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Fas ligand (FasL) exists in transmembrane and solu-
ble forms and induces apoptosis on cross-linking
with the Fas receptor. We evaluated the biological
significance of FasL and Fas in 61 tumor tissues and 9
cell lines of the Ewing’s sarcoma family of tumors
(ESFT). FasL was present in 62.5% and Fas in 79.4% of
primary ESFT. Metastatic tumors had higher expres-
sion of FasL (95%), suggesting association with a met-
astatic phenotype. FasL was detected in the cytoplasm
and membrane of ESFT cells by immunofluorescence.
Western blotting revealed transmembrane and solu-
ble FasL in cytosolic extracts and soluble FasL in con-
ditioned media. Both transmembrane and soluble
FasL induced apoptosis of Fas-sensitive Jurkat cells in
co-culture experiments with ESFT cells or their me-
dia. Treatment with phenanthroline and the synthetic
metalloproteinase inhibitor BB-3103 reduced the lev-
els of soluble FasL in the media, suggesting that in
ESFT, FasL is processed by a metalloproteinase and
released in the extracellular milieu. The released sol-
uble FasL may serve to attack cells of the immune
system and/or interfere with the binding of trans-
membrane FasL with Fas, and results in down-regu-
lation of transmembrane FasL. Synthetic metallopro-
teinase inhibitors may modify the ratio of
transmembrane to soluble FasL. (Am J Pathol 1998,
153:1947–1956)

FasL is a transmembrane protein of the tumor necrosis
factor (TNF) family, with an amino-terminal cytoplasmic
and a carboxy-terminal extracellular region (type II pro-
tein). Its molecular weight ranges from 37 to 42 kd,1

probably reflecting differences in levels of glycosylation.
In addition to the transmembrane FasL (tm-FasL), a sol-
uble form has been described as well. The human solu-
ble FasL (s-FasL) has a molecular weight of 23–26 kd and
consists of the extracellular domain of the FasL mole-
cule.2 Recent studies have shown that s-FasL originates
from cleavage of tm-FasL by an unidentified metallopro-
teinase-like enzyme.3–5 Both tm- and s-FasL bind to the

Fas (APO-1/CD95) receptor and induce apoptosis.1–3,6,7

Fas is a type I transmembrane protein of the TNF/nerve
growth factor receptor superfamily.8 The Fas/FasL system
plays an important role in immune homeostasis9,10 and
participates in T cell-mediated cytotoxicity.11–13 According
to a recently proposed model, FasL-expressing tumor cells
use FasL as a cytolytic effector molecule to kill Fas-express-
ing activated lymphocytes (“counterattack” model).14,15

The group of small round cell sarcomas in children and
adolescents that is collectively referred to as the Ewing’s
sarcoma family of tumors (ESFT) includes morphological
variants of Ewing’s sarcoma and peripheral primitive neu-
roectodermal tumor (PNET). All ESFTs are characterized
by specific chromosomal translocations. The most com-
monly encountered translocation, t(11;22) (q24;q12), re-
sults in the fusion of the EWS and Fli-1 genes.16 Clinical
studies have shown that despite a significant initial re-
sponse to conventional treatment, a high percentage of
patients with ESFT suffer a recurrence at metastatic
sites.16 Since the “counterattack” model suggests that
the FasL may offer a survival advantage to tumors, we
investigated the role of FasL in the biology of ESFT.

In this study, we show that ESFTs frequently express
Fas and FasL. A significantly higher level of FasL expres-
sion in metastatic than primary ESFTs supports the theory
that FasL-expressing clones survive and undergo expan-
sion in metastatic sites. Our in vitro data demonstrate that
ESFT express not only tm-FasL, but also s-FasL and
release s-FasL in the media. Both tm- and s-FasL induce
apoptosis in vitro. The levels of s-FasL in the media are
reduced by metalloproteinase inhibitors, suggesting
cleavage by a metalloproteinase. Collectively, these data
support the hypothesis that there is a dynamic equilib-
rium between tm- and s-FasL that can be manipulated by
agents such as metalloproteinase inhibitors.

Materials and Methods

Cell Lines

Seven previously described and one unpublished ESFT
cell lines were used in this study. Specifically, the TC-71,
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TC-32, A4573, 5838, SK-N-MC, CHP100 (clone-S and
-L), and TC-268 cell lines were shown to have the char-
acteristic translocation and/or EWS/Fli-1 fusion gene
product of the ESFT.17–20 The unpublished cell line, TC-
248, was established in our laboratory from an ESFT that
exhibited the typical EWS/Fli-1 fusion product as well
(data not shown). The T-cell leukemia cell line Jurkat
(American Type Culture Collection, Manassas, VA) was
used in functional experiments. All cells except Jurkat
were grown in Dulbecco’s modified Eagle’s medium
(DMEM) (BioWhittaker, Walkersville, MD) with 100 U/ml
penicillin, 100 mg/ml streptomycin and 10% fetal calf
serum (FCS) (GIBCO/BRL, Gaithersburg, MD), unless
stated otherwise. Jurkat cells were grown in RPMI
(GIBCO/BRL) with 10% FCS and antibiotics as above.

