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Abstract—Tenidap is a novel antirheumatic drug which combines non-steroidal antiinflammatory drug-
like cyclooxygenase inhibition with cytokine modulating qualities in rheumatoid arthritis. We show
herein that tenidap (5-20 uM) inhibited protein kinase C-mediated signalling leading to release of
arachidonate in mouse macrophages by interfering with the up-regulation of the 85 kDa arachidonate-
mobilizing phospholipase A,, although it did not inhibit this enzyme directly. The Ca’"-mediated
activation of arachidonate mobilization was inhibited only at higher concentrations (20-40 uM). Studies
of protein phosphorylation indicated that tenidap in itself was capable of inducing the phosphorylation
of several protein bands through interaction with intracellular protein kinases and/or phosphatases.
Importantly, tenidap inhibited both arachidonate release and the increase in intracellular protein
phosphorylation when the cells were stimulated with zymosan. We propose that the main inhibitory
influence of tenidap on the macrophage signalling investigated here is exerted at some level between
protein kinase C and the 85kDa phospholipase A, and quite possibly also at the receptor-linked

activation of phospholipase C.
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Tenidap is a 3-substituted 2-oxindole with a cytokine
modulatory effect. It is under clinical investigation
for the treatment of patients with rheumatoid
arthritis. Tenidap strongly inhibits the cyclo-
oxygenase pathway of eicosanoid formation. Unlike
other NSAIDst, it decreases the levels of acute
phase proteins [1,2] and in vifro inhibits the
production of IL-1 and IL-6, as well as tumor
necrosis factor [3-5]. It has also been claimed to
block the synthesis of eicosanoid products in vitro
via the 5-lipoxygenase pathway [6-8].

Most earlier in vitro studies of tenidap have used
polymorphonuclear leukocytes. In this paper, the
actions of tenidap on the signal transduction pathway
involving calcium and protein kinase C and leading
to mobilization of arachidonic acid and formation of
eicosanoids have been investigated using mouse
macrophages. Different agents have been used to
stimulate at various points in this signal transduction
pathway: while phorbol diester acts as a direct
protein kinase C agonist, the calcium ionophore
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t Abbreviations: IL, interleukin; M 199, medium 199;
NSAID, non-steroidal antiinflammatory drug; PMA, 46
phorbol 12-myristate 13-acetate; PGE,, prostaglandin E,;
HETE, 5-hydroxyeicostetraenoic acid; LTC,, leukotriene
C4.

A23187 elevates intracellular caicium levels and
zymosan particles cause activation through receptor-
mediated interactions via G proteins. Furthermore,
we have monitored the pattern of protein phos-
phorylation and assessed the turnover of inositol
phospholipids via inositol phosphates and gly-
cerophosphinositol. The latter gives important hints
regarding the activation of phospholipase A and
phospholipase C pathways, respectively.

The macrophage is prominent in rheumatoid
synovial inflammation and is likely to play a critical
role in the initiation and maintenance of chronic
rheumatoid synovitis. Macrophages are important
generators of cytokines and eicosanoids, and the
signal transduction pathways that regulate the
formation of the latter are at least partially known.
The mobilization of arachidonic acid is controlled
by a recently discovered intracellular 85kDa
phospholipase A, [9-12], which is regulated by
cytosolic Ca®*-concentration as well as signalling via
protein kinase C (Fig. 1).

The aims of the present study have been to assess
whether tenidap affects the above-mentioned
mechanisms, and, if so, to pin-point as closely as
possible its intracellular target(s), apart from the
obvious inhibition of the cyclo-oxygenase pathway.
Particular attention has been given to correlating
the tenidap-induced changes in the phosphorylation
pattern of intracellular proteins to the effects of the
drug on the phospholipase A and phospholipase C
pathways.
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Fig. 1. A schematic view of macrophage signalling via Ca?* and protein kinase C to the mobilization

of arachidonate. Gafly, GTP-binding, heterotrimeric protein; PLC, phosphoinositide phospholipase C

(isoform ); PIP,, phosphatidylinositol-4,5-bisphosphate; DAG, diacylglycerol; PKC, protein kinase
C; PLA,, 85 kDa intracellular phospholipase A,.

MATERIALS AND METHODS

Preparation and stimulation of macrophages.
Resident peritoneal cells were harvested in 4 mL of
M 199 (Flow Laboratories, Irvine, Ayrshire,
Scotland) containing 1% heat-inactivated fetal calf
serum and heparin (20 units/mL) from outbred
female albino mice (Antimex, Stockholm, Sweden).
The cells were plated onto plastic twelve-well Linbro
tissue culture dishes and incubated in an atmosphere
of 5% CO, in air. Non-adherent cells were removed
2 hr after plating. To each dish was added 1.0 mL
M 199 containing 10% fetal calf serum. The cells
were labeled for 22hr with 2uCi of [5,6,
8,9, 11, 12, 14, 15-3H]arachidonic acid (Amersham,
Little Chalfont, UK; sp. act. 100-135 Ci/mmol).
In some experiments, tenidap was added during
the labeling period.

