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Murine B lymphoma A20 cells are highly sensitive to
Fas-mediated death signals induced by anti-Fas anti-
body Jo2 or cross-linked Fas ligand (FasL). We have
found that the microfilament poison cytochalasin D
blocks Fas-mediated apoptosis induced by Jo2 but not
FasL in A20 cells. The induction of Fas-mediated apopto-
sis by Jo2 was antagonized by anti-Fcy RII/RII1I receptor
(FcyR) antibody, and defective in FcyR-negative A20
cells. Since the induction of Jo2-mediated apoptosis in
FcyR-negative A20 cells was reversed by the addition of
wild type A20 cells or the cross-linking agent protein A,
Fas-expressing bystander A20 cells seem to be killed by
other A20 cells that capture and cross-link monomeric
Jo2 via FcyR. Although cytochalasin D affected FcyR-
mediated cross-linking of Jo2 molecules, the drug mark-
edly inhibited the intracellular signaling pathway in-
duced by Jo2. The blockade of Jo2-induced apoptosis by
cytochalasin D occurred upstream of caspase-8 activa-
tion. Thus, these observations suggest that actin cy-
toskeleton is required for early apoptosis signaling in-
duced by Jo2, but not physiological FasL. © 2002 Eisevier
Science
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Fas, one of the death receptors, is widely expressed
in diverse cell types and involved in the regulation of
tissue homeostasis (1). Fas contains a cytoplasmic se-
quence known as “death domain” that is essential for
transmitting apoptotic signals (2). Upon engagement
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with Fas ligand (FasL), Fas binds to the adaptor pro-
tein FADD via the death domain interaction. The ini-
tiator caspase, caspase-8 is subsequently recruited to
Fas-FADD complexes via the homotypic interaction of
death effector domain, allowing the formation of death-
inducing signaling complex (DISC) (3). Immediately
after its recruitment, caspase-8 is placed in close prox-
imity in the DISC, and gets activated by self-cleavage,
leading to activation of downstream substrates such as
caspase-3.

In addition to physiological FasL, Fas-meditated
death signals are induced by agonistic anti-Fas anti-
bodies (4-6). To investigate the molecular basis of
Fas-mediated signaling pathway, we screened for spe-
cific agents that block apoptosis induced by anti-Fas
antibody or cross-linked FasL. We found that a
microfilament-disrupting agent cytochalasin D inhibits
apoptosis induced by anti-Fas antibody but not cross-
linked FasL in murine B lymphoma A20 cells. In this
paper, we demonstrate that actin cytoskeleton is re-
quired for early apoptosis signaling pathway induced
by anti-Fas antibody, but not physiological FasL.

MATERIALS AND METHODS

Cells. Mouse B lymphoma A20 cells were maintained in RPMI
1640 medium (Life Technologies, Inc., Rockville, MD) supplemented
with 10% (v/v) heat-inactivated fetal calf serum (JRH Bioscience,
Lenexa, KS), 50 uM 2-mercaptoethanol, and penicillin-streptomycin-
neomycin antibiotic mixture (Life Technologies, Grand Island, NY).
A Fas-negative variant A20.FO was subcloned from the Fas-positive
parent cell line A20.2J (7).

Reagents. Recombinant human soluble FasL (8) was kindly pro-
vided by Dr. J. Tschopp (Lausanne, Switzerland). Cytochalasin D
and protein A were purchased from Wako Pure Chemical Industries
Ltd. (Osaka, Japan). Hamster anti-mouse Fas 1gG antibody Jo2 was
obtained from PharMingen (San Diego, CA). Rat anti-Fcy RII/RII
(FcyR) 1gG antibody 2.4G2 was prepared as culture supernatants of
hybridoma cells, collected by ammonium sulfate precipitation, and

dialyzed four times against PBS.
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Preparation of FcyR-negative A20 cells. Wild-type A20 cells (4—
5 X 107 cells) were incubated with 2.4G2 on ice for 30 min, and
washed with medium. The cells were incubated with rabbit anti-rat
1gG antibody on ice for 30 min, and then washed with medium. The
antibody-coated cells were incubated with rabbit serum complement
in the high glucose medium at 37°C for 45 min (9). After dead cells
were removed by using Lymphoprep (Nycomed, Oslo, Norway), re-
maining viable cells were allowed to expand for several days. The
cytotoxic elimination of FcyR-expressing A20 cells was repeated
three times. FcyR-negative A20 clones were established by limiting
dilution.

