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ABSTRACT

The influence of phorbol diesters on the in vitro hydrolysis of diacyl-
glycerols was examined using enzymes from rat serum, porcine pancreas,
and Rhizopus delemar. Two main phenomena were observed: 12-0-
tetradecanoylphorbol-13-acetate (TPA), when added to the enzyme assay
system, stimulated 2- to 3-fold the hydrolysis of [9,10-3H]dioleoylglycerol

by serum lipase. The hydrolysis of dioleoylglycerol by either pancreatic
or R. delemar lipase was, on the other hand, inhibited by TPA. A 50%
inhibition of the pancreatic and R. delemar enzymes was attained with
10 and 2.0 /IM TPA, respectively. The pattern of enzyme stimulation (rat
serum), with regard to increasing TPA concentrations, was hyperbolic.
Stimulation was not influenced by Triton X-100, but it was highly
dependent on the structure of the phorbol ester: TPA > phorbol dideca-
noate > tetradecanoylphorbol. Phorbol dibutyrate, phorbol acetate, my-
ristic acid, and mezerein were without influence. Lipase activity was
inhibited most strongly by TPA and the nonpromoter 4-0-methyl-TPA;
the weaker promoter, phorbol dibutyrate, was relatively inactive. The
inhibition of K. delemar lipase by TPA was reversible. Collectively, these
data show that phorbol diesters can interact with enzymes other than
protein kinase C. It is believed, by virtue of their structural similarity to
diacylglycerols, that phorbol diesters may serve directly as intrazellular
regulators of lipid metabolism. In such a manner phorbol esters could
sustain or attenuate the second messenger signal by modifying diacyl-
glycerol metabolism, a manifestation of the pleiotropic action.

INTRODUCTION

The concept that some neoplasms arise by the two-stage
process of initiation and promotion ( 1) has received wide ac
ceptance in the field of cancer biology. In such studies the
phorbol diester tumor promoters have been useful tools in
elucidating the governing mechanisms of cellular growth and
behavior. TPA,4 the most potent of the 12,13-diesters of phor

bol (2), promotes epidermal carcinogenesis (3) and can induce
or inhibit cellular differentiation in vitro (4). The biological
activity of the phorbol diesters is due, in part, to the ability of
these agents to mimic the action of diacylglycerols in the protein
kinase C activation cascade (5). Utilizing an enzymatic ap
proach we have, in former studies, substantiated this idea by
demonstrating that TPA is a substrate for lipase like enzymes
(6). The activities, first described in rat serum (7), hydrolyze
the long-chain esters of TPA, diacylglycerol, and the diacyl-
glycerol analogue, PaG (8). The structural similarity between
phorbol diesters and diacylglycerols prompted further investi
gation to assess the influence of TPA on enzymes that hydrolyze
diacylglycerols. In recent works we have shown that TPA is not
only a substrate for lipid hydrolases (6, 8), but additionally a
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modifier of enzyme action (6, 9). Studies using a delipidated
rat serum powder as enzyme source showed that TPA inhibits
the hydrolysis of the long-chain, short-chain diacylglycerol me
diator, PaG, and that the inhibition resembled the competitive
type (9).

Phorbol diesters elicit a wide variety of biological and bio
chemical responses; pertinent among these are the many effects
that are produced on cellular lipid metabolism (see Ref. 10 for
brief review). TPA also induces the intracellular generation of
1,2-diacylglycerols (11, 12), which is thought to be produced by
a stimulation of phosphatidylcholine turnover through phos-
pholipase C (13). In this study we have chosen to investigate
the influence of phorbol diesters on Upases in a cell-free system.
In this manner we can more closely assess the direct action of
phorbol esters on enzymes and circumvent the complexities
encountered in whole cell studies. With the excepten of the
protein kinase C in vitro system, little evidence is available
demonstrating that phorbol esters interact directly with en
zymes. Because of the numerous cellular responses elicited by
phorbol diesters, it is likely that other factors are involved in
the mechanism of phorbol ester action. Herein we have dem
onstrated that TPA has a governing effect on the activity of
lipolytic enzymes.

