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Abstract

Protein Kinase C (PKC) activators, phorbol 12-myristate 13-acetate (PMA), bryostatin, and dioctanoyl glycerol
(DiC8), induce translocation of PKC isozymes from cytoplasm to plasma membrane or into nucleus. The activated
PKC negatively modulates growth of human breast cancer cells. Antiproliferative effect and translocation of PKC were
investigated in MCF-7 cells. The translocation of activated PKC isozymes by PMA, bryostatin and DiC8 was occurred
at the various different regions in MCF-7 cell. PKC o and B could be translocated to the nucleus or the nuclear mem-
brane, and PKC 8and ¢ to cell membrane by PMA while DiC8 and bryostatin induced the translocation of PKC a
and B to the nucleus or plasma membrane, respectively.

In the antiproliferative effect of PKC activators, PMA (ICso values of 1.2£0.3nM) and DiC8 (ICs, values of 5.0+
1.1uM) inhibited the cell growth. Bryostatin also inhibited the cell growth but to a much less degree than one obser-
ved with PMA © 16% growth reduction by 100nM bryostatin. However, PMA treated with bryostatin induced gro-
wth inhibition, but PMA with DiC8 at 10uM was not effective. These results suggest that each PKC isozyme is tran-
slocated to various specific sites, and that especially, PKC a isozyme plays an important role in control of antiprolife-
raive function of cell growth.
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Introduction

The PKC isozymes were detected in the human breast
cancer cells such as MCF-7" and MCF-7/Dox cells”. It
has been reported that the six PKC isozymes in PC-3
cells” are involved in signal transduction pathway. Ac-
tivation of PKC o, B, 8, €, and { in MCF-7/Dox celis”
and expression of the five PKC isozymes a, §, ¢, 1, and
u in PC-3 and DU145 cells® were observed. Transloca-
tion of the PKC isozymes by PKC activators occurs in
various types of cells. For example, some PKC isozymes
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nslocated to the various regions of platelets® by phorbol
ester, and down-regulation of PKC a in hepatoma celis”
by phorbol ester may be against production of erythro-
poietin. According to Girad and co-workers®, the PKC
activator phorbol ester has the direct effect on the exp-
ression level of and translocation of PKC isozymes in HL
60, K562, CHO, and E7SKS cells. Choi and Ahn® obse-
rved the translocation of PKC a and ¢ to the nucleus by
PMA and that of PKC a to the nucleus and PKC ¢ to
the plasma membrane or the nucleus by bryostatin-2 in
prostate adenocarcinoma PC-3 cell line. Ahn and others®
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are tradetected that the six PKC isozymes, except for
PKC v, were localized in cytoplasm of MCF-7/Dox cells,
but that when treated with PMA, they were transloca-
ted differently © PKC o to the plasma membrane or nu-
cleus and PKC B to the nuclear membrane and cytop-
lasm, PKC § to the nuclear membrane, and PKC ¢ to the
nucleus.

The expression of PKC a, 8, g, n, and p was also ob-
served in TPA-resistant LNCap, PC-3 and DU145 cells
by de Vente and co-workers®, They suggested that PKC
a and | were translocated to the cell membrane with
the TPA-treated. Others” reported the activation of cy-
toskeleton and inhibitory effect on tumor cell growth by
translocation of PKC isozymes'®. The PKC activator br-
yostatin'" appeared to inhibit the cell growth of MCF-
7 cells and consequently induced translocation'® and
down-regulation of individual PKC isozymes”. For insta-
nce, in SENCAR mouse skin tissue, the tumor promotion
was repressed by bryostatin and phorbol esters'®, in
MCF-7 cells by bryostatin-1, and in hepatoma'? and

15)

glioma cells" by phorbol ester. The growth inhibitory

effects by bryostatin-1 and TPA in human leukemia and
tumor cells?®*”
and phorbol ester'™®'® and in MCF-7 cells by DiC8

and phorbol ester were investigated in other studies'?.

