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CHEMOSENSITIVITY OF SOLID TUMOR CELLSIN VITROIS RELATED

TO ACTIVATION OF THE CD95 SYSTEM
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Heidelberg, Germany

We have identified the CD95 system as a key mediator of
chemotherapy-induced apoptosis in leukemia and neuroblas-
toma cells. Here, we report that sensitivity of various solid
tumor cell lines for drug-induced cell death corresponds to
activation of the CD95 system. Upon drug treatment, strong
induction of CD95 ligand (CD95-L) and caspase activity were
found in chemosensitive tumor cells (Hodgkin, Ewing’s sar-
coma, colon carcinoma and small cell lung carcinoma) but
not in tumor cells which responded poorly to drug treatment
(breast carcinoma and renal cell carcinoma). Blockade of
CD95 using F(ab"), anti-CD95 antibody fragments markedly
reduced drug-induced apoptosis, suggesting that drug-
triggered apoptosis depended on CD95-L/receptor interac-
tion. Moreover, drug treatment induced CD95 expression,
thereby increasing sensitivity for CD95-induced apoptosis.
Drug-induced apoptosis critically depended on activation of
caspases (ICE/Ced-3-like proteases) since the broad-spec-
trum inhibitor of caspases zZVAD-fmk strongly reduced drug-
mediated apoptosis. The prototype substrate of caspases,
poly(ADP-ribose) polymerase, was cleaved upon drug treat-
ment, suggesting that CD95-L triggered autocrine/paracrine
death via activation of caspases. Our data suggest that
chemosensitivity of solid tumor cells depends on intact
apoptosis pathways involving activation of the CD95 system
and processing of caspases. Our findings may have important
implications for new treatment approaches to increase sensi-
tivity and to overcome resistance of solid tumors. Int. J.
Cancer 76:105-114, 1998.
© 1998 Wiley-Liss, Inc.

following induction of CD95-L upon T-cell-receptor triggering
(Dhein et al., 1995). We therefore investigated whether or not
activation of the CD95 system may contribute to chemosensitivity
of solid tumor cells.

MATERIAL AND METHODS
Drugs

Doxorubicin (Farmitalia, Milan, Italy) and cisplatinum (Sigma,
Deisenhofen, Germany) were provided as pure substances and
dissolved in sterile water before each experiment (1 mg/ml).

Cell culture

Ewing’s sarcoma (A17/95), Hodgkin (L540CY), breast carci-
noma (MCF-7), colon carcinoma (HT-29), small cell lung carci-
noma (H-146) and renal cell carcinoma (KTCTL-26) cells were
cultured in RPMI 1640 medium (GIBCO BRL, Eggenstein,
Germany) supplemented with 10% heat-inactivated FCS (Conco,
Wiesbaden, Germany), 10 mM HEPES (pH 7.3) (Biochrom,
Berlin, Germany), 100 U/ml penicillin (GIBCO), 100 pg/ml
streptomycin (GIBCO) and 2 mM-glutamine (Biochrom). For
experiments, cells were seeded at a concentrationot8%cn¥in
24-well plates or 75 chtissue culture flasks (Falcon, Heidelberg,
Germany).

Determination of apoptosis

Quantification of DNA fragmentation was performed by FACS
analysis of propidium iodide-stained nuclei (FACScan; Becton

Chemotherapeutic agents, irrespective of their intracellular tdpickinson, Heidelberg, Germany) as previously described (Nico-

get, act primarily through induction of apoptosis in susceptibli€tti et al., 1991). Cells were suspended in hypotonic lysis buffer
cancer cells (Rowan and Fisher, 1997). However, the precigel1% sodium citrate [Merck, Darmstadt, Germany], 0.1% Triton X
molecular requirements that characterize a chemosensitive phel®grva, Heidelberg, Germany] and 50 pg/ml propidium iodide
type in tumor cells are not well understood. Response to chemotH&9ma]) and incubated at 4°C overnight. Cells were analyzed for
apy has been attributed to various mechanisms, including int&NA content by flow cytometry (FACScan) using CELLQuest

apoptosis pathways in target cells (Debatin, 1997; Rowan af@ftware (Becton Dickinson).

