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(2–4). Besides its activity in actin remodeling, Rac has
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Rac is an important regulatory molecule implicated
n c-jun N-terminal kinase (JNK) activation in re-
ponse to stress and cytokines. However, the signaling
vents that mediate the activation of JNK by Rac are
ot yet well characterized. To broaden our under-
tanding of downstream mediators that link Rac sig-
als to the JNK pathway, we investigated whether
ytosolic phospholipase A2 (cPLA2) is involved in Rac
ctivation of JNK. In this report we demonstrate that
ither co-transfection with antisense cPLA2 oligonu-
leotide or pretreatment with arachidonyltrifluoro-
ethyl ketone (AACOCF3), a potent and specific inhib-

tor of cPLA2, inhibits Rac-mediated JNK activation,
mplying a potential role of cPLA2 in Rac-signaling to
NK activation. In accordance with this observation,
e demonstrate that the addition of exogenous arachi-
onic acid (AA), a principal product of Rac-activated
PLA2, or leukotrienes, products of 5-lipoxygenase (5-
O) of AA, caused a specific stimulation of JNK. To-
ether, our findings suggest that cPLA2 mediates, at
east partly, the signaling cascade by which Rac stim-
lates JNK. © 2000 Academic Press

Rac, a member of Rho family GTPases, mediates
ffects of growth factors on the actin cytoskeleton (1).
or example, activation of Rac by platelet-derived
rowth factor (PDGF), epidermal growth factor (EGF),
r insulin leads to an actin meshwork at the cell pe-
iphery producing lamellipodia and membrane ruffles

Abbreviations used: JNK, c-jun N-terminal kinase; cPLA2, cytoso-
ic phospholipase A2; 5-LO, 5-lipoxygenase; AA, arachidonic acid;
ACOCF3, arachidonyltrifluoromethyl ketone; SRE, serum response
lement; PAK, p21-activated serine/threonine protein kinase; MLK-3,
ixed lineage kinase 3.
1 To whom correspondence should be addressed. Fax: 82-62-970-

484. E-mail: jkim@eunhasu.kjist.ac.kr.
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dditional effects on the regulation of signal transduc-
ion cascades from environmental stress and proin-
ammatory cytokines to the cell nucleus, including the
-jun amino-terminal kinase (JNK) signaling pathway
5–6), the c-fos serum response factor (SRF) (7–9), the
70 S6 kinase (10), and the NF-kB (11). For example,
ecently, several groups reported that constitutively
ctivated forms of Rac1 and Cdc42Hs activate JNK
ignaling cascade (also termed the stress-activated
rotein kinase pathway), composed of MEKK (MEK
inase-1), JNKK (JNK kinase) and JNK (5–6). JNKs
re strongly activated in cells exposed to ultraviolet
ight (UV), g irradiation, or osmotic shock (12–13) and
re more modestly activated by various mitogenic
rowth factors and proinflammatory cytokines, in-
luding EGF, tumor necrosis factor (TNF)-a, and
nterlukin-1 (IL-1) (14–16). Especially, in response to
arious agents such as TNF-a, Fas ligand, or C6-
eramide, Racl was shown to mediate the JNK activa-
ion (14, 17–18). Also, consistent with the role as a
ediator of JNK activation, Racl was shown to stimu-

ate the transcriptional activity of c-Jun (6). Despite
hese emerging evidences for the role of Rac1 in JNK
ctivation, the understanding of the downstream com-
onents of Rac1 mediating JNK activation still re-
ains to be characterized. Although the p21-activated

erine/threonine kinase (PAKs) or the mixed lineage
inase 3 (MLK-3) have been described as candidate
ffectors, the exact roles are still unclear (19–25).
It was recently demonstrated that Rac activation

eads to stimulation of phospholipase A2, especially
ytosolic phospholipase A2 (cPLA2), and thus it was
uspected that cPLA2 may be one of the major down-
tream mediators of Rac-signaling in the cell (26–28).
or example, Rac-activated cPLA2 and subsequent ar-
chidonic acid (AA) release have been implicated as
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
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one of the major biochemical pathways by which Rac
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timulates Ca21 influx or Rho-dependent cytoskeletal
rganization in fibroblast cells (26, 29). In addition,
ur previous study demonstrated that ‘cPLA2-AA’-
ependent cascade mediates Rac signaling to c-fos se-
um response element (SRE) activation (28). Recently,
Rac-cPLA2-AA’ cascade was also shown to mediate the
uclear signaling in response to exogenous hydrogen
eroxide (9) or ceramide (8), a proposed lipid second
essenger, which is produced by sphingomyelin hydro-