Tenidap ((Z)-5-chloro-2,3-dihydro-3-(hydroxy-2-
thienylmethylene)-2-oxo-1H-indole-1-carbamide,
sodium salt) was a gift from Pfizer Inc. (Sandwich,
UK), 4B-phorbol 12-myristate 13-acetate (PMA)
was purchased from Sigma (St Louis, MO, U.S.A.),
and the ionophore A23187 from Boehringer
(Mannheim, Germany). These chemicals were added
in 2-10 pL of a dimethyl sulphoxide solution. Control
experiments were performed to exclude interference
from the solvent on arachidonic acid mobilization.
Zymosan was purchased from Sigma, and 12 uL of
a 50mg/mL suspension was added in each
experiment. Essentially fatty-acid-free bovine serum
albumin was purchased from Sigma.

Before stimulation, the cells were washed with

Dulbecco’s PBS. They were then allowed to
equilibrate in 1.0mL M 199 for 30 min, with or
without addition of tenidap 15 min before challenge
with PMA or A23187 for 30min. The culture
medium was then removed and the cells scraped off
the dish in 1mL ice-cold 0.1% Triton X-100.
Aliquots of both the medium and the cell solution
were collected and the radioactivity determined in
a Packard model 4530 scintillation spectrometer
after the addition of 10 mL Beckman Ready Safe
liquid scintillation cocktail.

Analysis of eicosanoids. Macrophage cultures were
labeled with 10 uCi/mL of radioactive arachidonic
acid. After the experiment, the culture medium was
prepared for HPLC by adjusting the pH to 3.0 with
formic acid. An aliquot of 450 mL of each medium
was taken to analysis. Metabolites of arachidonic
acid were separated by HPLC (Spectra-Physics, San
Jose, CA, USA; model SP-8700) using a 4 x 250 mm
column of Sum LiChrosorb RP-18 (E. Merck,
Darmstadt, Germany). At starting point, the mobile
phase was methanol/0.1% acetic acid in water (1:1,
v/v), where the water phase had been brought to
pH 5.4 by ammonia. Na,EDTA was added to the
eluent at 1mM concentration. Separation was
performed by running a 1 hr linear gradient to 100%
methanol at a flow rate of 0.5 mL/min. Fractions of
0.7 mL were collected and analysed by scintillation
spectrometry. The PGE,, thromboxane B,, prosta-
glandin F,,, S-HETE, 15-hydroxyeicosatetraenoic
acid, 6-keto-prostaglandin F,,, leukotriene B4 and
LTC, had all previously been identified as to their
retention times [13-14].
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Determination of phospholipase A, activity. Mouse
macrophages were isolated and cultured on six-well
Linbro tissue culture dishes without radioactive
labeling, but otherwise as described above. The cells
were scraped off the dishes and homogenized in a
buffer consisting of 80mM KC1, SmM dithio-
erythritol, 1 mM EDTA and 10 mM HEPES, pH
7.4. The homogenate from three or six dishes was
centrifuged at 700g for Smin and the resulting
supernatant was further centrifuged at 10°g for
60 min to obtain a cytosolic fraction and a membrane
pellet. An aliquot (5-20 uL) of the cytosol frac-
tion was then taken to assay. The assay mixture con-
tained 100 pmol phosphatidylcholine with added
1- stearoyl-2 - [’H)arachidonoyl-phosphatidylcholine
solubilized by sonication, CaCl, (620 nmol total,
290 uM free Ca?*) and fatty-acid-depleted BSA
(100 ug), all dissolved in a total volume of 525 uL
of the buffer described above, but without
dithioerythritol. After incubation for 30 min at 37°
the reaction was stopped by the addition of 1.5 mL
of a solution containing chloroform/methanol/HCI
(2:1:0.01) as well as carrier lipids. The lipid phase
was taken to chromatography on a column containing
100 mg silic acid equilibrated in chloroform. The
fatty-acids were eluted with 2 X 0.5 mL chloroform
and the phospholipids with 2.1 mL methanol, and
the radioactivity of these samples determined as
described above.

Analysis of inositol compounds. Macrophages
were cultured on six-well Linbro tissue culture
dishes and labeled with 10 uCi myo-(2-3H)inositol
{Amersham; 15 Ci/mmol) overnight. Experimental
conditions were as above. The cells were scraped
off the dish in 1mL of ice-cold 50 mM HCI and
lipids extracted with 6 mL of chloroform/methanol
(1:1, v/v) containing 0.05% 2,6-di-t-butyl-p-cresol
as an antioxidant. Lipid standards were added to
the extract as carriers and phase separation was
effected by the addition of 2mL 50mM HCI.
Aliquots of the culture medium and the upper
and lower phases were taken to radioactivity
determination. Water-soluble inositol compounds
were analysed on columns containing AG 1-X8 in
formate form (Bio-Rad, Richmond, CA, U.S.A.),
by a stepwise gradient of ammonium formate, and
the inositol-containing lipids were analysed using
thin layer chromatography as previously described
[15-16].

