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Functional CD95 ligand and CD95 death-inducing signaling complex in
activation-induced cell death and doxorubicin-induced apoptosis

in leukemic T cells

Simone Fulda, Gudrun Strauss, Eric Meyer, and Klaus-Michael Debatin

Activation-induced cell death (AICD) in T
cells is mediated by CD95 ligand (CD95L)/
receptor interaction, which has also been
implicated in apoptosis induction by
some anticancer agents. In this article
we show that both anti-CD3-triggering
(AICD) and doxorubicin treatment led to
the production of a functionally active
CD95L in the CD3 +/T-cell receptor-
positive (TCR +) T leukemia cell line H9.
CD95L-expressing H9 cells killed CD95-
sensitive J16 or CEM target cells, but not
CD95-resistant CEM or J16 cells overex-
pressing dominant negative FADD
(J16/FADD-DN). By immunoprecipitation,

CD95L was physically bound to CD95,
suggesting that AICD and doxorubicin-
induced apoptosis involve CD95L-medi-
ated CD95 aggregation, thereby trigger-
ing the CD95 death pathway. CD95
aggregation was associated with the
recruitment of FADD and caspase-8 to the
CD95 receptor to form the CD95 death-
inducing signaling complex (DISC), result-
ing in caspase-8 activation and cleavage
of the effector caspase-3 and PARP.
Blocking of the CD95L/receptor interac-
tion by antagonistic antibodies to CD95
or to CD95L also blocked AICD and
inhibited the early phase of doxorubicin-

induced apoptosis, though cell death

induced by doxorubicin eventually pro-

ceeded in a CD95-independent manner.
These findings may explain some conflict-

ing data on the role of death receptor
systems in drug-induced apoptosis. Thus,

in cells with an inducible CD95 receptor/
ligand system, drug-induced apoptosis

may be mediated by CD95L -initiated DISC
formation and activation of downstream

effector programs similar to AICD in T
cells. (Blood. 2000;95:301-308)

© 2000 by The American Society of Hematology

Introduction

The CD95 system plays a key role in regulating the immuriaduced CD95L on treatment with anticancer drugs such as

system, especially in T-cell homeostasidictivation-induced cell doxorubicin was found to contribute to apoptosis by activating the

death (AICD) in activated T cells is mediated by CD95 ligand€€D95 death signaling pathway. However, the concept that the

(CD95L)/receptor interactioh Stimulation of long-term activated CD95 system may participate in drug-induced apoptosis has been

T cells through the T-cell receptor (TCR)/CD3 complex induces thehallenged by several recent studf®d in which drug-induced

production of CD95L, which activates the CD95 pathway bwpoptosis could not be blocked by putative antagonistic antibodies.

binding to the CD95 surface receptor in an autocrine/paracrifhe light of this controversy, we analyzed and compared the early

fashion® Signaling through CD95 after ligand-dependent crosgvents of activation of the CD95 system in AICD and doxorubicin-

linking of surface receptors requires the recruitment of FADD anidduced apoptosis in H9 cells.

caspase-8 into a death-inducing signaling complex (DFSE). We describe for the first time that doxorubicin treatment or

Caspase-8, an upstream component of the caspase cascade dU@R/CD3 engagement leads to the formation of a CD95L-

death receptor-mediated apoptosis, is activated at the DISC amhtaining DISC. Furthermore, functionally active CD95L was

catalyzes the cleavage of downstream caspésésctivation of  found that mediated the direct killing of CD95-sensitedls. Because

the CD95 death pathway by DISC formation has been found interfering with CD95L/receptor interaction inhibited AICD and

many different cell types, including activated T cells (type Hoxorubicin-induced apoptosis, these findings suggest that CD95L-

cells)}* However, in some cells CD95-induced death occurs in thaediated CD95 DISC formation and activation of downstream

absence of a detectable CD95 DISC (type 2 c¥i§he critical role of apoptosis programs are involved in the early phase of drug-induced

DISC-associated molecules, such as FADD and caspase-8 for CD@5eptosis similar to AICD in certain cell types.