DNA fragmentation assay. A20 cells were labeled with 37 kBq of
[*H]thymidine (TdR) (ICN Biomedicals, Costa Mesa, CA) for 16 h,
and washed three times with medium. A20 cells (5 x 10* cells, 100
wnl) were cultured with Jo2 or cross-linked FasL for indicated time
periods in 96-well microtiter plates, and then lysed by 1% Triton
X-100. The cells were solubilized by pipetting and then centrifuged
(600g, 5 min). Supernatants were removed and measured for radio-
activity. DNA fragmentation (%) was calculated using the following
formula: (experimental release — spontaneous release)/(maximum
release — spontaneous release) X 100.

FACS analysis. Cells were treated with Jo2 (hamster 1gG) or
hamster 1gG isotypic control (Cedarlane Laboratories Ltd., Ontario,
Canada) or 2.4G 2 (rat 1gG) on ice for 45 min. The cells were washed
three times, and then stained with FITC-conjugated anti-hamster
1gG antibody (Jackson ImmunoResearch Laboratories, West Grove,
PA) or FITC-conjugated anti-rat 1gG antibody (Jackson ImmunoRe-
search Laboratories) on ice for 30 min. After washing, the stained
cells were analyzed under flow cytometer (FACScalibur, Becton—
Dickinson, Mountain View, CA).

Western blotting analysis. Cells were collected by centrifugation
and washed twice with ice-cold PBS. The cells were lysed in lysis
buffer containing 1% Triton X-100, 50 mM Tris—HCI (pH 7.4), 1 mM
DTT, 0.5 mM EDTA and protease inhibitor cocktail (Complete,
Boehringer Mannheim, Mannheim, Germany). After centrifugation
at 10,000g for 5 min, supernatants were collected. Postnuclear
lysates (30 ng/lane) were separated by SDS—polyacrylamide gel elec-
trophoresis, and transferred onto nitrocellulose membranes (Amer-
sham Pharmacia Biotech., Buckinghamshire, UK). The nitrocellu-
lose membranes were probed with rabbit anti-mouse FLIP IgG
antibody (R&D System Inc.) or rabbit anti-caspase-3 1gG antibody
(Santa Cruz Biotechnology, Santa Cruz, CA). The membranes were
treated with horseradish peroxidase-conjugated mouse anti-rabbit
1gG antibody (Jackson ImmunoResearch Laboratories), and devel-
oped by the enhanced chemiluminescence (ECL) kit (Amersham
Pharmacia Biotech).

Measurement of caspase activity. Postnuclear lysates were mixed
with Ac-DEVD-4-methyl-coumaryl-7-amide (MCA, Peptide Institute
Inc., Osaka, Japan) for the caspase-3 substrate or Ac-IETD-MCA
(Peptide Institute Inc.) for the caspase-8 substrate in the reaction
buffer (50 mM Tris—HCI (pH 7.4), 100 mM NacCl, 0.1% Chaps, 10%
sucrose, 10 mM DTT) for 1 h. The release of 7-amino-4-methyl-
coumarin (AMC) was measured by CytoFluor multiwell plate reader
series 4000 (Applied Biosystems, Foster City, CA) using an excita-
tion filter (360 nm) and an emission filter (460 nm). To block caspase-
8-independent cleavage of Ac-IETD-MCA, the proteasome inhibitor
MG-132 (Peptide Institute Inc.) was included in the reaction mixture
at the final concentration of 2.5 uM (10).

