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Adaptive concentrations of hydrogen peroxide
suppress cell death by blocking the activation of
SAPK/JINK pathway
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SUMMARY

Low levels of HO2 can induce cellular resistance to
subsequent higher levels of kD2. By using human U937
leukemia cells, it was previously shown that such an
adaptive response can be induced without increasing the
cellular capacity to degrade RO2, thus conferring on the
cells a cross-resistance to other stimuli such as serum
withdrawal and Cz-ceramide. In this study, it was found
that stress-activated protein kinase/c-Jun N-terminal
kinase (SAPK/JNK) acts as a common mediator of the cell

stimuli failed to activate SAPK/IJNK and its upstream
kinases in the cells that were pretreated with low adaptive
concentrations of HO2. By contrast, the phosphorylation
levels of extracellular signal-regulated kinase and p38
MAPK were not significantly influenced by this HO:2
pretreatment. Inducing the SAPK/JNK-suppressing effect
of H202 required a time lag, which correlated with the time
lag required for the induction of the adaptive response.
Overall, the results suggest that KO adaptation confers

death induced by high HO> concentrations, serum
withdrawal and Caz-ceramide. Although SAPK/INK
activation by H2O2 was mediated by two upstream
mitogen-activated protein kinase (MAPK) kinases MKK4
and MKK7, only MKK7 played such a role in serum
withdrawal and Co-ceramide. Interestingly, all these lethal

on cells a resistance to multiple stimuli by specifically
blocking their ability to activate the SAPK/JNK pathways.

Key words: Adaptation, SAPK/INK, Hydrogen peroxide, Oxidative
stress, Cell death

INTRODUCTION numerous proteins by J@, implies a system of ¥D;
adaptation involving multiple mechanisms. Consistent with
Although oxidative stress is generally considered to behis possibility, HO2 pretreatment was found to confer on
cytotoxic, it can be beneficial to cell viability under certainhuman U937 leukemia cells a cross-resistance to other lethal
circumstances. For example, when cells are first exposed to Iastimuli such as serum withdrawal and-¢eramide (Lee and
H202 concentrations, they develop a resistance to subsequddin, 1999). Interestingly, it was observed thatc€ramide, in
challenges with high concentrations of the same agent th#ie absence of such pretreatment, killed U937 cells in a manner
would otherwise be lethal (Farr and Kogoma, 1991; Davies @bhdependent of bDy. A lethal concentration of &ceramide
al., 1995; Wiese et al.,, 1995; Lee and Um, 1999). As thidid not elevate the cellular levels ob®b in U937 cells, and
adaptive response requires a time lag (Wiese et al., 1995; L€e-ceramide-induced cell death was not suppressed by the
and Um, 1999), it is widely accepted that this protective effecaddition of antioxidants (Lee and Um, 1999). Therefore, the
of H2O2 is induced by an accumulation ob®b-responsive  H2O2-induced resistance of U937 cells to-€&ramide cannot
proteins. Given that #D> can elevate the cellular levels and be explained by the enhanced cellular capacity to degrade
activities of HOo--degrading enzymes such as glutathioneH2O,. Moreover, HO, was able to adapt U937 cells without
peroxidase and catalase (Shull et al., 1991; Lu et al., 1993; Leggns of enhanced antioxidant capacity, such as an increase in
and Um, 1999), it is believed that cells adapt 1@#] at least  protein levels and activities of the®h-degrading enzymes or
in part, by enhancing their capacity to degrad®H an enhancement in the cellular capacity to degrad®» H.ee