induced apoptosis, has been confirmed in FADD or caspase-8 knockout

mice in which the CD95 pathway is disabled in T céf38
Releasing apoptogenic factors from mitochondria and caspaggaterials and methods

activation seems to be a key event in apoptosis induced by

cytotoxic drugst®2° In addition, we and othe?s528 have suggested Prugs

that the CD95L/receptor system is involved in drug-induceboxorubicin (Farmitalia, Milano, Italy) was provided as a pure substance

apoptosis in various cell types. Increased CD95 expression amdi was dissolved in sterile water. OKT3 antibody was produced using the
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murine hybridoma cell line OKT3 (American Type Culture Collection,1000; Transduction Laboratories), mouse anti-CD95L mAb (1:250, PharM-
Rockville, MD). For plate coating, OKT3 antibody was used at 100 pg/mlingen), rabbit anti-PARP polyclonal antibody (1:10 000; Enzyme Systems
Products), or mouse anti-FADD mAb (1:500; Transduction Laboratories).

Cell culture Goat antimouse IgG or goat antirabbit IgG (1:5000; Santa Cruz Biotechnol-
E gy) followed by electrochemiluminescence (Amersham) was used for

CD3+ and CDS3- subcl f the h T leukemi Il line HY, C (VK ) o . o
an subclones ot the human T leukemia cetl fine detection. Specificity of bands on Western blots was identified by molecular
and J16 cells were maintained in suspension culture in 73issue culture

) . . weight markers. For CD95L, specificity of bands was also determined by
flasks (Falcon, Heidelberg, Germany) in RPMI 1640 medium (Life ombinant CD95L and by using cells transfected with CD95L as a

Technologies, Eggenstein, Germany) supplemented with 10% heat ina{:%gsitive control
vated fetal calf serum (FCS) (Conco, Wiesbaden, Germany), 10 mRfP '
HEPES, pH 7.4 (Biochrom, Berlin, Germany), 100 U/mL penicillin (Lifeimmunoprecipitation
Technologies), 100 pg/mL streptomycin (Life Technologies), and 2 mmol/L ) o ) )
L-glutamine (Biochrom) and incubated at 37°C in 95% air/5%2CO Cells were treated with 0.1 pg/mL doxorubicin or incubated in flasks
pcDNA3 containing death domain-deleted FADD (clone NFffp4vas precoated with 100 pg/mL OKT3 and !ysed. Immunoprec_ipitation of the
transfected by lipofection into J16 cells (J16/FADD-DN), and transfectants?95 DISC was performed as previously descrifédusing mouse
were subcloned and cultured in RPMI 1640 medium containing 0.5 mg/n@Nti-APO-1 IgG3 monoclonal antibody and protein A sepharose (Sigma).
geneticin (Life Technologies). CD95-resistant cell variants of CEM cell@8ads were washed 3 times in lysis buffer, and proteins were separated on
(CApoR) were generated and cultured as previously descib@tien 12% SDS-PAGE. Weste_rns blot for FADD, caspase-8, and CD95L protein
0.5-1X 108 cells/mL were cultured in 96-well plates for the determinatiotyv@s performed as described above.
pf ap_optosi_s and in 75_—(:_4T1i§sue culture flasks for RNA and protein cpgg aggregation
isolation or immunoprecipitation.

CD95 aggregation was assessed by immunoprecipitating CD95 at the
Determination of apoptosis limiting antibody concentration of 0.5 pg/mL or at the excess concentration

of 2 pg/mL mouse anti-APO-1 1gG3 monoclonal antibody, as previousl
Cells were incubated for indicated times with doxorubicin or on plate&escﬁged"‘ 9 4 P y

precoated with 100 pg/mL OKT3. Quantification of DNA fragmentation
was performed by fluorescence-activated cell-sorting analysis of propidit@oculture experiments
iodide-stained nuclei, as previously descrifasing CELLQuest software

(Becton Dickinson, Heidelberg, Germany). H9 cells were stimulated with 0.1 pg/mL doxorubicin or 100 pg/mL OKT3,

washed 3 times, and cocultured with J16, J16/FADD-DN, CEM, or
Inhibition of apoptosis by Fab anti-CD95 antibody fragments or CD95-resistant CEM cells (CApoR). Target cells were stained with calcein
anti-CD95L antibody Nok-1 (5 ng/mL; Molecular Probes, Eugene, OR) before coculture. Apoptosis was
assessed in the calcein-stained target cell population by FSC/side scatter
Fab anti-CD95 antibody fragmefitwere used at 50 pg/mL, and anti-CD95L (SSC) analysis.
antibody Nok-1 (PharMingen, Hamburg, Germany) was used at 100 pg/mL.

