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Biologically Active Fas Antigen and Its Cognate Ligand Are Expressed
on Plasma Membrane-Derived Extracellular Vesicles

By Joseph Albanese, Sarkis Meterissian, Maria Kontogiannea, Catherine Dubreuil,
Arthur Hand, Sandra Sorba, and Nicholas Dainiak

Exfoliation of plasma membrane components is a directed
process that consumes energy and requires active cell me-
tabolism. Proteins involved in regulating the survival and
proliferation of eukaryotic cells are released on exfoliated
vesicles. We examine here whether the Fas receptor and its
cognate ligand (FasL) are present on vesicles shed from high
metastatic potential CX-1 cells and low metastatic potential
MIP-101 cells and from HuT 78 cells, respectively. Rates of
exfoliation at 2 hours and cumulative levels of extracellular
vesicles in serum-free medium conditioned by CX-1 cells are
increased by 1.8-fold and 1.6-fold, respectively, relative to
that in medium conditioned by MIP-101 cells. Although
vesicles shed from both cancer cell lines contain Fas antigen,
the amount of Fas per vesicle and the percentage of vesicles
containing Fas are increased for vesicles isolated from MIP-
101 cells, relative to those from CX-1 cells, as determined by
immunogold particle labeling and electron microscopy and
by immunofluorescence microscopy and flow cytometry.
Results of metabolic labeling with 3°S-methionine indicate
that Fas biosynthesis is reduced by up to 3.3-fold for CX-1

cells, relative to that of MIP-101 cells, consistent with the
finding of decreased Fas on vesicles shed from the plasma
membrane of CX-1 cells. Although mRNA for soluble Fas
receptor is detectable in both cell lines, depletion of shed
vesicles from serum-free medium by ultracentrifugation
removes all detectable biological activity. FasL is detected on
vesicles exfoliated from HuT 78 cells by immunoelectron
microscopy and Western blot analysis. FasL-bearing vesicles
induce apoptosis of Fas-expressing cancer cells at the same
level as observed by treatment with monoclonal anti-Fas
antibody. Furthermore, Fas-bearing extracellular vesicles
from MIP-101 but not from CX-1 cells protect the CX-1 cell
line from FasL-induced and anti-Fas-mediated apoptosis,
indicating that Fas present on shed vesicles is biologically
active. We conclude that the Fas antigen and its cognate
ligand are exfoliated from the cell surface in a bioactive
configuration. Exfoliation may provide a mechanism for
long-range signal-directed apoptosis while maintaining Fas/
FasL on a membrane surface.

© 1998 by The American Society of Hematology.

AS ANTIGEN (Fas; CD95 receptor), a cysteine-rich type | molecular mass varying between 36 and 43%kPRecently, a
transmembrane glycoprotein, is a member of the tumor30-kD variant of FasL has been immunoprecipitated from
necrosis factor (TNF) family. Its molecular mass ranges from 45extracts of plasma membrangdlt, too, belongs to the TNF
to 52 kD! In common with other members of the TNF family of cytokines!:12However, in contrast to the ubiquitous
receptor family, Fas spans the plasma membrane once; itsxpression Fas, FasL is predominantly expressed on the surface
intracellular domain is distinct from that of any other member of of activated T lymphocytes, natural killer (NK) cells, and
the family. Many cell types, including lymphoid, myeloid, Sertoli cells. Recent studies have shown that déland livei4
hematopoietic progenitor, epithelial, and endothelial cells, excarcinomas, as well as melanctheells also express FasL that
press Fas on the cell surface and undergo apoptosis Whemay trigger apoptosis of activated T cells, a process that may
treated with anti-Fas antibo#iyor the cognate ligand for Fas, enhance tumor cell survivat:16 Recent evidence suggests that
Fas ligand (FasL; CD95L9In addition to normal cells, many the interaction of (membrane bound) FasL with Fas involves
malignant cells of hematologic and nonhematologic origin gligomerization of three FasL molecules on the surface of
express Fas, which can be triggered to signal apoptotic celffector cells that subsequently bind Fas molecules (also present
death after ligation of Fas at the plasma membrane by FasL 0s trimeric complexes) on the surface of target cglis. this
by functional antibodies to F&$. model, each ligand subunit interacts with two of the three Fas
FasL is a type Il transmembrane protein with an appareniygjecules, resulting in formation of a receptor comptéx.
An increased concentration of soluble Fas has been detected
in serum of patients with solid tumot8,T-cell leukemias, or
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Components of the plasma membrane of both normal and

charge payment. This article must therefore be hereby matkeer- malignant cells are continually exfoliated from the surface as

tisement"in accordance with 18 U.S.C. section 1734 solely to indicate PlaSma membrane-derived vesiciés? Exfoliation may play a
this fact. role in malignant cell survival by permitting tumor-specific cell

© 1998 by The American Society of Hematology. surface antigens to be shed from the plasma membrane, thus
0006-4971/98/9110-0022$3.00/0 avoiding recognition by host immune defence mechan®ms.
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Several reports have suggested that, in addition to cloakingltered through a 30-um nylon mesh (Falcon; Becton Dickinson,
themselves from the host’s immune system, tumor cells activelyrranklin Lakes, NJ) to remove clumps. The volume was adjusted to 3.5
participate in downregulating the function of antigen-presentingml- with PBS and ]x 107 cells were surface labeled by incubation with
cells by releasing plasma membrane component-bearing vesicled/© lodo-Beads (Pierce, Rockford, IL) and 2 m€&il (Amersham Life
thereby increasing their chance of survi¥a# Recently, Dolo Smencg, Oal'<V|IIe, Ontario, Canada). The cells were gently mlxed by
et aP° demonstrated that transforming growth facgeearing slowly inverting the 5-mL tube for 1 minute, and the reaction was

icl | df h b . lIs inhibit th uenched by removing the beads. The cells were pelleted by centrifuga-
vesicles released from human breast carcinoma cells inhibit t on for 5 minutes at 70§ and washed three times with 5 mL PBS.

proliferation of sp_ecific target lymphocytes that recognize cellagiolaneled cells were then cultured in serum-free RPMI under the
surface tumor antigens. conditions described above.

