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Peripheral benzodiazepine receptor (PBR)
ligand cytotoxicity unrelated to PBR expression
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Abstract

Some synthetic ligands of the peripheral-type benzodiazepine receptor (PBR), an 18 kDa protein of the outer mitochondrial membrane,
are cytotoxic for several tumor cell lines and arise as promising chemotherapeutic candidates. However, conflicting results were reported
regarding the actual effect of these drugs on cellular survival ranging from protection to toxicity. Moreover, the concentrations needed to
observe such a toxicity were usually high, far above the affinity range for their receptor, hence questioning its specificity. In the present
study, we have shown that micromolar concentrations of FGIN-1-27 and Ro 5-4864, two chemically unrelated PBR ligands are toxic for
both PBR-expressing SK-N-BE neuroblastoma cells and PBR-deficient Jurkat lymphoma cells. We have thereby demonstrated that
the cytotoxicity of these drugs is unrelated to their PBR-binding activity. Moreover, Ro 5-4864-induced cell death differed strikingly
between both cell types, being apoptotic in Jurkat cells while necrotic in SK-N-BE cells. Again, this did not seem to be related to PBR
expression since Ro 5-4864-induced death of PBR-transfected Jurkat cells remained apoptotic. Taken together, our results show that PBR
is unlikely to mediate all the effects of these PBR ligands. They however confirm that some of these ligands are very effective cytotoxic
drugs towards various cancer cells, even for reputed chemoresistant tumors such as neuroblastoma, and, surprisingly, also for PBR-lacking

tumor cells.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Peripheral benzodiazepine receptor-type is an 18 kDa
protein of the outer mitochondrial membrane [1]. Initially
described as a binding site for benzodiazepines outside the
nervous system [2], it was later demonstrated to be
expressed in most mammalian tissues [3]. The exact
function of the PBR remains a matter of debate but it is
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believed to play a role in several physiological and patho-
logical processes including steroidogenesis, cellular
growth and differentiation, immunomodulation, oxygen
consumption, and apoptosis [4,5]. Beside its endogenous
ligands (diazepam binding inhibitor, porphyrins or choles-
terol), several synthetic molecules bind the PBR selec-
tively [6]. These synthetic ligands can be subdivided into
three main families: benzodiazepines such as the 4’chloro
derivative of diazepam Ro 5-4864, isoquinoline carbox-
amides, among which PK11195, and indoacetamide deri-
vatives such as FGIN-1-27 [6]. Many putative roles of this
receptor have been inferred from the biological effects of
these ligands [7].

In particular, during the last years, many studies have
been devoted to the effects of PBR ligands on cell survival,
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and especially to their toxicity towards tumor cell lines
[8-12]. The PBR was moreover described to be abundantly
expressed in a wide variety of malignant cells, even being
the hallmark of cancerogenesis in some tissues, e.g. glio-
mas [13,14]. In that respect, the level of PBR expression
was also suggested to be a clinically relevant prognosis
factor [15-17]. Together, these observations led several
authors to consider the PBR as a promising drug target,
especially in the field of cancer [6,18]. Consistently, many
experimental studies suggest that PBR ligands might be
good candidates as chemotherapeutic, or at least chemo-
sensitizing, agents [8,9,11,12,19,20].

Nevertheless, the molecular mechanism(s) of PBR
ligands-induced cell death remains poorly understood.
The most often reported findings suggest apoptosis induc-
tion. Indeed, PBR ligands have been demonstrated to induce
an activation of caspase-3 [8,10,11,21,22] and caspase-9
[11], acytosolic release of cytochrome ¢ [11,21], an increase
in ROS production [23], an activation of p38 MAPK [9] and,
finally an opening of the mitochondrial permeability transi-
tion pore (mPTP) [8,11,22-24]. This last finding is of
particular interest since the PBR is thought to take part in
the mPTP [25]. This mPTP is a large molecular complex
located at junction sites between the inner and the outer
mitochondrial membranes [26,27]. In some circumstances,
mPTP opening increases the mitochondrial membrane per-
meability, allowing the leakage of mitochondrial pro-apop-
totic factors such as the cytochrome c into the cytosol [28]
and disrupting the mitochondrial membrane potential (A,,,)
[29,30]. Such an opening leads either to necrosis if ATP
production is severely impaired, or to apoptosis when ATP
production remains normal [31]. However, evidences in
favour of a direct trigger for a mPTP opening by PBR ligands
are weak and the Ay, loss reported in those studies is
probably a downstream event occurring in many apoptotic
processes where mitochondria act as executioners [32,33].

Conversely, other studies aimed at unravelling the action
of PBR ligands on cellular survival have not reported toxic
but pro-survival effects [34,35].

In this study, we have tried to clarify the role of the PBR
in cell death induced by some of its ligands. This issue is
indeed essential regarding the potential use of these drugs
in therapeutic strategies against cancer. For that purpose,
we have compared the toxicity profiles of and the bio-
chemical cascades induced by two chemically unrelated
PBR ligands on PBR-expressing and PBR-lacking tumor
cell lines, i.e. SK-N-BE neuroblastoma and Jurkat human
T leukemia cells, respectively.

