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Protein Kinase C (PKC) in Cellular Signalling System:
Translocation of Six Protein Kinase C Isozymes in Human
Prostate Adenocarcinoma PC-3 Cell Line
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Protein kinase C isozymes in a human prostate adenocarcinoma PC-3 cell line
were characterized. Inmunoreactive bands and immunocytochemical stains were
observed in PC-3 cells with antibodies raised against protein kinase C «, 8, 7, §, ¢,
and { types, respectively. Protein kinase C a corresponded to a immunoreactive
band at a molecular weight of 80,000-dalton, whereas molecular weights of other
immunoreactive isozymes of protein kinase C were detected at 68,000-dalton.
Protein kinuse C § and { antibodies detected additional bands at 55,000-dalton and
80,000-dalton, respectively. Immunocytochemical study confirmed the results of the
immunoblotting experiments qualitatively: all six protein kinase C isozymes were
detected in the cytoplasm of PC-3 cells. Translocation of protein kinase C in PC-3
cells were also examined with phorbol 12-myristate 13-acetate (PMA), bryostatin 2,
diolein, and 1-oleoyl-2-acetyl glycerol (OAG). Differential reactions of protein kinase
C isozymes to these activators were observed. When PC-3 cells were treated with
10nM bryostatin 2, protein kinase C isozyme ¢ was translocated into the nucleus,
whereas ¢ type was translocated into the plasma membrane and the nucleus. Protein
kinase C o and ¢ types were translocated into the nucleus following the treatment
with 10uM diolein, whereas protein kinase C «, 3, 7, and ¢ types were translocated
into the nucleus by the treatment with 10uM OAG. Protein kinase C o and ¢ types
were translocated into the nucleus in the presence of 100nM PMA. Protein kinase C
J type was translocated to the nuclear membrane by these activators, however, only
PMA-induced translocation was inhibited by protein kinase C inhibitor, 1-(5-
isoquinolinesulfonyl)-2-methylpiperazine dihydrochloride (H7). H7 inhibited
translocation of protein kinase C o type induced by PMA, 3 type by OAG and ¢ type
by PMA and OAG, whereas it did not affect translocations induced by bryostatin and
diolein, respectively. These results suggest that there exist six isoformes of protein
kinase C (o, . 7 6, ¢, and { types) in PC-3 cells and that each of these isozymes
distinctively reacts to bryostatin, diolein, OAG and PMA, in part due to an altered
molecular size and conceivably discrete binding site(s).

KEY WORDS: PC-3 cell, Signal tranduction, Protein kinase C isozymes,
Translocation, Phobol esters

439



440 Korean J. Zool

Prostate cancer is the third highest cause of
cancer death in men in the Unite State with over
30.000 deaths annually (Silverberg et al.. 1990;
Boring et al.. 1991). Majority of patients with
prostate cancer are diagnosed as having advanced
disease or eventually develop metastases to lymph
nodes, bones, lung and liver (Torti, 1985). Since
most of cytotoxic anticancer drugs do not exert
effects to prostate cancer cells, treatment of
prostate cancer apply somewhat unique approach
such as androgen-related therapy and retinoids or
its modulators (Merk, et al., 1986; Robinson, et
al., 1990; Sporn, et al., 1991). Androgen
ablation or total androgen blockade has some
effect on the progression of prostate carcinoma in
humans, since it stabilizes the disease, improves
urinary symptoms, or reduces pain in over 50% of
patients with advanced prostate cancer {Beland, et
al., 1990; lversen, et al., 1990). Despite of these
androgen-related therapy, over 30% of prostate
cancer patients ultimately become resistant to the
therapy, in part due to the clonal development of
resistant cells to the effect of androgen in cell
growth and to oncogenic and growth factor
changes leading to malignancy (Rijnders, et al.,
1985; Viola, et al., 1986; Peehl. et al., 1987;
Davies, et al., 1988; Isaacs, et al., 1991).
Changes in prostate cancer cell proliferation and
oncogene expressions would accompany modified
cellular signal transduction mechanisms, which
might include protein kinase C-mediated pathways
(Nishizuka, 1992).

