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ABSTRACT: The Fas receptor (FasR) and the tumour necrosis factor (TNF) receptor
55/60 kDa (TNFR1) are recognized as apoptosis signalling receptors. They are known
to be expressed by lymphocytes in association with immune regulation and immuno-
logical disorders. This study aimed to investigate the expression of FasR and TNFR1
by alveolar macrophages (AM) in patients with sarcoidosis.

Bronchoalveolar lavage (BAL) was performed in 12 patients with active sarcoidosis
and 11 control subjects. BAL cells were characterized by monoclonal antibodies using
a peroxidase±antiperoxidase method.

Both FasR and TNFR1 were expressed on a higher percentage of AM in sarcoidosis
with respect to control subjects (mean�sem 40.8�3.1% versus 14.9�1.7%, p<0.001 and
61.9�3.3% versus 23.1�4.1%, p<0.001, respectively). There was a close relationship
between the expression of FasR and TNFR1 on AM (r=0.86, p<0.001). The percent-
ages of FasR+AM and TNFR1+AM were in direct proportion to the percentage of
BAL lymphocytes (r=0.75 and 0.84), the CD4/CD8 ratio (r=0.78 and 0.78), and the
percentage of the CD14+AM subset (r=0.77 and 0.87), p<0.001 for all correlations.

This study indicates that alveolar macrophages expressing apoptotic receptors are
increased in patients with active sarcoidosis. Further studies are required to de-
termine whether these alveolar macrophages from patients with sarcoidosis undergo
apoptosis more readily than those from control subjects.
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Programmed cell death or apoptosis results from the
activation of an internally encoded suicide programme by a
variety of extrinsic and intrinsic signals, which allows for
the efficient elimination of unwanted cells [1, 2]. Many
studies have confirmed the importance of apoptosis in the
regulation of the immune system [3, 4].

Apoptosis can be triggered by ligation of the Fas
receptor (FasR) or the tumour necrosis factor (TNF) re-
ceptor 55/60 kDa (TNFR1) on the cell surface with Fas
ligand or TNF, respectively. Both FasR and TNFR1 belong
to the TNF receptor superfamily and contain a unique
cytoplasmic death domain that is necessary and sufficient
for the transduction of the apoptotic signals, so they are
called apoptosis signalling receptors [4±6]. FasR and
TNFR1 can be expressed on a variety of cells, including
thymocytes and haematopoietic lineage cells [7±10]. Ex-
pression of FasR has been shown to be upregulated on
peripheral blood lymphocytes from patients with sys-
temic lupus erythematosus [11]. The level of expression
was higher on T-cells at lesions of invaded organs than on
peripheral blood lymphocytes [12, 13]. In addition to
FasR, expression of TNFR1 has also been demonstrated
on peripheral blood lymphocytes in sarcoidosis and hy-
persensitivity pneumonitis [12]. Apoptosis has been ob-
served in peripheral blood lymphocytes from patients
with systemic lupus erythematosus and in aqueous humor
lymphocytes of uveitis resulting from sarcoidosis [11,

13]. Apoptosis through the FasR/Fas ligand pathway has
been shown to be associated with the resolution of in-
flammation in a mouse model of acute lung injury [14]. It
seems that apoptosis plays a role in systemic and local
immune regulation.

Sarcoidosis is a systemic granulomatous disorder of
unknown origin, commonly affecting lungs, characterized
by a chronic T-cell±macrophage inflammatory process and
granuloma formation [15]. The macrophage is recognized
as a pivotal regulator of inflammation and immunity [15,
16]. Little information is available about the expression of
FasR and TNFR1 by alveolar macrophages (AM) and the
relation to the pulmonary disease processes. This back-
ground prompted the present investigation of the ex-
pression of FasR and TNFR1 on AM from patients with
sarcoidosis.

Material and methods

Study population

Twelve consecutive patients with active pulmonary sar-
coidosis (four females and eight males, average age 43�9
yrs, one smoker) were investigated. No patient was under
treatment with steroids. The diagnosis was established on
the basis of compatible clinical and radiographic features,
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histological evidence of noncaseating granulomata on
transbronchial biopsy or an increased CD4/CD8 ratio in
bronchoalveolar lavage (BAL) fluid, and the exclusion of
other granulomatous lung diseases. Criteria of disease ac-
tivity were: 1) recently developed or increasing symptoms
such as cough, dyspnoea, weakness, fever, and arthralgia,
and/or 2) chest radiographic evidence of progressive dis-
ease, and/or 3) deterioration of lung function tests. Ac-
cording to chest radiographic staging, seven patients had
stage 1 disease, four had stage 2, and one had stage 3.

