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Abstract

Objective: Fas/APO-1 (CD95) and Fas Ligand (FasL)
is a major mediator system that activates programmed
cell death (apoptosis) and is most important for pul-
monary cellular homeostasis. Another form of Fas,
circulating soluble Fas (sCD95), produced by alterna-
tive mRNA splicing antagonizes the cell-surface Fas
function. It was the aim of the study to test the hy-
pothesis that the Fas/FasL system is implicated in the
development of silica-induced pulmonary nodular le-
sions.

Material and methods: We investigated the serum lev-
els of sCD95 in 55 former hard coal miners. Coal
workers’ pneumoconiosis (CWP) was assumed when
the profusion of small round opacities according to
the ILO 2000 classification system was 1/1 or greater.
Analyses of sCD95 were performed by a sandwich
ELISA.

Results: Radiologic CWP was found in 34 of the 55
individuals. The age of subjects with and without
CWP was similar (73.5 (SD 7.2) years »s. 73.5 (7.1)
years; P = 0.924). sCD95 could be quantified in all
samples; significantly higher levels were observed in
subjects with radiologic signs of CWP (914 (752-1251)
pg/ml vs. 632 (509-804) pg/ml, P < 0.001). However,
there was no relationship between sCD95 serum con-
centrations and the quantity of profusion according to
ILO.

Conclusions: The hypothesis of elevated sCD95 con-
centrations in CWP was corroborated. The usefulness
of sCD95 for prevention and diagnosis of CWP and
other forms of silica-induced fibrosis needs to be es-
tablished by epidemiological studies.
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INTRODUCTION

The respiratory system represents the route of entry
for many environmental and occupational pollutants.
Accumulation of respirable silica particles can lead to
a chronic lung disease characterized by granulomatous
and fibrotic lesions. These processes may partly be
triggered by the specific size and surface properties of

the silica particles themselves but are amplified by in-
flammatory cells [1]. The initial inflammatory re-
sponse is mediated by pulmonary macrophages acti-
vated after ingestion of silica particles. Activated
macrophages release various inflammatory mediators
including reactive oxygen species and attract neu-
trophils and lymphocytes thereby promoting alveolitis
and tissue destruction [2]. Apoptosis, a tightly regulat-
ed form of programmed cell death, plays a pivotal role
in tissue renewal and immune regulation and is medi-
ated by Fas/Fas ligand (FasL) interaction [3]. Fas
(CDY5) belongs to the tumour necrosis factor (TINF)
receptor family and is expressed in lymphocytes and
bronchiolar and alveolar epithelial cells. CD95 is one
of the most important receptors mediating T-cell de-
pendent autoimmunity. In patients with silicosis a dys-
regulation of autoimmunity was observed leading to
disorders such as rheumatic arthritis, systemic sclerosis
or systemic lupus erythematosus [4].

Another form of Fas, circulating soluble Fas
(sCD95), produced by alternative mRNA splicing and
secreted from the cells can antagonize the cell-surface
Fas function by blocking the binding of FasL [5].
Thus, clevated sCD95 levels inhibit Fas-mediated
apoptosis and may offer a survival advantage to cells.
An elevation of sCD95 levels in serum [6] and a domi-
nant expression of sCD95 mRNA [7] were demon-
strated in cases of silicosis without autoimmune dis-
eases or malignant tumours. All cases were Japanese
exposed to quartz dust [8].

