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Abstract

Among six synthetic retinoids tested, the retinoid 6-[3-(1-adamantyl)-4-hydroxyphenyl]-2-naphthalene carboxylic acid (CD437)
was highly efficient in inducing growth inhibition of SMG-BA and GL-15 human glioblastoma cell lines, with growth arrest at the S
phase of the cell cycle. CD 437 also induced apoptosis in these cells, with 8MG-BA being the most sensitive. In these cells, induction
of apoptosis by CD437 has been related to the downregulation of Bcl-2 expression and to CPP32 activation, but not to p53
expression. The remaining non-apoptotic cells presented a morphological pattern of astroglial differentiation with overexpression of
glial fibrillary acidic protein (GFAP) and glutamine synthetase (GS). The mechanism of action of CD437, originally developed as a
RARY agonist, is not yet elucidated. However, our results suggest that it acts through an increase of the expression of retinoid-
inducible genes, such as RARB2 and/or RARa2. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Therapeutic studies indicated recently that patients
with malignant glioma and treated with all-trans reti-
noic acid (t-RA), showed positive, but heterogeneous
effects [1]. Inhibition of cell proliferation by high t-RA
concentrations was demonstrated in glioma cell lines [2],
but these effects were only partial and transitory. Reti-
noids are a class of natural and synthetic vitamin A
analogues that play a central role in the control of cell
growth and differentiation of normal and malignant cell
types [3,4]. Many of the biological and molecular effects
of retinoids are mediated by two types of nuclear
receptors, the retinoid acid receptors (RARs) and reti-
noid X receptors (RXRs), each of which is encoded by
three genes designed o, B and vy [5]. This discovery raised
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the hope that retinoids whose receptor selectivity is
restricted to specific RAR or RXR subtypes may be
more effective and might be adopted for cancer therapy
[6]. Recently, 6-[3-(1-adamantyl-4-hydroxyphenyl]-2-
naphthalene carboxylic acid (CD437), originally devel-
oped as a RARY agonist, was reported to induce apop-
tosis in human melanoma, breast carcinoma, lung
carcinoma and promyelocytic leukaemia cell lines [7-9].
In contrast to t-RA, this novel compound did not
appear to require activation of RARs or RXRs to exert
its effect [10]. However, the contribution of RARY acti-
vation to its activity cannot be completely excluded,
since RARYy-selective retinoid agonists were reported to
inhibit cell growth [11]. Importantly, the growth inhibi-
tory and apoptosis-inducing effects of CD437 were
observed in t-RA-refractory breast cancer and leukae-
mia cell lines [10,11], indicating that it may represent a
novel class of compound suitable for the treatment of t-
RA-resistant cancers, and may be effective for glioma
therapy.
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Therefore, in this study we tested the effect of syn-
thetic retinoids on the growth of two human glio-
blastoma cell lines (GL-15 and SMG-BA). We focused
the present study on the effects of CD437.

2. Materials and methods

2.1. Cell lines and culture

The GL-15 [12] and 8MG-BA [13] cell lines were
derived from human multiforme glioblastomas. Cells
were grown until confluence in cell culture dishes
(Corning) in Dulbecco’s Modified Eagle’s Medium
(DMEM)/MEM (v/v) medium (Boehringer, Mannheim,
Germany), supplemented with 100 Ul/ml penicillin G,
100 pg/ml streptomycin, 7 mM glucose, 2 mM L-gluta-
mine, 0.011 g/l pyruvate, and 10% fetal calf serum.
They were both around 100 passages from their primary
tumours.

2.2. Retinoids

The retinoid 6-[3-(1-adamantyl)-4-hydroxyphenyl]-2-
naphthalene carboxylic acid (CD437), CD336, CD2019,
CD2809, CD666, CD2325 were synthesised by GAL-
DERMA Research and Development (Sophia Antipolis,
France). All retinoids were dissolved in dimenthyl-
sulphoxide (DMSO) at a concentration of 10 mM and
were stored in the dark at —20°C.

