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ABSTRACT

Effects of staurosporine, genistein and pertussis toxin on superoxide and HOCI production in
C5a- or PMA-activated neutrophils were investigated.

A Cja-induced superoxide and H,O. production was inhibited by staurosporine, genistein and
pertussis toxin. The stimulatory effect of PMA was inhibited by staurosporine but was not affect-
ed by pertussis toxin, whereas it was further promoted by genistein. Staurosporine and genistein
inhibited superoxide production by sodium fluoride, but pertussis toxin did not affect it. PMA-in-
duced H:O. production was inhibited by staurosporine but was not affected by pertussis toxin.
Genistein did not show a stimulatory effect on PMA-induced H,O: production. Staurosporine and
pertussis toxin inhibited HOCI production by C5a- or PMA, whereas genistein stimulated it. C5a-
or PMA-induced myeloperoxidase release was inhibited by genistein, in this response the effect of
pertussis toxin was not detected. Staurosporine did not affect the stimulatory effect of PMA on
the release. Myeloperoxidase activity was markedly increased by genistein but was not affected
by staurosporine and pertussis toxin.

These results indicate that the respiratory burst of neutrophils may be regulated by protein ki-
nase C and protein tyrosine Kkinase. Superoxide production induced by the direct activation of
protein kinase C might be affected by protein tyrosine kinase oppositely. Genistein probably pro-
motes HOCI production by activating myeloperoxidase.
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INTRODUCTION

Neutrophils produce oxidants such as super-
oxide anion (0.*) and hydrogen peroxide (H.0»)
when stimulated by a variety of particulate
and soluble stimuli (Babior, 1978; Badwey and
Karnosky, 1980). They also release cytoplasmic-
granule components, including myeloperoxidase.

* To whom correspondence should be addressed.

Superoxide anion rapidly dismutates to yield
H.0;, and myeloperoxidase catalyzes oxidation
of chloride (CI7) by H:O: to yield hypochlorous
acid (HOC!), a powerful oxidizing agent
(Harrison and Schultz, 1976; Fantone and Ward,
1982). The respiratory burst is catalyzed by
NADPH oxidase, which is dormant in resting
neutrophils but acquires catalytic activity when
the cells are stimulated (Babior, 1992).

The binding of chemoattractants to their re-
ceptors on the plasma membrane of neutrophils
induces phospholipid hydrolysis by phospholi-
pase C, promoting the formation of the intra-
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cellular messengers, inositol 1,4,5-trisphosphate
(InsPs) and 1,2-diacylglycerol (DAG) (Dougherty
et al, 1984; Berridge, 1987). These molecules are
responsible for the Ca** release from intracellu-
lar stores and the activation of protein kinase
C, respectively. A change in the steady state of
cytosolic Ca®* appears to be involved in the
early triggering of the activation of neutrophil
responses (Smolen ef al., 1981). Protein kinase C
(PKC) is thought to play a major role in the
activation process (Nishizuka, 1984). Since
activation of PKC by phorbol 12-myristate 13-
acetate (PMA) can produce superoxide anion,
PKC may be involved in activation of the
respiratory burst (Tauber, 1987). However, re-
ceptor agonists such as N-formyl-methylleucyl-
phenylalanine (fMLP) induce superoxide pro-
duction much faster than PKC ligands, includ-
ing PMA (Wymann ef al.,, 1987). This finding in-
dicates that activation of NADPH oxidase does
not depend soly on PKC. In addition, acti-
vation of PKC could be regulated by Ca*"-inde-
pendent signal (O’Flaherty er al, 1990). Thus,
the activation process of neutrophil responses
has not been cleary elucidated.

