Soluble Fas in malignant pleural effusion and its
expression in lung cancer cells
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Soluble Fas (sFas) has the ability to block Fas-mediated apoptosis,
suggesting that sFas at tumor sites might inhibit tumor cell-killing
by immune effector cells. We examined the sFas level in pleural
effusion associated with lung cancer. The level of sFas in malig-
nant pleural effusion was significantly higher than those in tran-
sudate and tuberculous pleural effusion. There was no significant
difference in the sFas concentration among various histological
types of lung cancer. The cytotoxicity mediated by anti-Fas ago-
nistic antibody against Jurkat cells was inhibited by the addition
of malignant pleural effusion, being inversely correlated with the
sFas concentration. When Fas expression was examined using
flow cytometry, eight of ten (80%) lung cancer cell lines ex-
pressed cell surface Fas. On the other hand, sFas protein and
mRNA were detected in six of ten (60%) lung cancer cell lines, but
there was no correlation between Fas and sFas expression. Fur-
thermore, although the expressions of Fas and sFas were clearly
detected in tumor cells derived from malignant effusion, the sFas
expression was down-regulated in an in vitro culture. These re-
sults suggest that sFas in malignant pleural effusion is at least in
part produced by lung cancer cells, and might play a role in local
immunosuppression by tumor cells. (Cancer Sci 2003; 94: 302-307)

F as (APO-1, CD95) is a 48-kDa type I transmembrane pro-
tein which belongs to the TNF (tumor necrosis factor) re-
ceptor superfamily.” The engagement of Fas and FasL, which is
the ligand for Fas, or anti-Fas agonistic antibody is known to
induce apoptosis of various cells.>™> Abnormalities of the Fas/
FasL system are associated with lympho-proliferative disorders
and autoimmune diseases.* ¥ Furthermore, the Fas/FasL system
was reported to be one of the target cell-killing mechanisms
employed by natural killer (NK) cells and cytotoxic T lympho-
cytes (CTLs).%” These effector cells could mediate tumor apo-
ptosis through the engagement of FasL to Fas on target cells,
though there were multiple mechanisms involved in tumor cell
resistance to Fas-mediated death, including down-regulation of
Fas and up-regulation of negative regulatory proteins, such as
Bcl-2 family members, Fas-associated phosphatase 1 (FAP-1)
and FADD-like-interleukin B-converting enzyme (FLICE)-in-
hibitory proteins (FLIP).®

Several isoforms of the soluble form of Fas (sFas) were re-
ported to be generated by alternative mRNA splicing.'"'? The
most predominant sFas isoform is derived from the deletion of
exon 6 encoding the last 5 amino acids of the extracellular do-
main and 16 of 17 amino acids in the transmembrane (TM) do-
main.'” These sFas isoforms were reported to block apoptosis
mediated by FasL or anti-Fas agonistic antibody,'*~'? suggest-
ing that the existence of sFas might protect tumor cells from
host antitumor immunity.

In fact, several solid tumor cells, including osteosarcoma,
melanoma'¥ and hepatoma'® and hematopoietic malignan-
cies,'™ ' have been reported to express sFas. Recent studies
have also reported that serum sFas levels of patients with
various malignancies including solid tumors'®'® and hemato-
poietic malignancies®?" were elevated. Furthermore, a correla-
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tion of the serum sFas level with the prognosis of patients
was observed in several studies.”>”>® However, little is known
about the level of sFas in malignant pleural effusion and the
sFas expression of lung cancer.

To evaluate the presence and immunosuppressive role of
sFas in malignant pleural effusion, we examined the concentra-
tion of sFas in the pleural effusion associated with lung cancer
compared with tuberculous pleurisy and transudate. Further-
more, we examined the expression of the surface Fas and sFas
mRNA of lung cancer cell lines in addition to tumor cells from
primary cultures of malignant pleural effusion by using flow
cytometry and RT-PCR (reverse transcriptase-polymerase chain
reaction), respectively.