Fisher, 1997). _ Inhibition of apoptosis by zVAD-fmk or F(9b anti-APO-1
Cell-surface-receptor molecules of the tumor necrosis factginti-CD95) fragments

(TNF)/nerve growth factor (NGF) receptor family, such as CD95, 1g proad-range tripeptide inhibitor of caspases zVAD-fmk

are involved in the regulation of apoptosis (Nagata, 1997; O8hmgnzyme Systems Products, Dublin, CA) was used at a concentra-

al., 1992; Trauthet al, 1989). CD95 is a 45 kDa type | tion of 60 uM. F(ab), anti-APO-1 (anti-CD95) antibody fragments

transmembrane receptor expressed on a variety of normal isotype-matched antibody FII23 (IgGwere prepared as

neoplastic cells (Leithduseit al., 1993). Following cross-linking nreviously described (Dhet al., 1995). Cells were incubated with 10

of CD95, a death signal is generataditro andin vivoin sensitive g/ml F(aby), anti-APO-1 antibody fragments or 10 ug/ml F(al1123

cells that catalyzes cleavage of the caspase (ICE/Ced-3) cascad%_‘grgody fragments for 1 hr at 37°C prior to addition of drugs.

cysteine proteases, leading to proteolysis of substrates such as the

nuclear enzyme poly(ADP-ribose) polymerase (PARP) and, ulidetermination of caspase activity

mately, to cell death (Peteet al., 1996). The CD95 ligand Caspase activity was measured by FACS analysis as previously

(CD95-L) is a type Il transmembrane molecule of 40 kDa and pagescribed (Logt al., 1995). Briefly, cells were loaded in hypotonic

of the TNF/NGF family of ligands (Sudet al., 1993) which may medium with the fluorogenic substrate VAD-MNA (50 uM; Bachem,

occur in a soluble form released from the cell surface by proteolytic

cleavage (Tanaket al.,1995).

Although the key role of the CD95 system in negative growtt Contract grant sponsors: Deutsche Forschungsgemeinschaft; Bundesmin-

regulation has been studied mostly within the immune systerium fir Forschung und Technologie; Tumor Center Heidelberg/
(Debatin, 1996; Krammegt al.,1994), there is mounting evidenceMannheim; Deutsche Leukamieforschungshilfe.

that it is involved in negative growth regulation and drug-induced
apoptosis of tumor cells. We have found that CD95-L was induc
upon drug treatment in leukemia and neuroblastoma cells afc
mediated cell death in an autocrine/paracrine manner (Friesen
al., 1996; Fuldaet al., 1997). Similarly, activation-induced auto-____
crine suicide of T cells depends on CD95-L/receptor interactionReceived 23 August 1997; Revised 30 October 1997

Correspondence to: University Children’s Hospital, Prittwitzstr. 43,
9075 Ulm, Germany. Fax: (49) 731 502 6681.
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FIGURE 1 — Dose-response of doxorubicin-induced apoptosis. Hodgkin (L540CY), Ewing's sarcoma (A17/95), colon carcinoma (HT-29), small
cell lung carcinoma (H-146), breast carcinoma (MCF-7) and renal cell carcinoma (KTCTL-26) cells were treated with 0.OBy@b(ug/ml
(0), 0.1 pg/ml (<), 0.5 pg/ml ©) or 1 pg/ml @) doxorubicin at the time points indicated. Apoptosis was assessed by FACS analysis of propidium
iodide-stained nuclei. Percentage of specific apoptosis was calculated as follows{@dferimental apoptosis (%) spontaneous apoptosis in
medium (%)]/[100%— spontaneous apoptosis in medium (%)]. Time (abscissa) is plotted against cell number (ordinate). Data are the mean of
triplicates with standard deviations of less than 10%. Similar results were obtained in 3 separate experiments.