MATERIALS AND METHODS

Materials. Phorbol diesters, phorbol analogues, and mezerein were
purchased from Dr. P. Borchert, CCR, Inc., Eden Prairie, MN. [9,10-
3H(n)]Triolein (70 Ci/mmol), lysooleoyl phosphatidylcholine, L-l-
[oleoyl-l-"C] (57 Ci/mol), and [20-3H](n)phorbol-12-myristate-13-ace-

tate (6.5 Ci/mmol) were obtained from New England Nuclear, Boston,
MA. Cholesterol, cholesterol oleate, triolein, and myristic acid were
purchased from Nu Chek Prep, Elysian, MN; L-a-monooleoyl lecithin
(lyso PC) and l-aIkyl-2-acetyl-s/i-glycero-3-phosphocholine (alkylace-
tyl-GPC) were from Avanti Polar Lipids, Inc., Birmingham, AL. Por
cine pancreatic lipase (21.7 units/mg) was from Serva, Garden City
Park, NY, and Rhizopus delemar lipase (600 units/mg, partially purified
by ion-exchange chromatography) was purchased from Miles Labora
tories, Inc., Elkhart, IN. Phospholipase C (Bacillus cereus) was pur
chased from Sigma Chemical Company, St. Louis, MO. The diacyl
glycerol lipase inhibitor, RHC 80267, was a gift from Dr. C. A.
Sutherland, Revlon Health Care Group, Tuckahoe, NY. Male CDF
rats, 3 mo old, were from Charles River Breeding Laboratories, Wil
mington, MA.

Methods. Radiolabeled DiOG (rac mixture) was prepared by mixing
[3H]trioleoylglycerol (11 nmol) with unlabeled trioleoylglycerol (1.989

Â¿Â¡mol)followed by hydrolysis with R. delemar lipase (600 units) at pH
5.6 for 1 h as previously described (8). Alkylacetylglycerol (hexadecyl)
was synthesized by phospholipase C digestion of alkylacetyl-GPC as
detailed (8). [I-MC]OaG was synthesized by acetylation of L-l-[oleoyl-
l-uC]lysophosphatidylcholine followed by phospholipase C treatment
of the Ãn-2-acetylatedcompound according to the procedure of Cabot
(8) used for the synthesis of PaG.

Enzyme assays have been described in detail elsewhere (6-9). Briefly,
the hydrolysis of [3H]DiOG was assayed using a delipidated rat serum

powder as enzyme source. Enzyme reactions were carried out in a final
volume of 0.2 ml and contained 1.25 mg enzyme (protein), 0.05 ml
Tris-HCl buffer (0.5 M), and 2 nmol [3H]DiOG injected as an acetone
solution (2-5 >il). Lipase modifiers were also added in acetone such
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that the final amount of acetone in control and experimental tubes was
always 5-7 ul. Assays were terminated by the addition of lipid extraction
solvents (14) modified to contain 2% acetic acid in met ham il, and
labeled fatty acids were isolated by thin-layer chromatography and
quantitated by liquid scintillation spectrometry. The hydrolysis of
[3H]TPA was assayed as described (6); the product [3H]phorbol acetate
was isolated by thin-layer chromatography (6). Pancreatic and R. dele-
mar lipase activity were assayed as detailed in "Results." Protein was

determined by the method of Lowry et al. (15) using bovine serum
albumin as a standard.