2.3. Cell proliferation assay

Proliferation was studied by [*H]-thymidine incor-
poration. [*H]-thymidine (1 pCi/ml) was added to
triplicate cultures 5 h before the end of the experi-
ments. Cells were lysed in the presence of 0.1% sodium
dodecyl sulphate (SDS) and labelled DNA was pre-
cipitated with 10% trichloroacetic acid (TCA) for 45
min on ice, and retained on GF/A filters (Whatman,
UK). Radioactivity of the TCA insoluble fraction was
evaluated in a p-scintillation counter and expressed
as percentage of control incorporation =+ standard
deviation (S.D.).

Alternatively, growth curves and cellular viability was
assessed by Trypan Blue (Sigma, St Louis, MO, USA)
staining of both floating and adherent cells treated with
1 uM CD437 for different times. Adherent cells were
harvested by trypsinisation, grouped with floating cells,
then centrifuged at 1300g. Cells were stained with try-
pan blue at a final concentration of 0.1% (v/v). Four
replicate wells were used for each analysis. The number
of viable and non-viable cells were determined by
counting 50 pl of cell suspension for each experiment in
a Malacez chamber.

2.4. Cell cycle analysis

Flow cytometry analysis of DNA content was per-
formed to assess the cell cycle phase distribution after
CD437 (1 uM) was added to logarithmically growing
glioblastoma cells. Cells were harvested by trypsinisation
at various times and stained with propidium iodide using
a DNA Con3 Staining Kit (Consults, Rivolta de Torino,
Italy) according to the manufacturer’s instructions. Flow
cytometry analysis was performed on a Coulter Epics XL
cytometer (Beckman-Coulter). The computer program
Multicycle Software from Phoenix Flow Systems (San
Diego, CA, USA) was used to generate histograms, and
to determine the cell cycle phase distribution.

2.5. Apoptosis detection

Two protocols were adopted to identify apoptosis in
glioblastoma cells treated with CD437: Annexin V
labelling and nuclear staining. The analysis of phos-
phatidylserine on the outer leaflet of apoptotic cell-
membranes was performed using Annexin-V-Alexa™
589 Kit, according to instructions of the manufacturer.
After fixation of adherent cells with cold methanol,
nuclear condensation and/or fragmentation was detec-
ted by staining cells for 5 min with the fluorescent dye
Hoechst 33258 (Sigma) at 5 pg/ml in phosphate-buf-
fered solution (PBS). The apoptotic index represents the
percentage of fragmented nuclei and was determined on
a microscopic field of at least 500 cells/experimental
point.

2.6. Immunocytochemistry

Control and CD437-treated cells were rinsed twice
with PBS, fixed with cold methanol at —20°C and incu-
bated with mouse monoclonal antivimentin (clone 3B4,
1/200, Boehringer) or rabbit polyclonal anti-GFAP (1/
200, DAKO, Denmark), then incubated with fluorecein
isothiocyanate (FITC) (Boehringer, Mannheim, Ger-
many) or tetramethylahodamine isothiocyanate (TRITC)
(Biomakor-3359, 1/400, Israel) conjugated rabbit anti-
mouse or goat antirabbit antibodies, respectively. The
cells were then analysed by fluorescent microscopy.