In recent years, evidence has been accumulating that trasd Um, 1999). A similar observation was also reported using
adaptation may not always depend onOkdegrading hamster fibroblast cells (Wiese et al., 1995). Taken together,
enzymes. It has been shown thaOplinduced the synthesis these observations suggests thaD#can impart cells with a
of 20-25 new proteins in vascular endothelial and fibroblasturvival advantage in a manner independent &OH
cells (Lu et al., 1993; Wiese et al., 1995). Although the naturdegrading activity. In the case of U937 cells, this alternative
of these proteins is largely unknown, the induction ofmechanism was selectively induced when the cells were
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exposed to 0.05 mM #D,, whereas an increase inp®b- inhibitors (2 ug/ml aprotinin, 2pug/ml leupeptin and 10Qug/ml
degrading activity required 0.25 mM28; (Lee and Um, PMSF). After the removal of the cell debris by centrifugation at
1999). Therefore, the former mechanism appears to be mo8,000g for 15 minutes, equal amounts of proteins (&) were
sensitive to HO, than the latter, at least in U937 cells. On theSéparated by 12% SDS-PAGE. The proteins were then
basis of these observations, it was suggested that relatively | Ag”\?vtr:‘?cnhsrl‘\jgr‘zdngSé'g&?j%‘}';’glO{Pee dmubsfiigetie(mlclilifgtr:d al?r)ﬁi(lj)f(())é(ijés
H.202 .Concemratlons protect the cells by. blocking the Iethaand ’visualized by chemiluminescence (ECL; Amersham, Arlington
signaling triggered by subsequent stimuli. It was the purpo%eights IL)
of this study to investigate this hypothesis using U937 cells. T
prerequisite of this investigation was to define the cell death vitro kinase assay
pathways induced by 4@2, serum withdrawal and £  The cells were lysed in a Hepes buffer (50 mM, pH 7.4) containing
ceramide, because B, adaptation controls the degree of 100 mM NaCl, 10% glycerol, 1% NP-40, 1 mM EDTA, 20 nfiv
lethality of all of these stimuli. The data presented in this repoglycerophosphate, 1 mM NaF, 1 mvhitrophenyl phosphate, 1 mM
indicates that stress-activated protein kinase/c-Jun N-terming®dium orthovanadate and the protease inhibitors listed above. The
kinase (SAPK/JNK), a member of the mitogen-activatedysates were clarified by centrifugation at 13,@fr 15 minutes.
protein kinase (MAPK) family, acts as a common mediator of FERaRRaR, 240G, SEC EEocie oY B0 A saived
U937 cell death mduced_ by highe® concentrations, serum in 20l of a kinase buffer containing 20 mM Hepes (pH 7.4), 10 mM
W|thd_rawal and @ceramide. Moreover, t_awdence is provujed MgClz, 20 mM B-glycerophosphate, 10 mM NaF, 1 mM DTT, 0.5
showing that low HO concentrations induce a protective yy sodium orthovanadate, 0 ATP, and 10uCi [y-32P]ATP. The
response against all these lethal stimuli by specifically blockinginase reactions were initiated by addingug of the specified
their ability to activate SAPK and its upstream kinases. Theubstrates to the solution. After a certain incubation time, the reaction
mechanism of this interesting phenomenon is discussed.  was stopped by adding a boiled sample buffer, and the proteins were
then separated by 12% SDS-PAGE. The gels were dried, and a
Phospholmager using Tina 2.0 software visualized the radioactive

MATERIALS AND METHODS bands.

Materials
U937 cells were obtained from the American Type Culture CollectionRESULTS

(Rockville, MD). All the antibodies used in this study were raised . .
against human antigens. The anti-MKK4/SEK1 (anti-MAPK kinaseBOth MKK4 and MKK7 mediate the SAPK activation

4) and anti-MKK7/SKK4 (anti-MAPK kinase 7) antibodies were and cell death induced by H 202
obtained from Santa Cruz Biotechnology (Santa Cruz, CA), anAPK has emerged as a mediator of the cell death induced by
the anti-SAPK was obtained from PharMingen/TransductionH,O, (Verheij et al., 1996) and many other cytotoxic agents
Laboratories (San Diego, CA). All other antibodies were purchasefCross et al., 2000). As with other members of the MAPK
from New England Biolabs (Beverly, MA). New England Biolabs andfamily, such as the extracellular signal-regulated kinase (ERK)
UgState 3"2i‘g‘£°'°9y .(Lak_‘l?hpla‘fq'd’ NhY) T“pﬂ";d the fgcomg'"a“ nd the p38 MAPK, SAPK is activated by its phosphorylation
c-Jun an proteins. The phosphorylated heat and acid-stallg/pismarsh and Davis, 1996). Therefore, to confirm the abilit