The inhibitors of protein kinase C including
1-(5-iso-quinoline-sulfonyl)-3-methylpiperazine (H-
7) do not inhibit all neutrophil responses (Ge-
rard ef al, 1986; Berkow et al, 1987). It has
been shown that the receptormediated responses
are unaffected and occasionally even potentiat-
ed when PKC is inhibited, fMLP-induced su-
peroxide production in a primed neutrophils is
stimulated by staurosporine and H-7, inhibitors
of PKC (Tanimura et al,, 1992). fMLP and PMA
induce an increase in protein tyrosine phos-
phorylation (Berkow and Dodson, 1990). The
protein tyrosine kinase (PTK) inhibitor geniste-
in inhibits superoxide production in a primed
neutrophils by fMLP (Tanimura et al, 1992)
and platelet activating factor (PAF)-stimulated
prostaglandin production in a primed macro-
phage cell line (Glaser ef al., 1990). These data
suggest that protein tyrosine phosphorylation is
also involved in neutrophil activation.

In this study, effects of PKC inhibitor, PTK
inhibitor and G protein inhibitor on the super-
oxide and HOCI! production in C5a (or PMA)-
activated neutrophils and the release and
activity of myeloperoxidase were investigated.

MATERIALS AND METHODS

C5a, phorbol 12-myristate 13-acetate (PMA),
staurosporine, pertussis toxin, phenylmethylsul-
fonyl fluoride (PMSF), ferricytochrome c, taur-
ine and myeloperoxidase (human leukocyte)
were purchased from Sigma Chemical Co.. Ge-
nistein was obtained from Gibco Brl Life Tech.,
Inc.. Other chemicals were of analytical reagent
grade.

Preparation of human neutrophils

Neutrophils were prepared from fresh whole
human blood, anticoagulated with 10% acid-cit-
rate-dextrose, by dextran sedimentation, hypo-
tonic lysis of erythrocytes and Ficoll-Hypaque
density centrifugation (Markert ef al., 1984). The
neutrophils were suspended in Dulbecco’s phos-
phate- buffered saline (PBS) at a concentration
of 1x10”/ml. Final suspensions of neutrophils
were comprised of about 97% neutrophils as
judged from Wright-Giemsa stain and viability
was more than 98% as judged from trypan blue
dye exclusion.

After neutrophils were pretreated with cyto-
chalasin B (5 zg/ml for 10" cells) for 5 min, the
assay for the respiratory burst and degranula-
tion was done.

Assay of superoxide production

The superoxide dependent reduction of fer-
ricytochrome ¢ was measured by the method of
Markert et al. (1984). The reaction mixtures in
plastic microfuge tubes contained 2X 10° neutro-
phils, C5a (or PMA), 75uM ferricytochrome c,
20 mM HEPES-tris and HBSS bufer, pH 74 in
a total volume of 1.0ml The reactions were
performed in a 37°C shaking water bath for
15 min. The reaction was then stopped by plac-
ing the tubes in melting ice, and the cells were
rapidly peileted by centrifuging at 1,500g for 5
min at 4°C. The supernatants were taken, and
the amount of reduced cytochrome ¢ was mea-
sured at 550 nm. The amount of reduced cyto-
chrome ¢ was calculated by using an extinction
coefficient of 2.1%x10' M7cm™ at 550 nm
(Cohen and Chovaniec, 1978).
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Assay of hydrogen peroxide production

H:O. produced from activated neutrophils
was measured by change of scopoletin fluores-
cence. The reaction mixtures 2x 10° neutrophils,
C5a (or PMA), 2.54M scopoletin, 5xg/ml horse
radish peroxidase, 20 mM HEPES-tris and HBSS
buffer, pH 74 in a total volume 1.0ml. After
preincubation of 5 min at 37°C with inhibitors,
the reaction was initiated by the addition of
agonist. The decrease of scopoletin fluorescence
by H:O. produced was read at the wavelength
of excitation, 343 nm and emission, 460 nm
(Root et al., 1975)

Assay of HOCI production

HOCI production was determined by measur-
ing formation of extracellular taurine chloram-
ine (TnCl) (Shacter ef al, 1991). Neutrophils (2
x10° cells/ml) were incubated in the reaction
mixtures contained 15 mM taurine, 123 mM
CaCl,, 0.5 mM MgCl, | mg/ml glucose and PBS,
pH 74. After 15min of incubation at 37°C, the
reaction was stopped by adding 104 of 1mg/
ml catalase, and reaction mixtures were centri-
fuged at 3,000 rpm for 10 min. A 0.75ml of
supernatants were taken and then mixed with
154 of 1 M KI. The absorbance was read spec-
trophotometrically at 350nm. The amount of
HOCI produced was estimated by using an ex-
tinction coefficient of 2.29 X 10*M'cm ™ for OCI".

