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a-Tocopherol augmentation in human neutrophils
was investigated for effects on neutrophil activation
and tyrosine phosphorylation of proteins, through
its modulation of protein kinase C (PKC) and
tyrosine phosphatase activities. Incubation of neutro-
phils with a-tocopherol succinate (TS) resulted in a
dose-dependent incogporaﬁon into cell membranes,
up to 2.5nmol/2x 10" cells. A saturating dose of TS
(40 pmol/1) inhibited oxidant production by neutro-
phils stimulated with phorbol myristate acetate
(PMA) or opsonized zymosan (OZ) by 86 and 57%,
as measured by luminol-amplified chemilumines-
cence (CL). With PMA, TS inhibited CL generation
to a similar extent to staurosporine (10nmol/1) or
genistein (100 pmol/1), and much more than Trolox
(40 pmol/1). With OZ, TS inhibited CL to a similar
extent to Trolox. Neutrophil PKC activity was
inhibited 50% or more by TS or staurosporine. The

enzyme activity was unaffected by genistein or Trolox,
indicating a specific interaction of a-tocopherol. TS or
Trolox increased protein tyrosine phosphorylation in
resting neutrophils, and as with staurosporine further
increased tyrosine phosphorylation in PMA-stimu-
lated neutrophils, while the tyrosine kinase (TK)
inhibitor genistein diminished phosphorylation.
These effects in resting or PMA-stimulated neutro-
phils were unrelated to protein tyrosine phosphatase
(PTP) activities, which were maintained or increased
by TS or Trolox. In OZ-stimulated neutrophils, on the
other hand, all four compounds inhibited the increase
in tyrosine-phosphorylated proteins. In this case, the
effects of pre-incubation with TS or Trolox corre-
sponded with partial inhibition of the marked (85%)
decrease in PTP activity induced by OZ. These results
indicate that a-tocopherol inhibits PMA-activation of
human neutrophils by inhibition of PKC activity, and
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inhibits tyrosine phosphorylation and activation of
OZ-stimulated neutrophils also through inhibition of
phosphatase inactivation.

Keywords: a-Tocopherol; Neutrophil; Oxidative burst; Tyro-
sine phosphorylation; Protein tyrosine phosphatase; Protein
kinase C

Abbreviations: Anti-P-Tyr, anti-phosphotyrosine antibody;
AP-1, activator protein 1; CL, chemiluminescence; DTT,
dithiothreitol; EGF, epidermal growth factor; GSH, gluta-
thione reduced form; HPLC, high performance liquid
chromatography; LPS, lipopolyssacharide; mAb, monoclonal
antibody; MAP, mitogen-activated protein; NFkB, nuclear
factor inducing immunoglobulin « light chain in B cells; OZ,
opsonized zymosan; PBS, phosphate buffered saline; PMA,
phorbol myristate acetate; PKC, protein kinase C; PTP, protein
tyrosine phosphatase; ROS, reactive oxygen species; TBS, tris-
buffered saline; TBS-T, tris-buffered saline tween-20; TK,
tyrosine kinase; TS, a-tocopherol succinate

INTRODUCTION

The production of superoxide (O, ) and other
reactive oxygen species (ROS) provides micro-
bicidal and inflammatory activities of neutro-
phils.!! In response to stimuli, neutrophils
generate ROS by a signaling cascade that
involves the assembly of cytosolic and mem-
brane associated components to form the active
NADPH oxidase complex.””! It is well estab-
lished that phosphorylation of many proteins is
a primary event in the activation process.*?!
Among these proteins are the oxidase com-
ponents, p47P"%*, p67P"** and the small GTP-
binding protein rac.®~%! Protein kinase C
(PKC), an ubiquitous calcium and phospholi-
pid-dependent serine/threonine protein kinase,
is known as a modulator of O, production.[>*!
PKC is activated by several agonists including,
phorbol esters, diacylglycerol and oxidants.”~%!
Although PKC plays an important role in the
signaling pathways involved in the activation
of the neutrophil oxidase, the participation of
tyrosine kinases (TKs) has also been demon-
strated." "'l Indeed, a variety of TKs inhibitors
inhibit O, production triggered by several

agonists.'®) Furthermore, cell stimulation with
different agonists promotes tyrosine phos-
phorylation in many proteins."! 14! Activation
of mitogen-activated protein kinases (MAP
kinases) and Src kinases was also documen-
ted.[™®! Besides phosphorylation, dephosphory-
lation of proteins by phosphatases has been
suggested to be involved in the regulation of
O; production by phagocytes.!”]

