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ABSTRACT
We have recently found that diethylstilbestrol (DES), a synthetic
estrogen agonist, inhibits thrombin-induced Ca2� influx in hu-
man platelets, but it remains unclear to what extend this effect
might be related to the store-operated Ca2� influx pathway. To
study the effect of DES on store-operated channels and ca-
pacitative Ca2� influx, we used rat basophilic leukemia (RBL)
cells, vascular smooth muscle cells (SMC), and human plate-
lets, and recorded whole-cell Ca2� release-activated Ca2�

(CRAC) currents and thapsigargin (TG)-induced capacitative
Ca2� influx. In this study, we demonstrate that extracellular
DES produces a dose-dependent and reversible inhibition of
CRAC currents in RBL cells (IC50, �0.5 �M), whereas intracel-

lular DES (25 �M) has no effect. Extracellular DES (up to 30 �M)
inhibited only CRAC but did not affect a whole-cell monovalent
cation current mediated by TRPM7 channels. DES effectively
inhibited TG-induced capacitative Ca2� influx in a dose-depen-
dent manner with an IC50 values of �0.1 �M in RBL cells, �0.1
�M in SMC, and �1 �M in human platelets. It is noteworthy
that trans-stilbene, a close structural analog of DES that lacks
hydroxyl and ethyl groups, had no effect on CRAC current and
on store-operated Ca2� influx. Thus, we found DES to be a very
effective inhibitor of store-operated channels and Ca2� influx in
a variety of cell types.

Ca2� influx is one of the major events triggered by agonists
in a wide variety of cell types, but not all of the Ca2� influx
pathways are well understood. One of the most intriguing
and controversial is the capacitative (or store-operated) Ca2�

influx activated by agonist-induced depletion of intracellular
Ca2� stores (for review, see Berridge et al., 2000; Lewis,
2001; Putney et al., 2002; Venkatachalam et al., 2002;
Parekh, 2003; Prakriya and Lewis, 2003). So far, two specific
store-operated Ca2�-conducting (SOC) channels have been
found that mediate this influx: the so called Ca2� release-
activated Ca2�-selective (CRAC) channels, which could be
only resolved on the level of the whole-cell currents in a
variety of nonexcitable cells (Lewis, 2001; Parekh and Pen-
ner, 1997; Hoth and Penner, 1992), and store-operated non-
selective cation channels of small (3 pS) conductance that
were found in vascular smooth muscle cells (SMC) and hu-

man platelets (Trepakova et al., 2001; Albert and Large,
2002; Trepakova and Bolotina, 2002). Despite the great phys-
iological importance of these channels, only a few pharmaco-
logical tools are available for their direct inhibition. Many
different inhibitors have been proposed and tested, but none
of them proved to be a truly specific and effective inhibitor of
store-operated channels and capacitative Ca2� influx. 2-Ami-
noethoxydiphenyl borate (2-APB), the most recent inhibitor
to trigger a lot of hopes, turned out to be quite nonspecific. It
was originally introduced as a specific membrane permeable
modulator of inositol-1,4,5-trisphosphate–induced Ca2� re-
lease (Maruyama et al., 1997); later, however, it was shown
to also inhibit SOC channel-mediated Ca2� influx (Diver et
al., 2001; Dobrydneva and Blackmore, 2001; Gregory et al.,
2001; Iwasaki et al., 2001; Bootman et al., 2002). The effect of
2-APB on CRAC currents seemed to be quite complicated,
showing potentiation at low concentrations (� 5 �M) and
inhibition at high concentrations (� 10 �M) (Prakriya and
Lewis, 2001), as well as use-dependence (Peppiatt et al.,
2003). 2-APB was shown to inhibit not only CRAC channels
but also store-independent TRPM7 channels that exist and
could be activated in many different cell types under the
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same divalent cation-free (DCF) experimental conditions
(Bakowski and Parekh, 2002b; Prakriya and Lewis, 2002;
Kozak and Cahalan, 2003; Zakharov et al., 2003). The most
recent studies show that 2-APB inhibits some other ion chan-
nels as well (Wang et al., 2002; Braun et al., 2003; Chino-
poulos et al., 2003; Harks et al., 2003; Sydorenko et al., 2003).
Thus, finding some new and potent inhibitors of SOC chan-
nels (and corresponding capacitative Ca2� influx) that will be
more specific to the store-operated channels remained an
important and urgent matter.