. | ) . ) y
protein (PHAS)-1 was purchased from Stratagene (La Jolla, CA). of H2O2 to activate SAPK under the experimental conditions
Cell culture, DNA transfection and treatments of this study, U937 cells were exposed to lethalOH
U937 cells were cultured in a RPMI 1640 medium supplemented wit§oncentrations (1 mM). After various incubation times, the
10% heat-inactivated FBS and gentamicin (&)ml). Cells at a SAPK phosphorylation levels were monitored by western blot
concentration of 810°/ml were exposed to #. (1 mM), G-  analysis using an antibody specific to the phosphorylated forms
ceramide (0.06 mM), or washed in PBS and then cultured in a serurof SAPK. This HO> treatment resulted in an increase in the
depleted medium. Where indicated, the cells were pretreated with 0.9fhosphorylation levels of two SAPK isoforms, p54 and p46
mM H20; for set periods before receiving the lethal treatments. Fo Fig. 1A). This effect was most clear when the cells were
DNA transfection, the dominant negative mutants of MKK4 (Sanchezyygsed to b, f ; e

; i _ » for 15-30 minutes. Under these conditions,

et al., 1994) and MKK?7 (Moriguchi et al., 1997) were cloned into the[h(:fJ SAPK protein levels did not change significantly,

pcDNA vector and delivered into the U937 cells by electroporation, . .
The transfected cells were selected by using 1 mg/ml of G418 sulfatéques“ng that the enhanced SAPK phosphorylation levels

after which they received the indicated treatments. réflected its activation. This was confirmed by an in vitro
kinase assay using c-Jun as a substrate (Fig. 1B). Although it
Analysis of cellular viability was reported that #, can activate ERK and p38 MAPK

The treated and untreated control cells received propidium iodide (Phnder other experimental conditions (Guyton et al., 1996;
(5 pg/ml) followed by flow cytometry analysis to simultaneously Wesselborg et al., 1997), the phosphorylation levels of these
monitor the Pl uptake (FL-2 channel) and cell size (forward lighfyAPKs were not significantly enhanced after up to 30 minutes
scatter). The cells that displayed both a normal size and a loys H20» treatment (Fig. 1A). Similar results were obtained
permeability to Pl were understood to be viable cells, as previouslynan the ERK and p38 MAPK activities were analyzed using
?Oeftl)r;e((j:ie(al\gangan et al., 1991). All other populations were understo HAS-1 as a substrate (Wang et al., 2000: Zhang et al., 2000)
' (Fig. 1B). All these results suggest that 1 mMOu

Western blot analysis specifically, or at least most efficiently, activates SAPK in
The cells were lysed in a solution containing 70 mp4 U937 cells.

glycerophosphate (pH 7.2), 0.1 mM sodium orthovanadate, 2 mM SAPK can be phosphorylated/activated by two upstream
MgClz, 1 mM EDTA, 1 mM DTT, 0.5% Triton X-100 and protease MAPK kinases, MKK4 (Sanchez et al., 1994) and MKK7
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(Moriguchi et al., 1997; Tournier et al., 1997). To determinebut interestingly MKK4 was not stimulated (Fig. 2B).
which one was involved in the2B»-induced activation of Activation of SAPK, induced by either serum withdrawal or
SAPK, the activities of MKK4 and MKK7 were analyzed using Co-ceramide, was consistently reduced only by mutant MKK7
SAPK as a substrate. Treatment withhQd resulted in  expression (Fig. 2A), but not by mutant MKK4 (Fig. 2B).
increased activity of both MKK4 and MKK7 (Fig. 1B), which Moreover, although the MKK7 mutant efficiently reduced the
occurred more rapidly than SAPK activation, being evident asell death induced by serum withdrawal anec€ramide, such
early as 5 minutes after B, treatment. Therefore, both protection was not detected using the MKK4 mutant (Fig. 2C).
MKK4 and MKK7 appeared to act as mediators of th®H  This finding contrasts with a previous report showing that the
induced SAPK activation. To confirm this, the U937 cells wereexpression of MKK4 mutant rescued U937 cells from C
stably transfected with a pcDNA vector containing theceramide (Verheij et al., 1996). Although the reason for this
dominant negative mutant of either MKK4 (U937/MKK4) or discrepancy is not clear, our data suggests that serum
MKK7 (U937/MKK7). Cells receiving the empty vector withdrawal and Gceramide selectively utilize MKK7 to
(U937/pcDNA) were used as a control. As in the case ofictivate SAPK and kill U937 cells, at least under the
untransfected U937 cells, 1 mM2B, efficiently activated experimental conditions of this study. Considering these results
SAPK in U937/pcDNA cells (Fig. 1C). However, this and the above findings together, the route leading to SAPK
activation was greatly reduced in both U937/MKK4 andactivation appears to vary in a single cell type depending on
U937/MKKY7 cells. Therefore, it was clear that both MKK4 andthe types of stimuli. This has also been reported in other studies
MKK7 mediate HOz-induced SAPK activation. (Moriguchi et al., 1997).
The expression of MKK4 mutants
has been reported to suppressOp
induced death in U937 cells (Vert  (A) B)
et al.,, 1996). To investigate whet 0 5 15 30 time (min) 0 5 15 30 time (min)
this can also be achieved using
MKK7 mutant, the transfectants we Ei::: - | rsark -~ @& @ | sak
-— .-
-

