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Calcium oscillation associated with reduced protein kinase C activities in
ras-transformed NIH3T3 cells

Aprit 1991

Tao Fu', Yoshikazu Sugimoto?, Tohru Ok#?, Shigeko Murakami?, Yukio Okane' and Yoshinori Nozawa!

'Department of Blochemistry, Gifie University School af Medicine, Gifu $00, Japan and * Aging Process Research Laboratory
tFrantter Rexearch Pragrancy, Tsukuba Life Scienee Cemter, The Tnstitute of Physical and Chemical Research, Tsukuba, Tharaki 308,
Japan

Received 22 Yanuary 1991; revised version received 8 February 1991
We shaw here novel intracellular Ca?* oscillation in v-K-raxtransformed NIHIT? cells induced by mitogenic peptide hermanes, bradykinin and
bambesin, ux- well a8 fetu] call serum. Enduction of the Ca¥* aseillution is strongly correlated with the malignant properties and inversely with
PRC aetivitiex in vitre und in viva. These results suggest that the mitogen-induced €a** oscillation s negatively regulated by PKC, which modulates
Cu? ™ influx in v-K-ras-transformed NIHATI ¢ells.

Cu?* oscillution; ras-Trans{ormed fibroblast; Protein kinase C

1. INTRODUCTION

Earlier studies on the function of v-ras oncogene
products (v-Ras) in the malignant transformation of
fibroblasts suggest that. the: expression of v-ras
stimulates phosphatidylinositol  and = phosphatidyl-
choline metabolism. to elicit sustained increases of
1,2-diacylglycerol [1-5];, accompanied by reduced ac-
tivities of protein kinase C (PKC) [2,3,5]. Although in-
tracellular Ca* is thought to play an important role in
cell proliferation [7-9], involvement of v-Ras in Ca**
responses is poorly understood except that bombesin-
induced transient increase of intracellular Ca* concen-
tration ([Ca**)) is Ras-dependent [10].

The Ca®* oscillation is observed in various cell types
[11-14], though its precise molecular mechanism has
not yet been disclosed. Qscillation can arise from fluc-
tuations either in the entry of external Ca* or in the
release from internal stores. In addition, the necessity
of extracellular Ca®* for the induction and maintenance
of Ca** oscillation and involvement of PKC have been
reported (11}, Woods et al. [15] have first indicated the
possible involvement of PKC in repetitive [Ca®*}; tran-
sients by showing the decreased frequency, but the ef-
fects of PKC appear to depend on the cell type [11].
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We here demonstrate the agonist-induced Ca®*
oscillation in v-K-ras-transformed NIF3T3 cells, which
was apparently regulated by PKC, The relationship
between the Ca?* oscillation, Ras levels and colony for-
mation in soft agar were investigated in a series of
NIH3T3 cell clones transfected with v-K-ras.

2. MATERIALS AND METHODS

2.0, Muerials

BK and bombesin were purchased from Sigma (St. Louis, MQO).
Fura-2/AM and fura-2 from ‘Dojin Laboratories (Kumamolo,
Japan). {y="PJATP and "P were obtained from Amersham. All
other chemicals were obtained from commercial sources and were of
the highest quality available.

2.2, Cell Cultuere

Parent NIH3IT3 cells and v-K-ras-transformed derivatives of
NIH3T3 cells were grown in Dulbecco's modified Eagle's medium
(DMEM, Gibco, Grand Island, NY) supplemented with 10% fetal
calf serum (FCS). Special care was taken to maintain the cell lines at
subconfluent densities at all times.

2.3. Measurement of [Ca**);

Cells were plated at a density of 2x 10* cells/chamber on a glass
coverslip attached to a Flexiperm-Disc (Heracus Biotechnology,
Hanau, Germany) and precoated with gelatin, After 48 h culture at
37°C, the cells were kept in the serum-free medium: for 2 h unless
otherwise indicated, The cells were labeled with fura-2/AM (2.5 kM)
and fluorescence images were obtained, and conversion from the ratio
(3407360 nm) into the absolute value of [Ca®*); was made as described
[16).

2.4, PKC qctivity assay

The in vitro PKC activities of total homogenate were measured as
previously reported [17]. 2P -labeled cells were solubjlized for two-
dimensional ‘gel - electrophoresis as described [2]. Relative 3?P;-
incorporation into the 80kDa protein was compared with the
uiisiimulated 57 kDa protein, and determined with a BAS3000 bio-

image analyzer (Fuji Film, Japan). Western blot analyses of PKC

using monoclonal antibodies against PKC subtypes were performed
as previously described [18).
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3. RESULTS AND DISCUSSION

(Ca®*)i i normal and v-K-ras-transformed NIH3IT3
cells labeled with a fluorescence indicator Furs-2/AM
was traced with a Ca®*-imaging analyzer. As shown in
Fig. 1b, bradykinin (BK) did induce Ca** oscillation
following the initial rapid [Ca**}; increase in significant
proportion (65%) of v-K-ras-transformed NIH3T3 cells
(DT cells), whereas parent NIHIT3 cells showed a tran-
sient [Ca®*]i increase (Fig. la). Another mitogen,
bombesin (Fig. 1¢), as well as FCS (Fig. 1d) caused fluc-
tuating Ca®* responses to the same proportion of cells
as BK stimulation, with some variety in frequency and
amplitude. On the contrary, NIF3T3 cells transiently
responded to bombesin and FCS, and Ca®* oscillation
in the cells was not observed under the same conditions.