Despite the microbicidal role of ROS produced
by neutrophils, in inflammatory conditions,
excessive amounts of ROS may result in host
cell damage. Moreover, studies using several cell
types show that ROS and other oxidants may
also function as signaling molecules, and amplify
the inflammatory response. It has been demon-
strated that oxidants increase the phosphoryl-
ation levels of cellular proteins, activating
protein kinases or inhibiting protein phospha-
tases.?’~*! Studies using human neutrophils
showed that exogenous hydrogen peroxide
(H,O,) and other ROS generated during the
oxidative burst activate TKs, an effect that is
reversed by the thiol reductants, N-acetylcys-
teine and dithiothreitol (DTT).[181°!

It was demonstrated that a-tocopherol, one of
the most important lipid-soluble natural antiox-
idants, inhibits PKC activity in many cell
types,[8’26’27] and suppresses the activation of
the transcription factors NF-kB (nuclear factor
inducing immunoglobulin « light chain in B
cells) and AP-1.11828-2] However, the role of
antioxidant molecules such as a-tocopherol in
the modulation of signaling pathways in human
neutrophils remains relatively unaddressed.®"!
Accordingly, we have explored the effect of a-
tocopherol on the PKC- and the tyrosine
phosphorylation-dependent signaling pathways
in stimulated neutrophils. To explore the under-
lying mechanisms of the a-tocopherol-modu-
lated production of oxidants by neutrophils, we
compared its effects with the PKC inhibitor
staurosporine, with the TK inhibitor genistein,
and with the less hydrophobic vitamin E analog,
Trolox®.
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MATERIALS AND METHODS

Materials

dl-a-Tocopherol succinate (TS), phorbol myris-
tate acetate (PMA), zymosan, hystopaque, pro-
tein A-sepharose CL-4B and all other routine
reagents were from Sigma (St. Louis, MO).
Electrophoresis reagents used were obtained
from Bio-Rad (Hercules, CA) and Amersham-
Pharmacia Biotech (Uppsala, Sweden). Trolox®
was obtained from Aldrich (Milwaukee, WI) and
[y-3*P] ATP was from New Life Science Products
(Boston, MA). A monoclonal antibody (mADb)
specific for the human epidermal growth factor
(EGF) receptor (Mab 108.1) was kindly provided
by Dr Joseph Schlessinger (New York University
Medical Center). Monoclonal anti-phosphotyro-
sine antibody (anti-P-Tyr) PY20 was purchased
from Transduction Laboratories (Lexington, KY).

Isolation of Human Neutrophils

Neutrophils were isolated from healthy human
donors by Ficoll-Hypaque centrifugation, dex-
tran sedimentation of red cells, and removal of
the remaining red cells by hypotonic lysis.®!!
Neutrophils were washed and resuspended in
phosphate-buffered saline buffer (PBS)
(10mmol/1 phosphate buffer, 140 mmol/1 NaCl,
1mmol/]1 CaCl,, 0.5mmol/l1 MgCl,, 1mg/ml
glucose pH 7.3). Reactions were carried out in the
same buffer. Cells were routinely counted and
their viability was determined by Trypan blue
exclusion.

In Vitro Incorporation of a-tocopherol by
Human Neutrophils

Neutrophils (2x10°cells/ml) were incubated
with increased concentrations of TS (0.1-
40 pmol/1), under permanent shaking, for
30min, at 37°C. After this period, cells were
centrifuged at 600g, for 10min at 4°C. The
supernatant was removed and the pellet was

washed once. Cells were resuspended in 0.5 ml of
PBS and kept at —80°C until the extraction and
HPLC determination of a-tocopherol incorpor-
ated into cell membranes. Saponification and
extraction of a-tocopherol from neutrophil
membranes were performed according to
Hatam and Kayden.®” Briefly, the suspension
of cells were treated with 1 ml of 1% ascorbic acid
in ethanol, and heated at 70°C for 2min. Just
after, 300 pl of saturated KOH was added and the
suspension was heated to 70°C for 30 min. After
cooling, 1 ml of milliQ-water and 4ml of hexane
were added to each tube. The mixture was
vigorously shaken for 2min, and the phases
separated by centrifugation (1000g, 5min, 25°C).
The organic phase (3 ml of hexane) was removed
and evaporated under an N, stream. Samples
were resuspended in 200 pl of methanol/ethanol
(1:1) and aliquots of 20 pl were injected into a C8
column (3.9%150mm) coupled to an HPLC
apparatus. The mobile phase used to separate
a-tocopherol was methanol:water (97:3) contain-
ing 20nmol/! LiClO,, with a flow rate of
1.0 ml/min. Detection of a-tocopherol was done
by a BIO Analytical System (BAS) electrochemi-
cal detector, using a potential of +0.8 V.1**!

