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Serum levels of soluble Fas ligand in patients with silicosis
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SUMMARY

Certain patients with silicosis have been reported to exhibit immunological abnormalities such as the
appearance of antinuclear antibodies and the occurrence of autoimmune diseases. Fas ligand (FasL) is a
type II membrane protein which induces apoptosis by binding to its membrane receptor, Fas. FasL is
converted to a soluble form by a metalloproteinase-like enzyme. We have already found serum soluble
Fas (sFas) levels in silicosis patients as well as in patients with systemic lupus erythematosus (SLE) to
be significantly higher than those in healthy volunteers. To examine further the role of the Fas/FasL
system in silica-induced immunological abnormalities, we investigated serum soluble FasL (sFasL)
levels in silicosis patients with no clinical symptoms of autoimmune diseases, using ELISA for sFasL.
Although the serum sFasL levels in patients with SLE were significantly higher than those in healthy
volunteers and showed a slight positive correlation with serum sFas levels, those in silicosis patients
exhibited no significant difference from those in healthy volunteers, and there was no correlation with
serum sFas levels. However, sFasL levels were elevated in silicosis patients with slight dyspnoea or
normal PCO, among various clinical parameters of silicosis. It may be speculated that the immuno-
logical disturbances presented by the abnormalities of apoptosis-related molecules in silicosis patients
do not occur with a similar degree of respiratory involvement. Further studies are required to clarify
which kinds of factors are involved in silicosis patients who exhibit immunological abnormalities.
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INTRODUCTION

Certain patients with silicosis have been reported to exhibit
immunological abnormalities such as hypergammaglobulinaemia,
the appearance of antinuclear antibodies (ANA) and the occur-
rence of autoimmune diseases [1-5]. We have been investigating
the mechanisms involved in immunological disturbances found in
silicosis, with focus on the Fas-mediated apoptotic pathway,
because Fas is a cell surface receptor protein which belongs to
the tumour necrosis factor (TNF) receptor family [6-9] and
because abnormalities in Fas and related molecules have been
reported in human idiopathic autoimmune diseases such as sys-
temic lupus erythematosus (SLE) and rheumatoid arthritis (RA)
[10-12]. In addition, it has also been suggested that Fas-mediated
apoptosis plays a crucial role in the acquisition of autoimmunity,
because mutations of the Fas and Fas ligand (FasL) genes have
been identified in autoimmune strains of mice, i.e. [pr mice for the
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former [13] and gld mice for the latter [14]. We have found the
serum levels of the soluble Fas (sFas) molecule to be elevated in
silicosis patients with no clinical symptoms of autoimmune dis-
eases such as sclerotic skin, Raynaud’s phenomenon, facial
erythema or arthralgia (Table 1) [15]. Furthermore, the sFas
message derived from peripheral blood mononuclear cells
(PBMC) was dominantly expressed in these patients [16]. Based
on these investigations, dysregulation of the Fas-mediated apopto-
tic pathway may play an important role in the pathogenesis of the
immunological abnormalities found in silicosis. In addition, it has
been reported that silicone-containing macrophages prevent
activation-induced cell death in murine lymphocytes [17]. These
results have led us to consider that it may be difficult for the T
lymphocytes in patients with silicosis to proceed into apoptosis
mediated by the Fas-related pathway. Moreover, based on our
previous results which demonstrated that silica compounds act as
superantigens against human T cells [18], these T cells might
include self-recognizing clones. On the other hand, Smalley er al.
[19] reported that the T cell response to silicon dioxide is
monocyte-dependent and not a superantigen.
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It has been reported that FasL, the principle ligand for Fas
receptor [8], is expressed in activated T cells and natural killer
(NK) cells [20,21], and that the soluble form of FasL, which is
cleaved by a matrix metalloproteinase-like enzyme from mem-
brane-bound FasL [22,23], is elevated in the serum of patients with
large granular lymphocytic leukaemia [20], NK cell lymphoma
[20], acute graft-versus-host diseases [24], myocarditis [25], alco-
holic liver disease [26], and Sjogren’s syndrome [10]. To deter-
mine further the role of the Fas/FasL system in silica-induced
immunological abnormalities, we investigated the serum levels of
sFasL in silicosis patients with no clinical symptoms of autoim-
mune diseases, and analysed the relationship between sFasL levels
and clinical parameters or sFas levels.

