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AbstractDifferent defects in Fas/APO-1 interaction with
its ligand or in signaling of apoptosis may contribute to
autoimmune disease. The aim of this study was to
examine whether elevated serum-soluble Fas (sFas)
levels are associated with rheumatoid arthritis (RA) or
systemic sclerosis (SSc). sFas level was assayed using a
sandwich ELISA in serum from 37 patients with RA, 30
patients with SSc and 20 healthy controls. The RA
patients were classified according to disease activity,
anatomical joint damage, and the presence of pulmo-
nary involvement. Presence of pulmonary fibrosis, CO
diffusion capacity (DLCO) and skin score were deter-
mined in patients with SSc. Serum sFas levels were not
significantly different between study groups. Serum sFas
level in the active RA patients was significantly higher
than in the patients with inactive disease (p<0.05). The
untreated active RA patients had significantly higher
sFas level than healthy controls (p<0.05). In RA pa-
tients, sFas level was significantly correlated with rheu-
matoid factor titer (p=0.01), C-reactive protein
(p<0.05), and erythrocyte sedimentation rate (p<0.05).
The RA patients with severe joint damage had sig-
nificantly higher sFas level than those with mild joint
damage (p<0.05). The untreated SSc patients had sig-
nificantly higher sFas levels than the treated SSc patients
and healthy controls (p<0.01). Serum sFas level was not
correlated with presence of pulmonary fibrosis, DLCO
or skin score. The soluble Fas molecule may provide a
useful additional marker for assessment of disease
activity and severity in patients with RA.
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Abbreviations CRP: C-reactive protein Æ DLCO: CO
diffusion capacity Æ ESR: Erythrocyte sedimentation
rate Æ RA: Rheumatoid arthritis Æ RF: Rheumatoid
factor Æ sFas: Serum-soluble Fas Æ SSc: Systemic
sclerosis

Introduction

Autoimmune rheumatic diseases such as systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA) or
systemic sclerosis (SSc) have been associated with myr-
iad immunologic abnormalities, ranging from increased
proinflammatory cytokines, decreased anti-inflamma-
tory cytokines, increased expression of major histo-
compatibility complex molecules, skewing of the T-cell
receptor repertoire, increased numbers of B cells, and
autoantibody production. It has been widely suspected
that underlying all these immunological changes, there is
a defect in the ability to eliminate self-reactive T cells or
B cells resulting from a deficit in apoptosis [1]. Pro-
grammed cell death, or apoptosis, balances the cellular
arm of the immune system. Appropriate regulation of
the survival and deletion of immune cells allows neces-
sary defense reactions and prevents self-damage.
Apoptosis is therefore an essential mechanism to regu-
late the immune response and to maintain immunologic
tolerance [2, 3].

Fas/APO-1/CD95 is a cell surface receptor belonging
to the tumor necrosis factor-a receptor superfamily.
Mutations in the Fas/APO-1 gene and Fas/APO-1
ligand gene have been shown to be the primary defect in
the lpr and gld mouse models of autoimmunity [4, 5, 6].
The Fas molecule could occur as a soluble protein as
well as a cell surface receptor. The soluble form of the
Fas molecule (sFas), derived by alternative splicing from
the same mRNA as the membrane form, seems to play
an important role in signaling. It has been suggested that
sFas modifies ligand concentration, downregulates
membrane receptor numbers, and specifically inhibits
ligand–receptor association in the extracellular space,
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thus preventing the induction of apoptosis [7]. Recent
studies have demonstrated an increase in serum sFas in
patients with rheumatic diseases, especially SLE. It has
been suggested that increased levels of sFas inhibit
proper apoptosis of lymphocytes [7, 8, 9].

Rheumatoid arthritis is an autoimmune disease
characterized by chronic inflammation and progressive
joint destruction. Synovial hyperplasia is typical in the
inflamed joints of RA patients. Synovial cells have been
thought to play a pivotal role in the pathogenesis of RA.
Recent studies demonstrated that sFas is increased in
synovium from patients with RA, and it was suggested
that Fas-mediated apoptosis in RA synovial cells is in-
volved early in the process of regression of hyperplastic
synovial cells [10, 11, 12]. Hasunuma et al. [13] have also
identified in the rheumatoid synovium infiltrating
mononuclear cells that express functional Fas antigen.
Even though several synoviocytes express the Fas anti-
gen, most cells appear to escape the process of apoptosis,
with the result that there is persistence of synovial
hyperplasia in vivo. Therefore, Fas-mediated apoptosis
is believed to be a useful tool for the treatment of RA.

