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SUMMARY: 1n yivo administration of TCDD produces an increase in the level of
Protein Kinase C in the hepatic plasma membrane. We have studied the direct
effects of TCDD on cultured EL4 thymoma cells, which contain a large amount of
Protein Kinase C and respond to phorbol esters with rapid fransiocation of the
kinase to the membrane, followed by growth inhibition, adherence to substrate
and production of Interleukin 2, TCDD (10-1000 nM) did not compete with “H-
phorboi dibutyrate for binding to cytosolic Protein Kinase C, and had no effect
on Protein Kinase C activity ln yitro. TCDD did not stimulate transiocation of
Protein Kinase C to the membrane, and did not affect phorbol ester-stimulated
translocation. TCOD did not inhibit EL4 cell growth or affect phorbol ester
induced growth Inhibition, and failed to stimulate production of Interieukin 2
Thus, TCDD does not appear to activate Protein Kinase C in EL4 cells. 41986

Academic Press, Inc.

Many of the in vivo effects of the environmental contaminant, 2,3,7,8-
tetrachiorodibenzo-p-dioxin (TCDD) , are similar to those of tumor promoting
phorbol esters. These effects inciude enhanced cellular proliferation and
differentiation (1,2), tumor promotion in mouse skin (3-5) and induction of
gene expression (6,8-11), 1n yivo administration of TCDD results in reduced
binding of insulin, glucagon, con A and epidermal growth factor to their
receptors (12,13). Similarly, phorbol esters cause a reduction in affinity of
insulin and epidermal growth factor receptors for their |igands, presumably via
PKC-mediated receptor phosphorylation (14). The phorbol ester receptor, now

shown to be Identical with PKC (15,16), Is found in the cytosolic fraction

The following abbreviations were used: TCDD, 2,3,7,8-tetrachlorodibenzo~
p-dioxin; PKC, Protein Kinase C; PDB, phorbol 12,13~dibutyrate; PMA, phorbol
12-myristate, 13-aceteate; PS, phosphatidylserine; DO, dioclein; 1L-2,
interteukin 2.
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(17), as 1s the putative TCDD receptor (18). These observations led to specula-
tion that TCDD might exert at least some of its effects via PKC (2).

In this investigation we have studied the effects of TCDD on PKC activity
ln vivo and In vitro, using the EL4 cell which has been used as a model for the
study of PKC (7,17,20). EL4 is a mouse T helper Iymphoma derived froma 9,10~
dimethyibenzanthracene treated C57BL/6N mouse (21). Since lymphocytes are
second only to brain in relative content of PKC (22), it is not surprising that
EL4 cells contain a large amount of PKC (7). Treatment of EL4 cells with
phorbol esters results in rapid apparent movement of PKC from the cytosol to
the membrane, followed by adherence of cells to substrate, growth inhibition
and production of IL-2 (7,23,27). In addition, EL4 cytosol contains abundant
PKC/phorbol ester receptors and therefore is useful for measuring direct
effects of agents on PKC. We have used this well defined system to measure the

effects of TCOD on PKC.

METHODS

Competition for 3H-PDB binding was measured as described (17)., PKC
activity was measured by incubating cytosol (0.4 mg/ml) with 0.8 mg/r%l crude
histone, 75 mM MgAc, 0.1 or 0.5 mM CaCl,, 5 mM ATP containing 2.5 uCi 2P-ATP,
and PS, DO, PMA and TCDD as indicated, ina final volume of 150 ul, for 3 min.
at 30 C, Reactions were stopped by spotting onfo phosphocel lulose paper and
processed as described (20). Translocation of PKC was measured as described
(7). Growth inhibition was measured by an 8 hour pulse of “H-thymidine (2
Ci/mmol) 18 hours after treatment of cells with TCDD or PMA., Cells were
harvested onto filter paper, washed and counted. 1L-2 was assayed as described
(23), and units were calculated as the inverse of the dilution which gave a
half maximal response.

RESULTS AND DISCUSSION
The ability of PDB or TCOD to bind to cytosolic PKC was assessed by
competition with 34~PDB for cytosolic binding sites in the presence of calclum

and PS. As shown in Fig. 1, PDB (1 uM) but not TCDD (10-1000 nM) was able to
compete for 3H-PDB binding sites, indicating that TCDD does not bind to the

same site as PDB. The batch of TCDD used in these studies was shown to be
biologically active in the nM range in other studies (24), In order to assess
whether TCDD may activate PKC by a mechanism Independent of the PDB binding
site, we examined the direct effect of TCDD on PKC activity (Tables 1 and 2).

While PMA and DO were capable of activating PKC in cytosol in the presence of
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Figure 1. Competiion by TCDD for 3H—PDBSBindIng. EL4 cytoso! (0.8 mg/ml) was
incubated for 2 hoirs on ice with 40 nM “H~-PDB, 75 mM MgAc, 0.5 mM CaCi,, 1.2
mg/ml bovine serum 3tbumin, 96 ug/mi PS, and PDB, TCDD or vehicle as indicated.
Bars represent means with standard errors of triplicate determinations. *p 0.01
vs, EtOH (t-test). PDB was prepared In E1OH, TCDD in DMSQC.

calcium and PS, TCDD (3=-300 nM) was unable to increase PKC activity alone or
with either PS or DO, or with a suboptimal comblnation of PS and DO, at 0.1 or
0.5 mM calcium, nor did it affect basal kinase activity. To determine whether