ysis in response to various stress and proinflammatory
ytokines such as TNF-a, Fas ligand, UV, or X-rays
30–31). In an approach to understand the molecular
echanism that account for Rac-mediated JNK activa-

ion, in the present study, we have tested whether
PLA2 is involved in any of the JNK stimulation seen
n response to Rac activation. Here, we present evi-
ence that the activity of cPLA2 is necessary for the
NK stimulation by Rac, suggesting that cPLA2 may
unction as a major downstream mediator of Rac in the
ignaling pathway to JNK activation.

ATERIALS AND METHODS

Chemicals and plasmids. Antisense cPLA2 oligonucleotide
GsTsGCTGGTAAGGATCTsAsT) is directed against codons 4–9 of
he human cytosolic, Ca21-dependent PLA2 and the two linkages are
hosphothioated at both the 59 and 39 ends. Antisense and control
GsTsGCTCCTAAGTTTCTsAsT) cPLA2 oligonucleotides were pur-
hased from BIOMOL (Plymouth Meeting, PA). Arachidonyltriflu-
romethyl ketone (AACOCF3), indomethacin, MK886, AA861, leu-
otrienes mixture, and AA were obtained from BIOMOL. Calf
hymus DNA was purchased from Sigma Chemical Co. (St. Louis,
O). JNK assay kit (Cat. No. 9810) and MAP kinase assay kit (Cat.
o. 9800) were purchased from New England Biolabs (Beverly, MA).
abbit polyclonal antisera anti-hemagglutinin (HA) epitope, and
nti-cPLA2 as well as Myc monoclonal antibody 9E10 were pur-
hased from Santa Cruz Biotechnology (Santa Cruz, CA). Dulbecco’s
odified eagle’s medium (DMEM), nonessential amino acids and

etal bovine serum (FBS) are purchased from Gibco-BRL (Gaithers-
urg, MD). All other chemicals were from standard sources and were
olecular biology grade or higher. pEXV (Myc-tagged vector) and

EXV-RacV12 plasmids were from Dr. Alan Hall (University Col-
ege, London, UK). pcDNA3-HA-JNK plasmid was described previ-
usly (6, 32).

Cell culture and DNA transfection. Rat-2 fibroblast cells were
btained from the American Type Culture Collection (CRL 1764).
ells were grown in DMEM (Cat. No. 11995; Gibco-BRL) supple-
ented with 0.1 mM non-essential amino acids (Gibco-BRL), 10%
BS, and penicillin (50 units/ml)-streptomycin (50 mg/ml) (Gibco-
RL) at 37°C in a humidified 95%/5% (v/v) mixture of air and CO2.
ransient transfection analysis was performed by plating approxi-
ately 5 3 105 cells in 100 mm dishes for 24 h before adding calcium

hosphate:DNA precipitates. Calcium phosphate precipitates were
repared with a total of 20 mg DNA per 100 mm diameter dish. To
ontrol for variations in both cell numbers and transfection effi-
iency, all clones were co-transfected with 1 mg of pCMV-bGAL, an
ucaryotic expression vector in which E. coli b-galactosidase struc-
ural gene is under the transcriptional control of the CMV promoter.
he total amounts of DNA in each transfection were kept constant

20 mg) by adding sonicated calf thymus DNA. After 6 h incubation
ith calcium phosphate:DNA precipitates, cells were rinsed twice
ith phosphate buffered saline (PBS) before incubating with fresh
232
repare cell extracts, cells were rinsed twice with PBS and then
ysed in 0.2 ml of lysis solution (0.2 M Tris, pH 7.6 1 0.1% Triton
-100) per 100 mm plate. Lysed cells were scraped and spun for 1
in. Supernatants were assayed for both protein amount and

-galactosidase activities. b-Galactosidase assays were performed
ith 50 ml of extracts (diluted with 100 ml of H2O), using 150 ml of 2 3

eaction buffer (3 mg/ml 0-nitrophenyl-b-galactopyranoside, 2 mM
gCl2, 61 mM Na2HPO4, 39 mM NaH2PO4, 100 mM 2-mercapto-

thanol). When a faint yellow color appeared, the reactions were
topped by the addition of 350 ml of 1 M Na2CO3, measured in a
pectrophotometer at an optical density of 410 nm, and used to
ormalize the transfection efficiency. Protein concentrations were
etermined routinely using the Bradford procedure with Bio-Rad
ye Reagent (Bio-Rad Lab., Hercules, CA) and bovine serum albu-
in as a standard.