2. Methods
2.1. Reagents and antibodies

Ro 5-4864, Bongkrekic acid, sodium orthovanadate,
sodium fluoride and B-glycerophosphate were all from

Sigma—Aldrich. Anti-PARP, anti-caspase-9 and anti-cas-
pase-3 antibodies were from Santa Cruz biotechnology.
Anti-caspase-8 and anti-cytochrome ¢ antibodies were
from BD Pharmingen. Boc-D-FMK, Z-LETD-FMK,
Z-DEVD-CHO, Z-LEDH-FMK, cyclosporine A and anti-
VDAC antibody were all from calbiochem. Anti-PBR 8D7
antibody was a kind gift of Dr. P. Casellas (Sanofi-Synthe-
labo, Montpellier, France).

2.2. Cell culture

Jurkat human T leukemia cells, SK-N-BE human neu-
roblastoma cells, U-87 and LN-18 human glioma cells
were all grown in RPMI 1640 (Invitrogen,) supplemented
with fetal calf serum (10%, v/v, Invitrogen), 100 pg/ml
streptocmycin, and 100 U/ml penicillin. Cultures were
maintained in a humidified atmosphere containing 5%
CO,. Jurkat cells steadily expressing the PBR were a kind
gift of Dr. P. Casellas (Sanofi-Synthelabo, Montpellier,
France). They were grown in the same medium supple-
mented with 1 mg/ml G418.

For the induction of cell death, SK-N-BE cells were
plated at a density of either 15 x 10? cells per well in 96-
wells microplates (Nunc) or 1.5 x 10° cells in 10 cm Petri
dishes (Nunc) and allowed to attach for 24 h before
treatment. The medium was then replaced by medium
containing either the drug(s) at desired concentrations
or vehicle(s). Jurkat cells were diluted at a density of
250 x 10* cells/ml in medium supplemented with either
drug(s) or vehicle(s).

2.3. Assessment of cell survival

The cell survival was assessed 24 h after the beginning
of the exposure to drugs. For SK-N-BE cells, the MTT
assay was used [36]. Briefly, the medium was removed
and cells were incubated for 2 h at 37 °C with medium
supplemented with 0.15 mg/ml 1-(4,5-dimethylthiazol-2-
yl)-3,5-diphenylformazam bromide (MTT). Mitochon-
dria of living cells formed a blue precipitate that was
dissolved in isopropanol before the absorbance was read
using a BiotekEL-309 ELISA reader (test wavelength
540 nm, referencer wavelength 650 nm). For Jurkat cells,
the LIVE/DEAD® assay (Molecular Probes) was used
according to the manufacturer’s instructions. Briefly, 1 ml
of cell suspension was harvested and cells were re-sus-
pended in 500 wl of PBS containing 1 uM ethidium
homodimer (EthD-1) and 1 pM calcein AM. EthD-1 is
incorporated in dying cells while calcein AM is trans-
formed into the fluorescent calcein by plasma esterases of
living cells. Cells were incubated at 37 °C for 30 min
before fluorescence was read using a spectra MAX
Gemini microplate fluorescence reader (Molecular
Devices) with the SoftMax PRO software (excitation at
480 nm and emission at 530 nm for calcein and at 640 nm
for EthD-1). Viability was measured as the 530 nm/



G. Hans et al./Biochemical Pharmacology 69 (2005) 819-830 821

640 nm fluorescence ratio and expressed as percentage of
the same ratio in controls.

2.4. TUNEL labeling

Interucleosomal cleavage of DNA was assessed by using
the terminal deoxynucleotidyltransferase-mediated UTP
nick end labeling (TUNEL labeling) assay according to
the manufacturer’s instructions (Roche). Briefly, cells were
fixed with 4% paraformaldehyde for 10 min at room
temperature. They were then permeabilized and incubated
for 1 h at 37 °C with the terminal deoxynucleotidyltrans-
ferase in the presence of fluorescein-labeled nucleotides.
The number of labeled cells was manually counted under
the control of a fluorescence microscope (Axiovert 135
microscope, 40x objective, Zeiss) for adherent SK-N-BE
and measured using the fluorescence microplate reader for
Jurkat cell suspensions (excitation at 480 nm and emission
at 535 nm).

2.5. DNA ladder

Genomic DNA was extracted from dying SK-N-BE and
Jurkat cells and separated on a 2% agarose gel stained with
ethidium bromide according to the manufacturer’s instruc-
tions (Apoptotic DNA ladder kit, Roche). Gels were
scanned using a Typhoon 9200 gel scanner (Molecular
Dynamics) and analyzed by using the Image Quant™
software.

