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Apo2L/TRAIL Apo2 ligand/tumor necrosis

factor-related apoptosis-inducing ligand

CD95L CD95 ligand

CHX cycloheximide

crm-A cytokine response modifier-A

ECL enhanced chemiluminescence

EGFR epidermal growth factor receptor

FLIP FLICE-inhibitory protein

XIAP X-linked inhibitor-of-apoptosis protein

MAPK mitogen activated protein kinase

DISC death-inducing signaling complex

FADD Fas-associated death domain
adapter protein

PI3K phosphatidylinositol-3 kinase

The death ligands CD95L and Apo2L/TRAIL are
promising investigational agents for the treatment of
malignant glioma. EGFR is overexpressed in a sig-
nificant proportion of malignant gliomas in vivo.
Here, we report that CD95L-induced cell death is
enhanced by EGFR inhibition using tyrphostine
AG1478in 7 of 12 human malignant glioma cell lines.
Conversely, CD95-mediated and Apo2L-induced cell
death are both inhibited by overexpression of EGFR
in LN-229 cells. CD95L-induced cell death augment-
ed by AG1478 is accompanied by enhanced pro-
cessing of caspase 8. LN-229 cells overexpressing
the viral caspase inhibitor, crm-A, are not sensitized
to CD95L-induced cell death by AG1478, indicating
that EGFR exerts its antiapoptotic properties
through a caspase 8-dependent pathway. These data
define a modulatory effect of EGFR-activity on death
ligand-induced apoptosis and indicate that EGFR
inhibition is likely to improve the efficacy of death
ligand-based cancer therapies. Furthermore, it is
tempting to speculate that EGFR amplification pro-
tects tumor cells from death ligand-mediated host
immune responses in vivo and that EGFR’s effects

on death receptor-mediated apoptosis may explain
the anti-tumor effects of non-cytotoxic, unarmed
anti-EGFR family antibodies.

Brain Pathol 2002;12:12-20

Introduction

The death ligands CD95L (FasL/Apo-1L) and
Apo2L/TRAIL are members of the TNF cytokine fami-
ly (2). By activation of the corresponding death recep-
tors (DR), CD95, and DR4 or DR5 respectively, apop-
totic cell death is triggered in susceptible target cells.
While human malignant glioma cell lines are highly
resistant to currently available cytostatic drugs (24),
they express these death receptors, like many other can-
cer cells, and are sensitive to CD95L- and Apo2L-
induced cell death (23). Therefore, these death ligands
are promising investigational agents for the treatment of
malignant glioma. However, high concentrations of
these death ligands, or augmentation of CD95L- and
Apo2L-induced cytotoxicity by inhibitors of RNA or
protein synthesis, are necessary for cell death in many
cell lines, because the efficacy of death ligands is coun-
teracted by proteins with antiapoptotic properties.
Among these are proteins of the Bcl-2 family (35) and
endogenous inhibitors of caspase activation (FLIP, IAP)
(19, 30).

Signaling through growth factor receptors of the
receptor tyrosine kinase class can aso mediate anti-
apoptotic effects. For instance, amplification or overex-
pression of EGFR is common in human malignant
gliomas and occurs in more than 50% of primary
glioblastomas (32). EGFR overexpression results in
resistance to apoptosis induced by cytotoxic drugs and
enhanced survival of glioma cells in vivo (15, 17).
Increased amounts of BCL-X, (15) and hyperphospho-
rylation of pkB/Akt (13) have been hypothesized to
mediate these antiapoptotic effects. Severa strategies
for targeting and inhibiting EGFR are currently being
developed, among these are the pharmacological inhibi-
tion of the tyrosine kinase domain (8, 14), antibodies to
the extracellular domain (26), or gene therapy using
dominant negative EGFR constructs (18, 22). Here, we
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have investigated whether EGFR is involved in the
resistance of human malignant glioma cell lines to
CD95L - and Apo2L -induced apoptosis.