RESULTS

In previous studies we have shown that a water-soluble deli-
pidated rat serum preparation hydrolyzes TPA and PaG. Uti
lizing the often-used diradylglycerol mediator, OaG, as sub
strate, the data of Table 1 show that TPA is relatively stable to
enzyme hydrolysis. OaG was hydrolyzed at a rate that was
approximately 70 times greater than TPA. The lowest rate of
hydrolysis was shown with DiOG. OaG shares close structural
similarity to the diradyl grouping of TPA; therefore, the stabil
ity of the phorbol diester in its role as diacylglycerol mediator
may result from steric hindrance imparted by the phorbol
backbone. In order to characterize the type of enzyme active in
catalyzing the hydrolysis of the tetradecanoate moiety of TPA
and the oleate chains of DiOG and OaG, the effect of a
diacylglycerol lipase inhibitor was examined. The data in Fig.
1 show that RHC 80267, at a concentration of 0.1 UM,inhibits
the hydrolysis, in a similar fashion, of both TPA and OaG. The
hydrolysis of DiOG was also inhibited by RHC 80267, although
only 50% inhibition was obtained at a concentration of 5 MM.
In view of the differential sensitivity to the enzyme inhibitor,
the influence of TPA on the hydrolysis of DiOG was investi
gated. It was reasoned that, if TPA and DiOG were substrates
for the same enzyme, then the inclusion of exogenous TPA
could reduce the hydrolysis of DiOG. Results of preliminary
experiments showed that TPA stimulated the hydrolysis of
[3H]DiOG. TPA, at a concentration of 20 UM,produced a 2- to
3-fold stimulation of DiOG hydrolysis by serum enzyme; the
stimulation varied within this range depending on the batch of
enzyme preparation being examined. DiOG hydrolysis was
assayed using various phorbol analogues and lipids to determine
the structural requirements necessary for stimulation. The re
sults of these experiments, shown in Table 2, demonstrate that,
of the various agents tested, TPA produced the highest stimu
lation. Within the series of phorbol esters examined those
having a diester grouping containing carbon numbers of 16-20
(TPA, PDD) elicited the strongest stimulatory response. The
long-chain monoacyl form, TP, produced a 70% stimulation,

Table I Rat serum lipolytic activity
In a final volume of 0.2 ml, the enzyme reactions contained 10 JIM[9,10-3H]

DiOG (145 dpm/pmol); [l-14C]OaG (38.5 dpm/pmol) or [3H]TPA (100 dpm/
pmol); 12.5 innol Iris IK 1 buffer (pH 8.0); and phosphate-buffered saline-
reconstituted rat serum powder (1.0 mg, 12.5 ng, or 1.25 mg protein for DiOG,
OaG, and TPA assays, respectively). Reactions lasted for 30-min duration at
37'C, and radiolabeled products were quantitated as described in "Materials and
Methods."

Enzyme activity
(pmol oleic acid or

phorbol acetate
released/mg

Substrate protein 'min)"

100 100,

DiOG
OaG
TPA

6.2
725

10.1

0 O.I 1-00.5
RHC 80267 (pM)

Fig. 1. Influence of the diacylglycerol lipase inhibitor, RHC 80267, on serum
catalyzed hydrolysis of DiOG, OaG, and TPA. Assay mixtures, in a final volume
of 0.2 ml, contained 2 nmol of respective substrate (delivered in 5 i/l of acetone),
25 fimol of Tris-HCl buffer, pH 8.0, and rat serum powder dissolved in Ca2*,
Mg2*-free phosphate-buffered saline (1.0 mg of protein for TPA and DiOG; 12.5

fig for OaG). A stock solution of 10 mM RHC 80267 in acetone was diluted in
10 mM Tris-HCl buffer and introduced to achieve the designated concentrations.
Aliquots of acetone-buffer were added to controls. Reactions were incubated at
37'C for 15 min (OaG) or 30 min (TPA, DiOG).

Table 2 Influence of effector structure on the stimulated hydrolysis of
dioleoylglycerol by serum

The enzyme incubations contained, in a final volume of 0.2 ml, 1.25 mg
(protein) delipidated rat serum powder (phosphate-buffered saline reconstituted),
2 nmol [3H]DiOG (5.8 x 10s dpm/nmol), 0.05 ml Tris-HCl buffer (pH 8.0, 0.5
M), and effector, 8 nmol. Substrate and effector were introduced in solvent such
that each reaction contained 7 Â¡Aof acetone. Mixtures were preincubated at 37'C
for 1 min, and the assays were initiated with the addition of substrate. Incubations
were carried out for 30 min at 37Â°C.Enzyme activity ([3H]oleate released) was
quantitated by thin-layer chromatography and liquid-scintillation counting.