PATIENTS AND METHODS

Patients and sera

Serum samples were obtained from 82 patients with silicosis (74
men and eight women, average age 68 = 7 years) with no clinical
symptoms of autoimmune diseases such as sclerotic skin, Ray-
naud’s phenomenon, facial erythema or arthralgia, 42 patients with
progressive systemic sclerosis (PSS) (all women, average age
55 £ 13 years), 38 patients with SLE (nine men and 29 women,
average age 39 = 14 years), and 10 younger (all women, average
age 25 * 2 years) and 30 older (14 men and 16 women, average age
64 = 8 years) healthy volunteers. Specimens were taken only from
cases from whom informed consent had been obtained.

sFasL analysis

Serum levels of sFasL. were determined by a sandwich ELISA
using two anti-FasL. MoAbs, 4H9 and 4AS5 (sFas Ligand ELISA
Kit; MBL, Nagoya, Japan). Briefly, 100 ul of diluted human serum
were incubated in a 96-well microplate coated with 4H9 for 1h.
After washing, peroxidase-conjugated 4AS5 antibody was added to
the wells and the microplate was incubated for 1 h. Then the wells
were washed and treated with a peroxidase substrate mixture
(TMB and H,0,) for 30 min. The optical density (OD) at 450 nm
was read using a microplate reader (Model 450; BioRad, Hercules,
CA). A solution of sFasL for calibration was used to standardize
the ELISA.

sFas analysis
Serum levels of sFas were analysed using a sFas(s) ELISA kit
(MBL) as described previously [15].

Statistical analysis

Data are expressed as the mean = s.d. Statistical significance was
calculated using the Mann—Whitney U-test, and P <0-05 was
considered significant. Pearson’s correlation coefficient was also
used to examine correlations between the levels of sFas and sFasL,
and the deviation was examined by Fisher’s Z exchange.

RESULTS

Serum levels of sFasL

In the healthy volunteers no significant differences were observed
in serum sFasL levels (mean*s.d.) between the younger
(0-18 £0-06 ng/ml) and older (0-16 =0-07 ng/ml) generations
(Fig. 1) or between men and women, which were similar to
those observed in the serum sFas levels (Table 1). These findings
imply that the age and gender of patients are not important factors
in either sFasL analysis or sFas analysis. As shown in Fig. 1, there
were no significant differences in serum sFasL levels between the
silicosis patients (0-16 = 0-07ng/ml) and healthy volunteers
(0-16 = 0-07 ng/ml), although the serum sFas levels in silicosis
patients increased significantly (2-61 = 0-79ng/ml, P <0-0005)
compared with those in healthy volunteers (1-97 = 0-56 ng/ml)
(Table 1). No increase in sFasL was observed in PSS patients
either (0-18 £ 0-06 ng/ml). However, serum sFasL levels in SLE
patients (0-23 = 0-08 ng/ml) were significantly higher than those in
healthy volunteers (P <0-0005, Fig. 1), as were the sFas levels
(Table 1). Furthermore, sFasL levels in SLE patients were sig-
nificantly higher than those in silicosis (P <0-0001) and PSS
(P <0-005) patients.

Relationship between sFasL levels and clinical parameters in
patients with silicosis

The relationship between serum levels of sFasL and the clinical
parameters in silicosis patients was determined. As shown in Table
2, there was no relationship between levels of sFasL and the
radiological classification (PR0-4), PO, values (= 80, <80 torr),
the duration of exposure to silica dust (<30, =30 years) or the
titres of ANA (< 1:40, 1:40 or 1:80 and = 1:160). However, when
sFasL levels were analysed according to the stages of pulmonary
dysfunction, sFasL levels in patients with slight dyspnoea were
significantly higher than those in patients with severe dyspnoea
(P<0-01). In addition, patients with normal PCO, values (PCO,
<40 torr) showed significantly higher sFasL levels (P <0-05) than
patients in the advanced stages of pulmonary dysfunction (PCO,
=40 torr).

Table 1. Serum levels of soluble Fas (sFas) in healthy volunteers (Cont.) and patients with silicosis, progressive systemic
sclerosis (PSS) or systemic lupus erythematosus (SLE)

Cont. Patients
Young Old Silicosis PSS SLE
n 10 30 82 42 38
Age (years) 25+2 64+8 68 =7 55+13 39+ 14
sFas (ng/ml) 1-89 = 0-37 1-97 = 0-56 261 = 0-79*+% 2-06 = 0-62 2-67 £ 0-92§9**

Values are the mean =* s.d.

*P<0-005 versus Cont. (young); TP <0-0001 versus Cont. (old); %P <0-0001 versus PSS; § P<0-01 versus Cont.
(young); P <0-001 versus Cont. (old); ** P<0-005 versus PSS. Details were reported in a previous paper [15].
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Fig. 1. Serum levels of soluble Fas ligand (sFasL) in healthy volunteers
(Cont.) and patients with silicosis, progressive systemic sclerosis (PSS) or
systemic lupus erythematosus (SLE). Serum sFasL levels were analysed
using a sFasL ELISA kit. A, Average age. Bars indicate the mean * s.d. in

each group.