Methods

Reagents. AG1478 and EGF were purchased from
Calbiochem (San Diego, Calif). PD153035 was from
Tocris Cookson (Bristol, UK). All other chemicals not
specified below were purchased from Sigma (Deisen-
hofen, Germany).  Acetyl-Asp-Glu-Val-Asp-chloro-
methylcoumarin (Ac-DEVD-AMC) was obtained from
Biomol (Plymouth Meeting, Pa). CD95L was obtained
from the supernatant of CD95L -transfected N2A murine
neuroblastoma cells (24). Apo2L was kindly provided
by A. Ashkenazi (Genentech South, San Francisco,
Calif).

Cdl lines. The human malignant glioma cell lines
employed in this study have been characterized previ-
oudly (36). LN-229 crm-A cells were obtained using the
Flag-crm-A-puro construct and were compared with
puromycin-resistant control cells transfected with the
empty vector (31). LN-229 cells were transduced with
wild-type ()LWERNL) and kinase-deficient (o)LERNL)
EGFR cDNA (17) by retroviral transfer from transient-
ly transfected Phoenix ampho packaging cells. Follow-
ing selection with G418 (1 mg/ml), pooled clones were
subjected to FACS sorting for EGFR-overexpressing
cells as described below. Because of a possible domi-
nant-negative effect of the kinase-deficient EGFR con-
struct, al experiments were also performed with LN-
229 cdlls transfected with an empty neo vector as con-
trols. Selected experiments repeated with LN-229 cells
transduced with kinase-deficient EGFR yielded similar
results as the neo control cells (data not shown). A431
cells were purchased from the German Collection of
Microorganisms and Cell Culture (Braunschweig, Ger-
many) . The cellswere maintained in DMEM containing
10% fetal calf serum, 2 mM glutamine, 100 [U/ml peni-
cillin, and 100 mg/ml streptomycin.

Viability assays. Cells were seeded in 96-well plates
at a density of 1.5x 10" cellswell and were allowed to
attach in medium containing 10% FCS for 24 hours.
Then the medium was removed and the cells were incu-
bated in serum-free medium with AG1478, PD153035
or EGF and serial dilutions of CD95L or Apo2L. Vehi-
cle controls with solvents were employed as appropriate
(DM SO for AG1478 and PD153035, 10 mM acetic acid
for EGF). Glioma cell viability was determined after 16

hours. For crystal violet staining, the cell culture medi-
um was removed and the surviving cells were stained
with 0.5% crystal violet in 20% methanol for 10 minutes
at room temperature. The plates were washed extensive-
ly under running tap water, air-dried and optical density
values read in an ELISA reader at 550 nm wave length.
For LDH-assays, plates were centrifuged, and the LDH
concentration in the supernatant was assessed employ-
ing the cell death detection kit 11 (Boehringer
Mannheim, Mannheim, Germany) according to the
instructions of the manufacturer.

DEVD-AMC-cleaving caspase activity. The cells
were seeded in 96-well plates (10 cells per well) and
allowed to attach for 24 hours. The cells were treated as
indicated and lysed in lysis buffer containing 25 mM
TRIS-HCI (pH 8.0), 60 mM NaCl, 2.5 mM EDTA, and
0.25% NP40 for 10 minutes. Ac-DEVD-AMC (12.5
wM), diluted in PBS, was added and incubated at 37°C
for 10 minutes. Caspase activity was measured for 1
hour using a CytoFluor 2350 Millipore fluorimeter at
360 nm excitation and 480 nm emission wave lengths.

Immunoblot analysis. Soluble protein lysates were
obtained from subconfluent glioma cell cultures and
SDS-PAGE with electroblotting was performed as
described (34). The following antibodies were used:
mouse monoclonal anti-caspase 3, mouse monaoclonal
anti-human BCL-X, (Transduction Laboratories, Lex-
ington, KY), mouse monoclonal anti-human BCL-2
(PharMingen, San Diego, Calif), mouse monoclonal
anti-caspase 8 (kindly provided by PH. Krammer, Hei-
delberg, Germany), rabbit polyclonal anti-EGFR, goat
polyclonal anti-human actin, rabbit polyclona anti-
BAX, and mouse monoclonal anti-p53 (Santa Cruz, San
Diego, Calif). The secondary antibodies, protein A and
anti-mouse 19G, were purchased from Amersham
(Braunschweig, Germany), anti-goat antibody was from
Santa Cruz. Enhanced chemiluminescence (ECL+,
Amersham) was used for detection.