EffectorControl

(noaddition)TPAPDDPDBTPPAMezereinCholesterol

oleateCholesterolTrioleoylglycerolTetradecanoic

acidHexadecylacetylglycerol
(1,2-isomer)DiOG

hydrolysis
(control =1)1.02.92.60.91.70.91.01.10.81.01.01.6

" Calculated from experiments that demonstrated linear kinetics with regard

to increasing time or amount of protein.

whereas the monoacetyl analogue was without influence. Mez
erein did not stimulate enzyme activity. Of the various lipids
tested only the long-chain, short-chain diradylglycerol, hexa-
decylacetylglycerol, was stimulatory and comparable in magni
tude to the effects produced by TP. The influence of tetrade-
canoic acid was tested because it is liberated (via lipase hydro
lysis of TPA) during the in vitro enzyme incubations (see Table
1 for hydrolytic rates). Therefore, the possibility of a fatty acid-
induced mechanism of stimulation was assessed. However, as
shown in Table 2, tetradecanoic acid (40 ^M) had no influence
on the rate of DiOG hydrolysis. There was also no effect using
lower concentrations, i.e., those amounts of tetradecanoic acid
that are produced in vitro by the lipolytic action of serum
enzyme on TPA.

The stimulation of DiOG hydrolysis was examined with
regard to the concentration dependency of TPA in the reaction
mixture. The data of Fig. 2 show that the relationship between
stimulation and TPA concentration is hyperbolic. Over the
concentration range tested, the stimulation of DiOG hydrolysis
was already apparent at 2 /Â¿MTPA. The TPA-induced stimu
lation of DiOG hydrolysis was further assessed by examining
the effects of a detergent, Triton X-100 (Table 3). It was shown
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0 20 40 60 80
TPA(pM)

Fig. 2. Effect of increasing TPA concentration on the hydrolysis of DiOG by
rat serum enzyme. Assay mixtures (0.2 ml) contained 1.25 mg rat serum powder,
25 MmolTris-HCl buffer, pH 8.0, TPA as designated, added in 2 M!acetone, and
2 nmol [9,10-3H]DiOG (587 dpm/pmol) added in 4 Â¡Aacetone. Assays were
incubated for 30 min at 37'C, and the enzyme activity was assessed by [3HJoleic

acid production.

Table 3 Effect of Triton X-100 on TPA-stimutated hydrolysis of dioleoylglycerol
by serum Upase

The enzyme incubations (30 min at 37'C, 0.2 ml) contained 1.25 mg serum
enzyme, 0.05 ml Tris-HCl buffer (0.5 M, pH 8.0), TPA, and Triton X-100 as
indicated below, and 2 nmol [9,10-3H]DiOG were added to initiate the reaction.

Incubation additions

[3H]DiOG hydrolysis

(pmol pHjoleate released)

Control (noadditions)Triton
X-100, 20MMTPA,

40MMTPA,
40MM+

TritonX-1005
MM10
MM20

MM40

MM56.1

Â±3.7Â°66.7

Â±2.6187.1
Â±8.9184.1184.5205.7194.3

â€¢Mean Â±SD.

â€¢o

C
o

ja
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Z 4 6 8 10 12 14

TPA (>iM)

Fig. 3. Effect of increasing concentrations of TPA on R. delemar lipase and
pancreatic lipase activity. Enzyme assays were carried out as described in Fig. 2
using [9,10-3H]DiOG as substrate. The pancreatic lipase (â€¢)assay mixture

contained 50 ng enzyme protein, and R. delemar lipase (O) was assayed using
0.125 ng protein. All tubes contained 50 Mg bovine serum albumin. TPA was
added in acetone such that all reactions contained 6 j/l solvent. Under these
experimental conditions, control (minus TPA) enzyme specific activities were 44
and 0.1 Mmol [3Hjoleic acid released/mg protein/min for R. delemar lipase and

pancreatic lipase, respectively.

first that detergent, over a concentration of 2-20 /IM, did not
significantly alter the rate of DiOG hydrolysis; a slight stimu
latory effect of 10-20% was observed at concentrations of 4-
20 Â¿iM(data not shown). The data of Table 3 show that the
inclusion of Triton X-100 does not modify the stimulatory
action of TPA on DiOG hydrolysis.