Tissue Sections

Sections from 61 formalin-fixed paraffin-embedded tumor
tissue specimens obtained from 49 patients with ESFT
and stored in the files of the Laboratory of Pathology at
the National Cancer Institute (NCI) were stained for FasL.
Forty of these tumors were primary and 21 were meta-
static. In 12 cases, primary and metastatic tumor tissue
from the same patient was available for comparison. In 34
primary and 19 metastatic tumors from which additional
sections were available, immunocytochemical staining
for Fas receptor was performed.

Antibodies

For immunofluorescence and immunoperoxidase stain-
ing, the anti-FasL rabbit polyclonal antibodies C-20
(against the extracellular C-terminus) and Q-20 (against
the intracellular N-terminus) (Santa Cruz Biotechnology,
Santa Cruz, CA) were used. Both antibodies were used in
the presence or absence of the corresponding blocking
peptide (amino acid residues 260–279 for C-20 and res-
idues 2–19 for Q-20, Santa Cruz) to confirm specificity of
staining. The monoclonal anti-FasL antibodies clone 33
(0.25 mg/ml) (Transduction Laboratories, Lexington, KY)
and G247–4 (1:500 dilution) (Pharmingen, San Diego,
CA), as well as the polyclonal antibodies Ab-3 (1:100
dilution) (Oncogene Research, Cambridge, MA) and
C-20 (1:500 dilution) and Q-20 (1:500 dilution) were used
in the immunoblotting experiments. Both monoclonal an-
tibodies are directed against the extracellular portion of
the FasL molecule. For detection of the Fas receptor on
paraffin sections, the anti-Fas rabbit antibody Ab-1 was
used (Oncogene Research) in the presence or absence
of its blocking peptide (amino acid residues 321–335)
(Oncogene Research). The neutralizing anti-FasL anti-
body NOK-2 (Pharmingen) and the cytotoxic anti-Fas
monoclonal CH-11 antibody (Panvera, Madison, WI) were
used in the cytotoxic cell assays.

Detection of FasL Protein in ESFT Cells and
Media by Immunoblotting

Cell Lysates

Cells (1 3 106) from all 9 ESFT cell lines were scraped,
centrifuged briefly, and lysed for 30 minutes on ice in a
lysis buffer (50 mmol/L Tris-HCl, pH 8.0, containing 120
mmol/L NaCl and 1% Igepal), supplemented with the
Complete-TM mixture of proteinase inhibitors (Boehringer
Mannheim, Indianapolis, IN). The samples were cleared
by centrifugation (14,000 rpm for 30 minutes at 4°C) and
assessed for protein concentration. Sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE)
(12%) was performed (30 mg of protein per lane) and the
proteins were electroblotted onto nitrocellulose mem-
branes. After 1 hour incubation in blocking solution (20%
IgG-free normal horse serum in PBS, GIBCO/BRL), the
membranes were exposed to the primary antibody over-
night at 4°C. After washing in PBS, the secondary perox-
idase-labeled secondary antibody (Amersham, Arlington
Heights, IL) was added at 1:10,000 dilution for 40 minutes
at room temperature. The proteins were visualized with
the enhanced chemiluminescence (ECL) technique (Am-
ersham). An endothelial cell lysate, provided by Trans-
duction Laboratories as a positive control for the anti-
FasL antibody clone 33, was used along with the ESFT
cell lysates in our immunoblotting experiments.

Conditioned Media

Conditioned media were generated from 3 of the 9
ESFT cell lines (TC-248, TC-268 and TC-71). These lines
expressed the highest levels of FasL in the cell pellets
and were selected for further analysis. Following brief
washing in Hanks’ balanced salt solution (HBSS)
(GIBCO/BRL) and a 4-hour washing in serum-free
DMEM, ESFT cells were then incubated with fresh serum-
free DMEM medium overnight. The overnight-conditioned
media were collected and centrifuged for 5 minutes at
2,000 rpm. The supernatants were supplemented with a
proteinase inhibitor cocktail of 10 mg/ml aprotinin (Sigma,
St. Louis, MO), 1 mmol/L phenylmethylsulfonyl fluoride
(Sigma) and 25 mmol/L leupeptin (Sigma). To increase
the sensitivity of detection of s-FasL by Western blotting,
the conditioned media were subjected to 50-fold concen-
tration with Centricon-10 filters (Amicon, Beverly, MA).
The concentrates were mixed with 53 Laemmli buffer,
electrophoresed on 12% SDS-PAGE gels and immuno-
blotted with the anti-FasL monoclonal antibody G247–4
(Pharmingen) at 1:500 dilution (1 mg/ml).

