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Reactive oxygen species are involved in the activation of cellular
phospholipase A,
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Venadate (V) potentinted (4 to 10-fuld) the uctivation of cellulur phospholipase Ay (PLA;) induced by H202 (H), u phorbol ester (T), u

Cu*".ionophare (A) and apsonized 2ymosun in mucraphages. Y+H induced in intact cells the uctivation and trunslocution of PLA, und proicin

kinase C (PKC) to the plasma membrang. V+H und Y+T+A induced strong chemilumineseence (CL) which wus ubrogated by u specific NADPH

oxidase inhibitor diphenylene iodanium (DP1). DPI markedly suppressed the stimulation of PLA, by V+T+A ind Y+0Z. The results suggest that
the formution of endogenous renctive oxygen speeics (ROS) is importiant far BLA,; activation,

Phaspholipuse Ay NADPH oxidase: Renctive oxygen species: Diphenylene jodoanium; Vaunadate: Tyrosine protein phosphitase

1. INTRODUCTION

Phospholipase A, (PLA;) which releases arachidonie
ucid (AA) from phospholipids i5 u key enzyme of the
host-defence system. Cellular PLA, is uctivated by ag-
onists such as antigen [1]. opsonized-zymosan (OZ) (2],
12-O-tetradecanoyl phorbol 13-acetate (T) [1-3], Ca*
ionophore A23187 (A) [1-3]. Since protein kinase C
(PKC) and tyrosine protein kinase (TPK) [1-4] take
part in agonist activation of PLA,, protein phasphoryl-
ation on both tyrosine and serine residues is essential to
PLA, activation.

Vanadate (V) and H.O. (H) both enhance tyrosine
protein phosphorylation. and together they are syner-
gistic [$-7]. Their effect is muinly due to inhibition of
tyrosine protein phosphatases (TPPase) [6.7]. V induced
superoxide formation [5] and tyrosine phosphorylation
were prevented by diphenylene iadonium (DPI) a spe-
cific inhibitor of NADPH oxidase [5.8]. This suggests
that endogenous reactive oxygen species (ROS), the
products of NADPH oxidase, may be essential for sup-
pression of TPPase activily [8).

The objectives of the present study were to determine:
(a) whether V potentiates the stimulatory activity of
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T.A. OZ and H on PLA, activity. and (b) the possible
role of endogenous ROS in the regulution of cellular
PLA, activity in macrophages.

2. EXPERIMENTAL

1. Macrophages

Thioglycollate-clicited mouse (female, CDI) peritanenl macro-
phuges (Tg-Ma) were harvested and cultivated for 96 i in Jdewet
Costur plutes (0.8x10* Tg-Mo/well) us described [9]. Bone marrow
derived mucrophages (BMDM) were cultured in suspension as de-
setibed [10].

2.2, Enzyme assuys

For determinition of cellulur PLA2 activity, Tg-Mo were prelabeled
for 16 h, with ["H)urachidonic acid [*H]AA: Amersham) (0,1 #Cifwell)
#s described previously [1]. In brief, the cells were washed three times
with Hank's balanced salt solution (HDSS). The amount of PH]AA
metabolites relenicd into the medium (contuining 0.5% futty ucid-free
bovine seeum atbumin (BSA)) as a result of the specified treutments
was determined and expressed as % of cell-incorporated {'H]AA which
was determined on solubilized cell monoluyers, PLA2 und PKC in
membrune prepuntions from BM DM were assuyed as dascribed {10),

2.3, Luwminol-dependent cheniluminescence (CL)

Tg-Mo were gently seraped [rom culture dishes and suspended
(3%10* cells/ml) in u fuminel (0.2 mM) containing HBSS supplemented
with 0.5% BSA und incubated at 30°C. ¥ (0.5 mM), the specified
stimulants and inhibitors were added as indiented und CL was meas-
ured every 2 min in a Lumux apparatus, model 2080 (Lumac Instru-
ments, Busel).