Measurement of Oxidants Production by
Neutrophils Using Luminol-amplified
Chemiluminescence (CL)

Neutrophils (1X10°cells/ml) were incubated
with TS (40 wmol/1), Trolox (40 pmol/1), staur-
osporine (10nmol/1) or genistein (100 pmol/1)
for 30min, at 37°C, under permanent shaking.
After incubation, cells were stimulated with
PMA (20ng/ml), or opsonized zymosan (OZ)
(100 particles/cell). Light emission was ampli-
fied by luminol (5-amino-2,3-dihydro-1,4-phtha-
lazinedione) (100 pmol/l). The assay was
performed in a Bio-Orbit luminometer model
1251, with controlled temperature (37°C) and
continuous shaking. The maximum light
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emission measured was expressed as mV/ 10°
cells.[34-36]

Immunoblotting of Protein Tyrosine
Phosphorylation

Neutrophils (1Xx10°cells/ml) were incubated
with or without TS (40 pmol/1l), Trolox
(40 pmol/1), staurosporine (10nmol/1) or genis-
tein (100 pmol/1) for 30min, at 37°C, under
continuous shaking. Cells were than stimulated
with PMA (20ng/ml) for 5min or with
OZ(100 particles/cell) for 15min. After stimu-
lation, neutrophils were centrifuged (600g, 4°C,
10min) and cell pellets were resuspended in
300 pl of lysis buffer A (20mmol/l Hepes,
150mmol/1 NaCl, 10% glycerol, 1% Triton
X-100, 1.5mmol/1 MgCl,, 1 mmol/l EGTA,
1pg/ml aprotinin, 1ug/ml leupeptin, and
1mmol/l phenylmethanesulphonyl fluoride,
pH 7.5). The buffer also contained tyrosine and
serine/threonine pohosphatase inhibitors
(2mmol/l sodium orthovanadata, 50 mmol/1
NaF and 10mmol/1 sodium pyrophosphate).
Cells were lysed in a sonic disruptor (Cole
Parmer Instrument, model 4710) using three
cycles of 10s, with 15% potency.®”! The protein
content of lysates was determined according to
Bradford.®®! The lysate (30 g of protein) was
boiled with 3-fold-concentrated SDS/PAGE
sample buffer and resolved by 10% SDS/PAGE.
After electrophoresis, the gel was transferred to a
0.45 pm-pore nitrocellulose sheet, using the
Pharmacia Novablot system. The transfer was
carried out for 2h at 200mA in 48 mmol/1 Tris,
39 mmol/1 glycine, 0.037% SDS and 20% metha-
nol. The nitrocellulose blots were saturated with
tris-buffered saline (TBS) (10mmol/1 Tris, pH
7.5, 150 mmol/1 NaCl) containing 5% BSA for 4h,
at room temperature. The blots were washed in
Tris-buffered saline-Tween-20 (TBS-T) and incu-
bated overnight with a mouse monoclonal anti-
P-Tyr antibody at 4°C. After three washes with
TBS-T, blots were probed with horseradish

peroxidase-conjugated-anti-mouse secondary
antibody. The blots were developed using the
enhanced CL system ECL from Amersham.[?7]

Assay of PKC Activity

Neutrophils (1Xx10°cells/ml) were incubated
with TS (40 pmol/1), Trolox (40 umol/1), staur-
osporine (10nmol/l) or genistein (100 pmol/1)
for 30 min, at 37°C, with shaking. Control cells,
without treatment, were incubated in the same
conditions. The cell lysis was performed in lysis
buffer B (50mmol/1 Tris, 5mmol/l EDTA,
10mmol/1 EGTA, 0.3% B-mercaptoethanol,
50 ng/ml PMSF, 10mmol/l benzamidine, pH
7.5) and PKC activity was determined using the
Biotrak kit from Amersham Life Sciences (Buck-
inghamshire).