Immunocytochemical Detection of FasL in ESFT
Cells and Tissues

Immunofluorescence

Air-dried cytospins from cultured cells were fixed in
220°C acetone for 10 minutes. Subsequently, the cyto-
spins were washed and blocked for 1 hour with 20%
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normal goat serum and 3% bovine serum albumin (Sig-
ma) solution in PBS. The cytospins were then washed in
PBS and incubated overnight at 4°C with the C-20 or
Q-20 rabbit polyclonal anti-FasL antibodies at 1:100 di-
lution (1mg/ml), in the presence or absence of a 10-fold
excess of the corresponding blocking peptide. Subse-
quently, the cytospins were washed in PBS and incu-
bated with fluorescein isothiocyanate (FITC)-labeled anti-
rabbit IgG (Boehringer Mannheim, Indianapolis, IN) (1:75
dilution) for 1 hour at room temperature. Fluorescent sig-
nals were visualized with a Zeiss standard fluorescence
microscope equipped with an epifluorescence illuminator
and FITC narrow-band filter.

Avidin Biotin Complex Peroxidase

Immunohistochemical detection of Fas and FasL was
performed as previously described.21 Briefly, 5-micron
paraffin sections were deparaffinized, rehydrated, and
subjected to antigen retrieval by incubation in 10 mmol/L
citrate buffer for 15 minutes in a microwave oven. Endog-
enous peroxidase activity was quenched for 30 minutes
in methanol containing 0.5% H2O2. The sections were
washed in PBS and blocked for 1 hour in 20% normal
goat serum in PBS. The primary antibodies, anti-FasL
Q-20 (0.7 mg/ml) and anti-Fas Ab-1 (2.5 mg/ml) respec-
tively, were applied overnight in the presence or absence
of a 10-fold excess of the corresponding blocking pep-
tides. Subsequently, the sections were washed in PBS
and incubated with a biotinylated anti-rabbit antibody
(1:500 dilution) for 1 hour at room temperature. After
washing with PBS, the sections were covered with the
Vectastain Elite Avidin Biotin Complex Reagent (Vector
Laboratories, CA) for 30 minutes. The peroxidase reac-
tion was developed with 3,39-diaminobenzidine and the
slides were counterstained with methyl green. Positive
staining was evaluated subjectively by two independent
observers for both percentage of positive cells and inten-
sity of staining on a scale of 1 to 3 (interobserver agree-
ment in 95% of cases). The product of the intensity of
staining and percentage of positive cells was used for
final classification into grade 0 (no staining), grade 1
(0.1–0.3), grade 2 (0.4–0.6), grade 3 (0.7–1), or grade
4 (.1).

Survival and Death Assays

3-(4,5-Dimethylthiazol-2-yl)22,5-Diphenyltetrazolium
Bromide (MTT) Colorimetric Assay

Following treatment as indicated below, the cells were
incubated with 1 mg/ml MTT (Sigma) in fresh media for 4
hours at 37°C. Subsequently, a mixture of isopropanol
and 1N HCl (24:1, v/v) was added under vigorous pipet-
ting to dissolve the formazan crystals. Dye absorbance
(A) in viable cells was measured at 570 nm, with 630 nm
as a reference wavelength. Cell death was estimated with
the formula:

% specific death 5
A (untreated cells) 2 A (treated cells)

A (untreated cells)

Cellular DNA Fragmentation ELISA

This method, a non-radioactive analogue of the [3H]-
Thymidine-DNA fragmentation assay, was used to detect
apoptosis in the co-culture experiments described be-
low. The DNA fragmentation ELISA kit (Boehringer Mann-
heim) was used. Target cells were labeled overnight with
59-bromo-29-deoxy-uridine (BrdU) according to the man-
ufacturer’s instructions and subsequently were co-cul-
tured with effector cells. The amount of fragmented DNA
in the target cells was quantified according to the man-
ufacturer’s instructions. The results were expressed as
percentages of the value in control cells.

Terminal Deoxynucleotidyl Transferase-Mediated
dUTP End-Labeling (TUNEL) Method

Air-dried cytospins were labeled with the in situ cell
death kit-Fluorescence (Boehringer Mannheim) following
the instructions of the manufacturer and were viewed with
a Zeiss standard fluorescence microscope equipped
with an epifluorescence illuminator and FITC narrow-
band filter.