SDS-PAGE and immunoblot analysis. Protein samples were
eated at 95°C for 5 min and analyzed by sodium dodecyl sulfate
SDS)-polyacrylamide gel electrophoresis (PAGE). SDS-PAGE was
erformed on 8% acrylamide gels, followed by transfer to polyvinyl-
dine difluoride (PVDF) membranes for 2 h at 100 V using a Novex
et transfer unit. Immunodetection was performed using the horse-

adish peroxidase (HRP) method. Briefly, the membrane was blocked
vernight with TBS [PBS containing 0.01% (v/v) Tween 20] with 5%
w/v) nonfat dried milk. Blots were incubated for 2 h with primary
ntibody (1:1000 dilutions for Rac1, HA, and phospho-c-Jun; 1:2000
or cPLA2) in TBS and then for 1 h with HRP-conjugated secondary
ntibody, prior to development using an enhanced chemilumines-
ence kit (Amersham Life Science, Inc.). Bands corresponding to
PLA2, HA-JNK, or phospho-c-Jun (JNK assay) on XAR-5 film (East-
an Kodak Co.) were measured by densitometry.

JNK assays. To determine JNK activities mediated by RacV12,
ubconfluent Rat-2 cells were transiently co-transfected with pEXV-
acV12 (5 mg unless indicated), pcDNA3-HA-JNK (1 mg), and pCMV-
-GAL (1 mg) by calcium phosphate:DNA precipitation method. Total
mount of transfected DNA was adjusted to 20 mg per plate (100 mm
iameter dish) using sonicated calf thymus DNA, and at the next
ay, transfected Rat-2 cells were serum-starved in DMEM contain-
ng 0.5% FBS for 24 h unless indicated. For determining JNK activ-
ty induced by exogenous AA, TNF-a, or C2-ceramide, Rat-2 cells
ere serum-starved in serum-free DMEM for 18 h and stimulated
ith each agonist (AA, 20 mM; TNF-a, 10 ng/ml; C2-ceramide, 5 mM)

or the indicated time period. Then, cells were washed with cold PBS,
nd lysed at 4°C in 0.5 ml ice-cold lysis buffer (20 mM Tris, pH 7.4,
50 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM
odium pyrophosphate, 1 mM b-glycerophosphate, 1 mM Na3VO4, 1
g/ml leupeptin) with 1 mM phenylethylsulfonyl fluoride (PMSF) to
ach 100 mm plate and incubated the plate on ice for 5 min, scraped
nto eppendorf tube, lysed by ten passes through 2.1-gauge needle on
ce, and the cell lysate was harvested by microcentrifugation (14,000
pm) for 10 min. Equal protein amounts were adjusted by normaliz-
ng with the protein level (assay by Bradford procedure with Bio-Rad
ye Reagent) and also with b-galactosidase activity (in case of
acV12-mediated JNK assays). JNK assays were done with 250 ml of

he adjusted lysate samples. JNK activities were determined accord-
ng to the manufacturer’s protocol (JNK assay kit, New England
iolabs). Briefly, an N-terminal c-Jun (1–89) fusion protein bound to
lutathione sepharose beads was used to pull down JNK from cell
ysates and then the kinase reaction (50 ml) was carried out using
-Jun fusion protein as substrate in the presence of cold ATP. Phos-
horylation of c-Jun fusion protein at Ser 63 was measured by
estern blot using a phospho-specific c-Jun (Ser 63) rabbit poly-

lonal antibody that detects only catalytically activated c-Jun with
hosphorylation at Ser 63. Separately, in case of RacV12-mediated
NK assays, the immunoblot analysis (HA-JNK or cPLA2) were done
ith the remaining lysate. For example, the levels of HA-JNK were
valuated on Western blot analysis using HA-specific, rabbit poly-
lonal antibody.
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ESULTS

Effect of cPLA2 antisense oligonucleotide on JNK ac-
ivation by Rac. To study any contributing role of
PLA2 in JNK activation by Rac, we examined whether
ntisense oligonucleotide to cPLA2 has any inhibitory
ffect on Rac-induced JNK activation. Consistent with
revious reports (5–6), RacV12 was shown to induce
NK activation (Fig. 1). By transient co-transfections
ith increasing amounts of pEXV-RacV12 along with
cDNA3-HA-JNK (6), a plasmid encoding HA epitope-
agged version of JNK1, RacV12 caused a dose-
ependent stimulation of JNK (Fig. 1A). With 5 mg of
he pEXV-RacV12, JNK activity was stimulated to as
uch as 7-fold of control (Fig. 1A). In addition, we have

bserved that the maximal JNK activity ('7.7 fold
ncrease compared to control) was detected at 12 h
fter transient co-transfection with 5 mg of pEXV-
acV12 (Fig. 1B). To examine whether antisense

