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Regulation of L-type Ca’" channel activity in cultured vascular smooth muscle cells:

— the role of actin filament —

Mariko Nakamura and Tadayoshi Kosugi

1st Department of Physiology, School of Medicine, University of the Ryukyus, Okinawa, Japan

ABSTRACT

Changes in the cytoskeletal network alter the mechanical properties of cells that are essential
for functions such as locomotion and cytokinesis. The transmembrane receptors and intracellu-
lar signals have been extensively studied on cytoskeletal changes in response to extracellular stim-
uli. After the procedure of percutaneous transluminal coronary angioplasty (PTCA) and high-
frequency rotational atherectomy (PTCR) for stenosis of blood vessels, restenosis may be ob-
served. The restenosis were generated under the proliferation and migration of vascular smooth
muscle (VSM) cells. In addition, until recently it has been expected that the physiological regulation
of VSM cells was dependent on L-type Ca’" (Ca:) channel activity and structure of the cytoskeleton.
To clarify the interactions between the structure of the cytoskeleton and activity of Cai channel
in VSM cell, we used electrophysiological and morphological experiments concomitantly. We in-
vestigated the effect of disruption of the actin filaments and the microtubules on Cay channel ac-
tivity (Ca®" current) of cultured VSM cells ( ATr5 cell line) using whole cell voltage clamp. The results
of immunostaining using anti- « -actin and anti- a -tubulin antibodies showed that colchicines disrupted
both actin filaments and microtubules, while cytochalasin D and nocodazole disrupted only actin fila-
ments, and microtubules respectively. Ca®" current was greatly reduced in cells that were exposed to
colchicines or cytochalasin D but not to nocodazole. When the actin filaments were stabilized by
phalloidine, the inhibition of Ca*" current was not observed. Actin filaments disruption of VSM cells
inhibits Ca, channel activity, whereas the microtubules disruption gave no effect on the activity.
These results suggested that the maintenance of physiological function in VSM cells involve the
functional-structural relationship between the L-type Ca®® channel and cytoskeleton. The develop-
ment of restenosis is dependent on the pathophysiological proliferation and then migration of the
VSM cells could be prevented by control of L-type Ca’" channel activity and stabilization of the
cytoskeleton in VSM cells. Ryukyu Med. J., 21(1) 1~7, 2002
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Fig. 1 Proposed theoretical model of the effects of force and
cytoskeletal changes on calcium influx. Applied force to
the membrane is translated into membrane tension which
activates channel opening when above a given threshold.
The horizontal arrows graphically indicate the radius of
the threshold force effect exerted on the membrane by the
individual beads. We propose that increased rigidity near
the bead, and decreased rigidity further away, results in
less displacement of the cell surface, and a decreased re-
gion in which stress exceeds the threshold required for

channel opening. [Reproduced with permission from
Fig.10 of Glogauer M. et al., (1997). J Cell Sci 110: 11-
21.]
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Fig. 2 Immunofluorescence staining for actin and microtubules in
ATrd cells treated with drug-free medium for 1 h (control, A), 100
uM colchicine for 1h (B), and 100 x M cytochalasin D for 1 h
(C). Subsequently, the cells were fixed and incubated with
smooth muscle anti- « -actin and anti- « -tubulin monoclonal
antibody, and then stained with FITC-labeled goat anti-
mouse antibody. Total magnification, X 600. [Reproduced
with permission from Fig. 1 of Nakamura M. et al., (2000).
Am J Physiol Cell Physiol 279, C480-487.]
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Fig. 3 Effect of colchicine (disrupter of actin and microtubules)
on voltage-dependent Ca*" current [Ina]. Current-voltage
(I-V) relationships were obtained for control (O, n=21)
and after exposure to colchicine at 1 M (M, n=14), 10
uM (A, n=14), and 100 « M (@, n=12). Data are ex-
pressed as mean *= SE. As can be seen, the voltage for
maximum current was + 10 mV. Inset: current traces for
control and after application of colchicine (100 u M). Cell
capacitances were 59 pA (control cell) and 60 pA (colchicine-
treated cell). E., membrane potential. [Reproduced with
permission from Fig.2 of Nakamura M. et al., (2000). Am
J Physiol Cell Physiol 279,C480 - 487.]
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Fig. 4 Effect of cytochalasin D (disrupter of actin) on Isw. I-
V relationships are illustrated for control (O, n=30) and
after exposure to 100 u M cytochalasin D (@, n=10). Data
are expressed as means *= SE. Inset: current traces for con-
trol and after application of cytochalasin D (100 n M). Cell
capacitances were 34 pA (control cel) and 30 pA
(cytochalasin D-treated cell). [Reproduced with permission
from Fig.3 of Nakamura M. et al., (2000). Am J Physiol
Cell Physiol 279,C480 - 487.]
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Table 1 Effect on Iy (L) produced by stabilization of actin filaments ( phalloidin) and microtubules (taxol)