We demonstrated recently that some agents that possess a
stilbene structural moiety inhibit thrombin-induced Ca2�

influx in human platelets (Dobrydneva et al., 1999, 2002),
but to what extent this effect could be related to a direct effect
on the store-operated channels remained unclear. Among the
stilbene analogs, we found diethylstilbestrol (DES) to be the
most potent blocker (100% inhibition at 10 �M) (Dobrydneva
et al., 2003). trans-Resveratrol, genistein, and tetrahydro-
chrysenes (rigid analogs of DES) inhibited thrombin-induced
Ca2� responses, but their effectiveness was considerably
lower (50% inhibition at 10 �M) (Dobrydneva et al., 1999,
2002, 2003).

In this study, we tested and compared the effects of DES
and its close derivative, trans-stilbene (trans-S) directly on
the CRAC and TRPM7 currents in RBL cells and on the
capacitative Ca2� influx triggered by thapsigargin (TG, an
inhibitor of sarco(endo)plasmic reticulum Ca2� ATPase) in
RBL cells, SMC, and human platelets. As a result of these
studies, we found that DES effectively inhibits CRAC but not
TRPM7 channels and inhibits capacitative Ca2� influx with
IC50 values below 100 nM in a variety of cell types, making
DES the most effective inhibitor of CRAC current and capac-
itative Ca2� influx yet known.

Materials and Methods
Cells. Primary culture SMC from rabbit aortas, RBL cells, and

human platelets were used in this study as described previously
(Dobrydneva and Blackmore, 2001; Trepakova et al., 2001; Smani et
al., 2003).

Electrophysiology. Whole-cell currents were recorded in RBL
cells using standard whole-cell (dialysis) patch-clamp technique. An
Axopatch 200B amplifier (Axon Instruments, Union City, CA) was
used; data were digitized at 5 kHz and filtered at 1 kHz. Pipettes
were used with tip resistance of 2 to 4 M�. After breaking into the
cell, holding potential was 0 mV and ramp depolarizations (from
�100 to �100mV, 200 ms) were applied every 5 s. The time course of
CRAC current development was analyzed at �80 mV in each cell
(amplitude was expressed in picoAmperes per picoFarad). The ca-
pacitance of RBL cells was 19.6 � 0.7 pF (n 	 19). The maximum
current density (in picoAmperes per picoFarad) at �80 mV was
determined after 10 min of cell dialysis and summarized for all the
cells tested (S.E. is shown in the figures). Representative current-
voltage relationships are shown during ramp depolarization after 10
min of cell dialysis. Passive leakage current (0.1–0.5 pA/pF at �80
mV) with zero reversal potential at the moment of breaking into the
cell was subtracted. To distinguish CRAC current from the current
through TRPM7 channels, 3 mM MgCl2 was added to the pipette,
and 20 mM Ca2� was used from outside when CRAC was recorded.
For recording of CRAC current intracellular (pipette) solution con-
tained 145 mM cesium glutamate, 3 mM MgCl2, 10 mM BAPTA, and
10 mM HEPES, pH 7.2. For registration of TRPM7, MgCl2 was
omitted from the pipette solution. Extracellular solutions were 20
mM CaCl2, 1 mM MgCl2, 130 mM NaCl, 3 mM CsCl, and 5 mM

HEPES, pH 7.4, for CRAC currents, and 0 Ca2�/0 Mg2� with 140 mM
NaCl, 3 mM CsCl, 0.1 mM EGTA, 5 mM tetraethylammonium, and
10 mM HEPES, pH 7.4, for TRPM7 currents. For extracellular
application, DES (different concentrations) was added to the bath
after CRAC or TRPM7 currents reached their maximum. For intra-
cellular application, DES (25 �M) was added to the pipette solution.
Experiments were done at 20 to 22°C.

