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Summary The activities of protein kinase € (PKC) and the bindings to
phorbol-12,13~dibutyrate (PDBu) of 41 cell lines were nmneasured. The
activities of PKC varied from 0.2 to 37 mU/10° cells in different cell
lines, and in general were high in normal or untransformed cells and low
i malignant, or transformed cells. The PDBu binding also varied
considerably in different cell lines, and was again higher in normal or
untransformed cells. In some cell lines, the binding was much higher at
4°C than at 37°C, suggesting rapid down-regulation of the binding. A
correlation between PKC actlvity and PDBu binding was found only within
certain cell types, i.e., epithelial cell lines derived from human tumors.
© 1988 Academic Press, Inc.

Introduction PKC 1s a phospholipid- and calcium-dependent protein kinase
originally isolated by Nishizuka and his colleagues. DG, a product of
signal-induced inositol phospholipid breakdown, greatly increases the
affinity of PKC for phospholipids and calcium at a physiological level,
indicating that PKC has a crucial role in signal transduction by a variety
of growth factors and differentiation factors (1l). Recent work has shown
that there 1s a family of PKC genes, which may be expressed Specifically
depending on the type of tissue or cells (2).

PKC 1s the receptor for phorbol ester tumor pronmoters (3) and

binding sites for phorbol esters have been co-purified with PKC activity
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from rat and mouse brains (4, 5). Tlransfection of PKC genes resulted in
increase in  binding of 3H»PDBu in parallel with increase in expression
of PKC activity (6). Thus, the plelotropic actions of phorbol esters on
cell growth, differentiation and carcinogenesis can pe explained at least
in part by their bindings to PKC, which result 1n its activation.

Recent progress in cellular and nolecular biology largely depends on
the use of cell lines. For example, A431 cell line, which contains a
large number of binding sites for epidermal growth factor (7), has
facilitated studies of this receptor. Similarly, cell lines with special
characters of PKC should be useful. We, therefore, examined the
activities of PKC and the binding to PDBu of 41 cell lines derived from
normal and malignant tissues of experimental animals and humans.  The
results indicated considerable variations 1in the PKC actlvities and
bindings of PDBu in different cell lines, with high values In normal or

untransformed cells and low values in malignant or transformed cells.

Materials and Methods

Materials. The following chemicals were used: PDBu (L. C. Service;&orp.,
MA); histone (type I11-S), ATP and PS, diolein (Sigma, MO); [V- PlATP
(specific activity, 20-40 Ci/mmol) and [20-"HIPDBu (specific activity,
12.5-30.8 Ci/immol) (New England Nuclear, MA).

Cell culture. The following culture nedia supplemented with 10% fetal
calf serum were used: RPM11640 (for P3-X63-Ag8Ul, F¥FM3A, U937, HL-60,
Friend erythroleukemia cells, and 1TE-1, -2, -8, and -9); Dulbecco's
modified FHagle's medium (for SUSM-1, SV-WIL-38, and A431); kagle's minimum
essential medium (for other cell lines). All cells were grown at 37°C in
an atmosphere of 5% CO2 in air.

Preparation and assay of PKC. About 5 x lO/ cells in the late log phase
of growth were solubilized in EB containing 1% Triton X-100 for 30 min.
The supernatant of centrifugation at 100,000 x g for 1 h was applied to a
DEAE-cellulose (DE52, Whatman) column (1 ml). The eluate with 3 ml of 0.3
M NaCl in EB was mixed with 1.5 ml of EB saturated with ammonium sulfate,
and the mixture was stood for 1 h, and then centrifuged at 15,000 x G for
20 min. The desalted solution through a PD-10 colunn (Pharmacia) was used
for assay of PKC. Protein Kinase activity was assayed by measuring in the
reaction mixture consiste%zot 20 mM Tris-HC1 (pH 7.5), 5 nM MgS0, 200
pug/ml histone, 10 uM [Y-""PJATP, and 50 pl of enzyme preparation in a
final volume of 250 ul (8). PKC activity 1is defined as the difference
between the ATP-histone phospho-transferase activity in reaction mixture
containing 1 mM CaCl,, 64 uM PS, and 1.3 pM diolein (Ca/PS/DG) and in that
containing 1 mM EGIA"but no Ca/PS/DG. After incubation for 3 min at 30°C,
the reaction was stopped by adding 5 ml of 25% trichloroacetic acid, and
radiocactivity of acid-insoluble fraction was counted. One unit of PKC
activity was defined as the amount of enzyme catalyzing incorporation of 1
nol of phosphate per min from ATP into histone.

