
Abstract. The purpose of this present study was to investigate
the role of inhibitor of apoptosis proteins (IAPs), their
inhibitor, Smac, and the focal adhesion kinase (FAK) in the
laminin enhancement of cisplatin-induced apoptosis in a
testicular tumor germ cell line, NCCIT. We demonstrated
that specifically in laminin-adherent NCCIT cells, cisplatin-
induced apoptosis followed a significant decrease of c-IAP-2
protein expression and of both XIAP mRNA and protein
expression. Smac expression was not modified in any tested
conditions. We also found that FAK, which mediates the
ECM-integrin antiapoptotic signal was down-regulated early
in cells cultured on laminin. Our results provide a possible
mechanistic explanation to cisplatin-induced apoptosis in
NCCIT cells adhered on laminin. Cisplatin down-regulated
FAK protein expression early, which therefore failed to
activate c-IAP-2 and XIAP expression, resulting in a defect in
the abrogation of the activation of caspases. Thus, the laminin
signaling enhances the cisplatin-induced apoptosis, at least
partly, through a down-regulation of survival signal molecules.
Our data raise an interesting possibility that a therapeutic
strategy targeting these survival molecules would be efficient
to overcome chemo-resistance in testicular germ cell tumor.

Introduction

Testicular germ cell tumors (TGCTs) are the most common
malignancies among young men. Fortunately, these tumors

are curable even in an advanced stage, by cisplatin-based
chemotherapy, with an overall cure rate of approximately
80% (1,2).

In a few cases, however, resistance occurs. Although, a
large number of research has been conducted concerning
cisplatin, at present, to our knowledge, little is known about
the molecular mechanisms by which cisplatin induces cancer
cell death. However, it is now well established that cisplatin
exerts its cytotoxic action through induction of apoptosis, at
least in TGCT cells (3-6).

Apoptosis is a genetically encoded, ubiquitous pathway
enabling cells to undergo highly regulated death in response
to pro-death signaling. The deregulation of this tightly regulated
process leads to disastrous consequences, and is involved in
many diseases, such as cancer, infertility, autoimmunity and
neurodegeneration. The family of caspase cysteine proteases
is the core of the apoptotic machinery that irreversibly commits
a cell to die. When a cell receives a signal to die, specific
caspases become activated in a hierarchical fashion that leads
to the processing and activation of several critical effector
caspases which cleave structural proteins and repair enzymes
necessary for cellular homeostasis (7-9). 

One mechanism that is used to control caspase activity is
the expression of endogenous protease inhibitors. The foremost
example is a family of caspase inhibitors known as inhibitor of
apoptosis proteins (IAPs). The IAPs were originally described
as an activity that prevents apoptotic cell death caused by
multiple triggers in Drosophila, Caenorhabditis elegans
and mammalian cells (10-12). Subsequently, several studies
demonstrated, by in vitro assays, that IAPs act as direct
inhibitors for caspases. Specifically, three mammalian IAPs:
c-IAP1, c-IAP2, and XIAP, are direct inhibitors of recombinant
caspases-3, -7, and -9. This is generally accepted to be the
principal mechanism for the antiapoptotic activity of the
IAPs in various experimental settings (12,13).

Furthermore, integrins are known to transduce signals
that modulate anticancer drug (including cisplatin)-induced
apoptosis in many cell types (14-19). Integrins are a family
of heterodimeric (·ß) transmembrane cell surface receptors
that mediate cell-cell adhesion as well as cell-extracellular
matrix (ECM) contacts and then play a key role in normal
and tumor cell behavior (20-24).

Focal adhesion kinase (FAK) is an intracellular non-
receptor protein tyrosine kinase important for ECM-integrin
signaling. On association with integrin, FAK is auto or
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transphosphorylated and activated (25-28). Activated FAK
mediates antiapoptotic signal via its binding to other trans-
duction molecules required for the activation of Ras mitogen-
activated protein kinase (MAPK) (27). Moreover, the cisplatin-
induced apoptosis depends on integrin-mediated activation of
MEK and ERK, two members of the mitogen-activated protein
kinase (MAPK) family (29,30). Overexpression of FAK
protects cells against various apoptotic stimuli by up-regulating
IAP gene expression (31). FAK is proteolytically cleaved by
caspase-3 during the cisplatin-induced apoptosis (32).