Materials and Methods

Cell lines. The human lung cancer cell lines RERF-LC-OK (ade-
nocarcinoma), RERF-LC-MS (adenocarcinoma), A549 (adeno-
carcinoma), PC-9 (adenocarcinoma), H69 (small cell carci-
noma) and N291 (small cell carcinoma), and Jurkat (human
T leukemia cell line) were obtained from the American Type
Culture Collection (ATCC, Rockville MD).?*?” The human
small cell lung cancer cell lines, SBC3 and SBC5 were
provided by Dr. K. Hirai (Okayama University, Okayama).?®
The human lung squamous cell carcinoma RERF-LC-AI was
provided by Dr. Akiyama (Radiation Effects Research Founda-
tion, Hiroshima), and human lung adenocarcinoma PC-14 was
from Dr. N. Saijo (National Cancer Institute, Tokyo).?” These
cell lines were maintained in RPMI 1640 medium supple-
mented with 10% FBS (fetal bovine serum), penicillin and
streptomycin (designated as CRPMI-1640) in a humidified in-
cubator with a 5% CO, atmosphere at 37°C. YM98 and JT99
were established from malignant pleural effusion due to lung
adenocarcinoma in our laboratory as described previously.?®
Patients. Sixty-five patients with pleural effusion were examined
in Tokushima University Hospital after having obtained in-
formed consent, as described previously.” Exudative pleural
effusion (with protein concentration above 30 g/liter, and with
a total leukocyte count greater than 1x10°/ml) with positive
cytology, was designated as malignant pleural effusion in the
present study. Forty-five patients had malignant pleural effu-
sion associated with lung cancer (20 adenocarcinomas, 14 small
cell carcinomas and 11 squamous cell carcinomas). Tuberculous
pleural effusion (n=10) was diagnosed by bacteriological and
histological examination or PCR analysis. Transudative pleural
effusion (with a protein concentration below 30 g/liter and with
a total leukocyte count of less than 1x10%/ml) secondary to
congestive heart failure was also examined.

Reagents. FBS and RPMI 1640 were purchased from GIBCO
(Grand Island, NY). The anti-Fas mAbs CH-11 and ZB4 were
purchased from Medical Biochemical Laboratories Co., Ltd.
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(Nagoya). The recombinant human Fas/Fc chimera was pur-
chased from R&D Systems, Inc. (Minneapolis, MN). None of
these materials contained endotoxins, as judged by Limulus
amebocyte assay (Seikagaku Kogyo, Tokyo: minimum detec-
tion level, 0.1 ng/ml).

Sampling and storage of pleural effusions, and the establishment of
tumor cell lines from malignant pleural effusions. Pleural effusion
was collected via diagnostic thoracentesis.*” Cells in the pleural
effusions were counted using a hemocytometer. Differential
counts were performed on a total of 200 cells stained with
Wright and Giemsa. After centrifugation at 400g for 10 min,
cell-free supernatant was separated and stored at —80°C until
analysis. In some experiments, mononuclear cells in malignant
pleural effusion were harvested by density centrifugation with
Lymphocyte Separation Medium (LSM; Litton Bionectics,
Kensington, MD), and cultured in CRPMI-1640 to establish tu-
mor cell lines from the primary culture as previously de-
scribed.?®

Determinations of the sFas concentration using enzyme-linked im-
munosorbent assay (ELISA). The level of sFas in pleural effusion
was measured with ELISA kits (sFas ELISA; Medical Bio-
chemical Laboratories Co., Ltd.). ELISA was performed essen-
tially as described previously, according to the manufacturer’s
instructions.® The lower limit of detections for sFas was 0.5
ng/ml.

To examine the production of sFas protein, lung cancer cells
(3x10° cells/well) were cultured in 6-well plates. Their super-
natant was harvested at various times and used for the examina-
tion of the sFas level with high-sensitivity ELISA (>20 pg/ml;
R&D Systems, Inc., Minneapolis, MN) according to the manu-
facturer’s instructions.

