Biochemical and Biophysical Research Communications 254, 169-173 (1999) ®
Avrticle ID bbrc.1998.9900, available online at http://www.idealibrary.com on "] E %l.

Cyclosporin A Induces a Biphasic Increase in KCI-
Induced Calcium Influx in GH3 Pituitary Cells

Yu-Chi Chou and Jim C. Fong*

Institute of Biochemistry, National Yang-Ming University, Taipei, Taiwan, Republic of China

Received November 18, 1998

The role of calcineurin in modulation of calcium
channel activity was examined in GH3 pituitary cells
by using its selective inhibitor cyclosporin A. While
cyclosporin A had little effect on basal activity, it in-
duced a biphasic increase in K*-induced “*Ca’" influx.
Cyclosporin A rapidly increased K*-induced **Ca*" in-
flux to approximately 140% of control in 1 h and the
increment maintained at this magnitude for 1-8 h.
Thereafter, K*-induced “Ca*" influx gradually in-
creased further to approximately 220% after 24 h ex-
posure to this compound. In the presence of anisomy-
cin, however, the increase occurred at the latter phase
was abolished. In addition, the increased calcium in-
flux in cyclosporin A-pretreated cells had a similar
sensitivity to KCI and verapamil as in untreated cells.
Measurement of intracellular Ca*" level by Fura-2
analysis indicated that [Ca®*']i increase induced by
high K* or vasoactive intestinal peptide was similarly
augmented in cyclosporin A-pretreated cells. Thus the
results of this study suggest that calcineurin may play
a tonic control on L-type Ca®* channel, and inhibition
of this enzyme may induce a subsequently protein
synthesis-dependent higher channel activity. o 1999
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Voltage-dependent Ca*" channels (VDCC) provide a
major pathway for Ca®" entry into cells which, in turn,
regulates a wide spectrum of cellular activities includ-
ing neurotransmitter release, muscle contraction, hor-
mone secretion, gene expression, cell mobility, cell di-
vision and cell death (1,2). According to their
electrophysiological and pharmacological properties,
VDCC has been classified into five groups including L,
T, N, P/Q and R (3,4). The L-type Ca*" channels are
sensitive to dihydropyridine (3) and their activity may
be modulated by phosphorylation and dephosphoryla-
tion (4-6). Besides cAMP-dependent protein kinase
(PKA), protein kinase C and tyrosine kinase, protein
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phosphatases may be involved (7-10). Earlier reports
have suggested that Ca’"-activated protein phospha-
tase 2B (calcineurin) may play a negative regulatory
role to limit Ca*" current by dephosphorylation of
L-type Ca** channels in nerve cells as well as in GH3
pituitary cells (5,6). A recent study, however, indicated
that Ca*'-dependent inactivation of L-type Ca®" chan-
nels in GH3 cells did not involve dephosphorylation of
the channel proteins by calcineurin (11). The role of
calcineurin in modulating Ca®" channel activity, thus,
remains to be clarified.

In the present study, we employed cyclosporin A, a
selective inhibitor of calcineurin, to further investigate
the role of calcineurin in the regulation of “*Ca*" influx
into GH3 cells. Our results showed that while cyclo-
sporin A had little effect on basal activity, it induced a
biphasic increase in K*-induced “*Ca*" influx in a time-
dependent manner. Different from its acute effect on
Ca®" channel activity, the increase induced by longer
incubation with cyclosporin A was abolished in the
presence of anisomycin. Thus we have demonstrated
for the first time that inhibition of calcineurin may
induce a protein synthesis-dependent increase in Ca*"
channel activity.

MATERIALS AND METHODS

Materials. GH; clonal rat pituitary cell line was purchased
from American Type Culture Collection (Rockville, Maryland).
“Ca®" (17 mCi/mg) was purchased from New England Nuclear
(Boston, MA). Okadaic acid, dibutyryl cAMP, sodium orthovana-
date (vanadate), N-2-hydroxyethlpiperaine-N’-2-ethanesulfonic
acid (HEPES) and verapamil were obtained from Sigma (St. Louis,
MO). Vasoactive intestinal peptide (VIP) was from Bachem (Tor-
rance, CA). Cyclosporin A was from RBI (Natick, MA). Cell culture
media and fetal calf serum were from Gibco Laboratories (Grand
Island, NY, U.S.A.) and horse serum was from Hyclone (Logan,
Utah).