PC-3 cell is a
adenocarcinoma isolated from a vertebral
metastasis and is independent of androgen
(Horoszewics, et al., 1983). There are a few
studies on characterization of PKC-mediated signal
transduction mechanisms of androgen-dependent
prostate cancer cells in relation to cell proliferation
and induction of prostate-specific antigen {Goueli,
1990; Andrews, et al., 1992; Mariotti, et al.,
1992). However, protein kinase C has not been
characterized in either androgen-dependent or
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androgen-independent prostate cancer cells and
possible role(s) of protein kinase C in androgen-
independent prostate cancer cells has not been
investigated. We now report that six isoforms of
protein kinase C are detected immunologically in
the PC-3 cells and react distinctively to protein
kinase C activators such as bryostatin, diolein, 1-
oleoyl-2-acetyl glycerol, and phorbol 12-myristate
13-acetate, and PKC inhibitor H7.

Material and Methods

Materials

diolein, 1-oleoyl-Z-acetylglycerol (OAG), phorbol
12-myristate 13-acetate (PMA), 4-a phorbol
didecanocate (4-a PDD, histone type llls,
phenylmethylsulfonyl fluoride (PMSF), and
streptavidine rhodamine-conjugated anti-rabbit IgG
antibody were purchased from Sigma (St. Louis,
MO); protein kinase C antibodies «, B, ¥, d. €, and
{ types were obtained from GIBCO/BRL
(Gaithersburg, MD); 1-(5-isoquinolinesulfonyl)-2-
methylpiperazine dihydrochloride (H7) was
obtained from Seikagaku America (Rockville, MD);
DEAE-Sephacel was purchased from Pharmacia
(Piscataway, NJ); bryostatin 2 was a kind gift from
Dr. James Pai (Schering-Plough Research,
Bloomfield, NJ); other chemicals were reagent
grade.

Cell culture

PC-3 cell line was obtained from America Type
Cell Culture (Rockville, MD) and cells were grown
in RPMI 1640 with 5% fetal bovine serum.

Protein kinase C isolation

Protein Kinase C was isolated as described with
some modifications (Ahn and Kim, 1991). Briefly,
subconfluent PC-3 cells (2 x 108 cells)were
harvested, followed by washing with ice-cold,
Ca2+- and Mg?*-free phosphate-buffered saline,
then homogenized in buffer A (20 mM Tris-Cl, pH
7.5, 2 mM EDTA, 10 mM EGTA, 1 mM
phenylmethylsulfonyl fluoride (PMSF), 2 mM
dithiothreitol, 1% Triton-x 100, 10 ug/ml
leupeptine and 10 ug/ml aprotinine) by sonication
for 5 sec three times on ice. The cell lysate was
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centrifuged for 20 min at 35,000 xg and the
resulting supernatant was applied to DEAE-
Sephacel column (1 cm x 10 cm) previously
equilibrated with butfer B (20 mM Tris-Cl, pH 7.5,
0.5 mM EGTA, 0.5 mM EDTA, 0.5 mM PMSF,
10 pg/ml leupeptine, 10 ug/ml aprotinine, and
10 mM B-mercaptoethanol). The column was
washed with 10 ml of buffer B, then eluted with 2
ml of buffer B with 0.25 M NaCl.

Immunoblot analysis of protein kinase C

Immunoreactivity of protein kinase C with
antibodies was carried out as previously described
with some modification (Fridman, et al., 1990)
and the immunoreactive protein band was
detected with 125]-goat anti-rabbit IgG. After
transblotting proteins, the nitrocellulose
membrane was incubated with 5% nonfat milk and
0.5% Tween 20 in blocking buffer (20 mM Tris-
Cl, pH 7.5, 2.5 mM EDTA, 150 mM NaCl). The
blocked membrane was incubated for 30 min at
room temperature with primary antibody, washed
three times with blocking buffer, and then finally
incubated with 125]-goat anti-rabbit IgG. The
immunoreactive bands were visualized by
autoradiography.

Immunocytochemical analysis of protein
kinase C

Immunofluorescent staining of PC-3 cells were
stained using protein kinase C isozyme specific
antibodies and visualized by streptavidin-Texas red
conjugate described by Bayer and Wilchek (Bayer
and Wilchek, 1979) with some modification {Choi
and Ahn, 1991).

