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differences in stimulus response coupling associated with
al and o2 isoforms, as suggested by the greater
sensitivity of the effect of low concentrations to
ethylisopropylamiloride, an inhibitor of Na*-H* exchange
{5).
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Interference of xanthate compounds with phorbol ester TPA-induced changes of
phospholipid metabolism: inhibition of prostaglandin production

(Received 6 June 1990; accepted 15 September 1990)

Certain xanthate compounds have been shown to act
antivirally by inhibition of the transcription and replication
of various DNA and RNA viruses without becoming
incorporated into viral macromolecules and in the absence

of interferon induction [1)]. In addition, xanthate compounds
have been shown to reverse growth kinetics and cell
morphology of transformed cells to that of non-transformed
phenotypes|2]. Moreover, these compounds very effectively
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inhibit tumor promotion in mouse skin elicited by phorbol
ester 12-O-tetradecanoylphorbol-13-acetate (TPA*) [3].
These latter observations raised the possibility that xanthate
compounds may interfere with signal transducing pathways,
involving protein kinase C [4], particularly with TPA-
effected changes in phospholipid metabolism [5].

Important cellular reactions to TPA consist in the
activation of phospholipases C and A, which leads to the
mobilization of biologically active phospholipid metabolites:
diacylglycerol, respectively, arachidonic acid, the substrate
for the production of prostaglandins and HETEs [6-8]. In
order to learn more about the effectivity of xanthates we
studied the interference of such compounds with responses
to TPA elicited in HeLa cells. This model system mirrors
several metabolic responses of mouse skin to treatment
with phorbol esters [9, 10].

Materials and Methods

TPA was obtained from Sigma (Munich, F.R.G.) and
was kept in acetone as a 5 X 10™* M stock solution at —75°.
The xanthate compounds D609 (MW 266) and D600 (MW
158) were synthesized by Merz & Co. (Frankfurt, F.R.G.)
and kindly provided by Prof. G. Sauer (DKFZ, Heidelberg).
Both compounds were kept in acetone as a 5x 1072M
stock solution. Arachidonic acid, prostaglandin E,, 1,2-
and 1,3-dioleoylglycerol were obtained from Sigma and
BSA (bovine serum albumin, electrophoretically pure)
from Biomol (Ilvesheim, F.R.G.). 5-, 12- and 15-HETE
were obtained from Paesel (Frankfurt, F.R.G.). [I-
C]Arachidonic acid (2.2 MBq/umol), 1{1'*C]Palmitoyl-
3-lysophosphatidylcholine (2.16 MBg/umol) and myo-[2-
3Hlinositol with PT6-271 (370 GBq/mmol) were obtained
from Amersham Buchler (Braunschweig, F.R.G.).

Cloned HeLa cells were cuiltivated as monolayers as
described previously [11]. For experiments 9 x 10° cells
were transferred to plastic Petri dishes (Falcon 3.5cm
diameter); 18 hr later the cells were prelabeled with [1-
4Clarachidonic acid (7.4 kBq/mL) for 5hr as described
previously [10]. Then the medium was changed with BSA
(0.5%)-containing MEM, in which the pH was adjusted to

* Abbreviations: HETE, hydroxyeicosatetraenoic acid;
TPA, 12-O-tetradecanoylphorbol-13-acetate; D600,
sodium propyl-xanthate (C,H,NaOS,); D609, potassium
tricyclodican-9-yl-xanthate (C,;;H;;KOS,).
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6.9 to avoid inactivation of the xanthate compounds [1].
The cells were pretreated with the xanthates D609, D600
or acetone (0.2%; solvent control) for 30 min, and then
TPA 1077 M or acetone (0.2%) were added for the periods
indicated. Analysis of the lipid metabolites released into
the medium and the extraction of cellular lipids was
performed as described previously [10]. Prostaglandins and
HETE-products were identified with authentic standards.
The cellular lipid extracts were separated on TLC-plates
silicagel 60 (Sigma) in the solvent system benzol-
chloroform—formic acid (80:15:5 v/v; [12]) with 1,2-
and 1,3-dioleoylglycerol as standard. Radioactivity was
determined by use of a Linear Analyzer (Berthold,
Wildbad, F.R.G.). Because of 30% isomerization of 1,2-
diacylglycerol to the 1,3-configuration during separation
the counts of both labeled compounds were combined.
Each experiment was performed twice. Values given are
means of three dishes = mean deviation.

