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Abstract—The generally accepted sequence of intracellular signal transduction involves: (1) cell surface
receptor-ligand interactions; (2) activation of G-proteins; (3) activation of phospholipase C, leading to inositol
phosphate (IP;) and diacylglycerol production; (4) parallel mobilization of intracellular Ca** by IP,, and; (5)
activation of protein kinase C (PKC) by diacylglycerol and Ca?*, leading to; (6) cellular responses. Human
neutrophils appear to utilize this cascade, at least in general, and some, but not all, elements of the intracellular
signal cascade known to be operating in intact cells also function in permeabilized cell systems. We have
previously shown that permeabilized neutrophils can be induced to secrete lysosomal enzymes in response to
elevated levels of Ca®* alone and this secretion can be synergistically enhanced by the presence of guanine
nucleotides. We now show that Ca’*, in the presence and absence of guanine nucleotides, can stimulate the
production of soluble inositol phosphates. Furthermore, neomycin, a putative inhibitor of phospholipase C,
can block Ca’*-induced secretion. These data thus suggest a role for phospholipase C activity or its products in
the transduction process. The next enzymatic activity ‘downstream’ is PKC. Consequently, we looked at the
role Mg-ATP, one of the substrates of PKC, plays in degranulation by permeabilized neutrophils. We found no
obligatory role for this nucleotide in the secretory process. We then looked at the activity of oleoyl-acetyl-
glycerol (OAG), a synthetic diacylglycerol and PKC agonist, on degranulation. We found that OAG was
largely additive with Ca*+. Another PKC agonist, phorbol myristate acetate (PMA), also did not display
notable synergy. Finally, inhibitors of PKC activity were not capable of blocking secretion, either in the
presence or absence of guanine nucleotides. Thus, while circumstantial evidence seems to point towards a
requirement for phospholipase C activation and diacylglycerol production in secretion, we were unable to
demonstate the next putative step in signal transduction, namely activation of PKC.

Key words: Neutrophil, permeabilization, phospholipase C, protein kinase C, intracellular Ca?*, degranulation,
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INTRODUCTION dent phospholipase C [14], leading to the
generation of inositol 1,4,5-trisphosphate (IP,)
and diacylglycerols [15-19]. IP, has been shown
to liberate Ca’* from intracellular sources [20-
22], while diacylglycerol has been shown to be
an activator of protein kinase C [23]; both pro-
cesses are felt to lead ultimately to neutrophil
responses such as lysosomal enzyme release and
superoxide anion generation.

Permeabilized cells have contributed substan-
tially to an understanding of stimulus-response
coupling in neutrophils. It has been reported
that IP; induces the release of intracellular Ca?*
from putative stores in the endoplasmic reticu-
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NEUTROPHILS and other secretory cells appear
to share some common pathways of signal
transduction, in which cell surface interactions
lead ultimately to cellular responses. In general,
it appears that a wide variety of membrane
receptors are coupled to guanine nucleotide
binding proteins (G-proteins) [1-4], which are
similar [5-7], but not necessarily identical [7-
12], to the G; proteins found in the adenylate
cyclase system [13]. The activated G-proteins
can stimulate a polyphosphoinositide-depen-
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increases in IP; in intact cells, is a sufficient
stimulus for secretion from permeabilized cells
[24-29]. This Ca?*-induced degranulation from
permeabilized neutrophils is as rapid and exten-
sive as that found with intact cells [30]. We and
others have also shown that guanine nucleo-
tides interact synergistically with Ca?* 1o
induce lysosomal enzyme release [27,31], impli-
cating G-proteins in the functioning of this
model system. Finally, we have shown that, at
the proximal end of the transduction pathway,
cell surface receptors for the chemotactic pep-
tide f-Met-Leu-Phe are coupled to G-proteins
in the permeabilized neutrophil and that the
affinities of these receptors can be rapidly
altered by exposure to guanine nucleotides [2].