PLA2 exhibits any inhibitory effect on the JNK acti-
ation by RacV12, Rat-2 cells were transiently co-

FIG. 1. JNK activation by RacV12 in a dose- and time-dependent
anner. (A) Rat-2 cells were transiently transfected with indicated

mounts (0, 1, 2, 5, and 10 mg) of pEXV-RacV12 together with 1 mg
f pcDNA3-HA-JNK and 1 mg of pCMV-bGAL. Total amounts of
xpression vector were kept constant by adding decreasing amounts
f pEXV. After 24 h of transfection, the transiently expressed HA-
NK was isolated and JNK activities were assessed by phosphory-
ation of c-Jun fusion protein (1–89) as a substrate as described in

aterials and Methods. Separately, the level of HA-JNK expression
as evaluated on Western blot analysis using a HA-specific anti-
ody. (B) Rat-2 cells were transfected with 5 mg of pEXV or pEXV-
acV12 together with 1 mg of pcDNA3-HA-JNK and 1 mg of pCMV-
GAL and cultured for the indicated time periods (0, 12, 24, 48 h)
efore harvest for the JNK assays. Data are representative of three
ndependent experiments and are expressed as fold increase with
espect to control vector transfection (pEXV, 0 h).
233
ith various amounts (0, 0.05 and 0.5 mM) of antisense
r control cPLA2 oligonucleotides. As shown in Fig. 2,
o-transfection with antisense cPLA2 led to a drastic
nhibition of JNK activation by RacV12 (e.g., .90%
nhibition by co-transfection with 0.5 mM of antisense
PLA2). On the other hand, no inhibitory effect on
acV12-induced JNK activation was observed by con-

rol cPLA2 at the same dose ranges that used (Fig. 2).
eparately, the expression levels of HA-JNK and
PLA2 were evaluated on Western blot analysis using a
A- and cPLA2-specific rabbit polyclonal antibodies

Fig. 2). The level of cPLA2 is clearly diminished by
o-transfection with antisense, but not control, oligo-
ucleotides in a dose-dependent manner. These results
uggest that cPLA2 is clearly involved in Rac-induced
ignaling to JNK activation.
To gain further evidence for the role of cPLA2 in
ediating Rac signal to JNK activation, we examined
hether exogenous AA, a principal product of Rac-
ctivated cPLA2, could stimulate JNK. Consistent with
he proposed role of cPLA2 as a downstream mediator
f Rac in the signaling to JNK activation, exogenous
A was shown to stimulate JNK (Fig. 3). After serum
tarvation in DMEM containing 0.5% FBS for 24 h,
at-2 cells were treated with AA (20 mM) for the indi-
ated time periods (0, 5, 10, 30, 60, and 120 min).
aximal JNK activity was observed at 30 min treat-
ent of AA (Fig. 3). The stimulation of JNK activity by

FIG. 2. Effect of antisense cPLA2 oligonucleotide on JNK activa-
ion by RacV12. Rat-2 cells were transiently co-transfected with 5 mg
f pEXV (C) or pEXV-RacV12 (V or RacV12) together with indicated
mounts (0.05, 0.1, 0.5 mM) of control cPLA2 oligomer (control) or
ntisense cPLA2 oligomer (antisense). Also, 1 mg of pcDNA3-HA-
NK and 1 mg of pCMV-bGAL were co-transfected. After incubation
or 24 h in DMEM containing 0.5% FBS, JNK activity was assessed
sing c-Jun fusion protein (1–89) as a substrate. Fold increase was
alculated with respect to control vector transfection (pEXV, without
ligonucleotide co-transfection). Levels of protein expression of HA-
NK and cPLA2 are shown by immunoblots. Data are representative
f three independent experiments.
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A was as efficient as its stimulation by TNF-a (10
g/ml) or C2-ceramide (5 mM) treatment of the same
ells (data not shown).