Assay of myeloperoxidase release

A 5X10°/ml neutrophils in HBSS buffer with
or without inhibitors were stimulated by adding
CSa (or PMA) at 37°C. After 15 min of incuba-
tion, 2504 of 0.2 M phosphate buffer, pH 6.2
and 2504 of an equal mixture of 3.9 mM O-
dianisidine HCl and 15 mM H:O, were added.
After 10 min of reincubation, the reaction was
stopped by the addition of 2504 of 1% sodium
azide. The absorbance was read at 450nm
(Spangrude et al., 1985).

Assay of myeloperoxidase activity

Myeloperoxidase activity was assayed for
HOC1 formation using the mixtures contained
62.9 mU/ml myeloperoxidase, inhibitor, 137 mM
NaCl, 5 mM taurine, 204M H.O: and 200 mM

NaH.PO. pH 7.4 (Shacter er al, 1991). The re-
action was started by adding H:0, and the in-
cubation was done for 2 h at 37°C. The reac-
tion was terminated by the addition of 20 zg/ml
catalase, and the absorbance was read at 350
nm.

RESULTS

Effects of staurosporine and genistein on super-
oxide and hydrogen peroxide production

Role of protein kinase C and protein tyrosine
kinase in the activation of respiratory burst
was investigated. Superoxide production in 11.6
nM C5a or 0.1 pg/ml PMA-stimulated neutro-
phils was inhibited by 100 nM staurosporine
(Fig. 1). The inhibitory effect of staurosporine
on PMA- stimulated superoxide production was
greater than its effect on C5a. In contrast, ge-
nistein differently affected superoxide produc-
tion in activated neutrophils. PMA-induced su-
peroxide production was further stimulated by
10 uM genistein, whereas the stimulatory effect
of CSa was inhibited by it. At the stated con-
centration, genistein showed a 59% of stimula-
tion. Pertussis toxin (0.1u#g/ml) inhibited CSa-in-
duced superoxide production but did not affect
the stimulatory effect of PMA.

A 20 mM sodium fluoride, a G protein
activator, stimulated superoxide production,
and the stimulatory effect of sodium fluoride
was inhibited by staurosporine and genistein,
whereas the effect of pertussis toxin was not
detected (Fig. 2).

H;0: is produced from the dismutation of su-
peroxide anion (Fridovich, 1975). Fig. 3 shows
that CSa-timulated H;O: production was inhibit-
ed by staurosporine, genistein and pertussis
toxin. H;O: production in PMA-stimulated neu-
trophils was inhibited by staurosporine but was
not affected by genistein and pertussis toxin
(Fig. 4).

Effects of staurosporine and genistein on HOCI
production

HOCI is formed from the oxidation of Cl~
with H.O: catalyzed by myeloperoxidase. Effects
of kinase inhibitors on HOC! production were
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Effects of staurosporine and genistein on super-
oxide production in activated neutrophils. Neu-
trophils (2x10° cells/ml) were stimulated with
11.6 nM C5a (or 0.1 zg/ml PMA) in the presence
of inhibitors, Values are means+SD, n=4-6. C,
no addition; ST, 100 nM staurosporine; GE, 10
/M genistein; PT, 0.1 #g/ml pertussis toxin with
C5a(A) or PMA (B). *p<0.01 by Student #-
test.
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Inhibition of hydrogen peroxide production in
CS5a-activated neutrophils by staurosporine and
genistein. Neutrophils (2X10° cells/ml) were
stimulated with 20 nM CS5a in the presence of
inhibitors. C, no addition; ST, 100 nM
staurosporine; GE, 10 4M genistein; PT, 0.1 ug/
ml pertussis toxin with C5a.

Superoxide (n mol/15 min/4x16 cells)

0

Fig. 2.

Relative fluorescence

Fig. 4.