2.6. RT-PCR

Analysis of mRNA PBR expression was carried out by
RT-PCR. Total RNA was extracted by using the RNeasy
extraction minikit (Qiagens). An amount of 1 pg RNA
was digested with 1 U of DNAse I (Invitrogen) for 15 min
at room temperature. Oligo-dT-primers and the Super-
Script II reverse transcriptase (Invitrogen) were used for
cDNA synthesis. PCR amplification was performed in a
volume of 50 pl containing 250 nM of each primer,
20 puM of each dANTP (Amersham), 2.5 mM MgCl,,
and 1.25U Tag Polymerase (Promega, Mannheim).
PCR was performed in a Peltier thermal cycler (PTC-
200, M. J. Research, USA). Primers used were as foll-
ows: (i) for PBR, 5'-TCT-GGA-AAG-AGC-TGG-GAG-
G-3' (sense) and 5'-AAG-GCC-AGC-CAG-GCC-AGG-3’
(antisense); (ii) for GAPDH, 5-ACG-ACA-GTC-CAT-
GCC-ATC-AC-3’ (sense) and 5'-TCC-ACC-ACC-CTG-
TTG-CTG-TA-3'. Thermal cycling was as follows: (i)
denaturation at 94 °C for 1 min, (ii) annealing at 63 °C
for 1 min, (iii) elongation at 72 °C for 40 s, 35 cycles
before a final elongation of 7 min at 72 °C. PCR prod-
ucts were then loaded on a 2% agarose electrophoresis
gel stained with ethidium bromide (0.5 wg/ml). Gels
were scanned with the typhoon gel scanner as described
above.

2.7. Western blotting

For PBR detection, cells were harvested and lysed in a
buffer containing 63 mM Tris and 1% sodium dodecyl
sulfate (SDS), pH 6.8. For all other protein detections,
cells were lysed in 25 mM Hepes, 150 mM NacCl, 0.5%
Triton, 10% glycerol, 1 mM DTT, 1 mM sodium ortho-
vanadate, 25 mM [-glycerophosphate, 1 mM NaF and
complete® protease inhibitor cocktail (one tablet for
50 ml; Roche, Brussels, Belgium). The protein content
of each lysate was determined by using the Bradford
method as previously described [37]. Protein lysates were
then mixed with an equal volume of gel loading buffer
(20% glycerol, 4% SDS, 100 mM Tris, 5% B-mercap-
toethanol and bromophenol blue) before being boiled for
3 min. After boiling, 20 wg of protein were subjected to
SDS-PAGE gel electrophoresis (14% polyacrylamide for
caspase western blots, 12% for cytochrome ¢ and PBR
and 10% for PARP). Proteins were then transferred on a
PVDF membrane (Amersham) by semi-dry electroblot-
ting in transfer buffer (192 mM glycine, 25 mM Tris and
20% methanol). Blots were then blocked overnight at
4 °C in 10% non-fat dry milk diluted in TBS supplemen-
ted with 0.05% Tween-20 (Bio-Rad) (TTBS). The fol-
lowing primary antibodies were incubated for 2 h at room
temperature in TTBS supplemented with 5% non-fat dry
milk as follows: (a) mouse monoclonal anti-PBR anti-
body (clone 8D7, kind gift of Dr P. Casellas, Sanofi-
Synthelabo, Montpellier, 1:5000), (b) mouse monoclonal
anti-cytochrome ¢ antibody (clone 7H8.2C12, BD Phar-
Mingen, 1:1000), (c) rabbit polyclonal anti-caspase 3
antibody (sc-7148, Santa Cruz Biotechnology, 1:1000),
(d) mouse monoclonal anti-caspase 9 antibody (sc-17784,
Santa Cruz Biotechnology, 1:1000), (e) rabbit polyclonal
anti-caspase 8 antibody (Catalog N° 559932, BD
PharMingen, 1:1000), (f) polyclonal rabbit anti-PARP
antibody (sc-7150, Santa Cruz, 1:1000), (g) mouse mono-
clonal anti-Porin 31HL antibody (anti-VDAC, Calbio-
chem, 1:1000), (h) mouse monoclonal anti-f3-actin
antibody (Sigma-Aldrich, 1:5000). Peroxidase-conju-
gated secondary antibodies were incubated for 1h at
room temperature as follows: (a) monoclonal anti-rabbit
antibody (clone RG-16, Sigma—Aldrich, 1:5000) and (b)
goat anti-mouse IgG (Product No. A2304, Sigma—
Aldrich, 1:5000). Blots were then washed extensively
and developed using enhanced chemoluminescence
(Pierce).

2.8. Cell fractionation

Mitochondrial protein isolation was performed as pre-
viously described [38]. A 30 x 10° cells were suspended in
a sucrose buffer (250 mM sucrose, 1 mM DTT, 10 mM
KCl, 1 mM EDTA, 1 mM EGTA, 1.5 mM MgCl,, 20 mM
Hepes, Protease inhibitor cocktail Complete® (Roche,
Brussels, Belgium)), pH 7.4 at 4 °C and homogenized with
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50 strokes in a glass homogenizer. The suspension was
then centrifuged at 800 x g for 10 min at 4 °C to pellet
debris and nuclei. The supernatant was centrifuged again at
150,000 x g for 10 min at 4 °C. The mitochondrial pellet
was immediately lysed in a buffer containing 1% SDS,
63 mM Tris, pH 6.8. In order to concentrate samples,
cytosolic proteins of the supernatant were then precipitated
by adding an equal volume of acetone supplemented with
acetic acid (10%, v/v) for 1 hat4 °C. The precipitates were
centrifuged at 12,000 x g for 15 min at 4 °C before the
proteins were re-dissolved in the lysis buffer. Mitochon-
drial and cytosolic proteins were then used for western
blotting as described above.