These findings, coupled with accruing evidence for the vesicle preparation. Serum-free conditioned medium was decanted
participation of Fas/FasL interaction in the maintenance offrom flasks and centrifuged at 2,a9fbr 10 minutes to remove cells and
tissue homeostasis, prompted us to investigate whether Fatebris, as described previoudlyThe supernatant was subjected to
and/or FasL are shed on plasma membranes-derived vesicl@gracentrifugation at 100,0@0for 12 hours at 8°C. Supernatant was
from high (CX-1) and low (MIP-101) metastatic potential discarded and the vesicles were washed twice by resuspending the pellet
human colorectal carcinoma cell lifésand from the cell- inPBS, followed by ultracentrifugation at 100,@Mfor 12 hours at 8°C.

surface of HUT 78 cells, an activated human T-cell line. Our Yesicles were used immediately or stored aB0°C until needed.
. Vesicles collected froni23-labeled cells were resuspended in 5 mL
results show that (1) Fas and FasL are released on shed vesicles

. . _ o . Scintillation cocktail (Dupont, Kingston, Ontario, Canada) and the
(2) Fas-bearing vesicles efficiently inhibit FasL-and antl'FaSamount of radioactivity (cpm) was determined by scintillation counting.

?nt'bOdy'med'ated apopt_05|§, arPd _(3) FasL-bearing vesicles Viability assay. Cell viability was correlated to the capacity of cells
induce cell death. These findings indicate that Fas and FasL akg requce 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
present on vesicles in a bioactive conformation. Furthermoremide to formazan, as described by the manufacturer of the MTT assay
our finding that Fas-bearing vesicles inhibit FasL-bearing(Sigma Chemical Co, St Louis, MO). Briefly, & 1P cells were
vesicle-mediated cell death suggests that Fas/FasL recognitiarultured in wells of a 96-well microtiter plate (Becton Dickinson) for 24
takes place when these proteins are presented to each other hpyrs under the conditions described above. After the incubation period,
components of extracellular vesicles. media was removed and replaced with 200 pL fresh RPMI medium
containing 10% FCS, cycloheximide (10 pg/mL), and 100 ng isotype-
matched antibody (IgM) as a control (Calbiochem Corp, LaJolla, CA)
or 100 ng murine monoclonal antihuman Fas antibody, CH. 11 (Kamiya
Cell cultures. Human colorectal adenocarcinoma cell lines, CX-1 Biomedical Co, Thousand Oaks, CA). Twenty microliters of vesicles
and MIP-101, were a generous gift from Dr P. Thomas (Deacones$40 pg total protein) prepared from CX-1 or MIP-101 cells and
Hospital, Harvard Medical School, Boston, MA). The HuUT 78 cell line resuspended in PBS was added to appropriate wells. Cells were
(American Type Culture Collection, Rockville, MD) is an activated incubated for 24 hours, after which MTT reagent was added. The cells
T-cell line obtained from a patient with Sezary syndrome that is knownwere incubated for an additional 4 hours, and levels of formazan were
to express FasL. Cell lines were established in T225 cell culture flaskgjuantified with an enzyme-linked immunosorbent assay (ELISA) reader
(Costar Corp, Cambridge, MA) and regularly maintained, as describedat 570 nm.
previously3° Briefly, cells were cultured in RPMI-1640 (RPMI) me- Relative resistance of CX-1 and MIP-101 cell lines to anti-Fas—
dium (GIBCO BRL, Grand Island, NY) supplemented with 10% fetal induced and FasL-induced cell death was determined in a similar
calf serum (FCS) and containing 100 U/mL of penicillin and 100 fashion, with the exception that RPMI medium was not replaced after
mg/mL streptomycin (P/S) (GIBCO BRL) in a humidified atmosphere the initial 24-hour incubation period; cycloheximide and antibodies
containing 5% C@ at 37°C. Before harvesting vesicles, cells were were added to the conditioned medium, as described above.
permitted to grow under low serum conditions as follows: cells in  Fas biosynthesis. Biosynthesis of Fas was measured usf§-
confluent flasks were washed three times with phosphate-bufferednethionine, as described previoughBriefly, CX-1 and MIP-101 cells
saline, pH 7.2 (PBS), and gently detached with 15 mL PBS containingmaintained in RPMI medium supplemented with 10% FCS were gently
15 mmol/L sodium citrate, pH 7.2. After centrifugation at §dor 5 detached by treatment with 15 mmol/L citrate-PBS solution and
minutes, the citrate solution was aspirated and the cells were resusiarvested by centrifugation at 89@or 5 minutes. Cells (1.5¢< 10")
pended in 20 mL RPMI containing 8% FCS and P/S. Two milliliters of were washed twice with PBS and resuspended in methionine-free
the cell suspension was introduced into T225 culture flasks containindRPMI-1640 medium supplemented with 10% FCS at a density »f 5
50 mL of RPMI supplemented with 8% FCS and P/S. Cells were 10° cells/mL, and 300 uC#S-methionine (Amersham Life Science)
allowed to reach confluency and passaged once again in a serumas added. Cells were incubated for 2 or 16 hours at 37°C in a
concentration that was further reduced by 2%. This process wafumidified atmosphere with 5% GOrrypan blue staining showed that,
repeated until the cells were maintained in media containing 2% FCSat the time of harvest, greater than 95% of the cells excluded dye.
and P/S. When cells were 60% to 70% confluent, media was aspirated, Preparation of RNA. Ten million MIP-101 or CX-1 cells grown
cells were washed three times with PBS, and 200 mL of fresh,under serum-free conditions were detached from T225 flasks and
serum-free RPMI was added to each flask. Flasks were returned into thiearvested by centrifugation at 8p@r 5 minutes. The cell pellet was
incubator and cells allowed to grow for 16 to 18 hours. Typically, solubilized in 1 mL Trizol reagent (GIBCO-BRL) and 0.2 mL chloro-
greater than 95% of cells were capable of excluding trypan blue. form (Fisher Scientific, Montreal, Quebec, Canada) and then centri-
Cell surface labeling. Eighteen hours before cell surface labeling, fuged at 12,000 for 15 minutes at 4°C, as instructed by the manufac-
media in tissue culture flasks was aspirated and the cells were washddrer. The aqueous phase was transferred to a new tube and 0.5 mL
three times with 30 mL PBS. CX-1 and MIP-101 cells were incubatedisopropanol was added. After 10 minutes of incubation, the tube was
overnight in 100 mL serum-free RPMI medium. On the day of the centrifuged at 12,0Gffor 10 minutes at 4°C. The RNA precipitate was
experiment, medium was aspirated and the cells were washed thregashed with 1 mL 75% ethanol and centrifuged one more time, and the
times with 30 mL PBS and detached with 25 mL citrate solution. Cells pellet was allowed to dry for 15 minutes at room temperature. Isolated
were harvested by centrifugation, resuspended in 2 mL PBS, andotal RNA was dissolved in 30 pL diethyl pyrocarbonate (DEPC)-

MATERIALS AND METHODS
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treated water and quantified by UV spectroscopy using an UltrospedBS-T. Blots were developed with chemiluminescence substrate (ECL;
3000 (Pharmacia Biotech, Baie D'Urfe, Quebec, Canada). Amersham Life Science).