Immunoprecipitation of EGF Receptor

AA431 cells were solubilized in lysis buffer A, and
immunoprecipitated with mAb 108.1 against the
human EGF receptor, conjugated with Protein
A-sepharose CL4B. After washing of immuno-
precipitated receptors with kinase buffer
(20 mmol/1 Hepes, pH7.5, 5mmol/1 MnCl,, and
2 mmol/1 MgCL), 8 uCi of [v-**P]ATP was added
to immunoprecipitates, and the mixture was
incubated for 5min at 25°C. The reaction was
stopped by the addition of HNTG buffer
(20 mmol/1 Hepes, 150 mmol/1 NaCl, 10% gly-
cerol, 0.1% Triton X-100, pH7.5), followed by
three washes with the same buffer. The labeled
immunoprecipitate was resuspended in the same
buffer, and kept al 4°C for later assay of protein
tyrosine phosphatases (PTPs).*!

PTPs Assay

Neutrophils (1X10°cells/ml) were incubated
with TS (40 pmol/1) or with Trolox (40 umol/1)
for 30 min, at 37°C, under shaking. Control cells
were incubated with PBS. Just after, cells were
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stimulated with PMA (20 ng/ml) for 5min or OZ
(100 particles/cell) for 15 min. After stimulation,
neutrophils were centrifuged (600g, 4°C, 10 min)
and the pellets were resuspended with 300 pl of
lysis buffer A. Cells were lysed as described
previously. The protein content of lysates was
determined according to Bradford,”®® and a
volume of cell lysate corresponding to 100 pg of
protein was mixed with 20l of a suspension
containing [**P] phosphorylated immunopreci-
pitated EGF receptors, prepared as described
above. Reactions were carried out for 30 min at
37°C under shaking, and stopped by centrifu-
gation of the immunoprecipitates (3000g, 2 min).
After centrifugation, the supernatant was
immediately aspirated and 50ul of 2-fold-
concentrated SDS/PAGE sample buffer was
added to the immunoprecipitates. Samples
were boiled for 5min and resolved by SDS/
PAGE (7.5% gels). After drying, gels were
exposed to autoradiographic films for 2-12h, at
room temperature. The intensity of the band
corresponding to the EGF receptor was quanti-
fied by densitometric analysis of linear-range

3 -

Incorporated a-tocopherol
(nmol/i2x10%ells)

autoradiograms, using a LKB Ultroscan
enhanced laser densitometer.*!

Statistical Analysis

Values were reported as means+SD. Significant
differences between groups were determined by
Analysis of Variance following by Tukey’s test
for multiple comparison of means. The level of
significance was set at p < 0.05 for all statistical
analysis.

RESULTS

Incorporation of a-tocopherol into Neutrophils

Isolated human neutrophils incubated with
increasing concentrations of TS (0.5-40 pmol/1),
showed saturation for a-tocopherol incorpor-
ation to cell membranes. Saturating levels were
obtained at a concentration of 40 pmol/1 of TS
(Fig. 1). Therefore, this concentration was used
throughout the study.

0 Y
0 10

20

30 40 50

Added a-tocophero! succinate (M)

FIGURE 1 Uptake of a-tocopherol by neutrophils. Neutrophils (2x 10° cells) were incubated with increased concentrations of
TS for 30 min, at 37°C, with constant agitation. Incorporated vitamin E was extracted from cell membranes and its concentration
was measured by HPLC. The curve shows one representative experiment from a set of five independent experiments.
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Production of Oxidants by Stimulated
Neutrophils

Both PMA (20ng/ml), a soluble stimulus
that directly activates PKC, and OZ (100 parti-
cles/cell), a phagocytic stimulus that acts in
many pathways,® stimulated oxidant pro-
duction in human neutrophils, as measured by
CL. TS (40pmol/l), or Trolox at the same
concentration slightly enhanced non-stimulated
CL. However, this response was not significant
when compared to that from cells activated by
PMA or OZ.

As shown in Fig. 2, the production of oxidants
of PMA-stimulated cells was strongly (86.4 =
0.9%) inhibited by TS (40 pmol/1), and to a lesser
extent (30.5 * 8.5%) by Trolox (40 pmol/1). When
OZ was utilized as the neutrophil activator,
inhibition of CL by TS and Trolox was, 57 + 14%
and 47.6 + 2.4%, respectively (Fig. 2). In exper-
iments, on the mechanisms involved, production
of oxidants by both PMA- and OZ-stimulated
neutrophils was significantly inhibited by staur-
osporine (10nmol/l) and by genistein
(100 pmol/1) but with differences in effectiveness
(Fig. 2). Stauroporine, at low concentration, is a
potent PKC inhibitor, and it completely blocked
oxidant production in PMA-stimulated cells,
whereas in OZ-stimulated cells, it caused a lesser
inhibition (51.3 =5.5%). On the other hand,
genistein, a TK inhibitor and antioxidant flavo-
noid, was a very effective inhibitor of the
oxidative burst derived from cells activated by
both stimuli: 83.2 + 11.5% inhibition in PMA-
stimulated cells and 95.4 = 1.1% inhibition in
OZ-stimulated cells (Fig. 2).