In a previous study, we have shown that laminin-·6
integrin signaling enhances cisplatin-induced apoptosis by
stimulating the activation of the two effector caspases-3 and
-6, in a testicular tumor germ cell line, NCCIT (19).

In the present study, our interest focused on the regulation
of the mammalian inhibitors of apoptosis, c-IAP-1, c-IAP-2
and XIAP. Our findings showed that on laminin but not on
any other tested substratum, cisplatin down-regulated c-IAP-2
protein and both, XIAP mRNA and protein expression. This
IAPs down-regulation occurred after an early decrease of
FAK. The expression of Smac/Diablo, an inhibitor of IAPs,
was not modified in any tested condition. Taken together, the
data presented here substantiate a model whereby laminin
enhances cisplatin-induced apoptosis through the abrogation
of the survival signal mediated by FAK.

Materials and methods

Cell culture. NCCIT is a human testicular embryonic carcinoma
cell line obtained from the American Type Culture Collection.
These TGCT (testicular germ cell tumor) adherent cells
were grown in RPMI-1640 medium (Invitrogen Corp., UK)
supplemented with 15% fetal bovine serum (SVF, Life
technology, Germany). They were maintained at 37˚C in a
5% CO2 atmosphere.

Coating and cytotoxicity assay. Plates coated with ECM protein
or adhesion molecules were formed by incubating 12-well
plastic tissue culture plates with 8 μg/cm2 laminin-1 (Sigma-
Aldrich, L'Isle D'Abeau, FR); 5 μg/cm2 fibronectin (Sigma-
Aldrich) or 10 mg/cm2 heat-denatured BSA (Sigma-Aldrich)
for 2 h at 37˚C. The plates were then rinsed with 1X PBS and
blocked with heat-denatured BSA (2 mg/ml) for an hour. The
plates were then twice rinsed with 1X PBS, and cells (2x105

per well) were seeded onto these plates and incubated at
37˚C in 5% CO2.

Cells from the exponential culture phase were treated
with 10 μM cisplatin [cis-platinum (II) diamine dichloride,
DDP] (Merck, Lyon, FR) for 4 h, washed with fresh culture
medium and incubated in cisplatin-free medium. Following
48-h incubation, attached and floating cells were collected,
pooled and suspended in 1X PBS and then cytocentrifugated
(300 g, 5 min) on adhesive slides. They were immediately
fixed and apoptosis detection assay was performed.

Kinetic studies in cisplatin-treated NCCIT cells. NCCIT cells
grown on laminin, BSA or fibronectin until exponential culture
phase (control) were treated with cisplatin as indicated above.
At 0, 12, 24 and 48 h after the end of the treatment, cells
were collected and total RNA and proteins were extracted for
RT-PCR and Western blot analysis.

Total RNA extraction. Cells were harvested, washed in cold
phosphate-buffered saline (PBS), and lysed immediately in
TRIzol reagent, a monophasic solution of phenol and guanidine
isothiocyanate (Invitrogen, Groningen, NL). This reagent is
an improvement on the single-step RNA isolation method
developed by Chomczynski and Sacchi (33). The quality of
extracted total RNA was checked by spectrophotometry (ratio
A260/A280) and 1% agarose gel electrophoresis. The amount
of RNA was estimated by spectrophotometer at 260 nm.
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Table I. Primer sequences, PCR conditions and products.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Primer sequences Tm (˚C) Product (bp) Cycles
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
c-IAP-1 R: 5'-CTgTCACCTACTCATgCAC-3' 57 123 33

F: 5'-TgTTTgTTgCTgTTTgTCC-3'

c-IAP-2 R: 5'-TAATACCgggAACATgAAg-3' 62 188 25

F: 5'-ggACACTGATCAAAAAAAgAC-3'