Although the above data show that a lipase of serum is
stimulated by the inclusion of TPA in the assay mixture, we
sought to investigate the effects of TPA on other upases to
determine if a common response was shared. In these studies

the well-characterized enzymes of pancreas and R. delemar
were used. The data of Fig. 3 show that TPA inhibits, in a dose-
dependent manner, the hydrolysis of [3H]DiOG by both porcine

pancreatic lipase and the lipase of A. delemar. R. delemar lipase
was more sensitive to TPA, demonstrating an approximate
50% inhibition at 2 Â¿IM,whereas a 50% inhibition of pancreatic
lipase was achieved at 10 UM TPA. TPA also inhibited the
hydrolysis of trioleoylglycerol by pancreatic lipase (50% inhi
bition at 10 MM, data not shown). The correlation between
phorbol diester structure and enzyme activity was tested using
TPA, the weaker promoter, phorbol dibutyrate, and the non-
promoting analogue, 4-O-methyl-TPA. The data of Fig. 4 show
that TPA is the strongest inhibitor of R. delemar lipase.
Whereas phorbol dibutyrate produced scant inhibition at 0.5-
4.0 MM,the nonpromoter, 4-O-methyl-TPA, which contains the
same diradyl grouping as TPA, was inhibitory (approximately
40% inhibition at 2.0 MM).The influence of several promoting
and nonpromoting phorbol ester analogues, at a concentration
of 2 Â¡IM,was also examined. FDD elicited a 30% inhibition,
whereas the monoesters, TP and PA, did not produce statisti
cally significant inhibition of K. delemar lipase (data not
shown). The reversibility of enzyme inhibition was tested by
dilution techniques. The results of Table 4 show that the
inhibition of R. delemar lipase by TPA is reversible. DiOG
hydrolysis in the presence of 4 MMTPA was inhibited 95%,
compared to the control (minus TPA). Enzyme activity mea
sured with 0.4 MMTPA was only inhibited slightly (8.1%). This

v 100
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o
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Phorbol Esters

4.0

Fig. 4. Influence of phorbol diester structure on the inhibition of R. detentar
lipase. The enzyme reaction mixtures (0.2 ml) contained 0. 125 ng enzyme protein,
25 Mmol Tris-HCl buffer, pH 8.0, phorbol dÂ¡estersas shown, and 2 nmol [9,10-
3H]DiOG added in 4 n\ acetone. Assays were run for 30 min at 37'C, and lipase
activity was calculated by quantitation of [3H]oleic acid liberated (111.1 pmol in
control assays). 4-O-Me-TPA, 4-O-methyl-TPA.

Table 4 Reversibility of TPA-inhibited R. delemar lipase activity
The enzyme was pretreated with TPA (10 min at 37'C); the mixture contained,

in a total volume of 0.4 ml, 2.5 ng R. delemar lipase, 0.1 mg bovine serum
albumin, 50 Mmol Tris-HCl buffer (pH 8.0), with 4 MMTPA (added in 4 ,,l
acetone). Controls were pretreated identically but without TPA. Control and
TPA-treated systems were then placed on ice, and aliquots were taken and diluted
10-fold for a 30-min enzyme activity assay as follows. Reactions, in a final volume
of 0.2 ml, contained 20 n\ of control or TPA-pretreated enzyme preparation, 40
Mgof bovine serum albumin, and 20 Mmol of Tris-HCl buffer (pH 8.0), and 2
nmol of [9,10-3H]DiOG were added to initiate the reaction.