It has been reported that neomycin, an
inhibitor of phospholipase C, can block
receptor-mediated responses of intact secretory
cells [32, 33]. This suggests that the formation
of IP, and/or diacylglycerol are necessary com-
ponents of stimulus-response coupling. We
have also reported that neomycin can block
Ca’*-induced secretion from permeabilized
neutrophils [30], albeit at relatively high con-
centrations. These data, along with stimulated
production of soluble inositol phosphates fol-
lowing exposure to Ca’*, suggested that phos-
pholipase C activation was important for secre-
tion. We therefore sought evidence for the
involvement of the next putative step in the
transduction pathway, namely activation of
PKC by diacylglycerol. While our data suggest
a crucial role for phospholipase C, we have not
been able to demonstrate conclusively a role for
protein kinase C in lysosomal enzyme release by
permeabilized cells.

MATERIALS AND METHODS
Reagents

PMA, OAG, Gpp(NH)p (5-guanylyl imidodi-
phosphate), GTP (guanosine 5'-triphosphate), and
digitonin were purchased from Sigma Chemical
Company, St. Louis, MO. GTP-y-S (guanosine 5'-O-
(3-thiotriphosphate)) was obtained from Boehringer
Mannheim, Indianapolis, IN. Stock solutions of
OAG were prepared in chloroform. IP, determina-
tion kits were purchased from Amersham.

Preparation of cell suspensions

Heparinized (10 U/ml) venous blood was obtained
from healthy adult donors. Purified preparations of
neutrophils were isolated from this blood by means
of Hypaque/Ficoll gradients [34] followed by stan-
dard techniques of dextran sedimentation and hypo-
tonic lysis of erythrocytes [35]. This allowed studies
of cell suspensions containing 98+2% neutrophils
with few contaminating platelets or erythrocytes. The
cells were washed and finally suspended in a buffer
consisting of 138 mM NaCl, 2.7mM KCl, 8.1 mM
Na,HPO,, 1.5mM KH,PO,, ImM CaCl,, and
0.6 mM MgCl,, pH 7.4 (Buffer P). For permeabiliza-
tion studies, the cells were instead washed once and
resuspended in BufferK (100mM KCl, 20 mM
NaCl, 1 mM EGTA, and 30 mM HEPES, pH 7.0).

Neutrophil permeabilization

Permeabilization was performed as previously
described [25]. In essence, stock solutions of digito-
nin (1 mg/ml in Buffer K) were prepared daily. Neu-
trophils (25 x 10°%/ml) suspended in Buffer K were
preincubated for 10 min at 37°C. Incubation was at
37°C for 25min with 10 ug/ml digitonin; the cell
suspension was mixed every 5 min.

Lysosomal enzyme release

Following permeabilization, neutrophils were used
without washing. They were suspended in Buffer K
at a concentration of 5x 10¢ml with the desired
concentration of free Ca**, which was determined for
the buffer using a Ca?* electrode [36]. The cells were
then incubated at 37°C for 5min; cells incubated
without calcium and intact neutrophils were
employed as routine controls. The cell suspensions
were then centrifuged at 750 x g for 10 min. Aliquots
of the supernatants were taken for standard deter-
minations of B-glucuronidase [37] (an enzyme found
exclusively in azurophil granules), lysozyme [38] (an
enzyme found in both specific and azurophil gra-
nules), vitamin B, binding protein [39] (a component
of specific granules alone), and LDH activities [40] (a
cytosolic enzyme).

In some cases, the responses of intact cells were
measured. For experiments examining stimulation by
PMA and OAG, the neutrophils were exposed to the
indicated concentrations of the agents in Buffer K,
followed by assays of supernatant content. When
OAG was used as a reagent, aliquots of a stock
solution prepared in chloroform were placed directly
into the individual experimental tubes and the
chloroform was evaporated with N,. The remaining
reagents were added and each tube was sonicated for
20s in order to disperse the lipid in the aqueous
solution.
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Phospholipase C activity

Phospholipase C activity was measured by deter-
minations of IP, generation {41]. Permeabilized neu-
trophils suspended in Buffer K were incubated at
37°C for 30s with 7 uM Ca?* plus 5 uM GTP-y-S or
100 uM Ca?* without GTP-y-S. The reaction was
stopped by precipitation of proteins with perchloric
acid. 1P, was extracted and assayed according to the
instructions of a radiochemical assay kit (Amer-
sham).