Induction of Jurkat-cell Apoptosis by ESFT:
Cells and Media

ESFT Tumor Cell-Induced Apoptosis

The ability of the TC-248 and TC-32 ESFT effector cells
to kill target lymphocytes in a Fas-dependent manner
was evaluated as previously described22 with minor
modifications. Briefly, ESFT cells (5 3 105 cells/well
grown up to 90% confluency) were fixed lightly (0.6%
paraformaldehyde in PBS for 15 minutes) and, after ad-
equate washing in HBSS, incubated with a Jurkat cell
suspension (105 cells in 400 ml DMEM supplemented
with 1% calf serum, GIBCO/BRL), at an effector to target
ratio 10:1 and in the presence or absence of the FasL
neutralizing NOK-2 antibody (10 mg/ml). After a 48-hour
incubation, Jurkat cell death was evaluated with the MTT
assay, as described above. The percentage of Jurkat cell
death in each well was calculated with the equation:

% cell death 5

A (target alone) 2 [A (target with effector) 2 A (effector alone)]
A (target alone)

ESFT cell-induced Jurkat cell death was also evaluated
with a DNA fragmentation ELISA that measured DNA
fragmentation of BrdU-labeled Jurkat cells co-cultured
with viable TC-248 cell monolayers for 48 hours in the
presence or absence of NOK-2 antibody (10 mg/ml). The
Jurkat cell suspension was collected at the end of
the experiment with vigorous pipetting.

ESFT Media-Induced Apoptosis

Media conditioned with TC-248 and TC-71 cells for 48
hours were concentrated 30-fold with Centriprep-10 fil-

Fas Ligand in Ewing’s Sarcoma Family of Tumors 1949
AJP December 1998, Vol. 153, No. 6



ters (Amicon) and mixed with a Jurkat cell suspension at
a 1:1 v:v ratio. Thus the final concentration of media was
15-fold, much less than the 50-fold concentration used to
detect s-FasL by Western blotting. The Jurkat cell con-
centration in the final sample was 1.25 3 105 cells/ml in
DMEM supplemented with 1% calf serum. Media condi-
tioned with TC-248 and TC-71 were added in the pres-
ence or absence of NOK-2 FasL neutralizing antibody (10
mg/ml). Control wells consisted of Jurkat cells in fresh
medium with 1% calf serum. Percentage of Jurkat cell
death in each well was evaluated with the MTT assay and
estimated with the equation:

% cell death 5

~Jurkat cells in control medium! 2 ~Jurkat cells in ESFT-cell conditioned medium!

~Jurket cells in control medium!

In addition, cells from duplicate wells were centrifuged
onto positively charged slides and stained for apoptosis
with the TUNEL method. The percent of apoptotic cells
was evaluated subjectively.

Assessment of Anti-Fas Antibody CH-11-
Induced Apoptosis of ESFT Cells

Cells from the TC-248, TC-268, and TC-71 cell lines were
grown to 70–80% confluence. Subsequently, the cells
were washed in HBSS and incubated for 18 hours with
the CH-11 anti-Fas antibody (500 ng/ml, in DMEM me-
dium with 10% calf serum) at 37°C. Cells grown in the
absence of CH-11 antibody were used as negative con-
trols. The Fas-sensitive Jurkat cell line was used as a
positive control. Cell survival was evaluated with the MTT
assay.

Effect of Metalloproteinase Inhibitors on s-FasL
Shedding in Vitro

TC-248 cells were grown in serum-containing medium for
2 days, then washed twice in HBSS and incubated for 4
hours in serum-free DMEM with the general zinc-chelat-
ing agent 1,10-phenanthroline (0.1 mmol/L, Sigma) or
with one of the following metalloproteinase inhibitors: BB-
3103 (10 mM, generous gift of British Biotech, Oxford,
UK), TIMP-1 (1 mg/ml), and TIMP-2 (1 mg/ml). To elimi-
nate any possible traces of pre-existing s-FasL, this me-
dium was discarded and replaced with fresh DMEM con-
taining the same agents as before, at the same
concentrations. The final incubation was 18 hours for
BB-3103, TIMP-1, and TIMP-2 and 8 hours for 1,10-
phenanthroline. At the end of the incubation times, the
media were collected, subjected to 50-fold concentra-
tion, and tested for s-FasL by immunoblotting, as dis-
cussed previously

Statistical Analysis

The x2 test was used to compare numbers of positive and
negative primary versus metastatic tumors. Intensity of
staining in total number of primaries versus total number

of metastatic tumors was evaluated with a two-sided
unpaired t-test. In cases with primary and metastatic
tumors from the same patient available for comparison,
the two-sided paired t-test was used. All other compari-
sons were examined with the one-factor analysis of vari-
ance repeated measures method.