Cell culture. GH; cells were grown on 10-mm dishes in Ham's
F-10 medium also containing 15% horse serum, 2.5% fetal calf se-
rum, penicillin and streptomycin for 14-16 days. Cells were main-
tained in a humidified atmosphere of 5% CO, and 95% air at 37°C
(12).

Measurement of “Ca”*" uptake in GH3 cells. Cells were
trypsinized and seeded onto 6-well plates (Nunc, Roskilde) with
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approximately 1-2x10%ml in serum-containing F-10 medium for
three days, replaced with fresh complete medium and maintained
in the same medium for two more days. Before experiments, the
medium was decanted and the cells were washed three times with
F-10 medium. After incubation in the absence or presence of
cyclosporin A for the indicated times, 1 uCi/ml **Ca*" = 50 mM
KCI was added and incubation was continued for another 10 min.
The medium was then aspirated and the cells were washed three
times with Ca®'-free HBBS (130 mM NaCl, 5 mM KCI, 1 mM
MgCl,, 5 mM glucose, and 10 mM Hepes, pH 7.4). Cells were
solubilized in 2% SDS and measured for radioactivity by liquid
scintillation (9).

Measurement of free intracellular calcium. GH; cells grown on
100-mm dish (Nunc, Roskilde) were pretreated with or without 1 uM
cyclosporin A for 24 h. Cell were then rinsed with 10 ml of modified
Krebs-Ringer bicarbonate buffer (KRB)(25 mM HEPES, 120 mM
NaCl, 4.75 mM KCI, 1 mM KH,PO,, 1.44 mM MgSO,, 5 mM
NaHCO;, 1.1 mM CaCl,, 0.1 mM EGTA, 2.8 mM glucose, pH 7.4) and
removed from dish by pipetting for several times. Cells were har-
vested by centrifuging at 500 X g for 5 min and incubated in 2 ml
KRB also containing 2.5 uM Fura 2-AM for 30 min at 37°C. At the
end of incubation, cells were diluted to 25 ml with KRB, centrifuged
and the pellet was resuspended in KRB at a density of 2-5x10°
cells/ml. For the measurement of [Ca®']; by spectrofluorometer
(SPEX 1681), cells were placed and stirred in a thermostated cuvette
at 25°C. After a stable baseline was obtained, 50 mM KCI or 10 nM
VIP was added. Maximal fluorescence (Fmax) was obtained by lysing
cells with 0.2% Triton X-100 and minimal fluorescence (Fmin) by
adding 20 mM EGTA. Intracellular calcium concentrations were
calculated from the equation: [Ca®*']; = Kd X (F — F min)/(Fmax-F)
with Kd = 224 nM (13).

RESULTS AND DISCUSSION

To evaluate the role of calcineurin in modulation of
Ca®" channel activity, GH3 pituitary cells were
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FIG. 1. (A) Time-dependent effect of cyclosporin A-pretreatment
on KCl-induced *Ca’®" uptake in GH; cells. After GH, cells were
pretreated with 1 uM cyclosporin A for the indicated times, cells
were washed and measured for basal and 50 mM KCl-induced “Ca**
uptake as described under Materials and Methods. Basal uptake was
measured as 400-600 cpm/well. Values are means = SE from 3
experiments with duplicated determinations. *P < 0.05; **P < 0.01
compared to the value measured at time 0. (B) Dose-dependent
effects of cyclosporin A-pretreatment on KCl-induced “Ca*" uptake.
After GH; cells were pretreated with various concentrations of cy-
closporin A for 24 h, cells were washed and measured for 50 mM
KCl-induced “Ca*" uptake as described under Materials and Meth-
ods. Values are means = SE from 3 experiments with duplicated
determinations. *P < 0.05; **P < 0.01 compared to the value mea-
sured in the absence of cyclosporin A.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

35
30

o

=

s 25

>3

‘w2 20

£ 2

g ; 15

3 g

28 10 .