Inhalative exposure to silica can result in different
pathologic varieties and clinical presentations [9]. Sim-
ple nodular silicosis is the most common form of sili-
cosis. Findings can vary due to the special conditions
of exposure [10]. In hard coal miners there is a co-ex-
posure of silica and coal dust and typical pathological
findings are the deposition of coal dust and its associ-
ation with airway obstruction and focal emphysema.
Therefore, this entity is separated from silicosis in
some countries and referred to as coal workers' pneu-
moconiosis (CWP). Apart from the occupational his-
tory, the diagnoses of silicosis and CWP are based on
a chest radiograph demonstrating characteristic lesions
which might be confirmed by high-resolution comput-
ed tomography [11].
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Immune cells are widely considered as key compo-
nents of silicosis [12]. However, endothelial cells and
fibroblasts may also play a fundamental role in the
pathogenesis of lung remodelling in pneumoconiosis
especially concerning the development of fibrosis
[13]. Turnover and activation of fibroblasts are impor-
tant for extracellular matrix remodelling and are under
control of apoptosis [14, 15]. As apoptosis plays a piv-
otal role in cellular homeostasis and immune regula-
tion and is mediated by Fas/Fas ligand (FasL) interac-
tion, we tested the hypothesis that soluble Fas is impli-
cated in the development of silica-induced pulmonary
lesions.

MATERIAL AND METHODS
STUDY POPULATION

The study was approved by a local Ethics Committee
and all participants gave written informed consent.
Serum samples were obtained from 55 male individu-
als who were examined for a medical expert opinion
regarding CWP. They had worked as hard coal miners
for 10 yr or more. All subjects underwent question-
naire, evaluation of lung function and chest X-ray on
the same day.

LLUNG FuNcTION

Spirometry was performed according to the American
Thoracic Society criteria (ATS) [16]. Forced vital ca-
pacity (FVC) and forced expiratory volume in 1 sec
(FEV1) were obtained from three acceptable lung
function manoeuvres. Airways obstruction was de-
fined as FEV1 <80% predicted and a FEV1/FVC ra-
tio <70%. Body plethysmography was used for calcu-
lating total lung capacity (TLC). The diffusing capacity
carbon monoxide (TLCO) was measured with the sin-
gle breath method [17]. All measurements were per-
formed with a MasterLab pro (Software version 4.67a,
Cardinal Health, Hoechberg, Germany).

RADIOLOGY

The radiographs were classified by experienced physi-
cians. Only small nodules were considered for classifi-
cation of CWP. The physicians had no prior knowl-
edge about the subjects. Standard high kilovoltage
postero-anterior and lateral chest films at maximum
inspiration were made for each worker and CWP was
diagnosed according to the classification of the Inter-
national Labor Organization [11] with findings classi-
fied 1/1 or greater. In case of CWP, severity was
stratified according to the ILO 2000 classification sys-
tem (CS) in different groups: CS-1: profusion 1/1 ot
1/2; CS-2: 2/1, 2/2 and 2/3 and CS-3: 3/2, 3/3 and
3/+.

SOLUBLE Fas (SCD95) ANALYSIS

The serum samples were blind-coded before the deter-
mination of the sCD95 concentrations using a sand-
wich ELISA kit (Bender MedSystems, Vienna, Aus-
tria). Briefly, 100 ul of diluted serum (1:10) were incu-
bated in a Microwell Plate coated with monoclonal an-
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tibody to human sAPO-1/Fas. Then a biotin-conju-
gated anti-human sAPO-1/Fas antibody was added
and after incubation and washing the sample was treat-
ed with Streptavidin-HRP. The reaction was terminat-
ed by addition of acid and absorbance was read at 450
nm. Sample concentrations were calculated by interpo-
lation of optical density (OD) values on a 4-parameter
fitted standard curve, using Softmax Pro 4.7.1 (Molec-
ular Devices, CA, USA). The range for quantification
human sAPO-1/Fas was defined by the lower and up-
per level of the standard; between 16 and 1000 pg/ml.
The calculated overall coefficients of variation for in-
tra-assay and inter-assay reproducibility were 4.0% and
12%, respectively.