Results

A. Immunoblot analysis of protein kinase C
isozymes of PC-3 cells

Protein kinase C (PKC) was partially purified
from human adenocarcinoma prostate cancer PC-
3 cells by DEAE-Sephacel column chromato-
graphy. To detect PKC isozymes a, B, 1. &, €, and
§. the partially purified PKC was analyzed by
immunoblot using isozyme-specific antibodies.
Immunoreactive bands to an antibody against each
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protein kinase C isozyme were observed (Fig. 1).
All immunoreactive protein kinase C detected
corresponded to molecular weight of 68,000-
dalton except protein kinase C « type of which
band was detected at 80,000-dalton. Additional
immunoreactive bands to protein kinase C § and {
type were also observed and corresponded to
approximately 55,000-dalton and 80,000-dalton,
respectively. Intensities of immunoreactive bands
of protein kinase C { type were almost equal and
the lower molecular weight fragment might be a
degraded form of the 80,000-dalton enzyme.
Although major immunoreactive band of protein
kinase C ¢ type was detected at 68,000 dalton,
very minor band at 96,000-dalton was
occasionally detected (data not shown), suggesting
that 68,000-dalton band might be a degraded
fragment of 96,000-dalton form. Among protein
kinase C isozymes, relative intensities of
immunoreactive staining of protein kinase C yand
0 types were the most strong, followed by rest of
the types with almost equal intensities.

B. Immunocytochemical characterization of
protein kinase C isozymes in PC-3 cells
Immunoreactive protein kinase C isozymes were
also characterized in the presence or absence of
protein kinase C activators such as bryostatin 2,
diolein, 1l-oleoyl-2-acetylglycerol (OAG), and
phorbol 12-myristate 13-acetate (PMA) with or

PKC a B y 6 € ¢

-« 100.6 KD
=«71.2 KD

«43.5 KD

lane a b ¢ d e f

Fig. 1. Immunoblot analysis of protein kinase C
isozymes in PC-3 cells. Lane a-f represent
immunoreactive detection of each protein kinase C
isotypes: lane a-o type; lane b-f type; lane c-y type; lane
d-6 type; lane e-¢ type: lane - type.
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without pretreatment with protein kinase C
inhibitor, H7.

In the untreated PC-3 cells, each of
immunostained protein kinase C isozymes by the
respective antibodies specific to each isozymic
form were detected in the cytoplasm (Fig. 2-7, a).
When the cells were treated with 10 nM bryostatin
2, 10 uM diolein, 10 uM PMA, respectively,
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immunostained protein kinase C « type was
relocated from the cytoplasm into the nucleus and
to the nuclear membrane {68 type) (Fig. 2-7, b, d, f,
h). Protein kinase C inhibitor H7 (30 uM) inhibited
only PMA-induced translocation of protein kinase
C o type (Fig. 2, c, e, g, i). Translocation of
immunostained protein kinase C B and y types
from the cytoplasm to the nucleus resulted from

Fig. 2. Immunofluorescent detection of protein kinase C a type in PC-3 cells in the presence or absence of activators
with or without H7 treatment: a. no treatment; b. 10 nM bryostatin 2; c. 10 nM bryostatin 2 with 30 uM H7
pretreatment; d. 10 uM diolein; e. 10 uM diolein with 30 uM H7 pretreatment; f. 10 uM OAG; g. 10 uM OAG with
30 uM H7 pretreatment; h. 100 nM PMA; and i. 100 nM PMA with 30 uM H7 pretreatment.
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the treatment of PC-3 cells with OAG (Fig. 3 and
4, f). H7 inhibited the translocation of protein
kinase C B type (Fig. 3, g), but not of protein
kinase C ytype (Fig. 4, g). Protein kinase C f and
y types in PC-3 cells were not affected by the
treatment with bryostatin 2, diolein, or PMA (Fig.
3and4,b,d, g).

Protein kinase C & type was translocated to the
nuclear membrane by these activators, however,
only PMA-induced translocation was inhibited by
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protein kinase C inhibitor H7 (Fig. 5). Protein
kinase C ¢ type was translocated to the nucleus by
the treatment with each of these activators (Fig. 6,
b, d, {, h). The translocations of protein kinase C ¢
type induced by OAG and PMA respectively, but
not by bryostatin 2 and diolein, were inhibited by
H7 (Fig. 6, c, e, g, i). Protein kinase C{ was not
affected by the treatment with any of the
activators {Fig. 7).