2.6.1. Measurement of CPP32-like caspase activity

For determination of DEVD-amc hydrolytic activity,
cells were plated on 3.5-cm diameter dishes 1 day before
treatment. Confluent cells in triplicate were exposed to 1
UM CD437 for 3, 6, 9 or 24 h. Cells were rinsed twice
with PBS and harvested with lysis buffer (10 mM
HEPES, 5 mM ethylene diamine tetra acetic acid
(EDTA), 1.5 MgCl,, 10 mM KCl, 0.1% (v/v) Triton X-
100, 0.5 mM dithiothreitol (DTT), 0.2 mM phenyl-
methylsulphonylfluoride (PMSF), 5 pl/ml protease
inhibitor cocktail (Sigma, St Louis, MO, USA). After
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incubation on ice for 20 min and centrifugation at
12 000g for 20 min, the supernatants were collected and
protein concentration was determined with the Protein
Assay Kit (Bio-Rad, Hercules, CA, USA). Aliquots (40
ng) were used for CPP32-caspase activity assay using
the Ac-DEVD-AFA fluorogenic substrate (AFC) and
the CPP32 inhibitor Z-DEVD-CHO (BIOMOL, PA,
USA) at final concentrations of 2 nM. After 3 h at 37°C,
fluorescence was quantified (excitation 400 nm, emission
505 nm) in a Perkin-Elmer LS50 spectrofluorimeter.
Optimal amounts of lysates and optimal durations of
assay were taken from linear portions of standards
curves. One unit of caspase activity was taken as one
fluorescence unit (at a slit width of 10 nm) per 3 h
incubation with substrate.

2.6.2. Western immunoblotting

Cells were rinsed twice with PBS and harvested in
lysis buffer 2% (w/v) SDS, 62.5 mM Tris—HCI, pH 6.8,
2 mM EDTA, 2 mM ethylene glycol-tetra acetic acid
(EGTA), 4 M Urea, 0.5% (v/v) Triton X-100, 1%
Nonidet P-40 (NP40), 1 mM PMSF, 0.5 mM sodium
vanadate, 1 pg/ml aprotinin, 1 pg/ml leupeptin, 0.1 mM
iodoacetamin, 1 mM benzamidine, 10 mM N-ethylma-
leimide and 10 mU/ml o2-macroglobulin). Protein con-
centration was determined with the Protein Assay Kit
(Bio-Rad, Hercules, CA, USA). For vimentin, GFAP
and GS analyses, 10 ug of total protein were resolved by
discontinuous SDS polyacrylamide gel electrophoresis
(PAGE) with a 5% (v/v) acrylamide stacking gel and a
10% (v/v) acrylamide separating gel, and electroblotted
onto nitrocellulose membranes (Bio-Rad, USA). Mem-
branes were incubated for 1 h in blocking buffer 5%
(w/v) bovine serum albumin (BSA), 0.1% (v/v) Tween
20 in TBS (20 mM Tris-base, 137 mM sodium chloride 1
M hydrochloric acid, pH 7.6), washed three times with
TBS containing 0.1% (v/v) Tween 20 (TBS-T), then
incubated with rabbit polyclonal anti-GFAP (DAKO,
Denmark), mouse monoclonal antibody antivimentin
(clone V9, Boehinger, Mannheim, Germany) or mouse
monoclonal antibody anti-GS [32]

For Bcl-2 and Bax analysis, proteins (40 pg) were
resolved by SDS-PAGE using a 5% (v/v) acrylamide
stacking gel and a 12% (v/v) acrylamide separating gel,
and electroblotted as above, then incubated with mouse
monoclonal antibodies against Bcl-2 (clone AC2I,
Santa Cruz) or Bax (clone B9, Santa Cruz) in this buf-
fer. After three washes with TBS-T, the membranes
were incubated in the same buffer containing horse-
radish peroxidase conjugated sheep antirabbit or anti-
mouse immunoglobulins. After three washes with TBS-
T, membranes were developed using enhanced chemilu-
minescence according to the manufacturer’s instructions
(Amersham, Life Sciences, UK), and exposed to
Hyperfilm MP. Developed films were analysed by scan-
ning densitometry.