RESULTS
Evidence for involvement of phospholipase C

We previously reported that Ca’*-induced
lysosomal enzyme release from permeabilized
neutrophils could be inhibited by neomycin
[30], an antagonist of phospholipase C. We also
reported that guanine nucleotides synergisti-
cally lower the Ca’* concentrations required
for secretion by permeabilized neutrophils [31].
We now show that secretion in the guanine
nucleotide-enhanced system also appears to be
sensitive to neomycin. Figurel shows the
effects of 500 uM neomycin on Ca’*-induced
release of vitamin B, binding protein (a constit-
uent of specific granules) in the presence or
absence of GTP-y-S. Ca’*-dependent secretion
was not affected by the presence of neomycin at
this concentration. When 5uM GTP-y-S was
present along with Ca’*, vitamin B,, binding
protein release was enhanced; this effect was
synergistic at low concentrations of the cation.
However, when neomycin was added, enhance-
ment by GTP-y-S was blocked and enzyme
release was similar to (or even less than) that
found with Ca®* alone. When secretion of -
glucuronidase (a constituent of azurophil gra-
nules alone) and lysozyme (a constituent of
both specific and azurophil granules) was moni-
tored, similar results were found (not shown).

Inhibition by neomycin thus suggested that
phospholipase C activity might be involved in
Ca’*-induced secretion, both in the presence
(Fig. 1) and absence of guanine nucleotides [30].
That the conditions used in these experiments
to stimulate secretion can result in inositol
phosphate production has been demonstrated

by other researchers [42]. We confirmed this in
preliminary experiments which showed that 1P,
production by permeabilized neutrophils
increased from 0.5340.19 nmol/10° cells to
1.02+0.48 nmol/10°¢ cells (n = 3;4+S.E.M.) fol-
lowing a 30s exposure to 7.6 uM Ca’* plus
5 uM GTP-y-S. Ca?* (100 uM) alone resulted in
the generation of 3.26 4 1.24 nmol/10° cells.

Lack of Mg-ATP requirement

Since phospholipase C activity was clearly
elevated in permeabilized cells undergoing sec-
retion, it seemed possible that the formation of
diacylglycerol along with residual ATP present
in these cell suspensions might activate PKC.
This was clearly a possibility since preliminary
experiments by Dr K. Balazovich (personal
communication) showed that permeabilized
neutrophils retained 65% of the total cellular
PKC activity as measured by histone phosphor-
ylation. It was suspected that if activation of
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F1G. 1. Inhibition of Ca**-induced release of vitamin
B,; binding protein by neomycin. Permeabilized neu-
trophils were stimulated with various concentrations
of Ca?* in the presence or absence of GTP-y-S
(5 uM) and/or neomycin (500 uM), as indicated.
Release of vitamin B, binding protein is shown
above and solid symbols indicate points which were
significantly (P < 0.05, n = 2-4) different from those
containing GTP-y-S and Ca?* alone.
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FiG. 2. Effect of Mg-ATP on Ca?*-induced secretion
in the presence of guanine nucleotides. Permeabilized
human neutrophils were stimulated in the presence of
100 uM Gpp(NH)p and various concentrations of
Ca?*, with ([0) and without (Q) Mg-ATP (1 mM).
Release of vitamin B, binding protein (top), lyso-
zyme (middle), and p-glucuronidase (bottom) are
shown from a typical experiment, of which at least
two were performed.

this enzyme were involved in secretion, the
addition of Mg-ATP (an obligate substrate for
PKC) should enhance observed release.
Figure 2 shows that while the presence of 1 mM
Mg-ATP had little or no effect on Ca?*-induced
secretion of vitamin B,, binding protein in the
presence of guanine nucleotides, the release of
lysozyme and pg-glucuronidase was slightly
enhanced by Mg-ATP.