Inhibition of cPLA2 by AACOCF3 abrogates Rac-
ediated JNK activation. Next, to further examine

he role of cPLA2 in Rac-mediated JNK activation, we
etermined whether RacV12-induced JNK activation
s sensitive to pretreatment with arachidonyltriflu-
romethyl ketone (AACOCF3), a specific inhibitor of
PLA2. As shown in Fig. 4, pretreatment with 10 mM
f AACOCF3 significantly inhibited RacV12-induced
NK activation without affecting AA-induced JNK

FIG. 3. Activation of JNK by exogenous AA. Rat-2 cells were
erum-starved in serum-free DMEM for 18 h and then stimulated with
A (20 mM) for the indicated time periods (lane 1, 0 min, lane 2, 5 min;

ane 3, 10 min; lane 4, 30 min; lane 5, 60 min; lane 6, 120 min). JNK
ctivity was assessed using c-Jun fusion protein (1–89) as a substrate.
ata are representative of three independent experiments and are
xpressed as fold increase with respect to control (0 min).

FIG. 4. AACOCF3 inhibits JNK activation induced by RacV12 o
EXV or pEXV-RacV12 together with 1 mg of pcDNA3-HA-JNK and 1
M) was treated for 6 h before the cell harvest for JNK assays. For
ctivation, serum-starved Rat-2 cells were pre-treated with AACOCF
20 mM). After 30 min, cells were harvested for JNK assays. JNK acti
ncrease was calculated with respect to control (pEXV without mepac
evels of protein expression of HA-JNK are shown by immunoblots.
234
ACOCF3 was shown to inhibit the activation of JNK
n response to C2-ceramide (5 mM) of which intracellu-
ar signaling was previously reported to be mediated
argely via Rac-dependent pathway (8, 17). Therefore,
PLA2 appears to play a critical role in mediating JNK
timulation by Rac or agonists acting through Rac in
he cell. This result is again well in accordance with the
dea of cPLA2 as a downstream mediator of Rac in the
ignaling cascade to JNK activation.

Exogenous AA stimulates JNK via 5-lipoxygenase-
ependent manner. Our proposed mode of Rac activa-
ion of JNK via “cPLA2-AA” cascade seems very similar
o that of c-fos SRE activation (28). In c-fos SRE acti-
ation by Rac, an essential roles of cPLA2 and subse-
uent AA production were already demonstrated (8,
8). Therefore, “cPLA2-AA” signaling cascade appears
o be commonly involved in the Rac-signaling path-
ays to either JNK or SRE regulation. Additionally, in
revious study, we reported that lipoxygenase (LO),
specially 5-lipoxygenase (5-LO), plays a critical role as
downstream mediator of “Rac-cPLA2-AA” cascade to

timulate c-fos SRE (28). To determine whether “Rac-
PLA2-AA”-signaling to JNK activation also involves
he activity of 5-LO, we have tested the effects of
K886 (50 nM) or AA861 (1 mM), specific 5-LO inhib-

tors. As shown in Fig. 5, AA-induced JNK activation
as dramatically inhibited by these inhibitors, while
o inhibition was observed by indomethacin (10 mM), a
yclooxygenase inhibitor, or AACOCF3 (10 mM). Fur-
hermore, the direct addition of leukotrienes C4/D4/E4

ixture (200 nM), products of 5-LO metabolism of AA,
nduced a significant activation of JNK (3.2-fold) (Fig.

2-ceramide. Rat-2 cells were transiently co-transfected with 5 mg of
of pCMV-bGAL, followed by serum starvation. Then, AACOCF3 (10
ermining the effect of AACOCF3 on ceramide- or AA-induced JNK
10 mM) for 20 min before the addition of C2-ceramide (5 mM) or AA
was assessed using c-Jun fusion protein (1–89) as a substrate. Fold

e treatment) or control buffer (2) without AACOCF3 pretreatment.
ta are representative of three independent experiments.
r C
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). These results suggest that 5-LO possibly mediates
NK activation downstream of “Rac-cPLA2-AA” cas-
ade. Together, our results indicate that cPLA2 and
ubsequent AA release play important roles in mediat-
ng Rac signal to JNK stimulation.