Since there was only a transient formation of IP)
(1,4,5) peaking at 30s by BK in DT cells (data not
shown), a model that oscillation is driven by fluctuating
[Py (1,4,5) formation [19,20] seems not to be applicable
to the current case. In addition, the pretreatment with
10 4M ryanodine for 30 min, which inhibits the Ca**-
induced Ca** release [13], did not affect the oscillation
in DT cells (data not shown). Thus the Ca®*-induced
Ca?* release model [11] does not fit the case either.

Furthermore, we examined whether Ca** influx
process-was involved in the oscillation of DT cells. The
pretreatment of DT cells with 1 mM EGTA for 3 min
completely abolished the BK-induced oscillation, and
this abolishment was recovered by the addition of ex-
cess Ca®* (data not shown). However, the possibility
cannot be ruled out that EGTA inhibits some Ca?*-
dependent process which is important for the oscil-
lation. Thus a Mn?** quench method was used, by which
Mn** inflow through a divalent cation channel was
monitored [22]. BK, in the presence of Mn**, caused a
decrease in the fluorescence intensity of fura- 2-loaded
DT cells, whereas no changes were observed in NIH3T3
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Fig. 1. Changes in {Ca®*]; in NIH3T3 and DT cells following the ad-
dition of mitogens. (a) BK (100 nM) was added to NIH3T3 cells; (b)
BK (100 nM) added to DT cells; (¢) Bombesin (2.5 nM) added to DT
cells; (d) FCS (10%) added to DT cells. Each trace represents the
results from 8 separate experiments and more than 200 cells were
examined, Approximately 60-65% of the DT cells exhibited Ca2*
oscillation in response to these mitogens (b-d).
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Relationtilp betweon PRC activity, BK-laduweed [Ca'" ) encillation,
Ras level and colony formadion tu solt ugar.
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Al 9.7 84 e 4+ 4762 16

31 3189x 235 - * kbR 8,22 22

b6 K36.5z 378 w » < .1

¢ W73z 76.6 * IR R < 0.1

* Subsanfluent cultures were wished with cold PBS and seraped with
a rubber paliceman in PBS. The PKC activitiexwere measured in vitre
as deseribed in seetion 2.

** Ras levels and colony-forming efficiencies in soft agar have been
shawn by Sugimote et al. [25).

cells (data not shown). These results suggest the role of
Ca** influx in the oscillation in DT cells.

For regulating Ca** influx, there could be three
major mechanisms including voltage-dependent cal-
cium channels, second messenger-mediated channels
and the receptor-mediated channels [12). Although the
voltage-gated Ca®* channel (L-type) has been reported
to be involved in Ca®* oscillation [23,24], the pre-
treatment with 5 4M nifidipine for 5 min had no effect
on the mitogen-induced oscillation in DT cells (data not
shown). Since continuous presence of BK .is réquired
for the maintenance of oscillation, the Ca** influx is
likely through' mitogen receptor-mediated = opening
of Ca** channels rather than through the second
messenger-mediated channels.

To test whether the observed Ca** oscillation is
associated with the ras-transformed phenotypes, we
used NIH3T3 cell clones freshly infected with helper-
free Kirsten murine sarcoma virus [25] and a ras-
revertant C11 clone [26]. The malignant properties of
Al, Bl,b6and Cl11 cells and their Ras protein levels are
given in Table 1. Fig. 2a shows the BK-induced oscilla-
tion in highly malignant A1l cells, while B1 (Fig. 2b) and
b6 (Fig. 2¢) cells exhibiting lower malignant properties
did not show the oscillation. However, the oscillation
was detected in the C11 revertant (Fig. 2d). Kamata et
al. [2] reported that PKC activities in DT and C11 cells
were significantly lower than their parent NIH3T3 cells.
Although the effects of PKC are cell type-dependent
[11,27], the mitogen-induced Ca®** oscillation in
fibroblasts is likely to be inhibited by PKC activation,
To examine the involvement of PKC in the oscillation,
we pretreated DT cells with phorbol 12-myristate
13-acetate (PMA) and a PKC inhibitor H-7 [28}. The
pretreatment with PMA for 5 min shortened the dura-
tion of the first [Ca®*); peak and comipletely abolished
the subsequent oscillation (Fig. 2e). This treatment also
inhibited the Mn** quenching, further suggesting the
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Fig. 2. Bffeeral BK on {Ca?"}i respanse in roxeinfected NIHATS el
lines. BK (100 nM) was added 10 Al (a), B (B), b6.¢), CI (d) and
DT (¢ and 7). (e} DT cells were pretreated with PMA (100 ng/ml) for
5 min (broken line); DT cells without prefreatment (solid line). (N DT
celly precreated witly Fl-7 (804M} Tor 30 min, The results shown are
typical of at least 6 separate experiments. Approximitely 40% and
65% of Al and Ci) cells exhibited Ca*” oseillation, respeciively and
the pretredtment with - H.7 ingreased the proportion of DT celly ex-
hibiting BK-induced Ca* ascillation from 65%s 10 90%.