Sepharose CL-2B gel filtration. Jo2 (20 ng) was applied to Sepha-
rose CL-2B column (15 X 600 mm) equilibrated with 10 mM Tris—
HCI (pH 7.5) and eluted with the same buffer (1 ml/min). Each
fraction was concentrated and analyzed by Western blotting with
horseradish peroxidase-conjugated anti-hamster 1gG antibody. Cell
viability was measured by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazolium bromide (MTT) assay.
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FIG. 1. The microfilament poison cytochalasin D inhibits apopto-
sis induced by anti-Fas antibody Jo2 but not FasL. (A) [°H]TdR-
labeled A20 cells were incubated with serially diluted concentrations
of Jo2 for 4 h. Radioactivity of fragmented DNA was measured. The
results represent the mean =+ SD of triplicate cultures. (B) [’H]TdR-
labeled A20 cells were pretreated with various concentrations of
cytochalasin D for 1 h and then incubated with (closed circles) or
without (open circles) 200 ng/ml of Jo2 for 4 h. Radioactivity of
fragmented DNA was measured. The results represent the mean *=
SD of triplicate cultures. (C) A20 cells were treated with or without
3 uM cytochalasin D for 1 h. Cell surface expression of Fas (bold
lines) and background staining (thin lines) were detected by FACS
analysis. (D) [PH]TdR-labeled A20 cells were preincubated with (+)
or without (=) 3 uM cytochalasin D for 1 h and then incubated with
50 ng/ml of cross-linked FasL for 4 h. Radioactivity of fragmented
DNA was measured. The results represent the mean = SD of tripli-
cate cultures.

RESULTS

Cytochalasin D Inhibits Apoptosis Induced by Anti-
Fas Antibody Jo2 but Not FasL in A20 Cells

Mouse B lymphoma A20 cells expressed a large
amount of Fas and were induced to exhibit DNA frag-
mentation characteristic of apoptosis by hamster anti-
mouse Fas IgG antibody Jo2 in a dose-dependent man-
ner (Fig. 1A). We extensively screened for specific
agents that inhibit apoptosis induced by Jo2, and found
that the microfilament poison cytochalasin D inhibits
Jo2-induced apoptosis in a dose-dependent manner,
whereas cytochalasin D alone did not affect cell viabil-
ity (Fig. 1B; data not shown). Structural derivatives of
cytochalasin D that disrupt microfilaments such as
chaetoglobosins A and F (11) prevented Jo2-induced
apoptosis, whereas microtubule inhibitors (e.g., colchi-
cine and Taxol) were totally inactive (data not shown).
The surface expression of Fas was unaffected by cy-
tochalasin D (Fig. 1C). As previously observed (8), in
contrast to soluble trimeric FasL, cross-linked FasL
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FIG. 2. Cytochalasin D inhibits activation of caspase-3 and
caspase-8. (A) A20 cells were pretreated with (+) or without (=) 3 uM
cytochalasin D for 1 h, and then incubated with 1 ng/ml of Jo2 for 2 h.
Caspase-3 processing was analyzed by Western blotting. (B) A20
cells were pretreated with (+) or without (=) 3 uM cytochalasin D for
1 h and then incubated with 1 pug/ml of Jo2 for 2 h. Caspase-3 activity
was measured by hydrolysis of Ac-DEVD-MCA. (C) Mouse c-FLIP-
transfected A20 clone was pretreated with (+) or without (=) 3 uM
cytochalasin D for 1 h, and then incubated with 200 ng/ml of Jo2 for
1 h. c-FLIP cleavage was analyzed by Western blotting. (D) A20 cells
were pretreated with (open circles) or without (closed circles) 3 uM
cytochalasin D and then incubated with 200 ng/ml of Jo2 for indi-
cated time periods. Caspase-8 activity was measured by hydrolysis of
Ac-IETD-MCA.

was highly cytotoxic to A20 cells and induced DNA
fragmentation (data not shown). However, cytochala-
sin D failed to block apoptosis induced by cross-linked
FasL (Fig. 1D).