2.6.3. Polymerase chain reaction (PCR)

Total RNA was extracted from 8SMG-BA and GL-15
cells using the guanidium thiocyanate method [35]. The
amount of RNA used for RT-PCR in each reaction (2
pug) was normalised with 36B4 transcripts, which are
unresponsive to retinoid treatment. The RT-PCR pri-
mers were as follows: RARa2 5-AACCCCTTCCTA-
GTGGTGGA-3 (forward) and STTGCTCCAGGA-
GAAAGGGGCT-3 (reverse); RARB2 5-GAATGG-
CAGCATCGGCACAC-3 (forward) and 5-GCTCTC-
TGTGCATTCTTGCT-3 (reverse); RARyl 3'-CTCC-
GCCTTTCGAGATGCTG-3 (forward) and 5-TTG-
CCCAGCTGGCAGAGCGA-3 (reverse); RARy2 5'-
TGTTTCGCCGGACTTGAATC-3' (forward) and 5-
TTGCCCAGCTGGCAGAGCGA-3' (reverse); pB-Actin
5-GCGCTCGTCGTCGACAACGG-3' (forward) and
5-CAGCCTGGATAGCAACGTA-3" (reverse). Ali-
quots were electrophoresed on a 1.5% agarose gel and
samples were transferred onto Hybond-N membranes
(Amersham). The RT-PCR blots were probed with end-
labelled oligonucleotides probes, and analysed by auto-
radiography.

2.6.4. Detection of TP53 mutation

Characterisation of TP53 gene mutation in SMG-BA
and GL-15 cell lines was performed by sequencing
exons 2-10 and the intron—exons junctions in both
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directions with the Kit Dye Terminator Sequencing (PE
Applied Biosystem) according to manufacturer’s
instructions. Ethanol precipitation was performed to
eliminate the unincorporated nucleotides. Products of
sequencing reactions were analysed with ABI310
sequencer (PE Applied Biosystem).

3. Results

3.1. Effect of RAR selective retinoids on the growth of
human glioblastoma cell lines: inhibition of cell
proliferation by CD437

The retinoids CD336 (selective for RARa), CD2019
(selective for RARP), CD666, CD2325, CD437 (selec-
tive for RARYy) and CD2809 (selective for RXR) (pre-
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Fig. 1. [*H]-thymidine incorporation into DNA: (a) Effect of various
retinoids on the growth of SMG-BA and GL-15 cell lines treated with
1 uM of the indicated retinoid for 48 h; (b) time- and concentration-
dependent growth inhibition in 8MG-BA and GL-15 cells treated with
1, 5 or 10 uM CD437 for 24-72 h. Results are expressed as percentage
of [*H]-thymidine incorporation versus control cells. Control cells
were treated with vehicle alone. Data are representative and expressed
as meanststandard error of the mean (SEM) (n = 3) values.

sented in Table 1) were used at concentrations ranging
from 0.1 to 10 pM, and for periods of 24 and 72 h.
Fig. la shows that the retinoids CD336, CD2019,
CD666 and CD2809, at 1 uM for 48 h either had no
effect or stimulated cell growth of these cell lines. SMG-
BA cells were less sensitive than GL-15 cells to the
strong growth stimulating potential of CD666. In con-
trast, the two other RARYy agonists CD2325, and to a
greater degree CD437, exhibited a growth inhibitory
effect on both cell lines. CD2325 only exhibited efficient
growth inhibition at higher concentrations (5 and 10
uM) up to 24 h by reducing the levels of [*H]-thymidine
incorporation to 45% of control levels in both cell lines
(data not shown). As shown in Fig. 1b, inhibition of
8MG-BA cell proliferation by CD437 was concentra-
tion- and time-dependent. A single application of 1 uM
CD437 induced a growth inhibition of 78% at 24 h, and
of 97% at 72 h. At the highest CD437 concentrations (5
and 10 pM), growth inhibition reached 94 and 100% of
the control, respectively. In addition, treatment of GL-
15 cells with CD437 induced a dose-dependent growth
inhibition. Exposure to 1, 5 or 10 uM CD437 for 24 h
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Fig. 2. CD437 inhibition of 8MG-BA and GL-15 cell proliferation.
The cells were incubated with 1 pM CD437 and viable cells (excluding
Trypan Blue dye) were counted after 16, 24, 48 and 72 h. Control cells
were incubated with vehicle alone. The data represent the mean+SEM
of three independent experiments.
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inhibited proliferation by 64, 86 and 90%, respectively,
based on the levels of [*H]-thymidine incorporation.