Flow cytometry. The cells were washed in PBS and
then incubated in flow cytometry buffer (1% bovine
serum abumin, 0.01% sodium azide in PBS) containing
10% sheep serum for 20 minutes at 4°C. After centrifu-
gation, the cells were resuspended in flow cytometry
buffer with anti-CD95 antibody (1 png/ml; mouse IgG,,
Immunotechnology, Hamburg, Germany) or anti-EGFR
mouse monoclonal antibody ab-1 (2.5 wg/ml; Oncogene
Science, Cambridge, Mass). Mouse 1gG, was used for
isotype controls. After 1 hour incubation, the cells were
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washed and then incubated with FITC-labeled sheep
anti-mouse 1gG (Sigma) diluted 1:256 for 20 minutes at
4°C. The cells were washed and analyzed for CD95 or
EGFR cell surface expression by flow cytometry. The
level of expression was calculated as the specific fluo-
rescence index (SFI) derived from the ratio of fluores-
cent signal obtained with the specific antibody and the
isotype control.

Immunoprecipitation and phospho-tyrosine blot.
A431 cells were grown in 15 cm dishes and serum-
starved overnight. Following treatment with EGF and
AG1478 for 5 minutes at 37°C, the cells were rinsed
with ice-cold PBS and harvested in lysis buffer contain-
ing 100 mM HEPES, 300 mM NaCl, 20% Glycerol, 3
mM MgCl,, 2% Triton X-100, 2 mM EGTA, 10 pg/ml
aprotinin, 10 wg/ml leupeptin, 1 mM sodium orthovana-
date, 10 mM sodium pyrophosphate, 1 mM sodium flu-
oride, and 1 mM phenylmethylsulfonyl fluoride. The
lysates were immunoprecipitated with anti-EGFR anti-
body 1005 (Santa Cruz; 0.5 pg per 5 mg cell extract)
separated by 8% SDS-PAGE and transferred onto nitro-
cellulose membranes. The blots were probed with anti-
phosphotyrosine antibody (4G10, Upstate Biochemi-
cals, Inc., Lake Placid, NY), stripped and reprobed with
anti-EGFR antibody 1005.

Statistical analysis. The quantitative data are from
triplicate experiments repeated three times with similar
results. The levels of CD95L- and Apo2L-induced cell
death in different cell lines were compared by unpaired
student’s t-test. Correlations of the sensitization by
AGA4178 with EGFR expression levels were calculated
by Pearson correlation analysis, correlations with p53
status were calculated by x? test with the systat for win-
dows software.

Figure 1. EGFR expression and sensitization to CD95-mediat-
ed cell death by EGFR inhibition. A. The levels of EGFR expres-
sion at the cell surface were determined by flow cytometry. B.
The cells were exposed to CD95L (100 U/ml) in the absence or
presence of AG1478 (10 wM). Survival was assessed by crystal
violet staining after 16 h. Data are expressed as mean percent-
ages of survival and SD (n=3; *P<0.05, **P<0.01, CD95L plus
AG1478 compared with CD95L plus vehicle, student’s t-test.).
The functional p53 status (transactivating property) of the cell
lines as reported elsewhere (27) is also indicated. C, D. US7MG
or LN-229 cells were exposed to CD95L in the absence or pres-
ence of AG1478 (10 uM) or CHX (10 pg/ml) (C) or PD153035

(D). Survival was assessed at 16 h by crystal violet staining. E. U87MG cells were treated as in C-D, and survival was assessed by
LDH release assay. In C-E, data are expressed as mean percentages of survival and SD (n=3; note that some of the error bars are

too small to be visualized).
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Figure 2. EGFR overexpression mediates resistance to CD95L- and Apo2L-induced apoptosis. A. LN-229 glioma cells were infect-
ed with retrovirus carrying wild-type EGFR or kinase-deficient mutant EGFR (DK) and FACS-sorted for EGFR overexpression. EGFR
expression of sorted cells was verified by flow cytometry of LN-229 EGFR cells (left) or LN-229 EGFR DK cells (right); t, transduced
cells; e, endogenous EGFR; i, isotype control, log fluorescence intensity. D. A431 cells were incubated with AG1478 (0.1-10 u.M) for
10 min., immunoprecipitated with anti-EGFR antibody, separated by 8% SDS-PAGE and blotted onto PVDF membranes. Blots were
probed with anti-phosphotyrosine antibody (upper panel) or anti-EGFR antibody (lower panel). B. LN-229 EGFR or neo control cells
were treated with CD95L in the absence or presence of CHX as in Figure 1C, C,E. LN-229 EGFR or neo control cells were treated
with Apo2L in the absence or presence of CHX (D) or AG1478 (E) as in Figure 1C.

