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CD95 (Fas/APO-1) and its ligand (CD95L) belong
to a growing cytokine and cytokine receptor family
that includes nerve growth factor (NGF) and tumor
necrosis factor (TNF) and their corresponding recep-
tors. CD95 expression increases during malignant
progression from low-grade to anaplastic astrocy-
toma and is most prominent in perinecrotic areas of
glioblastoma. There is, however, no evidence that
CD95 expression in malignant gliomas is triggered
by hypoxia or ischemia. Agonistic antibodies to
CD95, or the natural ligand, CD95L, induce apoptosis
in human malignant glioma cells  in vitro . Glioma cell
sensitivity to CD95-mediated apoptosis is regulated
by CD95 expression at the cell surface and by the
levels of intracellular apoptosis-regulatory proteins,
including bcl-2 family members. Several cytotoxic
drugs synergize with CD95L to kill glioma cells. For
as yet unknown reasons, glioma cells may co-
express CD95 and CD95L in vitro without undergo-

ing suicide or fratricide. Yet, they kill T cells via

CD95/CD95L interactions and are sensitive to exoge-
nously added CD95L. Since CD95L is expressed in
gliomas in vivo, too, forced induction of CD95
expression might promote therapeutic apoptosis in
these tumors. That glioma cells differ from non-
transformed T cells in their sensitivity to CD95 anti-
bodies or recombinant ligand, may allow the devel-
opment of selective CD95 agonists with high antitu-
mor activity that spare normal brain tissue. A family
of death ligand/receptor pairs related to
CD95L/CD95, including APO2L (TRAIL) and its multi-
ple receptors is beginning to emerge. Although sev-
eral issues regarding glioma cell sensitivity to
CD95L/CD95-mediated apoptosis await elucidation,
CD95 is a promising target for the treatment of
malignant glioma.

Introduction

CD95 (Fas/APO-1) is a member of a growing family
of cytokine receptors that includes the receptors for
TNF-a and NGF. The natural CD95 ligand (CD95L), a
cytotoxic cytokine homologous to TNF, induces apop-
totic cell death in susceptible target cells. Natural mouse
mutants with defects in the CD95 gely) or CD95L
gene ¢ld) develop lymphadenopathy and exhibit fea-
tures of autoimmune disease, suggesting that the
CD95/CD95L system plays a role in the peripheral dele-
tion of expanded immune effector cell populations. In
fact, besides the perforin pathway, CD95/CD95L inter-
actions are the second principal pathway of T cell-medi-
ated cytotoxicity (17).

Key steps in the CD95-dependent subcellular killing
cascade have been delineated in recent years (Fig. 1)
(13,26). The CD95L needs to trimerize for signal trans-
duction and in turn promotes aggregation of the cyto-
plasmic death domains of CD95. This results in the
recruitment of the Fas-associating protein with death
domain (FADD) and FLICE (FADD-like ICE, inter-
leukin 1-convertase, caspase 8) to the death-inducing
signalling complex (DISC). Thus, activation of a cas-
pase is a rather early event in CD95-mediated apoptosis.
Caspase-3 (CPP32) appears to be subsequently activat-
ed in all cell types undergoing CD95-mediated apopto-
sis. The proximate cause of death after CD95 ligation is
unknown. Although several potential substrates for cas-
pase 3 have been identified, including poly-(ADP-
ribose) polymerase (PARP), retinoblastoma protein,
actin, lamin fodrin, and even the bcl-2 protein (3), it has
not been clarified which specific substrates need to be
cleaved for death to occur. DNA fragmentation is part of
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glioma cells is attenuated by dexamethasone (52). This
may be of clinical relevance in light of the frequent use
COEsL of corticosteroids for the control of cerebral edema in
affected patients. Alternative drugs to control cerebral

s edema that lack the cytoprotective properties of steroids

e would be welcome. In that regard, we have obtained pre-
Coes liminary evidence that boswellic acids, phytotherapeutic
inhibitors of the lipoxygenase pathway (33), show anti-

edema activity in human glioma patieirtssivo (Weller
and Schabet, unpublished) but do not attenuate CD95L-