- O Cyclosporin A

+:< 5F 4 Cyclosporin A washed

® Anisomycin + cyclosporin A

0 L 1 1 1 1 1

0 5 10 15 20 25 30
Time (h)

FIG. 2. Effect of anisomycin and washing on the increase of
K™*-induced “Ca®" uptake provoked by cyclosporin A. After GH; cells
were preincubated in the presence of anisomycin for 2 h, cells were
washed and incubated in the presence of 1 uM cyclosporin A for
another 24 h. 50 mM KCl-induced “Ca*" uptake was then measured
as described under Materials and Methods. In another experiment,
after 2 h-incubation in the presence of cyclosporin A, cyclosporin A
was removed by washing and incubation was continued for another
22 h. K*-induced *Ca®" uptake was then measured as described
above. Values are means = SE from 3 experiments with duplicated
determinations.

treated with a selective calcineurin inhibitor cyclo-
sporin A for various times and measured for basal
and 50 mM KCl-induced “*Ca*"-uptake. While basal
**Ca’"-uptake was not significantly affected (400-600
cpm/well), pretreatment with cyclosporin A induced
a biphasic increase in K*-induced “*Ca*" influx (Fig.
1A). Cyclosporin A rapidly increased K'-induced
**Ca’" influx to approximately 140% of control in 1 h
(P < 0.05) and the increment sustained for 1-8 h.
Longer incubation (>8 h), on the other hand, further
increased the calcium channel activity to approxi-
mately 220% of control at 24 h (P < 0.01). The effect
of cyclosporin A was dose-dependent, with maximal
effect observed at 1 uM (Fig. 1B). Thus it appears
that the effect of cyclosporin A on K*-induced “*Ca*"
influx involves two distinct mechanism. Indeed,
whereas the short-term (2 h) effect of cyclosporin A
was not influenced, the long-term (24 h) effect was
reduced to the short-term level in the presence of
anisomycin (Fig. 2), suggesting that the long-term
effect of cyclosporin A requires continued protein
synthesis.

Since calcineurin might reduce Ca*" influx mediated
by L-type Ca*" channel by dephosphorylation of Ca**
channel protein (6) or some other protein modulator,
inhibition of this enzyme by cyclosporin A may lead to
increased phosphorylation of either Ca** channel pro-
tein or other protein modulator and triggered a signal-
ing cascade, leading to increased Ca** channel activity.
In consistent with this notion, removal of cyclosporin A
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FIG. 3. Dose-dependent effects of KCI on “*Ca*" uptake in GH,
cells pretreated with cyclosporin A. After GH; cells were pretreated
without (control) or with 1 uM cyclosporin A for 24 h, cells were
washed and “*Ca*" uptake was measured in response to various
concentrations of KCI as described under Materials and Methods.
Values are means *= SE from 3 experiments with duplicated deter-
minations. *P < 0.01 compared to the control.

by washing after 2 h incubation did not eliminate or
reduce the subsequent long-term effect of cyclosporin A
(Fig. 2), implying that the phosphorylation event in-
curred by 2 h incubation in the presence of cyclosporin
A is sufficient to transmit the signal further down the
signaling pathway.

To further examine whether or not the increased
Ca*" channel activity found in cyclosporin A-pre-
treated cells was attributed to altered property of
L-type Ca*" channel protein, we compared dose-
response curves for KCl-induced “*Ca**-influx and ve-
rapamil inhibition of K*-induced “Ca**-influx between
control and cyclosporin A-pretreated cells. As shown in
Fig. 3 and Fig. 4, neither the EC,, value for KCI (~20
mM) nor the I1Cy, value for verapamil (~0.3 uM) was
significantly changed by cyclosporin A-pretreatment.
Therefore, it is plausible that increased amount of
L-type Ca*" channel protein in cyclosporin A-pretreated
cells may contribute to the increased KCI-induced
*Ca* -influx.