In order to examine this situation more criti-

cally, a larger number of experiments was con-
ducted to look for the effects of Mg-ATP on
secretion in both the presence and absence of
guanine nucleotides. As shown in Table 1, we
first examined Ca’*-induced secretion, both in
the presence and absence of GTP-y-S, using our
standard procedures and looked for modula-
tion by 1 mM Mg-ATP. The first conclusion to
be drawn from these data was that exogenous
Mg-ATP was not required for secretion,
because release proceeded well in the absence of
this nucleotide. The second conclusion was that
the addition of Mg-ATP potentiated degranula-
tion only slightly. Significantly enhanced release
of vitamin B,, binding protein and §-glucuroni-
dase was found in the presence of Mg-ATP
using vanishingly low (‘0’; < 1073M) levels of
Ca?* alone. When low (5 uM) levels of Ca?*
were employed, secretion of all these granule
constituents was enhanced significantly. At high
concentrations (30 uM) of Ca’*, Mg-ATP
seemed to be inhibitory, but this was not statis-
tically significant.

One of the problems with these studies was
that the experiments performed in the ‘absence’
of Mg-ATP would actually have as much as 20—
50 uM Mg-ATP available from endogenous
sources. Direct analysis of nucleotide contents
by Dr K. Balazovich using HPLC indicated
that actual ATP and GTP concentrations were
below 5 uM, with some dinucleotide breakdown
products (personal communication). In order to
avoid any uncertainties with respect to residual
nucleotide di- and tri-phosphates, permeabi-
lized cells were washed free of this endogenous
component. The results obtained with washed
cells are shown in Table 2 and are qualitatively
similar to those present in Table 1. Statistically
significant increases in secretion were again
observed at low levels of Ca®*. At higher Ca?*
concentrations, Mg-ATP was again inhibitory;
this was statistically significant in the case of
lysozyme. Thus, the effect of Mg-ATP
depended upon the concentration of Ca**
employed and the data in these two tables do
not support the notion that PKC activity has an
obligatory, stimulatory role in secretion by
permeabilized neutrophils.
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TABLE 1. EFFECT OF Mg-ATP ON Ca?*-INDUCED SECRETION FROM PERMEABILIZED HUMAN NEUTROPHILS

Unwashed cells

Ca?* GTP-y-S —~Mg-ATP +Mg-ATP

Vitamin B,, 0 — 95430 (n=11) 11.543.3*
Binding 5 — 11.7£24 (n=12) 16.6 +3.9*
Protein 30 — 27.8+4.6 (n=6) 21.84+40
0 5 189499 (n=3) 3444156

5 5 193450 (n=4) 17.84+5.3

Lysozyme 0 — 48412 (n=11) 52410
5 — 62+12 (n=12) 7.54+1.5*

30 — 157433 (n=6) 13.0+29

0 5 5.6+1.1 (n=3) 42410

B 5 108+28 (n=4) 109420

f-Glucuronidase 0 — 108+1.7 (n=11) 13.8+19%
5 — 113416 (n=12) 125+£1.7*

30 — 152425 (n=6) 13.7+24

0 5 164+30 (n=3) 17.74£2.7*

5 5 161425 (n=4) 18.14+3.0

Permeabilized neutrophils (unwashed) were stimulated with the indicated micromolar concentrations of Ca?* and
GTP-y-S and in the presence (+) and absence () of Mg-ATP (30-300 puM). Release of these granular constituents was
measured as detailed in Materials and Methods. Results are given as the total percentage of celluar complement released
following a 5 min incubation at 37°C (£ S.E.M.); the number of experiments is given in parenthesis. Significance of differences
between the presence and absence of Mg-ATP was determined by a paired Student t-test. Levels of significance are: * P < 0.05;

+P <001; 1 P <0.002; § P < 0.0005.

Lack of synergy with PKC agonists

We also used two agonists of PKC, namely
1-oleoyl-2-acetyl-sn-glycerol (OAG) and phor-
bol myristate acetate (PMA), to test directly for
a role of this enzyme in Ca®*-induced secretion.
As shown in Fig. 3, OAG, a diacylglycerol, was
stimulatory by itself (see ‘0’ Ca’*). The effects
of OAG were largely additive to those of Ca2*.
Some weak synergy was observed when the
data were carefully analysed, but this was not
obvious from the data and was probably not
mechanistically significant.