Interestingly, treatment with 1 uM CD437 reduced
the number of viable 8MG-BA and GL-15 cells to 60
and 70%, respectively, at 16 h and the cell numbers
were relatively stable over a 72 h period (Fig. 2).

We also analysed the cell cycle distribution by flow
cytometry after CD437 treatment. For both cell lines, in
the absence of any treatment, the proportion of cells in
the G1 phase increased with time, with a concomitant
decrease in S phase (data not shown). CD437 induced
changes in the cell cycle distribution that varied with the
cell line. After 16 h of treatment of SMG-BA cells with 1
UM CD437, the proportion of cells in Gl phase
decreased with a concomitant accumulation of the cells
in S phase, while virtually no cells (0.1%) were detected
in the G2 phase (Fig. 3c). The number of GL-15 cells
also decreased in G1 phase and increased in S phase,
but only after 24 h of treatment with 1 pM CD437, and
some cells in G2 phase could still be detected (11.1%)
(Fig. 3d).
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3.2. RAR expression in 8MG-BA and GL-15 cells

In order to evaluate whether the effects of CD473
were related to RAR expression, we analysed the
expression of RAR isotypes.

By RT-PCR we observed that both 8MG-BA and
GL-15 cells express constitutively the RAR isoforms
RARa2, RARB2, RARylI and RARy2 (Fig. 4). GL-15
cells displayed higher basal levels of RARw2, RARPB2
and RARy! than 8MG-BA cells. Interestingly, in both
cell lines CD437 increased the expression of R4ARa2 and
RARPB2, but did not affect the expression of RARyI and
RARa2.

3.3. CD437-induced apoptosis of glioma cells

In order to determine whether CD437 induces apop-
tosis in 8MG-BA and GL-15 cells, two independent
parameters were chosen: Hoechst 33258 staining and
detection of phosphatidylserine on the outer leaflet of
apoptotic cell membranes by Annexin V labelling. After
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Fig. 3. DNA content analysis by flow cytometry in S8MG-BA and GL-15 human glioblastoma cell lines. Cells were treated with 1 pM CD437 for the
indicated times, stained with propidium iodide, and analysed by flow cytometry. The DNA content is presented as relative fluorescence. The number
of cells in GO/G1 phase are represented in the first peak, in G2/M phase, in the second peak. Cells in S phase are present in the area between G0/G1

and G2/M peaks.
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6 h of treatment with 1 uM CD437, Annexin V staining
showed the presence of Annexin V labelling on treated
8MG-BA (Fig. 5A, b) and GL-15 (Fig. 5A, d) cells.
Nuclear condensation and fragmentation were observed
by Hoechst staining after a 24 h exposure to 1 pM
CD437 in approximately 30% of 8MG-BA cells
(Fig. 5B, b) and approximately 10% of GL-15 cells
(Fig. 5B, d). Altogether, these results indicate that
CD437 induces apoptosis in 8MG-BA and GL-15 cells.

Members of the Bcl-2 family are involved in the reg-
ulation of the apoptotic process [14]. Therefore, we
examined by western blotting, the effect of CD437 on
Bcl-2 and Bax protein expression. Fig. 6a shows that
Bcl-2 was expressed in both cell lines. The expression of
Bcl-2 was inhibited in 8MG-BA cells treated for 16 h
with 1 uM CD437. However, Bcl-2 levels were not
affected by CD437 in GL-15 cells. Bax was highly
expressed in both cell lines, but the levels of this protein
were not clearly affected by 1 pM CD437. These data
suggest that inhibition of Bcl-2 in 8MG-BA cells may
render these cells more susceptible to the apoptotic
effect of CD437.

