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Immunocytochemical Localization of c-raf Protein Kinase
in EC-4 Cell
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c-raf protein kinase, a kind of oncogene, is a cytoplasmic serine/threonine-specific protein

and is activated by mitogenic or oncogenic signals. The structure and functions of c-raf protein

kinase are considered very similar to those of protein kinase C.Using immunocytochemical

approach, the time course of singal transduction of c-raf protein kinase in EC-4 cell was

examined with 12-0-tetradecanoylphorbol-13-acetate (TPA) as tumor promotor and platelet-

derived growth factor (PDGF) as mitogenic factor. Imnmunoreactive c-raf was initially bound to

the perinuclear membrane and then moved into the nucleus. The effect of the long-term

treatment with TPA or PDGF was taken place down regulation at different time point. These

results indicate that TPA and PDGF give rise to the translocation of c-raf protein kinase

through the two different pathways.
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c-raf gene is a kind of raf oncogene, and has
the cellular homologue of v-raf which is the trans-
forming gene of the murine sarcoma virus 3611
(Rapp et al., 1983). This C-raf containing the hu-
man homologous of v-raf (Bonner et al., 1985) is
one of the protooncogenes, and encoded by exon
10 through 16 in a carboxyl-terminal domain. It is
30% homologous to the src tyrosine kinase do-
main (Mark and Rapp, 1984). The C-raf protein
kinase also contains a characteristic cystein-rich
sequence similar to that of protein kinase C (Rapp
et al., 1987). The characteristic constitution of pro-
tein kinase C and C-raf protein kinase such as
cystein-rich domain and serine/threonine-specific
protein (Huang et al, 1986; lwashita and Fox,
1984; Mark and Rapp, 1984; Moelling et dl.,
1984; Ohno et al., 1987; Sutrave et al., 1984;
Walton et al., 1987) is similar to each other. These
serine/threonine-specific protein kinase are acti-
vated by mitogenic and oncogenic signals (lwashi-
ta and Fox, 1984). And C-raf encodes not only a
serine/threonine-specific protein, but also a 74 kd
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cytoplasmic protein. C-raf induces, generally,
some human and rodent carcinomas {Fukui et al.,
1985; Ishikawa et al., 1985; Shimizu et al., 1985).
Very few attempt has been made to determine the
translocation of c-raf protein kinase since c-raf
protein kinase has been known to exist in cyto-
plasm only, and appears to be cascaded (Rapp et
al., 1987). Also, the signal transduction of raf pro-
tein kinase (Rapp et al., 1988) and protein kinase
C (Nishizuka, 1984; 1986) has been recently stu-
died.

It is of importance to investigate whether the
localization of the c-raf protein kinase may alter
from the cytoplasm to the nucleus. Therefore, the
present paper attempts to elucidate the precise
time course of c¢-raf protein kinase following treat-
ments of 12-0-tetradecanoylphorbol-13-acetate
(TPA) which is one of tumor promotors or
platelet-derived growth factor (PDGF) using im-
munocytochemical procedure.

Materials and Methods

Cell Culture
The raf-transformed EC-4 cells, a subline of
NIH3T3 cells, were kindly provided by Drs.
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Wayne Anderson (Cellular Oncology Lab., NCI,
NIH) and Ulf Rapp (Viral Carcinogenesis Lab.,
NCI, NIH). Cells were cultivated as described pre-
vious paper (Rapp et al., 1988). The cells were
grown in Dulbecco’s Modified Eagles Medium
(DMEM, GIBCO) supplemented with 10% bovine
fetal calf serum (Hyclone) and 10 .1 of 100x
penicilline-stereptomycine-Fungizone mixture
{Whittaker Bioproducts Inc.).