, in breast cancer cells by bryostatin-1

Among the PKC isozymes, PKC a and B are responsi-
ble for growth inhibition of MCF-7 cells'”, In MCF-7-
PKC a cells, expressed by unique antisense oligonucleo-
tide of PKC isozymes, PKC o was proposed to prevent
tumor promotion by the PKC activator TPA by de Vente
and co-workers”. It was reported that the cyclic AMP-
generating systems in NIH3T3 cells, where PKC o was
expressed, were suppressed®”, and that the expression
of estrogen receptors and apoptosis were resulted in
MCF-7 cells when treated with phorbol ester®”,

The purpose of study is to observe the translocation
of PKC isozymes by PKC activators in MCF-7 cells and
the antiproliferative effects of the PKC activators such
as bryostatin, DiC8, and PMA and in-combination of

bryostatin or DiC8 with PMA.
Materials and Methods

Phorbol 12-myristate 13-acetate (PMA), bryostatin,
1,2-dioctanoyl glycerol (DiC8), biotinylated secondary
antibody, rabbit anti-mouse IgG, Texas Red-antibody
conjugate and other chemicals were purchased from Si-
gma (St. Louis, MO) 5 PKC antibodies a, B, 8, ¢ and {
oligodeoxynucleotide probes for respective PKC isozyme
messages, and mRNA isolation kit were from Gibco-BRL
(Gaithersburg, MD). Human breast cancer, MCF-7 cell
lines were obtained from NIH.

Cells were cultured in RPMI 1640 containing 5% fe-
tal bovine serum (FBS). For cell proliferation assay, cells
(200 cells in 0.2ml media per well) were placed in
RPMI 1640 with 5% FBS in 96-well microculture pla-
tes and allowed to attach for 5 hours. After attachment,
various concentrations of PKC activators alone or in co-
mbination were added to the microcultures. After the
plates were incubated at 37C for 3 days, the cells were
fixed by gentle addition of 50p¢ SRB solution (0.4%
SRB in 1% acetic acid) to wells for 10 min. The plates
were then quickly washed five times with 1% acetic
acid to remove unbound dye and allowed to air dry.
Bound dye was solubilized with 10mM Tris buffer (pH
10.5) prior to reading plates. The absorbancies at 570
nm were read from a Bio-Pharm Tech microplate reader
(model CERES 900C) interfaced with an IBM compu-
ter.

For immunocytochemical analysis of Protein Kinase C,
monolayered MCF-7 cells (100 cell/well) on culture
slide were treated with PKC activators, then fixed with
3% formaldehyde, and rinsed with PBS three times at
room temperature. After permeabilizing cell membranes
with ice-cold 0.5% Triton X-100 for 10 min, they were
incubated for 1 hr at room temperature in blocking so-
lution containing PBS, 1% normal goat serum and 0.3%
Triton X-100. The cells were treated with PKC isozymic
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antibody (1-10ug/ml) in the blocking solution and in-
cubated overnight at 4C in a humidified chamber. After
washing 5 times with PBS, the cells were incubated
with biotinylated secondary antibody, goat anti-rabbit
IgG for 2 hr at room temperature, and then reacted
with streptavidine Texas Red-conjugated anti-rabbit IgG
antibody in PBS for 2 hr in the dark at room tempera-
ture, following washing 5 times with PBS. After rinsing
5 times with PBS and once with deionized water, the
mounted specimen with 50% glycerol in PBS was obse-
rved under a fluorescent microscope (Nikon, Japan) at
X400.

Northern blot analysis of Protein Kinase C, total cellu-
lar RNAs and Poly(A)RNAs from MCF-7 cells were pu-
rified by using a mRNA purification kit as recommen-
ded by the manufacturer. 2pug of mRNA were loaded
onto each lane of 1% agarose gel containing formaldeh-
yde and electrophoretically resolved. The RNA was tra-
nsferred to a nitrocellulose membrane (Hybond-N,
Amersham, IL) by capillary transfer and the blot was
then probed with 3X10° cpm/ml random-primed *2P-
radiolabeled oligonucleotides 40-base oligonucleotides.
The synthetic oligodeoxynucleotides (Gibco-BRL, Gai-
thersburg, MD) were used for probes of PKC a, B, v, §,
¢ and § isozyme messages. These probes were comple-
mentary to a portion of the V3 region cDNA sequences
of their respective isozymes except the { probe which
is complementary to a sequence of the 3’-untranslated
region of the { isozyme message. Autoradiography was
carried out by exposing the membrane for up to 7 days.
Membranes were washed at in 0.1% SSC containing 0.1
% SDS and exposed to X-ray film (Kodak, AR-2) for
72 hr at -70C with an intensifying screen.