FIGURE 2 — Activation of caspasega) Cleavage of PARP. Hodgkin (L540CY), Ewing’s sarcoma (A17/95), colon carcinoma (HT-29), small cell
lung carcinoma (H-146), breast carcinoma (MCF-7) and renal cell carcinoma (KTCTL-26) cells were treptedh( 0.5 pg/ml (Hodgkin,
Ewing’s sarcoma, colon carcinoma, small cell lung carcinoma) or 1 pg/ml doxorubicin (breast carcinoma, renal cell carcinoma) at the indicated
time points; 100 pg protein per lane isolated from cell lysates were separated by 12% SDS-PAGE. Immunodetection of PARP protein was
performed by rabbit anti-PARP polyclonal antibody and EQ1).Analysis of caspase activity. Colon carcinoma (HT-29) and breast carcinoma
(MCF-7) cells were incubated with 0.01 pg/n®), 0.05 pg/ml ¢) or 0.1 pg/m| @) doxorubicin at the time points indicated. Cells were
permeabilized by hypotonic shock, incubated with 50 uM of the fluorogenic substrate VAD-MNA and analyzed with a flow cytometer equipped
with an argon laser. Data are given as mean of 3 independent experiments done in triplicate. Standard deviations were lesg&)iahitidimn
of doxorubicin-induced apoptosis by zVAD-fmk. Hodgkin (L540CY), Ewing’s sarcoma (A17/95), colon carcinoma (HT-29) and small cell lung
carcinoma (H-146) cells were treated with 0.5 pg/ml doxorubicin for 72 hr in the absence (black bars) or presence (white bars) of 60 pM
zVAD-fmk. Specific apoptosis was determined and calculated as described in Figure 1. Data are given as means of 3 independent experiments
done in triplicate. Standard deviations were less than 10%.
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Heidelberg, Germany). Fluorescence was measured by a flamti-rabbit IgG (Santa Cruz Biotechnology). ECL (Amersham) was
cytometer equipped with an argon laser (FACS Vantage, Bectared for detection.

Dickinson) using an excitation wavelength of 360 nm and an

emission wavelength of 488 nm.

Determination of CD95 and CD95-L expression RESULTS

For determination of CD95 expression, cells were stained with Dose-response experiments of drug-induced apoptosis were
anti-APO-1 (anti-CD95) Ig@ monoclonal antibody (MAb, 1 performed by staining hypodiploid DNA with propidium iodide.
pg/ml) for 45 min at 4°C followed by goat anti-mouse IgG-Doxorubicin rapidly triggered apoptosis in Hodgkin (L540CY) and
phycoerythrin (Immunotech, Hamburg, Germany) or goat antEwing’s sarcoma (A17/95) cells (Fig. 1). Colon carcinoma (HT-29)
mouse IgG-FITC (Calbiochem, Bad Soden, Germany) for 30 mand small cell lung carcinoma (H-146) cells showed a delayed
at 4°C. Fl123 IgG antibody was used as isotype-matched antibodgsponse, whereas breast carcinoma (MCF-7) and renal cell
to control non-specific binding. For determination of CD95-Icarcinoma (KTCTL-26) cells responded poorly to doxorubicin
expression, cells were stained with FITC-conjugated rat angiven after prolonged treatment (Fig. 1). A similar pattern of
CD95-L MAb (H11; Alexis Corporation, Griinberg, Germany) forchemosensitivity among the different cell lines was found follow-
45 min at 4°C. Rat Ig&, antibody was used as isotype-matchedng treatment with other cytotoxic drugs, such as cisplatinum and
control antibody (PharMingen, San Diego, CA). Cells wer¥P-16 (data not shown). In addition to propidium iodide staining,
analyzed by a flow cytometer using CELLQuest software. apoptosis was assessed by annexin V staining, giving similar

o . ) results (data not shown).
Determination of I_D-glyco_proteln (MDR'_l) expression To gain insight into the molecular requirements of drug-induced