Reverse transcriptase-polymerase chain reaction (RT-PCRiyst- Fas antigen was deglycosylated as follows. To 200 pL of plasma
strand cDNA synthesis was accomplished by using 1 g total RNA andnembranes suspended in PBS was added sufficient SDS to give a final
random hexamer primer as substrates for Moloney-murine leukemigoncentration of 0.15%. The sample was boiled for 5 minutes and the
virus (M-MuLV) reverse transcriptase (MBI-Fermentas). A3 uL aliquot pH was adjusted to 7.8. After the additiof 8 U N-glyconase
of cDNAwas used as template for PCR amplification with the following (Boehringer Mannheim, Laval, Quebec, Canada) to the aliquot, the
primer pair, 3-GGA GCT GCC TCT TCT TCC-3and 3-ACA CTA sample was incubated at 37°C for 18 hours. Subsequently, an additional
ATT GCA TAT ACT CAG AACTG-3', corresponding to the complete 3 U of enzyme was introduced into the aliquot, and the sample was
CD95 (Fas antigen) coding regiéh. incubated at 37°C for 18 hours. Deglycosylated proteins were solubi-

Immunoprecipitation. 35S-methionine—labeled CX-1 and MIP-101 lized, immunoprecipitated, and subjected to Western blot analysis, as
cells (1x 107) were collected by centrifugation at 8éor 5 minutes. ~ described above.

Pellets were dissolved in 1 mL 50 mmol/L Tris-HCI buffer, pH 8.0,  Immunofluorescent microscopy and flow cytometiyIP-101 and
containing 0.5% Triton X-100 (Sigma Chemical Co), 10 mmoliL CX-1 cells were cultured in T-75 flasks (Falcon; Becton Dickinson), as
EDTA, and 150 mmol/L NaCl. Subsequently, suspensions were mixediescribed above. Cells were washed three times with PBS and detached
by inversion while incubating at 4°C for 30 minutes. After solubiliza- with 10 mL P_BS—citrate solution. The cell suspension was cgntrifuged at
tion, lysates were dialyzed against 0.05% Triton X-100 in Tris-Hc] 3008 for 5 minutes, and the pellet was then resuspended inatlef
buffer at 4°C for 16 hours. The radiolabeled samples were cleared wittF€!!S/mL PBS containing 1% FCS (PBS-FCS). One hundred microliters
goat IgG (Becton Dickinson) immobilized on protein G beads (Pierc(g)y(2 X 10 cells) of the cell suspensmn_ was transferred to _plastlc tubes
and Fas was immunoprecipitated by incubating the mixture with goaFalcon; 11.5< 75 mm) and 200 ng of isotype-matched antibody (IgM)
anti-Fas (provided by Dr L. Owen-Schaub, University of Texas, MD as a control (Calbiochem Corp) or 200 ng murine monoclonal antihu-

Anderson Cancer Center, Houston, TX) bound to protein G beads at gedan Fas a_ntlbody (CH_' 11) was added_. The ce_IIs were mixed gently and
for 2 hours. Beads were washed with 0.05% Triton X-100 in Tris-HCI placed on ice for 20 minutes. After the incubation period, the cells were

buffer three times and resuspended in 75 pL &f 2odium dodecyl washed twice with 2 mL PBS-FCS (centrifuged at §oor 5 minutes),

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sample bufferand 100 WL (50 pg/mL) of goat antimouse IgG/igM, (W L)-

(0.25 moliL Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, and 0.1% fluorescein conjugated antibody (Pierce) was added. The cells were

. . |Qﬁixed gently and the tubes were placed on ice for 20 minutes. The cells
bromophenol blue). Samples were placed for 5 minutes in a water bat ere washed twice with PBS-FCS and harvested by centrifugation at
at 100°C and centrifuged in a minifuge for 10 seconds, and the pellete Y 9

. . ) 00y for 5 minutes. The cell pellet was resuspended in 50 pL mountin
beads were discarded. A 15-pL aliquot of each sample was retained tﬁ @ P P H g

determine th N B6-methionine i tedini uid (1 part PBS and 9 parts glycerol), mounted on slides under
etermine the amount (cpm) 86-methionine incorporated in immuno- coverslips (Fisher, Montreal, Quebec, Canada), and sealed with nail

precipitated Fas. Thg remainder of each sample was electrophpresed VArnish. Cells were examined under fluorescence illumination using an
a 7.5% polyacrylamide gel, and reactive bands were visualized bynyinnot 5 microscope (Nikkon, Mississauga, Ontario, Canada) equipped
autorad}ography. ) . . . with a 40X magnification objective. Photomicrographs were obtained
Protein assay. Protein levels were determined using micro BCA using a Nikon camera (model FX-35DX; Nikon, Mississuaga, Ontario,
assay (Pierce), according to the protocol suggested by the manufacturgs,naqa). Samples studied by flow cytometry were prepared in identical

Electron microscopy. Exfoliated vesicle samples were placed on a taghion, except that, after the final wash, the cell pellet was resuspended
formvar-carbon coated 200 mesh copper grid that was glow-dischargegh 1 mL PBS before analysis.

