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Ca?*-mobilizing action of
the microsomal Ca?*-ATPase inhibitor thapsigargin.

Haruo TAKEMURA
(Department of Pharmacology, Sapporo Medical University, School of
Medicine, S. 1, W. 17, Chuo—ku, Sapporo 060, Japan).

ABSTRACT Ca?+* mobilization evoked by the activation of drug receptors is due to Ca** entry
from the extracellular medium into cells as well as Ca®* release from intracellular stores. However,
the intracellular Ca’* stores are diverse and the me'chanism of Ca’* entry is unknown. Thapsigargin
(TG, a sesquiterpene lactone extracted from the root of the umbelliferous plant Thapsia garganica,
is a non-phorbol ester type tumor promoter. Since it has been found that TG has a specific inhibi-
tory action on microsomal Ca?*-ATPase, TG is widely used for the analysis of the nature of intracel-
Iular Ca?* stores and the mechanism of Ca?" mobilization. This article reviews the recent studies on
Ca?* mobilization of TG in several kinds of cells.

TG mobilizes Ca?* from extracellular medium as well as from intracellular stores in many types of
cells. Based on the action of TG on intracellular Ca?" stores, it was found that the intracellular
Ca®" store in parotid acinar cells has at least two compartments, and that an agonist- and inositol
trisphosphate-sensitive Ca>* pool in pancreatoma AR4-2J cells exits in or closely associated with the
nuclear envelope. Ca?* entry induced by TG is called capacitative Ca?" entry, by which depletion of
Ca? in the intracellular store activates Ca?>" entry. In this review TG, as an excellent tool for the
study of Ca?* mobilization and cellular function compared to other Ca’'-ATPase inhibitors, is also
discussed. (Received July 29, 1996 and accepted August 28, 1996)
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Abbreviations:
1P, . inositol trisphosphate MCh . methacholine
TG : thapsigargin SP : substance P
[Ca2t]; : cytosolic free Ca®* concentration
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Fig. 1 Effects of thapsigargin (TG) on Ca® mobili-
zation in various types of cells in the presence
(right) and absence (left) of extracellular
Ca®*. Fluorescence of fura-2-loaded parotid,
lacrimal, PC12 and NGI108-15 cells was mea-
sured in cell suspension. Fura-2 acid was
microinjected into AR4-2] cell and the fluor-
escence was measured by microfluorimetry,
(Modified from ref. 6-9).
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Fig. 2 Two compartment models for kinetic and spa-
tial separation between Ca*" uptake and
release sites in the (1, 4, 5)IP;-sensitive
intracellular Ca®* store in parotid cells. In
the resting state (A), leak (L) of Ca*' pool
permits accumulation of Ca®' in the vicinity
of release sites (k;>ky). (1,4,5)IP; rapidly
increases the permeability of the Ca*" store
via opening of the Ca?** channels (ks) and
Ca?* in the store is depleted (ks>k,>k.).
The rate of Ca?* pumping is greater than the
leak through the permeability barrier of the
Ca®* store (k;>k,) resulting in Ca®** rese-
questration. However, since the leak through
the permeability barrier of the Ca?* store is
greater than that of the limiting membrane
(k,>k,) the rate of efflux after thapsigargin
is higher in the presence of (1,4, 5)IP; than in
its absence. (Modified from ref. 33)
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Fig. 3 Time course of changes in apparent [Ca*];
in defined regions of fura-2/AM-loaded AR4-
2] cells (a and b) and fura-2-injected cells
(c). Pixel intensity in the 350/380 nm ratio
images in mitochondrial region (open tri-
angles), nuclear region (open circles) and
cytoplasmic region (filled circles) was deter-
mined at various times in response to stimula-
tion with 100 M methacholine (MeCh, a) in
response to stimulation with 2 M thapsigar-
gin (TG) followed by MeCh (b and ¢) . Sim-
ilar results were obtained from the 350/385
nm ratio images®®.
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Fig. 4 Diversity of the (1, 4,5)IP;- and thapsigargin
(TG) -sensitive intracellular Ca** stores in the
rat pancreatoma cell line AR4-2]. Activation
of surface membrane receptors (R,) by
agonists, through the action of a GTP-bind-
ing protein (Gp) leads to the activation of
phospholipase C (PLC) which catalyzes the
breakdown of phosphatidylinositol 4, 5-bis-
phosphate and release of (1,4,5)IP;.  Simi-
lar (1,4,5)IP3 receptor (Rp) and TG-sensi-
tive Ca®* pump on endoplasmic reticulum or
calciosome are present in the membrane of
nuclear envelope. However, endoplasmic
reticulem might connect to the outer mem-
brane of nuclear envelope.
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Fig. 5 Direct versus indirect routes of capacitative
Ca®* entry. Left shows that the depletion of
intracellular Ca®* store activates a pathway
for direct entry of Ca?* to the cytosol. Right
shows that Ca?" entered the cell by directly
entering the store and then entering the
cytosol via the (1,4, 5)IP;-activated channel.
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