Results

ESF Tumor Cell Lines Exhibit tm- and s-FasL
Protein and Release s-FasL in the Media

We investigated the presence of the tm- and s-FasL in
ESFT cells and media by immunoblotting. All antibodies
against FasL (G247–4, clone 33, Ab-3, C-20, and Q-20)
identified a 37–40 kd band in the cell lysates of all 9 ESFT
cell lines. This band co-migrated with the FasL band of
the control endothelial cells and corresponds to the tm-
FasL (Figure 1A and inset).

A band of approximately 24 kd that corresponds to the
s-FasL was detected with the G247–4 antibody in con-
centrated conditioned media and cell lysates from ESFT
cell lines (TC-248, TC-268, TC-71) (Figure 1B). Tm-FasL
was not detected in any of the media with either clone 33
or G247–4, thus ruling out cell contamination. Although
both FasL-specific monoclonal antibodies used in the
immunoblotting experiments were directed against the
extracellular domain of FasL, clone 33 stained preferen-
tially for tm-FasL and G247–4 exhibited higher affinity for
s-FasL. Furthermore, the G247–4 antibody also detected

Figure 1. Immunoblot analysis of FasL protein in cell pellets and media from
ESFT cell lines. A: Cell lysates from 9 cell lines express a 37 kd protein
detected with the clone 33 anti-FasL antibody. This band co-migrates with the
FasL band of the control endothelial cells (E) that were electrophoresed and
immunoblotted simultaneously with one of the ESFT cell lines, CHP100-L, for
comparison (inset). B: Concentrated media from 3 ESFT cell lines demon-
strate a 24-kd band that corresponds to s-FasL and is detected with the
G247–4 anti-FasL antibody. The G247–4 antibody detects a similar band in
cell lysates from the same cell lines, as well as the 37-kd band of tm-FasL and
two other bands (approximately 31 kd) that correspond to nonglycosylated
or partially glycosylated tm-FasL. The tm-FasL is less evident with G247–4
than with clone 33 anti-FasL antibody.
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an additional doublet of approximately 31 kd (Figure 1B)
that corresponds to nonglycosylated or partially glycosy-
lated tm-FasL.2,5

FasL is Localized on the Surface and in the
Cytoplasm of ESFT Cells

Having detected the presence of tm- and s-FasL in ESFT
cells by immunoblotting, we assessed the cellular local-
ization of these proteins by immunofluorescence staining
of acetone-fixed cytospins from the TC-248, TC-268, and
TC-71 cell lines. Both antibodies showed diffuse cyto-
plasmic and paranuclear dot-like staining that was more
prominent with the C-20 (Figure 2A) than the Q-20 anti-
body (Figure 2B). A granular pattern at the periphery of
the cells, consistent with membranous staining, was ad-
ditionally observed with the Q-20 antibody (Figure 2B).
These data show that FasL is expressed both on the
surface and in the cytoplasm of ESFT cells. All staining
was totally abolished in the presence of the correspond-
ing blocking peptide that confirmed specificity (data not
shown).

ESFT Tissues Express FasL and Fas at High
Frequency and FasL Expression Is Significantly
Higher in Metastatic Sites

To exclude the possibility that FasL expression in ESFT is
a random trait acquired from prolonged propagation of
tumor cells in vitro, we studied the expression of FasL by
immunohistochemistry in sections of 61 primary and met-
astatic tumor tissues from 49 patients. Thirty-nine of 49
patients (79.6%) were found positive for FasL in at least
one tumor specimen. Metastatic tumors exhibited a
higher incidence of staining than primary tumors. Specif-
ically, among the 61 tumor specimens examined, 25 of 40
(62.5%) primary and 20 of 21 (95%) metastatic were
FasL-positive. This difference was statistically significant
(P , 0.006). Metastatic tumors also exhibited a statisti-
cally significant higher grade of staining than primary
tumors (P 5 0.000467), as shown in tissue sections in

Figure 3, A and B. Positive tumor cells demonstrated both
diffuse cytoplasmic and peripheral membrane staining in
a rim-like pattern. The staining for FasL disappeared
when the antibody was applied simultaneously with the
corresponding blocking peptide.

To verify the significance of the observed higher FasL
staining in metastatic ESFT, we also evaluated paired
primary and metastatic tumor tissues from the same pa-
tients. A total of 12 pairs of tumor tissues were analyzed
and in 8 of them a higher grade of tumor cell staining was
observed in the metastasis (Figures 3C and D). The
remaining 4 showed no change. The difference in the
grade of staining in the paired primary and metastatic
tumor tissues was statistically significant (P 5 0.0086).
Positive endothelial cells within tumor tissues served as
internal positive controls.

Because the apoptotic signal of FasL is transduced via
the Fas receptor, we also investigated the presence of
Fas in 53 ESFT tissues, 34 of which were primary and 19
metastatic. Fas was expressed in 40 (75.47%) ESFT in
toto. Specifically, 27 of the primary (79.4%) and 13 of the
metastatic (68%) tumors were found positive for the Fas
receptor (Figure 3E). However, the difference in the fre-
quency and grade of staining for the Fas receptor in
primary and metastatic ESFT was not statistically signifi-
cant (P 5 0.36 and P 5 0.6425, respectively). Staining for
Fas disappeared when the antibody was applied simul-
taneously with the corresponding blocking peptide.