Assessment of the protein phosphorylation pattern.
Macrophages were cultured as above, with or without
antirheumatic drug. On the second day of culture,
the cells were labeled for 45 min with 0.2 mCi carrier-
free PO, (Amersham International, U.K.). After
challenge of the cells for 15 min with the relevant
drugs, the cells were scraped off the dish. The
protein samples were boiled and an aliquot was
taken to SDS—polyacrylamide gel electrophoresis
according to Laemmli, using 1.5-mm slab gels.
Separation and stacking gels contained 10 and 3%
polyacrylamide, respectively. After electrophoresis,
the gels were fixed, Coomassie stained, destained,
dried under vacuum onto filter papers and exposed
to X-ray film (Kodak X-omat S film 100). The
apparent M, of the phosphoproteins was determined
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Fig. 2. The effects of tenidap on PM A-induced arachidonate
mobilization using simultaneous addition of drugs (@) or
a 22 hr pre-incubation with tenidap (O) (A). and the effects
of tenidap (without preincubation) on PMA-induced
formation of PGE, (@) and free arachidonate (O) (B). It
should be noted that the release of free arachidonate
induced by PMA was less than 2% of the amount of labeled
PGE, produced. Results are given as mean = SEM, (N =
5-9). Statistically significant inhibition of arachidonate
release occurred at 5 uM tenidap (P < 0.005) and at 20 and
40 uM tenidap (P < 0.0005),

using a standard mixture of reference proteins (MW-
SDS-200, Sigma).

Statistical methods. In all statistical testing, the
paired comparisons version of Student’s r-test has
been used.

RESULTS

Effect of tenidap on phorbol ester-induced eicosanoid
formation

Initially, it was established that tenidap (0.1-
100 uM) affected arachidonate release only mar-
ginally (with maximum release 150% of that of
control cells at 5 4uM tenidap) in the absence of other
stimuli (not shown).

On incubation of mouse macrophage cultures with
the protein kinase C activator PMA (50 oM
unless otherwise stated), a swift mobilization of
arachidonate results. PGE; is the major eicosanoid
formed, together with smaller amounts of 6-keto-
prostaglandin Fy,, which is the stable metabolite of
prostaglandin I,. Figure 2A shows that tenidap, in
a dose-dependent manner caused a partial inhibition
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Table 1. Dose-response for tenidap-induced inhibition of arachidonate release

Tenidap Arachidonate release
Stimulus Concentration (uM) (%) P
Zymosan 0.1 mg/mL 0 17.5+0.8
1 11.6x1.3 <0.01
5 82x0.6 <0.001
20 7.5%0.5 <0.001
0.3 mg/mL 0 18.7%0.5
1 152%1.0 <0.01
5 11.8+0.7 <0.01
20 8.0+04 <0.001
0.6 mg/mL 0 21.8+0.7
1 159+1.2 <0.001
5 129+ 1.1 <0.001
20 9.6 0.9 <0.001
A23187 0.1uM 0 82+08
5 82+0.8 NS
20 7.0x0.7 NS
0.3uM 0 10.6 0.8
1 110+ 1.4 NS
5 100+ 1.6 NS
20 7.9+0.5 <0.05
1uM 0 13.9+0.8
1 13.3+0.6 NS
5 155x1.0 NS
20 11.2+0.8 <0.05
PMA 50 nM 0 10009
1 10209 NS
5 84=x14 NS
20 7615 <0.05
100 nM 0 12.0+0.8
1 122+0.7 NS
5 97+12 <0.05
20 9.5+0.6 <0.05

The influence of tenidap on arachidonate release (given as % of total incorporated
(*H]arachidonate) induced by various concentrations of the stimuli PMA, A23187 and
zymosan. Results are given as means = SEM, (N = 5 in all experiments). NS, not significant

(P >0.05)

of the PMA-induced mobilization of arachidonate.
When PMA concentration was doubled, the degree
of inhibition remained unchanged (Table 1).
Interestingly, the inhibition was more pronounced
after an overnight incubation with tenidap (22 hr),
although the overnight incubation medium contained
10% fetal calf serum and tenidap is known to be
strongly bound to serum proteins [17]. Tenidap was
markedly atoxic to the macrophages: even a 22 hr
incubation with 40 yuM drug had no negative effect
on cell viability, as indicated by determination of
lactate dehydrogenase release as well as microscopy
of the cells and measurements of arachidonate
incorporation. As seen in Fig. 2B, tenidap exerted
a powerful inhibition of PMA-induced PGE,
formation, which far exceeded its effect on
arachidonate mobilization. The formation of 6-keto-
prostaglandin F;, was similarly affected.