Cells were stained with mouse anti-MDR-1 MAb UIC2 (S03poptosis, we investigated whether caspases (ICE/Ced-3-like prote-
Hg/ml; Immunotech, Marseilles, France) for 30 min at 4°Gses), involved as effector molecules in various death-signaling
followed by goat F(al), anti-mouse IgG-RPE (Southern Biotech- pathways (Schulze-Osthoft al., 1996), were activated upon
nology Associates, Birmingham, AL) for 30 min at 4°C. Cells wergreatment. To assess activation of caspases, we monitored cleavage
analyzed by FACScan using CELLQuest software. of the prototype caspase substrate PARP by Western blot analysis.
Determination of intracellular glutathione (GSH) PARP was processed proteolytically to its characteristic 85 kDa

fragment in doxorubicin-sensitive cells, such as Hodgkin, Ewing’s

Prgk()etlalg Véireeﬁf”gg)v‘flgp 1%0#:\4' g;?ggrcnhl,[%rr?]b'é?:t'lﬁe(motlﬁguéaé rcoma, colon carcinoma and small cell lung carcinoma cells, but
es, Eug ' P 35t in breast carcinoma and renal cell carcinoma cells, which
and immediately analyzed on a FACS Vantage flow cytomet%e

system (Becton Dickinson) using an emission wavelength of 4 sponded poorly to doxorubicin (Figap Kinetics of PARP
nm (Omega 450DF-65) and a 351 to 364 nm bandpass avage corresponded to kinetics of apoptosis induction as PARP

excitation Bs processed rapidly in Hodgkin and Ewing’'s sarcoma cells,
' which also rapidly underwent apoptosis upon doxorubicin treat-
RT-PCR for CD95-L mRNA ment (Fig. 2). Colon and small cell lung carcinoma cells showed a

Total RNA was prepared using the Qiagen (Hilden, German{jore delayed kinetic of PARP cleavage corresponding to the
total RNA kit. RNA was converted to cDNA by reverse transcripde/@yed kinetics of apoptosis induction in these cells (F&@. 2
tion and amplified for 38 cycles by PCR in a thermocycleMOreover, caspase activity, as measured by flow cytometry,

(Stratagene, Heidelberg, Germany) using the Gene Amplificatigif"kedly increased in cells which underwent apoptosis upon
RNA-PCR kit (Perkin-Elmer, Branchburg, NJ) following thedoxorubicin treatment, such as HT-29 cells, whereas little increase

manufacturer’s instructions. A 500 bp fragment of CD95-L walll caspase activity was observed in cells which showed a poor
amplified using primers 5'-ATGTTTCAGCTCTTCCACCTA- fesponse to drug treatment, such as MCF-7 cells (Fig. 2b). To test
CAGA-3' and 5'-CCAGAGAGAGCTCAGATACGTTGAC-R3ac- Whether apoptosis following doxorubicin treatment was the result
cording to the sequence of human CD95-L (Sedaal., 1993). of caspase activation, we used the broad-spectrum peptide inhibitor
Expression of3-actin (MWG-Biotech, Ebersberg, Germany) waf caspases zVAD-fmk. Incubation with zZVAD-fmk almost com-
used as a standard for RNA integrity and equal gel loading. P@€tely inhibited doxorubicin-triggered apoptosis, demonstrating
products were run at 60 V for 2 hr on a 1.5% agarose gel stain t caspases are central to doxorubicin-mediated apoptosis (Fig.
with ethidium bromide and visualized by UV illumination. C)-
) Since caspases are an integral part of the CD95 signaling

Western blot analysis pathway (Loset al., 1995), we asked whether stimulation of the