2.9. Mitochondrial membrane potential assessment

For mitochondrial membrane potential measurement,
the 5,5,6,6',7 tetrachloro-1,1’,4,4’-tetracthylbenzimidazo-
lyl carbocyaniniodide (JC-1) cationic dye was used. It
accumulates and aggregates in a concentration-dependent
manner in polarized mitochondria, emitting a red fluores-
cence (590 nm) after excitation at 480 nm. Conversely, in
depolarized mitochondria, the dye concentration is weak
and it stays as monomers emitting a green fluorescence
(530 nm) after excitation at 480 nm. A 250 x 10° cells
were suspended in 3 ml of PBS supplemented with 1 pM
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JC-1 and incubated for 30 min at 37 °C before being
harvested and re-suspended in 500 pl of PBS. A volume
of 150 pl of the cell suspension were then transferred into
wells of 96-well plates (Greiner) and the fluorescence was
read by using the spectra Max fluorescence GEMINI
microplate reader as described above (excitation at
480 nm and detection at 530 and 590 nm, respectively
for green and red). The mitochondrial membrane potential
was assessed as the red/green ratio emission after excita-
tion at 480 nm.

3. Results

3.1. PBR ligands are toxic for both SK-N-BE
neuroblastoma cells and Jurkat cells

First, we assessed cultured SK-N-BE neuroblastoma and
wt-Jurkat lymphoma cells for PBR expression, both at the
transcript and the protein levels (Fig. 1A and B). mRNAs
extracted from both cell lines, as well as from LN18 glioma
cells used as positive controls, were subjected to RT-PCR
(Fig. 1A) and yielded a signal for LN18 and SK-N-BE cells
only, consistent with the reported absence of PBR expres-
sion in Jurkat cells [39]. These results were confirmed
by immunoblotting. Indeed, as shown in Fig. 1B, PBR
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Fig. 1. PBR ligands are toxic for both PBR-expressing and PBR-lacking cells. (A) Total mRNAs extracted from LN18 glioma cells, wild-type lymphoid Jurkat
cells and SK-N-BE neuroblastoma cells were subjected to RT-PCR analysis. Amplification of GAPDH mRNAs was used as a positive control. (B) Western
blotting detection of the PBR by using the 8D7 antibody. The single 18 kDa band corresponds to the. Western blotting of 3-actin was used as a positive control.
(C) The toxicity of Ro 5-4864 (black bars) and of FGIN 1-27 (open bars) was assessed in wt-Jurkat cells. The cellular survival was determined by the live/dead
ratio after 24 h in the presence of the PBR ligands. Bars represent the live/dead ratio expressed as the percentage of the same ratio in controls (mean =+ S.D.,
n =4 in this experiment which is representative of three independent). **P < 0.01, using ANOVA followed by multiple Dunnett’s post-test. (D) SK-N-BE cells
were grown for 24 h in the presence of increasing concentrations of Ro 5-4864 (black bars) or FGIN 1-27 (open bars). The survival was assessed by using the
MTT assay and expressed as a percentage of the survival in control conditions, i.e. without any drug (mean &+ S.D., n =4 in this experiment which is
representative of three independent). *P < 0.05, **P < 0.01, using ANOVA followed by multiple Dunnett’s post-test.
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proteins are present in SK-N-BE neuroblastoma cells and
in two glioma cell lines (LN-18 and U-87) while comple-
tely absent in Jurkat cells.

Thereafter, the effect of two chemically unrelated PBR
ligands, Ro 5-4864 and FGIN-1-27, on the survival of both
SK-N-BE and Jurkat cells was assessed. Increasing con-
centrations of Ro 5-4864 and of FGIN-1-27 induced a
dose-dependent toxicity towards Jurkat cells (Fig. 1C) as
well as SK-N-BE cells (Fig. 1D). In both cell types, FGIN-
1-27 (light bars) was slightly more potent than Ro 5-4864
(black bars) in inducing cell death. Indeed, its ICsy was
38 £ 7 uM compared to 133.7 &= 11 puM for Ro 5-4864 in
SK-N-BE (n=6; P < 0.0001, Student t-test) and 21.5
4 1.5 pM compared to 43 £+ 3.6 pM for Ro 5-4864 in
Jurkat cells (n=4; P < 0.0001, Student t-test). On the
other hand, and again in both cell types, Ro 5-4864
displayed a higher efficacy in killing cells, yielding at
its higher concentration a maximal toxicity (measured as
percent of cell survival) of 13.4 & 3% compared to 34.4
£+ 11.2 for FGIN 1-27 in SK-N-BE (n=6; P < 0.05,
Student #-test) and of 2+ 0.06% compared to 39.5
+ 5.6% for FGIN-1-27 in Jurkat cells (n=4; P < 0.0
001, Student #-test).

