of subjects in each stratum in the LifeLines cohort; nVV = number of subjects in each stratum in the
Vlagtwedde-Vlaardingen cohort.
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ever-smokers does not imply they are nonexistent per se. In fact,
interactions may not be detected if both tobacco smoke and
occupational exposure are acting via the same biological pathways.

To conclude, this is the first study to identify novel and
biologically plausible susceptibility loci associated with lung
function impairment in never-smokers. These findings provide
novel insights into biological pathways underlying disease
development and pinpoint novel targets for further research into
lung function impairment and chronic respiratory diseases such as
chronic obstructive pulmonary disease in never-smokers. n
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Down Under in the Coal Mines

To the Editor:

We read with interest the case series by Cohen and colleagues
in a recent issue of the Journal, describing 13 cases of U.S. coal
miners with rapidly progressive massive fibrosis (1). This
confirms international data reporting an increase in incidence of
pneumoconiosis from several countries. In Australia, several cases
of coal workers’ pneumoconiosis have recently been described in
the state of Queensland, as well as new cases of complicated
silicosis in New South Wales. This has been the topic of much
media and public interest, and a Senate Select Committee inquiry
has been set up to inquire into “black lung.” Previously, the
perception in Australia was that pneumoconiosis had been effectively
eliminated.

As representatives of the Thoracic Society of Australia and
New Zealand, the peak body involved in respiratory disease in
the Antipodes, we are seriously concerned about the reemergence
of pneumoconiosis. It is unacceptable that new cases of
pneumoconiosis should be occurring in the 21st century at a
time when the knowledge regarding prevention of such a disease is
excellent. Lessons learned from the past seem to have been buried
in the dusts of time. Australia has no centralized reporting of
occupational lung disease, and it is almost impossible to assess
the annual incidence or prevalence of well-known occupational
respiratory diseases. Additionally, we contend that awareness of
the other lung disorders also associated with coal dust exposure is
limited among medical professionals. These include interstitial
pulmonary fibrosis, chronic bronchitis and emphysema, and
silicosis-related lung cancer.

Respiratory science arose from the miasmas of the past, and it
was the early research in the coal fields that laid the foundations of
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