XIAP R: 5'-ACTATgCTCACCTAACCCC -3' 55 281 30

F: 5'-CCgTgCTTCATAATCTgCC -3'

Smac/Diablo R: 5'-ggTCTTTCAgAgATggCAgC-3' 57 147 29

F: 5'-CAgCTTggTTTCTgCTTTCC-3'

FAK R: 5'-CTTCTgCAgTTTCCCCAgAg-3' 62 200 32

F: 5'-CCAggTggTTggCTCACTAT-3'

ß2 μglobulin R: 5'-CCATgATgCTgCTTACATgTCTCTgATCC-3' 55-62 374 25-32

F: 5'-gAgARgTCTCgCTCCgTggCCTTAgC-3'
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Semi-quantitative co-amplified RT-PCR. cDNAs were
generated from reverse transcription (RT) of 2 μg of total
RNA using random hexanucleotides as primers (50 μM) in
presence of dNTP 250 μM; (Invitrogen, Groningen, NL),
dithiothreitol (DTT, 10 μM) and Moloney murine leukemia
virus (MMLV) reverse transcriptase (10 U/μl) for 1 h at 37˚C.

cDNAs were co-amplified (IAP-1, IAP-2, XIAP, Smac and
FAK with ß2 microglobulin) by PCR with Taq polymerase
(0.05 U/μl), deoxynucleotides (50 μM), 0.75 μCi (·-33P) deoxy-
ATP, specific primers (1 μM) or ß2 microglobulin primer (0.4
or 0.2 μM). The mixture was first heated at 95˚C for 5 min and
then X cycles of 95˚C for 30 sec, Tm (melting temperature)
for 30 sec, 72˚C for 30 sec, then 72˚C for 5 min (Table I).
PCR products were analyzed on an 8% polyacrylamide gel.
Dried gels were exposed to Cyclone™ storage phosphor
screen for 30 min. Intensities of autoradiographic bands
were estimated by densitometric scanning using OptiQuant
software (Packard Instrument Company, Inc., Meriden, USA).
The data were expressed as interest gene:ß2 microglobulin
mRNA ratios. PCR amplified products were checked by direct
sequencing (ABI PRISM; 310 genetic Analyzer; Applied
Biosystems, Courtaboeuf, FR).

Western blot analysis. NCCIT cells were harvested using
Trypsin-EDTA (Invitrogen, Groningen, NL) and pelleted by
centrifugation at 300 g for 5 min. Whole cell protein extracts
were prepared by addition of cold lysis buffer on pelleted
cells. Lysis buffer consists of 50 mM Tris (pH 7.4), 250 mM
NaCl, 5 mM EDTA and 50 mM NaF supplemented
immediately before use with a cocktail of protease inhibitors
(Sigma-Aldrich). The protein concentration of cell lysates
was determined using a colorimetric Bradford method.

Proteins (30-60 μg) were resolved by 12% SDS-PAGE and
electro-blotted onto nitrocellulose membranes in transfer buffer
(25 mM Tris, 185 mM glycine containing 20% Methanol). The
transfer was performed at a constant voltage of 100 V for 1 h.
The membrane was blocked by soaking in PBS, 0.05%
Tween-20 and 5% non-fat dried milk for an hour at room
temperature. Then the membranes were rinsed three times
with PBS/0.05% Tween-20 and incubated overnight at 4˚C
with primary antibodies raised against IAP-1 (rabbit polyclonal;
Santa Cruz Biotechnology, CA), IAP-2 (rabbit polyclonal;

Santa Cruz Biotechnology), XIAP (rabbit monoclonal;
Sigma-Aldrich), Smac/Diablo (goat polyclonal; Santa Cruz
Biotechnology) and FAK (goat polyclonal; Santa Cruz
Biotechnology). Antibodies were respectively diluted at 1:200,
1:200, 1:100, 1:100 and 1:200 in PBS containing 1% blocking
reagent (non-fat dried milk). Membranes were rinsed three
times with PBS/0.05% Tween-20 and then incubated with
horseradish peroxidase-labeled goat or rabbit antibodies
(1:3000). Bound antibodies were detected by chemi-
luminescence using a Covalab kit and Hyperfilm™ ECL™
(Amersham Pharmacia Biotech). The blots were reprobed
with an anti-actin antibody, 1:4000 diluted (Sigma-Aldrich).
The data were expressed as protein level:ß-actin level ratio.