exposed to various Do
concentrations, and their viability w P3| o ——
compared using flow cytomet Pio—>| == == -

Unlike the untransfected U937 ce

that were marginally susceptible - a» & == | p-ERK
0.1 mM HO2 (Lee and Um, 1999
the exposure of U937/pcDNA cells - @» e» e | FRK
the same KD, concentration for 4
hours resulted in a cell death of m
than 60% (Fig. 1D). Therefore, t - - W~ | PR
susceptibility of U937 cells to #D2 -
appeared to be enhanced during - & @& & | P33
transfection procedure, as repol (D)
previously (Kim et al, 2001

Increasing the concentration ob®b (C)  control H202

to 0.25 mM killed almost all of tf 1

U937/pcDNA cells. However, the ¢ -+ -+ MKK4 mutant
death was dramatically reduced w! ) o -
the U937/MKK7 cells were expos
to the same pD2 concentrations. . -4 . +  MEKK7 mutant
direct comparison of U937/MKK
and U937/MKK4 cells revealed tf . -
the MKK7 mutant was slightly mo o o= !
protective than the MKK4 mutai °
These results suggested that | H202 (mM)

MKK4 and MKK7 act as majc  Fig. 1.Both MKK4 and MKK7 mediate bD2-induced SAPK activation and cell death.
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mediators of HOz-induced death i (A) U937 cells were exposed to 1 mM@ for the indicated periods. The cells were lysed, and
U937 cells. the SAPK, ERK and p38 MAPK phosphorylation levels were analyzed by western blotting

using antibodies specific to the phosphorylated forms of each MAPK. The protein levels of these
The MKK7, but not MKK4, MAPKs were also probed using their specific antibodies. (B) The SAPK, ERK, p38 MAPK,
pathway is shared by serum MKK4 and MKK?7 activities in the lysates were analyzed by in vitro kinase assay. The substrates
withdrawal and C »-ceramide were recombinant c-Jun protein for SAPK, PHAS-1 for ERK and p38 MAPK, and SAPK

. protein for MKK4 and MKK?7. (C) The U937 cells were stably transfected with the pcDNA

The role of the .SAPK pathways in | vector containing the dominant negative mutant of either MKK4 or MKK7. These transfectants
Ce" death induced by sern and the cells that received the empty control vector were exposed to L@MoH30 minutes.
withdrawal and @ceramide Wa | eyels of SAPK activity in the treated and untreated control cells were compared by in vitro
investigated. Both of these stim  kinase assay. (D) The transfectants were treated with the indicaBectbhcentrations for 48
activated SAPK and MKK7 (Fig. 22 hours and the cellular viability was analyzed by flow cytometry.
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Fig. 3.H202 pretreatment reduces the activation of both the MKK4
and MKK7 pathways induced by diverse stimuli. (A) U937 cells

SAPK activity

MKK?7 activity

Flg 2. MKK?7, but not MKK4, is involved in the SAPK activation and were incubated in the presence or absence of 0.05 p@d fidr 24

cell death induced by serum withdrawal

(SW) apac€amide.