.Il l o or drug-induced apoptosis of glioma celis vitro
Gie | (Glaser et al. submitted).
it e ] P — Two problems became apparent early on. First, some
DASE formution glioma cell lines appeared to resist CD95 antibody-
E:Z; 4 = induced apoptosis because of little CD95 expression at
B : the cell surface. Second, most glioma cell lines required

crmad, s | ACEEINLD Canper inhibition of MRNA or protein synthesis to undergo

- apoptosis in response to CD95 antibodies, suggesting

i that glioma cells express cytoprotective proteins which
4 interfere with the killing cascade. Glioma cells express
i e these proteins either constitutively or are induced to do
i so when CD95 ligation is triggered. Therefore, enhanc-

P ing CD95 expression at the cell surface and overcoming
subcellular resistance became important issues for a
Figure 1. CD95-dependent signal transduction (for details, see possible therapeutic exploitation of the CD95/CD95L
text). system in malignant glioma.

the terminal events in CD95-mediated apoptosis sincmlahe role of CD95 expression at the cell surface
inhibition of CAD, a novgl_aspasgetwated_D\Iase, The first comparative study of various glioma cell
prevents DNA fragmentation but not cell death (5,34)ines for CD95 expression at the cell surface and sus-

The point of comml_tment to dgath is therefore upstrgar'&eptibility of CD95-mediated apoptosis indicated that
of DNA fragmentatlop. 'I"h.e signalling cascade leadingy,e e \as a certain level of CD95 expression necessary
to cgll death can be '”h'b,'te‘,’ at the IeveI. of DISC for-, permit transduction of a CD95-dependent apoptotic
mation by viral FLICE |r_1h|b'|tory proteins  (FLIP), ignal (52). Further, pre-exposure of glioma cells to the
upstream of caspase 3 activation by bcl-2 or bcl-X, amiytokines TNFe and interferony (IFN-y), which

atthe level of caspase 3 activation by viral proteins Suc[ﬁcrease CD95 expression at the cell surface, enhanced
as crm-A or p35 (Fig. 1). their sensitivity to agonistic CD95 antibodies. Sensitiz-
ing effects of TNFa to CD95-mediated apoptosis have

CD95: a novel therapeutic target in malignant glioma . d in di .
. 4 ; ; . in direct TN&-gene transfer studies
We became interested in targeting CD95 in mal|g-been confirme 9

nant alioma when we noticed that human mali nanfls)' Recent work suggests that the sensitivity of human
gliomg cells were susceptible to CD95 antibgody_malignant glioma cells to CD95 antibodies can also be
induced apoptosisn vitro and that CD95 was not enhanced using CD95 antibody-loaded liposomes (23).

expressed in normal brain tissue except for endothelia| The next step was to assess whether gene transfer-
L . . i [ f CD xpression in CD95-
cells (52). At leasin vitro, endothelial cells resist CD95 Mediated augmentation of CD95 expressio CD95

antibody-induced apoptosis (28), suggesting thapegatlve glioma cells would suffice to reconstitute sus-

. S99 eptibility to the induction of apoptosis (55). Up to a
endothelial damage would not be a major side effect of P : .
CDY5 targeting in the brain vivo. Further, freshly iso- certain level of ectopic CD95 expression, we observed a

lated . i I | tible t corresponding increase in sensitivity to CD95 antibody-
Ca[?gser); \é'lvc: gdloma ?e IS Wg;e ?_iskc; Scuhsgrizt'he?ao_induced apoptosis when different CD95-transfected
“mediated apoptosis (53). pySones derived from the same cell line were compared.

induced apoptosis (56), CD95-mediated apoptosis g eyond that level, this correlation was no more
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detectable, that is, factors other than merely ectopi TrSrrorsart e 8 .
CD95 expression determined sensitivity to apoptosis I | . ‘I E l ! !
We thus identified a critical threshold of CD95 expres- % T ; It
sion that appeared to be required to transmit the prc e

apoptotic signal. This threshold differed significantly AT, — 5T — SR
among the cell lines, suggesting a complex regulation ¢ ::_ | g

CD95-dependent signal transduction. Interestingly T

above that threshold of enforced CD95 expression, th Raciaiion

level of CD95 expression did not correlate with suscep LAY P
tibility to apoptosis when different CD95-transfected Pmazre Fratrrade

clones from the same glioma cell line were comparec

These data confirmed that subcellular factors acquire | coss

major role in modulating apoptosis once the critical

level of CD95 expression sufficient for signal transduc-_. . .