A series of separate experiments was performed
with 0.1% BSA present in the medium as a fatty-
acid acceptor, thus allowing a more direct assessment
of arachidonate mobilization. The results showed
that PMA-induced arachidonate mobilization was
inhibited by tenidap irrespective of the presence or
absence of BSA, although the net release was larger

with BSA present (Table 2). At least a partial
explanation of this might be that the concentration
of tenidap in the medium was decreased due to its
binding to the BSA.

Effect of tenidap on calcium ionophore-induced
eicosanoid formation

A rise in intracellular calcium induced by the
calcium ionophore A23187 (1 uM unless otherwise
stated) leads to mobilization of arachidonic acid and
formation of both PGE, and LTC, [18-19].
Coincubation with tenidap further increased this
tonophore-induced mobilization of arachidonic acid
at lower concentrations of the drug, while higher
concentrations (2040 uM) caused inhibition (Fig.
3A). This pattern was not changed by a reduction
in ionophore concentration (Table 1). As in the case
of PMA-induced activation of the macrophages,
there was a downward shift of concentration
dependence after overnight preincubation (22 hr)
with tenidap, although less marked. The effect of
tenidap on A23187-induced eicosanoid formation is
shown in Fig. 3B. The formation of PGE, was
again almost totally inhibited. Ionophore-induced
formation of LTC, was also inhibited, but only at
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Table 2. Effect of BSA on tenidap-induced inhibition of
arachidonate release

Arachidonate release (%)

Tenidap PMA A23187
(uM) BSA No BSA BSA No BSA
0 138+1.5 10406 17616 151x1.0
3 150+1.7 11.6+0.8 22.0x2.4 176+1.1
10 7508 49x04 290x23 187x14
40 73+05 4.0x04 135x19 68=x1.0
100 10011 85+1.0

The influence of tenidap on arachidonate release induced
by PMA (50nM) or A23187 (1 uM), in the absence or
presence of 0.1% BSA. Data are given as means + SEM,
(N =35). In the case of PMA-stimulated cells, there was
no significant potentiation of arachidonate release at 3 uM,
but significant (P < 0.001) inhibition at 10 uM and 40 uM
of the drug, both in the presence and absence of BSA. In
the case of A23187-stimulated cells, in the presence of
BSA, there was significant potentiation of arachidonate
release both at 3 uM (P < 0.05) and 10 uM (P < 0.0001)
tenidap, while there was significant (P < 0.01) inhibition
at 40 uM. In the absence of BSA, there was no significant
potentiation of arachidonate release at 3 uM, but significant
(P < 0.05) potentiation at 10 uM and significant (P < 0.05)
inhibition at 40 uM tenidap

higher concentrations of tenidap (20-40 uM), where
there was also an inhibitory effect on ionophore-
induced arachidonate mobilization. There was a
considerable increase in the liberation of free
arachidonic acid at lower concentrations, but this
decreased at higher concentrations of tenidap as did
the total release of arachidonate (Figs. 3A,B). When
BSA was included in the medium, the tenidap-
induced potentiation of arachidonate release at low
concentrations of the drug appeared to be somewhat
strengthened, but the inhibition at higher con-
centrations was still evident (Table 2).

Effects of tenidap on zymosan-induced eicosanoid
formation

Stimulation of macrophages with zymosan (0.6 mg/
mL unless otherwise stated) leads to release
of arachidonate and formation of eicosanoids;
predominantly PGE;, but also LTC, and smaller
amounts of 5-HETE [18]. As seen in Fig. 4A,
tenidap caused a rather strong, dose-dependent
inhibition of arachidonate mobilization, which was
not significantly altered by a 22-hr preincubation
with tenidap. This inhibition is unaltered by a
reduction in zymosan concentration (Table 1). The
presence of BSA (Fig. 4A) revealed, as with A23187-
stimulated cells, a minor potentiation of arachidonate
release at lower concentrations of tenidap, with
significant inhibition occurring only at higher
concentrations (20-40 uM); again, this might well
be due to a decrease in available tenidap.

Even very low concentrations of tenidap led to a
very strong inhibition of zymosan-induced PGE,
synthesis, with a concomitant increase in free
arachidonate most marked at low concentrations of
the drug (Fig. 4B). The formation of LTC, was also

1175

~
8
-
o]
]
[}
2
Q
-
L
4}
c
0
2
£
0
@
-
q
=}
0/‘\
A zool .
b
o
[}
@
g 1sok Free AA
- L ]
[
-
: f
8 100 \
g %
8 \
i A\\r:rc,
sot- N
[
J \. - PGEp
L ! I ] il
o 10 20 30 40

Tenidap concentration (M)

Fig. 3. In (A), the effects of tenidap on A23187-induced
arachidonate release is plotted with (O) and without (@)
previous 22 hr pretreatment, while in (B), the effects of
simultaneously added tenidap on the eicosanoids formed
is shown. The eicosanoids formed after challenge of the
cells with calcium ionophore are LTC, (60%), PGE, (30%)
as well as smaller amounts of 5-HETE and free
arachidonate. In (A), results are given as means = SEM,
(N =5-9). Statistically significant potentiation of ara-
chidonate release (P <0.005) was observed at SuM
tenidap, no significant effect at 20 uM tenidap but significant
inhibition (P < 0.01) at 40 uM tenidap.

diminished, more so than in the case of A23187-
stimulated cells.