Flow cytometry. For flow cytometric analysis, lung cancer cells
(5x10° cells) were resuspended in flow cytometry buffer (phos-
phate-buffered saline (PBS) with 0.5% rabbit serum and 107
mM NaN,) and labeled for 30 min at 4°C with anti-Fas primary
antibody CH-11 (20 ug/ml). The cells were washed twice with
flow cytometry buffer, then labeled with FITC-conjugated anti-
mouse secondary antibody (Biosource International, Camarillo,
CA) diluted to 1:1000 in flow cytometry buffer. Flow cytomet-
ric analysis was carried out using a FACSCaliber flow cytome-
ter with Cell Quest software (Becton Dickinson, Lincoln Park,
NJ).*) The cells were gated to exclude dead cells and debris,
and 10 000 cells were examined for each determination.*”
RT-PCR of Fas. Complementary DNA (cDNA) was synthesized
from 1 ug of total RNA which was isolated using Isogen (Wako
K.K., Kyoto). The primer set specific for Fas (sense; 5-CAC-
TTCGGAGGATTGCTCAACA-3’, antisense; 5 -TATGTTG-
GCTTCTTCAGCGCTA-3") was used to amplify human Fas
mRNA according to the previous method.!” When used with
these primers, two major bands of PCR products were detected.
The stronger band was 1167 bp, which represented the full-
length cDNA of the native Fas. The other was 1104 bp, which
shows the alternatively spliced smaller fragment (sFas:
FasATM-mRNA) lacking a 63 bp segment of the TM domain.
The B-actin mRNA expression was also analyzed using the fol-
lowing primers: sense; 5-AAGAGAGGCATCCTCACCCT-3’,
antisense; 5-TACATGGCTGGGGTGTTGAA-3". A One-Step
RNA PCR Kit (TaKaRa Biochemicals, Tokyo) was used for
RT-PCR. cDNA was amplified in a total volume of 50 ul. The
PCR reaction contained PCR buffer, 5 mM MgCl,, 1 mM
dNTP, 0.8 U/ul of RNase inhibitor, AMV-RTase XL 0.1 U/ul,
0.1 U/ul AMV-Optimized Tag, and 0.4 uM of each primer. Af-
ter an initial denaturation of 3 min at 94°C, amplification was
performed for 30 cycles (sFas: 94°C for 3 min, 60°C for 2 min,
and 72°C for 2 min 30 s, B-actin: 94°C for 30 s, 60°C for
30 s, and 72°C for 30 s). Amplified products were electro-
phoresed in a 2% (for sFas) or 1.5% (for B-actin) agarose gel
and visualized by ethidium bromide staining.
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The cytotoxicity mediated by anti-Fas mAb. The Cell Counting
Kit-8 (Dojin East, Tokyo) was used to determine anti-Fas mAb-
mediated cytotoxicity. First, 100 ul of Jurkat cell suspension
(5%103 cells/well) was added to 96-well flat-bottomed microti-
ter plates (Falcon 3072, Becton Dickinson), and each plate was
incubated for 24 h at 37°C. After incubation, 2 ul of malignant
pleural effusion were added to the 96-well plates, and 5 ul of
anti-Fas agonistic mAb CH-11 was added to each well (final
concentration: 2 ng/ml). After incubation for 48 h, 10 ul of
Cell Counting Kit solution (consisting 5 mM WST-8, 0.2 mM
1-methoxy PMS and 150 mM of NaCl, Dojin East) was added
to each culture well, and the cells were further incubated for 3.5
h at 37°C. The absorbance of each well was measured with a
microtiter plate reader at 450/630 nm. The percent cytotoxicity
was calculated using the following formula: Percentage cyto-
toxicity=[1—(absorbance of experimental wells/absorbance of
control wells)]x100.