Reverse transcription-polymerase chain reaction

for CD95-L mRNA Results

Total RNA was prepared using the Qiagen total RNA kit (Qiagen, Hildeffduction of‘functionall)./ z?\ctive CD95L on
Germany). RNA was converted to cDNA by reverse transcription arf§gatment with doxorubicin or OKT3

amplified for 38 cycles by polymerase chain reaction in a thermocyclgrOr all experiments we used a CB3chemosensitive human T
(Stratagene, Heidelberg, Germany) using the Gene Amplification RN .o mia cell line (H9) in which activation-induced death could be
PCR kit (Perkin Elmer, Branchburg, NJ) according to the manufacturer’s . . . . .
instructions. A 500-bp fragment of CD95-L was amplified using primetr”ggere(j by_ antl-CP3 Stlmmatlon'. Triggering of .the TCR/CDS
5 ATGTTTCAGCTCTTCCACCTACAGAS and SCCAGAGAGAGCT-  complex by immobilized O}_<'I_'3 antibody rgsulted_ in apopF05|s in
CAGATACGTTGACS. Expression op-actin (MWG: Biotech, Ebersberg, CD3+ H9 cells, whereas minimal apoptosis was induced in CD3-
Germany) was used as a standard for RNA integrity and equal gel loadifé® cells (Figure 1A, upper panel). Doxorubicin induced apoptosis
Polymerase chain reaction products were run at 60 V for 2 hours on a 1.8%H9 cells in a dose- and time-dependent manner as assessed by
agarose gel stained with ethidium bromide and visualized by ultraviolBXINA fragmentation (Figure 1A, lower panel). Apoptosis was also
illumination. determined by Annexin V, staining leading to similar results (data
not shown). Treatment of H9 cells with 0.003-0.1 pg/mL doxorubi-
cin induced maximal CD95L mRNA and protein expression at 2 to
Cells were lysed for 30 minutes at 4°C in phosphate-buffered saline wigh hours, well before the onset of apoptosis (Figures 1B, 1C).
0.5% Triton X (Serva, Heidelberg, Germany) and 1 mmol/L phenylmethySimilarly, stimulation of TCR by OKT3 resulted in the upregula-
sulfonyl fluoride (Sigma, Deisenhofen, Germany) and then underweiion of CD95L mRNA and protein in CD8 but not in CD3- H9
high-speed centrifugation. Membrane proteins were eluted in buffeells (Figure 1B).

containing 0.1 mol/L glycine, pH 3.0, and 1.5 mol/L Tris, pH 8.8. Protein Tq investigate whether CD95L, induced on treatment with
concentration was assayed using bicinchoninic acid (Pierce, Rockford, ligyxorubicin or OKT3, was functionally active, we performed

‘S‘SIfzge p;ztljrcr‘;’/gn:?;eeg‘g’f‘;esc‘::’oégsgigsibsy( Sléoé’ S’L ég))/; :gg::grg;‘éiggculture experiments using CD95-sensitive or -resistant target
i ) lls. Doxorubicin-treated H9 cells induced apoptosis in

i lul A h B hwei . E | . .
onto nitrocellulose (Amersham, Braunschweig, Germany). Equa prOte%éDQS-sensmve J16 cells, but untreated cells did not

loading was controlled by Ponceau red staining of membranes. After. L e
blocking for 1 hour in phosphate-buffered saline supplemented with 2 plgure 2A). Apoptosis induced by doxorubicin-treated H9 cells

