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Ca2! entry through store-operated Ca2! release-acti-
vated Ca2! (CRAC) channels is essential for T-cell acti-
vation and proliferation. Recently, it has been shown
that 3,5-bistrifluoromethyl pyrazole (BTP) derivatives
are specific inhibitors of Ca2!-dependent transcrip-
tional activity in T-cells (Trevillyan, J. M., Chiou, X. G.,
Chen, Y. W., Ballaron, S. J., Sheets, M. P., Smith, M. L.,
Wiedeman, P. E., Warrior, U., Wilkins, J., Gubbins, E. J.,
Gagne, G. D., Fagerland, J., Carter, G. W., Luly, J. R.,
Mollison, K. W., and Djuric, S. W. (2001) J. Biol. Chem.
276, 48118–48126). Whereas inhibition of Ca2! signals
was reported for BTP2 (Ishikawa, J., Ohga, K., Yoshino,
T., Takezawa, R., Ichikawa, A., Kubota, H., and Yamada,
T. (2003) J. Immunol. 170, 4441–4449), it was not found
for BTP3 (Chen, Y., Smith, M. L., Chiou, G. X., Ballaron,
S., Sheets, M. P., Gubbins, E., Warrior, U., Wilkins, J.,
Surowy, C., Nakane, M., Carter, G. W., Trevillyan, J. M.,
Mollison, K., and Djuric, S. W. (2002) Cell. Immunol. 220,
134–142). We show that BTP2 specifically inhibits CRAC
channels in T-cells with an IC50 of !10 nM. It does not
interfere with other mechanisms important for Ca2! sig-
nals in T-cells, including Ca2! pumps, mitochondrial
Ca2! signaling, endoplasmic reticulum Ca2! release,
and K! channels. BTP2 inhibits Ca2! signals in periph-
eral blood T-lymphocytes (in particular in CD4! T-cells)
and in human Jurkat T-cells. Inhibition of Ca2! signals
is independent of the stimulation method as Ca2! entry
was blocked following stimulation with anti-CD3, which
activates the T-cell receptor, and also following stimu-
lation with thapsigargin or inositol 1,4,5-trisphosphate.
BTP2 also inhibited Ca2!-dependent gene expression
(interleukins 2 and 5 and interferon ") and proliferation
of T-lymphocytes with similar IC50 values. BTP2 is the
first potent and specific inhibitor of CRAC channels in
primary T-lymphocytes. The inhibition of CRAC chan-
nels as well as Ca2!-dependent signal transduction with
similar IC50 values in T-lymphocytes emphasizes the im-
portance of CRAC channel activity during T-cell activa-
tion. Furthermore, BTP2 could prove to be a tool to
finally unmask the molecular identity of CRAC channels.

Ca2" entry through store-operated Ca2" channels, also re-
ferred to as CRAC1 channels in T-cells, is an essential step during

T-lymphocyte activation (1). Following antigen presentation, the
TCR initiates several signaling cascades, including activation of
phospholipase C!, which cleaves phosphatidylinositol 4,5-
bisphosphate and generates the second messengers InsP3 and
diacylglycerol. InsP3 releases Ca2" from the endoplasmic reticu-
lum and, following Ca2" depletion, subsequently opens CRAC
channels in the plasma membrane (2, 3). Ca2" influx through
those channels activates several transcription factors, which reg-
ulate the expression of cytokine genes critical for the immune
response (4). The importance of CRAC channels for T-cell activity
is evident by the close correlation of CRAC channel activity and
gene expression (5) and by the devastating consequences of
CRAC channel impairment in some patients with severe-com-
bined immunodeficiencies (6–8).

CRAC channels have been characterized in great detail in
many different cell types, including T-lymphocytes (1, 9, 10).
Their molecular identity, however, is still largely unknown.
Specific inhibitors of CRAC channels could facilitate their mo-
lecular identification and would be excellent tools to study
CRAC channel function. Unfortunately, all CRAC channel
blockers described so far, including the most potent ones,
SK&F 96365 and econazole (11, 12) or 2-aminoethyldiphenyl
borate (13–18), have IC50 values in the micromolar range and
are nonspecific. Recently, Djuric and colleagues (19, 20) have
described pyrazole derivatives that interfere specifically with
the expression of Ca2"-dependent cytokine production follow-
ing TCR stimulation, but they could not detect inhibition of
TCR-dependent Ca2" signals in T-cells (21). On the contrary,
Ishikawa et al. (22) could demonstrate that one of the pyrazole
derivatives named BTP2 (or YM-58483) is a potent inhibitor of
store-operated influx in Jurkat T-cells. They did, however, not
discriminate which of the mechanisms contributing to Ca2"

signals in T-cells were affected by BTP2.
We show that BTP2 is a very potent inhibitor of CRAC

channels themselves in peripheral blood T-lymphocytes and
Jurkat T-cells (IC50 around 10 nM). It does not interfere with
Ca2" pumps, mitochondrial Ca2" signaling, ER Ca2" release,
and K" channels in T-cells, all of which greatly influence store-
operated Ca2" signals. BTP2 inhibits Ca2"-dependent gene
expression and cell proliferation with similar potency as found
for CRAC channels and the corresponding Ca2" signals. BTP2
is the first specific and potent inhibitor of CRAC channels in
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1 The abbreviations used are: CRAC, Ca2" release-activated Ca2";
TCR, T-cell receptor; InsP3, inositol 1,4,5-trisphosphate; PBL, periph-

eral blood lymphocyte; TG, thapsigargin; [Ca2"]i, free cytosolic Ca2"

concentration; HBSS, Hanks’ balanced salt solution; PBMCs, periph-
eral blood mononuclear cells; RT, room temperature; PBS, phosphate-
buffered saline; FCS, fetal calf serum; mAb, monoclonal antibody; IL-2,
interleukin-2; PMCA, plasma membrane Ca2" ATPase.
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