Statistical analysis. Data represent the means of at least
four independent experiments. Statistical significance was
determined by One-way ANOVA with Dunnett's post-test
using Prism version 3.03 (GraphPad Software Inc., San Diego,
CA). Differences were accepted as significant at p<0.05.
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Figure 1. Extracellular matrix protein modulation of NCCIT cell sensitivity
to cisplatin-induced apoptosis. The number of apoptotic cells was
determined by TUNEL assay 48 h after the end of 4 h of cisplatin (10 μM)
treatment of NCCIT cells grown on either BSA, laminin (LAM) or
fibronectin (FBN).

Figure 2. c-IAP1 mRNA and protein levels. c-IAP1 mRNA (A) and protein
(C) levels were determined in untreated control cells (C) and at 0, 12, 24, and
48 h after the end of cisplatin treatment of NCCIT cells cultured on laminin
(LAM), BSA, and fibronectin (FBN). The values represent the means ± SD
determined from at least four independent experiments. Representative blots
of these experiments are shown (B and D).
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Results

Effect of ECM proteins in cisplatin-induced apoptosis. Forty-
eight hours after the end of the 10 μM cisplatin treatment,
apoptotic cells were quantified using the in situ TUNEL
method (Fig. 1). NCCIT cells cultured on either bovine serum
albumin (BSA)- or fibronectin (FBN)-coated plates displayed
a  low percentage (7% and 9%) of apoptotic cells. However,
when cultured on laminin (LAM)-coated plates, the percentage
of NCCIT apoptotic cells was significantly (p<0.001) higher
(20%) compared to treated cells cultured on the other substrata.
Untreated cells cultured on laminin as well as cells plated on
the other substrata did not undergo apoptosis, showing less
than 1% of apoptotic cells.

Expression of IAP-1 mRNA and protein. In cisplatin-treated
NCCIT cells cultured on laminin, BSA or fibronectin, semi-
quantitative co-amplification RT-PCR and Western blot
analyses were performed at 0, 12, 24 and 48 h after the end
of the cisplatin treatment. As compared to untreated control

cells, both IAP-1 mRNA (Fig. 2A and B) and protein (Fig. 2C
and D) expression levels did not change after cisplatin
treatment. Therefore, no significant difference was observed,
whatever the substrate on which NCCIT cells were cultured,
either in treated or untreated cells.

Expression of IAP-2 mRNA and protein. IAP-2 mRNA
expression was not modified either by the cisplatin treatment
or by the substratum. We observed an equal amount of
IAP-2 mRNA level (Fig. 3A and B) in all tested conditions.
In contrast, at 24 and 48 h after the end of the cisplatin
treatment, IAP-2 protein level was significantly decreased
(p<0.05) in NCCIT cells cultured on laminin, as compared to
NCCIT cells cultured on BSA or fibronectin (Fig. 3C and D),
which displayed a high amount of IAP-2 protein until at least
48 h post cisplatin treatment.

Expression of XIAP mRNA and protein. We further investigated
the XIAP mRNA and protein expression. As shown in Fig. 4A
and B, XIAP mRNA expression decreased after cisplatin

ANDJILANI et al:  FAK AND IAP DOWN-REGULATION BY LAMININ ENHANCES APOPTOSIS538

Figure 3. c-IAP2 mRNA and protein levels. c-IAP2 mRNA (A) and protein
(C) levels were determined in untreated control cells (C) and at 0, 12, 24,
and 48 h after the end of cisplatin treatment of NCCIT cells cultured on
laminin (LAM), BSA, and fibronectin (FBN). The values represent the
means ± SD determined from at least four independent experiments.
Representative blots of these experiments are shown (B and D).