The effect of PMA on Ca’*-induced secretion
is shown in Fig. 4. PMA, like OAG, produced
some additive enhancement of secretion, appar-
ent even in the absence of Ca’*, but no synergy.
In addition, enhancement of Ca**-induced lyso-
somal enzyme release by both OAG and PMA
was also found in the presence of guanine nuc-
leotides and Mg-ATP (1 mM; not shown).

Because the additive effects of OAG and
PMA could conceivably have been due to resi-

dual whole cells in the permeabilized neutrophil
preparation [25], it was necessary to look at the
effects of these agonists on both intact and
permeabilized cells. PMA and OAG induced
substantial secretion of lysozyme and vitamin
B,, binding protein from intact neutrophils; far
smaller amounts of these granule constituents
were released from permeabilized cells (data not
shown). We made the conservative assumption
that the cytosolic lactate dehydrogenase (LDH)
which was not released from the neutrophils
during permeabilization (approx.21%) was a
measure of contaminating intact cells. These
calculations suggested that ‘intact cell’ con-
tamination could account for almost all of the
additional secretion found in the presence of
both OAG and PMA.

Lack of inhibition by PKC antagonists

The above data thus do not support the
possibility that PMA and OAG can directly
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FiG. 3. Effect of OAG on Ca?*-induced secretion.
Permeabilized neutrophils were washed (to remove
cytosolic materials) and then stimulated with various
concentrations of Ca?* in the presence or absence of
oleoyl-acetyl-glycerol (OAG; 2 ug/ml), as indicated.
Release of lysozyme (Panel A), vitamin B,, binding
protein (Panel B), and B-glucuronidase (Panel C) are
shown. Solid symbols denote those points which
were significantly (P < 0.05, n = 3) different from the
control (without OAG).

activate proiein kinase C in permeabilized neu-
trophils, resulting in secretion. To confirm this,
we performed a number of additional tests of
the role of PKC in this system. One such test
was to see if either PMA or OAG could reverse
neomycin-induced inhibition of synergy with
guanine nucleotides. In the presence or absence
of Mg-ATP, neither of these protein kinase C
agonists restored synergy with GTP-y-S (data
not shown). Another approach was to see if
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FiG. 4. Effect of PMA on Ca’*-induced secretion.
Permeabilized neutrophils stimulated with various
concentrations of Ca?* in the presence or absence of
phorbol myristate acetate (PMA; 3-10ng/ml), as
indicated. Release of lysozyme (Panel A), vitamin B,,
binding protein (Panel B), and f-glucuronidase
(Panel C) are shown. Solid symbols denote those
points which were significantly (P < 0.05, » = 3) dif-
ferent from control.

inhibitors of protein kinase C had any substan-
tial effect on secretion. As shown in Fig. 5,
concentrations of H-7 (a protein kinase C anta-
gonist) which were inhibitory to intact cell func-
tion [43, 44] were without significant effect on
secretion of lysozyme and vitamin B,, binding
protein from permeabilized neutrophils (Panels
A and B). In fact, H-7 appeared to significantly
enhance release of f-glucuronidase in the pre-
sence of both GTP-y-S and Ca?* (Panel C).
Similarly, mezerein (a protein kinase C agonist
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Fic. 5. Effects of inhibitors of protein kinase C and phospholipase A, on synergy between Ca’* and guanine
nucleotides. Permeabilized neutrophils were incubated with Ca** (7 uM) and/or GTP-y-S (5 uM) for Smin at
37°C. Where indicated, H-7 (10-°-10-*M), Mezerein (1-10 uM), and p-bromophenacyl bromide (BPB;
3-30 uM) were also present during 5 min preincubation. Release of lysozyme (Panel A), vitamin B,, binding
protein (Panel B), and f-glucuronidase (Panel C) are shown. The results are a compilation of 3-5 experiments
for each condition. Statistical significance (P < 0.05) was determined by a paired Student r-test and are denoted
as follows: *indicates a significant difference when cells were incubated without additions; I indicates a
significant difference when cells were incubated with Ca?+ alone; +indicates a significant difference when cells

were incubated with Ca’* and GTP-y-S.