bovine serum albumin (Sigma) and 0.1% Tween 20 (Sigma), immunodet¥%@S reduced in J16 cells harboring FADD-DN (Figure 2A).
tion of FADD, caspases-3 and -8, CD95, CD95L, and PARP was achievedinilarly, apoptosis triggered by doxorubicin-treated H9 cells, in
using mouse anti-caspase-8 monoclonal antibody (mAb) C15 (1:5 dilutié@mparison with CD95-sensitive CEM cells, was inhibited in
of hybridoma supernatali}, mouse anti-caspase-3—specific mAb (1:1000yariant CEM cells resistant to CD95-triggered apoptosis (Figure 2A).
Transduction Laboratories, Lexington, KY), mouse anti-CD95 mAb (IFurthermore, H9 cells induced to express CD95L by OKEatment

Western blot analysis
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Figure 1. Doxorubicin- or OKT3-induced apoptosis and CD95L expression. (A) Doxorubicin- or OKT3-induced apoptosis. (upper panel) CD3+ (M) or CD3- ({J) H9 cells
were incubated for the time points indicated on 96-well plates precoated with 100 pg/mL OKT3. (lower panel) CD3+ H9 cells were treated with doxorubicin (Hl, 0.003 pg/mL; [,
0.01 pg/mL; x, 0.03 pg/mL; o, 0.1 pug/mL; e, 0.3 pg/mL). Apoptosis was determined by fluorescence-activated cell-sorting analysis of propidium iodide-stained DNA content.
Percentage of specific apoptosis was calculated as follows: 100 X (experimental apoptosis [%] — spontaneous apoptosis [%]/100% — spontaneous apoptosis [%]). Data are
the mean of triplicates; similar results were obtained in 3 separate experiments. (B) Doxorubicin- or OKT3-induced CD95 ligand expression. CD3+ H9 cells were treated with
0.1 pg/mL doxorubicin for the time points indicated. CD3+ or CD3— H9 cells were incubated for 6 hours in 75-cm? flasks precoated with 100 pg/mL OKT3. CD95-L mRNA
expression was determined by reverse transcription—polymerase chain reaction. Expression of 3-actin was used to control RNA integrity and equal gel loading. For Western
blot analysis, 40 pg cell lysate protein per lane was separated by 12% sodium dodecyl! sulfate—polyacrylamide gel electrophoresis (SDS-PAGE). CD95-L protein was detected
as 40 kD band by mouse anti-CD95-L monoclonal antibody (clone G247-4) and ECL. Expression of tubulin was used to control equal protein loading. (C) Dose response of
doxorubicin-induced CD95 ligand expression. CD3+ H9 cells were treated with 0.003-0.1 pg/mL doxorubicin for 6 hours. 40 pg protein of cell lysates per lane were separated
by 12% SDS-PAGE. CD95-L protein was detected as 40 kD band by mouse anti-CD95-L monoclonal antibody (clone G247-4) and ECL.

efficiently triggered apoptosis in J16 cells, but this was less efficieantibody fragments or CD95L antibody (Figure 2C). These results
in J16 cells harboring FADD-DN (Figure 2B). Apoptosis byindicated that CD95L, induced in H9 cells on treatment with
OKT3-treated H9 cells was also induced in CD95-sensitive CEMbxorubicin or OKT3, was involved in mediating apoptosis in
cells, but not in CD95-resistant CEM cells (Figure 2B). CD95-sensitive target cells. To exclude the effect of these coculture
To explore the specific involvement of the CD95 system, wexperiments caused by the doxorubicin efflux of drug-treated cells,
performed blocking experiments. Apoptosis in J16 cells wage used doxorubicin-treated Nalmé6 cells instead of H9 cells for
markedly inhibited when they were cocultured with doxorubicineoculture experiments. Nalm6 cells do not upregulate CD95L on
or OKT3-treated H9 cells in the presence of anti-APO-1-Fatboxorubicin treatment. However, compared with H9 cells, they
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Figure 2. Induction of functionally active CD95 ligand by doxorubicin or OKT3. (A) Induction of apoptosis by doxorubicin-treated H9 cells in J16 or CEM target cells is