Effect of tenidap on phospholipase A, activity

In several preparations, the effect of tenidap on
the in vitro activity of the 85kDa arachidonate-
mobilizing macrophage phospholipase A, was
determined. The results showed that PMA induced
an increase in the activity of this phospholipase.
Coincubation with higher concentrations of tenidap
significantly reduced this response (Table 3). This
could not be explained by any direct effect of
tenidap on the arachidonate-mobilizing 85kDa
phospholipase A,, since the basal activity of this
enzyme was unaffected even at high concentrations
of the drug (Table 4). Nor did incubation of the cells
with varying concentrations of tenidap in the absence
of PMA affect the activity of this phospholipase (not
shown).

Effects of tenidap on phosphoinositide turnover
In order to elucidate further the mechanisms
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Fig. 4. In (A), the effect of simultaneously added tenidap
on zymosan-induced arachidonate release, in the presence
(O) or absence (@) of BSA, is shown. Data are given as
means £ SEM, (N=59). In the absence of BSA,
statistically significant inhibition of zymosan-induced
arachidonate release occurred at 0.1 and 1uM tenidap
(P <0.05), at 5 uM (P < 0.01), as well as at 20 and 40 uM
tenidap (P <0.001). In the presence of 0.1% BSA
statistically significant potentiation (P < 0.05) occurred at
5 uM tenidap and significant inhibition (P < 0.05) at 40 uM
tenidap. In (B), the effect of simultaneously added tenidap
on zymosan-induced eicosanoid formation is shown, with
the data given as means of 3-5 experiments. The eicosanoids
formed after challenge of the cells with zymosan are: PGE,
(60%), LTC, (25%), 6-keto prostaglandin Fy, (5%), 5-
HETE (less than 5%) as well as smaller amounts of free
arachidonate.

Table 3. Inhibition by tenidap of the PMA-induced
activation of cytosolic macrophage phospholipase A,

Reduction of PMA-induced

Tenidap enzyme activation
(uM) (%) N P
1 11+9 3 NS
5 47 £ 18 5 <005
20 56 =19 4 <0.05

Macrophage cultures were treated with PMA (50 nM)
for 30 min with or without pretreatment with tenidap
for 10 min. The cultures were then harvested and phospho-
lipase A, activity was determined. The effect of tenidap
on PMA-induced activation is expressed as % reduction
of the PMA-induced increase in enzyme activity
(PMA + tenidap — control)/(PMA -~ control); mean *
SEM.

J. BONDESON and R. SUNDLER

Table 4. The influence of tenidap on the basal activity of
cytosolic macrophage phospholipase A,

Effects on basal

Tenidap enzyme activity
(uM) (%) N
1 +3x3 5
5 -7x7 9
20 -7+12 5
40 -13+8 9

Using cytosolic fractions from control cells, the effect of
tenidap on the basal activity of phospholipase A, was
determined. Results are given as mean + SEM. Statistical
testing was performed as described in Materials and
Methods, but no significant (P < 0.05) effect of tenidap on
basal phospholipase activity could be detected.

involved in the tenidap-induced inhibition of the
85kDa phospholipase A,, [*H]inositol-prelabeled
cells were used. Tenidap did not in itself change the
distribution of label among phosphoinositides,
glycerophosphoinositol or inositol phosphates, com-
pared with control cultures (Table 5). The formation
of glycerophosphoinositol was markedly increased
upon challenge of the cells with PMA as a result of
activation of the phospholipase A pathway. There
was a concomitant increase in inositol phosphates,
mainly inositol monophosphate, most likely derived
from glycerophosphoinositol [20]. Increasing con-
centrations of tenidap gradually inhibited both
these effects, thus confirming the inhibition of
phospholipase A,.

Challenge of the cells with zymosan also resulted
in direct activation of the phospholipase C pathway
[15], with a considerable formation of inositol
phosphates (Table 5). Tenidap inhibited this
effect as well as glycerophosphoinositol formation.
Furthermore, the calcium ijonophore-induced for-
mation of inositol phosphates was decreased by
tenidap (Table 5).