ISCUSSION

Rac has been shown to mediate the activation of JNK
ignaling cascade (5–6), but the downstream effector
olecules by which Rac mediates JNK activation re-
ain largely unknown. Recently, several groups re-

orted that Rac controls JNK activation, probably
hrough a mechanism distinct from that involved in
ctin cytoskeleton organization (33–34). A serine/
hreonine kinase, p65 PAK, has been suggested to in-
eract with the active forms of both Cdc42 and Rac
21–22), but not Rho, and possibly mediate Cdc42 or
ac activation of JNK (19–20, 24). However, the pre-

ise role of PAK in JNK activation still remains con-
roversial. For example, an effector domain mutant of
ac that no longer interacts with PAK was identified

34) and surprisingly PAK binding was shown to be
ispensable for the Rac-induced activation of JNK (34).
herefore, PAK is unlikely the downstream effector of
ac leading to JNK activation. Very recently, another
ovel target of Rac named MLK-3 was shown to lead to

FIG. 5. Role of 5-LO in the JNK activation by exogenous AA.
ndomethacin (Indo; 10 mM), AA861 (1 mM) or MK886 (50 nM) fo
eukotrienes C4/D4/E4 mixture (LTs; 200 nM mixture) was treated.
ssessed using c-Jun fusion protein (1–89) as a substrate. Fold incre
epresentative of three independent experiments.
235
he activation of the JNK pathway (25), but the exact
ction mechanism remains to be characterized.
In an effort to broaden our understanding of the

ownstream mediators of Rac in the signaling cascade
eading to JNK activation, we examined whether
PLA2 is involved in the Rac activation of JNK. In the
resent study, we have shown that cPLA2 activity is
learly necessary for the JNK activation by Rac, sug-
esting that Rac activate JNK, at least in part, via
PLA2-dependent signaling pathway in Rat-2 fibro-
last cells. Three types of experiments established the
ole of cPLA2 in Rac-mediated JNK activation. First,
e demonstrated that co-transfection with antisense

PLA2 oligonucleotide blocks RacV12-induced JNK
timulation (Fig. 2). This effect is specific, as no inhi-
ition was observed by control cPLA2 oligonucleotide
hat contains the same sequence as the antisense
PLA2 oligonucleotide except four mismatched. Second,
e tested the effect of AACOCF3, a specific inhibitor of

PLA2, on RacV12-induced JNK stimulation. As shown
n Fig. 4, by pretreatment with AACOCF3, we observed

significant inhibition of the JNK stimulation in re-
ponse to RacV12 or C2-ceramide which had been pre-
iously shown to require Rac for the nuclear signaling
8), thus suggesting a potential general mediatory role
f cPLA2 in the signaling pathways to JNK stimulation
n response to various agonists acting through Rac.

um-starved Rat-2 cells were pretreated with AACOCF3 (10 mM),
0 min before the addition of AA (20 mM). Separately, 200 nM of
er 30 min, cells were harvested for JNK assays. JNK activity was
was calculated with respect to control (buffer treatment). Data are
Ser
r 2
Aft
ase
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A, a principal product of Rac-activated cPLA2, caused
specific stimulation of JNK (Fig. 3), which is in agree-
ent with the suggested action of cPLA2 as a down-

tream mediator of Rac in the pathway leading to JNK
timulation. In this study, we also present evidence
uggesting for the role of 5-lipoxygenase (5-LO) in
NK stimulation, possibly acting as a downstream of
Rac-cPLA2-AA” cascade. Recently, Shin et al. (1999)
eported that AA-induced JNK activation was partly
revented by RacN17, thus proposing that AA may act
pstream of Rac for the JNK activation (35). Their
esults are quite in contrast to our and other previous
eports (8, 28–29) and the reason for this discrepancy
s not clear. The experimental conditions might be dif-
erent or there could be a positive feedback loop regu-
ation by AA acting on Rac, as claimed by the same
uthors (35). However, we predict that the role of feed-
ack regulation would be, even if there is, minimal
ecause we could not observe any severe inhibition on
A-induced JNK stimulation by RacN17 (data not
hown). In any event, our present findings make us
onfident that cPLA2 is essential for the JNK stimula-
ion in response to Rac activation. In support of the role
f “cPLA2-AA” as a downstream cascade to mediate Rac
ctivation of JNK, there is an increasing amount of
vidence supporting the signaling-link between the
NK and cPLA2-mediated AA metabolism (36–37). In
ummary, in the present study, we report on the crit-
cal role of cPLA2 in the regulation of Rac-signaling to
NK activation. Although we do not know the detail
ownstream components of cPLA2 in JNK signaling,
e suspect that AA and subsequent production of leu-
otrienes by 5-LO are possibly involved in the JNK
ignaling downstream of Rac. Further studies aimed at
he understanding the signaling link between cPLA2

nd JNK will lead to additional insights into the reg-
lation of Rac-mediated signaling to JNK activation.
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