hours, followed by a challenge with 1 mM®b for 30 minutes. The

(A) The U937 cells were exposed to a serum-depleted medium or 0.CsapK phosphorylation and protein levels (top two panels) and its
mM Cz-ceramide. At the end of the indicated incubation periods, the activity (third panel) were compared. Alternatively, the activities of

MKK?7 activity was analyzed (top). U937/pcDNA and U937/MKK7

MKK4 and MKK7 were analyzed 15 minutes after the challenge

cells received the same treatments for 30 minutes. SAPK activities in (hottom two panels). (B) The preincubated cells received the
the treated and untreated cells were compared (bottom). (B) U937 cejngicated challenges for 30 minutes. The SAPK phosphorylation and

were treated with the indicated stimuli for 15 minutes, and MKK4
activity was measured (top). U937/pcDNA and U937/MKK4 cells

received the indicated treatments for 30

activity was compared (bottom). (C) The U937/pcDNA, U937/MKK4
and U937/MKK?7 cells were treated with either the serum-depleted
medium or G-ceramide for 48 hours. The viability of the treated and

minutes, and the SAPK

untreated cells was compared by flow cytometry.

H2O2 pretreatment blocks the activation of SAPK

pathway induced by diverse stimuli

protein levels (top two panels), and the SAPK and MKK?7 activities
(bottom two panels) were analyzed.

pretreated and untreated control cells were then challenged
with 1 mM HO» for 30 minutes, and analyzed for the levels
of SAPK phopshorylation/activity. Pretreatment withQd

itself did not significantly influence the levels of SAPK
phopshorylation/activity as analyzed from 5 minutes (data not
shown) up to 24 hours. However, it did dramatically reduce the
challenge-induced enhancement of SAPK phosphorylation/

Because the SAPK pathway was shown to be crucial for thactivity (Fig. 3A). By contrast, kD2 pretreatment did not

lethal actions of BKO», serum withdrawal, and£teramide, it
was of interest to investigate whethepQd pretreatment

significantly influence phosphorylation levels of ERK and p38
MAPK, regardless of the challenge (data not shown). This data

protects the cells from those stimuli by interfering with theirsuggested that4®,-induced SAPK activation was specifically

ability to activate the SAPK pathway. To address this questiormiownregulated

in the cells that experienced sublethal

U937 cells were incubated in the presence or absence of 0.08ncentrations of 0. To determine whether the pretreated
mM H202 for 24 hours, an optimal condition for inducing the cells also have a defect in MKK4 and MKK7 activation, the
antioxidant-independent adaptation (Lee and Um, 1999). Thability of H2O2 to activate MKK4 and MKK?7 in the pretreated
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and untreated cells was compared. As shown in Fig. 3A, tF Control Challenge
H202-induced activation of both MKK4 and MKK7 was | | ] |

dramatically reduced by 4@, pretreatment. Therefore, the 0 4 8 24 0 4 8 24 pretreatment (hr)
cells that have previously experienced low concentrations ¢ :

H202 lose their ability to efficiently activate the MKK4 and LA IR »ea
MKK7 pathways in response to subsequent highOH =
concentrations. - . ; -

To investigate whether 4@, pretreatment similarly - .- & MKKT
influences the SAPK activation induced by other stimuli, the . -
pretreated and untreated cells received a challenge with eitt
serum withdrawal or &ceramide. As shown in Fig. 3Bo82
pretreatment efficiently reduced the enhancement of SAP] 12
phosphorylation/activity induced by both serum withdrawal
and G-ceramide. Moreover, the ability of these stimuli to
activate MKK7 was also attenuated by pretreatment. Thes
findings indicate that D> pretreatment interferes with the
SAPK pathway activation induced by diverse stimuli.