Figure 4. XIAP mRNA and protein levels. XIAP mRNA (A) and protein (C)
levels were determined in untreated control cells (C) and at 0, 12, 24, and 48 h
after the end of cisplatin treatment of NCCIT cells cultured on laminin
(LAM), BSA, and fibronectin (FBN). The values represent the means ± SD
determined from at least four independent experiments. Representative blots
of these experiments are shown (B and D).
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treatment in NCCIT cells cultured on laminin, BSA or
fibronectin. At 48 h after the end of cisplatin treatment in
NCCIT cells grown on laminin-coated plates, XIAP mRNA
was significantly low (p<0,01), as compared to cells cultured
on BSA or fibronectin. On laminin, 24 h after cisplatin
treatment, the decrease of XIAP mRNA was significantly
different, as compared to NCCIT cells cultured on BSA but
its level was similar to that observed on fibronectin-seeded
cells.

The amount of XIAP protein significantly decreased
(p<0.05) at 24 and 48 h post cisplatin treatment in NCCIT
cells cultured on laminin whereas in BSA or fibronectin its
level remained elevated in all tested conditions (Fig. 4C and D). 

Expression of Smac mRNA and protein. The expression of
a second mitochondrial activator of caspases, known as
Smac/DIABLO, was evaluated in NCCIT cells cultured on
laminin, BSA or fibronectin and treated with cisplatin. The
various substrata (laminin, BSA or fibronectin) did not modify
Smac/DIABLO mRNA expression. Furthermore, Smac mRNA

was expressed in equal amounts in untreated control cells (C)
and in cisplatin-treated NCCIT cells (Fig. 5A and B). Also,
as indicated in Fig. 5C and D, Smac/DIABLO protein
expression was not modified, either by cisplatin treatment or
by the substratum.

Expression of FAK mRNA and protein. Both the mRNA and
protein expression profiles of focal adhesion kinase (FAK)
were determined using semi-quantitative RT-PCR and Western
blot analysis respectively. Data represented in Fig. 6A and B
clearly indicate that focal adhesion kinase mRNA expression
was not modified by either the substrata (laminin, BSA or
fibronectin) or cisplatin treatment.

Analysis of whole cell extracts by Western blotting
(Fig. 6C and D) indicated that untreated control cells (C)
grown on laminin, fibronectin or BSA displayed no significant
difference in p125 FAK protein expression. Cisplatin treatment
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Figure 5. Smac/Diablo mRNA and protein levels. Smac/Diablo mRNA (A)
and protein (C) levels were determined in untreated control cells (C) and at
0, 12, 24, and 48 h after the end of cisplatin treatment of NCCIT cells
cultured on laminin (LAM), BSA, and fibronectin (FBN). The values represent
the means ± SD determined from at least four independent experiments.
Representative blots of these experiments are shown (B and D).

Figure 6. FAK mRNA and protein levels. FAK mRNA (A) and protein (C)
levels were determined in untreated control cells (C) and at 0, 12, 24, and
48 h after the end of cisplatin treatment of NCCIT cells cultured on laminin
(LAM), BSA, and fibronectin (FBN). The values represent the means ± SD
determined from at least four independent experiments. Representative blots
of these experiments are shown (B and D).
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dramatically decreased the amount of p125 FAK at 48 h after
the end of treatment. At 48 h after treatment, we observed
a low level FAK protein in the three tested conditions.
Interestingly, in NCCIT cells cultured on laminin, the level
of p125 FAK protein was significantly decreased (p<0.05) at
12 and 24 h after the end of cisplatin treatment whereas, in
this space of time, in NCCIT cells cultured on BSA or fibro-
nectin, the amount of p125 FAK protein remained as elevated
as in untreated control cells. When NCCIT cells were adhered
on laminin, cisplatin-induced p125 FAK protein expression
decrease occurred earlier than in cells cultured on fibronectin
or BSA.

