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Abstract

High concentrations of non steroidal antiinflammatory drugs (NSAIDs) exert preventive effects against carcinogenesis. Their molecular
mechanism of action remains to be elucidated. Based on previous reports with salicylate, we have made the hypothesis that various
NSAIDs can activate the mitogen-activated protein kinases (MAPK). Moreover, we tested the idea that NSAIDs act by increasing the
effects of oxidative stress. We report that in human colorectal carcinoma cells NSAIDs stimulated the three families of MAPK,
extracellular regulated kinases, c-Jun N-terminal kinases, p38 MAPK and that this stimulation is prevented by N-acetyl cysteine. In
cultured astrocytes, a biological system less sensitive to oxidative stress, we show that a short treatment by NSAIDs strongly activated the
three MAP kinases in the presence of H,O,. A 25 pM H,0,, unable to stimulate by itself the MAP kinases, promote an almost complete
activation of MAP kinases in the presence of NSAIDs. The activation of MAP kinases by H,O, and NSAIDs was suppressed by quinone
reductase inhibitors, suggesting that “‘redox cycling”” was involved in the activation mechanisms of MAP kinases by H,O, and NSAIDs.
The mobility on SDS-PAGE of the apoptosis signal-regulating kinase, which activates C-Jun N-terminal kinases and p38 MAPK
cascades, was reduced by H,O, and NSAIDs, suggesting, that H;O, and NSAIDs activated apoptosis signal-regulating kinase by
increasing its state of phosphorylation. In conclusion, we demonstrate that various NSAIDs can activate the three families of MAP kinases
and that this activation depends on the presence of reactive oxygenated species. These results give a new insight into the mechanism of the
action of NSAIDs. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction families have different downstream targets that they phos-

phorylate on serine and threonine residues located adjacent

Three mitogen-activated protein kinases (MAPK)
families have been identified in mammalian cells: the
extracellular regulated kinases (Erks), the c-Jun N-terminal
kinases (Jnks) and the p38 MAPKs (for review see Murga
et al. 1999 [1]). MAPKSs transduce information into the
different compartments of the cell. The three MAPK
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to proline residues. The three MAPK families are activated
by MAPK kinase (MAPKK) upstream dual-specificity
kinases, phosphorylating threonine and tyrosine residues
in a threonine-X-tyrosine site specific for each MAPK
family. MAPKKSs are activated by specific MAPKKKSs
(Rafs, MEKKI1, apoptosis signal-regulating kinase
(ASK1), MLKs, TAK, etc.). The three MAPK families
are activated in response to various stimuli. Erk family is
activated preferentially by growth factors usually acting
through a Ras-Raf-dependent cascade, while Jnk and p38
MAPK families are preferentially activated by stress fac-
tors and cytokines of the transforming growth factor-o
(TNFa) family. However, the specificity of activating
stimuli is relative, depending on the cell type. For example,
in astrocytes Erk is strongly activated by a number of stress
factors including oxidative stress ([2] and unpublished
observations). Sensing of the stress and its mechanisms
of coupling to MAPK cascades are still not understood.
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Salicylate, one NSAID has been reported to activate p38
MAPK in normal human fibroblasts [3] and Jnk and p38
MAPK in human colorectal carcinoma cells (HT29) and
COS cells [4]. Salicylate, like other non steroidal antiin-
flammatory drugs (NSAIDs) such as aspirin and sulindac,
are effective in reducing colon tumors in genetically
susceptible humans [5] and rodents [6—8]. Epidemiological
studies have demonstrated that NSAIDs used in the general
population is associated with a reduced risk of colon cancer
death [9]. NSAIDs also inhibit the growth of other types of
cancer cells [10-12]. These anti-tumor effects and the
effects on Jnk and p38 MAPK require drug concentrations
higher than those inhibiting the cycloxygenases cox-1 and
cox-2. We do not know whether the activation of these
MAPKSs plays a role in the anti-tumor effects of these
drugs. On the other hand, high concentrations of NSAIDs
such as salicylate, aspirin and sulindac inhibit NFxB
activation [13-16], and this inhibition can contribute to
their anti-tumor effect. Some preliminary observations also
indicate that NSAIDs could be used for treatment of
Alzeihmer and other neurodegenerative diseases [17—
20]. All these observations raise the question of the role
of MAP kinases in these diseases: stimulation of cell death
or protection against cellular damages?