‘| MKK4

SAPK

Time course of the inhibitory effect

H202 requires a time lag to induce cellular resistance to deal
stimuli (Wiese et al., 1995; Lee and Um, 1999). In the case (
U937 cells, pretreatment with 0.05 mM®b for 4 hours was
not sufficient for inducing such resistance. This resistance wz
initially detected 8 hours after the pretreatment, and was furthi
enhanced as the pretreatment was extended up to 24 hours (|
and Um, 1999). To investigate whether a similar time lag waFig. 4. H2Oz requires a time lag to induce the SAPK-suppressing
also required to inhibit SAPK activation, U937 cells were pre-effect. The U937 cells were pre-exposed to 0.05 mkazHor the
exposed to 0.05 mM #D; for various time periods, challenged indicated periods, followed by a challenge with 1 miOkieither

with 1 mM HO; for 15 minutes and then analyzed for MKK4 for 15 m!nutes for the analysis of thg MKKA and MKK7 activities, or
and MKK?7 activity. Alternatively, SAPK activity was analyzed for 30 minutes for SAPK (top). The intensity of each band was

30 minutes after the challenge. Pretreatment itself did n(quantlfled by using Tina 2.0 software. The challenge-induced fold

significantly influence the activities of all those kinases undeStimUIation of each kinase was determined over its basal level
9 y obtained from the cells that did not receivgOrlin the whole

any of the tested conditions. Interestingly, the challeng€jncypation (bottom). The values are the mean of three separate
induced activation of MKK4, MKK7 and SAPK were not experiments. The standard deviations were routinely less than 15%

significantly suppressed in the cells that had been pretreatof the means. Circle, SAPK; square, MKK4; triangle, MKK?.
for 4 hours (Fig. 4). Pretreatment for 8 hours resulted in a
dramatic suppression of MKK7, but not MKK4, activation.
Therefore, the MKK4 and MKK7 pathways appear to becellular antioxidant capacity (Lee and Um, 1999), the
differentially regulated by bD> pretreatment. Pretreatment for suppression of the SAPK pathways is believed to be due to a
8 hours also displayed some suppressive effect on SAPBlockage of the pathways rather than a degradation of the
activation, suggesting that the selective MKK7 suppression cazhallenged HO,. This belief is further supported by the
influence SAPK activation. When the cells were pretreated fasuppression of SAPK pathways induced by-c€ramide,
24 hours, the challenge-induced activation of all of MKK4,which acts on U937 cells in ax8z-independent manner (Lee
MKK7, and SAPK were almost completely blocked. Theseand Um, 1999). Although cellular adaptation to oxidative stress
results revealed that the time course required for the inhibitiohas long been observed, to our knowledge this is the first case
of SAPK activation co-relates exceedingly well with thatdemonstrating that the response can modulate a specific
observed for the induction of cellular resistance #@# This  signaling pathway. Our findings also suggest that oxidative
strongly supports the suggestion that the suppression of SAP#ress can regulate the SAPK pathway in two opposing
activation is a mechanism whereby>®4 induces this manners depending on its intensity. Although relatively high-
protection. intensity stress rapidly activates the pathway, lower-intensity
stress induces a blockage of the pathway. This latter
mechanism may have applications in certain types of cancer
DISCUSSION cells that constitutively generate reactive oxygen intermediates
to levels higher than their normal counterparts, and display a
This study showed thatJ®, can induce an adaptive responseresistance to oxidative cytolysis and chemotherapy
by specifically suppressing the activation of SAPK and itO’Donnell-Tormey et al., 1985; Yagoda, 1989; Toyokuni,
upstream kinases. As8» also exhibits such an effect against 1995).
serum withdrawal and Bceramide, the suppression of the The time lag required for inducing the SAPK-suppressing
SAPK pathways appears to be a mechanism wherefdg-H response implies that2B, induces macromolecules that can
adapted cells withstand diverse stimuli. Given that th@H inhibit the activation of the SAPK pathways. Given that the
concentration employed for the pretreatment does not enhanbiKK4- and MKK7-suppressing responses are induced by