Cytochalasin D Inhibits Activation of Caspase-3 and
Caspase-8 upon Stimulation with Jo2

Jo2 induced a complete cleavage of pro-caspase-3
(Fig. 2A) and a significant activation of caspase-3 (Fig.
2B) within 2 h. We found that cytochalasin D markedly
inhibits Jo2-induced caspase-3 activation. However, in
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agreement with DNA fragmentation assay (Fig. 1D),
FasL-induced caspase-3 activation was not prevented
by cytochalasin D (data not shown). To address if cy-
tochalasin D targets signaling events upstream of
caspase-8 activation, we analyzed the cleavage of
c-FLIP, an intracellular protein specifically cleaved by
caspase-8 (12) and the bulk hydrolysis of the caspase-8
substrate Ac-IETD-MCA. In A20 cells treated with Jo2,
cytochalasin D profoundly inhibited c-FLIP cleavage
(Fig. 2C) as well as hydrolysis of Ac-IETD-MCA
(Fig. 2D).

Anti-FcyR Antibody Neutralizes Apoptosis Induced
by Jo2 in A20 Cells

Addition of cross-linking agents such as protein A or
anti-hamster 1gG antibody had no obvious effects on
Jo2-induced apoptosis in A20 cells (data not shown).
Since A20 cells expressed FcyR that bind to Fc regions
of 1gG (Fig. 4A), we addressed whether FcyR is neces-
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FIG. 3. Anti-FcyR antibody 2.4G2 inhibits apoptosis induced by
Jo2. (A) [*H]TdR-labeled A20 cells were preincubated with various
concentrations of 2.4G2 for 1 h and then incubated with (closed
circles) or without (open circles) 200 ng/ml of Jo2 for 4 h. Radioac-
tivity of fragmented DNA was measured. The results represent the
mean = SD of triplicate cultures. (B) A20 cells were pretreated with
or without 2.4G2 and then reacted with Jo2 (bold lines) or hamster
1gG (thin lines) followed by FITC-conjugated anti-hamster 1gG an-
tibody. The surface binding of Jo2 was detected by FACS analysis.
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FIG. 4. FcyR-negative A20 clones are insensitive to Jo2-induced
apoptosis. (A) Cell-surface expression of Fas and FcyR (bold lines;
left and right panels, respectively) and background staining (thin
lines) in wild-type A20 cells (wt) and two independently isolated
FcyR-negative A20 clones designated FcyR(—) #1 and FcyR(—) #2
was detected by FACS analysis. (B) [’H]TdR-labeled wild-type A20
cells (wt) and two FcyR-negative clones (FcyR(—) #1 and FcyR(—) #2)
were incubated in the presence (+) or the absence (—) of 200 ng/ml of
Jo2 for 4 h. Radioactivity of fragmented DNA was measured. The
results represent the mean = SD of triplicate cultures.

sary for Jo2-induced apoptosis. Anti-FcyR antibody
2.4G2 completely blocked DNA fragmentation induced
by Jo2 in A20 cells (Fig. 3A). FACS analysis revealed
that 2.4G2 substantially decreased surface binding of
Jo2, indicating that a portion of Jo2 is captured by
FcyR on the cell surface (Fig. 3B).