Immunocytochemical Localization studies

EC-4 cells {1 x 10% were seeded into wells (1
cm?) in Lab-Tek chamber slides (Nunc, INc.)
allowing to attach and grow for 24 hrs in the
above mentioned culture medium. The attached
cells were washed three times with serum-free
DMEM in order to reduce the effect of serum. The
serum-starved cells were incubated in 200 nM of
12-0-tetradecanoylphorbol-13-acetate (TPA)
(Pharmacia P-L Biochemicals) or 5 ng/ml of
platelet-derived growth factor (PDGF)(PDGF, Inc.)
according to the time course (5 min, 10 min, 20
min, 30 min, 1 hr, 6 hrs, and 12 hrs). And then,
the cells were washed with PBS-washing buffer
containing 0.005% Tween-20, 0.014%
CaCl,.2H,0 and 0.01% MgCl,.6H,0 three times
for 5 min each. They were fixed with 2% formal-
dehyde in PBS without Tween-20, CaCl,.2H,0
and MgCl, 6H,0 at room temperature. Then
washed three times for 15 min with PBS and per-
meabilized with cold absolute metanol for 5 min.
They were washed with PBS three times for 15
min. They were blocked with 2% bovine serum
albumin (BSA) in PBS for 1 hr. They were incu-
bated at 4°C for 24 hrs with rabbit anti c-raf SP63
(1:300 dilution) antisera in PBS containing 2%
normal goat serum and 0.5% Triton X-100. Fol-
lowing this incubation, they were washed with
PBS four times for 20 min. And they were reacted
according to the avidin-biotin-Texas Red method
(Bayer and Wilchek, 1979; Guesdon et al., 1979).
They were reacted with biotinylated goat anti-
rabbit IgG (2.5 mg/ml,BRL) in PBS containing
1% BSA and 0.05% Tween-20 for 2 hrs at room
temperature. They were washed with PBS three

times for 15 min and then reacted with 0.15%
streptoavidin-Texas Red in PBS containing 1%
BSA and 0.05% Tween-20, and washed with
PBS three times for 15 min. They were washed
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finally with 1% BSA in PBS. Slides were mounted
with 50% glycerol in PBS and photographed with
P800/1600 Kodak Ektachrome film under an
Olympus BH-2 microscope at x400.

Isolation of Nuclei

The cells were cultured in serum-free DMEM
for 24 hrs and isolated from culture flasks. The
cells were incubated with 200 nm of TPA for 30
min after washing with the serum-free DMEM and
then, centrifuged at 10,000 xg for 3 min. The pel-
let was suspended and stayed in swollen buffer
{10 mM Tris-HCI, pH 7.4 containing 10 mM
NaCl, 1.5 mM MgCl,.6H,O and 0.25 M) for 20
min. The swollen cells were homogenized 8-10
up-and down strokes at 2,000 rpm with Potter-
Elvehjam homogenizer. Homogenized cells were
centrifuged at 1,000 xg for 20 min. The pellet
were suspended and washed in 0.25 M sucrose in
buffer A (10 mM Tris-Hcl, pH 7.4 containing 3
mM CaCl,.2H,0) at 1,000 xg with centrifuge for
20 min. And crude nuclear pellet and crude cyto-
sol were obtained. The crude nuclear pellet was
homogenized in 2.2 M sucrose, centrifuged at
40,000 x g for 1 hr and homogenized in 0.25 M
sucrose in buffer A containing 1% Triton X-100.
After centrifugation at 1,000 x g for 20 min, the
nuclear pellet was washed twice with 0.25 M suc-
rose in buffer A without Triton X-100 to obtain
the pruified nuclei.

Immunoblotting

The isolated cytosol and nuclei fractions were
electrophoresed on the polyacrylamide slab gel,
and transferred to nitrocellulose paper in electrode
buffer (20 mM Tris-HCl, 150 mM glycine and
20% methanol). The transferred nitrocellulose
papers were saturated with 2% BSA. They were
incubated overnight at 4°C with primary antibody
(15 ;.g/ml), and with horseradish peroxide as
secondary antibody for 4 hrs at 4°C. They were
developed with 4-chloro-1-napthol and hydrogen
peroxide. The nitrocellulose papers were washed
and dried.