The astrocytes constitute nearly half of the cells of the
brain and play a fundamental role to protect the brain. It is
important to understand how these cells respond to biolo-
gical extracellular signals and drugs. We studied for several
years in these cells, the mechanisms of MAP kinases
activation by growth factors [21], hormones [22] and stress
factors [2], We have now examined whether salicylate and
others NSAIDs can activate MAP kinases in these cells.
We found that the three families of MAP kinases and ASK1
are activated by all the NSAIDs tested, but this activation
was dependent on the redox state of the cells. Indeed, an
“oxidized state” of the cell potentiates strongly the activa-
tion of MAP kinases by NSAIDs. The redox state of the
cell is believed to be controlled by molecule(s) involved in
“redox cycling” [23]. In “redox cycling”, reactive qui-
nones catalyse the oxidation of intracellular sulphydryls.
According to this view, we find that NSAIDs activate the
three families of MAP kinases by a mechanism sensitive to
the quinone reductase inhibitor, menadione.

2. Material and methods
2.1. Materials

Sprague—Dawley rats were from our own breeding. Fetal
calf serum (FCS), Dulbecco’s modified Eagle’s medium
(DMEM) and Ham F-12 culture mediums were from Life
Technology. Myelin basic protein (MBP), menadione,
N-acetyl cysteine (NAC), sulindac, salicylate and diclofe-
nac were from Sigma. Antibodies against active forms of
Erk, Jnk and p38 MAPK were purchased from Promega.

Antibody against ASK1 was from Santa Cruz Biotechnol-
ogy. Antibody against rat thioredoxin was from IMCO.
Horseradish peroxidase-conjugated secondary antibody
was from Vector Laboratories. PVDF membranes were
furnished by NEN. Chemiluminescence systems were
purchased from Amersham and NEN. y*?P-ATP was from
Amersham. In Situ Cell Detection Kit, was from Roche
Molecular Biochemicals. All others products were of
quality grade.

2.2. Methods

2.2.1. Cell cultures

Cells were prepared as previously described [24].
Briefly, astroglial cells were obtained from the cerebral
hemispheres of 2-day-old Sprague—Dawley rats, plated in
10 cm? dishes and grown at 37°, 5% CO,, in DMEM,
supplemented with: 6 g/LL glucose, 2.4 g/LL sodium bicar-
bonate, antibiotics (100 U/mL penicillin, 100 pg/L strep-
tomycin and 0.25 pg/L amphotericin B) and 10% FCS. The
medium was changed every 2-3 days until the cells
reached confluence at about 10 days. The cells were further
cultured for a week, with daily changes, in a 1:1 mixture of
DMEM and Ham’s F-12 medium supplemented with 5.2 g/
L glucose, 1.8 g/L sodium bicarbonate and the antibiotics
listed above. Ninety-five percent of these cells contained,
as we have previously described [25], the immunoreactive
glial fibrillary acidic protein, a specific marker of astro-
cytes.

HT?29 cells were cultured at 37°, 5% CO,, in DMEM
containing 4.5 g/L. glucose, 2 mM glutamine and 10%
FCS. The medium was changed every 2-3 days. Before
the experiments, cells were serum-starved for 24 hr in
DMEM with 0.25% FCS.

2.2.2. MAP kinase assay

The cultures were treated with different agents and at the
end of the incubation period, the culture medium was
removed and the cells were rinsed once with 1 mL of
the iced kinase buffer: (80 mM 2-glycerophosphate, pH
7.4,20 mM EGTA, 15 mM MgCl,). The cells were scraped
off into 300 pL iced kinase buffer containing protease
inhibitors (1 mM phenylmethylsulphonyl fluoride, 50 pg/
mL aprotinin, 4 pg/mL leupeptin, 10 pg/mL antipain,
1 pg/mL  trypsin inhibitor, 1 mM benzamidine and
10 pg/mL pepstatin) and 1 mM of the phosphatase inhi-
bitor orthovanadate (NazVQ,). The cell suspension was
then sonicated for 5 s on ice and centrifuged at 105,000 g
for 35 min at 4°. The supernatants were aliquoted and
stored at —80° until use.