inhibited in J16/FADD-DN and in CD95-resistant CEM target cells. CD3+ H9 cells were treated with 0.1 pg/mL doxorubicin for 6 hours, washed, and cocultured for 24 hours
with calcein-stained J16, J16/FADD-DN, CEM, or CD95-resistant CEM (CApoR) cells. Apoptosis in calcein-stained target cells was determined by FSC/SSC analysis. (B)
Induction of apoptosis by OKT3-treated H9 cells in J16 or CEM target cells is inhibited in J16/FADD-DN and in CD95-resistant CEM target cells. CD3+ H9 cells were incubated
for 6 hours in 75 cm? flasks precoated with 100 pg/mL OKT3, washed, and cocultured with calcein-stained J16, J16/FADD-DN, CEM, or CD95-resistant CEM (CApoR) cells.
Apoptosis in calcein-stained target cells was determined by FSC/SSC analysis. (C) Induction of apoptosis by doxorubicin or OKT3-treated H9 cells in J16 target cells is
inhibited by Fab anti-CD95 antibody fragments or by anti-CD95L antibody. CD3+ H9 cells were treated for 6 hours with 0.1 pg/mL doxorubicin or were incubated for 6 hours in
75 cm? flasks precoated with 100 pg/mL OKT3, washed, and cocultured with calcein-stained J16 cells in the presence or absence of 50 pg/mL Fab anti-CD95 antibody
fragments or 100 pg/mL Nok-1 antibody. Apoptosis in calcein-stained target cells was determined by FSC/SSC analysis. (D) Lack of apoptosis by doxorubicin-treated Nalmé
cells in J16 or CEM target cells. Nalmé6 cells were treated for 6 hours with 0.1 pg/mL doxorubicin, washed, and cocultured with calcein-stained J16, J16/FADD-DN, CEM, or
CD95-resistant CEM (CApoR) cells. Apoptosis in calcein-stained target cells was determined by FSC/SSC analysis.

readily undergo apoptosis in response to doxorubicin and shovisgprobably caused by CD95L/receptor interaction between target and
similar doxorubicin efflux (data not shown). Incubation of doxorueffector cells. Taken together, these coculture experiments suggest that
bicin-treated Nalm6 cells with J16 or CEM cells did not triggethe treatment of H9 cells with doxorubicin or OKT3 resulted in the
apoptosis in target cells (Figure 2D), indicating that the observed effestpression of functionally active CD95L in these cells.
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CD95L-mediated death-inducing signaling complex association with CD95 (Figure 3A). It was also detected in association
formation and activation of caspases on with CD95 when CD3- H9 cells were treated with OKT3, but not
treatment with doxorubicin or OKT3 when CD3- H9 cells that did not express CD95L on OKT3 treatment

It is thought that CD95L mediates apoptosis in an autocrin®ere used (Figure 3A). Thus, CD95L induced on doxorubicin or OKT3
paracrine manner by triggering CD95. Therefore, we explordtgatment binds to CD95, triggering the CD95 pathway. Because CD95
whether CD95L was physically bound to the CD95 receptor. Oas been reported to oligomerize on activation, we next asked whether
treatment with doxorubicin, CD95L was immunoprecipitated iinding of CD95L to CD95 would result in CD95 aggregation. To

A OKT3 B Doxo

Doxo CD3+ CD3-
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Figure 3. Doxorubicin- or OKT3-induced DISC formation and activation of caspases.
(A) Detection of DISC-bound CD95 ligand. CD3+ H9 cells were treated with 0.1 pg/mL

doxorubicin for the time points indicated. CD3+ or CD3-H9 cells were incubated for 6 hours E OKT3
in 75 cm? flasks precoated with 100 ug/mL OKT3. Cells were lysed and immunoprecipitation

of CD95 was performed by FADD monoclonal antibody. Proteins were separated by 12%

sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE). CD95-L protein DOXO CD3+ CD3

was detected by mouse anti-CD95-L monoclonal antibody and ECL. (B) Doxorubicin-
induced CD95 aggregation. CD3+ H9 cells were treated with 0.1 pg/mL doxorubicin for the
time points indicated. Cells were lysed, and immunoprecipitation of CD95 was performed by 0 2 612244872 h
anti-APO-1 1lgG3 monoclonal antibody using limiting antibody concentrations (0.5 pg/mL) or

+

1
+
L]

excess antibody concentrations (2 pg/mL). Proteins were separated by 12% SDS-PAGE.