just before application. Samples were allowed to adhere for 1 minute \gsjcles were harvested from serum-free medium conditioned by
and then wicked off with filter paper and allowed to air dry. The grids cx-1 or MIP-101 cells and enumerated on a FACS VANTAGE sorter
were blocked with 2% BSA in PBS for 30 minutes and then incubated(gecton Dickinson, Mountain View, CA) at the flow rate of 100 pL/min,
for 1 hour with mouse anti-Fas IgM (10 pg/mL). After three rinses in side scatter of 400 V, and FL1 of 700 V. Briefly>5 10° vesicles were
PBS and another block for 10 minutes, the grids were incubated for 2.%esuspended in 2 mL PBS-FCS, to which 100 ng mouse antihuman Fas
hours at 4°C on drops of goat antimouse IgM labeled with 10-nm gold|gM was added. Samples were incubated at 4°C for 30 minutes. Vesicles
particles. The grids were rinsed three times in PBS and then rinsed thregere washed as follows. The sample volume was increased to 30 mL
times with distilled water, stained for 1 minute with 2% ammonium with PBS-FCS and vesicles were pelleted by centrifugation at 109,000
molybdate, dried, and examined and photographed in a Philips CM1Gt 4°C for 4 hours. Pellets were washed, resuspended in a final volume
transmission electron microscope (JOEL Ltd, Tokyo, Japan) at 60 KV. of 2 mL, and incubated at 4°C for 30 minutes in the presence of rabbit
Western analysis. Expression of Fas and FasL was determined by dichloro triazinyl amino fluorescein (DTAF)-conjugated antimouse IgM
Western blot analysis. Solubilized plasma membranes or plasmg20 pug/mL). Vesicles were washed, resuspended, and analyzed by flow
membrane-derived vesicles were immunoprecipitated and electrophceytometry.
resed in SDS-7.5% polyacrylamide. Resolved protein bands were Statistical analysis. Unless otherwise stated, means were compared
transferred to nitrocellulose, blocked overnight with Tris-buffered using the Student’stest as calculated by Graphpad Prism version 2.0
saline (20 mmol/L Tris buffer, 137 mmol/L NaCl, pH 8.0) supplemented statistical software (Graphpad Prism Inc, San Diego, CA).
with 0.1% Tween-20 (TBS-T), and incubated for 1 hour at room
temperature with either murine polyclonal anti-FasL antibody (BMS RESULTS

140; Cedarlaqe Laborgtories, Hornby, Ontario, anada) or rabpit Quantitative exfoliation from high (CX-1) and low (MIP-101)
polyclonal anti-FasL antibody (Cedarlane Laboratories) that was dl_metastatic potential cell lines.The kinetics of exfoliation
luted 1,000-fold. The nitrocellulose membrane was washed three time§ : . ; . .

' rom well-differentiated and high metastatic potential CX-1

with 50 mL TBS-T. Lanes treated with murine anti-Fas antibody were ) . .
incubated for 1 hour with rabbit antimouse IgG (H L) (Jackson cells was compared with that of poorly differentiated and low

ImmunoResearch Laboratories, Mississauga, Ontario, Canada) dilutggi€tastatic potential MIP-101 cells. As.e\./ident frqm Fig 1A,
1,000-fold in TBS-T and then washed three times with TBS-T. CX-1 cells release moréd-labeled protein in association with

Subsequently, all lanes were treated for 30 minutes with horseradisshed vesicles over time (0 to 18 hours) than do MIP-101 cells.
peroxidase-conjugated goat antirabbit antibody diluted 5,000-fold inCumulative radioactivity shed after 18 hours is 1.8-fold greater
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Fig 1. Kinetics of exfoliation from CX-1 and MIP-101 human colorectal adeno-carcinoma cells. (A) Cumulative radioactivity (cpom) released on
shed vesicles collected from 1 x 107 surface-1?5-labeled CX-1 (H) and MIP-101 (A) cells after indicated incubation periods was quantified by
scintillation counting. (B) Rates of shedding were calculated by dividing total radioactivity (cpm) released by the incubation time. Shown are the
means * SD of three separate experiments. Note that shedding from CX-1 cells is quantitatively increased relative to shedding from MIP-101
cells.

for CX-1 cells than for MIP-101 cells. When rates of exfoliation surface of CX-1 cells (Fig 5A), compared with an intense
are compared (Fig 1B), both cell lines exhibit the largest releasdluorescence that was evident on MIP-101 cells (Fig 5B).
of radioactivity (cpm) per hour after 2 hours of incubation, Consistent with our findings in Fig 5A and B, flow analysis of
consistent with our results of kinetic studies for shedding fromCX-1 and MIP-101 cells stained with IgM anti-Fas antibody
normal human B cells and continuously maintained cell liffes. and anti-lgG FITC-conjugated antibody shows a 90-fold de-
The rate of shedding from CX-1 cells at 2 hours was 3.6-foldcrease (mean channel, 5.7 for CX-1 cei512.8 for MIP-101)
greater than that of shedding from MIP-101 cells. in Fas antigen expression at the cell surface of CX-1 cells
Visualization of Fas on shed vesicle?lasma membrane- relative to MIP-101 cells (Fig 6). These results confirm our
derived vesicles isolated from medium conditioned by CX-1 orinitial observation that Fas may be downregulated in CX-1
MIP-101 cells were visualized by transmission electron micros-cells, relative to MIP-101 cells.
copy, and Fas antigen was detected on their surface by To assess whether Fas is released at a high density on vesicles
immunogold particle labeling. Vesicle size and texture wereshed from the surface of CX-1 cells (relative to that from
heterogeneous, findings typical for shed vesiétés shownin ~ MIP-101 cells), extracellular vesicles were harvested, labeled
Figs 2 and 3, vesicles from both cell lines are heterogeneous iwith anti-Fas antibody plus FITC-conjugated second antibody,
shape and size (ranging from 0.05 to 0.5 um) as well as imand assessed by flow cytometry. In general, labeling of vesicles
distribution of Fas (arrowheads) on the shed vesicle surface. Nshed from CX-1 cells was more homogeneous than that of
difference in vesicles released from MIP-101 versus CX-1 cellsvesicles shed from MIP-101 cells. In two separate studies, the
was apparent by electron microscopy. However, vesicles demean+ SD percentage of labeled extracellular vesicles from
rived from CX-1 cells (Fig 3) show relatively less immunogold CX-1 cells was 1.95% 0.78%, whereas that for vesicles from
particle labeling than do vesicles shed from MIP-101 cells (FigMIP-101 cells was 20.0% 3.1% (P < .01). Together with
2). The distribution of Fas on vesicles derived from plasmaelectron micrographic results showing the presence of Fas on
membranes of MIP-101 cells was typical for all fields that werevery few vesicles shed from CX-1 cells (Fig 3), these observa-
examined. In contrast, vesicles shed from CX-1 cells failed totions suggest that exfoliation plays a limited role in reducing the
show the presence of Fas in the majority of fields that werelevel of cell surface Fas. This possibility prompted us to
examined. investigate rates of Fas biosynthesis in CX-1 and MIP-101 cells
Western blot analysis of detergent solubilized MIP-101-that were labeled witP°S-methionine.
derived shed vesicles and immunoprecipitated with anti-Fas Figure 7 shows the amount of radiolabeled-Fas specifically
antibody show two bands with apparent molecular weights of(cpm bound by anti-Fas minus cpm bound by control antibody)
45 and 48 kD corresponding to differentially glycosylated Fasprecipitated from lysates obtained from CX-1 or MIP-101 cells.
protein (Fig 4). Treatment of the vesicle extract with N- After 6 hours, CX-1 cells synthesize 1.6-fold less Fas than do
glyconase before SDS-PAGE results in the disappearance of thdIP-101 cells. After 16 hours of incubation, CX-1 cells
higher molecular weight band, indicating that, in fact, the synthesize 3.3-fold less Fas, relative to MIP-101 cells. These
proteins immunoprecipitated with anti-Fas antibody are notresults are supported by autoradiographs®8flabeled cells
unrelated proteins but rather are glycoslyated isoforms of theshowing the presence of molecular weight 45,000 and 48,000
same protein recognized by the antibody. proteins (corresponding to the molecular masses of differen-
Biosynthesis and cell-surface expression of Fabhe rela- tially glycosylated Fas antigen) immunoprecipitated with anti-
tive distribution of Fas on the cell-surface of CX-1 and MIP-101 Fas antibody and subjected to SDS-PAGE (Fig 8). Together, the
cells was reevaluated and quantified using fluorescence microsesults suggest that reduced levels of Fas on extracellular
copy. A discontinuous ring of fluorescence was observed on theesicles may be the result of diminished Fas synthesis and
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Fig 2. Electron micrograph of
immunogold-labeled Fas-bear-
ing vesicles shed from MIP-101
cells. Fas (arrowheads) was de-
tected with gold particle-conju-
gated antimouse anti-Fas anti-
body. The micrograph is at
57,000x magnification and the
inset is at 68,000x magnifica-
tion; scale bar = 0.2 pm.