STATISTICAL ANALYSIS

Value distribution was assessed using the D'Agostino
and Pearson omnibus normality test. Comparisons of
unpaired data were performed with unpaired t-test and
Welch's correction, where appropriate. The data were
analysed by using GraphPad Prism version 5.01 for
Windows (GraphPad Software, San Diego, CA,
www.graphpad.com). A two-sided significance level of
0.05 was chosen for all tests. Data were expressed as
medians with interquartile ranges or as means with SD,
where appropriate. Correlations between sCD95 and
lung function parameters were calculated with Spear-
man’s rank test.

RESULTS
CLINICAL DATA

Radiologic CWP was diagnosed in 34 of the 55 indi-
viduals. The age of subjects with and without CWP
was similar (mean 73.5 £7.2 »s. 73.5 £7.1 years; P =
0.924). Lung function data in the CWP categories are
depicted in Table 1. In workers without CWP two
groups could clearly be distinguished due to the smok-
ing history. Smokers (n = 7) and non-smokers (n = 14)
without CWP were of similar age (mean 72.9 £10.4 »s.
73.6 £5.8) years; P = 0.895), FEV1 was significantly
lower in smokers (median 46.2 (36.3-67) »s. 70.9
(63.6-87.1) % predicted; P = 0.014).

SCD95 ANALYSIS

All samples demonstrated concentrations in the linear
range of the assay. Significantly higher serum sCID95
concentrations were measured in the coal miners with
radiologic CWP (914 (752-1251) pg/ml) than in work-
ers without CWP (632 (509-804) pg/ml, P<0.001)
(Fig. 1A). There was no difference in the serum
concentrations of sCD95 between the CWP severity
grades (Fig. 1B). While FEV1% predicted was
significantly different between smoking and non-
smoking individuals, there was no difference in sFas
concentrations (533 (503-780) »s. 634 (509-793); P =
0.751).

No obvious relationship between sCD95 concentra-
tions and lung function could be revealed. There was
only a tendency for a negative correlation between
sCD95 concentrations and total lung capacity (r=-

0.19, P = 0.08).
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Table 1. Lung function data in coal workers’ pneumoconosis.
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Without CWP With CWP Category Score- 1 | Category Score- 2 | Category Score- 3
n 21 34 14 15 5

Age (y1) 73.5£7.2 73.5%7.1 71.2 £6.9 75.7 £5.5 73.5 £10.8

FVC (Yopred) 87.1 91.9 90.1 95.0 105.0
(77.0-96.2) (79.8-107.4) (75.2-98.7) (74.6-111.2) (87.3-119.8)

FEV1 (%opred) 66.1 78.1 78.9 73.4 92.2
(46.3-73.7) (50.0-92.3) (62.9-85.7) (47.4-87.0) (69.6-101.0)

FEV1/FVC (%) 53.2 56.4 63.7 57.2 61.7
(49.0-62.9) (49.7-64.4) (53.9-65.1) (50.8-63.9) (50.1-71.0)

TLC (Yopred) 100.1 96.1 97.9 94.0 103.0
(90.8-120.1) (80.5-107.4) (84.5-106.9) (78.8-109.0) (79.6-110.0)

TLCO (%opred) 66.3 62.2 62.1 60.6 78.0
(54.2-75.5) (44.8-73.7) (47.4-76.9) (40.6-70.9) (62.1-86.3)

Data are expressed as arithmetic means =SD for age and medians (interquartile ranges) for lung function parameters. FVC =
forced vital capacity; FEV1= forced expiratory volume in 1 s; TLC = total lung capacity; TLCO = diffusing capacity for carbon

monoxide.
A B
3000 - P<0.001 3000 -
! ]
£
2 20001 o 2000+
g 1
o
® 000 10004 Fz;g.. 7. Analysis of serum SCD95 concen-
—_T— T trations: A - According to radiologic CWP
(ILO 1/1 ot higher) and B - According to
. . 0 : . : the severity of CWP classified by the ILO
ILo <11 CWP C3-1 €S2 Cs-3 2000 classification system.
DiscussioN pneumoconiosis and the development of autoimmune

Increased exposure to coal mine dust containing silica
particles results in the development of nodular lesions
that contain heavily coal dust-laden macrophages inter-
laced with a fibrotic stroma evolving from inflammato-
ry changes, cell proliferation, and excessive deposition
of collagen and other extracellular matrix components
by mesenchymal cells [10]. These nodular lesions are
the basis for diagnosis of pneumoconiosis (silicosis/
CWP) by using chest X-ray [11]. There are marked dif-
ferences in susceptibility of miners exposed to equal
dust types and concentrations, and CWP affects only a
minor percentage of exposed subjects [18].