Assay conditions

Final TPA
concen-
tration pmol oleic
(MM) acid formed

Enzyme activity

Inhibition

Control+
4 MMTPA (30-minincubation)+
4 MMTPApretreatmentand

diluted-1-
TPA (30-min incubation)40.40.41040.7

Â±56.1Â°45.3

Â±2.5924.4
Â±16.0956.7

Â±17.309511.28.1
' Mean Â±SD.
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low degree of inhibition was much like that shown when a
pretreated reaction mixture containing 4 Â¿Â¿MTPA was diluted
10-fold to achieve a final concentration of 0.4 ^M. Diluting the
concentration of TPA restored enzyme activity such that only
a 11.2% inhibition ensued.

We have shown in a previous paper that TPA is not a
substrate for pancreatic lipase (7). Our results with R. delemar
lipase, using assay conditions identical to those for DiOG
hydrolysis, show that TPA is also a poor substrate for the
microbial lipase. Only 2% of the TPA was hydrolyzed (tetra-
decanoate cleavage) after a 3-h incubation at 37Â°C.

DISCUSSION

We have shown that the phorbol diester class of tumor
promoters modifies the in vitro action of acylglycerol hydro-
lases. When noting the structural similarity between the tumor
promoters and diacylglycerols, i.e., the presence and proximity
of aliphatic esters, it is not surprising that agents like TPA can
act as lipase inhibitors. Former studies have demonstrated that
TPA inhibits, in a competitive fashion, the hydrolysis of PaG
by an enzyme in rat serum (9). Herein we extend the study of
phorbol ester influence on lipolytic enzymes and show that
TPA also inhibits the action of the well-characterized upases
of pancreas and R. delemar. TPA is a substrate for, albeit poor,
and an inhibitor of the rat serum lipase; however, neither
pancreatic nor the lipase of R. delemar hydrolyzes TPA. There
fore, TPA mimics structurally the substrate, and it is stable to
lipase attack. Phorbol diesters are active at the cellular level at
concentrations of 10~7-10~'Â°M. Although higher amounts of

TPA are required, in vitro, to elicit lipase inhibition, TPA is
nevertheless equal in potency or more effective than other
commonly used enzyme inhibitors. The diacylglycerol lipase
inhibitor, RHC 80267 ( 16), is functional in the 1-100 MMrange,
and ,/V-ethylmaleimide, p-chloromercuribenzoate, and diisopro-
pylfluorophosphate are inhibitory at concentrations of IO"3,
10~5,and 10~4M, respectively. The structure/inhibitor relation

ship was examined using TPA and several promoting and
nonpromoting phorbol esters. The results showed a definite
requirement for phorbol diesters with acyl chains of 16-20
carbons. The short-chain diester, PDB, was only slightly inhib
itory, and the monoesters, TP and PA, produced no significant
inhibition of R. delemar lipase. As 4-O-methyl-TPA is often
used as a negative control in cocarcinogen/promotion experi
ments (4), our results suggest that a hydrophobic diester group
ing is essential for strong enzyme inhibition and that the phor-
bols need not necessarily be potent promoters.

The results of these and previous studies indicate that at least
two upases are present in the delipidated rat serum preparation.
One activity hydrolyzes TPA and the long-chain, short-chain
diradylglycerols, and TPA inhibits the hydrolysis of the latter.
The hydrolysis of both substrates is sensitive, however, to the
diacylglycerol lipase inhibitor, RHC 80267. A TPA hydrolase
of mouse plasma has recently been shown to be esterase 1 (17),
a well-characterized protein of unknown function that displays
a wide range of substrate specificity (18, 19). Notable among
the substrates are the 170-esters of estradici (17,18). Therefore,
it has been suggested that esterase 1 may act physiologically as
a lipase (17). This is in agreement with our observations on the
substrate specificity of the rat serum enzyme which hydrolyzes
the tetradecanoate moiety of TPA and the long-chain esters of
neutral glycerolipids. The phorboid tumor promoters and the
long-chain estradiol 17/3-esters are structurally similar, as
shown in Fig. 5, and it is interesting that both compounds share