3.2. Ro 5-4864-induced cell death has apoptotic features
in Jurkat cells but not in SK-N-BE cells

Due to its higher toxicity efficacy, Ro 5-4864 was chosen
to characterize the biochemical pathways of SK-N-BE and
Jurkat cell death.

As a first step in this characterization, the pattern of
DNA fragmentation and the cleavage of PARP were stu-
died to differentiate between apoptosis and necrosis. As
shown in Fig. 2, Ro 5-4864-induced Jurkat cell death has
the hallmark of apoptosis. Firstly, treatment with 150 uM
Ro 5-4864 for 24 h induced a 2.21-fold increase in the
proportion of Jurkat cells presenting an apoptotic DNA
fragmentation as assessed by the TUNEL labeling
(Fig. 2A; P < 0.001; Student ¢-test). Secondly, further
analysis of dying Jurkat cells by DNA gel electrophoresis
confirmed that 150 uM Ro 5-4864-induced an internu-
cleosomal DNA fragmentation as demonstrated by the
presence of a typical laddering indicating a low molecular
weight DNA fragmentation (Fig. 2C). Thirdly, the apop-
totic nature of Ro 5-4864-induced Jurkat cell death was
confirmed by the apparition of a 85 kDa cleaved fragment
of PARP 16 h after the beginning of the treatment (Fig. 2E).
Such a PARP cleavage is known to occur both in vivo and
in vitro when caspase-3 is activated [40]. On the opposite,
the cell death induced by Ro 5-4864 in SK-N-BE cells
differed strikingly from that observed in Jurkat cells. No
significant increase in the proportion of TUNEL-labeled
SK-N-BE cells could be observed after a 24 h exposure to
150 wM Ro 5-4864 (Fig. 2B). Consistent with the absence
of TUNEL labeling, no laddering of DNA extracted from
dying SK-N-BE cells could be noticed (Fig. 2D). Finally,

we observed that PARP cleavage during the dying process
of SK-N-BE cells exposed to Ro 5-4864 (150 uM for
various times between 0 and 24 h) resulted in the produc-
tion of a lower molecular weight PARP cleaved fragment
than in Jurkat cells (25-30 compared to 85 kDa; Fig. 2F),
which may reflect the activation of other proteases unre-
lated to caspases like calpain or cathepsins [40].

To get sure that caspases were indeed involved in Ro 5-
4864-induced Jurkat but not SK-N-BE cell death, their
activation was assessed after increasing times by immuno-
blotting (Fig. 3). In Jurkat cells, Ro 5-4864-induced an
activation of the initiating caspase-8, as shown by the
decrease in the intensity of the pro-enzyme and the appear-
ance of the cleaved fragment p40. The caspase-3 and -9
were concomitantly activated as depicted by a reduction of
their pro-enzyme intensity over the time (left part of
Fig. 3). This activation became apparent from 16 h after
the beginning of exposure to 150 uM Ro 5-4864, which
also corresponds to the apparition of the PARP cleavage.
Conversely, no detectable activation of the effectory cas-
pase-3 could be observed in treated SK-N-BE cells, even
after 24 h of exposure to 150 uM Ro 5-4864 (right part of
Fig. 3), further indicating that Ro 5-4864 is unlikely to
induce an apoptotic death of these cells. Moreover, in SK-
N-BE cells, no signal for pro-caspase-8 and -9 could be
detected, as already observed in previous works with
neuroblastoma [41].

If caspase activation is a necessary step in the bio-
chemical pathway leading to the death of Ro 5-4864-
treated Jurkat cells, caspase inhibitors should provide
some degree of protection. Indeed, co-incubation of
Jurkat cells with 20 uM Boc-D-FMK (a pancaspase
inhibitor), Ac-DEVD-CHO (a caspase-3 inhibitor) or
Z-LETD-FMK (a caspase-8 inhibitor) all resulted in a
significant reduction of 150 uM Ro 5-4864-induced
apoptosis (Fig. 4A). No protection was however observed
with Z-LEHD-FMK, a caspase-9 inhibitor. The protective
effect of Z-LETD-FMK suggests that caspase-8 could be
a crucial step leading to Jurkat cell apoptosis upon Ro 5-
4864 treatment. To further test this hypothesis, we first
measured the laddering of Jurkat cell DNA in the pre-
sence of Ro 5-4864 alone or in combination with
Z-LETD-FMK. As shown in Fig. 4C, the oligonucleoso-
mal DNA fragmentation observed with Ro 5-4864 alone
completely disappears in the presence of Z-LETD-
FMK. We then looked for the activation of the caspase
cascade in the presence of the caspase-8 inhibitor and
observed (Fig. 4B) that Z-LETD-FMK not only inhibits
caspase-8 activation, as measured by a lower decrease in
pro-caspase-8 and a lower increase in its cleaved frag-
ment p40, but also diminish the activation of downstream
events, i.e. it decreases the disappearance of pro-caspase-
3 and -9, as well as the cleavage of PARP (Fig. 4B).