The control subjects consisted of 11 patients (four fe-
males and seven males, average age 47�11 yrs, two smok-
ers). They had no evidence of interstitial disease, underwent
diagnostic bronchoscopy for various reasons and had nor-
mal BAL cytology.

Written, informed consent was obtained according to
institutional guidelines.

Bronchoalveolar lavage

BAL was performed by instillation of a total of 200 mL
of sterile isotonic saline in 10620 mL aliquots into the
right middle or left lingular lobe via a fibreoptic bron-
choscope, with immediate aspiration by gentle suction
after each aliquot. The recovered fluid was filtered through
two layers of gauze and subsequently centrifuged at 500 6
g for 10 min. The cells were counted in a haemocytometer.
Cell viability was assessed by Trypan blue exclusion. Cell
differentials were made on smears stained with May-
GruÈnwald±Giemsa by counting 600 cells [17].

Immunocytochemical analysis

The monoclonal antibodies (mAb) used in this analysis
included CD3, CD4, CD8 (Dako, Copenhagen, Denmark),
CD14 (Coulter, Miami, FL, USA), FasR (Upstate Biotech-
nology Incorporated, New York, NY, USA), and TNFR1
(Bender MedSystems, Vienna, Austria). The peroxidase±
antiperoxidase (PAP) method was applied to identify mem-
brane antigens on the freshly recovered BAL cells as
previously described [18]. Briefly, 10 mL cell suspension
(56106 cells.min-1) was added to the reaction areas of
adhesion slides (Bio-Rad, Munich, Germany). After the
cells had settled on the glass surface, they were incubated
with mAb for 15 min and fixed with 0.05% glutaralde-
hyde for 5 min. This was followed by an incubation with
a gelatin containing medium supplemented with 10%
swine serum and 0.2% bovine serum albumin to prevent
nonspecific binding of immunoglobulin to the glass and
cells. Next, the cells were incubated with rabbit anti-mouse
immunoglobulin (Ig)G, then with swine anti-rabbit IgG
and finally with the rabbit PAP immunocomplex, each
incubation lasting 5 min (all reagents from Dako). Diami-
nobenzidine was used as the substrate to visualize the
reaction, and OsO4 for postfixation. Specificity of the
immunostaining was determined by omitting the primary
mAb on a reaction area and using mouse IgG instead. No
cross-reaction was observed. To evaluate the percentage
of positive cells, at least 200 macrophages or lympho-
cytes were counted under a light microscope.

Statistics

All data are expressed as mean�SEM. The differences
between the two groups were compared using a Student's t-
test (for parametric data) or a Mann±Whitney U-test (for
nonparametric data). Spearman's rank correlation coeffi-
cients were calculated to estimate the correlation between
FasR+AM or TNFR1+AM and other parameters. A p-value
of 0.05 was accepted as statistically significant.

Results

BAL cytology

Patients with sarcoidosis had significantly higher lym-
phocyte percentages and lower macrophage percentages
of BAL cells than control subjects. The data are sum-
marized in table 1.

Immunocytology

The percentages of both FasR+AM and TNFR+AM
were almost three-fold elevated in sarcoidosis as compared
with control subjects (40.8�3.1% versus 14.9�1.7%, p<
0.001, and 61.9�3.3% versus 23.1�4.1%, p<0.001, respec-
tively) (fig. 1). The percentage of CD14+AM was also
increased in sarcoidosis (74.6�2.2% versus 60.5�2.6%,
p<0.001). The profile of BAL T-lymphocytes was char-
acteristic for sarcoidosis with a marked increase in the
CD4/CD8 ratio (table 1).

Correlation of FasR+AM or TNFR1+AM with other pa-
rameters

A close correlation was found between the proportion
of FasR+AM and TNFR1+AM (r=0.86, p<0.001). The
percentages of both FasR+AM and TNFR1+AM correlated
positively with the percentages of BAL lymphocytes (r=
0.75 and 0.84), and of the CD14+ AM subset (r=0.77 and
0.87), and the CD4/CD8 ratio (r=0.78 and 0.78), and neg-
atively with the AM percentage (-0.75 and -0.86), p<0.001
for all correlations.