To support the idea that CD437 induces apoptosis in
our model and may involve activation of caspases, we
measured CPP32-like caspase activity in cytosolic
extracts from 8MG-BA and GL-15 cells treated with 1

[CD437]:
RARo2

RARp2

RARy1

RARy2

B-actin

[CD437] - 1uM  5puM

RARo2

RARp2

RARY1

RARy2

Fig. 4. Reverse transcriptase-polymerase chain reaction (RT-PCR)
assays performed on total RNA fractions of 8MG-BA and GL-15 cells
exposed to CD437, using specific probes for RARx2, RARB2, RARyl,
RARy2 isoforms and pB-actin. The RT-PCR blots were probed
with end-labelled oligonucleotides probes and analysed by auto-
radiography.

uM CD437. CPP32 caspase-like activity was increased
in 8MG-BA cells after 9 h of treatment, and the addi-
tion of the caspase inhibitor z-DEVD-CHO suppressed
this effect (Fig. 6b). In contrast, no change in CPP32
caspase-like activity was observed in CD437-treated
GL-15 cells.

We also tested whether the effects of CD437 involved
p353 by analysing the TP53 sequence. A TP53 mutation
in the sequence R273C of exon § was detected in the
8MG-BA cells with a substitution of the codon CGT by
TGT. In contrast, GL-15 cells presented a deletion of
three base pairs located in one allele in exon 5 of the
TP53 gene from the third nucleotide of codon 177.
However, preliminary results suggest that both cells

SMG-BA GL-15

(A)

Control

1 pM CD437

SMG-BA GL-15
(B)

Control

1 uM CD437

Fig. 5. Induction of apoptosis by CD437 in human 8MG-BA and GL-
15 glioblastoma cell lines: (A) identification of phosphatidylserine in
the outer leaflet of apoptotic cell-membranes detected by Annexin V
binding (arrows) in control conditions or after treatment with 1 uM
CD437 for 6 h; (B) morphological analysis of nucleus of 8MG-BA and
GL-15 cells in control conditions, and nuclear fragmentation detection
by Hoechst 33258 dye in cells treated with 1 uM CD437 for 24 h.
Arrows represent apoptotic bodies and fragmented nuclei.
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lines express p53 protein constitutively. In addition, p53
protein levels were increased by CD437 in both cell lines
(data not shown).

3.4. CD437 potential to induce differentiation of glioma
cells

Immunolabelling of vimentin and GFAP showed that
confluent control 8MG-BA cells had a spread out,
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Fig. 6. Effect of CD437 on Bcl-2 and Bax expression, and on CPP32
activation in human glioblastoma cell lines. (a) Cells extracts were
prepared from 8MG-BA and GL-15 cells treated with 1 pM CD437
for 16 h and analysed by western blot for the expression of Bcl-2 and
Bax. Expression of a-tubulin was used as a control. (—, not treated
with CD437). The data represent one independent experiment of three.
(b) CPP32 caspase-3-like activity in SMG-BA and GL-15 cells in con-
trol conditions, or treated with 1 pM CD437 alone or in combination
with CPP32 inhibitor Z-DEVD-CHO for 9 h. These results are repre-
sentative of three independent experiments.

polygonal shape and expressed high vimentin and low
GFAP levels (Fig. 7a and b, respectively). Confluent
control GL-15 cells had a bipolar shape with high
vimentin and heterogeneous GFAP expression (Fig. 7e
and f, respectively). After 24 h of treatment with 1 pM
CD437, the remaining SMG-BA cells presented pheno-
typic changes, illustrated by a condensed cell body and
formation of long thin processes, and an increase in
GFAP immunolabelling (Fig. 7c and d, respectively). In
contrast, a proportion of the remaining GL-15 cells
presented a bipolar, multiprocessed phenotype with
higher levels of GFAP expression (Fig. 7g and h,
respectively). Western blot analysis showed that control
GL-15 cells expressed higher GFAP levels than 8MG-
BA cells (Fig. 8). However, GFAP protein increased in
both cell lines after a 24 h exposure to 1 uM CD437. A
parallel increase in GS levels, a protein involved in the
metabolism of mature astrocytes, was also observed
under these conditions. In contrast, steady-state vimen-
tin levels remained unchanged.