MAPK (Erk) activity was assayed as previously
described [2]. Briefly, aliquots of the cell supernatants
were incubated for 10 min at 30° in 20 mM Hepes, pH
7.4, 5mM MgCl,, 2mM EGTA, 2 mM dithiothreitol,
1 mM NazVOy, 20 upM y32P-ATP (2 uCi), 17 pg of MBP
and 10 pg/mL of the peptide inhibitor of cAMP-dependent



A.M. Lennon et al./Biochemical Pharmacology 63 (2002) 163—170 165

protein kinase. The reaction was initiated by adding an
aliquot of the supernatants and stopped by spotting 40 pL.
of the reaction mixture onto Whatman 3MM paper. **P
incorporation into proteins was determined after paper
washing.

2.3. Immunoblotting

The cultures were treated with different agents and at the
end of the incubation period, cells were scraped off in
Laemmli buffer [26]. Identical amounts of proteins from
each sample were separated by SDS—polyacrylamide gel
electophoresis (PAGE), then transferred onto PVDF mem-
branes by semidry transfer. The membranes were blocked
with 3% bovine serum albumin in PBS-Tween 0.1%.

Immunodetections were performed by incubating the
PVDF membrane with the following antibodies: anti-active
Erk (P-Erk) (1/5000), anti-active Jnk (P-Jnk) (1/5000),
anti-active p38 MAPK (P-p38) (1/2000) and anti-ASK1
(1/1000) in PBS-Tween 0.1% and 1% bovine serum
albumin. Detection of antigen—antibodies complexes was
performed with horseradish peroxydase-conjugated sec-
ondary antibody and the revelation was made by chemi-
luminescence reaction. All the experiments were repeated
at least three times.

2.3.1. Cell apoptosis assay

The cells were treated with the different agents for 24 hr
and then fixed in 4% paraformaldehyde and permeabilized
with 0.1% Triton X-100. Terminal deoxyribonucleotidyl
transferase-mediated dUTP nick-end labeling (TUNEL)
assay for detecting DNA fragmentation was performed
using the In Situ Cell Detection Kit, Fluorescein. The cell
nuclei were stained with DAPI and total and apoptotic cells
were counted using a fluorescent microscope. The results
were expressed as percentage of apoptotic cells.

2.3.2. Protein determination

The protein content of the samples in Laemmli buffer
was determined by the method of Mc Knight [27], using
bovine serum albumin as standard. The protein content of
cell sonicates was determined by the method of Bradford
[28].

3. Results

3.1. Ros requirement for activation of MAP kinases
by NSAIDS

In our hands, salicylate alone activated Jnk and p38
MAPK in HT29 cells as previously described by Schwen-
ger et al. [3,4]. However, in contrast to their results we
observed that salicylate also promoted the activation of
Erk. Indeed, the activation of the three families of MAP
kinases was detectable after 30 min and was maximal at
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Fig. 1. Effect of salicylate and N-acetyl cysteine on the activation of MAP
kinases in HT29 cells. HT29 cells maintained overnight in low-serum-
medium were treated for various times with salicylate (50 mM) and when
indicated with NAC (20 mM). Dishes were scraped off in kinase buffer,
sonicated and centrifuged for 25 min at 105,000 g. Identical amounts of
cytosolic proteins were analyzed by Western blot to detect the activation of
Jnk, p38 MAPK and Erk as described in Section 2. Figure shows the
immunoblots obtained after ECL. (A) Sample of astrocytes treated with
H,0, (200 pM, 20 min).