Results

EC-4 cell line is a retrovirus expressing full
length of c-raf-1 cDNA. To determine the effect
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of signal translocation, the TPA and PDGF were
treated to EC-4 cells. Figs. 1la and 2a show the
distributions of c-raf protein kinase in the control
groups treated with TPA and PDGF, respectively.
C-raf protein kinase is scattered throughout the
cell in normal condition. Especially, it is clear that
the c-raf protein kinase was significantly distri-
buted in the cytoplasm. Figs. 1b and 2b are the
phase contrast photographs of Figs. la and 2a.

In the TPA-treated cell for 5 min, c-raf protein
kinase was retained not only in the cytoplasm and
the perinuclear membrane but in the nucleus
staining very weakly as shown in immunoreacted
cells under fluorescence (Fig. 3a) and phase-con-
trast optics (Fig. 3b). The cells treated with PDGF
for 5 min (Figs. 4a and 4b) showed that PDGF
induced the translocation of c-raf into the nucleus
was more rapidly induced by PDGF (Fig. 4a) then
TPA (Fig. 3a). The enzyme was found to be large-
ly associated with the perinuclear membrane and
the nucleus (Fig. 4a), while it began to migrate
into the nucleus in only very small quantity after
TPA treatment.

In the TPA-treated cell for 10 min (Figs. 5a and
5b), the high-leveled enzyme in quantity was im-
munolabeled throughout the cytoplasm and nuc-
leoplasm. At this time, the immunoreactivity of
perinuclear membrane was more intensed (Fig.
5a) than that of TPA-treated cell for 5 min as seen
(Fig. 4a). In the PDGF-treated cell for 10 min
(Figs. 6a and 6b), the immunoreactivity was occur-
red in the highest level in the nucleus. The en-
zyme was also thickly accumulated around peri-
nuclear membrane, as shown in Fig. 6a. And the
enzyme also associated with the cytoplasmic com-
partments around the nucleus.

In the immunolabeled cell examined for 20 min
incubated with TPA (Figs. 7 a and 7b), the im-
munoreactivity was the highest level which was
seen to correspond with the case of PDGF-treated
cell for 10 min in Fig. 7a. And the translocated
c-raf protein kinase was maintained in high
quantity in the nucleus of the cell incubated with
PDGF. The highest level of the enzyme in the
nucleus was maintained for two durations; One is
from at 10 min until 20 min (Figs. 8a and 8b) with
PDGF treatment, and the other is from at 20 min
until 30 min (Figs. 9a and 9b) with TPA treatment.
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There were no evidences of the changes of the
translocation for both durations. Hence, the trans-
location in the PDGF-treated cell always took
place a step ahead than that of the TPA-treated
cell. In the PDGF-treated cell for 30 min (Figs.
10a and 10b), the enzyme began to derease in the
cytoplasm.

In the TPA-treated cell for 1 hr (Figs. 11a and
11b), there was observed the low level of im-
munolabeled enzyme. The immunoreactivity in
Fig. 11a seemed to correspond with the begining
of the enzyme degradation in the nucleus of
PDGF-treated cell as shown in Fig. 10a. Although
the most of the immunolabeled enzymes had
been degraded in the nucleus, the cytoplasmic im-
munolabeled enzymes were increased as seen in
Fig. 11a. In the case of the PDGF-treated cell for
1 hr (Figs. 12a and 12b), the enzyme was largely
increased on the framework of the cytoplasmic
components. While the degradation of the enzyme
was going on in the nucleus.

