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Summary

This study was undertaken to confirm that there are voltage—dependent L—type Ca®
channels in osteoblastic MC3T3-E1 cells and that the type of Ca* channel involved in the
Ca? entry is the L-type. We investigated the effects of a Ca**~free saline and Bay K 8644,
an L—type Ca% channel activator, on intracellular Ca®* concentration ([Ca**]i). Although
high K* (100mM) alone raised the [Ca?'li, high K* did not raise the [Ca®}i in the absence of
extracellular Ca?". Bay K 8644 (1uM) augmented the high K*—induced [Ca*1i rise. In con-
clusion, it is confirmed that Ca? invades through the voltage—dependent L-type Ca® chan-
nels in osteoblastic MC3T3-E1 cells.

Introduction

L—type calcium channels are distributed in both excitatory and non—excitatory organs of the body
including muscle, heart, brain®, lung, kidney, and pancreas®. These channels are modulated by di-
hydropyridine antagonists such as nifedipine, nicardipine, and nitrendipine. Benzodiazepine such
as diltiazem and phenylalkylamine such as verapamil alse block the channel. Lieberherr® observed
that the 1,25 (OH).Ds— and PTH—induced rapid increase in the intracellular calcium concentration
([Ca*1i) in osteoblasts isolated from the parietal bones of neonatal mice is abolished by the prior ad-
dition of EGTA, nifedipine, and verapamil and suggested that L-type Ca®* channels are involved in
this Ca?* influx. Yamaguchi et al .* also observed that depolarization~-activated Ca® channels and
Ba?* entry through the L~type Ca® channels in osteoblast-like UMR~106 cells. Furthermore, Ches-
noy—Marcharis and Fritsch® showed that cells derived from neonatal rat calvaria possess both T-
and L-type Ca®* channels. However, they never examined whether or not Bay K 8644, an L-type
Ca?* channel activator, enhances the high K*—induced [Ca']i rise and never investigated the effects
of a Ca?*~free saline containing EGTA.

Thus, the present study was undertaken to confirm that the voltage-dependent L-type Ca®* chan-
nels are involved in the Ca? entry into MC3T3-E1 cells.
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Materials and Methods

The materials were osteoblastic MC3T3—E1 cells derived from neonatal mouse calvarial bone,
which cells were obtained from the Riken Cell Bank (Japan). The cells were cultured in o.—~MEM
(Gibeo, USA) supplemented with 10% fetal bovine serum (Gibco, USA) and in a fully—humidified at-
mosphere of 95% air and 5% COz at 37C. Cells were plated on poly-L-lysine—coated cover slips ad-
hered with flexiperm (Heraeus GmbH, Germany) 8—7 days before the experiments. All cells were
subconfluent at the time of the experiments®. Since alkaline phosphatase activity, as a characteris-
tic of differentiation, begins to rise about 6 days after the start of the culture”, the cells used here
are considered to be “preosteoblasts” ®.

The [Ca*1i was measured with the Ca*—sensitive fluorescent dye fura—2.The cells were kept in a
solution consisting of 120mM-NaCl, 5 mM-KCl, 1mM-CaClz, 1 mM—MgClz, 10 mM—glucose, 0.1%—
bovine serum albumin Fraction V (Gibco, USA), and 10mM-HEPES-NaOH (pH 7.4)®. Changes in
the fluorescence intensity of fura~2 in the cells were recorded with a video—imaging analysis system
(FC-400, Furusawa Labo Appliance, Japan).

Cells were kept at 32C during fluorescence measurements to minimize leakage of fura-2 from the
cells”. Depolarization—induced Ca?* influx into the cells was produced by exchanging the normal me-
dium for solutions containing high K* at the concentration of 100mM. NaCl was isosmotically re-
placed with KCl. EGTA (1mM) was added in a Ca*~free saline. Drugs were added to the perfusate
at appropriate concentrations.

Fura-2 pentapotassium salt for [Ca*]i calibration and fura—2/AM were obtained from Dojindo
Laboratories (Japan). All other chemicals were from Nacalai Tesque (Japan).

Each value of the data represents the mean value + the standard error of the mean and the num-
ber of observations (N). Statistical analyses of the data were performed by the Student’s 2—sided
paired z~test. Differences between mean values were considered significant if the probability of er-
ror (p) was less than 0.05.

The detailed methods have been described in our previous paper'®,

Results

In order to examine whether or not MC3T3-EL1 cells possess voltage—dependent Ca?* channels
and to confirm that extracellular Ca®* invades into the cell, we investigated the effect of depolariza-
tion of the cell membrane by elevating the extracellular K* concentration and that of a Ca?*—free sa-
line on the high K*—induced [Ca*]i rise. Fig.1 illustrates the depression of the high K*—induced
[Ca*]irise by the Ca*~free saline. That is, although high K* (100mM) alone raised the [Ca?'i, high
K* did not raise the [Ca®*]i in the absence of the extracellular Ca?*, suggesting the existence of the
voltage-dependent Ca? channels in the cell.

Next, the experiment was performed to determine the type of the Ca?* channels participating in
the Ca® influx. Fig.2 illustrates the effect of Bay K 8644, an L—type Ca?* channel activator. Bay K
8644 (1uM) significantly augmented the high K* (100mM)-induced [Ca2']i rise, implying that the
Ca™ entry through the voltage-dependent L—-type Ca2* channels occurs.
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Discussion

From the results that high K* raised the [Ca*i and Ca*—free depressed it (Fig.1), we confirmed
the existence of voltage~dependent Ca?* channels in MC3T3-E1 cells. In contrast, Shoda'” could not
observe any high K* (50, 75, 100mM)-induced [Ca*1i rise in MC3T3~E1 cells and concluded that
there were no voltage—dependent Ca?* channels in these cells. The cause of the difference from our
data might be that electromagnetic stimulation in their case had already depolarized the cell before
the application of high K* or perhaps the number of experiments was merely too small.

The L-type Ca* channel agonist (Bay K8644) significantly augmented the high K*-induced
[Ca2*i rise (Fig.2). This result indicates that the type of the Ca* channel participating in the high
K*—induced [Ca?*]i rise is the L—type but not the N- or T-type.

Duncan et al .*? proposed that a mechanical strain activated the L—type Ca™ channels in os-
teoblast—like UMR~106.01 cells. Recently, Meszaros et al ' and Liu et al ¥ reported that the Ca™
influx in osteoblastic cells (ROS 17/2.8) occurs through the L-type voltage sensitive Ca?* channels.
These reports support our interpretation.

In rat femoral explant—derived osteoblasts, Gu et al .1 recently observed that the number of cells
possessing T-type Ca?" channels decreased more extensively than that of cells possessing L—type
ones with increasing days of sub—culture. Our experiments were performed on cells cultured for 3
and over 3 days. Therefore, it is not surprising that we could not find the T—type Ca® channels, as
we used the cells possessing only a small number of T-type ones.

The findings mentioned above lead us to the conclusion that MC3T3-E1 cells possess the voltage—
dependent L—type Ca®* channels and that Ca? invades through the L-type ones under the condition
of the membrane depolarization. We speculate that the Ca?* channels may facilitate bone calcifica-
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tion, since the rise in the [Ca®]i is indispensable for accumulation of Ca? in the matrix vesicle in the

osteoblast and their budding them from the cell’®. It is necessary to examine in detail the participa-

tion of the Ca®* channels in the formation of the matrix vesicles themselves.
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