Results

Treatment of Hela cells with TPA resulted in the
mobilization of diacylglycerol. This could be demonstrated
with cells prelabeled for 5 hr with radioactive arachidonic
acid. At 10-7M TPA the increased mobilization became
detectable after 20~30 min (Fig. 1A); it stayed elevated for
3-4 hr. Similar data were obtained after prelabeling of the
cells with lysophosphatidylcholine (for 24 hr) thusindicating
that a certain portion of diacylglycerol was derived from
phosphatidylcholine (data not shown). In HeLa cells
prelabeled with radioactive myo-inositol (for 24 hr) the
treatment with TPA did not yield an increase in
inositol phosphate (not shown) thus indicating that
phosphatidylinositol was probably not the source of
diacylglycerol.

Pretreatment of HeLa cells with 107*M D609 (27 ug/
mL) for 30 min prior to addition of 10~ M TPA did not
influence the mobilization of diacylglycerol (Fig. 1A). A
similar concentration (30 ug/mL) has been shown earlier
to reduce TPA-effected mobilization of diacylglycerol in
hamster embryo fibroblasts [5]. Cellular morphology ( phase
contrast microscopy) was not altered by xanthate during
the time course of the experiments.

With respect to TPA-induced inflammation in tissues, a
prerequisite for the promoting capacity of phorbol ester,
the activation of phospholipase A, [8] resulting in the
liberation of arachidonic acid plays an important role.
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Fig. 1. Effect of the xanthate D609 on the TPA-induced diacylglycerol formation (A) and arachidonic

acid release (B). HeLa cells were cultivated for 18 hr and after prelabeling with [1-'*CJarachidonic acid

for S hr the medium was changed to BSA-(0.5%)-containing MEM (pH 6.9). The cells were pretreated

with 107*M D609 (27 ug/mL; O, @) or acetone as solvent (0.2%; O, M) for 30 min and then TPA

10-"M (@, W) or acetone (0.2%; O, ) was added for the periods indicated. Diacylglycerol formation

(A) in the cells and arachidonic acid release into the medium (B) was analysed as described in Materials
and Methods.
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Arachidonic acid is the substrate for the formation of a
number of biologically active compounds including
prostaglandins. Using 10-* M D609 it was not possible to
influence TPA-effected liberation of arachidonic acid (Fig.
1B). In a number of experiments even an increase in
arachidonic acid accumulation was observed after 3 hr.
The predominant prostaglandin released by HeLa cells
after interaction with TPA was prostaglandin E, which
becomes measurable at 30 min and reaches a maximum at
2hr [10]). Under the conditions used D609 inhibits the
production of prostaglandin E, as shown in Fig. 2A. After
a small initial increase at 2 hr prostaglandin E, production
became totally blocked. In such experiments in which
a TPA-effected increase in HETE production was
measurable, D609 inhibited the HETE production as well.
The half maximal efficiency of D609 has been seen at
approximately 3 X 1075 M after a 3 hr incubation with TPA
(Fig. 3A). In contrast to D609 another xanthate called
D600 (propylxanthate) has been demonstrated not to
interfere with viral infections nor to reverse the transformed
phenotype of cells in vitro [13]. With respect to the
biochemical resuits obtained in this study, however, D600
had a comparable activity. It interfered with the TPA-
induced prostaglandin production like D609. The half
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maximal inhibitory activity of D600 on TPA-effected
prostaglandin production was also observed at approx.
3x107°M (Fig. 3A). At high concentrations (1074 M)
neither D609 nor D600 influenced TP A-effected arachidonic
acid liberation to a significant extent (Fig. 3B).