Intracellular Ca2� Measurement. RBL and SMC cells were
loaded with fura-2AM, and quantitative changes in intracellular
Ca2� (Fura-2, F340/F380) were monitored as described previously
(Trepakova et al., 2001; Smani et al., 2003). For summary data, 

Ratio was calculated as the difference between the peak ratio after
extracellular Ca2� was added, and its level right before Ca2� addi-
tion. Summary data are shown after subtraction of the basal Ca2�

influx. Dual-excitation fluorescence imaging system (IonOptics) was
used for studies of individual SMC and RBL cells. Data were sum-
marized from the large number of individual SMC or RBL cells (from
three to five different preparations). The basal Ca2� influx was 0.3 �
0.1 (n 	 44) in RBL cells and 0.7 � 0.1 (n 	 22) in SMC and was
subtracted from summary data but not from the original traces.

In human platelets, Ca2� was measured using Fura-2 technique
as described previously (Dobrydneva and Blackmore, 2001). In brief,
platelets were isolated from citrated blood by centrifugation and
incubated in modified Tyrode’s buffer containing 1 mM EGTA. Plate-
lets were incubated for 1 h with 2 �M Fura-2 acetoxymethyl ester,
washed, and resuspended in Tyrode’s buffer without calcium. Cal-
cium measurements were performed on platelets in suspension using
a SPEX ARCM spectrofluorometer.

Drugs. All the salts and drugs were from Sigma (St. Louis, MO).
Statistical Analysis. Summary data are presented as mean �

S.E. A logistic function was used to fit the dose-dependence. Stu-
dent’s t test was used to determine the statistical significance of the
obtained data. The significance between multiple groups was evalu-
ated using analysis of variance. Data were considered significant at
P � 0.01 (*).

Results and Discussion
Dose-Dependent Inhibition of CRAC Currents by

DES. Fig. 1A shows a typical example of the time course of
development of the whole-cell CRAC current (at �80 mV) in
RBL cells in the presence of 20 mM extracellular Ca2� when
the cells are dialyzed with 10 mM BAPTA (which is com-
monly used to deplete their Ca2� stores). Application of the
increasing doses of DES (1 and 10 �M) to RBL cells caused
fast inhibition of CRAC current. Fig.1B presents current
voltage relationships of CRAC currents in the presence of
DES (1 and 10 �M). The dose dependence of DES-induced
inhibition of CRAC current (Fig. 1C) shows that DES started
to suppress CRAC at concentrations as low as 100 nM and
totally inhibited CRAC when 10 �M was applied. It is note-
worthy that the effect of DES was monophasic, and (contrary
to 2-APB) it did not cause any activation of CRAC currents or
Ca2� influx at low concentrations. IC50 for DES-induced in-
hibition of CRAC currents was around 0.6 �M, making DES
the most potent inhibitor of CRAC current known so far. We
found the effect of DES to be reversible even when used at
high concentrations: after application of 3 �M of DES, the
amplitude of CRAC current was restored to 92 � 2% of its
original value after 12 to 15 min of washing (n 	 4). Even
after 30 �M DES was applied, 15 min of washing was enough
to restore CRAC current to 82 � 2% of its original value. To
get a better understanding of the mechanism of DES action,
we also tested its effects from inside the cell. Fig.2 shows that
the dialysis of RBL cells with DES (even at a very high
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concentration of 25 �M) did not affect the development, or
the amplitude of CRAC current. Thus, we found that DES is
inhibiting CRAC channels only when applied from outside
the cell, which suggests that it is most probably a direct
inhibitor of store-operated channels working from the outside
that does not involve intracellular signaling targets or path-
ways.