120 min (Fig. 1). Activation of p44 Erk, one isoform of p38
MAPK (corresponding to the faster migrating isoform in
the astrocytes) and one isoform of P-Jnk (corresponding to
the slower migrating isoform in the astrocytes) were
detected. We believe that in HT29 cells these activations
involve the generation of reactive oxygenated species (Ros)
due to the strong metabolism in these cells, because NAC
completely prevented these activations (Fig. 1). Sulindac
and diclofenac promoted a weaker activation of the MAP
kinases in HT29 cells (not shown).

Addition of 200 pM sulindac or 50 mM salicylate or
75 uM diclofenac (concentrations able to inhibit cell pro-
liferation [5-7] and [9-11]), to primary cultures of astro-
cytes from 0 to 90 min, did not activate, or only weakly,
Erk, Jnk and p38 MAPK as shown in Figs. 2—4. Since MAP
kinases activation by NSAIDs in HT29 cells appears to
depend on the presence of Ros, we added Ros (200 pM
H,0,) to cultured astrocytes, in the presence of sulindac,
salicylate and diclofenac. The NSAIDs strongly increased
the rate of activation of MAP kinases by H,O,. This effect
was easily visible for Erk (Fig. 2) by measuring MBP
phosphorylation or by monitoring Erk phosphorylation
with the antibody directed towards the active form of
Erk (Fig. 4). NSAIDs also increased the phosphorylation
of the Jnk and p38 MAPK induced by H,O, (Figs. 3 and 4).
Activated forms of p44 and p42 Erk, two isoforms of Jnk
and two isoforms of p38 MAPK were seen. Maximum
activation promoted by NSAIDs in presence of H,O, was
generally obtained after 15 min (Figs. 2 and 3). This effect
was almost completely suppressed by 20 mM NAC (Fig. 4)
indicating that the effect of NSAIDs depended on the redox
state of the cells. As 200 uM H,0, elicited a strong
activation of MAP kinases, which is almost complete after
45 min of cell treatment in most of the cultures but which is
more rapid in some cases ([2] and Fig. 5), we speculated
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Fig. 2. Kinetics of the effect of sulindac, salicylate and diclofenac on
H,0, induced-Erk. Sulindac (200 pM), salicylate (50 mM) or diclofenac
(75 pM) were added to cultured astrocytes 5 min before H,O, (200 uM).
Incubations were ended at various times after H,O, addition and Erk
activity was assayed as described in Section 2. The values are the mean of
two determinations and the curve is representative of three different
experiments. (([J) Sulindac, (¥%) salicylate, (A) diclofenac, (W)
sulindac + H,0,, () salicylate + H,O,, (A) diclofenac + H,0, and
(@) H,O, alone).
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Fig. 3. Effect of sulindac, salicylate and diclofenac on H,O, induced
Jnk activation. (A) Astrocytes were treated with sulindac (200 uM), and
H,0, (200 pM), for the indicated times. (B) Sulindac (200 pM), salicylate
(50 mM), or diclofenac (75 pM) were added to cultured astrocytes 5 min
before H,O, (200 uM) for 15 min. Dishes were then scraped off in
Laemmli buffer and Jnk activation was evaluated by Western blot
as described in Section 2. Figure shows the immunoblot obtained after
ECL.
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Fig. 4. Suppression by N-acetyl cysteine of the H,O, induced-MAP
kinases potentiated by sulindac. Sulindac (200 uM) was added or not
5 min before H,O, (200 uM, 15 min). When indicated, NAC (20 mM) was
added 30 min before the other compounds. Dishes were scraped off in
Laemmli buffer and the activation of Jnk, p38 MAPK and Erk was
evaluated by Western blot as described in Section 2. Figure shows the
immunoblots obtained after ECL.

that the ability of NSAIDs to amplify MAP kinases activa-
tion would be stronger at lower concentrations of H,O,