Taken together, these data demonstrate that both
compounds of the xanthate family did not influence the
TPA-effected release of arachidonic acid but inhibited
greatly the utilization of the substrate for the production
of prostaglandins and HETEs.

Discussion

Xanthates such as Tricyclodecan-9-yl xanthate (D609)
have been found to be potent inhibitors of TPA-induced
tumor promotion in mouse skin, an effect which strictly
depends on the bulky lipophilic cycloalkyl residue, since
the short chain alkyl derivative propylxanthogenate (D600)
was completely inactive [3]. The mechanism of D609’s
antipromoting activity is unknown. As a highly lipophilic
agent D609 could exert its inhibitory activity by interfering
with TPA-induced alterations of cellular lipid metabolism
including the phosphatidylcholine cycle [7] and the
arachidonic acid cascade [8]. In fact, D609 has been shown
to inhibit TPA-induced activation of a phosphatidyicholine-

= 500 600
5
©
. 400 A 1 B 500 =
£ 0
g 400 ©
% 3004 / \ ~.
> £
% 300 5
Z 20041 L
S 200 [
(&) Y]
&£ 1004 T
[72] 100
o ./i\o
& e

0 == “_'* — T P10

0 30 60 90 120 110 180 O 30 60 90 120 150 180
TIME (mnin) TIME (mnin)

Fig. 2. Influence of D609 on the TPA-induced prostaglandin E,- (A) and HETE-production (B). HeLa

cells were incubated with 107*M D609 (27 ug/mL; O, @) or acetone (0.2%; O, M) and treated with

TPA 10" M (@, W) or acetone (0.2%; O, 0) under the conditions described in Fig. 1. The prostaglandin
E,- (A) and total HETE-production (B) was analysed as described in Materials and Methods.
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Fig. 3. Influence of the xanthates D609 and D600 on the TPA-induced prostaglandin E,-synthesis (A)

and the arachidonic acid release (B) in the medium of HeLa cell cultures. HeLa cells were prelabeled

with [1-'“CJarachidonic acid for 5 hr and after medium change with BSA-(0.5%)-containing MEM (pH

6.9) the cclls were pretreated with varying doses of D609 (H) or D600 (@) for 30 min. Then TPA

107 M was added to the cultures for 3 hr. Prostaglandin E,- (A) and arachidonic acid (B) were analysed
in the medium as described in Materials and Methods.
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specific phospholipase C activity in resting A431 cells and
hamster embryo fibroblasts [S]. Using Hela cells as an
exclusively replicating model system, an inhibitory effect
of D609 on TPA-induced diacylglycerol release from
phosphatidylcholine couid not be observed. In addition,
TPA-induced deacylation of phospholipids and concomitant
liberation of arachidonic acid—the rate limiting step of
eicosanoid biosynthesis—was found to be slightly increased
rather than inhibited. This is most probably due to D609-
effected inhibition of arachidonic acid metabolism via both
the cyclooxygenase and the lipoxygenase pathways; an
inhibition of acyl transferase activity could be also involved.
Interestingly, both D609 and its less lipophilic analogue
D600, turned out to be active, exhibiting half maximal
inhibition of PGE, synthesis at a concentration of
3 x 1075 M. This may indicate that the dithiocarbonic acid
part of the molecule is responsible for the inhibitory
activity.

In comparison with other inhibitors of prostaglandin
production, xanthates turn out to be equipotent with non-
acidic non-steroidal anti-inflammatory drugs such as
paracetamol (ICso in macrophages 7.9 X 107°M; Ref. 14)
but less active than the potent acidic non-steroidal anti-
inflammatory drugs such as indomethacin in macrophages
(150 3 x 107# M; Ref. 15). If this hitherto unknown activity
of xanthates is involved in the antipromoting and the
antiviral action of some of them remains an open question.
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