The etiology and pathogenesis of SSc are still largely
unknown. Whereas the advanced stages of SSc are
characterized by the excessive accumulation of collagen,
perivascular inflammation and endothelial cell apoptosis
are already present in the early stages of the disease
[14, 15]. Lymphocytes, and T cells in particular, seem to
play an important role in the pathogenesis of SSc [16, 17].
The identification by a number of investigators of short-
and long-lived fibroblast lines from SSc patients might be
explained on the basis of defective apoptosis in the long-
lived cell lines [18]. The possibility that SSc is at least
partly based on an imbalance between fibroblast growth
factors and fibroblast apoptosis is very appealing.

The aim of this study was to determine whether ele-
vated serum sFas levels are associated with RA or SSc,
and the indicators of disease activity and severity.

Patients and methods

Thirty-seven patients with RA and 30 with SSc, re-
cruited from a hospital-based sample, were included in
the study. Demographic features of the patient groups
are shown in Table 1. The patients fulfilled the respec-
tive classification criteria of the American College of
Rheumatology [19, 20]. Twenty healthy subjects, 15 fe-
male and 5 male, were evaluated as the control group.
Mean age was 50.4 ± 10.7 years in healthy subjects.

Serum sFas level in the study groups was assayed
using a sandwich enzyme-linked immunosorbent assay
(Quantikine, R&D Systems, Minneapolis, USA). Brief-
ly, microplate wells were coated with a murine mono-
clonal antibody specific for Fas. After rinsing,
microplate wells were blocked with 100 ll of phosphate-
buffered sodium. Then, 100 ll of standard (recombinant
human Fas/Fc chimera in a buffered protein base) or
serum sample was added to each well and incubated for

2 h at room temperature. After washing, 200 ll of
horseradish peroxidase-conjugated polyclonal antibody
against Fas was added to each well and incubated for
2 h at room temperature, followed by another washing
step. Then, 200 ll of substrate solution containing sta-
bilized hydrogen peroxide and tetramethylbenzidine in a
1:1 ratio was added to each well and incubated for
30 min at room temperature. The reaction was stopped
with 50 ll of 2 N sulfuric acid. The optical density of
each well was read at 540–570 nm within 30 min. The
detection limit of the assay was 20 pg/ml, with an intra-
assay coefficient of variation of 4.6% and interassay
coefficient of variation of 2.9%.

The RA patients were classified according to disease
activity, anatomical joint damage, and the presence of
pulmonary involvement. Disease activity was assessed
according to preliminary criteria for remission in RA
from Pinals et al. [21]. Anatomical joint damage was
classified using Larsen’s score [22]. Rheumatoid factor
(RF) titer, serum C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR) and hematocrit were deter-
mined in RA patients. Serum CRP and RF titers were
measured by nephelometric immunoassay (Dade-Beh-
ring BN II, Liederbach, Germany), and values of more
than 20 IU/ml in RF titer were considered positive.
Hematocrit level was measured using a Coulter STKS
device. Erythrocyte sedimentation rate was determined
by the Westergren method.

The patients with SSc were classified according to the
presence of pulmonary fibrosis. This was evaluated using
high-resolution CT. Skin score and CO diffusion
capacity (DLCO) were also determined in patients with
SSc. Skin score (0=normal skin; 3=hidebound skin)
was measured and summed for 15 anatomic areas by the
method of Kahaleh et al. [23].

Table 1 The demographic, clinical and laboratory features of the
patients with RA and SSc

RA patients SSc patients

Age (years) 53.7 ± 13.5 46.2 ± 11.8
Sex (female/male) 27/10 27/3
Median follow-up
(months)

42 (3–240) 44 (2–210)

Pulmonary involvement
(n/%)

19/51.3 15/50.0

Larsen’s score
LS 1,2,3 (n/%) 21/56.8
LS 4,5 (n/%) 16/43.2
Rheumatoid factor
titer (U/l)

258 ± 454

Rheumatoid factor
positivity (n/%)

30/81.1

Serum C-reactive
protein (mg/l)

55 ± 51

Erythrocyte sedimentation
rate (mm/h)

62 ± 31

Hematocrit (%) 35.8 ± 3.6
Skin score (points) 13.4 ± 7.7
Diffusion capacity
for carbon monoxide (%)

79 ± 28
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Results are given as mean ± standard deviation.
Comparison of means was carried out using the
Mann–Whitney U test. Correlations were analyzed using
Spearman’s correlation coefficient.