Table 2. Serum sFasL levels of patients with silicosis according to clinical

parameters
Clinical parameters n sFasL (ng/ml)
Radiological classification PRO 3 0-12 £ 0-04
PR1 11 0-16 = 0-07
PR2 10 0-14 = 0-05
PR3 3 0-16 =0-12
PR4 55 0-17 = 0-07
Symptomatic dyspnoea Slight 39 0-18 = 0-06
Moderate 19 0-15*= 0-08] ok
Severe 12 0-12 £ 0-07
PO, (torr) =80 46 0-17 = 0-07
<80 21 0-15+0-08
PCO, (torr) <40 47 0-18 = 0-07 ] N
=40 20 0-13 £0-06
Duration of exposure <30 34 0-16 = 0-08
to silica (years) =30 33 0-17 £ 0-07
Titres of ANA <1:40 15 0-14 =£0-05
1:40 or 1:80 28 0-17 =0-08
=1:160 39 0-16 = 0-07

Values are the mean * s.d.

* P<0-05; ** P<0-01.
PR, Profusion rate.
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Fig. 2. Correlation between the serum levels of sFas and soluble Fas ligand
(sFasL) in patients with silicosis (a) and systemic lupus erythematosus
(SLE) (b). r, Pearson’s correlation coefficient.

Correlation between sFas and sFasL levels

There was no correlation between serum levels of sFas and sFasL
in patients with silicosis (Fig. 2a) or PSS (data not shown). On the
other hand, SLE patients showed a slight positive correlation
between sFas and sFasL levels (r=0-313), even though the P
value was 0-0522 (Fig. 2b).

DISCUSSION

Although the pathogenesis of autoimmune diseases has not been
fully defined, the inability to eliminate self-reactive T or B cells
may play a role in the development of immunological disorders.
Mutations of genes, which lead to defects in programmed cell
death, have been identified in autoimmune strains of mice, e.g. Ipr
mice with spontaneous mutation in the Fas-encoding locus [13]
and g/d mice with mutation in the Fas ligand locus [14].

In this study, findings showed the serum levels of sFasL in
patients with silicosis to be not significantly elevated compared
with those of healthy volunteers, whereas those of SLE were higher
than healthy volunteers. In addition, although the correlation
between the serum levels of sFas and sFasL in silicosis patients
was not significant, there was a slight positive correlation
(r=0-313) in SLE patients, even though the P value was 0-0522.
This result in SLE patients coincides with findings reported by
Nozawa et al., in which SLE patients with high levels of sFasL
tended to have high levels of sFas [10]. We have previously
reported that serum sFas levels in silicosis patients with no
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autoimmune disease manifestations and patients with SLE were
elevated significantly compared with those of healthy volunteers
[15]. Based on these findings, it seems that the elevated sFasL
levels may contribute to the clinical manifestations of autoimmune
diseases, such as SLE. Further investigations to determine the
role of sFasL in autoimmune diseases as well as in silicosis must
be done. Therefore, we are planning to follow up the patients
studied here, harvesting serum and measuring serum levels of
apoptosis-related molecules such as sFas and sFasL.

Serum sFasL levels were elevated in silicosis patients with
slight dyspnoea or normal PCO, among various clinical parameters
for silicosis. In addition, our previous study of serum sFas levels
also showed serum sFas levels to be elevated in silicosis patients
with slight dyspnoea or normal PO, [15]. Taken together, these
findings indicate that abnormal manifestations in Fas-related
molecules; i.e. sFas and sFasL, principally involved patients with
slight respiratory disorders. It may be speculated that the immuno-
logical disturbances presented by the abnormalities of apoptosis-
related molecules in silicosis patients do not occur with a similar
degree of respiratory involvement. In fact, the correlation between
the duration of exposure to silica dust and the serum levels of sFas
or sFasL. was not significant (data not shown). The severity of the
lung disorders and the development of autoimmune diseases might
be dependent on different factors, such as HLA class I and class 11
alleles or environmental factors. Furthermore, there is an increased
prevalence of both ANA and rheumatoid factor in silicosis even in
patients without evidence of autoimmune diseases [27]. However,
the relationship of changes in the Fas/FasL to autoantibody
production per se is also unclear.

In the present study, no elevation of serum sFasL levels was
observed in silicosis patients, but it was exhibited in patients with
SLE. It remains to be clarified whether silicosis patients with
abnormal apoptosis-related molecules, such as Fas and FasL, have
a tendency to develop autoimmune diseases later, or whether some
other distinct factor(s) is necessary to initiate the progression of
autoimmune diseases. Furthermore, the effect of silica exposure on
the Fas/FasL system in workers without silicosis must also be
determined.
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