. . . . Figure 2. Drug-induced tumor cell apoptosis: a role for
tion is passed. Collectively, these observations alscpgs/cpgs interactions?

clearly indicate that augmenting CD95 expression, byAccording to studies in nonglial cells, genotoxic stress induced
whatever approach, alone will not be sufficient to pro_by irradiation or chemotherapy results in enhanced expression

P : : of CD95 and CD95L at the cell surface, possibly in a p53-
mote apoptosis in glioma cells but that the mtracellula\dependent pathway, triggers CD95/CDISL interaction-depen-

signalling cascade needs to be considered as Well.  gent caspase activation, and leads to autocrine suicide or
paracrine fratricide. Cytotoxicity might be blocked by transdom-
Synergy with chemotherapy inant negative p53 at the level of induction of CD95/CD95L

The potentiation of CD95 antibody-induced apopto_expression or by crm-A at the level of caspase activation (for
. N . . detalls, see text).
sis by inhibitors of RNA or protein synthesis such as

inomycin D or loheximi 2) 1 .
actinomyc or cycloheximide (52) led us tq SCre?ntelns such as bcl-2 has led some authors to try to bypass

sgnis cytoprotective mechanism of gliomas by activating
a caspase directly by gene transfer methods (63). The

CD95L-induced apoptosis. While none of these drugfeaSibiIity O.f that a_pproach needs to be confirmed ir!
augmented CD95L-induced apoptosis to the sampuman patients. Given the central role of caspases in
degree as inhibitors of RNA and protein synthesis inmedlatmg_neuronal_ ceI_I death (e.g., 35,36), targeting
acute cytotoxicity assays, all drugs synergized witrcaspases in the brain directly seems to carry a high risk
CD95L in inhibiting clonogenic glioma cell survival of side effects.

(30). These data suggested that systemic chemothera.we CD95/CDI5L system does not mediate drug tox-

might be a useful adjunct to therapeutic CD95 targeting};City in human malignant glioma cells
in malignant glioma. Topoisomerase | inhibitors were Racent studies have proposed a role for the

subsequently found to be rather exceptional in augmengpgs;cpgsL system in drug-induced tumor cell cyto-
ing CD95-mediated apoptosis even in acute toxicitytoxicity_ Thus, drug-induced apoptosis of lymphoma
assays (58) but this effect was restricted to high concensg||s was linked to drug-induced CD95L expression and
trations of these agents and could be linked to drugsyocrine suicide or paracrine fratricide (7). Similarly,
induced inhibition of RNA synthesis (Winter and y,q.induced increases of CD95 and CD95L expression

Weller, submitted). Taxol was identified as another canyqare held responsible for drug-induced hepatoma cell

dida_lte drug for CD95L-baseq immunpchemotherapy OHeath (16) (Fig. 2). This process appeared to be p53-
malignant glioma (31). Here, inactivation of the endogeependent. We have not been able to delineate a similar
nous bcl-2 protein by phosphorylation appeared 1qgje of CD95/CDISL interactions in the drug toxicity of
u_nderlle the facilitation of CD95-med|ated' apoptosis,glioma cells. Thus, gene transfer-induced changes of
given that bcl-2 gene transfer had previously beerbpgs expression do not alter drug sensitivity of glioma
shown to induce resistance to CD95-mediated apoptosigy|| jines (60). Further, expression of transdominant
(54).' This protection of glioma cells from apoptosusnegaﬂve p53 in p53 wild-type LN-229 glioma cells
mediated by bcl-2 operates upstream of caspase 3 acfjprogates drug-induced increases in CD95 expression

vation (Wagenknecht et al. submitted) (Fig. 1). Thepy goes not inhibit drug toxicity (60). Eventually,
apparent resistance to apoptotic stimuli provided by pro-

adriamycin, BCNU, vincristin, etoposide, teniposide, 5-
fluoruracil and cytarabin, for possible synergy with
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WHO grade CD95 Ref. CD95L Ref.
Pilocytic | 0/4, RT-PCR 40
astrocytoma
Low-grade I 1/9, RT-PCR 40 3/3,RT-PCR | 9
astrocytoma 3/3, RT-PCR 9 1/3, IHC 9
1/9, IHC 41
1/3, IHC 9
“Benign” land Il 4/4, IHC 32
astrocytoma
Anaplastic 1 6/12, RT-PCR 40
astrocytoma 2/11, IHC 41
Glioblastoma v 9/9, RT-PCR 40 9/9, RT-PCR | 9
9/9, RT-PCR 9 9/9, IHC 9
13/15, IHC 41
719, IHC 9
Malignant Il and IV 6/7, IHC 32
astrocytoma
Primary \%2 18/18, IHC 44 22/22, IHC A*
(de novo)
glioblastoma
Secondary \2 4/19, IHC 44 6/6, IHC A*
glioblastoma
A*, Ohgaki et al. unpublished results, RT-PCR, reverse transcription-polymerase chain reaction; IHC,
immunohistochemistry.