Jo2 Does Not Induce Apoptosis
in FcyR-Negative A20 Cells

To obtain additional evidence that FcyR is required
for Jo2-induced apoptosis, FcyR-negative A20 cells
were established by cytotoxic elimination using anti-
FcyR antibody. Two independently isolated clones ex-
pressed a comparable amount of Fas as parental A20
cells but they did not express FcyR at all (Fig. 4A). In
contrast to wild-type cells, Jo2 failed to induce DNA
fragmentation in both FcyR-negative A20 clones (Fig.
4B). These results indicate that FcyR is essential for
Jo2-induced apoptosis in A20 cells.
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FIG. 5. Fas-expressing bystander A20 cells are Killed by other
A20 cells that capture and cross-link monomeric Jo2 via FcyR. (A)
Jo2 was fractionated by Sepharose CL-2B column chromatography.
Heavy chains of Jo2 were detected by Western blotting (inset). A20
cells were incubated with each fraction in the presence (dotted lines)
or the absence (solid lines) of 1 uM cytochalasin D for 4 h. Cell
viability (%) was measured by MTT assay. (B) Three models of
Jo2-induced apoptosis in A20 cells. See text for detail. (C) [*H]TdR-
labeled wild-type A20 cells (wt) or FcyR-negative A20 clones
(FcyR(=) #1 and FcyR(—) #2) were mixed with (+) or without (-)
wild-type A20 cells (E:T ratio = 1) and then incubated in the pres-
ence of 200 ng/ml of Jo2 for 4 h. (D) [*H]TdR-labeled FcyR-negative
A20 clone FcyR(—) #1 was mixed with wild-type A20 cells (E:T
ratio = 1, 0.5, 0.25) in the presence (closed circles) or the absence
(open circles) of 200 ng/ml of Jo2 for 4 h. Radioactivity of fragmented
DNA was measured. The results represent the mean = SD of tripli-
cate cultures.
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FIG. 6. Cytochalasin D inhibits intracellular Fas signaling path-
way in Jo2-induced apoptosis. (A) Fas-negative A20 clone (A20.FO)
or [*H]TdR-labeled FcyR-negative A20 clone FcyR(—) #1 was pre-
treated with (+) or without (=) 10 uM cytochalasin D for 1 h and
then washed three times with medium. A20.FO (effector cells) and
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Bystander A20 Cells Are Killed by Other A20 Cells
That Capture Cross-Linked Jo2 via FcyR

Gel-filtration analysis revealed that Jo2 molecules
are mostly recovered from fractions corresponding to
monomeric antibodies (180 kDa), and their apoptosis
inducing activity was found in the same fractions (Fig.
5A). It is well established that Fas receptors should be
extensively oligomerized to transmit death signals (8,
13). We thought that FcyR is utilized to cross-link Jo2
molecules to convert active forms or that FcyR signals
render cells susceptible to Fas-mediated apoptosis as
reported previously (14). Accordingly, three models of
FcyR-dependent Jo2-induced apoptosis in A20 cells
were initially hypothesized (Fig. 5B). In Model 1, two
independent intracellular signals via Fas and FcyR are
required for the induction of Fas-mediated apoptosis.
In Model 2, Jo2 monomers bind to Fas and these com-
plexes are oligomerized via FcyR to induce apoptosis in
a single cell. In Model 3, Jo2 monomers are cross-
linked by FcyR on one cell, and Jo2 oligomers Kill
Fas-expressing bystander cells. To address if Fas and
FcyR should be placed on a single cell, FcyR-negative
A20 cells ([*H]JTdR-labeled target cells) were mixed
with FcyR-expressing A20 cells as effector cells in the
presence of Jo2 (Figs. 5C and 5D). FcyR-negative A20
clones became susceptible to Jo2 as comparable as wild
type A20 cells in the presence of FcyR-expressing pa-
rental cells. Therefore, as shown in Model 3, bystander
A20 cells seem to be killed by other A20 cells that
capture cross-linked Jo2 via FcyR.

Cytochalasin D Inhibits Early Signaling Events
Upstream of Caspase-8 Activation
in Apoptosis Induced by Jo2

We further addressed if cytochalasin D either affects
FcyR-mediated cross-linking of Jo2 molecules or intra-
cellular apoptosis signals after Fas engagement. As
shown in Fig. 6A, DNA fragmentation was strongly
inhibited when either A20.FO (effector cells) or A20
FcyR(—) clone (target cells) was pretreated with
cytochalasin D. In the presence of the cross-linking
agent protein A, Jo2 induced a significant induction of