Immunoprecipitation and western blotting. The cell supernatants
were collected from confluent cultures of lung cancer cell lines
in 10-cm dishes. The concentrated supernatants were immuno-
precipitated using anti-Fas mAb (ZB4) and Protein G
Sepharose 4 Fast Flow at 4°C for 2 h. Protein G beads were
collected by centrifugation and washed five times with RIPA
buffer (10 mM Tris HCI pH 7.4, 1% NP40, 0.1% sodium deoxy-
cholate, 0.1% SDS (sodium dodecyl sulfate), 0.15 mM NaCl, 1
mM EDTA, 10 ug/ml aprotinin), and suspended in 2x Laem-
mli sample buffer. These samples were boiled for 3 min and
subjected to 10% SDS-PAGE (polyacrylamide gel electro-
phoresis) under a nonreducing condition, and the proteins were
blotted onto Hybond-C membrane (Amersham, Arlington
Heights, IL). The membrane was blocked with 5% nonfat dry
milk powder in PBS at room temperature for 2 h and incubated
with anti-Fas antibody (ZB4). The membrane was washed and
incubated with horseradish peroxidase (HRP)-conjugated anti-
mouse IgG mAb (Santa Cruz Biotech, Santa Cruz, CA), and
protein bands were developed using the enhanced chemilumi-
nescence (ECL) method (Amersham).

Statistical analysis. Comparisons of sFas between malignant effu-
sions and transudative effusions were assessed by use of the
Mann-Whitney U test. The correlations between the levels of
sFas and the numbers of macrophages and lymphocytes in the
malignant effusion were evaluated with Pearson’s correlation
test. Statistical analysis was performed with Statview software.
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Fig. 1. The sFas level in pleural effusion due to various diseases. The

concentration of sFas in pleural effusion was measured by ELISA. Each
open circle (O) indicates the data from an individual donor. The scale
in this figure shows mean=+SE.
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Differences were considered statistically significant if P values
were less than 0.05.

Results

Elevated sFas level in malignant pleural effusion due to lung cancer.
We first examined the levels of sFas in the pleural effusions.
Transudative and tuberculous pleural effusions contained de-
tectable levels of sFas, as shown in Fig. 1. However, the level
of sFas in malignant pleural effusion was significantly higher
than that of transudative effusion (9.19£0.95 vs. 4.20+0.49 ng/
ml, P=0.017). Furthermore, the concentration of sFas in malig-
nant pleural effusion was also higher than that of tuberculous
pleural effusion (9.19£0.95 vs. 5.1110.67 ng/ml, P=0.023).
Next, the sFas level in malignant pleural effusion was exam-
ined in three histological types of lung cancer (Fig. 2). There
was no significant difference among the histological types. Sev-
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Fig. 2. The sFas level in malignant pleural effusion due to lung cancer
with various histologies. The concentration of sFas in pleural effusion
was measured by ELISA. Values are shown as means+SE. There was no
significant difference among the histological types.
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Fig. 3. The correlation between the level of sFas and the numbers of
lymphocytes or macrophages in malignant pleural effusion. Values
were analyzed using Pearson’s correlation test with Statview software.

eral authors have reported that peripheral blood lymphocytes
could produce sFas protein.'® ') Thus, we examined the correla-
tion of the sFas level and the numbers of lymphocytes and mac-
rophages in malignant pleural effusions. As shown in Fig. 3, we
could not detect any correlation between the level of sFas and
the numbers of lymphocytes and macrophages.

Effect of malignant pleural effusion on the cytotoxicity mediated by
anti-Fas mAb. The Fas/FasL system plays an important role in
the tumor cell-killing by NK cells and CTLs.'*'" Next, we ex-
amined whether Fas-mediated cytotoxicity was affected by the
addition of malignant pleural effusion. To test this, we used
anti-Fas antibody, which has an agonistic effect on apoptosis
induction through the engagement of Fas molecules. We first
confirmed whether the sFas inhibited the anti-Fas-mediated cy-
totoxicity against Jurkat cells using a recombinant Fas/Fc chi-
mera. As shown in Fig. 4, the addition of Fas/Fc chimera
resulted in the inhibition of anti-Fas-mediated cytotoxicity.
Next, an aliquot of malignant pleural effusion from several do-
nors was added to the culture of Jurkat cells in the presence of
anti-Fas mAb. As shown in Table 1, the addition of malignant
pleural effusion inhibited the cytotoxicity induced by anti-Fas
mAb, and the Fas-mediated cytotoxicity was inversely corre-
lated with the concentration of sFas (Fig. 5).