Table 1. CD95 and CD95L expression in human astrocytomas
in vivo.

correlated with malignant progression of these tumors
and that CD95 mRNA was detected in all glioblastomas
(40) (Table 1). Large areas of ischemic necroses are
observed in virtually all primarydé nov) glioblas-

% Fa tomas but are significantly less frequent in secondary
Figure 3. CD95 and CD95L expression in human malignant glioblastomas which develop through progression from
glioma. low-grade or anaplastic astrocytoma. At the protein
Immu_noch_e_mical detection was performed as described (_9,41) level, CD95 expression is predominantly observed in
and identified CD95 and CD95L expression by peroxidase . . . .
staining (brown). Note that CD95 is expressed most abundant- glloma cells surrou'ndl_n_g Iarge areas of ”eCfQS'S (.Flg. 3)
ly in perinecrotic areas (A) whereas CD95L is expressed in a  (41,44) and thus significantly more frequent in primary
diffuse pattern (B) (x 162, N = necrosis). (100%) than in secondary glioblastoma (21%). This

suggests that these clinically and genetically defined
forced expression of the viral caspase inhibitor, crm-Asubtypes of glioblastoma also differ in the extent and
blocks CD95L-mediated glioma cell death but does nofnechanism of necrogenesis and in their response to
modulate drug toxicity, excluding the role of cpgs/CD95L-based immunotherapy.
CD95/CD95L interactions in the drug toxicity of glioma Although very low levels of CD95 expression can be
cells (Roller et al. submitted). Using a similar approachsyfficient to transmit a pro-apoptotic signal, provided an
with crm-A, Villunger et al. (45) have recently ques- appropriate stimulus is presented, these data have ques-
tioned the data on the role of CD95/CD95L interactiongjoned the feasibility of targeting the CD95 system in
in the drug toxicity of lymphoma cells, too. malignant glioman vivo. To overcome low level CD95
expression as a mechanism underlying resistance to
CD95 expression in human malignant gliomas  in  apoptosis, one might envisage various strategies, such as
wo . . . . promoting CD95 expression by pretreatment with
. Using |mmun0h|§tochem|stry of.glloma_ sections ar.]dcytokines such as TNé&-or IFN-y which can be admin-
immunoblot analysis of fresh glioma tissue prpte'nistered to glioma patients without serious side effects
Iysa_tes, we were ab!e t_o detect_ C.D95 expression "(6,62) and strongly enhance CD95 expression in glioma
malignant gliomasn vivoin a preliminary study (52). cells in vitro (52). However, since glioma cells may

CD95 expression in normal brain is restricted to Som%oexpress CD95 and CD95L at the cell surface without

endothelial cells. Systematic analyses of grade HVundergoing apoptosis (see below), enhanced CD95