PKC Activity

Production of oxidants by PMA-stimulated
neutrophils was inhibited to a similar extent by
the PKC inhibitor staurosporine or by TS (Fig. 2).
To obtain direct evidence on the inhibitory effects
of TS on PKC activity, we assayed the kinase
activity in lysates from cells incubated with or

120 _
100 |
80 |
60 |
40 ]

20,

TS Trolox Genist Stauro

FIGURE 2 Inhibition of oxidant production in PMA- and
OZ-stimulated neutrophils; by TS (40umol/1), Trolox
(40 pmol/1), staurosporine (10nmol/l) and genistein
(100 pmol/1). Cells (1x10°) were incubated with the
antioxidants or kinase inhibitors at the indicated
concentrations for 30min at 37°C, under continuous
shaking. Treated or non-treated cells were stimulated with
PMA (20ng/ml) for 5min or with OZ (100 particles/cell) for
15min. Oxidant production was analyzed as described in
“Materials and Methods”. The % inhibition was calculated
relative to oxidant production in PMA- or OZ-stimulated
cells. Results are shown as means+SD of at least three
independent experiments. * Values significantly different
from PMA-stimulated cells (p < 0.05). *Values significantly
different from OZ-stimulated cells (p < 0.05).

without the antioxidant, and compared the
effects of Trolox, staurosporine and genistein. In
cells treated with TS, PKC activity decreased to
46.5 + 5.5% of control (Fig. 3). Incubation with
staurosporine even more potently decreased
PKC activity to 28.3 + 4.2% of control, whereas
Trolox and genistein showed no effects on the
activity of this enzyme (Fig. 3).

Tyrosine Phosphorylation of Proteins in PMA-
stimulated Neutrophils

The overall phosphorylation on tyrosine residues
was notably increased after neutrophil treatment
with PMA (Fig. 4). TS or Trolox alone also
induced tyrosine phosphorylation, and TS
further enhanced tyrosine phosphorylation of
this set of proteins in cells stimulated with PMA
(Fig. 4). Incubation with Trolox followed by
stimulation with PMA also slightly enhanced
tyrosine phosphorylation of proteins (Fig. 4).
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FIGURE 3 Effects of TS, Trolox, genistein and staurosporine
on the PKC activity of neutrophils. Neutrophils (1 x10° cells)
were incubated with TS (40 pmol/l), Trolox (40 umol/1),
staurosporine (10nmol/l) or genistein (100 pmol/1) for
30 min, at 37°C, with shaking. PKC activity was assayed in
aliquots of 10 ug of protein from cell lysates using the kit
BIOTRAK from Amersham Life Science. Values are expressed
as the percentage of activity of control cells. Results are shown
as the means+SD of three independent experiments. * Values
significantly different from control cells (p < 0.05).

Pre-incubation of neutrophils (30 min) with a
low concentration of staurosporine (10nmol/l)
also led to a further increase of tyrosine
phosphorylation of proteins in cells stimulated
by PMA (Fig. 5). In contrast, pre-incubation with
a relatively high concentration of genistein
(100 wmol/1) partially inhibited tyrosine phos-
phorylation of the proteins induced by PMA (Fig.
5). Phosphorylation of proteins was also inhib-
ited by pre-incubation with low concentrations
of genistein (5 pmol/1) (data not shown).

Tyrosine Phosphorylation of Proteins in OZ-
stimulated Neutrophils

Strong tyrosine phosphorylation of proteins was
observed in response to OZ-stimulation of
neutrophils (Fig. 6). This OZ-stimulated tyrosine
phosphorylation was inhibited in cells pre-
incubated with TS or Trolox (Fig. 6). Even at a
low concentration, staurosporine (10nmol/])
almost completely inhibited OZ-stimulated tyro-
sine phosphorylation of the whole set of proteins
in human neutrophils (Fig. 7). As expected,
genistein (100 wmol/1) pretreatment effectively

suppressed tyrosine phosphorylation induced by
OZ (Fig. 7).