Expression of Fas on the cell surface of lung cancer cell lines. To test
the cell surface expression of Fas antigen on lung cancer cell
lines, flow cytometric analysis using anti-Fas mAb was per-
formed. Furthermore, two tumor cells derived from the primary
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Fig. 4. The addition of Fas/Fc chimera inhibits anti-Fas-mediated cyto-
toxicity. Various concentrations of recombinant human Fas/Fc chimera
were added to the culture to examine anti-Fas mAb (CH-11)-mediated
cytotoxicity against Jurkat cells. The cytotoxicity was determined using
a Cell Counting Kit as described in “Materials and Methods.” Values
are shown as means +SD of triplicate cultures. Data are representative
of two separate experiments.

Table 1. The addition of malignant pleural effusion inhibits the cy-
totoxicity of anti-Fas mAb against Jurkat cells”

Pleural effusion  sFas (ng/ml) % Cytotoxicity against Jurkat cells

(—) — 97.8+1.8?
Patient 4 30.0 22.3+8.8%
Patient 31 2.9 65.7+0.49
Patient 24 2.5 56.2+3.2%

1) Anti-Fas mAb (CH-11) was used to induce the apoptosis of Jurkat
cells. An aliquot of pleural effusion was added to the culture of CH-
11 and Jurkat cells, and the cytotoxicity was determined as described
in “Materials and Methods.”

2) Mean=SD for triplicate culture.

3) P<0.005 compared with the cytotoxicity without the addition of
pleural effusion.

4) P<0.001 compared with the cytotoxicity without the addition of
pleural effusion.
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culture of malignant pleural effusion were also examined. As
shown in Fig. 6, Fas expression was detected on the cell surface
of eight of ten (80%) lung cancer cell lines, irrespective of the
variety of their expression levels. Tumor cells (YM98 and
JT99) derived from malignant pleural effusion also expressed
the surface Fas antigen.

Detection of sFas expression in lung cancer cell lines. We know of
no study reporting the production of sFas protein from lung
cancer cells. To examine this, we harvested the culture superna-
tant of lung cancer cell lines and measured the level of sFas by
ELISA. sFas protein was clearly detected in the supernatant of
five of ten (50%) lung cancer cell lines (Fig. 7 and Table 2).
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Fig. 5. The correlation between the level of sFas in malignant pleural
effusion and its inhibitory effect on the cytotoxicity mediated by anti-
Fas mAb against Jurkat cells. An aliquot of malignant pleural effusion
from 26 lung cancer patients was added to the culture to examine anti-
Fas mAb (CH-11)-mediated cytotoxicity against Jurkat cells. The cyto-
toxicity was determined using a Cell Counting Kit as described in “Ma-
terials and Methods.” Values were analyzed using Pearson'’s correlation
test with Statview software.
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Fig. 6. Flow cytometric analysis of surface Fas expression on lung can-
cer cells. Lung cancer cell lines or tumor cells established from malig-
nant pleural effusion due to lung cancer were stained with anti-Fas
mADb (bold line) or control mAb (hatched area), and the expression of
Fas was analyzed by flow cytometry as described in “Materials and
Methods.”
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However, the expression level of sFas did not correlate with
Fas expression (Table 2).

Furthermore, to confirm the expression of Fas and sFas, RT-
PCR analysis was also performed. sFas mRNA represents a
transcript which lacks the transmembrane domain of exon 6
and is 63 bp shorter than full-length Fas mRNA. As shown in
Fig. 8, A and B, all lung cancer cell lines expressed detectable
levels of native Fas mRNA, though the level of expression var-
ied. sFas mRNA was detected in six of ten (60%) lung cancer
cell lines. Three cell lines, SBC3, A549 and RERF-LC-AI, did
not express sFas mRNA although Fas expression was con-
firmed by both flow cytometry and RT-PCR.