Table 1. ± Cell counts and profile of lymphocytes in bron-
choalveolar lavage fluid

Sarcoidosis
(n=12)

Control
(n=11)

p-values

Total cells 6106 24.1�6.5 14.3�3.0 NS

Macrophages % 50.9�4.0 88.2�1.6 <0.001
Lymphocytes % 45.8�4.0 10.0�1.6 <0.001
Neutrophils % 2.4�1.1 1.8�0.4 NS

Eosinophils % 0.6�0.3 0.3�0.1 NS

Mast cells % 0.3�0.1 0.1�0.0 NS

CD3+ T-cells % 91.4�1.3 83.2�2.8 <0.01
CD4+ T-cells % 82.7�1.9 52.2�6.6 <0.001
CD8+ T-cells % 13.1�2.2 37.4�3.9 <0.001
CD4/CD8 ratio 8.4�1.3 1.7�0.4 <0.001
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Discussion

This study demonstrated that the expression of both
FasR and TNFR1 on AM was increased in sarcoidosis.
There was a close correlation between the percentage of
FasR+AM and TNFR1+AM. Previous studies had reported
that FasR was expressed by mouse macrophages and
upregulated by interferon (IFN)-c [19], a potent activator
of macrophages [20]. Another study demonstrated that
TNFR1 was expressed by human monocytes [9] and syn-
ovial fluid macrophages [21] and upregulated by lipo-
polysaccharide (LPS) [22] and granulocyte-macrophage
colony-stimulating factor (GM-CSF) [23]. The elevated
expression observed in patients with sarcoidosis in the
present study most likely reflects in vivo AM activation
under the influence of the exaggerated cytokine produc-
tion known to occur in this disease. This study also re-
vealed that the expression of FasR and TNFR1 on AM
correlated positively with the percentages of BAL lym-
phocytes and CD4 T-cell subsets and with the CD4/CD8
ratio, which are considered to be features of the local
inflammatory activity.

When either FasR or TNFR1 on AM is triggered by its
specific ligand, the AM undergoes apoptosis. Apoptosis of
human AM can be induced by endotoxin and can be
enhanced by the macrophage-activating cytokine IFN-c
[24]. This cytokine is produced in exaggerated amounts
by lymphocytes and macrophages in sarcoidosis [20]. In
this regard it is interesting to note that patients with
sarcoidosis who have higher serum levels of IFN-c have a
better prognosis [25]. Apoptosis of human AM can be
reduced by the macrophage-deactivating cytokines inter-
leukin (IL)-4, IL-10, and transforming growth factor
(TGF)-b [25]. Apoptosis is controlled by the balance of
inducers and inhibitors, the former including Fas ligand
and TNF [1], the latter including soluble FasR (sFasR)
[26] and Bcl-2 [27]. There is ample evidence of increased
production of TNF-a by AM in sarcoidosis [28, 29]. In
addition to higher proportions of FasR+ lymphocytes in
aqueous humor than in peripheral blood lymphocytes,

apoptosis of aqueous humor lymphocytes has been dis-
closed in uveitis from sarcoidosis [13]. However, the
present study cannot answer if AM apoptosis occurs in
sarcoidosis, since not all cell types expressing FasR
undergo apoptosis following stimulation of the FasR [30].

Macrophages and AM-derived cytokines, especially
TNF-a, regulate pathological processes in sarcoidosis [16,
28, 29, 31, 32]. The present study showed that the ex-
pression of FasR or TNFR1 on AM was also related to the
percentage of the CD14+AM subset in BAL. CD14, a
receptor for LPS [33], is expressed not only on monocytes
but also highly expressed by mature AM in sarcoidosis
[29, 34]. Stimulation of this receptor induces a large
release of TNF-a from AM [35]. In this regard, FasR and
TNFR1 expression on AM may be considered as further
signs of AM activation.

In conclusion, Fas receptor and tumor necrosis factor
receptor-1 were expressed by human alveolar macropha-
ges. The percentages of Fas-positive alveolar macrophages
and of tumour necrosis factor receptor-1-positive alveolar
macrophages were increased in patients with active sarc-
oidosis compared to control subjects, and correlated with
the percentage of bronchoalveolar lavage lymphocytes and
the CD4/CD8 ratio, as well as the percentage of the CD14-
positive alveolar macrophages. This may indicate that al-
veolar macrophages expressing apoptotic receptors are
related to the local activity of the disease. Further studies
are required to determine whether alveolar macrophages
from patients with sarcoidosis undergo apoptosis more
readily than those from control subjects.
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Fig. 1. ± Expression of Fas receptor (FasR) and tumour necrosis factor
receptor-1 (TNFR1) on alveolar macrophages in patients with sar-
coidosis (S) and control subjects (C). Data presented as individual values
and mean�SD.
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