Results

The clinical and laboratory findings of patients with RA
or SSc are shown in Table 1. RF was positive in 30
patients with RA (81.1%). Twenty-eight patients with
RA had active disease. Eighteen of these were on
immunosuppressive therapy, including corticosteroids,
methotrexate or azathioprine, and the remainder were
receiving no medications. Nineteen RA patients (51.3%)
had pulmonary involvement. The Larsen scores (LS) of
RA patients were as follows: LS 1: 7 (18.9%), LS 2: 8
(21.6%), LS 3: 6 (16.2%), LS 4: 9, (24.3%), and LS 5: 7
patients (18.9%). The patients were classified according
to LS as mild–moderate (LS 1, 2, and 3) and severe
anatomical joint damage (LS 4, and 5). Fifteen patients
with SSc (50%) had pulmonary fibrosis. Twelve SSc
patients were receiving immunosuppressive drugs.

The mean serum sFas levels in the study groups are
shown in Table 2. Serum sFas level in RA patients was
not found to be significantly different from that in
healthy subjects and SSc patients (p>0.05). Serum sFas
level in patients with active RA was significantly higher
than those of the inactive patients (p<0.05). Although
the patients with active RA had a higher serum sFas
levels than healthy subjects, the difference did not reach
statistical significance (p=0.08). The untreated active
RA patients had significantly higher serum sFas levels
than inactive RA patients (p<0.05) and healthy subjects
(p<0.05), but the treated active RA patients did not
(p=0.053 and p>0.05, respectively).

Serum sFas level was significantly higher in RA pa-
tients with severe joint damage (LS 4 and 5) than those
of RA patients with mild or moderate joint damage
(9905±2014 and 7911±3200 pg/ml, respectively;
p<0.05). Serum sFas level was found to be similar
among the RA patients with or without pulmonary

involvement (8270±3919 and 8945±3142 pg/ml,
respectively, p>0.05). There were significant correla-
tions between serum sFas level and serum CRP
(r=0.384, p<0.05), ESR (r=0.367, p<0.05), RF titer
(r=426, p=0.01), and hematocrit (r=–0.438, p<0.01).

Serum sFas level was similar between the SSc patients
and healthy subjects (p>0.05). It was significantly
higher in untreated SSc patients than in treated SSc
patients and healthy controls (p<0.01 and p<0.01, re-
spectively). There was no significant difference in serum
sFas level between the SSc patients with and without
pulmonary fibrosis (8790±2499 and 8082±3990 pg/ml,
respectively; p>0.05). It was also not significantly dif-
ferent between the untreated SSc patients with (n=8)
and without (n=10) pulmonary fibrosis (10417±2230
and 10636±3821 pg/ml, respectively; p>0.05). Serum
sFas level was not significantly correlated with DLCO in
all patients (r=–0.223, p>0.05) and untreated patients
(r=–0.255, p>0.05) with SSc. There was not a signifi-
cant correlation between serum sFas level and skin score
in patients with SSc (r=–0.255, p>0.05).

Discussion

It has been reported that serum sFas levels were in-
creased in autoimmune diseases and malignancies, and
suggested that sFas may play a role in the pathogenesis
of these diseases through downregulation of Fas-medi-
ated apoptosis of activated lymphocytes and tumor cells.
Cheng et al. [7] demonstrated that the serum sFas was
increased in SLE patients, and they suggested that this
increase in sFas leads to altered lymphocyte activation
and proliferation. Nozawa et al. [9] and Christensson
et al. [24] also found significantly increased levels of sFas
in active SLE patients. As the high levels of sFas in lupus
patients decreased following steroid therapy in study by
Nozawa et al., these authors suggested that serum sFas
level might also be an indicator of disease activity [9].
However, other studies in patients with SLE did not
confirm these findings [25, 26, 27]. Because of the present
study was done with a relatively small number of
patients, no clear conclusions regarding the relationship
between serum sFas levels and disease activity and
severity in patients with RA or SSc may be drawn from
it. However, this study provides some useful data about
the role of sFas molecule in the assessment of activity
and severity of RA.