at high concentrations and antagonist at low
concentrations) [23, 45] had little or no effect on
secretion from permeabilized celis in the inhibi-
tory range (Fig.5). At higher concentrations,
this compound enhanced both resting and
Ca’*-induced secretion. Finally, we looked at
p-bromophenacyl bromide (BPB), a phospholi-
pase A, inhibitor [46]. Arachidonic acid, whose
derivatives may play crucial roles in stimulus-
response coupling, can be derived from
hydrolysis of diacylglycerols as well as from the
action of phospholipase A, on phospholipids. It
was therefore desirable to see if inhibition of
this enzyme (and, by implication, mobilization
of arachidonic acid) affected secretion by per-
meabilized neutrophils. As can be seen in Fig. 5,
concentrations of BPB which substantially inhi-
bited intact cell function were without effect
upon the synergy displayed by permeabilized

cells. At low concentrations, synergy was
actually enhanced by BPB. This compound
very substantially enhanced Ca?*-induced sec-
retion of lysozyme and vitamin B, binding
protein.

DISCUSSION

A simplistic interpretation of the ‘standard
model’ of intracellular signal transduction,
described in the Introduction, would predict
that PKC plays an obligatory stimulatory role
in secretion. Under this model, it was no sur-
prise that the putative phospholipase C inhibi-
tor, neomycin, could block secretion in permea-
bilized cells {30, 33]. It was no surprise that
Ca’", cither alone or synergistically with gua-
nine nucleotides, could stimulate IP; produc-
tion [28, 42], a result which we confirmed in this
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work. With the role of phospholipase C appar-
ently well established, we wished to see if the
next link in the signal transduction chain,
namely PKC, was operative. Our results were
not in accord with this hypothesis.

Instead, we found that Mg-ATP, an obligate
substrate for PKC, was not required for secre-
tion by permeabilized neutrophils. We found
that the PKC agonists, PMA and OAG, did
indeed produyce some secretion on their own,
but that this could be attributed to intact cell
contamination. We also found that the PKC
agonists did not overcome the block by neo-
mycin and that the antagonists were not effec-
tive against degranulation. In fact, the inhibitors
often enhanced secretion, virtually eliminating
a role for PKC as a positive effector.

The source of this paradox lies in the
assumption that phospholipase C activity is
obligatory, as suggested by the neomycin data.
Indeed, the specificity of neomycin is in some
dispute. When employed in broken cell or per-
meabilized cell systems, submillimolar concen-
trations of this drug can be demonstrated to
block phospholipase C activity [47, 48]. In con-
trast to our studies, concentrations of neomycin
sufficient to block phospholipase C do not
inhibit Ca’*- and guanine nucleotide-supported
secretion by permeabilized mast cells [48]; this
has been used as evidence for the role of at least
one other G-protein (not linked to phospholi-
pase C) in the degranulation process. However,
millimolar concentrations of neomycin, often
required when studying intact cells, and even
submillimolar levels of the drug have been
reported to have non-specific effects, including
agonist actions [49-52].

Thus, on the basis of suspect neomycin data,
we looked to see if the products of phospholi-
pase C, namely IP, and diacylglycerol, were
involved in Ca’*-induced lysosomal enzyme
release or synergy with guanine nucleotides. 1P,
proved to be without effect (unpublished
results), but this would be expected since the
buffer system we employed contained 1 mM
EGTA and would be able to absorb any Ca?*
liberated by IP;. A synthetic diacylglycerol,
namely OAG, did additionally stimulate Ca’*-

induced secretion; however, this synergy was
weak and could be largely attributed to ‘intact
cell’ contamination. Since diacylglycerols are
known to be agonists of protein kinase C, we
examined another stimulant of this enzyme,
namely PMA, and found enhancement of secre-
tion without synergy. These data thus provide
no support for the notion that inhibition by
neomycin was due to failure to activate PKC
‘downstream’.