3.1.1. Dependence of MAP kinases activation by
NSAIDs on H,O; concentration

To test our hypothesis, astrocytes were exposed to
increasing concentrations (25-200 uM) of H,O, for
15 min in absence or presence of sulindac. Activation of
Erk, Jnk and p38 MAPK elicited by this treatment is shown
in Fig. 5. As reported above, sulindac alone did not activate
the three classes of MAP kinases. In this experiment, H,O,
alone (200 pM), promoted an almost complete activation
after 15 min whereas H,O, below 100 uM had only a small
effect on the activation of MAP kinases. In contrast, in the
presence of sulindac, activation of MAP kinases (Erk, Jnk,
p38 MAPK) was almost complete at 25 pM H,O,. In
astrocytes treated with 200 uM H,0, alone, the rate of
MAP kinases activation can be slower than in this experi-
ment (for Erk see Fig. 2 and for Jnk Fig. 3A, not shown for
p38 MAPK). Even, in this case maximal activation by
H,0; 4+ NSAIDs was already obtained at 15 min (for Erk
see Fig. 2 and for Jnk Fig. 3A).
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Fig. 5. Dependence of sulindac effect on H,O, concentration. Astrocytes
were treated or not with sulindac (200 uM), 5 min before adding
increasing concentrations (0-200 uM) of H,O,. After 15 min, dishes were
scraped off in Laemmli buffer and the activation of Jnk, p38 MAPK and
Erk was evaluated by Western blot as described in Section 2. Figure shows
the immunoblots obtained after ECL.
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Fig. 6. Effect of H,O,, sulindac and NAC on ASK1 mobility on SDS—
PAGE. (A) Astrocytes were treated or not with sulindac (200 pM), 5 min
before the addition of increasing concentrations (0-200 pM) of H,O, for
15 min. (B) Astrocytes were treated or not with sulindac (200 pM) 5 min
before the addition of H,O, (200 uM) for 20 min. When indicated, NAC
(20 mM) was added, 30 min before the other compounds. Dishes were
scraped off in Laemmli buffer and ASK1 was detected by Western blot as
described in Section 2. Figure shows the immunoblots obtained after ECL.

3.1.2. Activation of ASKI1 by NSAIDs

Since the MAPKKK, ASKI1, has been shown to be
activated by H,O, [29], we looked for activation of
ASK1 by NSAIDs. We found that treatment of astrocytes
by increasing concentrations of H,O, (0-200 uM) reduced
the rate of migration of ASK1 on SDS-PAGE (Fig. 6) as
observed for a number of protein kinases including MAP
kinases. Sulindac alone also reduced the rate of migration
of ASKI. As reported above for MAP kinases, NSAIDs
increased the sensitivity to H>O,. In the presence of both,
sulindac and H,O, the mobility of ASK1 decreased more.
NAC prevented the effect of sulindac + H,O, and alone
also increased the rate of migration of ASK1 in extracts of
unstimulated cells (Fig. 6B). These observations suggest
that oxidative stress, as for other protein kinases, activates
ASK1 by modulating its phosphorylation state and that
NSAIDs can increase the rate of ASK1 phosphorylation.

3.1.3. Suppression by the quinone reductase inhibitor,
menadione, of the activation of MAP kinases by
oxidative stress

Cross et al. [23], have reported that quinone reductase
inhibitors can prevent Jnk activation by sorbitol, anisomy-
cin, TNFa and UVC, but not by heat shock and TPA. The
quinone reductase inhibitors prevent Jnk activation likely
by blocking the oxidation of intracellular sulphydryls by
reactive quinones [30]. This oxidation of sulphydryls by
reactive quinones is termed ‘“‘redox cycling” [31] and
might be one element linking stress factors and MAP
kinases. The quinone reductase inhibitor, menadione also
inhibits the reduction of sulindac [32].

Quinone reductase inhibitors, menadione and dicou-
marol reduced the effect of 200 uM H,O, on the activation
of MAP kinases (not shown). In our hands, with cultured
astrocytes, menadione was the strongest inhibitor of the
activation of MAP kinases by oxidative stress. Conse-
quently, menadione was used for subsequent experiments.
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Fig. 7. Inhibition by menadione of the H,O, induced-MAP kinases
activation. Astrocytes were treated with sulindac (200 pM), in the presence
or absence of menadione (100 M) 5 min before the addition of H,O,
(50 uM) for 20 min. Dishes were scraped off in Laemmli buffer. The
activation of Jnk, p38 MAPK and Erk was evaluated by Western blot as
described in Section 2. Figure shows the immunoblots obtained after ECL.