In our study, chest X-ray classified pneumoconiosis
with a profusion of at least 1/1 according to the ILO
classification system were seen in 34 workers [11]. The
remaining 21 individuals with underground exposure
and of similar age but without CWP served as refer-
ence group. We demonstrated higher sCD95 concen-
trations in former hard coal miners with radiologic
pneumoconiosis with high statistical significance.

Our results are in line with findings of elevated
sCD95 levels in Japanese patients with silicosis [6, 19].
We point to the ethnic background as the severity of

diseases might be influenced by differences in envi-
ronmental or genetic factors [20]. Similar to our study
analyses were performed with a sandwich ELISA.
However, our monoclonal antibody based assay was
much more sensitive (13.2 pg/ml »s. 2 ng/ml), and
measured concentrations were all within the linear part
of the standard curve.

Interestingly, the severity of CWP according to the
ILO classification system was not associated with the
level of sCD95 in serum. However, it should be noted
that there is evidence that both inflammation and fi-
brosis persist after cessation of exposure and that the
triggering of these processes is of the utmost impor-
tance. Individuals with pneumoconiosis after quartz
exposure (silicosis/ CWP) show various immunological
abnormalities, and studies suggest the involvement of
apoptosis pathways [1, 8]. Apoptosis, a tightly regulat-
ed form of programmed cell death, plays a pivotal role
in immune regulation, tissue renewal and cellular
homeostasis. A major activation signal is mediated by
Fas/APO-1 (CD95) and Fas ligand (Fasl) interaction.
It was demonstrated that in individuals with silicosis,
the alternative mRNA splicing product sFas was ex-
pressed to a much higher degree than mFas [7]. Corre-
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spondingly, the same group detected elevated sFas lev-
els in cases with silicosis even in the absence of au-
toimmune diseases [6]. Elevation of sFas can competi-
tively inhibit membrane Fas/Fas ligand binding and
consequently may offer a survival advantage to cells

[3]-

There is evidence that phagocytosis of apoptotic
cells contributes to the resolution of inflammation.
Concerning neutrophils, one should keep in mind that
apoptosis is a form of cell death without or with a
minimal inflaimmatory response in contrast to necro-
sis. In this line, impairment of apoptosis might result
in an enhanced release of pro-inflammatory cytokines
and proteolytic enzymes as well as reactive oxygen
species  [21].  While  T-lymphocytes,  alveolar
macrophages and neutrophils are viewed as pivotal,
other cell types like epithelial and mesenchymal cells
are also implicated in the development of fibrosis [13
-15]. Apoptosis is the most important for pulmonary
cellular homeostasis and has been shown to be re-
sponsible for the remodelling of certain mesenchymal
cells like alveolar type II epithelial cells, endothelial
cells, myofibroblasts, and fibroblasts during the repair
phase [22]. Because hyperproliferation is also a hall-
mark of silica-induced nodular lesions we hypothesize
that the triggering mechanisms for apoptosis are
down-regulated in this chronic disease.

For prevention of CWP in hard coal miners and
possibly other forms of pneumoconioses or fibrosis, it
may be attractive to identify subjects at greater risk for
pneumoconiosis. Our results add data confirming the
importance of apoptosis in modulating the inflamma-
tory response. The usefulness of sCD95 for preven-
tion, but also diagnosis of CWP, needs to be estab-
lished by epidemiological studies.
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