Results

EGFR inhibition enhances CD95-mediated apopto-
sis in glioma cells. The levels of EGFR expression at
the cell surface were determined in 12 human malignant
glioma cell lines known to differ widely in their sensi-
tivity to CD95L-induced cell death (23). EGFR levels
were rather homogenous among the cell lines, T98G
cells exhibiting the highest levels and LN-319 and LN-
229 cells exhibiting rather low levels (Figure 1A). No
relation of EGFR expression to CD95 expression or sen-
sitivity to CD95-mediated cell death (23) or p53 func-
tional status (27) became apparent. Next, we examined
whether inhibition of EGFR activity by AG1478 facili-
tated CD95-mediated cell death. Asshown in Figure 1B,
7 of the 12 cell lines were sensitized significantly to
CD95L -induced cell death by AG1478. Concentration-
response curves for US7TMG and LN-229 are shown in
Figure 1C. For comparison, the cells were also co-treat-
ed with CHX, a known sensitizer to death receptor-
mediated apoptosis in glioma cells (23, 27). There was
no significant cytotoxicity caused by EGFR inhibition
with AG1478 aone at concentrations up to 10 uM (Fig-

ure 1E). Similar results to AG1478 were obtained with
the structurally unrelated tyrosine kinase inhibitor,
PD153035 (Figure 1D). Among the 12 cell lines (Figure
1B), sensitization to CD95-mediated cell death by
AG1478 did not correlate with EGFR expression levels
(coefficient=-0.270, Pearson correlation analysis) or
p53 status (P=0.92, x2- test).

EGFR overexpression inhibits CD95L - and Apo2L -
mediated apoptosis. After retroviral infection of LN-
229 cells and FACS sorting, LN-229 EGFR cells over-
expressed EGFR 6.2-fold, and LN-229 EGFR DK cells
overexpressed EGFR 8.7-fold, compared with parental
LN-229 cells, as calculated from SFI ratios as outlined
in Methods (Figure 2A). These levels are comparable to
A431 cells, which are known to highly overexpress the
EGFR constitutively. EGFR overexpression was accom-
panied by enhanced EGFR autophosphorylation in LN-
229 EGFR but not in LN-229 DK EGFR cells (data hot
shown). Stable expression in culture was observed when
maintained in selection media for over 1 year. The inhi-
bition of EGFR tyrosine kinase activity by AG1478 was
verified by phosphotyrosine blot. At 10 wM, autophos-
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Figure 3. Altered EGFR signaling does not modulate CD95
expression. CD95 cell surface expression was studied by flow
cytometry in the absence or presence of AG1478 (10 .M, 24h):
in LN-229 neo cells (upper panel), in LN-229 EGFR cells (mid-
dle panel) and in CD95-transfected LN-229 cells (lower panel).
Data are expressed as SFI indexes.

phorylation was abolished whereas total EGFR protein
levels were unaltered (Figure 2D). This assay was per-
formed on A431 cells which have high levels of EGFR.
Due to the limited sensitivity of assay and the low lev-
els of autophosporylation in the glioma cell lines, a
guantitative analysis of the efficacy of EGFR-Inhibition
by AG1478 in the 12 glioma cell lines by IP-Western
blot was not feasable. 10 uM AG1478 also abolished
the proliferative response to EGF in the LN-229 neo and
LN-229 EGFR cell lines, thus offering biological proof
for effective inhibition of the EGFR during the assay
(data not shown).

LN-229 cells engineered to overexpress EGFR were
protected from CD95L -induced cytotoxicity, both in the
absence and in the presence of CHX (Figure 2B). We
further investigated whether the principle of modulation
of death ligand-induced cytotoxicity by EGFR would
also extend to Apo2L. Similar to CD95L, LN-229
EGFR cdlls were protected from Apo2L-induced cyto-

toxicity in the absence or presence of CHX, and EGFR
inhibition by AG1478 sensitized the cells to Apo2L-
induced cell death (Figure 2C, E).