FcyR(—) #1 (target cells) were mixed (E:T ratio = 1) and incubated
with 200 ng/ml of Jo2 for 4 h. (B) FcyR-negative A20 clone FcyR(—)
#1 was pretreated with (+) or without (=) 3 uM cytochalasin D for
1 h and then incubated with or without 200 ng/ml of Jo2 plus 200
ng/ml of protein A for 8 h. Radioactivity of fragmented DNA was
measured. The results represent the mean = SD of triplicate cul-
tures. (C and D) FcyR-negative A20 clone FcyR(—) #1 was pretreated
with (+) or without (=) 3 wM cytochalasin D for 1 h and then
incubated with 100 ng/ml of Jo2 in the presence of 200 ng/ml of
protein A for the indicated time periods. Caspase-3 activity (C) and
caspase-8 activity (D) were measured by hydrolysis of Ac-DEVD-
MCA and Ac-IETD-MCA, respectively. Data points are shown after
the subtraction of spontaneous activity.
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apoptosis even in the FcyR-negative A20 clone (Fig.
6B). Under the same experimental conditions, cyto-
chalasin D markedly inhibited the induction of apopto-
sis (Fig. 6B). These observations clearly indicate that
cytochalasin D blocks intracellular apoptotic signals
after Fas engagement, although the process of FcyR-
mediated Jo2 cross-linking was affected by the drug.
We further analyzed the effect of cytochalasin D on the
intracellular signal transduction upon treatment with
cross-linked Jo2 by using FcyR-negative A20 cells.
Cytochalasin D significantly inhibited caspase-3 acti-
vation (Fig. 6C) as well as caspase-8 activation (Fig.
6D), suggesting that cytochalasin D targets early sig-
naling events upstream of caspase-8 activation in Jo2-
induced apoptosis.

DISCUSSION

Trimeric FasL is insufficient to induce apoptosis,
whereas membrane-bound or cross-linked soluble FasL
triggers aggregation of Fas trimers prerequisite for
apoptosis induction (8, 13). Agonistic anti-Fas antibod-
ies were believed to mimic physiological FasL to induce
endogenous signaling pathway. It was reported that
two types of cells exhibit different death signaling
pathways upon treatment with anti-Fas antibodies
(15). In type I cells, anti-Fas antibodies induce abun-
dant recruitment of FADD and caspase-8 (DISC forma-
tion), resulting in apoptosis insensitive to Bcl-2. In type
Il cells, anti-Fas antibodies induce barely detectable
DISC formation, and Fas-mediated apoptosis is
blocked by Bcl-2. However, the physiological signifi-
cance of these two Fas signaling pathways is contro-
versial, since it was recently reported that Bcl-2 does
not block apoptosis induced by physiological FasL in
type Il cells (16). In the present work, we have demon-
strated that, in contrast to cross-linked FasL, anti-Fas
antibody Jo2 induces apoptotic signals that depend on
intact actin cytoskeleton in murine B lymphoma A20
cells. Thus, our study provides additional evidence that
anti-Fas antibodies seem to transmit intracellular
apoptotic signals functionally distinct from physiolog-
ical FasL.

It was reported that ezrin is localized in the plasma
membrane, and this protein links Fas to actin cytoskel-
eton and is essential for Fas-mediated apoptosis (17).
In different cell types, actin cytoskeleton is involved in
the regulation of susceptibility to apoptosis induced by
anti-Fas antibodies (17, 18). In this work, we have
shown that cytochalasin D inhibits apoptosis induced
by anti-Fas antibody Jo2 but not FasL, and targets
endogenous signaling events upstream of caspase-8 ac-
tivation. Thus, in contrast to physiological FasL, anti-
Fas antibodies seem to induce Fas-mediated signals
that exclusively depend on actin cytoskeleton. The
three-dimensional model of the Fas molecules clearly
demonstrates that anti-Fas antibodies do not identi-
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cally mimic physiological FasL to induce Fas clusters
(19). Thus, it is likely that actin cytoskeleton interacts
with the Fas molecules and facilitates aggregation and
stabilization of the Fas clusters essential for the re-
cruitment of FADD and caspase-8 upon treatment with
anti-Fas antibodies.
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