astrocytomas revealed that CD95 mRNA expression
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expression may be a precondition for an exogenousffect of bcl-2 family protein expression on CD95L-
CD95 agonist to be active against glioma cells but willinduced apoptosis in a specific tumor will be difficult to
probably not promote apoptosis in the absence of extepredict.
nally triggered CD95 ligation. Further, it is unclear
whether the proinflammatory cytokines that induceCo-expression of CD95 and CD95L in malignant
CD95 expressiorin vitro (52) will also do so in the gliomas
microenvironment of the gliomia vivo that is charac- Among the rationales of activating CD95, a natural
terized by the presence of multiple immunomodulatoryftarget of immune effector cells, was the state of
and also potent immunosuppressive factors such dgimunosuppression observed in malignant glioma
TGF- or interleukin-10. In that regard, it is noteworthy Patients that might interfere with strategies of active cel-
that intracerebral injections of IFj-have been shown Iular immunotherapy (50). We viewed transforming
to induce MHC antigen expression in the brain severa@rowth factor (TGF-3) as a principal soluble mediator
years ago (61). However, intratumoral injections of IFN-Of T cell suppression and had hypothesized that glioma
v in the rat 9L gliosarcoma model induced MHC class [cells induced TGRB-mediated apoptosis of invading
and Il expression in nonneoplastic cells such a#mmune cells (51). However, more recently, we and oth-
mononuclear phagocytes and endothelial or ependym&rs (9,32,57) have shown that human malignant glioma
cells but not in the tumor cells (59). These observation§ells express not only CD95 but also CD95L on their
raise the possibility that exogenous cytokines mighpell surface and that CD95L expressed on the surface of
enhance CD95 expression in untransformed brain Ce|§|i0ma cell lines is fUnCtiona”y active in that it kills sen-
more efficiently than in glioma cella vivo, an undesir- ~ Sitive target cells of the immune system. Interestingly,
able effect from a therapeutic point of view. similar data on CD95L eXprESSion and immune surveil-
In contrast to vascular endothelial grow‘[h factorlance have been pUb“Shed for various other nonglial
(VEGF), CD95 expression does not appear to bdumors, including carcinoma of colon, lung and liver,
induced by hypoxia (44). Although there is evidencemelanoma and plasmacytoma (10,20,21,39,46,48).
that the presence of wild type p53 is necessary foPnexpectedly, however, ectopic expression of CD95L
expression of CD95 (24,42), analysis of CD95 mRNAON various tumor cell lines induced tumor regression
levels in a glioblastoma cell line containing3@muta-  Vivo, an effect that was attributed to neutrophil activa-
tion and an inducible wild-typp53 gene showed little tion and CD8 T cell-mediated immunity (37).
difference under induced and non-induced conditions, Why glioma cells co-expressing CD95 and CD95L
suggesting that up-regulation of CD95 expression is nd@il to undergo suicide or fratricide, is at present
directly linked to thep53 gene status in glioblastoma unknown (Fig. 4A). Topographic restriction of CD95
(44). Yet, ectopic expression of the murine temperatureand CD95L expression at the cell surface may prevent
sensitive p53 v&P mutant enhanced CD95 expressionSUiCide, but not fratricide. In most inoma cell Iines,
uniformly when induced to assume wild-type conforma-CD95-mediated apoptosis is greatly facilitated when
tion (49, Pohl et al. submitted). RNA or protein synthesis are blocked (52), suggesting

In vitro studies predict that the levels of antiapoptot-the expression of labile, anti-apoptotic proteins in the
ic bcl-2 fam”y proteins will p|ay an important role in inoma cells which inhibit both suicide and fratricide.
determining the response of malignant gliomas to CD95€t, the cell line most sensitive to CD95L, LN-18, does
targeting (54). Interestingly, the correlation of bcl-2 ot seem to commit suicide or fratricide even when
family protein expression with the progression of astrogrown to tight confluency (Weller, unpublished observa-
cytomas is not as clear as for CD95 (Table 1). While wédion). Future studies will have to examine the possible
noted higher bcl-2 expression in anaplastic astrocymodulation of suicide, fratricide, and bystander cell
tomas and glioblastomas compared with grade | and death by shedding of the CD95L (43).
astrocytomas (54), other authors reported the opposite in Since CD95L appears to be uniformly expressed
that low-grade gliomas were more likely to express bclthroughout the tumor tissue in malignant gliormegivo
2 than high-grade gliomas (4,12,18) or no relation to thé9) (Fig. 3), induced expression of CD95 might suffice
malignancy grade (19). Further, bcl-2 expression may of® promote glioma cell suicide or fratricide. However,
may not be associated with p53 wild-type status (1,19)his idea does not gain support from studies which show
Since human malignant gliomas do not only expreséhat agents known to promote CD95 expression in
bcl-2 but also other antiapoptotic and proapoptotidnalignant glioma cellsn vitro, e.g. cytokines such as
members of the bcl-2 protein family (11,29), the netlFN-y or TNF-« (52) or cytotoxic drugs such as VM26
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A several human malignant glioma cell lines (55). Low
levels of CD95ATM mRNA have also been detected in