— 118 —

[4,]
(=]

E-N
o

w
o

N
o

-
o

C ST

GE

Inhibitory effects of staurosporine and genistein
on sodium fluoride-induced superoxide produc-
tion. Neutrophils (4x10° cells/ml) were stimu-
lated with 20 mM sodium fluoride in the pres-
ence of inhibitors. Values are means =SD, n=5.
C, no addition; ST, 100 nM staurosporine; GE,
10#M genistein; PT, 0.1 #g/ml pertussis toxin
with sodium fluoride. **p<0.01 by Student ¢-
test.
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Effects of staurosporine and genistein on PMA-
induced H,O: production. Neutrophils (2x10°
cells/ml) were stimulated with 0.1 zg/ml PMA
in the presence of inhibitors. C, no addition; ST,
100 nM staurosporine; GE, 10 4M genistein; PT,
0.1 #g/ml pertussis toxin with PMA
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Fig. 5. Stimulatory effect of genistein on HOCI produc-
tion. Neutrophils (2% 10° cells/ml) were stimu-
lated with 20nM C5a (or 0.1 zg/ml PMA) in the
presence of inhibitors. Values are means£SD, n
=4-5. C, no addition; ST, 100 nM staurosporine;
GE, 10p#M genistein; PT, 0.1ug/ml pertussis
toxin with C5a (A) or PMA (B). **p<0.01, *p<
0.05 by Student #-test.
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Fig. 6. Effects of staurosporine and genistein on
myeloperoxidase (MPO) release. Neutrophils (5
x10° cells/ml) were stimulated with 20 nM C5a
(or 0.1 #g/ml PMA) in the presence of inhibitors.
Values are means =SD, n=35 and are expressed
as absorbance change. C, no addition; ST, 100
nM staurosporine; GE, 10/M genistein; PT, 0.1
ug/ml pertussis toxin with C5a (A) or PMA
(B). **p<0.01, *p<0.05 by Student z-test.

examined. As shown in Fig. 5, staurosporine in-
hibited HOCI production in both C5a- and
PMA-activated neutrophils. On the contrary, ge-
nistein further promoted HOCI production by
CS5a or PMA. The stimulatory effect of geniste-
in on PMA-induced superoxide production was
greater than its effect on C5a. Influence of per-
tussis toxin on HOCI production was detected.

Effets of staurosporine and genistein on the re-
lease and activity of myeloperoxidase

Role of PKC and PTK in myeloperoxidase
release from neutrophils was examined. As can
be seen in Fig. 6, C5a-induced myeloperoxidase
release was inhibited by staurosporine and ge-
nistein but was not affected by pertussis toxin.
The stimulatory effect of PMA was inhibited
by genistein, whereas the effects of stauros-
porine and pertussis toxin were not detected.

Direct effects of inhibitors on the activity of
myeloperoxidase, a purified form, were exam-
ined. Fig. 7 showes that 10uM genistein signifi-
cantly stimulated myeloperoxidase activity and

MPO activity (n mot)
N

0

Fig. 7. Stimulation of myeloperoxidase activity by ge-
nistein. The reaction mixtures contained
629 mU/m! myeloperoxidase (MPO), 137 mM
NaCl, 20M H;O. and S mM taurine. Effects of
inhibitors on myeloperoxidase activity were
measured by the formation of HOCIL. Values are
means =SD, n=3. C, no addition; ST, 100 nM
staurosporine; GE, 104M genistein; PT, 0.1 ug/
ml pertussis toxin. ** p<0.01 by Student #-test.
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showed an approximately 4.6 times of stimula-
tion. On the other hand, staurosporine and per-
tussis toxin had not effect on the activity.

DISCUSSION

The bindings of chemoattractants, C5a and
fMLP to cell surface receptors on neutrophils
initiate a series of ionic and molecular changes
in the plasma membrane and intracellular com-
ponents, which induce aggregation, lysosomal
enzyme release and superoxide production
(Fantone and Ward, 1982). The superoxide-
forming enzyme system constitutes a cyanide
insensitive pyridine nucleotide oxidase, which
utilizes NADPH as the electron donor (Babior,
1978). In the resting neutrophil, the NADPH
oxidase system exists in an inactive state. Ex-
posure of neutrophil to immune complexes and
phorbol esters results in the activation of the
oxidase (Tauber, 1987).