Modulation of PTP Activities in Human
Neutrophils

Figure 8 shows that neither TS nor Trolox
significantly changed PTP activities in resting
cells. PTP activity in PMA-stimulated cells
decreased by 24.6 + 3.5% as compared to the
activity in resting cells. However, in cells
incubated with TS, the inhibitory effect of PMA
on PTP activity was not observed. Stimulation
with OZ produced a strong decrease in PTP
activity (to 16.0 = 3.9% of control), an effect that
was partially alleviated when cells were pre-
treated with TS (to 37.7 = 8.2% of control) or
Trolox (to 31.1*+4.2% of control) (Fig. 8),
consistent with lessened tyrosine phosphoryl-
ation (Fig. 6).

DISCUSSION

The data reported in this paper shows that a-
tocopherol inhibits PKC activity in human
neutrophils. The tumor promoter PMA directly
activates PKC by binding to a specific site in the
regulatory domain of the enzyme. This binding
displaces the inhibitory pseudosubstrate and
unfolds the kinase over the membrane sur-
face,!®! Activated PKC phosphorylates the

NADPH oxides components, p47ph"X and
p®’PP* resulting in production of oxidants that
[40,41]

react with surrounding macromolecules.
Consistent with this mechanism, pre-incubation
of cells with TS inhibited 80% of the oxidant
production in PMA-stimulated neutrophils
(Fig. 2). This action of TS was more than an
antioxidant, as the antioxidant analog Trolox did
not inhibit PKC (Fig. 3) and was much less
effective at inhibiting oxidant generation (Fig. 2).

The PKC inhibition by a-tocopherol has been
shown in other cell types, including endothelial
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FIGURE 4 Effects of TS and Trolox on tyrosine phosphorylation in PMA-stimulated neutrophils. 1x10° cells were incubated
with or without TS (40 pmol/1) or Trolox (40 pmol/1) for 30 min at 37°C, under shaking. After incubation, cells were stimulated
with PMA (20ng/ml) for 5min. Cells were resuspended in lysis buffer A, and lysed by sonication. Aliquots (30 pg of protein)
were subjected to SDS-PAGE. Immunoblotting was performed with a monoclonal anti-P-Tyr. A representative blot from at least

three independent experiments is shown.

[8] [27]

cells,™ platelets, and macrophages. Azzi
et al.?® showed that a-tocopherol, but not B-
tocopherol inhibited PKC activity in smooth
muscle cells, so decreasing their proliferation.
They proposed that a-tocopherol acts by a non-
antioxidant mechanism since B-tocopherol, a
similarly potent antioxidant, did not show any
effect on enzyme activity. Similar results to B-
tocopherol were obtained when Trolox, an
analog of a-tocopherol without the phytyl
chain, was used in our experiments (Fig. 3).
Cachia et al.1*?! also demonstrated an inhibition
of PKC activity of human monocytes by a-
tocopherol, no effect by Trolox and poor
inhibition by B-tocopherol. The authors pro-
posed that a-tocopherol action on PKC activity is
related to its property as a stabilizer of lipid
bilayer membranes, hence decreasing the
enzyme unfolding on the cell membrane with
consequent activation. Moreover, a-tocopherol in

membrane environments can react with lipid
peroxides, through its antioxidant property.
These peroxides were demonstrated to activate
the membrane associated-PKC.1*%!

When OZ is utilized as the neutrophil stimu-
lator, multiple pathways are activated with
consequent stimulation of oxidative burst. Within
OZ, TS inhibited approximately 50% of the total
cellular production of oxidants (Fig. 2). In this
case Trolox was similarly effective, indicating an
antioxidant activity as important to the mechan-
ism of inhibition. These data, and the inhibition by
the TK inhibitor genestein (Fig. 2), suggest that
with OZ as stimulus TS modulates the oxidative
burst in human neutrophils through tyrosine
phosporylation signaling pathways.