Proteins for Western blot analysis were extracted from cel8D95 system might be involved in doxorubicin-induced activation
lysed for 30 min at 4°C in PBS with 0.5% Triton X (Serva) and bf caspases and cell death. CD95 was expressed constitutively at
mM PMSF (Sigma) followed by high-speed centrifugation. Memsimilar levels in all cell lines tested (Fig.aR Apoptosis was
brane proteins were eluted by buffer containing 0.1 M glycine, ptiiggered by an agonistic anti-APO-1 antibody and cycloheximide,
3.0, and 1.5 M Tris, pH 8.8. Protein concentration was assaygudplicating that the CD95 pathway was intact in these cells (Fig.
using bicinchoninic acid (Pierce, Rockford, IL); 40 ug protein pe8b). Following incubation with cisplatinum, expression of CD95
lane were separated by 10% SDS-PAGE and electroblotted omtas up-regulated 3-fold (Fig. 3a), thereby increasing sensitivity to
nitrocellulose (Amersham, Braunschweig, Germany). Equal prapoptosis triggered by an agonistic anti-APO-1 antibody (data not
tein loading was controlled by Ponceau red staining of membrangbown). The increase in CD95 expression was not specific to
After blocking for 1 hrin PBS supplemented with 2% BSA (Sigmagisplatinum since a similar increase was found after exposure to
and 0.1% Tween 20 (Sigma), immunodetection was done using thexorubicin or VP-16 (Fig. 8 and data not shown). However,
mouse anti-CD95-L MAb (1:2,500; Transduction LaboratoriessD95 expression or sensitivity to anti-APO-1-mediated apoptosis
Lexington, KY), mouse anti-CD95 MAb (1:500, Transductiordid not correspond to sensitivity to drug-induced cell death in all
Laboratories), rabbit anti-PARP polyclonal antibody (1:5,00Gell lines, suggesting that additional factors probably are involved
Enzyme Systems Products), rabbit anti-Bax polyclonal antibodly mediating drug-induced apoptosis. Treatment with doxorubicin
(1:500, Calbiochem), rabbit anti-Bcl-x polyclonal antibody (1strongly induced CD95-L mRNA and protein in Hodgkin, Ewing’s
1,000; Santa Cruz Biotechnology, Santa Cruz, CA), mouse argarcoma, colon carcinoma and small cell lung carcinoma cells, all
Bcl-2 MAb (1:1,000, Santa Cruz Biotechnology) and mousef which exhibited sensitivity to doxorubicin, whereas weak
anti-p53 MADb (1:1,000, Transduction Laboratories) followed bynduction of CD95-L mRNA and protein was observed in cells
horseradish peroxidase-conjugated goat anti-mouse 1gG or gadiich responded poorly to drug treatment, such as breast carci-
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FiGure 3 — Induction of CD95- and anti-CD95-induced apoptoé#.Induction of CD95 expression by cisplatinum. Hodgkin (L540CY),
Ewing’s sarcoma (A17/95), colon carcinoma (HT-29), small cell lung carcinoma (H-146), breast carcinoma (MCF-7) and renal cell carcinoma
(KTCTL-26) cells were treated with 5 pg/ml cisplatinum for 24 hr, stained with mouse anti-APO-1 MADb followed by phycoerythrin-conjugated
anti-mouse 1gG antibody and analyzed by flow cytometry using CELLQuest software. Thick line, untreated cells stained with anti-APO-1
antibody; dotted line, treated cells stained with anti-APO-1 antibody; thin line, control cells stained with isotype-matched antibody. Fluorescence
intensity (abscissa) is plotted against cell number (ordinate). All experiments were done in triplicate with standard deviations of less than 10%.
Similar results were obtained in 3 separate experiméhjdnduction of apoptosis by anti-APO-1 (anti-CD95). Hodgkin (L540CY), Ewing’s
sarcoma (Al17/95), colon carcinoma (HT-29), small cell lung carcinoma (H-146), breast carcinoma (MCF-7) and renal cell carcinoma
(KTCTL-26) cells were treated for 72 hr with 1 pg/ml anti-APO-1 [g@Ab and 1 pg/ml cycloheximide. Specific apoptosis was determined and
calculated as described in Figure 1. Data are given as means of 3 independent experiments done in triplicate. Standard deviations were less than
10%. (c) Induction of CD95 expression by doxorubicin. Hodgkin (L540CY), Ewing’s sarcoma (A17/95), colon carcinoma (HT-29), small cell
lung carcinoma (H-146), breast carcinoma (MCF-7) and renal cell carcinoma (KTCTL-26) cells were treaath(0.5 pg/ml doxorubicin for
24 hr. Protein of cell lysates, 40 ug per lane, was separated by 12% SDS-PAGE. Immunodetection of CD95 protein was performed by mouse
anti-CD95 MADb and ECL. Panelsandc are continued on page 110.
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Ficure 3 (continued). Legend appears on page 109.