Monovalent Cation Currents That Are Mediated by
TRPM7 Channels Are Not Affected by DES. It is known
that in the absence of extracellular divalent cations, CRAC
channels start to conduct monovalent cations, and monova-
lent cation current through CRAC channels could be ob-
served in RBL cells in divalent cation-free (DCF) conditions.
However, it is now well accepted that not only CRAC but also
TRPM7 channels [called also MagNuM (Nadler et al., 2001),
MIC (Prakriya and Lewis, 2002), or MCC (Mubagwa et al.,
1997; Zakharov et al., 2003)] are activated in RBL and other
cells under DCF conditions (Bakowski and Parekh, 2002a;
Hermosura et al., 2002; Prakriya and Lewis, 2002), and
discrimination of these two currents poses a certain diffi-
culty. 2-APB, which was originally thought and used as a
specific inhibitor of CRAC channels, was found to also inhibit

TRPM7 channels in almost the same range of concentrations
(Bakowski and Parekh, 2002b; Prakriya and Lewis, 2002;
Zakharov et al., 2003; Kozak and Cahalan, 2003). To deter-
mine whether the inhibitory effects of DES are specific to
CRAC channels, we tested the effects of DES (up to 30 �M) on
the monovalent cation currents that are mediated by TRPM7
channels. Fig. 3 shows a typical example of the development
of the monovalent cation current (in the absence of extracel-
lular divalents) through TRPM7 channels. Corresponding
current voltage relationships are shown in Fig. 3B. Applica-
tion of 20 �M DES (which totally inhibited CRAC current)
produced no effect on TRPM7 current (n 	 6), which could be
subsequently inhibited by spermine (100 �M). We have re-
cently shown that spermine specifically inhibits inward com-
ponent of the monovalent current mediated by TRPM7 but
not CRAC channels (Zakharov et al., 2003). Thus, DES
seemed to be a potent inhibitor of CRAC but not TRPM7
channels and could be used as a new tool to effectively sep-
arate these two channels.

The Effects of DES and Its Structural Analog on
Capacitative Ca2� Influx in RBL Cells, SMC, and Plate-
lets. Fig. 4A shows that 1 �M DES inhibited 93 � 3% of the

Fig. 1. Whole-cell CRAC current is inhibited by extracellular DES in RBL cells. A, representative time course of the whole-cell inward CRAC current
that develops during cell dialysis with BAPTA-containing solution in control extracellular solution that contains 20 mM Ca2�. DES (1 and 10 �M) was
applied to the external solution at the times specified by the bars. The current density (in picoAmperes per picoFarad) is shown at �80 mV. Zero time
corresponds to the beginning of cell dialysis. Passive leakage current (at the moment of breaking into the cell) was subtracted. B, typical example of
the current-voltage relationships of CRAC current before (1) and after 1 �M (2) and 10 �M (3) DES was applied to the cell in the experiment shown
in A. C, dose-dependence of the effects of DES and trans-S on CRAC current. Summary data (with S.E.), with each concentration tested in the number
of cells (as specified by the numbers). D, the chemical structures of trans-S and DES are shown on the right.
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capacitative Ca2� influx triggered by TG-induced depletion
of Ca2� stores in RBL cells. The inhibitory effect of DES was
dose-dependent with IC50 � 0.1 �M (Fig. 4B), which was
even lower than for the CRAC currents. Thus, DES indeed
seemed to be very potent in inhibiting both CRAC currents
and capacitative Ca2� influx in RBL cells.

Next, we tested whether DES effects were specific to Ca2�

selective CRAC channels, or if it could also inhibit store-
operated nonselective cation channels, which are known to
mediate capacitative Ca2� influx in SMC and platelets. Fig-
ure 4, C and D, shows that indeed, capacitative Ca2� influx
in SMC is inhibited by DES in a dose-dependent manner with
IC50 � 0.1 �M. In platelets, the same effect was observed

(Fig. 4, E and F). Thus, DES was effective in inhibiting
capacitative Ca2� influx independently on whether it is me-
diated by CRAC (in RBL cells, Fig. 4, A and B), or by SOC (in
SMC, Fig. 4, C and D; in platelets, Fig. 4, E and F) channels.

It is noteworthy that only DES, and not its very close
structural analog trans-stilbene, was able to inhibit capaci-
tative Ca2� influx in RBL cells, SMC, and human platelets
(Fig. 4). trans-Stilbene also had no effect on CRAC currents
in RBL cells (Fig. 1C).