3. RESULTS

A combination of 0.5 mM ortho-vanadate (V) and
0.2 mM H,0, induced a 6 to 10-fold increase in the
stimulation of PLA, activity in Tg-Me (Fig. la). Addi-
tion of V also markedly potentiated the effect of OZ, T
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Fig. 1. Stimulation of PLA, activity by vanadate (V) combined with
H,0, (M) and various agonists. Tg-Mo (a) and BMDM (b) were
incubuted with (blackened burx) or without (empty bars} 0.5 mM V
for 30 min ut which polnt the various agonists were added and the cells
were further incubited for 60 min, The following agonists were added:
H, 0.2 mM; opsonized 2ymosian (OZ), S00 ug/m): TPA (T), 100 ng/mb:
Ca* ionophore A23187 (A). 2 uM: and T+ A at ubove, C represents
cantrol cultures. The data of (a) are meuns of 4-6 experiments cuch
carried out in triplicate £ 8.E.M; (b) means of 6 experiments curried
out in triplieate. The 8.D. did net exceed 5-10%.

and A on PLA2 activity (Fig. la). PLA, activity was
directly measured in crude membrane preparitions iso-
lated from BMDM treated with V+H. This treatinent
led to a sustained increase (2.5-fold) in membrane PLA,
activity (Fig. 1b).

We next assessed the involvement of PKC and/or
TPK in the activation of PLA, by V in combination
with the various agonists.

BMDM were treated with V (0.5 mM. 30 min) and
subsequently with or without H (0.2 mM, 60 min). V or
H alone did not affect PKC localization or activity in
crude membranes isoluted from the treated cells, but in
V+H treated cells the activity of PKC in the membranes
wus 1344 pmol/mg protein/min as compared to 189
pmol/mg protein/min in control cells.

Down-regulation of PKC by overnight incubation of
Tg-Me with T completely abolished the concerted effect
of Y+OZ and V+T+A and suppressed by 50% the stim-
ulatory effect of Y+H on PLA, activity (Fig. 2a). Treat-
ment of Tg-Me with PKC and TPK inhibitors; K252a,
bisindolylmaleimide, GF 109203x (GF), staurosporine
and herbimyecin A led to a suppression (56-649) of
PLA, activation by the combination of V+H, V+T+A
(Fig. 2b) and V + OZ (not shown),

DPI inhibited in a dose dependent manner the activa-
tion of PLA, by the combination of Y+T+A, V+OZ
and V+H (Fig. 3a). The interaction of V+H with Tg-Me
yielded a strong CL, indicating formation of ROS. This
reaction was totally abolished by DPI (Fig. 3b). Incuba.
tion of Tg-Mo with V alone (0.5 mM) or H (0.2 mM)
alone did not gencrate CL. Nor were free radicals
formed and CL generated when V+H were combined in
the absence of cells. The CL reaction induced by
Y+T+A and by Y-+H was suppressed by both PKCand
TPK inhibitors (Fig. 3b and 3c).

4. DISCUSSION

Indirect observations suggest that activation of PKC
and TPK leads to activation of PLA, [1,2,4]. PLA; acti-
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Fig. 2. Effect of down-regulation of PKC (a) and inhibitars of PKC
und TPK (b) on the activation of PLA, by various stimulants, Tyn
represents «n overnight treatment of Tg-Mo with 100 ng/mi of the
phorbol ester TPA. (u) T, treated and nontreuted Tg-Mo were incue
buted with V and the specified additives as in Fig. la. (b) Tg-Mo were
incubated for 30 min in bufTer with or without (C) the following
inhibitors: | #M K252a, 0.1 22M staurosporine (8t.), | uM GF 109203x
or 10 up/ml herbimyein A (Herb. A). V (0.5 mM) was then added for
30 min, und then [or udditiona! 60 min either 0.2 mM H or 100 ng/ml
T+2uM A. Means of triplisates * S.D, of a representative experiment
out of three, The basal activity (45%) was sublracted,

vation could not be achieved in a mutant devoid of TPK
[4]. Purified PLA, was shown to undergo phoesphoryla-
tion by PKC, though the phosphorylation alone did not
bring about enzyme activation [11]. Activators of PKC
induce the translocation of PLA; to the plasma mem-
brane [1.10]. We showed that treatment of BMDM with
V+H enhanced PKC activity in cell membranes and
caused translocation of PLA, to the membranes where
its activation was sustained. Maoreover, inhibitors of
PKC and TPK suppressed PLA, activation by any of
the combinations tasted (V+T+A, Y+0OZ and V+H).