noma and renal carcinoma cells (Fig,d). Moreover, kinetics of P-glycoprotein (MDR-1) (Bellamy, 1996) or the cellular redox
CD95-L induction corresponded to kinetics of cell death. CD95-ktate (Schrodeet al., 1996). However, the poor response to
mRNA was up-regulated strongly after 24 hr incubation witldoxorubicin seen in breast carcinoma and renal cell carcinoma cells
doxorubicin in Hodgkin and Ewing’s sarcoma cells, which rapidlyvas not associated with over-expression of anti-apoptotic Bcl-2-
underwent apoptosis upon drug treatment, whereas colon carelated proteins such as Bcl-2 and Be¢l-or down-regulation of
noma and small cell lung carcinoma cells showed delayed indymro-apoptotic proteins such as Bax or Bglaefore or after
tion of CD95-L mRNA expression corresponding to the delayedioxorubicin treatment (Fig.&j. Furthermore, no over-expression
kinetics of apoptosis in these cells (Fica)4 Thus, CD95-L was of P-glycoprotein was detected in breast carcinoma or renal cell
induced upon drug incubation in chemosensitive tumor cellsarcinoma cells or in any of the other cell lines before or after
whereas weak induction of CD95-L was seen in cell lines whiathoxorubicin treatment (Fig.tband data not shown). Since func-
responded poorly to doxorubicin. To see whether CD95-L wamnal studies revealed no difference in doxorubicin uptake or efflux
expressed at the cell surface, FACS analysis was performed. Ugmnong the cell lines (data not shown), altered drug accumulation
treatment with doxorubicin, an increase in surface expressionmbbably did not account for the observed differences in drug
CD95-L was detected (Figch sensitivity. In addition, no increase in intracellular GSH levels was

To test whether CD95-L would mediate autocrine or paracriféund in cells which responded poorly to doxorubicin compared to
cell death by cross-linking its cognate receptor, we blockedemosensitive cells (Figch Wild-type p53 protein accumulated
CDO95-L/receptor interaction using F(3b anti-CD95 antibody Upon drug treatment in all cell lines except p53 mutant HT-29 cells
fragments, which have been shown to inhibit CD95- and drudFig. 5d).
triggered cell death (Dheiet al., 1995; Frieseret al.,1996; Fulda
et al., 1997). Incubation with F(d, anti-CD95 antibody frag-
ments prior to addition of drugs markedly reduced cell death, DISCUSSION
whereas F(a, FlI23 IgG; control antibody fragments had no  Chemotherapeutic agents, irrespective of their putative intracel-
effect (Fig. 41 and data not shown). This suggested that drugalar target, activate programmed cell death in target cells (Rowan
triggered apoptosis depended, at least in part, on CD95-L/recepi@ Fisher, 1997). However, the molecular requirements which
interaction. determine chemosensitivity of cancer cells have not been defined