Discussion

We showed here, in agreement with our previous study (19),
that NCCIT cells, which are basically moderately cisplatin-
sensitive in standard culture conditions (34), exhibited a
significantly higher sensitivity to cisplatin when cultured on
laminin as compared to cells grown on BSA or fibronectin.
Untreated NCCIT cells adherent on laminin did not undergo
apoptosis, suggesting that the induction of apoptosis is not a
direct effect of laminin but rather a promotion or a facilitation
of the cisplatin-induced apoptosis in these TGCT cells.

We further examined the regulation of the inhibitors of
apoptosis, c-IAP-1, c-IAP-2 and XIAP, in this laminin
enhancement of cisplatin-induced apoptosis in testicular
germ cell tumors (TGCTs) since many reports have demon-
strated that the overexpression of XIAP, c-IAP1 and c-IAP2
suppresses the apoptosis induced by a variety of stimuli,
including tumor necrosis factor (TNF), Fas, menadione,
staurosporin, etoposide, Taxol, and growth factor withdrawal
(10,35). Moreover, IAPs block chemotherapy-induced apop-
tosis in various experimental models (12). Several studies
have also shown that these three mammalian apoptosis
inhibitor proteins (IAPs), c-IAP1, c-IAP2, and XIAP, function
as direct inhibitors for specific caspases (13,36).

We found here that the levels of both c-IAP-1 mRNA
and protein expressed in NCCIT cells remained unchanged
after cisplatin treatment on laminin, BSA or fibronectin.
This result suggests that c-IAP-1 is not involved in laminin
facilitation on NCCIT cell sensitivity to cisplatin.

We further investigated c-IAP-2 expression which is
known to display similar properties to c-IAP-1 for inhibition
of caspases (13). The c-IAP-2 mRNA level was not modified
either in untreated or treated NCCIT cells on all tested
substrata. However, whereas c-IAP-2 protein level was not
modified in cisplatin-treated NCCIT cells cultured on
fibronectin or BSA, at 48 h after the end of cisplatin treatment,
the amount of c-IAP-2 protein was significantly decreased
when NCCIT cells were seeded on laminin. The down-
regulation of this key apoptosis inhibitor protein was correlated
with an increase of apoptosis, implying that c-IAP-2 acts
at a central point in cisplatin-induced apoptosis signaling in
NCCIT cells cultured on laminin.

Recent reports have shown that cisplatin-induced apoptosis
was accompanied by a decrease in the amount of XIAP in
human ovarian and prostate cancer cells (37-39). XIAP is
the most potent inhibitor of caspases among human IAP
family proteins (13,35,40,41) and it is reported to be highly

expressed in same human cancers (39,42). Interestingly, our
results showed that cisplatin-induced apoptosis followed a
significant inhibition of XIAP mRNA and protein expression
in NCCIT cells adherent on laminin. This phenomenon was
time and substratum dependent. Then, at 24 and 48 h after
cisplatin treatment, when NCCIT cells were grown on laminin
but not the other substrata (fibronectin or BSA), the XIAP
mRNA and protein significantly decreased. The decrease of
XIAP may, at least partly, contribute to the higher sensitivity
to cisplatin observed in NCCIT cells cultured on laminin. In
agreement with previous reports, which have demonstrated
that cisplatin-induced apoptosis required the inhibition of
XIAP expression (37,38,43), our data strongly indicated that
the modulation of XIAP expression and/or stability could be
one of the mechanisms by which laminin signaling enhances
the cisplatin-induced apoptosis in the testicular tumor cell
line, NCCIT.

A second mitochondria activator of caspases known as
Smac/Diablo has been shown to antagonize IAP protein and
then eliminate their survival signal. In the cytosol, Smac/Diablo
amplifies caspase activation by binding IAPs via its amino-
terminal Reaper motif, leading to displacement of IAPs from
caspases (44-47). In NCCIT cells the levels of Smac/DIABLO
mRNA and protein remained unchanged in all tested con-
ditions. Thus, in this model, Smac/DIABLO is not implicated
in the observed increase in number of apoptotic cells induced
by cisplatin when NCCIT cells adhered on laminin.