Drug [Ixn(m, pA/pF
Control —8.70 = 101 (n = 8)
Phalloidin (10 M) —7.18 = 0.64 ( n = 10)
Phalloidin (10 M) + taxol (50 p M) —852 £ 065 (n =26)
Phalloidin (10 u M) 4+ cytochalasin D (100 p M) —7.03 =069 (n=28)
Phalloidin (10 z M) + colchicines (100 n M) —4.24 £ 064 *T % (n = 8)
Phalloidin (10 M) + taxol (50 u M) + colchicines (100 x M) —5.43 £ 056 *% (n=17)

Each value represents the mean = SE. * P < 0.01 vs. control, T P < 0.01 vs. phalloidin, % P < 0.01 vs. phalloidin + taxol (by

one-way ANOVA).

[Reproduced with permission from table 2 of Nakamura M. et al., (2000). Am J Physiol Cell Physiol 279, C480 - 487.]

Table 2 Effect on Is(L) produced by disruption of actin filaments (cytochalasin D) and microtubules (nocodazole)

Drug Iz, pA/pF
Control —92 =102 (n=12)
Nocodazole (10 u M) —9.0 £ 107 (n = 10)
Cytochalasin D (10 p M) —5.1 £ 067 ( n = 13)
Nocodazole (10 p M) + Cytochalasin D (10 mM) —5.73 = 0.65* (n = 10)

Each value represents the mean = SE. * P < 0.01 vs. control (by one-way ANOVA).
[Reproduced with permission from table 3 of Nakamura M. et al., (2000). Am J Physiol Cell Physiol 279, C480 - 487.]
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Fig. 5 Dose-response relation for changes in Ca*" current
[Izay] produced by various concentrations of cytochalasin
D and colchicine. Number of cells studied are shown in
Data are expressed as means *= SE. *P<0.01 vs. control
(by one-way ANOVA). [Reproduced with permission from
Fig.4 of Nakamura M. et al, (2000). Am J Physiol Cell
Physiol 279, C480 - 487.]
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Fig. 6 Effect of nocodazole. A: immunofluorescence staining
for smooth muscle anti- o -actin and anti- « -tubulin in ATrb
cells treated with nocodazole (1.3 M for 1 h). As can be
seen, nocodazole disrupted the microtubules, but not the
actin filaments. B: effect of nocodazole (disrupter of
microtubules) on Ip.y. I-V relationships were obtained for
control (O, n = 18) and after exposure to 1.3 u M
nocodazole (@, n = 16). Data are expressed as means =
SE. As shown, there was no effect of nocodazole on Is., [Re-
produced with permission from Fig.7 of Nakamura M. et al.,
(2000). Am J Physiol Cell Physiol 279, C480 - 487.]

5) YUVFU T4 I A FELBCa ' F v )V
TEE DRIFRIE D Wk

BFEMIAD A A2 T RNH 237 L HilaEEE OFE A RS
TROFENTIE, ZOMIIBIZEIT D A 4> F ¥ R/ OHE — 18
WD AMFPRIERICE T2 Fide e R it52. $74b
L, A F2F v FVEHEOFEE Fx RH 3T DZERHY
RAERRE D EO THETD MEME 2 ITHRL T,
Galli & DeFelice™ 1%, ColchicinelZ OMfFfianL iCa®  F
FOVOTEMEIZHRS 8% 5.2 5 & ®EL T0WD . D 1L, O
B0 Lo B—LAICa" ' I+ % 11380 1 M Colchicine
12k - T, Ca* F v F/UEHERIIHIE Wb 0F R 7. E
SRR S DO RE X, BEENICE—%T5b O
T&» 5. Bonfocon ™ i, ColchicinelZk » CTEIEBEOK 2
PRSI N O Bl iRE AL, MlaNoCa’ RESY ERS
Z ® _EF1ENifedipinelZ &k » THIllE b Sx &L TWd .
5%, MIEEROMKE, L BCa® F v fiEME il
5 EIARTND . EORERIE, ME IEfmiao s ik
L&, Fol KMOBEETH-T-. L L7225, Bonfoco

; No effect
g, A A-cyclase

...~.‘.“1nhjb,tion it I
H (Basal inhibition)f ?

Actin filaments Microtubules
% P x
(Basal stimulation) : Dharugibion / :
i . / Disruption

== e — = —
Gytochalasin D Colchicine Nocodazole

(+) : Activation

(=) : Inhibition

Fig. 7 Diagrammatic representation of the relationship
between actin filament and C. channel activation on VSM
cells
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