Fig. 3. Immunofluorescent detection of protein kinase C 8 type in PC-3 cells in the presence or absence of activators
with or without H7 treatment: a. no treatment; b. 10 nM bryostatin 2; ¢. 10 nM bryostatin 2 with 30 uM H7
pretreatment; d. 10 uM diolein; e. 10 uM diolein with 30 uM H7 pretreatment; f. 10 uM OAG: g. 10 uM OAG with
30 uM H7 pretreatment; h. 100 nM PMA; and i. 100 nM PMA with 30 uM H7 pretreatment.
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Fig. 4. Immunofluorescent detection of protein kinase C ytype in PC-3 cells in the presence or absence of activators
with o~ without H7 treatment: a. no treatment; b. 10 nM bryostatin 2; ¢. 10 nM bryostatin 2 with 30 M H7
pretreatment; d. 10 uM diolein; e. 10 uM diolein with 30 uM H7 pretreatment: f. 10 uM OAG; g. 10 uM OAG with
30 uM H7 pretreatment; h. 100 nM PMA; and i. 100 nM PMA with 30 uM H7 pretreatment.

Discussion

Our study examined localization of protein
kinase C isozymes and characterized its differential
reactions to bryostatin, diolein, 1-oleoyl-2-acetyl
glycerol(OAG), and tumor promoting phorbol
ester, phorbol 12-myristate 13-acetate (PMA) in
PC-3 cells immunocytochemically or by
immunoblot analysis. In addition to detection of
the multiple isozymes, protein kinase C in PC-3

cell demonstrated several distinct characteristics.
First, the estimated molecular sizes of protein
kinase C isozymes are distinct. Calculated
molecular sizes of protein kinase C ranging from
77,000- dalton («, B, 7, and & types) to 83,000-
dalton (¢ type) except ¢ type (68,000-dalton) have
been reported (Nishizuka, 1988; Ono, et al.,
1989; Bell and Burns, 1991). In PC-3 cells,
molecular sizes of protein kinase C f, ¥, 8, and ¢
types were estimated to be 68,000-dalton,
respectively, except a and { types which were
estimated to be approximately 80,000-dalton.
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Fig. 5. Immunofluorescent detection of protein kinase C & type in PC-3 cells in the presence or absence of activators
with or without H7 treatment: a. no treatment: b. 10 nM bryostatin 2;: ¢. 10 nM bryostatin 2 with 30 y4M H7
pretreatment; d. 10 uM diolein: e. 10 uM diolein with 30 uM H7 pretreatment; {. 10 uM OAG:; g. 10 uM OAG with
30 uM H7 pretreatment; h. 100 nM PMA; and i. 100 nM PMA with 30 gM H7 pretreatment.

Protein kinase C B, y. 8, and ¢ types in PC-3 cells
may be a either degraded form or a truncated
form of respective isotypes. Since their molecular
sizes were altered, binding characteristics of
protein kinase C modulators to regulatory domain
might be aitered as well. Protein kinase C §and {
types showed additional immunoreactive bands,
55,000-dalton and 68,000-dalton, respectively, in
that 55,000-dalton protein appeared to be a
degraded fragment. Since reported molecular size

of {type is 68,000-dalton (Ono, et al., 1989), it is
not clear what 80,000-dalton immunoreactive to
an antibody to { type in PC-3 cells is. In our
immunocytochemical study, however, { type was
not affected by the presence of PMA or any other
activators, suggesting that regardless of the
presence of two different molecular sizes of ¢ type
immunoreactive proteins it still lacks binding site(s)
to PMA as well as other activators. Although some
results occasionally showed very minor, additional,
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Fig. 6. Immunofluorescent detection of protein kinase C ¢ type in PC-3 cells.in the presence or absence of activators
with or without H7 treatment: a. no treatment: b. 10 nM bryostatin 2; ¢. 10 nM bryostatin 2 with 30 uM H7
pretreatment; d. 10 uM diolein; e. 10 uM diolein with 30 uM H7 pretreatment; f. 10 uM OAG; g. 10 uM OAG with
30 uM H7 pretreatment; h. 100 nM PMA; and i. 100 nM PMA with 30 uM H7 pretreatment.