Assay of PDBu binding. Binding of [5H]PDBu to intact cells was assayed as
described previously (9) with & slight modification. Briefly, subcons
fluent cultures (about 3-8 x 107 attached cells/35-mm dish or 1-2 x 10
floating cells/1.5-ml microcentrifuge tube) were washed 3 times with PBS
and incubated in 1 mil %f assay buffer (1 mg/ml bovine serum albumin in
PBS) containing 3 nM [“HIPDBu in the presence and absence of a large
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excess (30 pM) of unlabeled PDBu at 4°C or 37°C for 60 min. After
incubation, the cells were washed 3 tines with ice-cold assay buffer and
solubilized in PBS containing 0.8% Triton X-100, 0.02% EDTA, and 0.25%
trypsin. The radicactivity of the cell lysate was counted in a liquid
scintillation counter. Speci}“ic PDBu binding is defined as the difference
between the amounts of [YH]PDBu bound in the presence and absence of
unlabeled PDBu.

Results and Discussion

PKC activities. As summarized in Table 1, the PKC actlvity varied

considerably in different cell lines, ranging from 0.2 to 37 mU/lO6 cells.
In human cell lines, diploid cells showed higher activities than cell
lines derived from mallgnant tunors: the activities of human diploid
fibroblasts were 19.7 (JHU-1) or 37.1 mU/lO6 cells (dermal tibroblasts),
whereas those of the transformed human fibroblast lines, SUSM-1, SV-WI-38
and KMST-6 were 12.2, 6.3 and 0.9 mU/lO6 cells, respectively. Similarly,
human epldermal keratinocytes in primary culture had an activity of 20.0
mU/lO6 cells, whereas 14 epithelial cell lines derived from human tumors
had activities ranging from 0.5 to 13.1 mU/lO6 cells (average, 5.2 mU; SDb,
4.0). Consistent with the present observation, Guilllem et §l_._ (10)
reported that PKC activities were reduced, to a similar extent to the
present study, in human colon carcinomas when compared with their normal
adjacent colon mucosa.

NIH/3T3, BALB/3T3 and C3H/1011/2 cells derived from mouse enbryos,
which all possess the phenotype of sensitivity to contact inhibition and
are widely used in studies on cell transformation, had moderate activities
in the range of 9 to 16 mU/lO6 cells. Mouse JB6 and rat FRSK cell lines,
in which two-stage transformation occurs as in BALB/3T3 and C3H/10T1/2
cell lines, also showed moderate activities.

These large variations may be mainly attributable to variations in
activity of PKC itself or in specific expression of its subtypes. The
activity may also be influenced by other factors, such as cell specific
substrate specificity, the presence of inhibitors or activators and the
conditions of cell growth. There are several recent reports of elevated
levels of diacylglycerol, an endogenous activator of PKC, in cells trans-
formed by ras-oncogene (11-13). We found that in ras-transformed rat
fibroplasts, an elevated level of diacylglycerol caused intracellular
translocation, activation and down-regulation of PRC (1l4).