On the other hand, and consistent with the absence of
any caspase activation in SK-N-BE cells treated with
150 uM Ro 5-4864, no protection was observed with
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counted under a fluorescence microscope. Bars correspond to the percentage of TUNEL positive cells in each condition (mean + S.D., n = 4 different fields per
condition in this experiment representative of three independent). (C and D) Total DNA extracts from Jurkat cells (C) and from SK-N-BE cells (D) exposed to
150 wM Ro 5-4864 during 12-24 h were subjected to agarose gel electrophoresis. (E and F) 30 pg of Jurkat (E) and of SK-N-BE (F) cell lysates obtained after
the indicated time periods (h) following exposure to 150 uM Ro 5-4864 were subjected to SDS-PAGE electrophoresis and subsequently immunoblotted with
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Fig. 3. Ro 5-4864 activates caspases in Jurkat cells but not in SK-N-BE
cells Jurkat and SK-N-BE cells were incubated with 150 wM Ro 5-4864 for
the indicated times. The activities of caspase-3, -8 and -9 were assessed by
immunoblotting.

any of the tested caspase inhibitors towards the toxicity of
Ro 5-4864 in these cultures (Fig. 4D).

3.3. Ro 5-4864-induced cell death is associated with a
mitochondrial impairment which occurs early in
SK-N-BE but late in Jurkat cells

As already mentioned in the introduction, mitochon-
drion impairment occurs frequently in the course of cell
death. However, mitochondrion impairment-related
events, such as cytochrome ¢ release or Ay, loss can
be either the hallmark of a triggering role of the mito-
chondrion in the cell death process (necrotic as well as
apoptotic) or a consequence of an apoptotic cascade
initiated elsewhere, thereby acting sometimes as an
enhancing loop [42]. Therefore, and in order to look
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Fig. 4. Caspase inhibitors protect Jurkat but not SK-N-BE cells against Ro 5-4864-induced toxicity. (A) Live/dead assay for assessment of Jurkat cell survival
after a 24 h exposure to 150 pM Ro 5-4864 alone or combined with a caspase inhibitor: LETD-FMK (caspase-8 inhibitor), DEVD-CHO (caspase-3 inhibitor),
LEHD-FMK (caspase-9 inhibitor) and BOC-D-FMK (pan-caspase inhibitor). Bars represent the live/dead ratio expressed in percent of controls, i.e. without any
added drugs (mean + S.D., n =3 replicate conditions in this experiment which is representative of three independent). ***P < 0.001 by using ANOVA
followed by Dunnett’s post-tests. (B) Whole cell lysates of Jurkat cells were obtained in control conditions (lane 1), after 24 h of exposure to 150 uM Ro 5-4864
alone (lane 2) or together with 20 M LETD-FMK (lane 3). Caspase activation and PARP cleavage were then assessed by immunoblotting. (C) Whole-cell DNA
extracts from control Jurkat cells (lane 1), Jurkat cells exposed for 24 h to 150 wM Ro 5-4864 (lane 2) and Jurkat cells treated for 24 h with 150 uM Ro 5-
4864 + 20 nM LETD-FMK (lane 3) were submitted to agarose gel electrophoresis. (D) SK-N-BE cell viability was assessed by using the MTT assay after 24 h
of exposure to 150 wuM Ro 5-4864 either alone or together with 20 wM of caspase inhibitors (see (A) above). Results are expressed as percent of MTT
transformation in controls, i.e. without added Ro 5-4864 (mean =+ S.D., n = 6 replicate wells in this experiment which is representative of three independent).

for a mitochondrial impairment in PBR ligand-induced
cell death, we looked for such mitochondrial changes in a
time-related manner.

In that respect, we show using immunoblotting that Ro
5-4864 induces a time-dependent cytochrome c release
from the mitochondria into the cytosol both in Jurkat
(Fig. 5A) and in SK-N-BE cells (Fig. 5B). This release
occurred however earlier in SK-N-BE than in Jurkat cells
(12 h versus 16 h, respectively).

To further characterize the mechanism of Ro 5-4864-
induced cytochrome c¢ release, the Ay, was monitored
during exposure to 150 uM Ro 5-4864 by using the JC-1
technique. In Jurkat cells, a significant decrease in the JC-
1590:530 nm ratio emission, which reflects a loss of Ay,
was observed from 18 h after the addition of Ro 5-4864
(Fig. 5C). A similar Ay, loss was also measured in treated
SK-N-BE cells (Fig. 5D). However in these cells, the

mitochondrial depolarization became apparent much ear-
lier than in Jurkat cells, i.e. from 4 to 8 h after the beginning
of exposure to Ro 5-4864. Taken together, these results
demonstrate that mitochondria-related events following Ro
5-4864 treatment occur earlier in SK-N-BE than in Jurkat
cells.