Several stimuli of the oxidative burst of human
neutrophils, including PMA, FMLP and OZ,
induce tyrosine phosphorylation of proteins in
these cells.'?! In the present study, tyrosine
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FIGURE 5  Effects of staurosporine and genistein on tyrosine phosphorylation in PMA-stimulated neutrophils. 1 X 10° cells were
incubated with or without staurosporine (10nmol/1) or genistein (100 pmol/1) for 30min at 37°C, under shaking. After
incubation, cells were stimulated with PMA (20ng/ml) for 5min. Cells were resuspended in lysis buffer A, and lysed by
sonication. Aliquots (30 g of protein) were subjected to SDS-PAGE. Immunoblotting was performed with a monoclonal anti-P-
Tyr. A representative blot from at least three independent experiments is shown.

phosphorylation of proteins of human neutro-
phils was found increased with both stimuli,
PMA and OZ (Figs. 4 and 6). This effect was more
evident in OZ-stimulated neutrophils. The
effects of a-tocopherol on tyrosine phosphoryl-
ation of proteins in OZ- or PMA-stimulated
neutrophils were paradoxical. The vitamin
caused a decrease of protein tyrosine phos-
phorylation in OZ-stimulated neutrophils, while
in PMA-stimulated neutrophils it increased the
tyrosine phosphorylation. Phosphorylation at
serine and threonine residues of TK receptors,
such as the EGF receptor, results in decreased
self-phosphorylation of the receptor at tyrosine
residues and its TK activity.[44] In fact, Mourad
and Stern!*! have demonstrated that PKC
activation by PMA decreased EGF-dependent
tyrosine phosphorylation of protein in cultured

HER14 cells. By this mechanism, the inhibition of
PKC activity a-tocopherol, shown in the current
experiments, would produce an increase in the
levels of tyrosine phosphorylated proteins, as
observed with PMA-stimulated neutrophils
(Fig. 4). On the other hand, the inhibitory effects
of a-tocopherol on tyrosine phosphorylation in
OZ-stimulated neutrophils (Fig. 6) could be due
to the activation of tyrosine phosphatases by the
antioxidant, as shown in Fig. 8. Additionally,
oxidant-dependent tyrosine phosphorylation™”!
could be inhibited by the antioxidant action of
a-tocopherol. The difference in the response to
a-tocopherol in PMA- and OZ-stimulated neu-
trophils clearly shows a difference in the
activating pathways by these two stimuli.
Protein kinase inhibitors are useful tools to
understand the mechanisms involved in signal
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FIGURE 6 Effects of TS and Trolox on tyrosine phosphorylation in OZ-stimulated neutrophils. 1 X10° cells were incubated with
or without TS (40 wmol/I) or Trolox (40 pmol/1) for 30 min at 37°C, under shaking. After incubation, cells were stimulated with
OZ (100 particles/ cell) for 15 min. Cells were resuspended in lysis buffer A, and lysed by sonication. Aliquots (30 wg of protein)
were subjected to SDS-PAGE. Immunoblotting was performed with a monoclonal anti-P-Tyr. A representative blot from at least

three independent experiments is shown.

transduction pathways. Staurosporine, a potent
PKC inhibitor decreased oxidant production by
both PMA- and OZ- stimulated neutrophils,
similar to TS (Fig. 2). Robinson et al.*! also
demonstrated that staurosporine efficiently
inhibited the O; production by PMA-stimulated
neutrophils, and less efficiently in fMLP-stimu-
lated neutrophils. Genistein, a TK inhibitor,
blocked almost completely the CL produced by
neutrophils in the presence of both stimuli, PMA
and OZ (Fig. 2). However, the observed genistein
inhibition of oxidant production in PMA-stimu-
lated cells does not agree with data of the
literature. Either no effect’*”! or stimulation of
oxidant production!*®! was observed in the
presence of genistein. This conflicting result of
the current experiments (at 100 uM genestein)
may reflect data from Cai et al."** showing that
the flavonoid genistein is a potent antioxidant,

and hence scavenges the oxidants produced
during oxidative burst.

The effects of staurosporine on tyrosine
phosphorylation levels of proteins were similar
to those of TS, i.e. an increase in PMA-stimulated
and a decrease in OZ-stimulated cells. These
results suggest that both compounds, TS and
staurosporine, increased tyrosine phosphoryl-
ation in PMA-stimulated cells through inhibition
of PKC, as previously noted.****! Genistein, by
inhibition of TKs, decreased the tyrosine phos-
phorylation of proteins in both PMA-and OZ
stimulated neutrophils (Figs. 5 and 7).