4. Discussion

Malignant gliomas are highly invasive, rapidly pro-
liferating tumours [15] and present a poor prognosis.
Unfortunately, the most aggressive conventional treat-
ments for these tumours are still associated with short
survival [16,17].

In this study, we demonstrated that treatment of
exponentially dividing 8MG-BA [13] and GL-15 [18]
human glioblastoma cells with CD437, described as a
RARY agonist [19], causes strong inhibition of cell pro-
liferation and induces apoptosis. This contrasts with
reports on other selective agonists of retinoid acid
receptor subtypes RARa (CD336), RARPB (CD2019),
RARYy (CD2325 and CD666) and RXR (CD2809).

CD437-induced apoptosis was rapid and growth
arrest was characterised by the accumulation of the cells
in the S phase of the cell cycle. Such an accumulation in
S phase was recently mentioned as a result of CD437
treatment of lymphomas [20] and human non-small cell
lung carcinoma cells [21]. Interestingly, breast cancer
and lung carcinoma cells also underwent apoptosis
when treated with CD437, but these cells arrested in the
GO0/G1 phase of the cell cycle [8,10]. The question as to
why CD437 causes growth arrest at different stages of
the cell cycle depending on the cell type has not been
elucidated. It has been demonstrated that persistent
DNA damage inhibits DNA replication and S-phase
progression and subsequently activates apoptotic
pathways [22]. Thus, the inability of the cells to incor-
porate [*H]-thymidine upon CD437 exposure could be
explained by DNA damage present during S phase
which could overwhelm the capacity of the repair
mechanisms.
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Although the binding of retinoids to their receptors
seems to be a prerequisite for their biological activities,
we found no correlation between the receptor subtype-
binding activity and the growth-inhibitory effects of
retinoids. Of all the retinoids tested, CD437 and
CD2325, two structurally-related RARY agonists, were
the most potent molecules to inhibit the proliferation of
8MG-BA cells, whereas CD666, another RARYy-selec-
tive retinoid, was not effective, and even induced cell

Vimentin

Control
SMG-BA

I UM CD37
8MG-BA

Control
GL-15

| UM CD37
GL-15

proliferation in the GL-15 cell line. In both 8MG-BA
and GL-15 cells, CD437 activates the expression of RA-
responsive genes, such as those coding for RAR«2 and
RARP2. Thus, it can be suggested that upon induction
of these receptors, genes involved in the regulation of
the cell cycle are activated, leading to cell growth arrest.
In that respect, RARB2 has recently been shown to be
required for the growth inhibitory action of RA [23].
Our preliminary in vitro observations also suggest that

GFAP

Fig. 7. Immunofluorescence labelling of glial fibrillary acidic protein (GFAP) and vimentin in 8MG-BA (a-d) and GL-15 cells (e-h) grown in
control conditions or treated with 1 pM CD437 for 24 h.
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RARSJ agonists might be involved in both growth arrest
and glioma cell differentiation (data not shown). In
addition, CD437 was recently reported to exert its
effects on cell growth and differentiation through
RARs. In contrast, the induction of apoptosis by this
compound would seem to be RAR-independent [24].

In the present work, we provide evidence that CD437
rapidly induces apoptosis in 8MG-BA and GL-15 cells,
as indicated by Annexin V labelling and DNA frag-
mentation. Apoptosis is a complex, multistage process
involving many genes such as TP53 [25]. However, in
breast carcinoma cells, CD437-induced apoptosis does
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Fig. 8. Modulation of glial fibrillary acidic protein (GFAP) and glu-
tamine sytnetase (GS) expression by CD437 in human glioblastoma
cell lines. (a) Western blot of cell extracts from 8MG-BA and GL-15
cells in control conditions or treated with 1 uM CD437 for 24 h; (—,
not treated with CD437). (b) Histograms represent the relative
expression of GFAP, GS and vimentin in both cell lines. Data are
representative of three individual experiments and are expressed as
meanststandard error of the mean (SEM). Vim, vimentin.