Since a loss of Ay, usually reflects an opening of the
mitochondrial permeability transition pore (mPTP), we
addressed the significance of such an opening in the Ro
5-4864-induced cell death process. For this purpose, the
potential protective effects of two mPTP inhibitors, i.e.
cyclosporine A (CsA) and Bongkrekic acid (BA), were
assessed in both Jurkat and SK-N-BE cells. Fig. 5E and F
illustrates that neither 5 uM CsA nor 50 uM BA protect
against the toxicity of 150 uM Ro 5-4864 measured in
Jurkat cells using the live/dead assay and with the MTT
assay in SK-N-BE cells (see Section 2).
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3.4. Expression of PBR in Jurkat cells do not switch
Ro 5-4864-induced cell death into necrosis

From the results presented so far, it could appear that,
since PBR ligands kill both PBR-containing and PBR-
lacking cells, PBR would hardly play a role in PBR ligand-
induced death. However, we also report that Ro 5-4864-
induced Jurkat cell death has apoptotic features while, in
SK-N-BE, the Ro 5-4864 toxicity seems rather necrotic.
Since PBR takes part in the mPTP and may thus regulate
the apoptosis/necrosis switch [27], we studied the features
of Ro 5-4864-induced toxicity in Jurkat cells stably trans-
fected with the PBR.

The results are presented in Fig. 6 and can be summar-
ized as follows. Firstly, transfected Jurkat cells express

indeed the PBR both at the transcript (data not shown) and
at the protein levels (Fig. 6A), although less intensely
than SK-N-BE cells. Secondly, the dose-dependent toxi-
city of Ro 5-4864 on PBR-transfected Jurkat cells
(Fig. 6B) was not significantly different from the one
obtained on wild-type Jurkat cells; both the potency
(ICsp = 88.2 £ 20.0 uM, n = 3) and the efficacy (maximal
toxicity = 8.6 £ 0.2%; n =3 of control cell survival)
were in the same range order. Thirdly, the DNA cleavage
that occurred during Ro 5-4864-induced death of PBR-
transfected Jurkat cells had apoptotic features as demon-
strated by the increase in TUNEL labeling (Fig. 6C) and
by the laddering of the low molecular weight fragments
(Fig. 6D). Finally, Ro 5-4864 also induced an activation
of caspase-3, -8 and -9 in PBR-transfected Jurkat cells,



G. Hans et al./Biochemical Pharmacology 69 (2005) 819-830 827

PBR 18 |« .

B-Actin E

® =
> <
d: B
c F
X B
(A) 8 (D) Time (Hours)
125
@
2 _ 1004 ProCasp-3 P>
)
=3
S‘gg 501 . ProCasp-8 P>
= 0
&8 o5 H I-I P40 >
o -
& O ik T W W H 1N o
S p H H P & ProCasp-9 p
(8) [Ro 5-4864](M)
200, o B-Actn B
CD'U? Sm—
=3 (E) Time (Hours) 0o 8 16 24
B8 8100
@“5
0\0
E\_
c ° on 2o

Fig. 6. Expression of PBR in Jurkat cells does not convert Ro 5-4864-induced apoptosis into necrosis. (A) PBR expression was assessed by immunoblotting in
PBR-transfected Jurkat cells and wild-type Jurkat cells. (B) The effect of Ro 5-4864 on PBR-transfected Jurkat cells was assessed after 24 h by the live/dead
assay. Bars represent the survival (live/dead ratio) expressed as percent of the same ratio in controls (mean & S.D., n =4 in this experiment which is
representative of three independent). **P < 0.01 using ANOVA followed by Dunnett’s post-tests. (C and D) TUNEL labeling (C) and DNA agarose gel
electrophoresis (D) were performed on PBR-transfected Jurkat cells treated for 24 h with 150 wM Ro 5-4864. (E) The pattern of caspase activation in PBR-
transfected Jurakt cells along a time-course of exposure to 150 uM Ro 5-4864 was studied by immunoblotting (as in Fig. 3).

further demonstrating that it triggers apoptosis, as in
wild-type Jurkat cells.

4. Discussion

The present study demonstrates that micromolar con-
centrations of two chemically unrelated PBR ligands, i.e.
Ro 5-4864 and FGIN-1-27, are toxic for both PBR-expres-
sing SK-N-BE neuroblastoma and PBR-deficient Jurkat
Ilymphoma cells. Moreover, the molecular pathways lead-
ing to Ro 5-4864-induced cell death differ strikingly
between the two types of cell, being apoptotic in Jurkat
while necrotic in SK-N-BE cells. Nevertheless, expres-
sing PBR in Jurkat cells does not modify the features of
Ro 5-4864-induced cell death.