CD95 protein was detected by mouse anti-CD95 monoclonal antibody and ECL. (C) casp_8 — -
Doxorubicin, OKT3-, or anti-APO-1-induced DISC formation. CD3+ H9 cells were treated p43 - e ) - 4
with 0.1 pg/mL doxorubicin for the time points indicated or with 1 pg/mL anti-APO-1 1gG3 p41 3 —— ——

monoclonal antibody for 15 minutes. CD3+ or CD3-H9 cells were incubated for 6 hours in
75 cm? flasks precoated with 100 pg/mL OKT3. Cells were lysed, and immunoprecipitation
of CD95 was performed by anti-APO-1 1gG3 monoclonal antibody (I.P.) or Western blot p18 —> I = = . I
analysis was performed (blot). Proteins were separated by 12% SDS-PAGE. FADD and

caspase-8 protein were detected by mouse anti-FADD monoclonal antibody or mouse

anti-caspase-8 monoclonal antibody and ECL. (D) Dose response of doxorubicin-induced casp_3 —
DISC formation. CD3+ H9 cells were treated with 0.03-0.3 pg/mL doxorubicin for 12 hours.

Immunoprecipitation of the CD95 DISC was performed as described in Figure 3C. (E)

Doxorubicin- or OKT3-induced activation of caspases. CD3+ H9 cells were treated with 0.1 p1 7 —™ -
pg/mL doxorubicin for the time points indicated. CD3+ or CD3-H9 cells were incubated for 6
hours in 75 cm? flasks precoated with 100 pg/mL OKT3. Western blot analysis for
caspase-8, caspase-3, or PARP protein was performed using mouse anti-caspase-8
monoclonal antibody, mouse anti-caspase-3 monoclonal antibody, or rabbit anti-PARP PARP — .m
polyclonal antibody and ECL. Processing of caspase-8, which was detected as a double

band corresponding to 2 caspase-8 isoforms (caspase-8/a and caspase-8/b), resulted in p85

p43 and p41 cleavage intermediates derived from caspase-8/a and caspase-8/b, respec-

tively, and the p18 active subunit.
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address this, we analyzed CD95 aggregation by immunoprecipitating
CD95 under limiting antibody concentrati&hUnder these conditions,
CD95 is precipitated significantly only when receptors are cross-linkec
In the absence of CD95 aggregation, the antibody will bind to single
receptors only, which results in undetectable amounts of precipitate
CD95. Using limited antibody concentrations, cross-linked CD95 was »=~
found on doxorubicin treatment but not in untreated control cells (Figure o\
3B). Using excess antibody concentrations, CD95 was detected sim™~~
larly in treated and untreated cells (Figure 3B). ‘2
We next explored whether drug-induced CD95 aggregatior 0
resulted in triggering of the CD95 pathway. On treatment with 0.03 .9
to 0.3 pg/mL, doxorubicin or OKT3 FADD and caspase-8 were &
recruited to CD95 to form the CD95 DISC, and there were no o
changes in expression levels of FADD or caspase-8 (Figures 3(C ©
3D). Similarly, FADD and caspase-8 were recruited to CD95 after
CD95 triggering and on OKT3 treatment in CB3ells but not in 9
CD3- H9 cells (Figure 3C). These results suggest that CD9ts=
receptor aggregation on CD95L binding may initiate the CD95
death-signaling pathway. With doxorubicin or OKT3 treatment,
caspase-8, caspase-3, and PARP were cleaved, indicating tl’w
CD95 aggregation and DISC formation resulted in full activation
of the CD95 apoptosis pathway (Figure 3E).