Calcineurin has been shown to regulate gene ex-
pression by either stimulation or inhibition, depend-
ing on the cell types as well as the stimuli involved
(14,15). Therefore, inhibiting calcineurin by cyclo-
sporin A may lead to inhibition or stimulation of
certain gene expression. For example, cyclosporin A
was shown to reduce calcineurin-mediated IL-4 gene
expression after ionomycin treatment in murine
T-helper cells (14), but enhance transcription rate of
NGFI-A gene by A23187 in PC12 cells (15). In the
present study, it is then possible that the enhancing
effect of cyclosporin A on Ca*" channel activity is
mediated by changes in the expression of genes for
L-type calcium channel proteins. Nevertheless, we
can not rule out the possibility that some other gene
may be involved.
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The effect of prolonged treatment with cyclosporin
A on Ca*" influx is unique. As we surveyed other
inhibitors to protein phosphatase 1 & 2A such as
okadaic acid (16) or to protein-tyrosine phosphatase
such as vanadate (8), neither one induced similar
biphasic effect as cyclosporin A. As shown in Fig. 5,
pretreatment with okadaic acid or vanadate for 2 h,
the basal Ca*" influx was not influenced; however, if
the duration of pretreatment was prolonged to 24 h,
the basal activity was reduced to 64% of control (P <
0.01) by okadaic acid and increased to 121% of con-
trol (P < 0.01) by vanadate, respectively. On the
other hand, whereas pretreatment with okadaic acid
for 2 h or 24 h consistently suppressed KCIl-induced
Ca®" uptake by 65% (P < 0.01) or 93% (P < 0.01)
respectively, the effect of vanadate was biphasic,
with an increase in KCl-induced Ca®" uptake (46%
over control, P < 0.01) for 2 h—pretreatment, but a
41% decrease (P < 0.01) for 24 h-pretreatment. The
observed short-term effects were consistent with ear-
lier reports that okadaic acid inhibited, whereas van-
adate enhanced KCl-induced Ca*" influx (8,17). The
effect of long-term (24 h) treatment with these inhib-
itors, nevertheless, was not reported previously. For
comparison, we also examined the effect of dibutyryl
cAMP, which decreased KCI-induced Ca*" uptake at
high concentration as demonstrated earlier (18).

Do the changes in L-type Ca®" channel activity
lead to altered intracellular Ca*" concentration? To
answer this question, we measured [Ca*']i by Fura-2
analysis in cyclosporin A-pretreated cells. As shown
in Fig. 6, [Ca®']i was augmented in response to both
50 mM KCl and 10 nM VIP, which is known to induce
Ca’" influx through L-type channel (19), in cyclo-
sporin A-pretreated cells. Thus it seems that the
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FIG. 4. Dose-dependent inhibition of K*-induced “*Ca*" up-
take by verapamil in GH; cells pretreated with cyclosporin A.
After GH; cells were preincubated in the absence (control) or
presence of 1 uM cyclosporin A for 24 h, cells were washed and
then incubated with varying concentration of verapamil for 30
min and 50 mM KCl-induced “*Ca*" uptake was then measured as
described under Materials and Methods. Values are means * SE
from 3 experiments with duplicated determinations. *P < 0.01
compared to the control.

171



Vol. 254, No. 1, 1999

phenomenon we observed here is probably of physi-
ological significance. Since GH3 pituitary cells are
well established cell model for studying the function
of pituitary lactotrophs, the results of the present
study suggest that under certain physiological or
pathological conditions when the negative regulatory
mechanism of calcineurin to limit Ca*" current is
suppressed for a long period of time, the cells may
become hyper-sensitive to depolarization or neuro-
modulator such as VIP. It is of interest to examine
whether other neuroendocrine or nerve cells are sim-
ilarly affected by cyclosporin A.

In summary, in the present study we have demon-
strated that cyclosporin A may induce a biphasic in-
crease in KCl-induced Ca’®" influx in GH3 cells. The
increase in KCl-induced Ca*" influx is attributed to
enhanced L-type Ca®" channel activity and a protein
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FIG. 5. Effect of okadaic acid, vanadate and dibutyryl cAMP
on *Ca*" uptake in GH3 cells. After GH; cells were pretreated
with 50 nM okadaic acid, 1 mM vanadate or 1 mM dibutyryl cAMP
for 0, 2 and 24 h, cells were washed and measured for basal and 50
mM KCl-induced “*Ca*" uptake as described under Materials and
Methods. Values are means = SE from 3 experiments with du-
plicated determinations. *P < 0.01 compared to the correspond-
ing 0 h.
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FIG. 6. Effect of cyclosporin A-pretreatment on (A) KCI- and (B)
VIP-induced rise in [Ca®']; in GH; cells.

synthesis-dependent mechanism is responsible for the
increase in the latter phase. Since cyclosporin A is a
selective inhibitor of calcineurin, the results of this
study suggest that calcineurin may play a tonic control
on L-type Ca®" channel and sustained inhibition of this
enzyme may induce a protein synthesis-dependent
higher channel activity.
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