Activators of PKC including the combinations of V
and the various agonists used, as well as ¥V alone (5],
activate NADPH oxidase. We and others [12,13] have
shown that inhibitors of PKC and TPK inhibit ROS
formation. DPI, inhibits NADPH oxidase directly. by
binding covalently to its fluvoprotein component [8}.
The novel finding that the ¥+H induced CL was also
abolished by DPI, suggests that ROS-radical formation
even with this combination is absolutely dependent on
an active NADPH oxidase, Y+NADPH have been
shown to induce Oy formation in permeabilized HL-60
cells [6]. V3" + OF produce the highly reactive V**-00
(peroxovanadate) species [14]. Within the cells, V** can
be reduced to ¥** by any one of several reducing agents,
but production of V**-Q0 (probably) requires enzy-
matically gencrated Qy. A complex set of oxidation-
reduction reactions inveolving Oy, H, V**, V4", NADPH
and NADPH oxidase leads to amplification of the oxi-
dative poiential within the cell which results in inactiva-
tion of about 60% of the acid phosphatase (tyrosine
protein phosphatase) activity in Tg-Me (data not
shown). It is likely that the product of V and ROS is
oxidizing an essential -SH group on the TPPase mole-
cule thereby causing the enzyme to lose its activity [15].
We suggsest that inhibition of TPPase activity is respon-
sible for sustained phosphorylation and activation of
PLA,. In various cell typss TPPase specific activity is 10
to 1000-fold higher than that of TPK [16].
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Fig. 3. The efTect of DPI on PLA, activation (a) and ROS formation
{b.c) und the effect of PKC and TPK inhibitars or 3 ™5 formation
induced by Y+H (b) und V+T+A (c). (1) Tg-Mo were incubated with
the specified concentrations of DPI for 30 min and then treated with
the stimulants as in Fig. 2b; (b and ¢) V (0.5 mM) with or without the
specified inhibitors (as in Fig. 2b) were added (zero time) and chemi.
luminescence (CL) was measured every 2 min in a Lumac apparatus,
maodel 2080 (Lumac Instruments, Basel). The stimulants H (0.2 mM)
or T 100 ng/mi+A (2 M) were added after 10 min (arrow 1) and CL
was measured for an additional 20 min. DPI (4 4M) was added to
control (Cont.: no inhibitor) cells at about 30 min (arrow 2) and CL

vas further recorded.

It shoud be borne in mind that V is used here as a
transition metal inducing formation of potent ROS.
Under physiological conditions, other transition metals
such as Fe** or CU* may play this role [17,18].

We conclude that optimal activation of PLA, entails
at least two regulatory pathways acting in concert: (a)
enzyme activation by PKC and TPK, and (b) attenua.
tion of the protein phosphatase reaction that inactivates
PLA,. Since activators of PLA; (OZ, T, A, and T+A)
were potentiated by V, and since their effects were
markedly diminished by DPI, we suggest that PLA,
activation was mainly via ROS formation and conse-
quently TPPAse inhibitiocn. Stimulation of PLA, by
Y+H, a combination that could also inhibit TPPase
directly, was affected to a lesser degree by inhibition of
NADPH oxidase.

[t is of interest that ROS were recently suggested to
act as second messengers in platelets aggregation in-
duced by collagen [19], in the metabolic effect induced
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by insulin in adipocytes [20] and in the activation of
transcription factors [21,22).

In various pathological conditions, such as inflamma-
tion and allergy there is a local elevation of ROS forma-
tion which both induces and exacerbates the manifesta-
tion of the pathology [17,18]. DPI-like drugs which in-
terfere with the formation of ROS could possibly be
used to alleviate these conditions.
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