The levels of tyrosine phosphorylated proteins
are regulated by the competitive activities of
protein TKs and protein tyrosine phophatases
(PTPs).*! We have studied the effects of a-
tocopherol on PTP activity in PMA- and OZ-
stimulated human neutrophils (Fig. 8). Both
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FIGURE?7 Effects of staurosporine and genistein on tyrosine
phosphorylation in OZ-stimulated neutrophils. 1x10° cells
were indicated with or without staurosporine (10nmol/l) or
genistein (100 pmol/1) for 30min at 37°C, under shaking.
After incubation, cells were stimulated with OZ
(100particles/cell) for 15min. Cells were resuspended in
lysis buffer A, and lysed by sonication. Aliquots (30 pg of
protein) were subjected to SDS-PAGE. Immunoblotting was
performed with a monoclonal anti phosphotyrosine antibody.
A representative blot from at least three independent
experiments is shown.

stimuli inhibited the PTP activity when com-
pared to non-stimulated cells. Pre-incubation of
neutrophils with TS resulted in restoration of
PTP activities in stimulated cells. However, TS
showed no effect on PTP activity of non-
stimulated cells. The major PTPs present in
hematopoietic cells, including neutrophils, are
CD45 and SHP-1.°%°1 CD45 is a transmembrane
PTP that translocates from specific granules to
the plasma membrane upon stimulation.[?!
SHP-1 (also known as PTP1C, PTP-N6, and
SHPTP-1), a soluble PTP is preferentially
associated with the cytoskeleton after stimu-

lation.”®! CD45 but not SHP-1 is inactivated by
oxidants, an effect that is reversed by thiol
antioxidants such as DTT, N-acetylcysteine, or
GSH.®® This redox regulation of CD45 activity
could involve oxidation of critical -SH groups
present in the catalytic domain of the enzyme,
resulting in decreased activity. However, PMA-
inhibition of PTP activity in neutrophils®®*! is
unrelated to CD45, as no effects of PKC
activation on CD45 could be demonstrated. Our
data that is corroborated by others also shows a
decrease in total PTP activity in PMA- or fMLP-
stimulated neutrophils.”>**! Taken together data
from the literature suggest that the two major
PTPs present in neutrophils are differently
regulated. In view of the results presented, we
may suggest that a-tocopherol acts through two
distinct mechanisms: inhibiting PKC acitivity
and/or protecting the —SH groups of CD45.

To better understand whether the effects
mediated by a-tocopherol on signaling pathways
in human neutrophils could be through an
antioxidant, a non-antioxidant, or both mechan-
isms, we have compared experiments in the
presence of Trolox. The lesser inhibition of
oxidant production elicited by Trolox in PMA-
stimulated cells as compared to that of a-
tocopherol (Fig. 2), may relate to its lack of effect
on PKC activity (Fig. 3), The effects of Trolox on
oxidant generation and tyrosine phosphorylated
proteins in OZ-stimulated neutrophils were
similar to those obtained with a-tocopherol
(Fig. 6), suggesting a common mechanism with
this stimulus. Nevertheless, Trolox did not show
any significant effect on tyrosine phosphoryl-
ation in PMA-stimulated cells (Fig. 4). Trolox and
TS also increased the PTP activities in both PMA-
and OZ-stimulated neutrophils (Fig. 8),
suggesting an antioxidant mechanism in this
response.

Despite some similar effects of Trolox and TS
(decrease of tyrosine phosphorylation in OZ-
stimulated cells; increased PTP activity; similar
inhibition of ROS production by OZ-stimulated
cells) others were identified as quite different (PKC
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FIGURE8  Effects of TS and Trolox on the tyrosine phosphatases activity of human neutrophils. 1x10° cells were incubated with
TS (40 pumol/1) or with Trolox (40 wmol/1), for 30 min, at 37°C, under shaking. Cells were stimulated with PMA (20ng/ml) for
5 min or with OZ (100 particles/ cell) for 15 min. Controls of cells incubated with PBS were also performed. Tyrosine phosphatase
activity was assayed by mixing neutrophil-lysate (100 ug of protein) with 20 pl of **P-phosphorylated immunoprecipitated EGF
receptors, prepared as described in Matherials and methods. Reactions were carried out for 30 min at 37°C with agitation. After
centrifugation the supernatant was suspended in 50 ul of 2-fold SDS-PAGE sample buffer. Samples were resolved by SDS/PAGE
(7.5% gels). After drying, gels were exposed to autoradiographic films for 3h at room temperature. The intensity of the band
corresponding to the EGF receptor was determined by enhanced laser densitometry. Values were expressed as percentage of
activity from control cells. Results are shown as means+SD of at least four independent experiments. *Values significantly
different from control cells (p < 0.05). **Values significantly different from PMA-stimulated cells (p < 0.05). ***Values
significantly different from OZ-stimulated cells (p < 0.05).

activity, ROS productionin PMA-stimulated cells). ~ References
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