The lack of a role for PKC in secretion in the
permeabilized system is not unexpected since a
vital substrate of this enzyme, ATP, would leak
out of the cells; furthermore, our observations
were not changed when Mg-ATP was added to
these cells (Tables 1 and 2). Depending upon
the cell type and permeabilization method
employed, the role of ATP can range from none
[24, 25, 53-58] to enhancing [59-61] to required
[29, 62-64]. The lack of an ATP requirement
has led other investigators to conclude that
PKC was not involved in platelet secretion [53].
ATP has been found to be inhibitory under
some conditions [54], as shown in Table 2.
That the effects of PMA and OAG are not
necessarily identical, although they have the
same putative target enzyme, has been well
documented in a variety of systems [65, 66];
thus, minor differences between the effects of
these agonists do not shed any light upon the
role, or lack thereof, of PKC in the permeabi-
lized cell system. Furthermore, the generation
of diacylglycerol per se would not necessarily
lead to activation of PKC; some diacylglycerols
are alkyl-linked [67] and these can lead to the
inhibition, rather than activation, of PKC [68].
However, it should be noted that for bovine
chromaffin cells, similar experiments provided
evidence for involvement of PKC [69]; this is
likely due to differences in the cell type
employed.

Additional data suggest that the role, if any,
of PKC in secretion by permeabilized neutro-
phils cannot be profound. OAG can stimulate
only about 15% lysozyme or vitamin B,, bind-
ing protein release while PMA evokes even less
response. Furthermore, this stimulation takes
place in the absence of exogenous ATP and in
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Washed cells

Ca?+ GTP-y-S —Mg-ATP +Mg-ATP
Vitamin B,, 0 — 15404 (n=13) 30118 (n=6)
Binding 5 — 13404 (n=12) 50+1.6*(n="T7)
Protein 30 — 184427 (n=06) 144436 (n=6)
0 5 N.D. N.D.
5 44411 (n=98) 45+10 (n=9)
Lysozyme 0 — 17404 (n=13) 19402 (n=16)
5 — 1.1+£03 (n=12) 274+04%(n="7)
30 — 187432 (n=6) 124429*(n=6)
0 5 N.D. N.D.
5 5 45+11 (n=8) 6.1+12 (n=8)
B-Glucuronidase 0 — 38403 (n=13) 6.2+0.91(n=6)
N — 37404 (n=12) 524+08t(n="7)
30 — 137423 (n=7) 88+14 (n=6) "
0 5 N.D. N.D.
S S 44406 (n=29) 7.0+0.7§(n=18)

Permeabilized neutrophils were washed twice in buffer before use. N.D. indicates conditions not done. See the legend to

Table | for further details.

the presence of 1mM EGTA; since protein
kinase C is activated by low concentrations of
Ca’*, then only basal, non-calcium-dependent
activity of this enzyme could be involved (if
any). The protein kinase C antagonists H-7 and
mezerein also have no inhibitory effect on Ca?*-
induced secretion, either in the presence or
absence of guanine nucleotides. However, high
concentrations of mezerein, which stimulate
intact cells [23, 45], also stimulate permeabilized
neutrophils; it is intriguing to speculate that this
agent (as well as traditional protein kinase C
agonists) might interact with some important
transduction mechanisms in addition to the
expected enzyme. Furthermore, if neomycin
were serving merely to block production of
diacylglycerols which were necessary for pro-
tein kinase C activation, then OAG should
overcome the block. We did not observe this,
although it is also possible that neomycin could
diminish the availability of OAG in this system.
Finally, since diacylglycerol is a source of ara-
chidonic acid, which along with its oxygenated
derivatives are potent agonists of neutrophils,
we attempted to block another source of this

fatty acid by inhibiting phospholipase A, with
BPB. Concentrations of the inhibitor which
blocked intact cell function [70] were without
effect on permeabilized cells. In fact, this com-
pound was often stimulatory. This suggests
either that arachidonic acid release is not
required for secretion from permeabilized neu-
trophils or that diacylglycerol provides a suffi-
cient source. These results contrast with those
reported for rat mast cells [71] wherein secre-
tion was completely blocked by 10 uM BPB;
these differences may be due to species and or
cell type.

In summary, we found no evidence to suggest
that PKC activation plays an obligatory, stimu-
latory role in Ca’*-induced secretion from per-
meabilized neutrophils. These results also cast
doubt upon the customary interpretation of
experiments employing neomycin.
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