OHV
"CH2OH

Phorbol diester

HO

EstrÃ¹dici ITff-ester

Fig. 5. General structure of phorbol diesters and 170-esters of estradiol.

a relative degree of stability in biological systems (8, 20, 21).
Another lipase of rat serum that we have described hydrolyzes

diacylglycerols (DiOG), is less sensitive to RHC 80267, and is
stimulated by phorbol diesters. The mechanism by which TPA
stimulates DiOG hydrolysis is not known. The data indicate
that stimulation is not influenced by substrate physical state
parameters as would be the case in monomeric versus micellar
presentation (22, 23). The stimulatory effect of TPA was ap
parent at low concentrations, with no lag in response over the
range of TPA tested. Next, the introduction of detergent (Triton
X-100), which would modify the physical state of TPA and
substrate, did not influence the TPA-stimulated response. In
experiments designed to assess the influence of effector struc
ture on the stimulation of enzyme activity, a preference for
phorboid compounds was shown. Phorbol diesters with ali
phatic ester carbon numbers of 16-20 produced the highest
stimulation, with TPA eliciting a maximal response. PDB was
not an effective stimulator. The long-chain monosubstituted
compound, TP, elicited a 70% stimulation, whereas PA was
without influence. These data again indicate that the more
hydrophobic agents, which would be true lipase as opposed to
esterase substrates, are the most favorable effectors. Because
PaG is readily hydrolyzed by the serum enzyme (8), it was not
possible to test the influence of this turativi mediator on DiOG
hydrolysis. We instead examined the effect of the lipase-stable
(ether-linked) analogue, hexadecylacetylglycerol, and found it
nearly as stimulatory as phorbol tetradecanoate. In summation,
the stimulated hydrolysis of DiOG is best elicited by compounds
with either a phorbol or glycerol backbone containing long-
chain aliphatic esters and a free hydroxyl group. Because the
serum Upases demonstrate specificity for hydrolysis of the
estrogen analogue, estradiol 17/3-ester (18, 19), it is interesting
to speculate that endogenous serum factors could regulate the
enzymatic liberation of active estradiol, in a manner similar to
the TPA-modified enzyme activity.

Phorbol diesters produce a wide variety of cellular responses,
which in many cases have been linked to their stimulatory effect
on protein kinase C. Herein we have documented a new action
of phorbol diesters: the modification of diacylglycerol metabo
lism, in vitro, by their interaction with enzymes other than
protein kinase C. The stimulatory and inhibitory influence of
the phorbols on diacylglycerol lipase does not closely follow
the structure-activity relationships for tumor promotion (2, 4),
but rather divorces the importance of the fatty diester grouping
from the phorbol backbone. Although the mechanism by which
phorbol diesters stimulate serum lipase is not known at present,
the hydrophobic diradyl moiety appears to be a requirement for
enzyme-TPA binding and inhibition. These actions may occur
at the cellular level as we have recently shown that TPA inhibits
lipase activity in cell-free fibroblast preparations (9). Addition
ally, TPA is a relatively strong lipase inhibitor and as such
could be used in place of other less potent compounds.

TPA has been shown to influence choline glycerophospho-
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lipid metabolism in cells (13, 24-26) and to induce the forma
tion of diacylglycerols (11, 12). In keeping with the pleiotropic
spectrum of cellular responses elicited by phorbol diesters (27),
it is interesting to postulate that these agents could act via a
mult Â¡modalmechanism to modify phospholipase C activity and
subsequently sustain the second messenger signal by altering
the action of diacylglycerol lipase or diacylglycerol kinase. As
such, any compound that interferes with diacylglycerol metab
olism, i.e., the lipase inhibitor RHC 80267 (16) or TPA, may
ultimately influence cellular growth and behavior.
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