We further examined the expression of Fas and sFas mRNA
of total cells and tumor cells in primary cultures of malignant
pleural effusion. The results are shown in Fig. 8C. In all sam-
ples tested, Fas transcript was clearly detected. sFas mRNA ex-
pression was observed in 2 of 3 malignant pleural effusions.
Furthermore, primary culture tumor cells (adenocarcinomas;
YMO8 and JT99) expressed sFas mRNA in short-term in vitro
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Fig. 7. The production of sFas protein from lung cancer cell lines.
RERF-LC-OK (O), RERF-LC-MS ( A) and PC9 () (3x10° cells per well)
were cultured in 6-well plates. The supernatant was harvested at vari-
ous times, and the sFas level was examined using ELISA (sensitivity: >20
pg/ml). Values are shown as means+SD of triplicate cultures. Data are
representative of three separate experiments.

Table 2. The expressions of Fas and sFas in lung cancer cell lines

Cell line Fas (MFI)” sFas (pg/ml)?
SCLC SBC3 16.18 <20
SBC5 2.49 <20
H69 1.74 <20
N291 1.27 <20
NSCLC A549 5.90 67.7+1.5>
RERF-LC-Al 11.80 98.3+15.9
RERF-LC-OK 7.34 631.7+16.4
RERF-LC-MS 4.27 64.7+£1.5
PC-9 2.94 60.7£1.2
PC-14 2.47 <20

1) The flow cytometric analysis was performed as described in “Ma-
terials and Methods.” The relative mean fluorescence intensity (MFI)
was expressed as the ratio of MFI of cells stained with anti-Fas mAb
(CH-11) to MFI of cells stained with control IgM.

2) The supernatants of lung cancer cell lines were harvested after 24
h culture and the level of sFas was measured by ELISA as described in
“Materials and Methods.” The sensitivity of ELISA was >20 pg/ml.

3) Mean=SD for triplicate culture.
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Fig. 8. The expressions of Fas and sFas mRNA and protein in lung can-
cer cell lines. Total RNA was extracted from various lung cancer cell
lines (A:SCLC and B:NSCLC), MNCs from malignant pleural effusions
and primary lung cancer cell lines established from malignant effusions
after in vitro culture for 2 to 6 months (C). RT-PCR for Fas was per-
formed using specific primers as described in “Materials and Methods.”
Ten microliters of PCR product was electrophoresed in agarose gel and
stained with ethidium bromide. Two major bands, which correspond to
Fas and sFas, were detected. In Fig. C, PE 1 to 3 indicate the individual
patients. In Fig. D, the Fas protein of the culture supernatant of lung
cancer cells was immunoprecipitated using anti-Fas antibody (ZB4).
These samples were run on a 10% SDS-PAGE and transferred onto Hy-
bond-C membrane. The blot was developed with anti-Fas mAb and
HRP-conjugated anti-mouse IgG mAb using the ECL method.

culture. However, sFas expressions of their tumor cells were
decreased after long-term culture for up to 6 months (Fig. 8C).
Finally, to further confirm the production of sFas from lung
cancer cell lines, we performed western blotting of sFas protein
using immunoprecipitated samples of the supernatants of lung
cancer cell lines. As shown in Fig. 8D, a protein band of 43 to
45 kDa was detected in some of the lung cancer cell lines.

Discussion

In the present study, we demonstrated that the level of sFas is
elevated in malignant pleural effusion due to lung cancer when
compared with transudate and tuberculous effusion, and that
sFas is expressed in tumor cells derived from malignant pleural
effusion in addition to lung cancer cell lines. Furthermore, the
addition of malignant pleural effusion blocked the tumor cell-
killing mediated by anti-Fas agonistic mAb in vitro.