The tm-FasL Is Functional

To evaluate the biological activity of the tm-FasL on the
surface of ESFT cells, we used TC-248 or TC-32 cells as
cytotoxic effectors in co-culture experiments with target
Fas-expressing Jurkat cells. Two different assays were
used for data confirmation: the MTT assay and a DNA
fragmentation ELISA. Because the MTT assay is a cell
viability test, the ESFT effector cells were lightly fixed to
allow assessment of viability of target Jurkat cells. On the
contrary, viable ESFT cells were used in the DNA frag-
mentation ELISA, in which quantification of specific DNA
fragmentation of target cells was based on previous la-

Figure 2. Localization of FasL in ESFT cells by immunofluorescence. ESFT cells exhibit diffuse cytoplasmic staining that is more prominent with the C-20 antibody
(A) (Magnification, 3360) than with the Q-20 antibody (B) (Magnification, 3340). A paranuclear dot-like pattern of staining is also evident with the C-20 antibody.
The granular circular pattern of staining that is also observed with the Q-20 antibody at the periphery of the cells is consistent with membranous localization
of FasL.
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beling of Jurkat cells with BrdU. With the MTT assay,
Jurkat cells co-cultured with TC-248 cells exhibited 76 6
2% cell death (mean 6 SD). The Jurkat cell death was
Fas/FasL-specific, because it was inhibited to 30.4 6
0.9% in the presence of the neutralizing anti-FasL NOK-2
antibody (P , 0.000001). With the DNA fragmentation
ELISA, Jurkat cells grown in the presence of TC248 cells
exhibited 1721 6 321% the amount of fragmented DNA
seen in Jurkat cells grown in the absence of TC-248 cells
(P , 0.000001). Treatment with NOK-2 antibody reduced
the amount of fragmented DNA to 217 6 105% of the
control (P , 0.000001). Similar results were obtained for
the TC-32 cell line.

The s-FasL Is Also Functional

Having demonstrated that media conditioned with ESFT
cells are positive for s-FasL, we studied whether they can
induce apoptosis in Fas-sensitive cells. To address this
question we incubated target Jurkat cells with TC-248 or
TC-71 cell-conditioned media subjected to minimal (15-
fold) concentration and evaluated Jurkat cell death with
the MTT assay. Jurkat cells co-cultured with TC-248 me-
dia exhibited a 24 6 6.5% (mean 6 SD) cell death by
MTT, that was decreased to 3.5 6 0.4 in the presence of
the neutralizing anti-FasL NOK-2 antibody (P , 0.005).
These results were corroborated with TUNEL staining of

Figure 3. Primary (A) (Magnification, 3240) and metastatic (B) (Magnifica-
tion, 3450) tumor specimens from different patients stained for FasL. Primary
(C) (Magnification, 3165) and metastatic (D) (Magnification, 3250) tumor
specimens from the same patient stained for FasL. FasL-positive cells exhibit
diffuse cytoplasmic and/or peripheral membrane staining in all positive
cases. The number of positive cells is higher in the metastatic tumors shown
in B and D. In the paired specimens C and D, there is a definite increase in
the number and immunoreactivity of FasL-expressing cells. E: ESFT cells
exhibit diffuse cytoplasmic staining for Fas (Magnification, 3520).
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cytospins generated from duplicate wells. Specifically,
Jurkat cells treated with TC-248 medium showed many
strongly stained apoptotic nuclei, which were absent or
scarce in nontreated Jurkat cells and in Jurkat cells
treated with TC-248 medium containing the NOK-2
neutralizing antibody (Figure 4, A-C). Similar results
were obtained with TC-71 cell-conditioned media.
These data show that s-FasL has the ability to induce
apoptosis.

ESFT Cells Resist Fas-Mediated Apoptosis

Because TC-268, TC-248, and TC-71 cells express func-
tional tm- and s-FasL, we investigated their sensitivity to
Fas-mediated apoptosis with the cytotoxic CH-11 anti-
Fas antibody. All three ESFT cell lines showed minimal or
no apoptosis, in contrast to the Fas-sensitive Jurkat cells
used as a positive control.