Summarizing our findings, we would like to propose DES
as a new and very potent inhibitor of store-operated channels
and capacitative Ca2� influx in a variety of cell types. It could
be a prototype drug to develop new potent and truly specific

Fig. 2. CRAC current is not affected by intracellular application of DES. A, summary data showing the development of the whole-cell inward CRAC
current in RBL cell dialysis with intracellular solution containing BAPTA (10 mM) with or without DES (25 �M). F, the average (� S.E.) current
density (at �80 mV) in control cells (n 	 11); ‚, current density (at �80 mV) in the cells dialyzed with DES (n 	 11). Zero time corresponds to the
beginning of cell dialysis. B, average current-voltage relationships (� S.E.) of maximum CRAC current in control RBL cells (F) and in cells dialyzed
with DES (25 �M) in the experiments shown in A.

Fig. 3. DES does not affect whole-cell current through TRPM7 channels. A, representative time course of the whole-cell current that develops in
divalent cation-free conditions (intracellular dialysis with 10 mM BAPTA and 0 Mg2�, and extracellular 0 Ca2�/0 Mg2�). DES (20 �M) applied to the
cell did not affect the current, whereas spermine (SpM; 10 �M) inhibited it. The current density (in picoAmperes per picoFarad) is shown at �80 mV.
Zero time corresponds to the beginning of cell dialysis. Passive leakage current (at the moment of breaking into the cell) was not subtracted. B, typical
example of the current-voltage relationships of TRPM7 current in the absence (1) and in the presence of 20 �M DES (2) and 100 �M spermine (3) DES
was applied to the cell in the experiment shown in A.
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inhibitors of store-operated channels. It could be also used as
a helpful tool in discriminating CRAC and TRPM7 channels.
The molecular target of DES action on CRAC is unknown,
but because DES inhibits store-operated channels only when
applied from the outside, the effects are rapid and easily
reversible, they most likely do not involve any intracellular
targets or transcription/translation processes, and they may
be localized to the channel itself or to some extracellularly
located and closely related regulatory proteins. We may spec-
ulate that because DES is known to bind to the estrogen
receptor, it is possible that the binding site for DES on the
channel (or regulatory proteins) may share some homology
with the binding site on the estrogen receptor.

References
Albert AP and Large WA (2002) A Ca2�-permeable non-selective cation channel

activated by depletion of internal Ca2� stores in single rabbit portal vein myocytes.
J Physiol 538:717–728.

Bakowski D and Parekh AB (2002a) Monovalent cation permeability and Ca2� block
of the store-operated Ca2� current ICRAC in rat basophilic leukemia cells. Pflueg
Arch 443:892–902.

Bakowski D and Parekh AB (2002b) Permeation through store-operated CRAC
channels in divalent-free solution: potential problems and implications for puta-
tive CRAC channel genes. Cell Calcium 32:379–391.

Berridge MJ, Lipp P, and Bootman MD (2000) The versatility and universality of
calcium signalling. Nat Rev Mol Cell Biol 1:11–21.

Bootman MD, Collins TJ, Mackenzie LA, Roderick HL, Berridge MJ, and Peppiatt
CM (2002) 2-Aminoethoxydiphenyl borate (2-APB) is a reliable blocker of store-

operated Ca2� entry but an inconsistent inhibitor of InsP3-induced Ca2� release.
FASEB J 16:1145–1150.

Braun FJ, Aziz O, and Putney JW (2003) 2-Aminoethoxydiphenyl borane activates a
novel calcium-permeable carbon channel. Mol Pharmacol 63:1304–1311.

Chinopoulos C, Starkov AA, and Fiskum G (2003) Cyclosporin a-insensitive perme-
ability transition in brain mitochondria: inhibition by 2-aminoethoxydiphenyl
borate. J Biol Chem 278:27382–27389.

Diver JM, Sage SO, and Rosado JA (2001) The inositol trisphosphate receptor
antagonist 2-aminoethoxydiphenylborate (2-APB) blocks Ca2� entry channels in
human platelets: cautions for its use in studying Ca2� influx. Cell Calcium 30:
323–329.