The Fas-FasL system plays an important role in the killing
mechanisms of NK cells and CTLs.” Thus, blocking of the
signaling pathway through Fas-FasL might be one possible
mechanism of the tumor cell’s escape from host immune
surveillance. An important inhibitor for this pathway is likely to
be sFas, which is produced by an alternative splicing and lacks
the transmembrane domain of the native Fas cDNA fragment.
sFas has been shown to antagonize both anti-Fas mAb- and
FasL-mediated tumor cell lysis through competition for the
binding of surface Fas to FasL.!®'" There are several studies
reporting an elevated sFas level in the serum of patients with
solid tumors as well as hematopoietic malignancies.'*~'® How-
ever, there is no known study reporting the level of sFas in
pleural effusion. We have demonstrated the elevation of sFas in
malignant pleurisy for the first time. Furthermore, the level of
Fas in malignant effusion correlated with its blocking ability for
Fas-mediated cytotoxicity. Although other factors in the malig-
nant pleural effusion, which could block the Fas-FasL pathway,
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might be involved in this suppressive effect, these results to-
gether with those of previous studies reporting the correlation
of the serum sFas level and a poor prognosis of patients suggest
arole of sFas as an immunosuppressive factor.

To analyze the source of sFas in malignant effusion, we ex-
amined the expressions of surface Fas and sFas of lung cancer
cell lines and tumor cells from primary culture of malignant
pleural effusions. Hellquist et al.’® reported Fas expression in
all of eight lung squamous cell carcinomas using immunohis-
tochemistry. Nambu er al.*® also reported the expression of Fas
protein in 20 of 42 lung adenocarcinoma tissues (47.6%), and
sFas mRNA in four of seven tumor samples. However, the pro-
duction of sFas from lung cancer cells at the protein level has
not been demonstrated. In the present study, we detected the
surface Fas expression in 10 of 12 tumor cells as tested by flow
cytometry, and sFas mRNA expression in 7 of 12 lung cancer
cells including primary cultures. Consistent with previous
findings,* * sFas expression of A549 cells was not clearly de-
tected, whereas three adenocarcinoma cell lines, RERF-LC-
OK, RERF-LC-MS and PC-9 expressed substantial levels of
sFas mRNA. It is of importance that sFas protein was detected
in their culture supernatant by ELISA, even in that of A549.
Furthermore, high expression of sFas mRNA was also found in
tumor cells (YM98 and JT99) from malignant pleural effusions.
Both the Fas and sFas expressions of NSCLC cells tended to be
higher than those of SCLC cell lines. These results suggest that
lung cancer cells could have the ability to produce sFas in vitro
and probably in vivo (in the pleural cavity). Furthermore, it is
likely that sFas expression of tumor cells is enhanced in pleural
effusion and reduced by in vitro culture, since two primary-cul-
ture cell lines showed reduced expression of sFas after in vitro
culture, as shown in Fig. 8C. The exact mechanisms involved
in the regulation of sFas expression remains unclear. It has been
reported that the expression of Fas on T cells or mammary car-
cinoma cells was up-regulated by treatment with PHA or cyto-
kines, including interferon (IFN)-y or TNF-a, respectively. 3
Osorio et al.'” also reported that the treatment of B-CLL (B-
cell chronic lymphocytic leukemia) with SAC (Staphylococuss
aureus Cowan)+interleukin (IL)-2 or TPA (12-O-tetradecano-
ylphorbol-13-acetate)+IL-2 enhanced the expression of both
Fas and sFas. Although we could not detect cytokines such
as IL-2, IFN-y and TNF-a in malignant pleural effusion,*” other
factors or interactions with host cells might enhance sFas ex-
pression of lung cancer cells in vivo.

In the present study, there was no correlation of the sFas
level and the number of host cells in pleural effusion. However,
we could not rule out the possibility that elevated sFas in ma-
lignant effusions was responsible for the production of lympho-
cytes and macrophages, since there are several studies showing
that reported activated PBMCs (peripheral blood mononuclear
cells) can produce sFas protein. Furthermore, the considerable
level of sFas in transudate suggests that normal cells including
lymphocytes and macrophages might be mainly responsible for
the production of sFas in vivo. Further studies are required to
explore the mechanisms of the elevation of sFas in vivo.

In summary, sFas, which is likely to be produced by tumor
cells, might play a role in the local immunosuppression in ma-
lignant pleural effusion associated with lung cancer progres-
sion.
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