Effects of tenidap on macrophage protein phos-
phorylation

Firstly, experiments were performed to assess the
ability of tenidap in itself to induce protein
phosphorylation. It was found that tenidap (1-5 uM
but to a much lesser degree 20-40 uM) induced
increased phosphorylation of several distinct protein
bands, mainly those of 30, 34 and 43 kDa, but also
two bands at 50 and 52 kDa (Fig. 5, lanes 1-3). This
phosphorylation pattern is somewhat enhanced upon
overnight preincubation with tenidap (not shown).
The tenidap-induced phosphorylation of intracellular
proteins was not related to its effects on the
cyclooxygenase, since indomethacin (1-10 M) did
not affect the phosphorylation pattern in any way.
The protein phosphorylation pattern induced by
tenidap differs from that induced by zymosan or
PMA in many respects (see Fig. 5, lane 1 vs lane 4).
The major difference is that while tenidap induced
phosphorylation of a 43kDa protein, the other
compounds caused phosphorylation of the 45kDa
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Table 5. The influence of tenidap on the generation of glycerophosphoinositol and inositol phosphates
in macrophage cultures prelabeled with [*Hlinositol

Tenidap  Glycerophospho- Inositol phosphates
Stimulus (1M) inositol (%) (%) N pl P2
None 0 1.6 02 12209 6
1 1.4+0.2 13.3+0.8 3 NS NS
5 1.6+03 10.8 0.3 3 NS NS
20 1.6 0.2 11.8 0.9 3 NS NS
PMA 0 6210 18.4+1.7 4
1 5.8+1.1 16.9+2.1 4 NS NS
5 5111 16.0x2.2 4 P<0.05 P<0.025
20 3907 13105 4 P<001 P <0.005
A23187 0 4.1+0.5 48445 S
1 4.0+0.5 468+ 2.5 5 NS NS
5 3.6x0.8 37.3+22 5 NS P < 0.0005
20 2704 33.4+1.8 6 P<0.005 P<0.0005
Zymosan 0 4105 582*5.6 6
1 34+02 50.0 = 6.4 6 NS P < 0.0005
5 2702 440+57 5 P<o001 P < 0.0005
20 2302 36.4 +3.3 5 P<0.01 P<0.0005

Cultures were simultaneously exposed to tenidap and the stimulus (either 50 nM PMA, 1 uM A23187
or 0.6mg/mL zymosan) used for 30 min. Results are expressed as percentage of total inositol
radioactivity, mean + SEM. Statistically significant effects of tenidap on the generation of
glycerophosphoinositol (p1) or inositol phosphates (p2) are indicated.

205—

kDa

16—

66—

45—

29—

1 2 3 4 5 6 7 8 9

Fig. 5. Protein phosphorylation in response to tenidap and/or zymosan. Lanes 1-2: 5 and 1 #M tenidap;
fane 3: control; lane 4: zymosan; lanes 5-6: 1 and 5 uM tenidap for 22 hr followed by zymosan; lanes
7-9: 5, 20 and 40 uM tenidap and zymosan added simultaneously.

protein. This protein was not phosphorylated by
tenidap.

Having established that tenidap in itself can induce
a change in the pattern of protein phosphorylation
different from that caused by stimulation of protein
kinase C (or a rise in intracellular calcium), attention
was turned to examining whether tenidap affected

phosphorylation induced by a protein kinase C
agonist. Therapeutically relevant concentrations of
tenidap (1-40 yM) did not significantly inhibit PMA-
induced changes in protein phosphorylation (not
shown). On the other hand, tenidap (5-40uM)
strongly inhibited zymosan-induced protein phos-
phorylation (Fig. 5, lanes 3-9), without any
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Fig. 6. Protein phosphorylation in response to calcium
ionophore. Lane 1: control; lane 2: A23187 alone; lanes
3-6: A23187 and 1, 5, 20 and 40uM tenidap (added
simultaneously), respectively.

detectable changes in the pattern of whole cell
proteins. Overnight preincubation strengthened this
effect (Fig. 5, lanes 6 and 7). When calcium
ionophore was used as a stimulant, the protein
phosphorylation pattern was somewhat potentiated
by tenidap at lower concentrations (1-5 uM), possibly
as a result of the ability of tenidap in itself to
phosphorylate proteins within this concentration
range. At higher concentrations (20—40uM),
A23187-induced phosphorylation was gradually
inhibited by tenidap (Fig. 6), but to a lesser extent
than zymosan-induced phosphorylation changes.

DISCUSSION

Tenidap is known to be an efficient cyclooxygenase
inhibitor, with an ICsy of <0.1 uM in rat basophilic
leukaemia cells comparable to that for indomethacin.
Our results from mouse macrophages agree well
with these findings. But the actions of tenidap go
beyond those of other NSAIDs. In rheumatoid
arthritis, tenidap has a cytokine modulatory effect;
tenidap treatment also results in a decrease in ESR
and the plasma levels of C-reactive protein and
serum amyloid A [1, 2].