EGFR activity modulates CD95L-induced cell
death at the level of caspase processing. Flow cytomet-
ric measurements revealed that the influence of EGFR
activity on CD95-mediated cell death did not involve
changesin CD95 expression at the cell surface: AG1478
enhanced CD95 expression neither in neo control cells
nor in LN-229 cells engineered to overexpress CD95
(38), nor were CD95 levels decreased in LN-229 cells
engineered to overexpress EGFR (Figure 3). To further
investigate how EGFR inhibition enhances CD95L -
induced cell death, we explored modulation of caspase
cleavage by EGFR inhibition and overexpression. First,
LN-229 or US87TMG cells were exposed to vehicle,
AG1478 or CHX aone or co-exposed to CD95L.
CD95L -induced caspase 8 cleavage was enhanced by
AG1478. AG1478 aone did not induce caspase pro-
cessing. Co-exposure to CD95L and CHX, as a positive
control for augmentation of the caspase cascade (31),
also resulted in the potentiation of caspase processing
compared with CD95L alone (Figure 4A).

Next, the influence of EGFR overexpression on
CD95L -induced caspase cleavage was studied by a flu-
orometric DEVD-AMC cleavage assay as a surrogate
marker for caspase activity. LN-229 EGFR cells dis-
played significantly less DEVD-AMC cleavage com-
pared with LN-229 neo controls. Co-exposure to
AG1478 increased CD95L -induced DEVD-AMC cleav-
age in both LN-229 sublines, whereas treatment with
AG1478 adone did not result in DEVD-AMC cleavage
(Figure 4B). Finally, we took advantage of LN-229 cells
overexpressing the viral caspase inhibitor crm-A. Crm-
A isaselective caspase 8 inhibitor which interferes with
the caspase-dependent killing cascade triggered by
CD95L in gliomacells (31). Figure 4C shows that these
cells were refractory to AG1478-mediated sensitization
to cell death, indicating that EGFR exerts its antiapop-
totic properties through a caspase 8-dependent pathway.

Upregulation of BCL-X, has been suggested to medi-
ate EGFR-induced protection from apoptosisin US7TMG
cells (15). We find that the levels of the antiapoptotic
proteins, BCL-X, and BCL-2, are unaltered by ectopic
EGFR expression or EGFR inhibition with AG1478
(Figure 4D). Aspreviously reported (11), co-exposure to
CD95L and CHX induced a loss of BCL-X,, but not of
BCL-2 protein. This loss of BCL-X, was prevented by
EGFR overexpression, consistent with the idea that the
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Figure 4. Altered EGFR activity modulates CD95L-mediated caspase processing and activity. A. LN-229 or U87MG cells were
exposed to vehicle, AG1478 (10 M) or CHX (10 pg/ml) alone or co-exposed to CD95L (100 U/ml) for 6 h. The processing of cas-
pase 8 was assessed by immunoblot as reflected by the formation of p18. B. LN-229 neo or EGFR cells were exposed to vehicle or
AG1478 (10 wM) or CD95L (100 U/ml), or combinations thereof, for 6 h. DEVD-AMC cleavage was assessed by fluorimetry (*P
<0.05, CD95L plus vehicle compared to CD95L plus AG1478, student’s t-test). C. LN-229 cells transfected with the viral caspase
inhibitor crm-A, or puromycin-resistant control cells (31), were treated with CD95L (100 U/ml) in the absence or presence of AG1478
(10 pM) (n=3; **P<0.01, CD95L plus AG1478 compared with CD95L plus vehicle, student’s t-test.). D. LN-229 neo or EGFR cells
were treated as in A and analyzed for the levels of BCL-2, BCL-X, or B-actin.

loss of BCL-X, is caspase-mediated (11) and that EGFR
overexpression inhibits apoptosis at the level of caspase
activation (Figure 4B).