Phenanthroline and the Synthetic
Metalloproteinase Inhibitor BB-3103 Reduce
Levels of s-FasL in the Media

Previously reported data have shown that the shedding of
s-FasL by activated T-cells is dependent on metallopro-
teinase activity.3–5 The detection of s-FasL in the media of
ESFT cells led us to the hypothesis that ESFT cells may
also have an active metalloproteinase-like enzyme that
cleaves tm- to s-FasL. To test this hypothesis we treated
TC-248 cells with various synthetic and natural tissue
inhibitors of metalloproteinases. The zinc chelating agent
1,10-phenanthroline (Figure 5A) and the hydroxamic ac-
id-based metalloproteinase inhibitor BB-3103 (Figure 5B)
reduced the levels of s-FasL in the culture supernatant.
On the contrary, treatment with the natural tissue metal-
loproteinase inhibitors TIMP-1 and TIMP-2 did not result
in decreased levels of s-FasL in the supernatant (Figure
5C). These results suggest that in ESFT cells, FasL is

Figure 4. Jurkat cells grown in nonconditioned media (A) and in media conditioned with TC-248 cells in the absence (B) or presence (C) of the FasL-neutralizing
NOK-2 antibody were stained with the TUNEL method to detect apoptosis. Fluorescent nuclei corresponding to apoptotic nuclei are present in Jurkat cells
incubated with TC-248 conditioned media, verifying the existence of functional s-FasL. Jurkat cells in non conditioned media (A) and in conditioned media with
blocking antibody (C) show no apoptotic nuclei in these figures. Scant TUNEL-positive cells were only present in these conditions (Magnification, 3130).

Figure 5. Regulation of s-FasL release by metalloproteinases, detected by immunoblotting. Phenanthroline (A) and BB-3103 (B) inhibited the release of s-FasL in
the media of TC-248 cells, whereas TIMP-1 and TIMP-2 did not (C).

Fas Ligand in Ewing’s Sarcoma Family of Tumors 1953
AJP December 1998, Vol. 153, No. 6



cleaved into s-FasL by a zinc-dependent metalloprotein-
ase that is inhibited by BB-3103 but not by TIMP-1 or
TIMP-2.

Discussion

The expression of FasL in normal tissues is limited to
activated lymphocytes, macrophages,4 and endothelial
cells,23 and to a few immune-privileged tissues such as
the testis,24 eye,25 brain26 and placenta.27 However, the
list of tumors that express FasL is increasing and in-
cludes such histogenetically diverse tumors as hemato-
poietic neoplasms,3,28–30 melanoma,3 carcinomas (co-
lon, hepatocellular, and lung),14,22,31,32 and glioma.33,34

Our finding of FasL in ESFT shows that FasL is not re-
stricted to adult malignancies but is also expressed in
pediatric sarcomas, namely ESFT. ESFT comprise a
group of tumors with excellent initial response to chemo-
therapy and radiation, but with subsequent failures at
metastatic sites.16 Recently it has been proposed that
FasL-expressing tumor cells use this molecule to over-
come the host’s immune surveillance (“counterattack”
model).14 This concept was further supported by exper-
iments in mice with and without mutation in the Fas
gene.15 Based on this model, we hypothesized that
clones of ESFT resistant to Fas-mediated apoptosis and
equipped with a cytolytic effector molecule such as FasL
may enter the circulation and form metastatic colonies.
Previous data have shown that only a small population of
tumor cells succeed in forming metastases,35–37 and in-
dividual metastases are likely clonal in origin.38,39 In-
deed, our data showed a statistically significant higher
expression of FasL in a large number of paired and
unpaired metastatic versus primary tumor tissue speci-
mens. This finding supports selective survival and expan-
sion of FasL-expressing clones in metastatic sites. The
cytolytic property of FasL in ESFT cells was confirmed in
co-culture experiments in which ESFT cells induced ap-
optosis of Jurkat cells. The apoptotic process was FasL-
specific because it was inhibited by a neutralizing anti-
FasL antibody.

FasL exists as tm-FasL and s-FasL.1,2 We detected
tm-FasL in all 9 and s-FasL in all 3 ESFT cell lines studied
by immunoblotting and/or immunofluorescence staining.
The tm-FasL was localized in the membrane, exhibiting a
coarse granular pattern, and also in the cytoplasm, as
reported previously.6,7 The s-FasL was detected primar-
ily in ESFT cell-conditioned media but also in cell pellets.
Studies regarding the presence of s-FasL in human tu-
mors have been limited. Specifically, s-FasL has been
detected in cells and sera of patients with melanoma,15 in
sera of patients with hematological malignancies,3,28 and
in media conditioned with bleomycin-treated hepatocel-
lular carcinoma cells.32 The biological significance of
s-FasL in solid tumors is currently unknown. Because it is
released in the extracellular milieu and has been reported
to have apoptotic properties,2–5,28 s-FasL may induce
apoptosis of activated lymphocytes beyond sites of tu-
mor establishment, thus facilitating tumor cell propaga-
tion and successful homing of distant organs. However,