Altogether, our findings give new insights into the
mechanism by which cisplatin may induce apoptosis in
tumor cells. An inhibition of two relevant apoptosis inhibitors
(c-IAP-2 and XIAP) occurs before cisplatin-induced apoptosis
in NCCIT cells cultured on laminin. The IAPs are direct
inhibitors of both caspases-3, -7 and -9 (48). Especially, it is
known that the third BIR domain of XIAP mediates binding
and inhibition of caspase-9. Caspase-9 is one of the best-
characterized initiator caspases, it plays an important role in
apoptosis and directly activates the effector caspases, -3 and
-7. At the basal state, both the procaspase-9 zymogene and
the processed caspase-9 exist mostly as a monomer. These
monomers have the potential to be activated by the apoptosome
complex or inhibited by XIAP. To fulfill its initiator function,
caspase-9 needs to be activated, which requires its homo-
dimerization. Interaction with the third BIR domain of XIAP
prevents the homodimerization and activation of caspase-9
(36,45,49). Consequently, although cleaved caspase-9
level was high in cisplatin-treated NCCIT cells (19), only
cells cultured on laminin displayed a high level of processed
caspase-3 and a concomitant high number of apoptotic cells.
Thus, the cisplatin-induced down-regulation of XIAP in cells
grown on laminin could result in failure to block caspase-9
activation and then the activation of effector caspase-3.
Nevertheless, the cross-talk between laminin-·6 integrin
signaling and cisplatin-induced apoptosis cascade that promotes
such a pro-apoptotic signal remains to be elucidated.

Cisplatin-induced apoptosis is believed to be cell-density
dependant (50), although the precise mechanism of this
phenomenon and the effect of cisplatin on cell adhesion are
not fully understood. The non-receptor protein kinase FAK is
believed to be important for integrin-mediated cell adhesion.
It has been demonstrated that FAK suppresses anchorage-
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dependent apoptosis (51) and that inhibition of FAK induces
apoptosis (52). FAK is cleaved by caspases during the
induction of apoptosis (53). Therefore, it has been demon-
strated that caspase-3 mediates FAK cleavage during cisplatin-
induced apoptosis but XIAP overexpression protects the cell
from FAK processing after cisplatin treatment (32,54). In
NCCIT cells, we observed in all substrata that FAK protein
level was significantly low at 48 h after the end of cisplatin
treatment as compared to untreated control cells. Such decrease
was concomitant with an increase of cisplatin-induced
apoptosis in a substrata-dependant manner. When NCCIT
cells were cultured on laminin where they displayed the
higher sensitivity to cisplatin, the decrease in the amount of
FAK protein began early at 12 and 24 h after the end of the
cisplatin treatment whereas, in the meantime on fibronectin
or BSA, FAK protein remained highly expressed. Moreover,
the decrease of FAK protein level observed in NCCIT cells
adhered on laminin was followed by a dramatic decrease of
XIAP and c-IAP-2 expression and, therefore, caspase-3
activation. These results suggest that the down-regulation of
the upstream survival signal protein FAK early after cisplatin
treatment can cause a defect in XIAP gene expression as
suggested by others (31). Thus, cisplatin may abrogate integrin
survival signal mediation by FAK in NCCIT cells cultured
on laminin and then facilitate NCCIT cells undergoing the
death process and subsequent caspase activation. Further
studies may determine the mechanism leading to the early
FAK protein down-regulation in cisplatin-treated NCCIT
cells. Our results suggest that it could be independent of the
caspase-3 cleavage process commonly accepted to explain
this phenomenon (32,39).

In conclusion, our findings provide a possible molecular
mechanistic explanation of the laminin-·6 integrin signaling
enhancement of cisplatin-induced apoptosis. We clearly
showed that on laminin, cisplatin early induced a down-
regulation of FAK, the principal protein mediating integrin
survival signaling. Therefore, it could lead to the decrease of
IAP expression observed on treated cells adhered on laminin,
and consequently the increase of apoptosis and the subsequent
caspase activation.

These findings raise the interesting possibility to develop
a powerful therapeutic strategy coupling the inhibition of
IAPs and cisplatin treatment to overcome chemo-resistance.
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