Discussion

Enhanced EGFR expression is thought to confer a
survival advantage to various types of human cancers,
particularly glioblastomas. Sensitization to cytotoxic
drug-induced cell death by inhibition of EGFR or
ErbB2/Neu signaling in epithelial cancer cell lines of
various origin has been reported (1, 5, 7, 15). Also, inhi-
bition of CD95L-mediated apoptosis by EGF stimula-
tion has been observed in T47D breast adenocarcinoma
cells and embryonic kidney epithelial cells (10). Fur-
thermore, amplification of EGFR deletion mutants (ie,
de 2-7, caused by the deletion of exons 2-7 and result-
ing in truncation of the extracellular domain with lig-

and-independent constitutive activity) has been shown
to exert particularly strong antiapoptotic effectsin vivo,
and AG1478 preferentially inhibits (de 2-7) EGFR sig-
naling and reverts its antiapoptotic effects (12, 15).
Here, we report that EGFR signaling modulates sus-
ceptibility to CD95L- and Apo2L-induced cell death.
This is because inhibition of EGFR function by the tyr-
phostine AG1478, sensitized more than half of the
investigated malignant glioma cell lines to CD95L -
induced apoptosis (Figure 1B) and because gene trans-
fer-mediated EGFR overexpression inhibited CD95L-
and Apo2L-induced apoptosis (Figure 2). The facilitato-
ry effect of EGFR inhibition on CD95L-induced death
signaling did not correlate with the levels of cell surface
EGFR expression (Figure 1), suggesting that even low
level EGFR expression has functiona significance.

EGFR and CD95L-induced Cell Death—Steinbach et al

17



| DEATH SIGNAL | | SURVIVAL SIGNAL |

CD95L EGFR-Ligands

| '

CD95 EGFR — AG1478

| '

FADD PI3K
l l b— PTEN
Procaspase 8 Akt
l — cFp? &
Caspase 8
Effector Caspases ——»  APOPTOSIS

Figure 5. Schematic drawing of the putative mechanisms
underlying the modulation of CD95L-induced apoptosis by
EGFR activity. CD95L binds to its trimerized receptor CD95,
which interacts with the Fas-Associated Death Domain adapter
protein (FADD) and other molecules to form the Death-Inducing
Signaling Complex (DISC), resulting in cleavage of procaspase
8, activation of effector caspases and apoptosis. EGFR-signal-
ing, which is inhibited by AG1478, leads to phosphorylation of
Akt through the phosphatidylinositol-3 kinase (PI3K) path-
way,which is modulated by PTEN. One of the antiapoptotic con-
sequences of Akt phosporylation is enhanced expression of c-
FLIP, an endogenous inhibitor of procaspase 8 cleavage, thus
suggesting a link between EGFR-activity and the CD95L-
dependent death pathway.

Glioma cell lines commonly lose EGFR amplifica-
tion and overexpression during in vitro passaging.
Glioma cells maintained as xenografts in mice main-
tained 10 to 20-fold the mRNA expression compared
with the respective cell lines established in vitro (3). In
11 of the 12 cell lines investigated here, there is no evi-
dence of EGFR amplification. D247MG cells display
amplification of the whole chromosome 7 which con-
tains the ErbB1 locus (33). The levels of EGFR expres-
sion in the cell lines examined here are therefore likely
to be considerably lower than those expressed in many
malignant gliomas in vivo. The possible effect of inhi-
bition of EGFR signaling in the treatment of patients
with malignant glioma may thus be underestimated by
in vitro studies where the EGFR expression levels are
uniformly rather low. This notion is supported by the
dependence of the clinical efficacy of Trastuzumab
(Herceptin), a humanized anti-ErbB2/Neu antibody, on

high expression levels of ErbB2/Neu in breast adeno-
carcinomas (20).

Upregulation of CD95 expression has been described
in response to stimulation of the mitogen activated pro-
tein kinase (MAPK) pathway in other cell types (21). In
contrast, we did not observe regulation of CD95 expres-
sion after EGFR inhibition with AG1478 or in cells
overexpressing EGFR (Figure 3). Therefore, the
enhanced susceptibility to CD95L in cellswith impaired
EFGR signaling cannot be accounted for by enhanced
levels of CD95. The mechanism by which inhibition of
EGFR signaling sensitizes glioma cells to CD95L - and
Apo2L-induced cell death operates in a caspase 8-
dependent pathway since glioma cells overexpressing
crm-A were not sensitized to CD95-mediated cell death
by EGFR inhibition (Figure 4C). Also, EGFR activity
controlled cell death upstream of or at the level of cas-
pase processing as confirmed by immunoblot analysis
and enzyme activity assays (Figure 4A,B). Overexpres-
sion of the EGFR was associated with elevated levels of
BCL-X, in U87TMG cells in an independent study (15).
Although no such effect was seen here in EGFR-over-
expressing LN-229 cells, EGFR overexpression never-
theless maintained BCL-X, levelsin CD95L/CHX-chal-
lenged cells whereas BCL-X, was lost in neo control
cells (Figure 4A). How EGFR interacts with the caspase
cascade remains unclear.