PDBu binding. Binding of PDBu was also found to vary considerably in
different cell lines (Table 1). Human diploid fibroblasts and epidermal
keratinocytes contain a large number of binding sites tor PDBu, i.e., 335
and 788 fmol/l()6 cells, respectively, at 37°C, these nunbers being at

least 10 times those in other cell lines. Transformable 313 and
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Table 1. PKC activities and PDBu bindings of 41 cell lines

a PDBu bj.nd_‘lngkz at

Cells Origin PKC activity—

4°c 37°C
Mouse
NIH/3T3 Whole embryo (17) 8.7 (16.1-7.4) 55.8 49.4
BALB/3T3 Whole embryo (18) 12.0 (19.2-7.2) 91.8 46.3
C3H/107T1/2 Whole enbryo (19) 15.9 (20.1-4.2) 43.1 25.7
JB6 Epidermis (20) 19.1 (34.7-15.6) 13.8 19.9
P3-X63-Ag8UL Myeloma (21) N.T.E 2.5 2.2
FM3A Manmary carcinoma (22) 4.0 (19.1-15.1) 0.6 0.9
HemA Mammary carcinomaS 1.8 (8.1-6.3) 8.5 7.2
Friend Erythroleukemia (23) N.T. 2.3 1.2
Rat
FRSK Fetal keratinocytes (24) 11.0 (16.8-5.8) 82.0 4.9
FRSK(T) <& FRSK (25) 18.4 (35.2-16.8)  N.T.  N.T.
IAR-20 Adult liver (26) N.T. 2.4 4.6
AC2F Adult liver (27) 1.0 (3.9-2.9) 1.1 1.9
Chinese hamster
CHL Lung (28) 13.2 (13.2-0) 4.8 21.1
V79 Lung (29) 26.1 (38.7-12.6) 15.7 13.5
CHO-K1 Ovary (30) 8.0 (8.7-0.7) 20.9 20.4
Human
Dermal fibroblasts 37.1 (79.9-42.8) N.T. 335
Epidermal keratinocytes 20.0 (25.2-5.2) N.T. 788
JHU-1 Dermal fibroblasts (31) 19.7 (24.3-4.6) 70.1 37.7
SusM-1 Tx fibroblasts (32) 12.2 (12.2-0) 10.6 11.2
SV-WI-38 Tx fibroblasts (33) 6.3 (11.4-5.1) 8.8 10.9
KMST-6 Tx fibroblasts (34) 0.9 (5.3-4.4) 45.2 41.4
A431 SCC of wvulva (7) 0.7 (2.6-1.9) 3.2 0.2
HSC-1 SCC of skin (35) 5.6 (7.9-2.3) 5.9 5.4
HSC-2 SCC of mouth floor (36) 11.3 (19.9-8.6) 87.4 53.3
HSC~3 SCC of tongue (36) 4.1 (6.6-2.5) 4.9 2.7
HsC-4 SCC of tongue (36) 3.0 (6.1-3.1) 10.4 7.4
Ca9-22 SCC of gingiva (36) 3.8 (7.7-3.9) 15.7 12.6
NA SCC of tongue (36) 13.1 (21.2-8.1) 13.4 23.4
TE-1 SCC of esophagus (37) 7.6 (14.2-6.6) 26.2 29.2
TE-2 SCC of esophagus (37) 1.4 (5.3-3.9) 2.8 1.8

a, mU/lO6 cells, average of duplicate measurements. The first values in
parentheses indicate protein kinase activity in the presence of Ca/PS/DG,
while the second values indicate that in the absence of Ca/PS/DG but with
EGTA.

b, fmol/lO6 cells, average of duplicate measurements, except human
dermal fibroblasts (4 measurements) and epidermal keratinocytes (6
measurements) .

c, N.T., not tested.

d, unpublished cell line.

, Tx, transformed.

, obtained from Dr. T. Nishihira, Tohoku University.