consequently, decreased amounts of Fas on plasma membrariesel of membrane-associated Fas receptor than do MIP-101
from which vesicles are shed. cells (Figs 5 through 8).

Soluble receptor for Fas is produced by CX-1 and MIP-101 Biological effects of vesicles shed from CX-1 and MIP-101 on
cells. A soluble form of the receptor for Fas that lacks a anti-Fas—mediated cytotoxicity.In previous experiments, we
transmembrane domain may be released from tumor cells viabserved that CX-1 cells treated with anti-Fas antibody are
the process of secretiGh??3* Release of soluble Fas may more sensitive to anti-Fas—mediated cell death than are MIP-
provide a mechanism by which malignant cells escape immunoi01 cells, as assessed by an MTT as&ayherefore, experi-
destructior?® To assess whether MIP-101 or CX-1 cells pro- ments were performed to determine whether vesicles shed from
duce soluble Fas, both cell lines were examined for mMRNAMIP-101 and CX-1 cells alter sensitivity to cell death induced
encoding a soluble form of the receptor for Fas. Amplification by anti-Fas antibody. The finding of reversal of anti-Fas
of the entire coding region showed two transcripts, correspondantibody-induced apoptosis would suggest that Fas present on
ing to the membrane-bound and soluble forms of Fas antigeshed vesicles is biologically active, analogous to the bioactivity
(Fig 9). RT-PCR showed that, although the major transcriptof other molecules expressed on the surface of shed vegidfes.
appears to be 311 bp in size (membrane-bound form), a minor As shown in Fig 10, the viability of CX-1 cells after treatment
transcript of 251 bp (soluble form) is also present in both cellwith anti-Fas IgM alone (69.9%+ 0.7%) was enhanced
lines33 No other bands were detected. It is noteworthy that(P < .01) when these cells were treated with anti-Fas in the
mRNA for both forms of Fas appears to be less abundant irpresence of vesicles shed from MIP-101 cells (94:9%.3%).
CX-1 cells, relative to that detected in MIP-101 cells, a finding In contrast, addition of anti-Fas IgM to CX-1 cells in the
that is similar to the observation that CX-1 cells produce a lowerpresence of vesicles from medium conditioned by CX-1 cells
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Fig 3. Electron micrographs
of vesicles shed from CX-1 cells.
Large arrowheads point to gold
particles in association with Fas
antigen on plasma membrane-
derived vesicles. In (A), a few
gold particles (small arrowheads)
not associated with vesicles can
be seen and apparently repre-
sent nonspecific background.
Both micrographs are at 92,000 x
magnification. Scale bar = 0.2
pm.
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did not increase cell viability, compared with treatment of CX-1 MIP-100 cells was prepared and centrifuged under conditions

cells with anti-Fas alone (74.2% 2.5% v 69.9% * 0.7%,

that deplete extracellular vesicles but that do not remove soluble

respectivelyP > .05). These results, together with immunoelec- proteins of less than 100 kB Vesicle-free medium conditioned
tron and immunofluorescence microscopy results showing higlby either CX-1 or MIP-101 did not increase the viability of
Fas antigen density on vesicles derived from MIP-101 cells,CX-1 cells that were treated with anti-Fas IgM (65.6%4..0%
indicate that Fas shed on the surface of exfoliated vesicles iand 69.6%* 2.0%, respectively), relative to cells treated with
biologically active. Moreover, the amount of activity present on anti-Fas IgM plus fresh RPMI medium (65.8% 3.4%; Fig

shed vesicles correlates with the amount of antigen that can bg1A). Although these results suggest that physical presentation
determined by immunoelectron and immunoflourscence microsof Fas in association with a membrane surface is important for

copy and by flow cytometry.

expression of biological activity, they do not exclude the

Bioactivity is undetectable in vesicle-free medium condi-possibility that small amounts of bioactive soluble Fas are

tioned by CX-1 or MIP-101 cells.Because CX-1 and MIP-

released from CX-1 and MIP-101 cells that are undetectable in

101 cells produce the soluble form of Fas (Fig 9), it is possiblethe MTT assay?
that protection from anti-Fas-mediated apoptosis is due to the \jsyalization of FasL on shed vesiclesTo determine whether

release of soluble Fas receptor rather than to vesicle-associategls) is also released on shed vesicles. we examined extracellu-

Fas. Therefore, serum-free medium conditioned by CX-1 ofiar vesicles from HUT 78 cells which are known to express high

CTRL N-GLY

48> .
45>
Fig 4. Western blot analysis of solubilized extracellular vesicles
harvested from MIP-101 conditioned medium. Vesicles extracted
with n-octyl B-D-glucopyranoside and treated with N-glyconase
before SDS-PAGE produce a single band with an apparent molecular
weight of 45 kD when probed with anti-Fas antibody (N-gly). Vesicles
extracted with detergent and subjected to SDS-PAGE without N-

glyconase treatment show two bands with apparent molecular
weights of 45 and 48 kD when probed with anti-Fas antibody (C).

levels of FasL at their cell surface. Vesicles harvested from HUT
78 cell-conditioned medium were labeled with rabbit anti-FasL
antibody and antirabbit immunogold-conjugated antibody and
examined by electron microscopy. As with vesicles derived
from MIP-101 and CX-1 cells, vesicles isolated from HuT 78
cells are heterogenous in shape and texture. As shown in Fig
12A, vesicles labeled with immunogold particles (arrowheads)
range in size from 0.2 to 0.4 um. In control experiments, no
labeling was observed for vesicles treated with immunogold-
conjugated antibody alone (Fig 12B).