TCDD could affect PKC in intact EL4 cells, we measured translocation of PKC

PROTEIN KINASE C ACTIVITY. EL4 cytosol (0.4 mg/mi) w Incubated for

3 min. at 30 C with 0.8 mg/mi crude histone, 75 mM MgAc, G.5 mM CaClz, 5 mM ATP

containing 2.5 uCi P-ATP, and PS, DO and TCDD as indicated. Results are means with
standard errors of a representative experiment of 2-3 done in fripiicate

PROTEIN KINASE ACTIVITY (C2P-histone, cpm x 1072)

PS (ug/mi) DO (ug/mi) PS (48 ug/ml) +
addition controi 48 96 1.6 3.2 DO (1.6 ug/mi)
none 5.30 + 0.16 10.08 + 0.23*% 11,7 + 0.4* 5,19 + 0,32 5.26 + 0.23 121 £ 1.1%
TCDD 3 nM 5.37 + 0.10 12.6 £ 0.2% 4,84 + 0,02 13.2 + 1.5%

10 nM 5.18 + 0,14 12.6 + 0.4* 4,78 + 0,06 13.0 + 0.7%

30 nM 5.45 + 0,13 11.9 + 0.9% 4,67 £ 0.20 13.3 + 0.6%

100 nM 5.39 + 0,12 12,2 + 0.6* 5.03 &£ 0.14 13,1 + 0.3%

300 nM 5.35 + 0.28 12,6 + 0.2% 4,84 + 0.12 12.8 + 0.4%

DMSO 5.13 + 0.26 11.7 + 0.1% 4.71 £ 0.08 12.2 + 1,0%
PS (96 ug/ml) 11.40 £ 0.40%

%*p 0.01 vs. DO alone.
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TABLE 2, PROTEIN KINASE C ACTIVITY: CALCIUM DEPENDENCE. EL4 cytosol (0.4 mg/ml)

was incubated at 30 C for 3 min, with 0.8 mg/ml Erude histone, 75 mM MghAc, 0.1

or 0.5 mM CaCl,, 5 mM ATP containing 2.5 uCi 32p_ATP and PS, DO and TCDD as

indicated. Results are means with standard errors of a representative
experiment of 2-3 done in triplicate

<32P-h7§$o:2 ! Z ;L;Yx 1073)

0.1 mM CaCl,

PS (15 ug/mi) 2,92 + 0,39

+ DO (3.2 ug/ml) 5.98 + 0.13

+ PMA (50 nM) 4.52 + 0.16

+ TCOD (100 nM) 2.91 + 0.16
0.5 mM CaCIZ

PS (15 ug/m!) 12.4 = 0.40

+ DO (3.2 ug/ml) 15.6 + 0.50

+ PMA (50 nM) 14,8 + 1.00

+ TCDD (100 nM) 14.0 £ 0.70

which presumably results in PKC activation (20), While PDB produced the
expected loss in cytosolic and gain in membrane associated PKC, TCDD did not
affect PKC local ization or alter that response to PDB (Fig. 2). Therefore, In

EL4 cells TCDD does not mimic early responses of phorbol esters involving PKC.
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Figure 2, Effect of TCDD on Translocation of Protein Kinase C, EL4 cells (108
in 10 mi each condition) were treated with 100 nM PDB, TCDD or vehicle for 30
min., (A), or pretreated with 10 nM TCDD or DMSO for 15 min. before 15 min.
incubation with 10 nM PDB (B}, Celis were then fractionafed into crude cytosol
and membrane fragtions by Dounce homogenizatlon followed by centrifugation at
100,000 x g, and “H-PDB binding was measured in both fractions. Bars represent
means of triplicate determinations from one of four similar experiments. *p
0.05 vs. control.
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Figure 3. Effect of TCDD on Growth Inhibition. EL4 cells (2x105/m1) were
incubated with 50 nM PMA, TCDD or vehicle (A) or Incubated simultaneously with
5 nM PMA ang 30 nM TCDD or DMSO (B) for 18 hours, then prolliferation was
measured as “H-thymldine Incorporation during an 8 hour pulse. Bars represent
means from one experiment performed in triplicate, with standard errors, *p
0.01 vs. EtOH (+-test).

Recently, Bombick et al. have reported an increase in PKC activity after
long term (48 hour) Incubation of hepatocytes with TCDD (25), Therefore, we
measured two lfong term responses of EL4 cells to phorbol esters, growth
inhibition and induction of IL-2 synthesis. TCDD (1-100 nM) failed to mimic the
growth inhibitory effect of PMA (Fig. 3) and did not induce synthesis of IL-2
{(not shown). Therefore, these results do not support an interpretation that
TCDD can directly stimulate PKC activity. These results are in agreement with
those of Clark et al. (26) in which con A-stimulated IL~2 production by C57Bi/6
mouse spleen cells in vitro was not affected by prior in yivo administration of
TCOD. These resuits are not necessarily in disagreement with those of Bombick,
et al. (25). in their studies, induction of synthesis of PKC was not ruled out.
Induction of several hepatic enzymes by TCDD has been well documented (8-
11),and in the case of PKC may be an intriguing explanation for tumor promotion
by TCOD. In this {ight, our results clearly eliminate the hypothesis that TCDD
produces the increase In hepatic PKC activity by a direct effect on PKC.
Whether the similarities between TCDD and the phorbol esters in liver and
other systems result from TCDD induction of PKC synthesis remalns to be
determined. However, our results support the hypothesis that effects of TCDD on

PKC are not direct.
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