, Obtained from Dr. S. Kondo, Tokyo Medical and Dental University.
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Table 1. ~ Continued.

a PDBu binding13 at

Cells Origin PKC activity:
4°C 37°c
TE-8 SCC of esophagust 0.5 (1.6-1.1) 6.0 0.9
TH-9 SCC of esophagust 3.4 (9.0-5.6) 7.3 0
HeLa Adenccarc, of cervix (44) 7.0 (19.0-12.0) 2.2 6.7
MCFP-7 Mammary carcinoma (39) 1.8 (8.1-6.3) 8.2 5.4
EJ Bladder carcinoma (40) 9.4 (15.0-5.6) 4.9 5.4
MIO-1 Malignant melanom g 0.2 (1.9-1.7) 10.4 15.0
MIO-2 Malignant melanomad 0.3 (69.3-69.0) 13.6  22.5
MIO-nu Malignant melanoma N.T. 17.6  25.7
TE-85 Osteosarcoma (41) 1.3 (4.4-3.1) 7.9 12.5
U937 Histiocytic lymphoma (42) 7.9 (18.8-10.9) 1.0 0.3
HL-60 Promyelocyt.leukemia (43) N.T. 0.9 0.4
C3H/10T1/2 cell lines bound moderate amounts of PDBu. In general,

transtformed cells and cell lines derived from tumors had lower activity
tor PDBu binding than normal and untransformed cells. This 1s not
consistent with the previous observation of shoyab and Todaro on mouse
cell lines (15).

Down-regulation depends on temperature, occurring at 37°C, but not
at 4°C, so differences in values at these two temperatures may indicate
the occurrence and extent of down-regulation of PDBu binding (16). FRSK,
A431 and TE-9 cells showed large differences in PDBu bindings at 4°C and
37°C, the values at 37°C being only 5.9, 6.3 and 0%, respectively, of
those at 4°C. We demonstrated elsewhere that PKC activity and PDBu
binding decreased 7 times faster in FRSK cells than in BALB/3T3 cells, and
that this down-regulation was due to proteolytic cleavage of the PKC
molecule (16). In contrast, human epidermal keratinocytes do not show
down-regulation, although they contained a large number of binding sites
for PDBu (9).

Correlation of PKC activities and PDBu bindings. As shown in Fig. 1,

there was no significant correlation between the PKC activities and PDBu
binding at 4°C, (correlation coefficient, r = 0.39). The distribution of
values could be divided into the following four groups: A, cell lines
with high PKC activity and low PDBu binding (e.g. V79, CHL and JB6); B,
cell lines with high activities of both parameters (e.g. JHU-1, BALB/3T3
and C3H/10T1/2); C, cell lines with low PKC activity and high PDBu binding
(KMST-6); and D, cell lines with low activities of both parameters (most

human tumor cell lines).
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Fig. 1. Correlation of PKC activities and PDBu bindings at 4°C of the
33 cell lines. A, cell lines with high PKC activity and low PDBu
binding; B, cell lines with high values of both parameters; C, cell
lines with low PKC activity and high PDBu binding; D, cell lines with
low values of both parameters. The names of cell lines in Groups A, B
and C are indicated.

Fig. 2. Correlation of PKC activities and PDBU bindings at 4°C of 14
eplthelial cell lines derived from human tumors (e, SCC; o, other
types of tumor). There is a significant correlation between these two
parameters for epithelial tumor cell lines (dotted line; correlation
coefficient, 0.58; P<0.05). A higher level of correlation was
obtained for SCC cell lines only (solid line; correlation coefficient,
0.62; P<0.05).

This absence of a correlation may be due to the inclusion in the
study of diverse cell lines derived trom different species and cell types
(epithelial or nmesenchymal) and with different natures (normal or
malignant). When examined the correlations within various types of cell
lines, a significant corrvelation was obtained with epithelial cell lines
derived from human tumors (r = 0.58; P<0.05) (Fig. 2), but not with
non-epithelial human tumor cell lines (£ = 0.52; P>0.2). A higher
correlation coefficient was obtained when only cell lines derived from SCC
were compared (r = 0.62, P<0.05), especially for 4 cell lines of
esophageal SCC (r = 0.94; P<0.l). No significant correlation was found
with other categories, such as cell lines from mice, rats or Chinese
hamsters.

The availability of cell lines with PKC showing different char-
acters, such as high or low activity, or rapid or slow down-regulation,
should be useful ror further studies on the nechanisms by which PKC

regulates cell growth, differentiation and tumor promotiorn.
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