We examined whether menadione prevents activation of
MAP kinases by 50 uM H,0, and sulindac. Fig. 7 shows
that menadione effectively blocks the activation of Erk, Jnk
and p38 MAPK by H,0, and sulindac. Similar results were
obtained with salicylate or diclofenac (not shown). These
observations suggest that “‘redox cycling” plays a key role
in the activation of MAP kinase cascades by NSAIDs and
oxidative stress.

3.1.4. Effects of NSAIDs and H,0, on cell death

As we have observed previously for 200 uM H,0, [2],
sulindac alone or associated with 200 uM H,O, does not
promote significant cell death in astrocytes. DNA content
by dish was not modified after 24 hr (not shown). Sulindac
alone, 200 pM H,0, and their association did not increase
after 24 hr, the number of apoptotic cells. In a typical
experiments the percentage of apoptotic cells were: control
dishes: 9.55 £ 1.8%; sulindac (200 uM): 7.69 + 1.53%;
H,0, (200 pM): 9.09 + 0.53%; H,O, (200 uM) +sulindac
(200 uM): 11.84 £ 1.16%; n = 5.

4. Discussion

From the present work, we propose that NSAIDs can
activate the three families of MAP kinases in different cells
provided Ros be present. Indeed, using astrocyte cultures,
we have shown that NSAIDs (sulindac, salicylate and
diclofenac) can strongly increase the rate of activation
of the three families of MAP kinases: Erk, Jnk and p38
MAPK. Maximal activation can be obtained within
15 min. However, this effect of NSAIDs depends on the
redox state of the cells, since a low concentration of H,O,
(25 uM) must be added to the cells to obtain the activation
of MAP kinases. This low H,O, concentration does not
activate by itself the MAP kinase cascades. We also have
shown that the MAPKKK, ASKI1, which can mediate
the activation of Jnk and p38 MAPK [33] and is activated
by H,0,, displays a shift on SDS—PAGE, in extracts of
astrocytes treated by NSAIDs and H,O,. This shift is



168 A.M. Lennon et al./Biochemical Pharmacology 63 (2002) 163—170

prevented when NAC is present in cell culture medium. We
conclude that this shift is associated with ASK1 activation
and that it is probably due to changes in the phosphoryla-
tion state of ASKI.

We propose that NSAIDs increase the oxidation of
sulphydryls groups of proteins such as thioredoxin, which
are believed to be involved in the sensing mechanism of the
redox state. Reduced thioredoxin can bind ASK1 to form
an inactive complex [29]. Oxidation of thioredoxin by
“redox cycling” might promote thioredoxin release from
the complex and ASK1 activation to stimulate Jnk and p38
MAPK cascades. Consequently, thioredoxin and ASKI1
might constitute a link between a system sensing the redox
state of the cell and signaling pathways. In our biological
system, this hypothesis is supported by the inhibition by
NAC and by menadione and dicoumarol of the H,O,-
induced activation of MAP kinases. NAC is a scavenger
of free radicals that improves the accumulation of reduced
peptides containing thiols like glutathion [34]. Menadione
and dicoumarol share the property to inhibit the quinone
reductase, NQO1 [23,35], an enzyme regulating reactive
quinones implicated in the process termed ‘“‘redox cycling”
[30], in which reactive quinones catalyze the oxidation of
intracellular sulphydryls. Menadione, can also generate
oxygen radicals when reduced by cellular reductases that
generate highly reactive semiquinone intermediates [36].
But, it is likely that the generation of oxygen radicals from
menadione is completely masked in astrocytes by the
inhibition of the “redox cycling”. Otherwise, immunopre-
cipitation of rat thioredoxin (not shown), in contrast with
the observations of Saitoh et al. [29], does not confirm an
interaction, regulated by oxidative stress, of thioredoxin
with ASK1. In this way, Liu et al. [37] reported an effect
of TNFa on the complex ASKI-thioredoxin, but failed
to observe an effect of H,O, on this complex. The role of
thioredoxin is still not well understood and it is likely that
thioredoxin oxidation is not the single reaction promoted
by oxidative stress which is implicated in the activation
of MAP Kkinases.