Detergent solubilized plasma membranes or vesicles derived
from HuUT 78 cells, immunoprecipitated with anti-FasL anti-
body and subjected to Western blot analysis, show a 30-kD band
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incubated with CX-1—-derived extracellular vesicles (negative
control). Vesicles shed from the surface of MIP-101 cells (but
not those from CX-1 cells) restore nearly full viability (97.526
0.8%V 93.9% * 0.6%, for control CX-1 cells incubated with
vesicles shed from CX-1 celistest CX-1 cells incubated with
mixtures of vesicles shed from Hut 78 cells and MIP-101 cells,
respectively). Furthermore, depletion of shed vesicles from
serum-free medium conditioned by HuT-78 cells results in
removal of the biological activity of FasL (Fig 11 B), suggesting
that soluble FasL is either inactive or present in an undetectable
guantity. Together, these results provide strong evidence that
FasL on shed vesicles is biologically active and that FasL
interacts with its cognate receptor, Fas, when the two proteins
are presented together as components of mixed populations of
extracellular vesicles.

DISCUSSION

Survival and differentiation signals are transmitted among
eukaryotic cells via interactions of growth factors released by
effector cells in the form of (1) soluble cytokines and/or (2) shed
vesicle-bound growth factors, with cognate receptors expressed
on the target cell surfadé:#t Alternatively, membrane-bound
growth regulators are presented to cognate receptors via direct
physical interactions at the cell surface, a process referred to as
juxtacrine communicatiof? Comparably, apoptosis signals are
transmitted by soluble factors (eg, TN; by perforin-
containing vesicles, or by direct physical interaction of Fas
ligand expressed on cytotoxic T lymphocytes and NK cells with
Fas receptor present on target céité

Our finding that bioactive Fas and FasL are shed on vesicles
derived from the plasma-membrane of MIP-101 cells and HuT
78 cells, respectively, is in accord with the notion that membrane-
bound growth factors, such as mBPA, macrophage—colony-
stimulating factor (M-CSF), and flt3-flk2, are released on

Fig 5. Immunofluorescence microscopy indicates that CX-1 cells extracellular vesicles where they express biological actf¥it§.

(A) express lower quantities of cell-surface Fas than MIP-101 cells (B).  pg release of cell-surface molecules on shed vesicles may
Cells were labeled with mouse anti-Fas antibody and then treated . . . .
with antimouse FITC-conjugated antibody. Note that CX-1 cells (A) provide a mechanism for communication among cells that are
show a discontinuous ring of fluorescence on their cell surface; in not necessarily adjacent to each other but in which long-lasting
contrast, MIP-101 cells (B) stain very intensely with secondary stimulation can be achieved. Proximal interactions mediated by
antibody. signals carried on extracellular vesicles may be analogous to
juxtacrine communication between effector cells and target
(Figs 13 and 14). The apparent molecular mass of this protein isells. Ligand-bearing extracellular vesicles may permit long-
similar to that of Fasl}! consistent with the notion that FasL range interactions while still maintaining effector molecules
protein on shed vesicles and on the plasma membrane amdncentrated on a membrane surface, thereby restraining their
similar in size. In contrast, FasL is not immunoprecipitated fromdilution in the pericellular environment.
plasma membranes or vesicles derived from the CX-1 colorec- We determined here that vesicles shed from the surface of
tal cell line. viable MIP-101, CX-1, and HuT-78 cells display Fas of FasL.

Effects of Fas ligand-expressing extracellular vesicles on cellBecause it is possible that extracellular vesicles are themselves
viability. To test whether FasL-bearing vesicles derived fromreleased from potentially rare cells undergoing apoptosis during
HuT 78 cells display biological activity, CX-1 cells were short-term culture, it was important to distinguish shed vesicles
incubated with FasL-associated vesicles, and their viability wagrom apoptotic bodies. Unlike shed vesicles, apoptotic bodies
measured 24 hours later, using the MTT assay. As shown in Figre plasma membrane bound structures that contain nuclear
15, viability of CX-1 cells is decreased by incubation with fragments and well-preserved organelles such as mitochondria
FasL-bearing vesicles or monoclonal anti-Fas antibody (posiand endoplasmic reticului:31In virtually all fields examined
tive control; P < .01). Cells treated with either FasL-bearing by electron microscopy, no evidence was found for the presence
vesicles or monoclonal anti-Fas antibody induce comparabl@f either nuclear material or organelles (intact or partially
decreases of the percentage of cell viability (694%.6% and  degraded) within extracellular vesicles (Figs 2, 3, and 12).
64.4%=* 0.6%, respectively® > .05). By contrast, viability is  Accordingly, vesicles released from MIP-101, CX-1, and HuT-78
unchanged (98.83%: 0.69%;P > .05) when CX-1 cells are cells are morphologically identical to vesicles shed from normal
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Fig 6. Flow cytometry of MIP-101 and CX-1 human colorectal carcinoma cells. MIP-101 (2 x 103) or CX-1 (2 x 10°%) were treated with murine
anti-Fas antibody and then stained with fluorescein-conjugated antimouse antibody as described in the Materials and Methods. MIP-101
(MIP-101) cells display greater fluorescence (mean channel, 512.76) than CX-1 (CX-1) cells (mean channel, 5.73), indicating greater expression of
Fas antigen on the latter cell line.

human lymphocytes, which, in previous studies, we have foundewer associations between actin and vinculin and the plasma
to contain no cytoplasmic market&?’ membrané? suggest that disruption of cytoskeletal elements