In various experimental systems, evidence suggests
that tenidap has an inhibitory influence on the
formation of 5-lipoxygenase products, with ICsy-
values in the range 2-25 uM {7, 8,21, 22]. Our data
from mouse macrophages do not support the
hypothesis of a specific inhibitory effect of tenidap
on the 5-lipoxygenase pathway. In fact, lower
concentrations of tenidap further increase A23187-
induced mobilization of arachidonic acid, while
having only minimal effects on LTC, formation. At
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higher concentrations of tenidap (2040 uM) there
is a 30-50% inhibition of the A23187- or zymosan-
induced formation of LTC,. However, it must be
noted that the tenidap-induced inhibition of
arachidonic acid mobilization and its inhibition of
the PMA-induced activation of the macrophage
phospholipase A, are of comparable magnitude.
Furthermore, the decrease in the liberation of free
arachidonic acid shows a similar concentration
dependence as the decrease in LTC, formation.
Similar results, also in favour of an inhibitory effect
on the release of arachidonic acid rather than on
leukotriene synthesis, have been obtained with
neutrophils stimulated with calcium ionophore [23].

Itis remarkable that while tenidap strongly inhibits
zymosan-induced arachidonate release, this is much
less marked when either PMA or A23187 are used
to stimulate the macrophages independent of the
concentrations of the stimulants used (Table 1). A
possible explanation for the stronger inhibitory effect
of tenidap lies in its effects on the zymosan-induced
formation of inositol phosphates. This could weaken
signalling via both calcium and protein kinase C. It
should be kept in mind that phagocytosis of zymosan
particles also initiates an increase in cytoplasmic
calcium [24]. In a recent study [25], tenidap has been
shown to inhibit calcium influx as well as antigen-
induced increase in intracellular calcium in a mast
cell line. Tenidap also inhibited inositol phosphate
formation in these cells.

Our results suggest that the effects of tenidap on
signal transduction are more complex than previously
assumed, and that the actions of the drug in mouse
macrophages go beyond those of an inhibitor of
either the cyclooxygenase or lipoxygenase pathways.
Its effects on the mobilization of arachidonate
and the activation of the macrophage 85kDa
phospholipase A, suggest that tenidap affects some
earlier step in the signal transduction pathway, since
it does not affect this phospholipase directly.
Furthermore, the pattern of protein phosphorylation
induced by zymosan is progressively inhibited by
higher concentrations of tenidap. The phos-
phorylation of a 45kDa protein is almost totally
inhibited at 20-40 uM of the drug. In contrast, the
phosphorylation pattern induced by PMA was only
marginally affected by tenidap. When A23187 was
used as a stimulant, S uM tenidap potentiated the
phosphorylation pattern while higher concentrations
(20-40 uM) inhibited it. These results on protein
phosphorylation parallel those on arachidonate
mobilization. The lack of inhibition of protein
phosphorylation upon incubation with a direct
stimulator of protein kinase C indicates that this
enzyme is not a direct target for tenidap. Instead,
the results indicate that a target for tenidap lies in
the signal chain between protein kinase C and
phospholipase A, (Fig. 1; site 1). Another target for
tenidap may be receptor-linked phospholipase C
activation (Fig. 1; site 2). Both these mechanisms
might relate to the tenidap-induced inhibition of the
induction of IL-1 and other proinflammatory
cytokines in human blood monocytes [5] and mouse
macrophages [4], and partially account for its effect
on clinical and laboratory parameters in rheumatoid
arthritis.



Tenidap and macrophage signal transduction

Acknowledgements—Supported by grants from the Swedish
Medical Research Council (No 5410), Pfizer Central
Research, The G. & J. Kock Foundations, The Albert
Pahlsson Foundation and the Research Funds of Malmo
General Hospital and the Medical Faculty, Lund University.

10.

11.

12,

REFERENCES

. Otterness IG, Carty TJ and Loose LD, Tenidap: A

new drug for arthritis. In: Therapeutic Approaches to
Inflammatory Diseases. {Eds. Lewis AJ, Doherty NS
and Ackerman NR), pp. 229-241. Elsevier Science
Publ., New York, 1989.

. Otterness IG, Pazoles PP, Moore PF and Pepys MB,

C-reactive protein as an index of disease activity.
Comparison of tenidap, cyclophosphamide and dex-
amethasone in rat adjuvant arthritis. J Rheumnatol 18:
505-511, 1991.

. McDonald B, Loose L and Rosenwasser L), The

influence of a novel arachidonate inhibitor, CP66.248,
on the production and activity of human monocyte
IL-1. Arthritis Rheum 31 (Suppl 4): S17, 1988.

. Otterness IG, Bliven ML, Downs JT, Natoli EJ and

Hanson DC, Inhibition of interleukin 1 synthesis by
tenidap: a new drug for arthritis. Cytokine 3: 277-283,
1991.

. Sipe JD, Bartle LM and Loose LD, Modification

of proinflammatory cytokine production by the
antirheumatic agents tenidap and naproxen. J Immunol
148: 480-484, 1992.

. Blackburn WD Jr, Heck LW, Loose LD, Eskra JD

and Carty TJ, Inhibition of S-lipoxygenase product
formation and polymorphonuclear cell degranulation
by tenidap sodium in patients with theumatoid arthritis.
Arthritis Rheum 34: 204-210, 1991.