Result
For the signal translocation of the activated PKC isoz-

ymes by stimulation of some activators such as phorbol
12-myristate 13-acetate (PMA), bryostatin, and dioc-
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toanoyl glycerol (DiC8), monoclonal antibodies against
the six PKC isozymes a, B, ¥, 6, €, and § were used. In
normal MCF-7 cells, each PKC isozyme besides PKC y
was detected in the cytoplasm (Fig. 1 and 2, control
@s).

When MCF-7 cells treated with 10nM PMA, PKC a
was translocated from cytosol to the nuclear membrane
and the nucleus (Fig. 1 PKCa-®) and PKC B to the nu-
cleus but mainly to the nuclear membrane (Fig. 1
PKCB-®). Although PKC & exists in much less amount
than other PKC isozymes in cytoplasm (Fig. 2 PKCS-®),
it was translocated rather into the nuclear membrane
than to the nucleus. Like PKC 8, PKC ¢ also existing in
small amount was not translocated to the nucleus but
usually to the cytoplasm at low degree and to the nuc-
lear membrane (Fig. 2 PKCe-®). PKC { was often pre-
sent in the cytoplasm similar to the control and was
translocated to the cell membrane (Fig. 2 PKC{-®).

Like PKC @ in cytoplasm treated with PMA, in MCF-
7 cells treated with bryostatin, it was translocated to
the nucleus but at less degree than the PMA-treated
(Fig. 1 PKCa-©). PKC P was usually translocated to the
nuclear membrane as in PMA treatment (Fig. 1 PKCB-
©). PKC § was less translocated to the nuelear memb-
rane than that of PMA-treated (Fig. 1 PKC8-©). Al-
though PKC ¢ and { were present in cytoplasm, they
were not translocated to the nuclear membrane and to
the nucleus, respectively (Fig. 2 PKCe and {-©).

When the cells were treated with DiC8, PKC a was
translocated from cytosol to the nucleus, but its signal
level was the smallest (Fig. 1 PKCo-@). PKC B was
usually distributed in cytoplasm but sometimes translo-
cated to the nuclear membrane and the nucleus (Fig, 1
PKCB-@). PKC ¢ was distributed in cytoplasm as well,
but no translocation occurred to the nucleus (Fig. 2
PKCe-@). PKC {, mainly distributed in cytoplasm like
PKC ¢, was not translocated (Fig. 2 PKC{-@). In conse-
quence, PMA induced translocation of PKC a, B, §, and
¢ whereas DiC8 and bryostatin translocated PKC «
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Normal PMA Bryo DiC8

PKC a

PKC &

Fig. 1. Immunofluorescent detection of PKC isozymes in treatment of several activators to MCF-7 cells.
Photographs of upper, middle, and lower rows were indicated localization of PKC isozyme o, B, &,
type, respectively. a. control ; b. 10nM PMA ; ¢. 10nM bryostatin ; d. 1pM DiC8.
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Normal PMA

PKC €

PKC ¢

Bryo

Fig. 2. Immunofluorescent detection of PKC isozymes in treatment of several activators to MCF-7 cells.
Photographs of upper, and lower rows were indicated localization of PKC isozyme ¢, {, type, respecti-
vely. a. control 5 b. 10nM PMA 5 c¢. 10nM bryostatin 3 d. 1pM DiC8.

and B to the nucleus and nuclear membrane.