The release of proteins on exfoliated membrane vesicles isnay be a prerequisite for extracellular vesicle formation.
dependent on intracellular processes, including mRNA syntheCalpain, an intracellular calcium dependent protease, demon-
sis and translation, as well as posttranslational modific&fion. strates high specificity for anchor cytoskeletal eleméngs)d
Because shedding from the cell surface requires energy and
active cell metabolism and occurs from distinct regions of the
plasma membrane, exfoliation is a directed (rather than random)
procesg’847 Although the mechanism of exfoliation is not
completely understood, we have observed that contractile
proteins participate in the exfoliation of cytokines in association
with shed vesicle®? Furthermore, the observations that nonmeta-
static cells shed less then their metastatic counterparts, |
coupled with the findings that highly metastatic cells exhibit
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Fig 7. Synthesis of Fas by CX-1 and MIP-101 cells. CX-1 (O) and
MIP-101 (N) cells were cultured in methionine-free medium for 6 or 16 ;
hours with 300 nCi 35S-methionine. Cells were lysed with Triton X-100

and the lysates were immunoprecipitated sequentially with goat IgG
and goat anti-Fas IgG antibody. Radioactivity in aliquots (one fifth of
the total sample) of each immunoprecipitated sample was deter-
mined by scintillation. Note that Fas synthesis is greater for MIP-101
cells than for CX-1 cells (P < .05). Shown are mean values of a single
experiment. Similar results were obtained in two additional studies.

Fig 8. Autoradiogram of 3°S-labeled, immunoprecipitated protein.
Fas antigen immunoprecipitated from lysates of MIP-101 (left) and
CX-1 (right) cells incubated for 6 or 16 hours with 300 pCi 3°S-
methionine were resolved on a 7.5% SDS-polyacrylamide gel by
electrophoresis. The autoradiogram was obtained by exposing an
x-ray film to the dried gel for 5 days at —80°C.
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Fig 9. Detection of Fas antigen splice variants in MIP-101 (MIP) 53
and CX-1 (C) cells by RT-PCR. Two transcripts of 311 and 251 bp £ ]
corresponding to the membrane-bound form and soluble form of Fas 3 40
antigen, respectively, are amplified after PCR of first-strand cDNA. ;
PCR products were electrophoresed in 2% agarose and visualized 3 9
under UV light after staining with ethidium bromide. Note that the 20
intensity of both bands is lower for CX-1 relative to MIP-101 cells,
suggesting decreased presence of FAS mRNA in the latter cell line. 101
Also note that the 251-bp band is less intense then the 311-bp band, ol

suggesting that the membrane-bound form of Fas predominates in
CX-1and MIP-101 cells.

Medium

its activation has been directly implicated with increased
shedding of plasma membrane protéihBPhospholipases may B
also play a role in the release of vesicles from the cell-surface
Before the release of plasma membrane-derived vesicles, fusic 991
must take place of closely approximated membranes at the ba:_. so/
of the vesicle. Phospolipases may mediate the fusion of adjace|§
regions of the membrane by generating detergentlike molecule?®
(lysophosopholipids) that enhance interactions among mems
brane structure%.

Exfoliation provides a mechanism of cell-cell signal traffick-
ing for not only cytokines but also other molecules, including
the transferrin receptdf, C3 component of the complement
system, fragment crystallizable (Fc) domain of antibo&8fexs
well as class | and class Il major histocompatibility (MHC) 109
antigens'®601t has been suggested that survival and metastatic o
propensity of many tumor cell types are enhanced by downregu-

Fig 11. Conditioned medium from MIP-101 and CX-1 cells or HUT
78 fails to protect against anti-Fas-mediated apoptosis or induce
apoptosis, respectively. Serum-free medium conditioned by MIP-101,
CX-1, or HuUT 78 cells was depleted of extracellular vesicles by
sequential centrifugation at 800g for 30 minutes and at 100,000g at
8°C for 12 hours. Negative and positive controls were established by
treating 2 x 10° CX-1 cells with 100 ng noncytotoxic, isotype-matched
IgM (IsoAb), or antihuman Fas IgM (anti-Fas), respectively. (A) CX-1
cells were treated with 100 ng antihuman Fas Ab and 100 pL medium
conditioned by CX-1 (CX-1) or MIP-101 (MIP-101) cells, respectively.
Note that CX-1 and MIP-101 cell-conditioned medium fails to protect
CX-1 cells from anti-Fas-induced cell death. (B) Positive and negative
controls were established, as described above. CX-1 cells were
treated 100 pL HuT 78 conditioned medium (HuT 78). Note that HUT
78 cell-conditioned medium fails to induce apoptosis of CX-1 cells.
Shown are the mean = SD values in three separate experiments.
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Anti-Fas lation of cell-surface tumor antigens, thereby permitting escape
from immune recognition and destructi®t£! Studies showing
Fig 10. Shed vesicles block anti-Fas-mediated CX-1 cell death. that, in some cases, high metastatic potential cell lines shed

Negative and positive controls were established by treating 2 x 10 greater amounts of plasma membrane-derived vesicles than do
CX-1 cells with 100 ng noncytotoxic, isotype-matched antibody

(IsoAb), or antihuman Fas IgM (Anti-Fas Alone), respectively. Viability thf?lr low metastatic potent_lal counterparts have strengtht_ened
of CX-1 cells was assessed in anti-Fas IgM-containing cultures this concep$?¢3 The shedding patterns we observed for high

prepared with 40 ng total membrane protein from vesicles shed from (CX-1) versus low (MIP-101) metastatic potential cells (Fig 1)

M'P'ltOl_Or_CX; Ic_e:s'd as ”t‘r?'cate‘j- N°tefthat'_al'th°‘;92 f':as'm'\';‘lj;a;gcl’ are consistent with this notion. Whether the increased level of
apoptosis Is abolished In the presence ot vesicles shed irom VI shedding from CX-1 cells protects against imunne recognition
cells (relative to anti-Fas alone, P < .01), apoptosis is unaffected - ! N . .
(P > .10) by the addition of vesicles shed from CX-1 cells. Shown are and/or facilitates metastasis remains to be 'nve5t|gated-

the mean =+ SD values in three separate experiments. The physiologic significance of circulation soluble Fas in
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Fig 12. Electron micrographs of vesicles shed
from HuT 78 cells. Arrowheads point to gold particles
in association with FasL on plasma membrane-
derived vesicles (A). No labeling is observed if vesicles
are treated with immunogold particle-conjugated
antibody alone (B). Micrograph (A) is 102,000 mag-
nification and micrograph (B) is at 63,000 x magnifica-
tion.
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sera from patients with malignant tumors is unclear. Onemedium conditioned by B-lymphoblastoid cells migrates to the
hypothesis is that its presence impairs apoptotic death of cancarame position as the membrane-bound form of Fas when
cells initiated by T and NK cells. For example, Hughes andelectrophoresed in polyacrylamide. These investigators con-
Crispé* showed that a soluble isoform of murine Fas (gener-cluded that soluble Fas is not generated by simple proteolytic
ated by alternative splicing of Fas mRNA) physiologically cleavage from the cell surface, but rather that soluble Fas is
limits apoptosis that is induced by Fas-Fas ligand associationsecreted into the medium, possibly because it may lack a
Nevertheless, the source of soluble Fas is not always cleafransmembrane domaif.Whereas mRNA for soluble Fas is