Inhibition of doxorubicin- or OKT3-induced apoptosis by
antagonistic antibody to CD95 or CD95L

To continue to explore whether CD95L/receptor interaction was B
similarly involved in AICD and drug-induced apoptosis, we conducted
blocking experiments. Blocking CD95L/receptor interaction using Fab
anti-APO-1 antibody fragments or CD95L antibody inhibited OKT3- e
triggered apoptosis and reduced doxorubicin-induced apoptosis in th<°\°
early stages (Figures 4A, 4B), suggesting that death mechanism:~=~
independent of CD95L/receptor interaction may also be involved after _Q
prolonged exposure to doxorubicin.

Discussion

poptos

The CD95L/receptor system has been shown to mediate TCR/CD3: ©
induced AICD in T cells38As in T-cell activation, drug-induced (& ]
apoptosis of cancer cells was found to involve the CD95 system, atEE
least in some celld-28 In this study we showed that functionally — ©Q
active CD95L was induced with doxorubicin or OKT3 treatment in
the CD3/TCRr T leukemia cell line H9 and that it efficiently
mediated apoptosis in CD95-sensitive J16 or CEM target cells,
whereas CD95L-mediated apoptosis was reduced in CD95-
resistant CEM or FADD-DN overexpressing J16 cells. In doxorubi-
cin-treated cells or in cells undergoing AICD, CD95L was physi-
cally bound to CD95, suggesting that CD95L- initiated the
formation of the most upstream components of the CD95 death-

Spe
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signaling pathway. Doxorubicin- or OKT3-induced CDD95 aggréerigure 4. Reduction of doxorubicin- or OKT3-induced apoptosis by Fab
gation was associated with the recruitment of FADD and caspas@r8CD95 antibody fragments or anti-CD95L antibody. ~ CD3+ H9 cells were
. . treated with 0.1 pg/mL doxorubicin (A) or CD3+ or CD3-H9 cells were incubated for 6
to the CD95 .I’ECf-Z‘ptOI’ to form the CD95 DISC, resultlng IIIr]mursin 75 cm? flasks precoated with 100 pg/mL OKT3 (B) for 24 hours or 48 hours in
caspase-8 activation and cleavage of the effector caspase-3 @&@bsence (black bars) or presence (white bars) of 50 pg/mL Fab anti-CD95
PARRP. If antagonistic antibodies to CD95 or CD95L interfered withntibody fragments or 100 pg/mL anti-CD95L antibody Nok-1. Apoptosis was

the binding of CD95L to CDY5, it inhibited AICD and reduced®*e™"ed s describedin Figure 1.

drug-mediated apoptosis.
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Doxorubicin-induced CD95L expression and death-inducing
signaling complex formation similar to AICD

formation is detected. Activation of the caspase cascade, including
caspase-8, requires additional signals provided by mitochondrial

This is the first report to identify that CD95L was physically boundinctions: such as the opening of permeability transition pores or
to CDY5 on the induction of AICD or drug-induced apoptosis. OUf'® release of apoptogenic factors, among them cytochrome-c or
findings demonstrated that CD95 DISC formation could be induc&POPtosis Inducing Factor (AIFf. Recently, a BH3 domain