Using northern blot analysis, the levels of mRNAs of
the PKC isozymes a, B, 8, € and &, except for v, were
detected in normal MCF-7 cells. mRNA of PKC y was
not detected s mRNAs of PKC q, 9, ¢, and { were expre-
ssed in high amounts but PKC § in low amount. Among
the expressed PKC isozymes, protein level of PKC a, P,
8, and & was increased, but there was no significant
change in PKC § as shown in Figure 3.

To examine antiproliferative effect of MCF-7 cells by
PKC activators, PKC activators alone at different conce-
ntrations for MCF-7 cells were measured at the absor-
bance of 570 nm from a microplate reader. When the
cells were treated with PMA only, the antiproliferative
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Fig. 3. Morthern blot analysis of the PKC isozymes in
MCF-7 cells. The positions of rRNAs (18S and
28S$) are indicated by arrowheads on the right.

effect was at maximum of 86+5% (10nM) and 84 %
(100nM) reduction in cell growth. Compared to the co-
ntrol, 10nM PMA repressed the proliferation of MCF-7
cells to ICso values of 1.2+0.3nM. When the cells were
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treated with 10nM and 100nM bryostatin, the growth
level was moderately inhibited. The cells treated with 1
tM DiC8, growth inhibition of MCF-7 cells was expres-
sed as ICso values of 5.0+1.1uM (Fig. 4).
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Fig. 4. Effects of PMA (@), bryostatin (M) and DiC8
(A) on the growth of MCF-7 cells. Results are
expressed as percentage of control cell growth.

The antiproliferative effect was seen in the MCF-7 ce-
lls treated with bryostatin (10 or 100nM) and PMA
(10 or 100nM) at their same concentrations. The MCF-
7 cells treated with bryostatin and PMA simultaneously
at the same concentration (10 or 100nM) had their
growth of 43+2% (10nM) and 5414% (100nM) of
the control. The antiproliferative effect of PMA was pa-
rtially reversed by bryostatin. But the antiproliferative
effect after treatment of DiC8 (10uM) with PMA did
not change (Fig. 5).

The antiproliferative effect by PMA was partially re-
duced by bryostatin. Bryostain repressed the effect of
PMA on proliferation of MCF-7 cells. On the other
hand, the combination of DiC8 with PMA did not cause
antiproliferative effect by PMA. In addition, the antipro-
liferative effect by PKC activators was seen that PKC
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Fig. 5. Effects of bryostatin and DiC8 on the growth

response of MCF-7 cells to PMA. Results are ex-
pressed as percentage of control cell growth.

@ and B had correlation with growth inhibition of MCF-
7 cells.

Discussion

Generally PKC activators such as PMA, bryostatin,
and DiC8 have been reported to be cancer-inducing che
micals'*'”, However, the activated PKC?22® inhibited
the growth of breast cancer cells but also other tumor
cells and especially played an important role in signal
transduction for regulating proliferation of MCF-7 cells.
Our results show that the PKC activators, PMA, bryos-
tatin, and DiC8, translocated the PKC isozymes to va-
rious sites of MCF-7 cells. There are at least eleven sub-
types of PKC*? | conventional PKCs (a, B, BII, and v),
new PKCs (5, ¢, 0, 1, and 6), and atypical PKCs ({, A,
and v).

The roles of PKC have been recognized by many re-
searchers. The PKC activators induce expression of PKC
isozymes and function in growth control of MCF-7 cells

32}

2730 Beckman and researchers®® identified the five ex-
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pressed PKC isozymes @, 8, §, &, and { by western blot
and Stanwell and co-workers® the three PKC isozymes
0, €, and { Choi and Ahn® demonstrated the signal tra-
nsduction of the six PKC isozymes a, B, v, §, ¢, and ¢,
and these isozymes were detected in MCF-7/Dox cells
by Ahn and co-workers”. But our results show that
only the five were detected but not PKC y. The translo-
cation of PKC a isozyme by the PKC activators PMA
and bryostatin in prostate adenocarcinoma PC-3 cell line
and its translocation to the nucleus by PMA, bryostatin-
1 and DiC8 in MCF-7/Dox cell were observed by Ahn
and co-workers®.