immunoreactive band to protein kinase C ¢ type at
96,000-dalton as well as 68,000-dalton band,
which might be a reported holoenzyme (data not
shown) (Akita, et al., 1990; Pears, et al., 1991),
68,000-dalton band to & type antibody was a
major one in PC-3 cells and similar size of
proteolytic fragment of ¢ type had been detected
in rabbit brain (Saido, et al., 1992), suggesting

that this 68,000-dalton protein may be either a
proteolytic fragment or a subspecies of ¢ type.
Although the molecular size of £ type appears to
be truncated, the reactivity to PMA (Ways, et al.,
1992) and other activators was not changed in
PC-3 cells. This suggest that the 68,000-dalton
protein may be a fully functioning subspecies of ¢
type. Further investigation is needed to examine
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Fig. 7. Immunofluorescent detection of protein kinase C ¢ type in PC-3 cells in the presence or absence of activators
with or without H7 treatment: a. no treatment; b. 10 nM bryostatin 2: ¢. 10 nM bryostatin 2 with 30 uM H/
pretreatment; d. 10 uM diolein; e. 10 uM diolein with 30 uM H7 pretreatment; f. 10 uM OAG; g. 10 uM OAG with
30 uM H7 pretreatment; h. 100 nM PMA; and i. 100 nM PMA with 30 uM H7 pretreatment.

this possibility.

Second, the most abundant isozymic protein
kinase C in PC-3 cells was y and & types. Since
protein kinase C type has been isolated only in the
brain homogenate (Huang, et al., 1988) and
immunologically detected in a limited cell lines as
well as in the brain tissues (Huang, et al., 1989;
Ahn, et al., 1992; Schwartz, et al., 1993), the
relatively high abundance of immunoreactive

protein kinase C y type found in PC-3 cells was
totally unexpected. Although it may have certain
specific role in a signal transduction mechanism of
PC-3 cells, currently nothing is known on the
function of this isozyme in prostate cancer. Unlike
protein kinase C ytype, the marked increase in
protein kinase C § type was not isolated case,
since it has been observed in murine myeloid
tumor cells as well (Mischak, et al., 1991). The
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marked expression of § type suggests that it may
have a role in altered signal pathways in
malignancy of prostate cancer cells, since p21, the
protein product of ras oncogene, rises with
increasing malignancy of human prostate cancer
and transformed with c-H-ras rat fibroblasts cells
displayed a marked increase in the expression of
protein kinase C 8 type (Viola, et al., 1986;
Borner, et al., 1992).

Third, protein kinase C isozymes in PC-3 cell
were differentially translocated from the cytoplasm
into the nucleus or to the nuclear membrane (6
type) by enzyme activators: Protein kinase C «, 6,
and ¢ types responded to bryostatin, diclein, OAG,
and PMA, and protein kinase C f§ and ty ypes
were translocated only by OAG, while proteir.
kinase C { type did not respond to any of these
activators. The reaction of { type to these
activators was expected. However, the reactions of
other isozymes to PMA except o, 8, and ¢ types
observed in PC-3 cells were rather uncommon,
although the differential effects of stimulators of
protein kinase C on substrate phosphorylation and
functional roles in many cell lines and tissues have
been well documented (Sharkey, et al., 1984,
Blackshear, et al., 1986; Robinson, 1992).
Among tumor promoting phorbol esters and
activators of protein kinase C, PMA has been
known to be the most potent and binds to
regulatory domain of protein kinase C «, 8, 7,
and ¢ types, but not the domain of { type
(Blumberg, et al., 1984; Liyanage, et al., 1992;
Nishizuka, 1992). However, in PC-3 cells, OAG
turned out to be the most active modulator of
protein kinase C isozymes except { type. These
altered agonistic potency of the activators may
result from the altered molecular sizes of protein
kinase C isozymes in PC-3 as discussed above,
although the structural differences of protein
kinase C isozymes may also be responsible. This
assumption appears to be highly likely when
considering protein kinase C « type was
modulated by all activators and its molecular size
was not altered in PC-3 cells, while those with
truncated size (i.e., B and ytypes) did not respond
to PMA, but responded only to OAG.
Furthermore, protein kinase C inhibitor, 1-(5-
isoquinolinesulfonyl)-2-methylpiperazine
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dihydrochloride (H7) blocked only the
translocation of protein kinase C o type by PMA
but not by bryostatin, diolein or OAG, suggesting
that the binding domains of these activators in the
isozyme might be different following H7 binding.
Translocations of protein kinase C ¢ type by PMA
and OAG were inhibited by H7, but those by
bryostatin and diolein were not. Furthermore, H7
inhibited translocation of protein kinase C 3 type
induced by OAG. These results further indicate
distinct binding domains of each of protein kinase
C isozymes to OAG as well as discrete bindings of
activators within a protein kinase C isozyme.
Those activator binding domains (intra- and inter-
isozyime binding sites) may be divided into two
groups: those inhibited by H7 and those not.