Knipping et af® reported that soluble Fas harvested from present in CX-1 and MIP-101 cells (Fig 9), results of vesicle-

97.4 >
66.0 =

45.0 —

—_—
31.0 -

215

MW H C

Fig 13. Plasma membranes extracted with detergent and sub-
jected to Western blot analysis using anti-FasL antibody (as described
in the Materials and Methods) show a single band with an apparent
molecular weight of 30 kD (H). Similar analysis of CX-1 plasma
membranes shows no reactivity (C).

depletion experiments suggest that the soluble form of the
receptor may be biologically inactive, using the MTT assay (Fig
11). On the other hand, it is well known that vesicles expressing
immune regulatory molecules are shed in V&% Our results
showing that Fas is present on vesicles shed from the surface of
MIP-101 cells (Fig 2) raise the possibility that soluble Fas found
in human serum may be associated with circulating shed
vesicles. Indeed, methods used by Knipping ét @ isolate
soluble Fas are nearly identical to those we have used for
isolation of vesicles from conditioned medium in this study and
from sera of leukemia patient&%” Moreover, vesicle-associ-
ated Fas is similar in molecular mass (45 and 48 kD; Fig 4) to
soluble Fas found in human serum (48 to 528D

We observed that CX-1 cells express a lower quantity of
cell-surface Fas when compared with MIP-101 cells. This
finding was confirmed by immunofluorescence studies (Figs 5
and 6). We further show that CX-1 cells synthesize Fas at a
lower rate than do MIP-101 cells (Fig 7). However, low
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Fig 14. Detergent extracts of HUT 78 plasma membrane-derived
extracellular vesicles, immunoprecipitated with anti-FasL antibody
and analyzed by Western blot, produce a 30-kD molecular weight
band (H). Detergent extracts of vesicles collected from CX-1 condi-
tioned medium fail to show the 30-kD molecular weight band (C).

ALBANESE ET AL

of Fas than that present on vesicles shed from the surface of
CX-1 cells (Fig 3), even though shedding rates are lower for
MIP-101 cells (Fig 1). Thus, MIP-101 cells may release vesicles
bearing high levels of Fas that effectively compete with cell
surface Fas for binding of anti-Fas antibody, thereby blocking
Fas-mediated cell death. In such a scenario, anti-Fas antibody
added to a culture of MIP-101 cells is engaged by vesicle-
associated Fas and, despite elevated expression of cell surface
Fas (relative to CX-1 cells), MIP-101 cells escape anti-Fas
antibody-mediated apoptosis. This model predicts that extracel-
lular vesicles released from CX-1 cells having low levels of Fas
will not effectively protect against anti-Fas antibody-induced
apoptosis, a result that was observed in our studies (Fig 10).
Moreover, vesicles derived from MIP-101 cells (but not those
from CX-1 cells) inhibit CX-1 cell death induced by FasL-
bearing vesicles derived from HuT 78 cells (Fig 15), activated T
cells whose surface expresses FasL (Fig 13). These results
suggest that, like Fas expressed on MIP-101 cells, FasL
expressed on HUT 78 cells is released on extracellular vesicles
and is present in a bioactive conformation. Accordingly, vesicle-
bound FasL appears to be capable of interacting with vesicle-
bound Fas or cell-surface Fas.

Recently, Sato et & have shown that lymphoma cells
express and release soluble FasL into the circulation in vivo, an
event that may be associated with development of liver damage
and pancytopenia. Their results are consistent with an earlier
publication by Tanaka et & demonstrating that individuals

metastatic potential MIP-101 cells are more resistant to anti-Fagiith large granular lymphocytic leukemia or NK cell lym-
antibody-mediated apoptosis than are CX-1 cells. This paradoyhoma are susceptible to systematic tissue damage resulting
may be explained by our finding that MIP-101 cells releasefrom the action of a metalloprotease that cleaves cell-surface
plasma membrane-derived vesicles that contain a greater levelasL and releases a soluble variant of the ligand into the

110
100

Cell Viability (% of Control)
g

HuT 78

Fig 15. Effect of FasL-bearing extracellular vesicles on CX-1 cell
viability. Negative and positive controls were established by incubat-
ing 2 x 10° CX-1 cells with 40 pg total membrane protein prepared
from vesicles shed from CX-1 cells (CX-1) or 100 ng antihuman Fas
IgM (Anti-Fas), respectively. Vesicles shed from Hut 78 cells suppress
viability by nearly 40% (Hut 78 Alone). Whereas the addition of 40 ng
total membrane protein of vesicles shed from MIP-101 cells restores
nearly full viability (Hut 78 + MIP-101), the addition of 40 ng total
membrane protein of vesicles shed from CX-1 cells has a minimal
effect (Hut 78 + CX-1). Note that the viability of cells incubated with
mixtures of vesicles prepared from Hut 78 cells and MIP-101 cells is
increased, relative to that of cells incubated with mixtures of vesicles
prepared from Hut 78 cells and CX-1 cells (P < .01). Shown are the
mean = SD values in three separate experiments.

circulation of these patients. Our findings indicate that FasL is
also released from the cell-surface on exfoliated vesicles (Figs
12, 13, and 14). Whether release of FasL on vesicles shed from
malignant cells occurs in vivo remains unknown.

In summary, our results provide evidence for an alternative
mechanism for the release of Fas and its natural ligand from the
surface of cells derived from human cancers. We show that a
colorectal carcinoma cell line (MIP-101) releases Fas on plasma
membrane-derived vesicles that are shed in vitro and that are
capable of neutralizing apoptosis induced by anti-Fas antibody
or FasL. Furthermore, FasL is also released on exfoliated
vesicles in a bioactive conformation. These findings add to the
growing body of evidence suggesting that Fas released from the
cell-surface of tumor cells can potentially act to evade detection
by immune cells. The results support the notion that exfoliation
facilitates the presentation of signals for cell survival/death on
the membrane surface of effector cells.
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