Dobrydneva Y, Williams RL, and Blackmore PF (1999) trans-Resveratrol inhibits
calcium influx in thrombin-stimulated human platelets. Br J Pharmacol 128:149–
157.

Dobrydneva Y, Williams RL, Katzenellenbogen JA, and Blackmore PF (2003) Dieth-
ylstilbestrol and tetrahydrochrysenes are calcium channel blockers in human
platelets: relationship to the stilbene pharmacophore. Thromb Res 110:23–31.

Dobrydneva Y, Williams RL, Morris GZ, and Blackmore PF (2002) Dietary phy-
toestrogens and their synthetic structural analogues as calcium channel blockers
in human platelets. J Cardiovasc Pharmacol 40:399–410.

Dobrydneva Y and Blackmore P (2001) 2-Aminoethoxydiphenyl borate directly in-
hibits store-operated calcium entry channels in human platelets. Mol Pharmacol
60:541–552.

Gregory RB, Rychkov G, and Barritt GJ (2001) Evidence that 2-aminoethyl diphe-
nylborate is a novel inhibitor of store-operated Ca2� channels in liver cells and acts
through a mechanism which does not involve inositol trisphosphate receptors.
Biochem J 354:285–290.

Harks EG, Camina JP, Peters PH, Ypey DL, Scheenen WJ, Van Zoelen EJ, and
Theuvenet AP (2003) Besides affecting intracellular calcium signaling, 2-APB
reversibly blocks gap junctional coupling in confluent monolayers, thereby allow-
ing measurement of single-cell membrane currents in undissociated cells. FASEB
J 17:941–943.

Hermosura MC, Monteilh-Zoller MK, and Scharenberg AM (2002) Dissociation of the

Fig. 4. Comparative analysis of the
effects of DES and trans-S on capaci-
tative Ca2� influx in RBL cells, SMC,
and human platelets. Intracellular
Ca2� (fura-2 ratio) was monitored in
RBL cells, SMC, and human platelets
after TG was added in the absence of
extracellular Ca2� to deplete their
stores (2 �M for RBL and SMC; 0.1
�M for platelets). A, C, and E, repre-
sentative traces showing the results of
addition of extracellular Ca2� (2 mM,
5 min after addition of TG) in control
cells (TG) and when DES (1 �M) or
trans-S (10 �M) was added 1 min be-
fore Ca2� (at the time shown by the
asterisk). In platelets, 10 �M DES was
used. B, D, and F, dose dependence of
the effects of DES and trans-S on TG-
induced Ca2� influx in RBL cells,
SMC, and platelets. Summary data
are shown for the number of SMC and
RBL cells specified by the numbers
above each data point (from three dif-
ferent cultures). For platelets, the
data are summarized from five exper-
iments. Basal Ca2� influx is sub-
tracted.

706 Zakharov et al.

 by guest on D
ecem

ber 1, 2012
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


store-operated calcium current ICrac and the Mg-nucleotide-regulated metal ion
current MagNuM. J Physiol 539:445–458.

Hoth M and Penner R (1992) Depletion of intracellular calcium stores activates a
calcium current in mast cells. Nature (Lond) 355:353–356.

Iwasaki H, Mori Y, and Hara Y (2001) 2-Aminoethoxydiphenyl borate (2-APB)
inhibits capacitative calcium entry independently of the function of inositol 1,4,5-
trisphosphate receptors. Recept Channels 7:429–439.

Kozak JA and Cahalan MD (2003) MIC channels are inhibited by internal divalent
cations but not ATP. Biophys J 84:922.

Lewis RS (2001) Calcium signaling mechanisms in t lymphocytes. Annu Rev Immu-
nol 19:497–521.

Maruyama T, Kanaji T, Nakade S, Kanno T, and Mikoshiba K (1997) 2APB, 2-ami-
noethoxydiphenyl borate, a membrane-penetrable modulator of Ins(1,4,5)P3-
induced Ca2� release. J Biochem (Tokyo) 122:498–505.

Mubagwa K, Stengl M, and Flameng W (1997) Extracellular divalent cations block a
cation non-selective conductance unrelated to calcium channels in rat cardiac
muscle. J Physiol (Lond) 502:235–247.