PKC is thought to play a major role in sig-
nal transduction and cellular processes. PKC is
activated by DAG, phospholipids and Ca** (or
without Ca®") (Nishizuka, 1984; O’Flaherty ef
al., 1990). Activation of PKC by PMA and 1-
oleyl-2-acetylglycerol stimulates the respiratory
burst (Bass et al, 1987, Tauber, 1987). PMA-in-
duced superoxide and H:0. production was in-
hibited by a PKC inhibitor, staurosporine. This
finding supports that PMA shows a PKC-medi-
ated response in neutrophils. Inhibition of com-
plement CSa-stimulated superoxide and H.O
production by staurosporine indicates that C5a
stimulates neutrophil responses through the
activation of PKC.

However, an inhibitor of PKC, H-7 fail to in-
hibit neutrophil responses induced by fMLP
(Sha’afi et al., 1988). In granulocyte-macrophage
colony stimulating factor (GM-CSF)-primed
neutrophils, fMLP-induced superoxide produc-
tion is stimulated by staurosporine and H-7
(Tanimura et al, 1992). Thus, it is suggested
that other transduction mechanisms are in-
volved in the activation of neutrophils. The
PTK inhibitors, including genistein inhibits
both tyrosine phosphorylation and eicosanoid
production (Glaser er al, 1993). These data in-

dicate that PTK is involved in the activation
of neutrophil function. A CSa-activated res-
piratory burst may be due to the activation of
PTK. On the contrary, in PMA-stimulated neu-
trophils the effect of genistein on superoxide
production was different from its effect on H.O:
production. PMA- induced superoxide produc-
tion was significantly promoted by genistein
(Fig. 1). The finding is coincided with the in-
vestigation of Tanimura e af. (1992). However,
genistein did not affect H:0. production by
PMA. This proposes that H.O. is not entirely
provided from superoxide anion. In PMA-
activated neutrophils, lag time to produce su-
peroxide anion was much shorter than lag time
for H:O: production (data not shown). The find-
ing partly may support the above view. It is
also suggested that PKC system could be affect-
ed by the change of PTK activity.

CSa stimulates neutrophil responses via the
activation of G proteins which are linked with
cell surface receptors (Becker et al, 1985). Per-
tussis toxin, a G protein inhibitor, inhibited the
stimulation of respiratory burst in CSa-
activated neutrophils. Meanwhile, no inhibitory
effect of pertussis toxin on PMA-stimulated
respiratory burst confirms previous reports that
PMA acts directly on PKC without the inter-
vention of G proteins (Tauber, 1987). Sodium
fluoride is known to stimulate neutrophil
response by activating guanine nucleotide regu-
latory proteins, but neutrophil responses to flu-
oride are not inhibited by pertussis toxin (En-
glish et al, 1989). Sodium fluoride-stimulated
respiratory burst was inhibited by staurosporine
and genistein but was not affected by pertussis
toxin. Fluoride-induced functional activation
may be regulated by the activation of both
PKC and PTK.

Activated neutrophils release oxidizing agent,
H:O, and secrete granule enzymes including
myeloperoxidase into the intracellular phagoly-
sosome compartment and the extracellular me-
dium (Fantone and Ward, 1982). Myeloperoxi-
dase catalyzes the oxidation of Cl” with H:O:
to form HOCL C5a- and PMA-induced HOCI
production appears to be regulated by PKC
and PTK (Fig. 5). In CSa-activated neutrophils,
myeloperoxidase release may not be regulated
by PKC and G proteins. The PTK appears to
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affect the release of lysosomal enzyme caused
by either surface receptor binding or direct
PKC activation. Genistein inhibited myelopero-
xidase release but stimulated the activity of
myeloperoxidase and the production of HOCL
The enhancement of HOC! production in
activated neutrophils by genistein may be as-
cribed to its marked stimulatory effect on the
activity of myeloperoxidase rather than the in-
hibitory effect on the release. It is unlikely that
myeloperoxidase release is regulated by pertus-
sis toxin-sensitive G proteins.
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