In summary, immunocytochemical and
immunoblot characterization of protein kinase C
isozymes of PC-3 cells demonstrated the distinct
molecular size and abundance of each isozymes as
well as isozyme-dependent differential response to
the enzyme activators and inhibitor. In PC-3 cells,
it is noteworthy that among examined activators,
OAG, not PMA, appears to be the most active
stimulator of protein kinase C isozymes. Binding
domains of protein kinase C isozymes for these
activators appeared to be distinct within an
isozyme and also among isozymes, in part, due to
altered molecular size of the enzyme and may be
divided into two groups depending upon inhibition
by H7. These unique, altered isozymic size,
distribution, and translocations in response to the
enzyme modulators may be very important clue to
the unique signal transduction mechanism in
prostate cancer cells which are hard to be
controlled by conventional cytotoxic
chemotherapeutic agents.
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$RRIESE Foll A0A Protein Kinase C(PKC):
Avere] FiwR adenocarcinoma PC-3 #ifuNel A/ Protein kinase C
F{i &%l translocation
BEPT L EE BRI BRA EWERL, **Division of Oncology and
Pulmonary Drug Product. FDA, USA)

ARl BN PC-3 cell linecll %elA protein kinase C FH{I##&E M4k
sttt PC-3 #E protein kinase C (PKC) a, B, 7. 8, et {Lilfifg#el g &
&o] HABZA WIS HES bandet BEMEMLAN R Eete BESIGY. PKC oe
57 80,0000 band7F YERE Kkl 948 PKC Rifig#s 51 & 68,0000 K
o) vEhgtl, PKC 89 & && F® 550003 80.000¢ iG] vretstct. PKC
o] [l o) 68 Mptetne A -3 YnMEE JERRACH RRMMNILEN
Bff£¥ immunoblotting BB C 2 I #5%RE MHsdd. § 2E AAN7MA PKCe IH
IrEEE7Y PC-39 #iMEoNA RBENES 2o, = PC-3 filwd leix PKCH
translocation® phorbol 12-myristate 13-acetate(PMA), bryostatin 2.
diolein, 1l-oleoyl-2-acetyl glycerol(OAG)E RSt ##ASIATE. ol& EMEHNh
a8 PKC hilfiffs & ohe ES JehdEzle] #@EEdn. PC-3#lle7t 10 nM
9] bryostatin 2°l EHNEH PKC oifi##s #AN=2 translocation® = RKEel [
frEF e BRI ANE translocation® Ak, PKC a9t &= 10 M diolein2 &
B S #AR translocation® 3. PKC o, B, 7. 6, 9 €= OAGE mEMalo} N
translocation 92th. PKC aft e PMA 100 nMolA #AZE translocation® Al gk
PKC ##)#/<] 1-(5-isoqunolinesulfonyl)-2-methylpiperazine dihydrochloride
(HT)ol 28hix PMA9Iolsl #%#%E translocatione] #If=IAct H70l PMAo| & siA
a7t OAGAId# B, PMAS OAGel 28l £2 translocationeo] #Ifl= o
bryostatin 21t dioleinolA == translocation® #ifijsh=] Eehdrt. olel g 45
BEo PKCY AN FHirER(a, B y. 6. & O7F o FATFES €493, bryostatin
2. diolein. OAGY PMA®| LiMEstE site7t &% S84 #EEH 579 277 &2
7] W&o dojrtE RS #EREAFE Aot