In our study, by 10nM bryostatin, the growth of
MCF-7 cells was inhibited as Kennedy and co-workers
1 ohserved the antiproliferative effect by bryostatin-1
at the high concentration of 100nM in the MCF-7 cells.
McSwin and co-workers®® observed that HL-60 cells
treated with PMA had the antiproliferative effect of 1Cso
20+6nM, whereas our result showed as ICso 1.210.3
nM on MCF-7 cells. The cell growth inhibitory function
of the PKC activators may be mediated by PKC a isoz-
yme'®*®_ 1t was reported that antisense RNA specific to
PKC a in MCF-7 cells over-expressing PKC a caused
growth inhibition and cell death by phorbol ester’**.
Thus, the antiproliferative effect of MCF-7 cells by PKG
activators has the correlation with expression of PKC a,
and PKC o isozyme is essential in regulating the antip-
roliferative effect in MCF-7 cell growth. Our investiga-
tors have suggested the involvement of PKC isozymes a
and ¢ in growth inhibition of MCF-7 cells."”” On cont-
rary in this study, byrostatin unlike PMA did not induce
translocation of PKC ¢ into a nucleus nor involve in
growth inhibition, and thus PKCa is involved in regula-
ting in growth of MCF-7 cells.

PKC P involved in cell growth inhibition in cytosol of
MCF-7 cells as shown by Kennedy and co-workers'".
Treatment with PMA induced translocation of PKC
and ¢ into perinuclear membrane but almost no effect
with bryostatin and DiC8. PKC { had no effect by all
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the three PKC activators, PMA, bryostatin, and DiC8.

However, when bryostatin and DiC8 simultaneously
were added, the antiprotiferative effect of PMA was pa-
rtially reduced by bryostatin. Bryostatin repressed the
effect of PMA on proliferation of MCF-7 cells. But the
combination of DiC8 with PMA did not affect on antip-
roliferative effect by PMA. These result suggest that br-
yostatin bas two characteristics © antiproliferative and
partial proliferative effects on MCF-7 cells. The different
responses of bryostatin and DiC8 on PMA activity may
be related to different cellular translocations of PKC iso-
zymes and their activation pathways.

Consequently, these studies described the immunof-
luorescent detection of PKC isozymes of MCF-7 cells for
the isozyme-specific differential response to bryostatin,
DiC8 and PMA. These PKC activators inhibited growth
of MCF-7 cells. Especially PKC o isozyme can play an
important role in control of antiproliferative function
and cell growth in nuclear membrane or nucleus of
MCF-7 cells.
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Phorbol 12-myristate 13-acetate (PMA), bryostatin, dioctanoyl glycerol (DiC8)% %2 Protein Ki-
nase C (PKCQ)Y #4A= AXF=RE doly o= PKC FHEAY HYE F=30. 84838
PKCE d¥tdoz 48 H#EA7le 9 AT 19 B2 AR R 844 3A7E 7
TS 7HAx Atk PRCY FFAEH9F A7F MCF-7 AXolA 2AHE ST PMA, bryostatin, DiC8E
#9319 PKC 59549 H9E MCF-7 AZ9 o8 F4dA Yeistth. PMAE PKC a & B Hoju
et 283 PKC 8% e AlETO R AN AAANZAL, ¥ DIC8 bryostatin PKC o8 pE 2474 &3
o7 AAE =AU

PKC 84419 &4 a3t 9lo]x PMA (ICs, values of 1.2+0.3nM) ¢} DiC8 (ICs, values of 5.0+
L1pM)E AES 48E AN Bryostatin Al X 4L AAA AT, PMAZ #3d AR
e & FFEI%h F 100nM bryostatind] 93] 16% FT 444 FAHAT 18t PMAE bryo-
statin? #7 A23}0E o PMAY] F54 aFe Wkou, 10uM DiC8H &7 A 3d s de Azt
AU olH g AFAEL 7 PKC EHEAE0] 2 Sold X2 AAHen, 3] PKC a THELV}
NERY 334 75 A% 388 988 & AN
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