Mechanisms mediating the antiapoptotic effects of
EGFR include enhanced activity of phosphoinositol 3-
kinase (PI3-kinase) which activates protein kinase B
(pkB/Akt) by phosphorylation. The antiapoptotic prop-
erties of pkB/Akt in turn may be mediated by phospho-
rylation of proapoptotic molecules such as caspase 9
and BAD, by induction of the FLIP protein (19), an
endogenous inhibitor of caspase 8, and by phosphoryla-
tion of transcription factors which modulate antiapop-
totic cellular programs (4). Loss of the tumor suppressor
gene PTEN, is a common event in glioblastoma, result-
ing in enhanced pkB/Akt phosphorylation through dis-
inhibition. Accordingly, transfer of PTEN into PTEN-
negative glioma cell lines facilitates CD95L -induced
cell death in glioma cdlls (37). It might thus be specu-
lated that EGFR inhibition decreases the unrestrained
phosphorylation of pkB/Akt in PTEN-negative cell
lines. However, EGFR inhibition by AG1478 was also
effectivein the three cell lineswith PTEN wild-type sta-
tus (LN-18, LN-229, LN-428) (Figure 1B) (9), and there
was no correlation between the effect of EGFR inhibi-
tion (Figure 1B) and the PTEN status as reported previ-
oudy (37).
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EGFR amplification and p53 mutations are almost
mutually exclusive genetic alterations in human
glioblastomas in vivo (32). Given the known loss of
EGFR amplification in gliomacell linesin vitro (3), itis
not surprising that there was no difference in EGFR
expression between p53 mutant and p53 wild-type cell
lines. Accordingly the sensitizing effects of EGFR inhi-
bition on CD95L-induced cell death were also inde-
pendent of the p53 status of the cell lines.

Death ligands are promising investigational agents
for the therapy of malignant glioma. Apo2L appears to
be better suited for systemic administration in clinical
trials since it is less toxic than CD95L. Recently eradi-
cation of intracranial human glioma xenografts in nude
mice by intratumoral injection of Apo2L has been
demonstrated in the absence of acute or delayed neuro-
toxicity (25). Additionally, systemic co-administration
of Apo2L with cis-diamminedichloroplatinum (II)
(CDDP) resulted in regression of subcutaneous tumors
and extended survival of mice bearing intracerebral
human malignant glioma xenografts without relevant
systemic toxicity or neurologic sequelae (16).

Novel inhibitors of the EGFR which potently reduce
tumor cell EGFR phosphorylation in vivo are now avail-
able. In a mouse xenograft paradigm, once-daily oral
administration of the irreversible EGFR and ErbB2
inhibitor PD0169414 caused regression of subcutaneous
grafts of several human cancer cell lines or significant
growth delay in the absence of relevant systemic toxici-
ty (29). Our results suggest that sensitizing glioma cells
to death ligand therapy via EGFR inhibition appears to
be a feasible strategy to improve the efficacy of this
experimental therapy.

Since Apo2L and CD95L have been attributed arole
in tumor surveillance (28), our results may also explain
anti-tumor effects of unarmed, non-cytotoxic antibodies
to EGFR (26) or pharmacological inhibitors of the
EGFR (29), at the level of enhancing susceptibility to
death receptor-mediated anti-tumor immune responses.
Conversely, we assume that anti-tumor immune
responses may constitute an additional selective pres-
sure for EGFR amplification and overexpression. This
mechanism may also be relevant for the therapeutic
effect of ErbB2 antibodies such as Trastuzumab (Her-
ceptin) in clinical studies of breast cancer (6).
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