In the TPA-treated cell for 6 hrs (Figs. 13a and
13b) or 12 hrs (Figs. 15a and 15b), the im-
munoreactivity of the enzyme was more confined
to the limited area which was more compacted
around nuclei (Figs. 13a and 15a} than in the ear-
lier stage of the TPA-treated cell. In the
PDGF-treatment for 6 hrs (Figs. 14a and 14b) or
12 hrs longer (Figs. 16a and 16b), there was no
immunoreactivity in the nucleus. But the immuno-
labeled enzymes were condensed in the very li-
mited area around the nucleus (Fig. 14a) or the
one side onto the perinuclear membrane (Fig.
16a). At this time, the enzyme in the nucleus be-
gan to degrade in many cases, and at the same
time, the enzymes were trapped within the cyto-
plasmic framework around the nucleus from the
enzyme scattering throughout the cytoplasm. Fig.
17 shows the bands of c-raf protein kinase after
TPA-treatment for 30 min by using immunoblot-
ting. The band of the c-raf protein kinase occur-
red in the control group of whole cell extraction
without TPA-treatment (Fig. 17, lane 1) and of the
cytosol fraction treated with TPA for 30 min (Fig.
17, lane 3). The appearance of the band in the
control group was clearly indicated that EC-4 cell
was transfected with 10 fold overexpression of
c-raf-1 from retrovirus vector than normal cell, so
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Figs. 1-4. Immunofluorescence photographs showing the translocation c-raf protein kinase. Note that ‘a’ and ‘b’ of
all figures designate immunofluorescence photographs and phase contrast photographs. In the control group (Figs.
la and 1b) of c-raf protein kinase without TPA, the enzyme is weakly intensed throughout the cytoplasm. But no
enzyme is located in the nucleus. Control group (Figs. 2a and 2b) of c-raf protein kinase without PDGF. After
TPA-treated cell for 5 min (Figs. 3a and 3b), the enzyme is still located in the cytoplasm and appears onto
perinuclear membrane. And after PDGF-treated cell for 5 min (Figs. 4a and 4b), c-raf protein kinase begins to
migrate into the nucleus.
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Figs. 5-8. The enzyme is located both in the cytoplasm and the nucleus (Figs. 5a and 5b) for 10 min TPA-tratment.
But most of c-raf protein kinase migrated into the nucleus after PDGF-treatment for 10 min (Figs. 6a and 6b). In
the TPA-treated cell for 20 min (Figs. 7a and 7b), the enzyme is located more abundantly than that of 10
min-treated cell. In the PDGF-treated cell for 20 min (Figs. 8a and 8b), the enzyme begins to redistribute into the
cytoplasm.
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Figs. 9-12. In the TPA-treated cell for 30 min (Fgis. 9a and 9b), most of c-raf protein kinase translocated into the
nucleus. The enzyme is decreased in the nucleus (Figs. 10a and 10b) in the PDGF-treated cell for 30 min. In the
TPA-treated cell for 1 hour (Figs. 11a and 11b), c-raf protein kinase redistributed in the cytoplasm. C-raf protein
kinase is redistributed in the nucleus (Figs. 12a and 12b).
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Figs. 13-16. c-raf protein kinase begins to condense around perinuclear membrane (Figs. 13a and 13b) in the
TPA-treated cell for 6 hours. And c-raf protein kinase condensed in a confirmed area around nucleus (Figs. 14a
and 14b) in the PDGF-treated cell for 6 hours. In the TPA-treated cell for 12 hours, the enzyme is more condensed
than that of the 6 hour-treated cell with TPA (Figs. 15a and 15b). Condensed mass of c-raf protein kinase appears
at the one-side of perinuclear membrane (16a and 16b).
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called NIH3T3 Clone-7 cell. But the isolated nuc-
lei without TPA-treatment had not been occurred
in any band of c-raf protein kinase (Fig. 17, land
2). It means that the enzyme was not translocated
into the nucleus in this case. The band occurred in
the isolated nuclei which were treated with TPA
(Fig. 17, lane 4). It appears then that the enzyme
was translocated into the nucleus only after
TPA-treatment.

lane1 lane2 lane3 lane4

74 kd

17

Fig. 17. Immunoblotting after TPA treatment for 30 min.
Lane 1: Control of the crude extraction. Lane 2: Isolated
nuclei without TPA. Lane 3: Isolated cytosol with TPA.
Lane 4: Isolated nuclei with TPA.