S > human malignant gliomas vivo (9,40). Taken togeth-
s = l er, these data suggest that soluble CD95 would not sig-
AR, I WS N nificantly interfere with CD95 targeting in malignant
I'x Y el | L™ . glioma.
o Nl o - o
ki 2] Toxicity and Targeting
Ehah TGF-& The general interest in CD95-mediated apoptosis as a
l novel approach to systemic, notably hematological and
| coe s e Il il Mt lymphoid, neoplasias decreased when Ogasawara et al.
R - R — (22) reported that agonistic CD95 antibodies induced
fatal liver toxicity in mice within a few hours. Yet,
B intraperitoneally administered recombinant CD95L pro-
Turssf £l longed survival in mice with intraperitoneal lymphoma
L without major toxicity (27). Further, local intra-articular
. S injection of CD95 antibodies has been successfully used
:" m"‘-_ |'. .'I for disease control in a transgenic mouse model of
L ﬂ_.-' ) : ' arthritis (8). Similar results have been obtained in colla-
ﬂ 8 : —ﬁ/ gen-induced experimental arthritis using an adenoviral
DOMBL AR LN vector encoding CD95L (64). The development of
R CD95 agonists that specifically target neoplastic as
e e b i opposed to untransformed cells would seem to be anoth-

er way to prepare for a possible therapeutic strategy for
Figure 4. Coexpression of CD95L and CD95 in glioma cells: human malignant glioma. In this regard, we were able to
Knpﬁcations ;‘_Olr immu”ne surveillancg Sgg im?lénségiramé il show inverse properties to kill either untransformed
cells in a CD9S/CDIBL-dependent manner (right) but fall o 2nuger-specific T cells or human malignant glioma
undergo suicide or fratricide (left) (57). B. Soluble murine cells of CD95 antibodies on the one hand and soluble
CDY5L kills glioma cells much better than untransformed T cells ~ murine CD95L on the other (65). Although the molecu-
whereas the opposite is true for the CH-11 CD95 antibody (65). lar basis of this differential sensitivity of T cells and

glioma cells to different triggers of CD95 ligation is
or BCNU (60, Pohl and Weller, unpublished), are notpoorly understood, these observations give rise to the

very active against malignant gliorimavivo. hope that tumor-selective induction of CD95-dependent
S apoptosis might be achieved by designing specific ago-
Soluble CD95 and CD95L: implications for CD9S5 tar- nists for tumor cell targeting (Fig. 4B). Of note, efficacy

geting in vivo of CD95 targeting in a glioma model in experimental

Similar. to t_he T.NF rec_eptor, soluble CD95 has beer}:mimals has yet to be demonstrated. In our hands, the
detected in biological fluids and has been suggested tr?xajor obstacle has been to obtain purifigdactive

inhibit CdD?S—midie_lted apoplosis (2)'. Sholuble CD95CD95L in sufficient quantities for such a study (unpub-
may modulate the IMmMmUune reésponse in human Canc,efi§hed). Current efforts focus on an adenoviral CD95L-
(14) but has been examined more extensively in aUtOIrYléncoding vector. Potential systemic toxicity from

mune disorders such as systemic lupus erythematos\’c?coregionary therapy could probably be prevented by

(2) and_ multiple scler.03|s. In th-e- latter, there is Sompsystemic application of CD95L scavengers, e.g., soluble
correlation between disease activity and levels of SETUBRo5 or soluble CDY5 fragments

CD95 (66), and the levels of CD95 detected in multiple

sclerosis sera are biologically active in that they inter-y,. emerging family of death ligands and their

fere with CD95L-induced apoptosis of susceptible taryeceptors

get cells (67) In contrast, we detected Only low levels of Recent evidence Suggests that there is a fam||y of
the CD95 mRNA that encodes the transmembrangeath ligands and receptors homologous to CD95L and
domain-lacking CD95ATM variant and no soluble Ccp95. Apo-2L (TRAIL) is a novel member of that fam-
CD95 protein released into the cell culture medium injly with interacts with various receptors, some of which
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induce whereas others block apoptosis (25,38). Studieg0.
to delineate a possible suitability of the Apo2L (TRAIL)
system for glioma cell targeting are currently in
progress. In conclusion, the CD95/CD95L system and
related pairs of ligands and receptors efficiently transmit 1,
an apoptotic signal that is unaffected by the molecular
alterations that confer resistance of glioma cells to mul-
tiple other proapoptotic stimuli. However, significant
improvements in targeting the apoptotic signal specifi- 1
cally to tumor cells in the brain are needed before the

first clinical trials can be undertaken.
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