ASKI1 activation can explain Jnk and p38 activation, but
not the activation of Erk that we also observe in astrocytes
treated by NSAIDs and H,O,. Some observations suggest
that activation of the Erk cascade by Ros involves the
activation of tyrosine kinases. The protein-tyrosine phos-
phatase 1B that is regulated by thioredoxin, may play a role
in these process [38]. These activation mechanisms
involved during the first 20 min could be prolonged by
other molecular mechanisms involving PLA2 and lipox-
ygenases, as described in a previous work [2].

ASK1 means apoptosis signal-regulating kinase, but its
role is not limited to initiate apoptosis. ASK1-dependent
activation of Jnk and p38 MAPK regulates the expression
of genes involved in the defense and the survival of cells
like hsp27 [39], antioxidant and phase II detoxifying
enzymes [40]. These antioxidant and phase II detoxifying
enzymes include NAD(P)H:quinone oxidoreductase, glu-

tathion S-transferase. The induction of these enzymes
occurs at the transcriptional level through an antioxidant
responsive element (ARE) and may be mediated by Erk
cascade [41], while p38 MAPK cascade inhibits the
ARE-mediated gene expression [40]. NSAIDs have been
reported to induce Quinone reductase and glutathion
S-transferase [42] and we suggest that they may promote
these inductions by activating MAP kinases pathways as
described in this paper. Activation of MAP kinase cascades
also plays a role in NFkB activation [43] but, in astrocytes,
NSAIDs although they can activate MAP kinases, inhibit
NFkB activation [16]. In our cultured astrocytes, activation
of MAP kinases by H,O, + NSAIDs does not initiate
apoptosis suggesting that the activation of MAP kinases
is rather implicated in survival mechanisms.

In HT29 cells, that display a strong metabolism and have
probably a regulation of the redox state different from
astrocytes, we have observed that salicylate alone induces a
slow activation of the three MAP kinases families as
reported for Jnk and p38 MAPK by Schwenger et al.
[4]. In these cells, it is possible that salicylate promotes
a progressive accumulation of reactive oxygen derivatives
contributing to MAP kinases activation. This hypothesis is
supported by the inhibitory effect of NAC on the salicylate-
induced MAP kinases activation. The possible induction of
reactive oxygen derivatives by salicylate may involve the
known action of NSAIDs on mitochondria [44-46]. Dif-
ferences in the redox systems of each cell type may explain
the differences in MAP kinases activation by NSAIDs
observed between rat astrocytes and HT29 cells. Moreover,
other MAPKKKSs (MEKK1, TAK1, etc.) than ASK1 can be
involved in the activation of Jnk and p38 MAPK. In this
respect, it has just been reported that the activation by
exisulind of the protein kinase G leading to JNKI1 activa-
tion, occurs by direct phosphorylation of MEKK1 [47].
The content of MAPKKKSs and MAPKKs differs probably
between the cell types and consequently, cell responses to
stress may be different.

It is very important to understand the regulation of the
activation of MAP kinase cascades by stress, since they can
contribute either to cell survival or cell death. In cancer
treatments, it may be advantageous to improve tumor cell
death, but other cells must be preserved to avoid negative
side-effects of the treatment. In neurodegenerative dis-
eases, neurons must be protected against cell death. A
number of molecules including anti-tumor agents (cispla-
tin, adryamicin, B-lap, isothiocyanates, etc.), chemical
cancerogens (benzo[a]pyrene, etc.), NSAIDs, arsenite,
heavy metals, UV, etc might activate the MAP kinase
cascades through the “redox cycling” by generating oxy-
gen radicals or by inhibiting enzymes involved in ‘“‘redox
cycling” such as thioredoxin reductase [48] or quinone
reductase [23]. Understanding the effects of pharmacolo-
gical agents on signaling pathways will help to select the
better combination of molecules for the treatment of
diseases including cancer and neurodegenerative diseases.
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