by the physiological ligand CD95L upregulated on treatment withontaining molecule (BID) was identified that may link low-level
doxorubicin or OKT3. Previously, DISC formation had beef§@spase-8 cleavage at the DISC to mitochondrial pathWays.
reported in response to stimulation by an agonistic anti-cDdsowever, CD3 type 2 J16 cells were also efficiently killed by
antibody?-10.14CDY5L probably initiates CD95 DISC formation by OKT3 or doxorubicin treatment in the absence of DISC formation,
binding and oligomerizing CD95. In addition to receptor-boun@nd CD95L was not induced on drug treatment in several drug-
CD95L, the aggregation of CD95, CD95 DISC formation, angensitive lymphoid cell lines, such as the pre-B leukemia cell line
activation of caspase-8 and caspase-3 were found after doxorubfdglm6, which exhibited a sensitivity similar to that of doxorubicin
or OKT3 treatment, indicating that on binding to CD95, CD95lin comparison with H9 cells (data not shown). Thus, DISC
initiated the activation of the CD95 signaling pathway. Thus, druggrmation and CD95L production may be dispensable for therapy-
such as doxorubicin may initiate a CD95-dependent autocrineduced death in some cell typ¥sin such cells, CD95-inde-
paracrine death pathway similar to that for AICD, characteristic gfendent activation of mitochondria-dependent apoptosis pathways
activated T cells. These results are not restricted to the H9 ceflfg@y constitute the initial trigger and amplifier of drug-induced
used in this study; DISC formation after doxorubicin treatment wateath. Recent data in Apaf-1 or caspase-9 knock-out mice suggest
also found in other cell lines, for example, in the Burkitt ymphoméhat the generation of a caspase-9—containing apoptosome complex
cell line BJAB (data not shown). In addition, the blockade of DIS@ crucial for apoptosis triggered by cellular stré%4 Some
formation by the overexpression of FADD-DN prevented thstudies claiming that drug-induced apoptosis occurred indepen-
recruitment and cleavage of caspase-8 and conferred resistanceetatly of the CD95 system were performed using the type 2 cell
CD95- or drug-mediated apoptosis in these cells (data not showiit)e Jurkat; this may explain some of the divergent resii#$In
Differences in the kinetics of DISC formation on CD95 triggeringontrast, in cells with an inducible CD95 system, drug-induced
and drug-induced apoptosis are related to the requirement fgoptosis may involve CD95L-initiated DISC formation in the
molecule (eg, CD95L) synthesis on drug treatment compared wititiation phase of apoptosis, resulting in the activation of down-
the rapid recruitment of preformed molecules after direct CD9%ream effector pathways of apoptosis, as shown prototypically for
cross-linking by an agonistic antibody or the natural ligandhe T leukemia cell line H9. However, at later stages, cytotoxic
Induction of CD95L by TCR triggering or doxorubicin treatmentirugs may eventually bypass the requirement for CD95-mediated
may be the result of similar transcriptional programs by botAmplification of the death signal and may trigger alterations of
stimuli. In this respect, NkB has recently been reported to regulatenitochondrial function in a CD95-independent way. In fact, recent
the expression of CD95L during AICD and during drug-inducegenetic studi¢d-*2indicate that the apoptosis response to treatment
apoptosisS3¢interestingly, the induction of active CD95L on drugyith cytotoxic drugs is largely intact in FADD or caspase-8

treatment in some cells may not only be involved in the death ghockout mice, at least in certain cell types such as embryonic
tumor cells or in the deletion of activated T cells, it may also causgoplasts.

damage to normal cells such as hematopoietic cells in bone marrowTaen together, our findings suggest that in cells with an
or in tumor-infiltrating lymphocytes sensitive to CD95 triggeringinducible CD95L/receptor system, AICD and the early phase
Therefore, some therapy-associated side effects such as the supgfesiyug-induced apoptosis are mediated by the induction of
sion of hematopoiesis or of the immune system may be relatedd@ygs)  and CD95L-initiated DISC formation, leading to the

treatment-induced, CD95L-mediated cell kill. activation of downstream effector programs. Thus, in certain cell
types, drug-induced apoptosis may involve autocrine/paracrine
death pathways similar to those for AICD and characteristic of

activated T cells.
Our findings have obvious implications in light of the controversy

on the role of the CD95 system in drug-induced apoptosis. The
relative contribution and significance of the CD95 pathway for
apoptosis induced by anticancer drugs may be related to pattemknowledgments

of apoptosis signaling in the respective cells. For CD95-triggered

apoptosis, we recently identified 2 different signaling cell types. lhhe authors thank Carsten Scaffidi, Marcus E. Peter, and Peter H.
type 1 cells in which a DISC is formed, caspase-8 is fully activateadrammer for supplying anti-FLICE and anti-FADD antibodies,
atthe CD95 DISC, whereas in type 2 cells only a low level of DIS@nd they thank V. M. Dixit for the FADD clone NFDA4.

Doxorubicin- or OKT3-induced death-inducing signaling
complex formation in type 1 cells
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