Response to cytotoxic drugs has been reported to be modulagedctly. Here, we report that sensitivity of solid tumor cells to
by various mechanisms, including expression levels of Bcl-Zytotoxic drugs is related to activation of the CD95 system.
related proteins (Yang and Korsmeyer, 1996), over-expression@b95-L was induced following drug treatment in chemosensitive
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FIGURE 4 — Induction of CD95-L.(a) Analysis of CD95-L mRNA expression. Hodgkin (L540CY), Ewing's sarcoma (A17/95), colon
carcinoma (HT-29), small cell lung carcinoma (H-146), breast carcinoma (MCF-7) and renal cell carcinoma (KTCTL-26) cells were treated with
doxorubicin at indicated concentrations and time points. CD95-L mRNA expression was determined by RT-PCR. Exprgssitin ofas used
to control RNA integrity and equal gel loadin@p) Analysis of CD95-L protein by Western blot. Hodgkin (L540CY), Ewing’s sarcoma (A17/95),
colon carcinoma (HT-29), small cell lung carcinoma (H-146), breast carcinoma (MCF-7) and renal cell carcinoma (KTCTL-26) cells were treated
(+) with 0.5 pg/ml (Hodgkin, Ewing’s sarcoma, colon carcinoma, small cell lung carcinoma) or 1 pg/ml doxorubicin (breast carcinoma, renal cell
carcinoma) at the indicated time points. Protein of cell lysates, 40 ug per lane, was separated by 12% SDS-PAGE. CD95-L protein was detected as
a 37 kDa band by mouse anti-CD95-L MAb and E@t).Analysis of CD95-L protein by flow cytometry. Ewing’s sarcoma cells were treated with
0.1 pg/ml doxorubicin for 18 hr, stained with FITC-conjugated rat anti-CD95-L MAb and analyzed by flow cytometry using CELLQuest software.
Thick line, treated cells stained with anti-CD95-L antibody; dotted line, untreated cells stained with anti-CD95-L antibody; thin line, control cells
stained with isotype-matched antibody. Fluorescence intensity (abscissa) is plotted against cell number (ofd)nathjbition of
doxorubicin-induced apoptosis by F(gpanti-CD95. Hodgkin (L540CY), Ewing’s sarcoma (A17/95), colon carcinoma (HT-29) and small cell
lung carcinoma (H-146) cells were treated with 0.5 pg/ml doxorubicin for 72 hr after pre-incubation for 1 hr with medium (black bars), 10 pg/ml
F(ab") FlI123 (IgG; control antibody, white bars) or 10 pg/ml F(abanti-CD95 (blocking antibody, hatched bars). Specific apoptosis was

determined and calculated as described in Figure 1. Data are given as means of 3 independent experiments done in triplicate. Standard deviations
were less than 10%.
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FIGURE 5— Expression levels of Bcl-2-related proteins, P-glycoprotein (MDR-1), GSH and p53 pr(agiExpression of Bcl-2-related
proteins. Hodgkin (L540CY), Ewing’s sarcoma (A17/95), colon carcinoma (HT-29), small cell lung carcinoma (H-146), breast carcinoma
(MCF-7) and renal cell carcinoma (KTCTL-26) cells were treatedl\ith 0.5 pg/ml doxorubicin for 24 hr; 40 ug protein from cell lysates were
separated by 12% SDS-PAGE. Immunodetection of Bcl-2, Bax and Bcl-x proteins was performed using mouse anti-Bcl-2 MADb, rabbit anti-Bax
polyclonal and rabbit anti-Bcl-x polyclonal antibody and ECL. Untreated KM3 cells were used as positive control for Bcl-2 exp(epsion.
Expression of P-glycoprotein (MDR-1). P-glycoprotein expression of breast carcinoma (MCF-7) and renal cell carcinoma (KTCTL-26) cells was
determined by FACS analysis using P-glycoprotein (MDR-1) MAb UIC2. Representative experiments out of 3 are shown. Fluorescence intensity
(abscissa) is plotted against cell number (ordingt§)Analysis of GSH levels. GSH levels of Hodgkin (L540CY), Ewing’s sarcoma (A17/95),
colon carcinoma (HT-29), small cell lung carcinoma (H-146), breast carcinoma (MCF-7) and renal cell carcinoma (KTCTL-26) cells were
determined by flow cytometry, staining cells with 40 uM monochlorobimane. Data are shown as relative GSH levels compared to unstained
control cells(d) Expression of p53 protein. Hodgkin (L540CY), Ewing’s sarcoma (A17/95), small cell lung carcinoma (H-146), breast carcinoma
(MCF-7) and renal cell carcinoma (KTCTL-26) cells were treatedlith 0.5 pg/ml (Hodgkin, Ewing’s sarcoma, small cell lung carcinoma) or 1
pg/ml doxorubicin (breast carcinoma, renal cell carcinoma) at the indicated time points; 40 ug protein of cell lysates per lane were separated by
12% SDS-PAGE. Immunodetection of p53 protein was performed by mouse anti-p53 MAb and ECL.
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tumor cells but not in tumor cells which showed a poor responsewgich has been described to mediate resistance to certain chemo-
cytotoxic drugs. Binding of CD95-L to its receptor then triggeretherapeutic agents, including doxorubicin, in some cell types
the apoptosis cascade since interfering with CD95-L/recept(Bellamy, 1996). Furthermore, the cytotoxic response to chemother-
interaction using F(abz)anti-CD95 antibody fragments markedlyapy was modulated variably by loss of wild-type p53 function as
reduced doxorubicin-induced apoptosis. Thus, production p63 mutant HT-29 cells were sensitive to doxorubicin, whereas
CD95-L and cross-linking of its cognate receptor were probabiyild-type p53 MCF-7 and KTCTL-26 cells responded only poorly
key events in drug-mediated cell death. Moreover, CD95 expreas-chemotherapy. Wild-type p53 is considered to mediate apoptosis
sion was up-regulated upon treatment with cytotoxic drugs, therelnyresponse to DNA damage in many tumor cells (Logteal.,
increasing sensitivity for physiological apoptotic signals. Caspas&894) and has been implicated in up-regulation of CD95 expres-
were centrally involved as death effector molecules during doxorsion in hepatocellular carcinoma cells treated with cytotoxic drugs
bicin-induced apoptosis as the broad-spectrum tripeptide inhibitddller et al.,1997). However, there have been conflicting reports
of caspases zVAD-fmk almost completely inhibited doxorubicinen the relation of p53 status and the efficacy of cancer cells to
induced apoptosis. Activation of caspases resulted in cleavagetretment-induced cytotoxicity, suggesting that the response to
substrates, such as PARP, and in cell death. Sensitivity foytotoxic agents might be influenced variably by loss of wild-type
drug-induced cell death has been reported to depend on activaf@3 function and might be tissue-specific (Ceteal., 1997; Wahl