Discussion

Protein kinase C (PKC) is activated by the pre-
sence of both 1,2-diacylglycerol (DAG) which was
produced from the hydrolysis of inositol phospho-
lipids (Galizzi et al., 1987; Takai et al., 1985) and
Ca' " (Pozzen et al., 1984). And PKC has a
mechanism to transduct into the cell from ex-
tracellular signals (Bell, 1986; Shoji et al., 1986;
Takai et al., 1985) and induces mitogenic event.
Both PKC and c-raf protein kinase are not only
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serine/threonine-specific protein but also they are
similar to each other in their amino acid sequ-
ences and functions.

In the earlier paper (Rapp et al., 1988}, we de-
monstrated that c-raf protein kinase was involved
in a singal transduction in the cell. The transloca-
tional phenomenon of c-raf protein kinase
appeared in the cells which were treated with TPA
as tumor promotor or PDGF as growth factor
according to the time-course experiment. The
translocation of PDGF-treated cell; The maximal
amount of enzyme was translocated into the nuc-
leus after 30 min treated with TPA, while the en-
zyme of the PDGF-treated cell was reached there
in maximum quantity after 10 min. This difference
in time of the translocation between TPA and
PDGF-treated cells may explain as follows. The
PDGF bound with receptor on the plasmic mem-
brane activated phospholipase C (PLC) which
produces DAG and inositol 1,4,5-triphosphate
(IP3) from breakdown of phosphatidylinositol
4,5-bisphosphate (Plp)(Charest et al., 1985; Nosek
et al., 1986).

In the presence of both Ca™ " and phsopholi-
pid, PKC is activated by DAG (Rozengurt, 1986).
In the other side, Ca® * in the endoplasmic reticu-
lum (ER) is mobilized into the cytoplasm by IPs.
Subsequently, the concentration of Ca* ' is finally
increased in the cytosol (Charest et al., 1985;
Nosek et al., 1986). The enzyme may to be acti-
vate and induces then some responses of targeting
proteins in the cell.

The functional reaction of TPA which is similar
to that of DAG arose PKC activation. For this
reason, we may easily misunderstand that the
reaction of TPA may more rapidly take place than
that of PDGF. But, the cell-responsed time (trans-
location time of c-raf protein kinase or PKC) to
TPA is delayed than that to PDGF. Because TPA
does not directly stimulate or induce IP; which
stimulated Ca™ * -releasing from ER. Therefore, I
suggest that Ca™ ' is necessary for the transloca-
tion of c-raf protein kinase into the nucleus from
the cytoplasm. Increase of Ca** concentration in
the cytoplasm activated the protease. And then,
this activated protease may give conformational
change of c-raf protein kinase or PKC in turn.

PKC activated myc gene in the nucleus, and the

+
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activated myc gene reactes with raf protein kinase
synergistically. But cytophysiological mechanism is
abnormally broken down by long term exposure
to TPA or PDGF. In this situation, most cells re-
quire down regulation to keep normal state from
abnormal mechanism. C-raf protein kinase is acti-
vated very high and redistributed in the cytoplasm
when the degradation rate of the enzyme is ele-
vated by TPA or PDGF in the cell. The activated
enzyme plays inhibition of PLC reaction (Bianca
et al, 1986; Brock et al, 1985; Labarc et al.,
1984; Rittenhouse and Sassen, 1985), Ca' "
mobilization (Kariya and Takai 1987), and desensi-
tization of epidermal growth factor (EGF) receptor
(Brown et al.,, 1979; Cochet et al., 1984; lwashita
and Fox, 1984) for the reduction of overexpressed
mechanism. Successive down regulation which is
induced by long time exposure of TPA or PDFG
may take place the phenomenon of condensed
c-raf protein kinase around perinuclear mem-
brane, and may also influence on cell organells.
Ultimately, the enzyme may be abnormally associ-
ated with cell organells and condensed as a mass
around nucleus membrane by cytophysical phe-
nomenon.
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