involvement of Ca** influx in the oscillation. On the
other hand, H-7 markedly prolonged the falling phase
of the initial [Ca**}; peak induced by BK and most of
the responding cells showed an oscillation pattern (Fig.
2f). This prolonged falling phase was also observed in
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bombesin-stimulated PRKC down-regulated Swiss T3
cells [29]. The pretreatment with PMA for 24 hinduced
similar results to those with H-7 (data not shown).
These rexults strongly suggest that inhibitiun of PKC
enhances the Ca®* ascillation. However, the pretreat-
ment oF NIHAIT3 celly either with H-7 for 30 min or with
PMA for 24 h did not cause the BK-triggered oscillation
(data not shown).

Thein vitro PKC activity in DT cells was significantly

Jower than that in NIHIT2 cells (Table I). Hoawever,

relative proportions in membrane and cytosol of PKC
activity were almost equal in both- DT and NIH3T3
cells. Western blot analysis of PKC with monoclonal
antibodies (MC-la, MC-2a, MC-3a, which selectively
interact with type I, [T and Il of PKC) revealed that the
major subtype PKC IIT was lower in DT cells than the
parent ¢ells (data not shown). As shown in Table I, low
activities of PKC are in good agreement with induction
of the BK-induced Ca** oscillation. High expression of
v-K-ras was necessary but not sufficient for induction
of the oscillation. Furthermore, the in vivo PKC activi-
ty was estimated by monitoring phosphorylation of the
80 kDa protein {30,31} (Fig. 3). Relative incorporation
of **P into the 80 kDa protein in unstimulated DT cells
was much lower than that in unstimulated NIH3T3
cells. Although the treatment with PMA. for 5 min
enhanced the phosphorylation, the level in DT cells was
still lower than that in unstimulated NIH3T3 cells.
Lloyd et al, {10] have reported that the expression of
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Fig. 3. In vivo assay for PKC activity as determined by **P-incorporation into the 80 kDa protein. Relative **P-incorporation into the 80 kDa pro-

tein (==p) was compared with the unstimulated 57 kDa protein (®). (a) **P-autoradiogram of unstimulated NIH3T3 cells; (b) **P-autoradiogram

of NIH3T3 cells treated with PMA (100 ng/m!) for § min. (¢) NIH3T3 and-DT cells were treated with either PMA (100 ng/ml) for Smin or 24 h,
H-7 (50 4M) for 30 min.
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N-ras s assoclated with transient [Py (1,4,3%) formation
induced by bombesin Icadmg 1 an elevazed release of
intracellularly stored Ca?”. However, Ca®* oscillation
was not observed in their system. A recent réport by
Polvering et al {32] demmonstrated that the bombesin.
induced [Ca®®}i increéase was inhibited in the ras
transformed NEH3IT3 cells by a mechanism involving
PKC activation. Such discrepancies in our observations
may indicate the presence of an unknown conseguence
induced by ras expression. For example, our previous
experiments [25] suggest that Thy-1 inhibits the colony
formation in soft agarof NIE 3T ¢¢lls expressing high
amounts of v-Ras. Interestingly Thy-1 is not detectable
in either DT, Al or Cl1I cells exhibiting the mitogen-
induced Ca?* oscillation. In NIH3IT3, Bl and b6 cells
producing Thy-1, on the other hand, the oscillation was
not observed. These observations suggesi a link harween
the colony-formmg potency in soft agar, induction of
the Ca?*
revertant C11 cells which retain the ability to grow on
media containing low concentrations of serum (1%) as
DT cells [26]. it is possible that the Ca* oscillation is
one of the malignant phenotypes of ras-transformed
NIH3IT3 cells.

Since the Ca®* signal is essential for cell proliferation
[7-9], repetitive Ca®* oscillation may be advantageous
for low concentrations of mitogens to sustain efficient
growth signals. This may partly explain the finding that
DT celis ara able to grow in the presence of low serum.
Finally we propase that the reduced PKC activity in ras-
transformed cell lines is .important for malig-
nant growth, and the consequence of the reduced
activity could elicit other events which positively affect
proliferation.
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