The association between serum sFas level and RA or
disease activity is controversial. Christensson et al. [24]
reported that the serum sFas level is increased in RA
patients; however, other authors [9, 12, 26] failed to
show any differences in serum sFas levels between RA
patients and healthy controls. In the present study,
although sFas levels in patients with RA were similar to
those in healthy subjects, the active RA patients had
significantly higher serum sFas levels than in patients
with inactive disease. In addition, we demonstrated that
serum sFas level was significantly correlated with

Table 2 Mean serum soluble Fas levels in the study groups

Study groups n Serum sFas (pg/ml)

Rheumatoid arthritis 37 8498 ± 4013
Active RA 28 9241 ± 3843a

Treated active RA 18 9059 ± 4477
Untreated active RA 10 9569 ± 2499a,b

Inactive RA 9 6186 ± 3832
Systemic sclerosis 30 8436 ± 3287
Treated SSc 12 6773 ± 2054
Untreated SSc 18 10527 ± 3007c,d

Healthy subjects 20 7493 ± 3449

a p<0.05 vs. inactive RA
b p<0.05 vs. healthy subjects
c p<0.01 vs. treated SSc
d p<0.01 vs. healthy subjects
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markers of disease activity, such as serum CRP and
ESR. We also observed a significant correlation between
serum sFas level and RF titer. Utz and Anderson [28]
showed that increased apoptotic cells contribute to
autoantigen excess in SLE. Hasunuma et al. [12] re-
ported that the synovial fluid concentration of sFas was
higher in RA than in patients with osteoarthritis. They
found significant correlations between the synovial fluid
sFas level and serum CRP and ESR in RA patients. The
serum concentration of sFas, however, was not different
among the RA, osteoarthritis and control groups, and it
was not correlated with disease activity indicators.
Hashimoto et al. [29] shown that the sFas ligand
concentration in the synovial fluid from RA patients
with severe disease was significantly higher than that in
synovial fluid from those with mild disease. In our study,
serum sFas level was significantly higher in RA patients
with severe joint damage (LS 4 and 5) than in RA
patients with mild joint damage (LS 1–3).

In our study, serum sFas level in untreated active RA
patients was significantly higher than in normal controls.
Although serum sFas level was lower in active RA pa-
tients on immunosuppressive therapy than in untreated
active patients, the difference did not reach statistical
significance. It is known that the therapeutic effects of
steroids, cyclophosphamide, azathioprine and metho-
trexate are potent inducers of apoptosis [1]. These find-
ings suggest that immunosuppressive therapy may
mediate apoptosis.

In the present study, serum sFas level was not found
to be increased in patients with SSc. Wetzig et al. [30]
and Stummvoll et al. [31] reported that the serum sFas
levels in patients with SSc were significantly higher than
those in healthy subjects. In other studies [9, 26, 32],
however, no significant differences in serum sFas level
were observed between patients with SSc and normal
controls. The reason for these discordant results in ser-
um sFas in SSc patients is unclear, but it relates either to
differences in the assay systems or its performance, dif-
ferences in disease activity, or differences in the use of
treatment agents. In our study, the untreated SSc pa-
tients had significantly higher serum sFas levels than
treated SSc patients and healthy subjects. This finding
suggests that the active treatment for disease may affect
serum sFas level.

In conclusion, we found higher levels of serum sFas
in RA patients during active disease than in RA patients
during inactive disease. Also, associations were observed
between serum sFas level and measures of disease
activity and severity in RA patients. These findings
suggest that sFas molecule may have a clinical value for
the assessment of disease activity and severity in RA
patients, and also may play a role in the pathogenesis of
RA. Immunosuppressive therapy may alter the apop-
totic response in patients with RA or SSc. The intense
focus by a number of investigators on the apoptosis
process should lead to promising therapies directed at
restoration of controlled apoptosis of abnormal cells
that are associated with autoimmune diseases. Specific

therapies that induce apoptosis without incurring side
effects should improve the treatment of autoimmune
disease.
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