fold stimulation by challenge

pretreatment (hr)
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different kinetics, multiple factors may be involved in Activation of mitogen-activated protein kinase byQd. J. Biol. Chem271,
suppressing the SAPK pathways. Although the identity of such 4138-4142. _ ,
factors is currently unclear, several anti-death proteins such §&" P- K., Cho, E. S. and Um, H.-D(2001). NFKB mediates the adaptation
. i of human U937 cells to hydrogen peroxiieee Radic. Biol. Med30, 563-
Bcl-2, Bel-XL and heat-shock proteins have been eliminated asg;q
potentlal Cand_ldates (Lee and. Um, 1999). Bgcaus_e SAPK e, B. R. and Um, H.-D.(1999). Hydrogen peroxide suppresses U937 cell
activated by its phosphorylation, we have investigated the death by two different mechanisms depending on its concentrasipnCell
possibility that HO: pretreatment (0.05 mM) induces huReDS Zhjgu‘}ilioﬁgsl\./loraru I. 1., Kreutzer, D. L. and Das, D. K. (1993)
phOSphataseS such ‘as MKP-1 and_ MKP-2 that ca Molécular aaapiation of'vascyular endolthelial cells to c;xidative Sthess.
dephosphorylate SAPK_ (Chu et al., 1996; Sanchez-Pere_z et al.3, physiol 264 C715-C722.
2000). However, no evidence from western blot analysis wagangan, D., Welch, G. R. and Wahl, S. M(1991). Lipopolysaccharide,
found (data not shown). Although it has been reported that thetumor necrosis factor, and IL-18 prevent programmed cell death
overexpression of pg\_ff\FUCIPl/Sdi,l an inhibitor of cyclin- (apoptosis) in human peripheral blood monocyde$mmunol.146, 1541-
dep'endent kinases, can atte”l,late UV—mducgd SAPK aCtlva“%riguchi, T., Toyoshima, F., Masuyama, N., Hanafusa, H., Gotoh, Y. and
(Shim et al., 1996), the adaptive concentrations (0.05 mM) of Nishida, E. (1997). A novel SAPK/INK kinase, MKK7, stimulated by
H202 in this study did not significantly alter the cellular levels TNFa and cellular stresseEMBO J.16, 7045-7053. _
of p21 (data not shown). Exposure of the U937 cells to 0.0§'Donnell-Tormey, J., DeBoer, C. J. and Nathan, C(1985). Resistance
mM H202 consistently showed no significant influence on their gg_g‘gma” tumor cells in vitro to oxidative cytolysis. Clin. Invest 76,
cycling distribution. Therefore, the adaptation induced by 0.08anchez, I., Hughes, R. T., Mayer, B. J., Yee, K., Woodgett, J. R., Avruch,
mM H2O2 does not appear to depend on the p21 level or the J,, Kyriakis, J. M. and Zon, L. I. (1994). Role of SAPK/ERK kinase-1 in

cellular cycling status. The authors have recently reported thatthe stress-activated pathway regulating transcription factor chature

. ; ; 372, 794-798.
nUCIear. faC'FOI“KB (NF KB) IS a medlator. of the U937 cell Sanchez-Perez, |., Martinez-Gomariz, M., Williams, D., Keyse, S. M. and
adaptation induced by 0.05 mMz@ (Kim et al., 2001). Perona, R.(2000). CL100/MKP-1 modulates JNK activation and apoptosis
However, the promotion of #D2-induced NFKB activation by in response to cisplati®ncogenel9, 5142-5152.
the overexpression ofdB kinasea (IKK a) (Kim et al., 2001)  Shim, J., Lee, H., Park, J., Kim, H. and Choi, E(1996). A non-enzymatic
did not enhance the SAPK-suppressing activity gbi(data pZ% protein inhibitor of stress-activated protein kinab&gure 381, 804-

not shown). This observation suggests that KBFis not Shull. ., Heintz, N. H., Periasamy, M., Manohar, M., Janssen, Y. M. W.,

involved in the SAPK-suppressing pathway induced b1 Marsh, J. P. and Mossman, B. T.(1991). Differential regulation of
Therefore, the antioxidant-independent adaptation appears tantioxidant enzymes in response to oxidadtsBiol. Chem266, 24398-

be induced by at least two different mechanisms: one mediatec?4403.

by NF«B and the other that suppresses SAPK activation. ThE&urnier, C., Whitmarsh, A. J., Cavanagh, J., Barrett, T. and Davis, R. J.

" . - (1997). Mitogen-activated protein kinase kinase 7 is an activator of the c-
authc_)r_s are Currently, attempting to eStab!'Sh ?Xpe”memal Jun NH-terminal kinaseProc. Natl. Acad. Sci. US4, 7337-7342.
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