of caspases (Lost al., 1997). Taken together, our results suggest al., 1996). In this respect, it is of interest that we found
that chemosensitivity of solid tumor cells was determined, at leagp-regulation of CD95 upon drug treatment in p53 mutant HT-29
in part, by the presence of functional apoptosis pathways, suchcadls, consistent with Micheaat al.(1997). Activation of the CD95

the CD95 system involving activation of caspases. We haggstem with increased expression of CD95-L and CD95 may be
identified activation of the CD95 system as a key mechanism ofediated through several pathways. Thus, generation of oxygen
drug-triggered apoptosis in leukemia and neuroblastoma celiglicals and ceramide followed by activation of cellular stress
(Friesenet al., 1996; Fuldaet al., 1997). Thus, cytotoxicity pathways may be involved in drug-induced apoptosis (data not
mediated by the CD95 system might be central to cytotoxic drighown).

action in a_\/ariety of S.ens|t.|Ve tumor cells of different origin. Drug Taken together, our findings Suggest that sensitivity of solid
concentrations used in this study corresponded to plasma leviglgor cells for cytotoxic drugs is related to activation of the CD95
which can be achieved in patients following chemotherapy (D@ystem, including processing of caspases. Together with our
minici et al., 1989; Mulleret al.,1993), indicating that our findings previous findings that the CD95 system is centrally involved in
may be of therapeutical relevance. drug-triggered apoptosis of leukemia and neuroblastoma cells,
In addition to the CD95 system, various mechanisms have beiese results might have important implications for drug develop-
implicated in regulation of drug-induced apoptosis. Members of tieent and new therapeutic strategies to overcome drug resistance of
Bcl-2 family of proteins positively and negatively modulatgumor cells.
apoptosis (Yang and Korsmeyer, 1996). However, imbalance in
expression levels of anti-apoptotic to pro-apoptotic Bcl-2-related
proteins did not appear to account for the differences in chemother-
apy-induced apoptosis found among the cell lines. Moreover, theThis work was supported by grants from the Deutsche Forsch-
diminished response to chemotherapy seen in breast carcinomaangsgemeinschaft (K.-M.D.), the Bundesministerium fiir Forsch-
renal cell carcinoma cells was not related to an increase umg und Technologie (Bonn), the Tumor Center Heidelberg/
intracellular GSH levels or over-expression of P-glycoproteirMannheim and the Deutsche Leukdmieforschungshilfe.
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