the significance of the apoptotic properties of s-FasL in
vivo has been recently questioned. Specifically, one
study has shown that only aggregated s-FasL induces
apoptosis in Jurkat cells40 and another has suggested
that various cells have preferentially lower sensitivity to s-
than to tm-FasL depending on their levels of Fas expres-
sion.41 We found that ESFT-conditioned media induced
apoptosis in Jurkat cells at 15-fold concentration. These
data support the hypothesis that s-FasL has apoptotic
properties in vitro, but its apoptotic role in biological sys-
tems requires further confirmation. It has also been sug-
gested that s-FasL may act as a negative regulator of cell
death via binding to the Fas receptor and formation of
Fas/s-FasL complexes, which are easily internalized,
leading to secondary down-regulation of Fas.41 Alterna-
tively, s-FasL may simply be a catabolic product of FasL
by which the cell down-regulates its surface levels of
FasL, thus avoiding a suicidal death. To use the Fas/FasL
system to their advantage, tumor cells must acquire re-
sistance to Fas-mediated cytotoxicity. This is accom-
plished by one or both of the following mechanisms:
decreased expression of the Fas receptor in tumor
cells15,32,33 or abrogation of transmission of the death
signal.14,15 The first mechanism does not apply to ESFT
because these tumors frequently express Fas in both
primary and metastatic sites, as shown in this study. In
that respect, ESFT cells are similar to colon carcinoma
cells that are resistant to Fas-mediated apoptosis but do
not lack Fas expression.14 Defective transmission of the
cytotoxic signal may be partially responsible, because
the 3 ESFT cell lines we studied were found to be resis-
tant to the cytotoxic anti-Fas antibody. However, not all
ESFT are resistant to Fas-mediated cytotoxicity, as we
have shown in another study.42 In the nonresistant cells,
down-regulation of tm-FasL by cleavage may be impor-
tant to their survival.

Recent studies have indicated that the FasL in acti-
vated human T-cells and FasL cDNA transfectants is
processed by a metalloproteinase to yield a soluble
form3–5 similar to its homologous, TNF-a43,44 that is
cleaved by a recently cloned TNF-a converting en-
zyme.45,46 The processing of the TNF-precursor is inhib-
ited by hydroxamic acid-based synthetic metalloprotein-
ase inhibitors that block zinc endopeptidases,43,47 but
not by exogenous TIMPs. These data suggested that a
truncated metalloproteinase to which TIMPs are less po-
tent may be responsible for TNF-a processing.43 In this
study we show that the tm-FasL in ESFT cells may also be
cleaved into a soluble form via a peptidase that is a
metalloproteinase, since both the general zinc chelator
1,10-phenanthroline and the more specific hydroxamic
acid-based metalloproteinase inhibitor BB-3103 inhibited
the shedding of s-FasL in the media. In agreement with
the previous studies of TNF, TIMP-1 and TIMP-2 did not
inhibit the release of s-FasL, supporting similarities be-
tween the metalloproteinases involved in cleavage of the
two molecules. Recent data have shown that TNF-a and
FasL are cleaved by distinct metalloproteinases that
carry a similar active site.41

Our data show that in solid tumors, namely ESFT, FasL
may be cleaved by a metalloproteinase, because the
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release of s-FasL was inhibited by a metalloproteinase
inhibitor (BB-3103)48,49 as previously shown in lymphoid
cells with older generation metalloproteinase inhibitors of
the same family, such as batimastat (BB-94) and mari-
mastat (BB-2516).3,4,41 Batimastat and marimastat have
been shown to reduce metastases and tumor growth in
experimental assays and nude mice50,51 and have been
used as antineoplastic agents in phase II and III trials of
a wide range of human solid tumors.52–54 Their mode of
action has been explained on the basis of their inhibition
of extracellular matrix cleavage by metalloproteinases.
However, new experimental evidence suggests that ma-
trix metalloproteinases influence tumor progression not
only via degradation of extracellular matrix, but also via
growth regulation of primary and metastatic tumors.50,55

Our finding that s-FasL levels in the media are reduced
by the metalloproteinase inhibitor BB-3103 suggests that
metalloproteinase inhibitors may reduce tumor growth by
reversing the ratio of s- and tm-FasL. This may lead to
tm-FasL accumulation, as reported in lymphoid and
monocytic cells treated with metalloproteinase inhibi-
tors,4,5,41 and to tumor cell suicide in cells with a func-
tional Fas pathway.

In conclusion, we have shown that ESFT generally
express FasL and at significantly higher levels in their
metastases. This suggests that FasL may help Fas-resis-
tant tumor cells overcome the surveillance of the immune
system. We have also shown that ESFT produce FasL in
both transmembrane and soluble forms. The balance of
these molecules may be important in tumor growth and
metastasis and can be controlled by synthetic metallo-
proteinase inhibitors.
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