. Carty TJ, Showell HJ, Loose LD and Kadin

SB, Inhibition of both 5-lipoxygenase (5-LO) and
cyclooxygenase (CO) pathways of arachidonic acid
(AA) metabolism by CP-66,248. Arthritis Rheum 31
(Suppl 4): 589, 1988.

. Moilanen E, Alanko J, Asmawi MZ and Vapaatalo H,

CP-66,248, a new anti-inflammatory agent, is a potent
inhibitor of leukotriene B, and prostanoid syntheses
in human polymorphonuclear leucocytes in vitro.
Eicosanoids 1: 35-39, 1988.

. Gronich JH, Bonventre JV and Nemenoff RA,

Identification and characterization of a hormonally
regulated form of phospholipase A, in rat renal
mesangial cells. J Biol Chem 263: 16645-16651, 1988.
Wijkander J and Sundler R, A phospholipase A,
hydrolyzing arachidonoyl-phospholipids in mouse
peritoneal macrophages. FEBS Lert 244: 51-56, 1989.
Wijkander J and Sundler R, A 100 kDa arachidonate-
mobilizing phospholipase A, in mouse spleen and the
macrophage-like cell line J774. Purification, substrate
interaction and phosphorylation by protein kinase C,
Eur J Biochemn 202: 873-880, 1991.

Mayer RJ and Marshall LA, New insights on
mammalian phospholipase A,(s); comparison of

13.

14,

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

1179

arachidonoyl-selective and -nonselective enzymes.
FASEB J 7: 339-348, 1993.

Sundler R, Emilsson A and Wijkander J, A glycerol
ether induces mobilization and 12-lipoxygenation of
arachidonic acid in macrophages. Synergistic effect on
mobilization and induction of leukotriene C formation
by activators of protein kinase C. Agents Action 29:
247-253, 1990.

Bondeson J and Sundler R, Antirheumatic gold
compounds and penicillamine enhance protein kinase
C-mediated activation of the arachidonate-mobilizing
phospholipase A, in mouse macrophages. J Leukoc
Biol 54: 329-335, 1993.

Emilsson A and Sundler R, Differential activation of
phosphatidylinositol deacylation and a pathway via
diphosphoinositide in macrophages responding to
zymosan and ionophore A23187. J Biol Chem 259:
3111-3116, 1984.

Emilsson A and Sundler R, Studies on the enzymatic
pathways of calcium ionophore-induced phospholipid
degradation and arachidonic acid mobilization in
peritoneal macrophages. Biochim Biophys Acta 816:
265-274, 1985.

Proudman KE and McMillan RM, Are tolfenamic acid
and tenidap dual inhibitors of 5-lipoxygenase and cyclo-
oxygenase? Agents Action 34: 121124, 1991.

Tripp CS, Mahoney M and Needleman P, Calcium
ionophore enables soluble agonists to stimulate
macrophage S-lipoxygenase. J Biol Chem 260: 5895-
5898, 1985.

Humes JL, Sadowski S, Galavage M, Goldenberg MM,
Subers E, Bonney RJ and Kuehl FA Jr, Evidence for
two sources of arachidonic acid for oxidative metabolism
by mouse peritoneal macrophages. J Biol Chem 257:
1591-1594, 1982.

Emilsson A, Wijkander J and Sundler R, Diacylglycerol
induces deacylation of phosphatidylinositol and mobil-
ization of arachidonic acid in mouse macrophages.
Biochem J 239: 685-690, 1986.

Calhoun W, Yu J, Chau TT, Marshall LA, Weichman
BM and Carlson RP, Pharmacologic modulation of
DF-49 phospholipase A,-induced paw edema in the
mouse. Agents Action 27: 418-421, 1989.

Fogh K, Herlin T and Kragballe K, In vitre inhibition
of leukotriene B, formation by exogenous S-
lipoxygenase inhibitors is associated with enhanced
generation of 15-hydroxy-eicosatetraenoic acid (15-
HETE) by human neutrophils. Arch Dermatol Res 280:
430436, 1988.

Smith DM, Johnson JA, Loeser R and Turner RA,
Evaluation of tenidap (CP-66,248) on human neutrophil
arachidonic acid metabolism, chemotactic potential
and clinical efficacy in the treatment of rheumatoid
arthritis. Agents Action 31: 102-109, 1990.

Meagher L.C, Moonga BS, Haslett C, Huang CL-H
and Zaidi M, Single pulses of cytoplasmic calcium
associated with phagocytosis of individual zymosan
particles by macrophages. Biochem Biophys Res
Commun 177: 460-465, 1991.

Cleveland PL, Millard PJ, Showell HJ and Fewtrell
CMS, Tenidap: a novel inhibitor of calcium influx in a
mast cell line. Cell Calcium 14: 1-16, 1993.