not require p53 [10]. Moreover, in the present case,
although 8MG-BA and GL-15 glioblastoma cell lines
displayed TP53 gene abnormalities, both cell lines
expressed the p53 protein and overexpressed it upon
CD437 treatment (data not shown). These preliminary
results suggest the TP53 gene may be CD437 target and
the induced cascade of events should be investigated.
The higher sensitivity of SMG-BA cells to CD437 can-
not be correlated with p53 expression. In order to fur-
ther probe the mechanism by which CD437 induces
apoptosis of glioblastoma cells, we examined the
expression of two proteins that have been described as
being involved in the apoptotic pathway, Bcl-2 and Bax.
Bcl-2 is an oncoprotein known to inhibit apoptosis or
induce cell survival in a variety of cell types [26-28].
Bcl-2 homodimerises or heterodimerises with a number
of other proteins, including Bax [27], and Bax has been
shown to promote apoptosis. It has been suggested that
it is not the level of Bcl-2 per se, but the ratio between
members of this protein family, that is a critical factor
in regulating apoptosis [28,29]. According to our results,
Bcl-2 would be one factor contributing to the sensitivity
of glioblastoma cells to the induction of apoptosis by
CD437, and since it is inhibited in CD437-treated
8MG-BA cells, these undergo rapid apoptosis. How-
ever, as our results suggest, such a role for Bcl-2 might
be cell-type specific, since CD437 induces apoptosis in
GL-15 cells without affecting Bcl-2 levels. Thus, the
ultimate biochemical mechanisms and effectors of
apoptotic cell death triggered by CD437 still remain
elusive. Current evidence indicates that proteases,
known as caspases, could be central components of the
cell death machinery in various forms of apoptosis.
Among the 10 members of caspases thus far identified,
CPP32 is one of the strongest candidates. Indeed,
CPP32 is a mammalian cell-death-inducing protease
that cleaves poly (adenosine-diphospho-ribose (ADP)-
ribose) polymerase, a nuclear enzyme involved in DNA
repair and maintenance of the genome and protein
integrity [29]. Its activation by CD437 in acute promye-
locytic leukaemia cells supports this concept [9]. Our
results also support this concept, since CPP32 activity is
rapidly induced in 8MG-BA cells. However, this cas-
pase was not affected in GL-15 cells. These results indi-
cate that activation of this protease is involved in the
apoptosis induced by CD437 in SMG-BA cells, but not
in GL-15 cells.

After 24 h of CD437 exposure, we also observed that
the majority of the surviving 8MG-BA cells, and a sig-
nificant number of the remaining GL-15 cells, under-
went astroglial differentiation. These cells presented an
astroglial phenotype with many filamentous processes
and cytoplasmic retraction. This differentiation poten-
tial of CD437 was confirmed by the overexpression of
two known markers of astroglial differentiation: the
glial fibrillary acidic protein (GFAP) and glutamine
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synthetase (GS). Studies have reported that GFAP is
related to differentiation in malignant gliomas [30,31]
and GS has been reported as an astroglial metabolic
maturation marker [32-34]. These observations promp-
ted us to conclude that CD437 has a dual potential,
induction of apoptosis and triggering of the remaining
non-apoptotic cells towards a differentiated phenotype.

In conclusion, we assert that CD437 induces either
Bcl-2 and CPP32-dependent or independent apoptosis
in human glioblastoma cells, depending on the cell line.
CD437 also induces growth arrest and differentiation of
glioblastoma cells, as illustrated by cytoskeletal restruc-
turing and metabolic maturation of non-apoptotic cells.
Thus, our data support the idea that CD437 may find
clinical applications in the treatment of glioblastoma
through a mechanism of activation which seems to be
substantially different from that of t-RA, thus such
compound may find a special application in the treat-
ment of t-RA-resistant relapses.
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