Nadler MJ, Hermosura MC, Inabe K, Perraud A-L, Zhu Q, Stokes AJ, Kurosaki T,
Kinet J-P, Penner R, Scharenberg AM, et al. (2001) LTRPC7 is a Mg-ATP-
regulated divalent cation channel required for cell viability. Nature (Lond) 411:
590–595.

Parekh AB and Penner R (1997) Store depletion and calcium influx. Physiol Rev
77:901–930.

Parekh AB (2003) Store-operated Ca2� entry: dynamic interplay between endoplas-
mic reticulum, mitochondria and plasma membrane. J Physiol 547:333–348.

Peppiatt CM, Collins TJ, Mackenzie L, Conway SJ, Holmes AB, Bootman MD,
Berridge MJ, Seo JT, and Roderick HL (2003) 2-Aminoethoxydiphenyl borate
(2-APB) antagonises inositol 1,4,5-trisphosphate-induced calcium release, inhibits
calcium pumps and has a use-dependent and slowly reversible action on store-
operated calcium entry channels. Cell Calcium 34:97–108.

Prakriya M and Lewis RS (2001) Potentiation and inhibition of Ca2� release-
activated Ca2� channels by 2-aminoethyldiphenyl borate (2-APB) occurs indepen-
dently of IP3 receptors. J Physiol 536:3–19.

Prakriya M and Lewis RS (2002) Separation and characterization of currents
through store-operated CRAC Channels and Mg2�-inhibited cation (MIC) chan-
nels. J Gen Physiol 119:487–507.

Prakriya M and Lewis RS (2003) CRAC channels: activation, permeation and the
search for a molecular identity. Cell Calcium 33:311–321.

Putney JW, Broad LM, Braun F, Lievremont J, and Bird G (2002) Mechanisms of
capacitative calcium entry. J Cell Science (Wash DC) 114:2223–2229.

Smani T, Zakharov SI, Leno E, Csutora P, Trepakova ES, and Bolotina VM (2003)
Ca2�-independent phospholipase A2 is a novel determinant of store-operated Ca2�

entry. J Biol Chem 278:11909–11915.
Sydorenko V, Shuba Y, Thebault S, Roudbaraki M, Lepage G, Prevarskaya N, and

Skryma R (2003) Receptor-coupled, DAG-gated Ca2�-permeable cationic channels
in LNCaP human prostate cancer epithelial cells. J Physiol 548:823–836.

Trepakova ES and Bolotina VM (2002) Comparison of the Store-operated channels
and the effects of nitric oxide on capacitative Ca2� influx in platelets, smooth
muscle cells and Jurkat cells. Membr Cell Biol 19:49–56.

Trepakova ES, Gericke M, Hirakawa Y, Weisbrod RM, Cohen RA, and Bolotina VM
(2001) Properties of a native cation channel activated by Ca2� store depletion in
vascular smooth muscle cells. J Biol Chem 276:7782–7790.

Venkatachalam K, van Rossum DB, Patterson RL, Ma H-T, and Gill DL (2002) The
cellular and molecular basis of store-operated calcium entry. Nat Cell Biol 4:E263–
E272.

Wang Y, Deshpande M, and Payne R (2002) 2-Aminoethoxydiphenyl borate inhibits
phototransduction and blocks voltage-gated potassium channels in limulus ventral
photoreceptors. Cell Calcium 32:209–216.

Zakharov SI, Smani T, Leno E, Macianskiene R, Mubagwa K, and Bolotina VM
(2003) Monovalent cation (MC) current in cardiac and smooth muscle cells: regu-
lation by intracellular Mg2� and inhibition by polycations. Br J Pharmacol 138:
234–244.

Address correspondence to: Dr. Victoria M. Bolotina, Vascular Biology Unit,
EBRC, X-704, Boston, Massachusetts, USA. E-mail: bolotina@bu.edu

DES As a New Inhibitor of Store-Operated Channels 707

 by guest on D
ecem

ber 1, 2012
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/