To our knowledge, this study brings the first conclusive
evidence that PBR ligand-induced cell death is unrelated to
their PBR-binding property. Indeed, since Jurkat cells,
which completely lack PBR expression, are as sensitive
as SK-N-BE or PBR-transfected Jurkat cells to PBR ligand

toxicity, any PBR involvement in PBR ligand-induced
death seems definitely ruled out. The relationship between
PBR ligand toxicity and their binding to PBR has already
been questioned in several studies where the concentration
range needed to achieve a toxic effect was always two or
three orders of magnitude higher than the affinity of PBR
ligands for their receptor [8—12]. Furthermore, a similar
debate existed about the effect of PBR ligands on cell
proliferation [43], and it has just been demonstrated that
such a property was independent of their ability to bind
PBR [44]. Consistently with previous findings related to
their toxicity, in this study, we have observed that the toxic
concentrations of PBR ligands were in the 10-100 pM
range.

The cellular events observed during Ro 5-4864-induced
cell death provide further evidence favouring a PBR-
unrelated hypothesis. Indeed, in PBR-deficient Jurkat cells,
Ro 5-4864 had apoptotic features as demonstrated by the
presence of an internucleosomal DNA fragmentation [45]
and a PARP cleavage into an 85 kDa fragment [40]. More-
over, it was associated with an activation of caspases, key
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players of the apoptotic machinery [46]. Regarding the
mitochondrial alterations induced by Ro 5-4864 in Jurkat
cells, both the A, loss and the cytosolic release of the
cytochrome ¢ occur late (18-24 H after the beginning of
treatment), in particular after the first signs of caspase
activation and apoptotic DNA fragmentation (12-16 H).
They might therefore rather be considered as secondary
mitochondrial changes, as described in many apoptotic
processes where mitochondria act as executioners [32].
Active caspases can indeed trigger such mitochondrial
changes either through the caspase-§8-mediated bid clea-
vage [47] or via caspase-3-induced alterations in electron
transport complexes [33]. Interestingly, the activation of
capsase-8 seems crucial in our model as underlined by the
protection afforded by Z-LETD-FMLK, a specific capsase-8
inhibitor. Our observed lack of sensitivity of Ro 5-4864-
induced cell death to CsA and BA also fits well with a
secondary mitochondrial permeabilisation. Indeed, both
caspase-3 and tBid-mediated Ay, losses are described
as mPTP-independent [33,47].

The features of Ro 5-4864-induced SK-N-BE cell death
appear strikingly different. Indeed, no apoptotic DNA
cleavage and no caspase activation were detected, hence
suggesting more a necrotic process. Furthermore, the
mitochondrial membrane depolarisation and the cytosolic
cytochrome c release occurred earlier than in Jurkat cells.
This could reflect a massive mPTP opening and explain the
necrotic features of subsequent cell death [30]. However,
mPTP inhibitors failed to protect against Ro 5-4864-
induced SK-N-BE death. This discrepancy could only
be explained by the occurrence of an unregulated [48]
or aberrantly regulated mPTP [49] as already described
following PK11195 exposure. This hypothesis would how-
ever need further experiments to be confirmed.

One could also argue that such differences in death
features should be attributed to the abundant expression
of the PBR in SK-N-BE cells. Strong evidence indeed exist
in favour of a regulatory role of the PBR in mPTP opening
[50,51]. Nanomolar concentrations of PK11195 are more-
over able to trigger an increase in ROS production [52],
which in turn can lead to an mPTP opening [53]. However,
PBR-expressing Jurkat cells undergo an apoptotic cell
death after exposure to Ro 5-4864, similarly to the corre-
sponding wild types. This latter observation virtually
excludes any role of the PBR in the Ro 5-4864-induced
cell death.

A more likely explanation of our observed differences
between the cell death biochemical cascades triggered by
PBR ligands in Jurkat versus SK-N-BE cells could rather
lie within their pattern of caspase expression. SK-N-BE
were indeed found not to express caspase-8 and caspase-9.
Such caspase deficiencies were already described for other
neuroblastoma cell lines [41,54]. Interestingly, caspase-8
which seems to be a key player in the Ro 5-4864-induced
Jurkat cells apoptosis, has also been implicated in the
apoptosis/necrosis switch [55]. In that respect, Fas-induced

fibrosarcoma cells apoptosis has indeed been shown to be
converted into necrosis in the presence of a broad spectrum
caspase inhibitor [56]. Moreover, Fas-induced necrosis
was reported in a caspase-8 deficient Jurkat cell line [57].

The abundant expression of PBR in cancer cells and the
correlation of its expression level with tumor malignancy,
together with the cytotoxic properties of PBR ligands for
malignant cells suggested that PBR ligands might be
promising drugs in the field of cancer. Here, on the one
hand, we report the absence of any relationship between
the cytotoxicity of some PBR ligands and their PBR-
binding property. Such findings should restrict the devel-
opment of new cytotoxic drugs exclusively based upon
their PBR-binding profile, but rather direct future research
to an understanding of the actual primary target that
mediates their pro-apoptotic/necrotic effect. This target
could indeed be of essential interest regarding the devel-
opment of new chemotherapeutic agents. On the other
hand, we provide further support in the development of
drugs similar to existing PBR ligands since we show that
they are even effective on reputed chemoresistant cells
such as caspase-deficient neuroblastoma. Even more, we
would encourage not to limit their use to PBR-expressing
tumors.
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